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Uvodem

Mili pratelé,

pro konéni letosniho XII. Pracovniho setkani fyzikalnich chemikt a elektrochemi-
ka (12" Workshop of Physical Chemists and Electrochemists) byly zvoleny dva dny na
konci kvétna (30. 5. a 31. 5. 2012). Mistem konani jsou konferencni prostory s atriem v
nové budové Q Univerzity MENDELU v Brné. Nase konference mize byt povazovana
za jednu z vyznamnych akci v rdmcei dvou oslav. Brno letos slavi 190 let od narozeni
vyznamného védce a opata augustinianského klastera na Starém Brné Gregora Johan-
na Mendela, ktery je diky objevu tii zakladnich zakont dédicnosti povazovan za otce
genetiky. Pod hlavickou Mendel 190 si tento vyznamny svatek pfipomina riznymi ak-
cemi (vystavy, konference, pfednasky Mendel lectures) nejen univerzita MENDELU,
ktera nese jeho jméno, ale i MASARYKOVA UNIVERZITA. V Mendelové odkazu
ob¢& univerzity u¢i principy genetiky, jeji zaklady a rozvoj, uplatiiujici se jak v 1i8i rostlin
a zivoCichd, tak i v medicing. Dal§im milnikem pro oslavny charakter naseho setkani
je 90 let objevu polarografie, za kterym stoji nas nositel Nobelovy ceny v oblasti fyzi-
kalni chemie a elektrochemie Jaroslav Heyrovsky. Tak jako G.J.Mendel je povazovan
za otce genetiky, J. Heyrovsky je povazovan za otce elektroanalytickych metod. Kdyz
objevil polarografii, bylo mu pouhych 32 let, kdy za sebou mél uspésna studia chemie,
matematiky a fyziky na Karlové université v Praze, a studia u slavnych chemikt Sira
W. Ramsaye, W. C. McC. Lewise, a F. G. Donnana v Londyné¢. Jeho metoda, vétSinou
prezentovana jako analyza roztokt pomoci elektrolyzy, se stala zakladem pro rozvoj
dynamickych elektrochemickych metod.

Zastitu nad konferenci ptevzali primator statutdrniho mésta Brna Bc. Roman Onderka,
MBA, rektofi a dékani vysokych skol, které se na organizaci XII. Pracovniho setkani
podilely: rektor Masarykovy univerzity Doc. PhDr. Mikulas Bek, Ph.D. rektor Mende-
lovy univerzity v Brn¢ Prof. Ing. Jaroslav Hlusek, CSc., dr. h. c., dé¢kan Ptirodovédecké
fakulty MU Doc. RNDr. Jaromir Leichmann, Dr., dékan Agronomické fakulty MEN-
DELU Prof. Ing. Ladislav Zeman, CSc., dé¢kanka Fakulty elektrotechniky a komunikac-
nich technologii VUT Prof. Ing. Jarmila Dédkové, CSc..
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Na tcastniky z Ceské a Slovenské republiky ¢ekaji dva konferenéni dny naplnéné blo-
kem plenarnich (6) a vyzvanych ptednasek (13), pfednasek nadanych studentt (18) v
Sekce mladych (SM). Enormni narust piednasek, pfedev§im v SM, nas velice potésil.



Aby studenti méli dostatek ¢asu pro svoje prednasky a diskusi v jazyce anglickém, roz-
hodli jsme se zalozit dva SM paralelni bloky, kde pfednasky budou hodnoceny dvéma
komisemi. Z kazdého bloku pak budou odménovani studenti na prvnim, druhém a tie-
tim misté. VSichni se mohou t&Sit na védecké diskuse, které budou inicializovany nejen
prednaskami, ale i prezentacemi velkého poctu postert. Hodnoceni postertt bude pro-
bihat novym zptisobem. Autofi plakatovych sdéleni budou mit moznost se rozhodnout,
zda ptihlasit sviyj poster do soutéze ¢i nikoliv. Potom soutézici postery budou hodnoceny
urcenou komisi. Kratka prezentace autora, popt. autorti bude vyzadovat 3 minuty, dis-
kuse 2 minuty.

Vsechna abstrakta ve sborniku jsou v jazyce anglickém, maji roz§ifenou podobu a
obsahuji barevné obrazky ¢i grafy. Abstrakta jsou soucasti sborniku s ISBN (sbornik
prispévkil odpovida kritériim pro hodnoceni VaV v kategorii ,,Clanek ve sborniku®). V
ramci konference bude vydano specialni ¢islo v ¢asopise International Journal of Elect-
rochemical Science s IF 2.808 (ISSN 1452-3981). B&ézna cena tzv. open access free, ktera
umoznuje volnou dostupnost publikovaného dila, je 500 Euro. Pro ucastniky konference
bude snizeny poplatek na vlozné do Casopisu ¢init 400 Euro. Uzavérka pro dodani pti-
spévku je stanovena na 31. 7. 2012. Nasledné probéhnou recenzni fizeni. Vydani speci-
alni ¢isla je planovano na prosinec 2012.

Vitame vSechny ucastniky XII. Pracovniho setkani fyzikalnich chemiki a elektroche-
mikid a pfejeme vSem UspéSnou prezentaci, ktera miize byt spolu s bohatou diskusi velmi
uzitenym pomocnikem v jejich dal§im badani.

Organizaéni a védecky vybor
doc. RNDr. Libuse Trnkova, CSc.
doc. Ing. René Kizek, Ph.D.

doc. Ing. Jaromir Hubalek, Ph.D.
doc. RNDr. Vojtéch Adam, Ph.D.

Technické zabezpeceni Pracovniho setkani:
Ing. Jifi Sochor, Ph.D.

Mgr. Sylvie Holubova

Mgr. Olga Krystofova

Mgr. Michal Horak

Kristina Nadeni¢kova

Martina Ryvolova
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COMPUTER ANALYSIS OF GROWTH

CURVES OF STAPHYLOCOCCUS AUREUS
Jaroslav BALOGH!, Andrea BEZDEKOVA?, Jiri SOCHOR?, Rene KIZEK?,
Ivo PROVAZNIK!

! Department of Biomedical Engineering, Faculty of Electrical Engineering and
Communication,Brno University of Technology, Technicka 10, 61600 Brno, Czech Republic
> Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in Brno,
Zemedelska 1, 613 00 Brno, Czech Republic
ABSTRACT
Growth or inhibition of bacterial organisms is usually represented by growth curves. Analysis
of curves requires advanced processing and visualization of measured data. We conducted a series
of experiments with Staphylococcus aureus and 64 combinations of admixtures — various concen-
trations of silver ions and hyaluronic acid. We used selected mathematical functions for post-pro-
cessing and visualization by surface plot with higher informative value. The proposed method can

reveal specific parametrical dependences.

INTRODUCTION

The goal of this paper is to present possibilities
of detailed study of growth curves of Staphylo-
coccus aureus. The most important parameters
in analyzing growth or inhibition of microorga-
nisms are amount of organism at specific time,
rate of growth and actual course of growth. Me-
asured microorganism was bacteria Staphylo-
coccus aureus. It is facultative anaerobic Gram-
-positive coccal bacterium, frequently found as
part of the normal skin flora (about 20 percent
of human population are long-term carriers, also
animals are). S. aureus can cause a range of ill-
nesses, from minor skin infections to life-thre-
ating diseases (pneumonia, meningitis, sepsis,
toxic shock syndrome and others). Some strains
of S. aureus become resistant to most antibiotics
(penicillinase-resistant B-lactam antibiotics)
and hard to cure. Inhibition of S. aureus by ad-
mixtures in samples was observed. [5]

EXPERIMENT, DATA AND PROCESSING

Input data

Experiments took continuous 24 hours measu-
rement of relative absorbance, which is directly
proportional to amount of S. aureus in a sample.
We measured absorbance at wavelength 620 nm
for 64 combinations of admixtures (eight con-
centrations of silver ions and eight concentra-
tions of hyaluronic acid, Tab. 1.) every 30 mi-
nutes at 37°C. With starting relative absorbance
at time 0, the experiment produced 64 x 49 real
numbers as an output. Relative absorbance
at time t;, which was set to 0 and inhibition of
S. aureus resulted into negative values down to
-0.7. A value of 0.1 was added to all relative ab-
sorbances because of presence of S. aureus in
sample at time t, and negative values (absorban-
ce is usually non-negative number). Thus, every
value lower than 0. means decreased/smaller
absorbance than at a beginning of measurement.

Table 1: Concentrations of admixtures

Substance C
silver ions [ugml™] 0 125 25 5 0 15 25 50
hyaluronic acid [mM] 0 019 039 078 156 312 625 125

PROCESSED AND VISUALISED DATA

Visualization was provided by a set of relati-
vely simple functions, which return a matrix of
values representing particular variables impor-
tant to interpret results. First of all, the growth
curves of S. aureus with single admixture were
plotted to show behavior in different concent-
rations of admixture without influence of other
substance. 3D surface plot was chosen instead
of classical 2D plot, because it provides more in-
formative value and represents “mass” of S. au-
reus. Figure 1 shows information about growth
of S. aureus influenced by both admixtures.

Figure 1.: Growth curves of S. aureus with
both admixtures

Growth curves of S.aureus with 1.25 giml of silver ions.
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Some growth curves of S. aureus with hya-
luronic acid represented inhibition of growth,
values of relative absorbance were smaller than
0.1 and had descending trend. Customized co-
lor map was used, where the blue hues repre-
sented values <0.1, yellow and red hues bigger
values (see color map in the Figure 2). Color
map applied to surface plot represent standard
combination to visualize complex data. All me-
asured data were represented by 8 graphs, one
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for every concentration of silver ions.

Post processing

Post processing steps include selected pr-
operties. If the target is inhibition of bacteria,
the most important value is its amount in time
tx, Figure 2 shows relative absorbance of all 64
combinations at time tx= 24 hours.

Figure 2: Relative absorbance at time T=24 hours
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This is not relevant, without knowing shape of eve-
ry growth curve, which represents every combina-
tion and its behavior in time. Additional graph (see
Figure 3) represents a sum of relative absorbance
Asum of S. aureus throughout whole measurement
implied to default absorbance A0 (at time t0) calcu-
lated by equation (1):

29
A = D (4= 49)
n=1

Figure 2 shows empirical deviation, when relative
absorbance of S. aureus with 12.5 mM of hyaluronic
acid and zero concentration of silver ions gives unex-
pectedly low value. It was clear from classical plots
that this growth curve at time t=24 hours is in dec-
line phase. Using equation (1), we get 8x8 matrix (64
combinations of admixtures) representing "amount"
of S. aureus in time and information that in particu-
lar combination of admixtures there is for example
insignificant growth process.

Figure 3: Sum of relative absorbance of S. aureus
throughout whole measurement

Sum of growth curves at T=24 hours
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Measurement errors or significant dishar-
mony in the form of local extremes can be
detected by finding minimal and maximal
function for every single growth curve.
These functions can reveal unwanted pro-
cess of growth/inhibition. Graph of mini-
mal also helps to find the most inhibited
sample.

Growth and inhibition is also represen-
ted by rate of growth. Relative rate (RR) is
computed by equation (2):

-
A = D (A= 40)

where Ax and Ax-1 are two following
relative absorbances and RR represents
growth in percentage. By using this func-
tion can be find long growing or inhibiting
shape of growth curve.

RESULTS

Plotting post-processed data (set of 16
graphs) represent a number of properties.
Growth curves of S. aureus are influenced
by admixtures. Therefore, they are not stan-
dard bacterial growth curves (Gompertz
curve) with lag, logarithmic, stationary and
death (decline) phase [6]. About 85 % of
curves are monotone (almost logarithmic),
only increasing or decreasing. Other 10 %
of curves change their growth to inhibition
or vice versa, but relative absorbance chan-
ges differ against default absorbance about
+0.07. Last 10 % of curves did not reach its
maximum (minimum) in 24 hours or had
not typical shape. Generally, concentration
of silver ions does not affect growth of S.
aureus. It only defines how fast it is growing
and time of reaching maximum absorbance.
The greatest growth was with zero concen-
tration of hyaluronic acid and silver ions,
maximal inhibition was at maximum con-
centrations. However, the dependence was
not linear.

CONCLUSION

Data were processed, visualized and in-
terpreted. Surface plot represents most in-
formation better than standard 2D plot and
it’'s more comfortable in analysis. Amount
of data obtained from just 64 samples in
24 hours and by using just 6 parameters to
describe growth tendency is enormous and
leads to idea to create expert system for
evaluation of results. For example system
based on weighted equation with empirica-
1ly pre-defined weights, where input could
be all processed data and weights and out-
put growth curves which fit the best.
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ABSTRACT

Photoinduced reactions of novel 7-substituted 9-ethyl-6-0x0-6,9-dihydro[1,2,5]selenadiazolo-
-[3,4-h]quinolines, as compounds possessing potential photobiological impacts, with perspecti-
ve of their utilization as photosensitizers, were investigated by means of electron paramagnetic
resonance (EPR) spectroscopy. Monochromatic UVA photoexcitation of the selenadiazoloquino-
lones in dimethylsulfoxide or acetonitrile resulted in the effective generation of reactive oxygen

species via molecular oxygen activation.

INTRODUCTION

Quinolones represent one of the largest classes
of antimicrobial agents used worldwide in medi-
cal care [1]. Recent studies of potential phototo-
xic activity of quinolones, have established that
within the photochemical processes occurring
during quinolones photoexcitation the reactive
oxygen species (ROS) are generated [2]. This spe-

cific behavior of quinolones reveals a new field of

their applications in targeted therapeutic applica-
tions, as photosensitizers, where ROS generation
represents a powerful tool for selective cancer
cell destruction [3].

Different quinolone derivatives have already
been studied in our laboratory and it has been
proved that selenadiazoloquinolones behave as
photosensitizers, producing superoxide radical
anions (O,™) and singlet oxygen ('0,) via the ex-
cited states quenching by molecular oxygen [4].
Such photogenerated species may react with sol-
vent or with selenadiazoloquinolones themselves
resulting in their degradation, and we assume that
the presence of hydrogen atom at position N-9
can significantly influence their reactivity upon
photoexcitation. These findings motivated the
synthesis of novel 7-R-9-ethyl-6-0x0-6,9-dihyd-
ro[1,2,5]selenadiazolo-[3,4-A]quinolones [5],ex-
pecting different behavior under irradiation and
consequently also enhanced effects in biological
systems. An overview of the structure and substi-
tuent characterization, along with the abbreviati-
ons of the investigated selenadiazoloquinolones
are summarized in Table 1.

Table 1: Overview of investigated 7-R-9-ethyl-
6-0x0-6,9-dihydro[ 1,2,5]selenadiazolo[3,4-h] qui-
nolones.

° R Abbreviation
PP P H EQL
Lk | , |x COOC:Hs EQ2
NT TN COOCH: EQ3
H C‘H)Cﬂl COOH EQ4
) COCH; EQS

MATERIAL AND METHODS

EPR in situ photochemical experiments.
The formation of paramagnetic intermediates
upon monochromatic irradiation of the sele-
nadiazoloquinolones was monitored in situ
using EPR spectrometer EMX Plus (Bruker,
Germany). The selenadiazoloquinolone solu-
tions in dimethylsulfoxide (DMSO) or aceto-
nitrile (ACN) containing a spin trapping agent
(5,5-dimethyl-1-pyrroline N-oxide, DMPO)
or/and a hindered amine (4-hydroxy-2,2,6,6-
-tetramethylpiperidine, TMP) were mixed
directly before the EPR measurements, then
carefully saturated with air or argon and im-
mediately transferred to a small quartz flat cell
optimized for the TE , cavity. The samples
were irradiated at 295 K directly in the EPR
resonator, and the EPR spectra recorded in situ
during continuous or after a defined photoexci-
tation. The irradiation source was an UV LED
monochromatic radiator (A = 365, 385, 400 nm;
Honle UV Technology).

Steady-state photochemical experiments.
The freshly prepared solutions of the selena-
diazoloquinolones were irradiated in a 1-cm
quartz cell with an UV LED monochromatic
radiator, under air at room temperature and
subsequently their UV/vis spectra were taken
using UV-3600 UV/vis spectrometer (Shimad-
zu, Japan).

RESULTS AND DISCUSSION

EPR spectroscopy was used to monitor the
processes undergoing during the irradiation of
7-R-9-ethyl-6-0x0-6,9-dihydro[1,2,5]selena-
diazolo[3,4-h]quinolones in DMSO and ACN.
EPR spin trapping was applied for the identifi-
cation of short-lived radicals via their trapping
by a spin trap, and thus forming a more sta-
ble paramagnetic spin adduct. Application of
DMPO spin trap confirmed the formation of
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O, upon the irradiation of EQI-5 DMSO so-
lutions. We performed series of experiments,
observing EPR spectra upon continuous or 220
s monochromatic excitation at 365, 385, and 400
nm. In both cases well resolved spectra of ‘DM-
PO-O, adduct were found, along with ‘DMPO-
-OCH, produced in interactions of O, or photo-
excited molecules with solvent.

The detection of 'O, by means of EPR
spectroscopy represents an indirect method
based on the oxidation of hindered amines by
'0,, forming semistable nitroxide radicals. In
our experiments ACN and DMSO solutions
of investigated compounds were continuously
irradiated (1 = 400 nm) in the presence of TMP
and the formation of 4-hydroxy-2,2,6,6-tetrame-
thylpiperidine N-oxyl (Tempol) was monitored
in situ. Immediately after the beginning of the
irradiation we observed the increase of three-
-line signal characteristic for Tempol (inset in
Fig.1). Analogous experiments were conducted
for other wavelengths of 365 and 385 nm. Figure
1 shows the increase of the Tempol concentra-
tion measured in the system EQ2/TMP/ACN
under air during the continuous exposure with
all three wavelengths.

Figure 1.: Concentration of Tempol produced
upon continuous irradiation at different wave-
lengths (365, 385, and 400 nm) via the oxidation
of TMP in aerated ACN solutions of EQ?2. Inset
shows time evolution of the EPR spectrum ob-
tained upon continuous irradiation of EQ2/TMP/
ACN/air at 385 nm

Tempol concentration, yM

Steady state photochemical experiments were
conducted in order to detect the effect of irradia-
tion on quinolones. We did not observe any sig-
nificant changes in electronic absorption spectra
of all investigated selenadiazoloquinolones mo-
nitored after defined irradiation intervals (0-30
min) for three different irradiation sources 365,
385, and 400 nm.

CONCLUSION
The EPR investigations evidenced that upon
the irradiation of investigated selenadiazoloqui-

nolones, molecular oxygen is effectively activa-
ted producing the superoxide radical anions and
singlet oxygen. Taking into account the results
from steady state photochemical experiments,
we propose that the interaction of investigated
selenadiazoloquinolones with the photogenera-
ted species and their consecutive degradation
is negligible. Consequently, EQ1-5 behave as
photosensitizers and their biological impact
represent the object of further photobiological
investigations.
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ABSTRACT

Luminescent quantum dots (QDs) are increasingly attracting the attention as possible optical
detectors of biomolecules, such as proteins, DNA, etc. Large amount of different factors influences
the selection of material for QDs synthesis when dealing with substances from living organisms.
Hence in this paper, non-toxic and biocompatible titanium dioxide (TiO,) and gold were chosen as
a suitable material for QDs creation employing template based non-lithographic technique. Name-
ly, nanoporous alumina template was used for the fabrication of (i) TiO, QDs by anodic oxidation
of sputtered Ti film on a silicon wafer and (ii) Au QDs by galvanic deposition from Au containing
electrolyte on nickel coated silicon wafer. Self-ordered TiO, and Au QDs were characterized by
SEM, which confirmed that the size of QDs satisfies the requirement of quantum confinement
effect. Fluorescence spectroscopic study was also performed, comparing the emission spectra of
annealed and non-annealed QDs and showing that the annealing is essential for achieving desired

fluorescence properties of TiO, QDs.

INTRODUCTION

Excellent optical properties of QDs (namely
high quantum yield, broad absorption spectra
and narrow, symmetric fluorescence spectra
from UV to NIR, large effective excitation and
emission Stokes shifts), long life-time (high
resistance to photobleaching) compared to or-
dinary fluorophores and stability (resistance to
photo- and chemical degradation) predestinate
them in usage for imaging and as optical probes
for detection of peptides, proteins, nucleic acids
and other biomolecules [1]. However, main issue
is that most QDs are in fact toxic.

Even there is an immense interest in the syn-
thesis of colloidal QDs, the papers concerning
the QDs fabrication in deposited form, mainly
for in vitro biosensing purposes, still lack. Some
generally used approach for QDs deposition co-
ver the epitaxial growth and lithographic tech-
niques, which are unfortunately very expensive
and time-consuming. Consequently, a need for
cheap and reliable method of biocompatible QDs
fabrication has arisen.

This paper reports on the anodic oxidation of
aluminium layer to create nanoporous template,
which serves for QDs arrays fabrication either
through the process of anodic oxidation of me-
tal underlayer or by galvanic deposition of metal
ions from electrolyte solution. This method is
well reproducible, easy, rapid and cheap in com-
parison with above mentioned techniques. Anodi-
zation process was controlled by several factors,
most important being choice and concentration of
electrolyte, temperature of electrolyte and anodi-
zation voltage. All of these parameters influenced

the resulting dimensions, ordering and overall
properties of QDs.

MATERIAL AND METHODS

Substrate preparation

Thin layer of titanium (100 nm) or nickel (100
nm) were sputtered on 4” silicon wafer and sub-
sequently 500 nm aluminium layer was deposi-
ted by evaporation. Before QDs fabrication, the
homogeneity and surface roughness of Ti/Al and
Ni/Al layers were observed by scanning electron
microscopy (SEM) Mira II MLU (Tescan Mira,
Brno, Czech Republic) under following condi-
tions: work distance of 2.5 nm, high vacuum
mode (107 Pa), voltage of 15-20 kV, and spot
size of 2.4 nm. The morphology and size of TiO,
and Au QDs were also observed in SEM.

TiO, QDs fabrication

The anodization process took place in 3 M
sulphuric acid at 11 °C and under the constant
anodization voltage of 5 V, which resulted in
the formation of nanoporous alumina template
and subsequently of TiO, QDs in the case when
Ti was deposited under Al. Finally, the alumi-
na template was etched in a mixture of H,PO,
(50 mI L™') and CrO, (30 g L™') and QDs arrays
were annealed in vacuum at 500 °C for 1 hour
to achieve the transformation of amorphous ti-
tania into the crystallographic anatase, which
is necessary to reach the desired fluorescence
properties.

Au QDs fabrication
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To create Au QDs, the anodization of Al was
performed under the same conditions, but in two
steps to obtain the template as thin as possible
and thus to avoid the creation of gold nanowires
instead of QDs. In the first step, the anodization
was interrupted before the barrier layer came
in the contact with nickel layer. The anodized
layer was then etched, followed with second
anodization of remaining aluminium layer and
finally with gold galvanic deposition using
100 ml aqueous solution containing 0.6 g of
K[Au(CN),] and 0.232 g of H,BO, under various
current values and durations to find the optimal
conditions.

Optical properties characterization

The QDs arrays were analysed on spectrofluo-
rometer (Horiba, Jobin-Yvon) with laser diode
excitation at 350 nm and using photomultiplier
(T1 PMT) detector. In the case of TiO, QDs, both
annealed and non-annealed QDs were characte-
rized.

RESULTS AND DISCUSSION

During anodization process, aluminium layer
was transformed into nanoporous alumina with
pore size of about 5 nm according SEM charac-
terization. As each pore started growing down-
wards, it was surrounded by so called barrier
layer. When barrier layer came in contact with
titanium layer, a QD nucleus started growing.
Nucleus growth is almost isotropous and conti-
nues until nucleus size is about three times the
size of the pores [2]. This is very important fact
when dealing with QDs fabrication using this
method, thus we have to assume that QD size
will be at least double of the pore diameter. Ano-
dization was stopped when TiO, nucleus growth
would start to aim upwards into the pore. The
QDs prepared with these conditions were about
10 nm in diameter and therefore satisfied the
condition for quantum confinement effect for
TiO, [3]. Immediately after preparation, QDs
do not exhibit intensive fluorescence properties
but significant intensity increase (about 16 times
higher) was observed after annealing (see Figu-
re 1).

The annealed QDs showed one single Gaussi-
an-like peak with maximum at 425 nm, whereas
non-annealed QDs exhibited spectrum without
any significant peak. This confirms that the for-
mation of crystalline structure is necessary for
achieving intrinsic optical properties of lumine-
scent QDs.

The template for Au QDs was prepared in two
step anodization process, which improved the fi-
nal ordering of created nanostructures. The size
of Au QDs was similar to that of TiO, QDs. The
detailed optical characterization of these QDs is
currently in the process.

Figure 1. The comparison of fluorescence spect-
ra between annealed (red line) and non-annealed
(blue line) TiO, QDs array

——5V3M 11°C annealed

——5V3M 11°C unanneaied
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CONCLUSION

In this work, we succeeded in the formation of
Au and TiO2 QDs with size of 10 nm and strong
photoluminescence peak in the visible range
(abound 425 nm) employing rapid, inexpensive
and reproducible template based method. Such
QDs arrays are suitable for biosensing purposes,
namely for the detection of various biomolecu-
les such as DNA and proteins after appropriate
surface modification and functionalization.
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ABSTRACT

The modulation of protein function in eukaryotes is relying on a combinatorial potential of sa-
ccharidic structures, which greatly exceeds even the potential of amino acids during the polypep-
tide chain synthesis. Because a majority of human proteins are glycosylated, an analysis of these
structures may play an important role during the early diagnostics of some aberrant glycosylation-
-related diseases [1]. An interaction between biorecognition elements (lectins) and glycoproteins
was followed by an electrochemical impedance spectroscopy and differential pulse voltammetry,

respectively.

INTRODUCTION

Using so-called self-assembled monolayers
(thiolated derivatives of different alkanes with
a different chain length), a control of the density
(and in some cases orientation) can be provided
[2, 3]. These structures may be effectively used
for the immobilization of the biorecognition ele-
ments. Even if the analyte does not form a redox
couple with the biorecognition element (lecti-
ns), electroanalytic methods can be used for the
analyte detection. Using the electrochemical
impedance spectroscopy (EIS), the changes in
the impedance were observed (using the Nyquist
plot evaluation with R(C[RW]) circuit). Using
the differential pulse voltammetry (DPV; with
the electrochemical probe immobilized in the
SAM layer — in opposite to EIS method, where
the electrochemical mediator was present in the
measuring solution), the shift in the current re-
sponse was observed.

MATERIAL AND METHODS

Electrochemical measurements

For all measurements, laboratory potentio-
stat/galvanostat (Metrohm Autolab) was used.
For the electrochemical sensor measurements,
a three electrode system was chosen, with the
modified gold (working) electrode, Ag/AgCl
(reference) and platinum (counter) electrode. All
incubation steps during the biosensor construc-
tion took 30 min, activation of the carboxyl for
15 min, and involved the SAM layer formation,
lectin immobilization and blocking of the non-
-specific interactions (with poly(vinyl alcohol)
— PVA). EIS measurements were performed in
0.1M KCI with SmM K, [Fe(CN), J/K,[Fe(CN),]
and DPV assays were run in 20 mM Tris pH 6.5
with addition of 500 mM NaCl. The EIS mea-
surement was done at 200 mV and DPV measu-
rements in the interval from 0 to 400 mV. The

electrochemical probe for the DPV measure-
ment was ferrocenyloctanethiol.

RESULTS AND DISCUSSION

The electrochemical impedance spectroscopy
was previously used for the affinity, lectin-based
biosensors construction and analyte detection.
We proposed a new configuration with the sensi-
tivity for the analyte in a fM range. Differential
pulse voltammetry (where the analytical signal
was the shift in the current response) was less
sensitive working in a nM range. Both of these
techniques were previously described many ti-
mes as a sensitive and simple methods for the
detection of different analytes, however, DPV
was not used for the glycoconjugate detection.
The whole construction process was controlled
using atomic force microscopy. For the SNA
(Sambucus nigra agglutinin) and Con A (con-
canavalin A from Canavalia ensiformis) lectins,
the fetuin (a sialylated glycoprotein) [4,5] and
invertase (glycoprotein containing mannose in
its structure) were chosen as analytes.

Figure 1: A Nyquist plot from the EIS spectra (50
different frequencies) for different stages of the
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For the incubation with the planar gold
electrode, 20 pl of the sample was applied in an
inverted position. For the SNA lectin, non-spe-
cific interactions were revised with asialofetuin.

Figure 2: A calibration curve based on the shift
of the ferrocene peak after the analyte binding on
the biosensor surface
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Figure 3: AFM images during the biosensor manu-
facturing; from upper left to lower right — bare Au
electrode, SAM monolayer, immobilized lectin and
blocking using PVA

CONCLUSIONS

Using the above described protocol, we managed to
prepare a highly sensitive, reliable and easy-to-fabri-
cate lectin based electrochemical biosensor reliably
working in low fM concentrations of glycoprotein.
The ratio of non-specific to specific interactions was
calculated from the slopes of the linear parts of the
calibration curves, and they did not exceed 25% [6].
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ABSTRACT

This work is focused on the investigation of the photodegradation processes of synthesized
quinolones in alkaline media with/without titanium dioxide applying UV-Vis spectroscopy. The
results showed that the decomposition of quinolones upon UVA irradiation is more rapid in the

presence of titanium dioxide.

INTRODUCTION

Pharmaceutical compounds and their residues
could be found in the wastewaters as undesirab-
le contaminants. The conventional sewage tre-
atment plants are not able to eliminate effecti-
vely the pharmaceuticals, so the attention is
oriented on the new techniques how to remove
them from environment [1-3]. The heterogene-
ous photocatalysis on titanium dioxide offers
the possibility to eliminate the organics effecti-
vely via oxidation processes up to water and
carbon dioxide [3,4]. Our research is focused
on the photodegradation processes of novel syn-
thesized quinolones, molecules with potential
biological impact, in the reaction systems with/
without titanium dioxide.

MATERIAL AND METHODS

Quinolone derivatives (Figure 1) used in the
photochemical experiments were synthesized
at Institute of Organic Chemistry, Catalysis and
Petrochemistry of our faculty.

Figure 1.: Structures of investigated quinolone

molecules.
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The titanium dioxide (P25 Wacker, 0.5 g L)
was used for preparation of suspensions. The
stock solutions of quinolones were prepared
in 1 mM NaOH (Mikrochem, anal. grade) and
mixed with redistilled water or titanium dioxide
suspension prior to irradiation. Photochemical
experiments with quinolones were performed in
the photochemical inversion well using 400 W
medium pressure mercury lamp (A = 365nm;
Applied Photophysics, UK) with Pyrex ﬁlter
(A > 300 nm) at 303 K. Reaction systems were
continuously saturated with oxygen. Electronic
absorption spectra were recorded on UV-3600
Shimadzu UV-Vis-NIR spectrometer. Samples
containing TiO, were centrifuged before the

measurement of UV-Vis spectra on centrifuge
(Espresso, Thermo Electron Industries, 14 500
rpm).

RESULTS AND DISCUSSION
Figure 2 represents the series of electronic ab-
sorption spectra of quinolone Q1 in alkaline me-
dia upon UVA irradiation without/with titanium
dioxide.

Figure 2.: UV-Vis spectra of Q1 upon irradiati-
on in (¢) 1 mM NaOH and (b) 1 mM NaOH in
the presence of TiO,. Initial concentrations were
25 uM (Q1) and 0.25 g L' (TiO,).

2" p— »"
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The quinolones due to their extended =-
-electron system behave as photosensitive mo-
lecules, thus upon the UVA photoexcitation in
the presence of molecular oxygen the reactive
oxygen species (ROS), such superoxide radi-
cal anion O,", hydroxyl radical HO* or singlet
oxygen 'O, are formed [5,6]. On the other hand,
heterogeneous photocatalysis on the titanium
dioxide is well known for its ability to produce
upon ultra-band-gap radiation reactive holes and
electrons capable to react directly with organic
compounds or produce to HO®, O,*/HOO*, H,0,
and 'O, [3,4]:

~ HO," H,0, +(Q—> products

Tio, ™ h*+« o

> products

"5 HO® +Q —— products

Direct irradiation of Q1 in homogeneous sys-
tem led to the decomposition of molecule, as is
shown in the Fig. 2a, but in the comparison with
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heterogeneous suspension (Fig. 2b) the changes in
UV-Vis spectra are less significant. The aromatics
are sensitive to attack of the ROS generated upon
photoexcitation of TiO,, consequently the irradiati-
on led to the cleavage of aromatic ring; e. g. 20 min.
exposure of Q1 under the given experimental condi-
tions caused the loss of aromatic character, and the
corresponding changes were found in UV-Vis spect-
ra. The photogenerated hydroxyl radicals also play
an important role in this process as was confirmed
by EPR spin trapping technique.

CONCLUSION

This work is focused on the photodegradation pro-
cesses of quinolones. The results showed that the
photocatalytic decomposition of quinolones upon
UVA irradiation is more complex and efficient in
TiO, system in comparison with photoinduced pro-
cesses in homogeneous solutions and represents an
effective way of quinolone elimination from the en-
vironment.
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ABSTRACT

Direct and rapid insulin detection is very important not for the study of the diabetes mellitus
only. Therefore electrochemical determination of insulin could by very attractive. This contri-
bution presents the fabrication of planar carbon working microelectrodes using standard thick
film technology and their surface modification with multiwalled carbon nanotubes to promote the

electrochemical oxidation of insulin using cyclic voltammetry.

INTRODUCTION

Insulin is a very important polypeptide hormo-
ne which controls glucose levels in blood within
a narrow concentration range. Its monitoring
plays an important role in study of pathophys-
iology of various disorders especially diabetes.
The standard analytical methods for insulin de-
tection include bioassays, immunoassays, and
chromatography. These methods are time-con-
suming and slow and frequently require deriva-
tizations of insulin with isotopes or fluorogenic
labels to increase the sensitivity and selectivity
[1, 2]. A direct electrochemical measurement of
insulin is of considerable interest in the develo-
pment of fast and sensitive amperometric detec-
tors coupled to flow systems or chromatographic
instruments for this hormone. The insulin mole-
cule contains one intrachain and two interchain
disulfide bonds. A direct electrochemical de-
tection of insulin relies on either a reduction of
some of these bonds at the mercury and silver or
oxidation of disulfide bonds at modified electro-
des. Direct oxidation of insulin at common
electrodes is limited by the slow kinetics and
surface fouling onto electrochemical devices.
In addition, low sensitivity, reproducibility and
stability over a wide range of solution composi-
tions and high overpotential at which the insulin
oxidation process occurred are other limitations
of unmodified electrodes as an electrochemical
sensor for insulin detection [3]. Therefore va-
rious chemically modified electrodes have been
suggested for promoting the oxidation and de-
tection of insulin. Materials which can promote
the electrochemical oxidation of insulin include
ruthenium oxide (RuO)), iridium oxide (IrO ),
ruthenium metallodendrimer and multiwalled
carbon nanotubes (MWCNTs) [4].

This work reports on the fabrication of planar
MWCNTs thin layer modified carbon working
electrodes (WE) using standard thick film tech-

nology suitable for direct voltammetric detec-
tion of insulin. Characterization of these mic-
roelectrodes and preliminary results of insulin
voltammetric detection using these electrodes
are presented here.

MATERIAL AND METHODS

Electrodes fabrication

Working electrode substrate was designed
as a working electrode of three-electrode pla-
nar sensor system [5] deposited on alumina
substrate using standard thick-film technology
(TFT). Because the output current response de-
pends on the size of the electrode active area,
the electrode diameter was designed as large as
possible. The diameter of the working electrode
was chosen to be 3 mm.

Working TFT microelectrodes were fabricated
from polymer thick film pastes on the alumina
substrate. The DuPont paste 7102 (DuPont,
USA) was used for contact, ESL 243-S (ESL
Electroscience, UK) for covering layer and Du-
Pont BQ 221 for WE fabrication.

Electrode modification

The desired amount of MWCNTs was dissol-
ved in I mL of N, N-dimethylformamide (DMF),
and sonicated for 1 h. Then, 2 puL of the resulting
MWCNTs/DMEF dispersion (usually containing
2 mg.mL" MWCNTSs) was cast on the surface of
the planar carbon microelectrode. The electrode
was allowed to dry at room temperature for at
least 2 h.

Voltammetric measurement

Electrochemical detection was carried out
in a three-electrode voltammetric cell using
0.05 mol/L"! phosphate buffer solution (pH 7.4)
as a supporting electrolyte against standard Ag/
AgCl reference electrode and platinum counter
electrode. The cyclic voltammetric (CV) analy-
sis was done using PalmSens potentiostat.

Stock solution of insulin with concentration of
0.50 mmol/L"" was prepared by dissolving pow-
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dered insulin in 0.02M HCI containing 0,02 % (v/v)
Tween-80. This stock solution was further diluted
with 0.05 M phosphate buffer (pH 7.4) solution to
make working solutions with desired concentrations.
The pH of the supporting electrolyte solution (7.4)
was adjusted using NaOH and HCI.

RESULTS AND DISCUSSION

New planar working microelectrodes were fabri-
cated using standard thick film polymer technology.
Fabricated electrode is shown in the figure 1.

Figure 1.: Carbon TFT electrode underlay made of
special polymer BQ221 paste (DuPont)

Rl ™ |

All electrodes were examined optically using
SEM. Bare surface of BQ221 carbon electrode is
shown in the figure 2a. The electrode surface modi-
fied with MWCNTs is shown in the figure 2b. From
the figure 2b is clear that the modification was succe-
ssful and we obtained high porous electrode surface
full of free MWCNTs.

Figure 2.: SEM microimages of fabricated electrodes,
magnification 100 kx, a) carbon TFT underlay BQ221
(DuPont), b) MWCNTs/DMF modified electrode

The electrochemical characterization of all
electrodes was done using cyclic voltammetry in
0.05 mol/L" phosphate buffer solution (pH 7.4) in
potential range from 0 to 1 V. Obtained voltammo-
grams for bare carbon TFT underlay and MWCNTs/
DMF modified electrode is shown in the figure 3.
From the figure 3 is clear that the current response
of MWCNTs/DMF electrode is just little bit higher
than the signal from bare electrode.

Figure 3.: CV at the bare carbon TFT underlay (Du-
Pont BQ221) and MWCNTs/DMF modified electrode
in 0.05 mol/L-1 1 phosphate buffer solution (pH 7.4)
using a scan rate of 50 mV.s—1
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Current (A)
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The basic detection of insulin on the
MWCNTs/DMF modified electrode was
done on sample with higher concentrati-
on to check the detection abilities of the
electrode. Example of current response to
10 pmol/L-1 addition of insulin into buf-
fer solution is shown in the figure 4. The
CV response shown in the figure 4 con-
firmed that the MWCNTs/DMF modified
electrode is able to detect insulin.

Figure 4.: CV response of MWCNTs/
DMEF modified electrode to buffer solution
(dashed line) and to 10 pmol/L-1 insulin
solution (continuous line) using a scan rate
of 50 mV.s-1

08 - — —buffer
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Current (HA)
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Finally the detection limit and calibra-
tion curve of planar thick film modified
electrode have been done. Obtained calib-
ration curve is shown in the figure 5. From
the figure 5 is clear that we were able to
determine insulin from the concentration
of 250 nmol/L-1. We obtain linear calibra-
tion curve in the range of insulin concent-
ration from 250 nmol/L-1 to 1.6 pmol/L-1.
Considering these first results could be
concluded that there is high possibility to
fabricate special three electrode sensor for
fast insulin detection. Next experiments
will be focused on fabrication of more sen-
sitive active layer and integration of this
working electrode into the three electrode
voltammetric sensor.

Figure 5.: Calibration curve of planar thick
film MWCNTs/DMF modified electrode
obtained for insulin concentrations from
250 nmol/L-1 to 1.6 pmol/L-1 using a scan
rate of 50 mV.s—1
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CONCLUSION

There was fabricated planar carbon working
microelectrodes modified with MWCNTs/DMF
to promote the electrochemical oxidation of
insulin using cyclic voltammetry. Our experi-
ments confirmed the possibility of electrochemi-
cal insulin detection on our working electrode.
We were able to determine insulin from the
concentration of 250 nmol/L-1. We obtain linear
calibration curve in the range of insulin concen-
tration from 250 nmol/L-1 to 1.6 pmol/L-1. Con-
sidering these first results could be concluded
that there is high possibility to fabricate special
three electrode sensor for fast insulin detection.

Next experiments will be therefore focused on
fabrication of more sensitive active layer and in-
tegration of this working electrode into the three
electrode voltammetric sensor.
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ABSTRACT

In this work, we report an aptamer biosensing array for thrombin detection by measuring the
electrochemical impedance spectroscopy (ELS) upon aptamer-protein formation at the surface of
gold CDtrodes (GCDTs) in the presence of redox couple [Fe(CN) J**- [2]. The biosensor was con-
structed by self-assembling a thiol-modified thrombin binding aptamer (TBA) onto the GCDT
surface followed by the protein addition in a wide range of concentrations ranging from 20 nM to
1 uM. Achieved results reveal that the GCDTs present good versatility and suitable reproducibility
for thrombin recognition with a limit of detection (LOD) of 5 nM. Non-specific interaction with
similar molecular compounds like bovine serum albumin (BSA) demonstrates an appropriate and
specifically target sensor response thanks to the aptamer incorporation as transducer elements.
In order to verify the practical application of GCDT aptasensor in complex biological fluids, we
have detected thrombin in spiked diluted blood plasma samples. Additionally, individual steps of
biosensor assembling were monitored by Scanning electron microscopy (SEM). GCDT response

was also satisfactory compared with commercial gold screen printed electrodes (GSPE).

INTRODUCTION

Biosensors based on DNA or RNA aptamers,
represent a high sensitive and efficient platform
for protein recognition [1]. On the other hand,
GCDTs, electrodes fabricated from recordable
compact discs that contain a fine gold layer on
their surface, emerge as ideal candidates for
sensor support due to its low-cost, simple ma-
nufacture and disposable character. Among
electrochemical aptasensors those for thrombin
detection are the best analyzed. This might be
due to the properly characterization of throm-
bin binding aptamers (TBA) that has been made
up to date, as well as to the importance that
thrombin detection plays in diagnosis purposes.
Thrombin is a multifunctional serine protease
that takes an essential role in the procoagulant
and anti-coagulant functions [3,4]. High con-
centration of thrombin induces thrombosis whi-
le its low content causes an excessive bleeding
[4]. The aptasensor as an alternative diagnostic
tool for thrombin analysis or blood coagulation
with nanomolar detection could gain great inte-
rest in the medical research [5].

MATERIAL AND METHODS

Electrochemical determination

Biosensor was constructed by chemisorpti-
on of 2 mM thiolated TBA on a clean and dry
GCDT surface at 4° C overnight. Before incu-
bation, TBA was denatured at 60° C and then

exposed to cooling on ice bath for 1 min in order
to get a proper binding to thrombin. Once the
TBA self-assembling monolayer (SAM) was
prepared, 100 mM B-Mercaptoethanol (BM)
was let interacted during 20 min with the GCDT
to facilitate its surface blocking and thus evade
any kind of nonspecific adsorption. Modified
GCDT was rinsed by binding buffer and imme-
diately exposed to thrombin during 30 min or
used directly in electrochemical experiments.
The changes in charge transfer resistance R
were measured following thrombin addition to
TBA-BM modified GCDT in a concentration
range 20 nM—1 mM. With the aim of testing
the specificity of the biosensor, I mM of bovi-
ne serum albumin (BSA) and 10 times diluted
Human Plasma (HP) both prepared in binding
buffer, were added to BM-TBA modified GCDT
and the changes on R  were recorded by electro-
chemical impedance spectroscopy (EIS).

All electrochemical experiments were per-
formed with potentiostat/galvanostat analyzer
AUTOLAB PGSTAT 302N connected to 663 V
Stand (Eco Chemie-Methrom, Switzerland) in
DC mode. Three-electrode system consisting on
Pt wire (auxiliary electrode), Ag/AgCl 3 M KCl
(reference electrode), and either GCDT or GSPE
(working electrode), was used for electrochemi-
cal measurements. Fit and data simulation were
performed with incorporated software Nova
1.6 Autolab B.V. 2005-2011, distributed by Me-
throm. EIS measurements were performed using
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FRA2 module. AC voltage of amplitude of 0.01 V
and DC voltage 0.19 V were applied. The measure-
ments were performed in a frequency range 0.1 Hz to
100 kHz. Binding buffer used in all experiments was
composed of 20 mM TRIS, 140 mM NaCl, 1 mM
CaCl,, 1 mM MgCl,,5mM KCI, pH 7.4.

RESULTS AND DISCUSSION

The process of sensor fabrication as well as bin-
ding of thrombin to TBA can be monitored by EIS.
The calculations of electrical parameters of the sen-
sing layer from EIS spectra were made using fitting
procedure corresponding to the equivalent Randles
circuit (see Figure 1 left-side inset). Here, R is the
electrolyte resistance, R is the charge-transfer re-
sistance, C refers to the capacitance of the electrode
solution interface. Constant phase element (CPE)
for n=1. W element represents the Warburg im-
pedance; it gives information about the diffusion
process occurring from the electrode surface to the
electrolyte. Figure 1 shows the Nyquist plot of a bare
GCDT, modified by TBA without and at the presen-
ce of 20 nM of thrombin. As expected, the radius
of semicircle which is measure of R  value increases
with surface modification. Fitting the Nyquist plot
by Randles equivalent circuit allowed us to determi-
ne corresponding values of R (see column diagram
on Figure 3). It can be seen that R increases from
0.798 kQ at bare to 4.33 kQ at TBA modified GCDT.
To avoiding non-specific adsorption, B-Mercaptoe-
thanol (BM) is added to TBA-SAM and a higher R ,
value (5.40 kQ) is observed from the Nyquist plot,
possibly attributed to the improved insulating pr-
operties of the sensing layer as well as due to additio-
nal negatively charge from dissociated carboxyl ter-
minal groups of BM. Once the thrombin is coupled,
TBA folds into a more uniform quadruplex structure
creating a condensed layer onto GCDT surface. In
addition the negative surface charge also increases
due to negatively charged thrombin. This is reflected
in further increase of R  value up to 7.98 kQ at 20
nM thrombin. On the other hand, when increasing
thrombin concentration (20 nM-1 uM), R value
also increases as it is seen from increased diameter
of semicircles (Fig. 2a) and from calibration plot
(Fig. 2b), possibly due to obstruction of electronic
communication from the redox markers (increased
concentration of thrombin makes the sensor surface
more negatively charged which results in repulsion
of negatively charged redox marker). See Figure 2.

The sensor revealed satisfactory recovery (approx.
90 %) in a blood plasma with negligible interferen-
ces at presence of 1 uM BSA.

Figure 1.: Above: Schematic illustration of GCDT construc-
tion and corresponding binding steps occurring at its surface
in the presence of the redox couple 1 mM [Fe(CN) J** at a)
bare precleaned GCDT; b) TBA onto GCDT surface followed
by BM modification ; ¢) TBA-BM modified GCDT after addi-
tion of 20 nM thrombin. Below: SEM images of mentioned
binding steps on a GCDT surface. Right-side zoomed scans
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Figure 2.: a) Nyquist plot for GCDT modified
with TBA at presence of various concentration
of thrombin in binding buffer containing 1 mM
[Fe(CN) ¥ (1:1), b) plot of relative charge trans-
fer resistance AR /R as a function of thrombin
concentration:

CONCLUSION

This work was dedicated to present the
design and basically simple fabrication of a
sensing platform based on a recordable gold
compact disc for detecting human a -throm-
bin using DNA aptamers as receptors. Low
cost in fabrication, relative uncomplicated
manufactures, and the possibility to assem-
ble numerous GCDTs for running several
control experiments (disposableness), are
among the principal advantages of this app-
roach. This gold CD sensor also incorpora-
tes the high affinity and selectivity proper-
ties that aptamers provide as transducer
elements in a biosensor response.
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ABSTRACT

The aim of this work was to develop a label-free electrochemical aptamer-based nanoarray for
in vitro detection of PrP¢ as a biomarker of prion disease using multiwalled carbon nanotubes
(MWCNTs) as immobilization support. Detection of prions was investigated by cyclic voltamme-
try (CV) following the redox signal of modified ferrocenyl group anchored in the sensor by means
of Poly(amidoamine) dendrimers of 4" generation (PAMAM G4). Individual steps of biosen-
sor formation were characterized by infrared spectroscopy (IR). Aptamer based sensor response
was compared with the same array where diethyl amine was attached instead of dendrimer. The
nanoarray was tested against non-specific interaction with bovine serum albumin (BSA) and in
human serum for prion recognition with satisfactory results.

INTRODUCTION MWCNTs were treated with H,SO,:HNO,

Prion diseases, a group of fatal brain disor- (3:1) for incorporating COOH groups. Modified
ders, result from the transformation of cellular MWCNTs-COOH were linked to PAMAM G4
prion (PrP¢) into the pathological isoform (Pr- by EDC-NHS cross-linking chemistry in order
PS) [1]. PrP% aggregates in the nervous system to anchor the dendrimer by amide link. Ferro-
forming amyloidal plaques in the neocortex, ce- cene group used as redox marker substituted
rebellum and subcortical nuclei that provokes a by 2 activated ester (NHP), was covalently at-
rapid degeneration of neuronal tissues [2]. Since tached to the dendrimer and then to biotin group
prions detection in blood is limited down to pico by amide link. Streptavidin-biotin conjugation
molar (pM) levels [3], the development of an served as linker with biotinlayed aptamer de-
effective, high-sensitive and reliable approach signed for specific prion recognition. All chemi-
of recognition is of fundamental importance in cals were of p.a. grade and purchased from
the diagnosis and treatment of neurodegenera- Sigma-Aldrich. The recombinant human PrP¢
tive diseases, meanly in countries facing ageing protein (Human PrP¢ (103-231)) molecular wei-
problems which are closely related to them. ght 15.1 kDa was generous gift from Dr. Human

Rezaei (INRA Jouy-en-Josas, France).
MATERIAL AND METHODS
Electrochemical determination

Electrochemical experiments were performed RESULTS AND DISCUSSION
with potentiostat/galvanostat analyzer PGSTAT = 1, frared spectra for MWCNTs-PAMAM G4
AUTOLAB 1230302 controlled by GPES soft- ;i gates presented on Fig. 1, illustrate absorp-
ware connected to a differential electrometer peaks of MWCNTs modified by a) COOH
amplifier (Eco Chemie - Methrom, Switzet- o15,5¢ and b) after addition of PAMAM den-
land). Three electrode system consisting on Pt qrimers. For a) the absorption peak at 1702 cm”
wire (auxiliary electrode), saturated Ag/AgCl oo pe agsigned to the C=0 bond vibration of
3M KClI (reference electrode), and gold working ,cidic group. Spectrum b) shows the large bands
electrode - area 2,01x10? cm* (Basi Kenilworth- ,¢ 3563 i which should be assigned to amine
-USA), were used in the electrochemical cell. group of dendrimers beside bands at 1643 cm’!

Cyclic voltagrams were recorded from —0,8 V .14 1542 corresponding to amide (-CO-NH-)

to +0,6 V at scan rate 0,1 V/s. bound obtained after MWCNTs-dendrimer re-
FT-IR Fourier Transform Infrared spectra ,.¢ion.

were acquired using Bruker IFS66 FT-IR spect-

rometer equipped with a MCT detector and an Figure 1.: FT-IR Fourier Transform Infrared
attenuat'ed total reflectance (ATR) crystal of spectra for MWCNTs modified by a) COOH and
germanium. b) PAMAM G4 dendrimers.
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Cyclic voltagrams from -0.8 V to +0.6 V were
recorded for analyzing the biosensor response
after addition of PrP¢ prions in PBS buffer so-
lution. From CV presented in Fig. 2a it can be
seen well reversible redox waves of the ferro-
cenyl group with oxidation and reduction peaks
corresponding to the potentials 0.24 mV and 0.17
mV, respectively. The current of peaks decreased
by increasing PrP¢ concentrations form 1 pM to
10 uM and reaches up to saturation after 1 uM.
From the calibration plot presented in Fig. 2b, it is
possible to observe a linear dependence between
absolute value (AI/T)) vs log PrP¢ concentration
(closed symbols). Limit of detection (LOD) co-
rresponding to S/N=3 was found to be 1.30 +£0.01
pM which can be considered as an acceptable
result for practical applications. The sensor was
tested also in a human blood serum with satis-
factory recovery in average of 74 %. The inter-
ferences with BSA up to concentrations 10 pM
were negligible. See calibration plot on Fig. 2b
(open symbols).

Figure 2.: a) Cyclic voltagrams for prion (PrP)
detection. b) Calibration plot of the dependence
of reduction peak as a function of PrP¢ and BSA
concentrations. Results are mean + S.D. obtained
from 3 independent experiments.
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CONCLUSION

Detection of cellular prions based on an elect-
rochemical nanoarray that includes MWCNTs-
-PAMAM conjugates linked to artificial recep-
tors aptamers, is presented in this work.

Layer-by-layer sensor arrangement monito-
red by IR spectroscopy confirms by one side
the functionalization of COOH groups on
MWCNTs, as well as PAMAM G4 attachment,
used as platform for enhancing biosensor sig-
nal. By means of CV, high sensitive recogniti-
on of cellular prions ranging from 0.1 pM to 10
UM was achieved either in buffer solution or in
human serum. This fact makes of this biosensor
a promising tool for detection of protein with
future implications on clinical diagnosis.
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ABSTRACT

Electrochemical functionalization of porous silicon surface with polypyrrole is presented. Po-
lypyrrole electrodeposition was performed by cyclic voltammetry with Autolab PGSTAT101 sys-
tem. Prepared samples of polypyrrole functionalized porous silicon were characterized by infrared
spectrometry and photoluminescence spectroscopy and subsequently tested for selectivity impro-

vement in gas-phase chemical sensors of organic compounds.

INTRODUCTION

Porous silicon is a silicon-based material with
complex nanostructural architecture [1]. Its
unique properties, mainly bright visible room
temperature photoluminescence, promise many
applications in optical devices [2]. Optical sen-
sors of chemical compounds represent one of the
most rapidly developing fields in porous silicon
research during last decade. For practical purpo-
ses one usually needs to detect specific analyte
in a mixture of compounds what invokes a need
for sensors with increased chemical selectivity.
Chemical and electrochemical functionalization
of sensor surface is a method for attachment of
molecular systems that exhibit molecular reco-
gnition properties [3-5]. Polypyrrole electro-
deposition on porous silicon surface improves
both selectivity as well as operational stability
of photoluminescence sensor response of porous
silicon [6].

MATERIAL AND METHODS

Electrochemical preparation of samples

Porous silicon samples were prepared by
electrochemical etching of crystalline silicon
(p-type, (100), p~10Qcm) wafers in HF+ethanol
mixture (HF:EtOH=1:2.5) in a teflon cell with
two electrodes. Etching procedure was perfor-
med with home-build galvanostat (j=2-5 mA
cm?), silicon wafer was employed as the anode,
rotation Pt electrode as the cathode. Polypy-
rrole electrodeposition in 0.05 M TBAP aceto-
nitrile solution was performed in the same cell
with three electrodes setup by means of Auto-
lab PGTAT101 measuring system and Nova 1.7
software. Cyclic voltammetry was employed
for polypyrrole electrodeposition with these pa-
rameters: range of potential -0.2 to 1.2 V, scan
rate 100 mV/s. Pt electrode was used as the both
working and auxiliary electrode, the reference

electrode was saturated calomel electrode. Ace-
tonitrile solution was bubbled for 10 min with
argon before cycling. Infrared spectra were
collected by means of FTIR micro-spectrome-
ter Thermo Nicolet iN10. Photoluminescence
spectra were measured using an experimental
setup consisting of UV LED (A=370 nm), 20
cm monochromator (Jobin Yvon HT20), photo-
multiplier (Hamamatsu R9836), current pream-
plifier (Stanford SR570) and Lock-in amplifier
(Stanford SR830).

RESULTS AND DISCUSSION

The aim of functionalization of porous silicon
surface with polypyrrole is improvement of sen-
sor response selectivity and operational stabi-
lity in photoluminescence detection of organic
compounds. Polypyrrole electrodeposition on
freshly prepared porous silicon samples was
performed using cyclic voltammetry in two ste-
ps. At first only base electrolyte (40 ml of 0.05
M TBAP in acetonitrile) was cycled for 10-20
minutes (Fig 1A), afterwards pyrrole was ad-
ded (268 pl, ~0.1 M solution) and potential was
cycled for 20-30 minutes (Fig 1B).
Figure 1.: Cyclic voltammograms of porous sili-
con in: (A) 0.05 M TBAP in acetonitrile, (B) 0.05
M TBAP + 0.1 M pyrrole in acetonitrile
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Prepared samples were characterized by me-
ans of infrared spectrometry and photolumine-
scence spectroscopy. From infrared absorption
spectrum (Fig. 2A) it follows that Si-H bonds
present in freshly prepared porous silicon were
partially replaced with Si-O bonds and polypy-
rrole presence is manifested primarily by appea-
rance of band corresponding to C=C and C=0
bond vibration. Photoluminescence spectrum of
polypyrrole functionalized porous silicon sur-
face is in Fig. 2B.

Figure 2.: Characterization of polypyrrole func-
tionalized porous silicon — (A) infrared absorption

spectrum, (B) — photoluminescence spectrum.
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Photoluminescence behavior of functionali-
zed porous silicon in the presence of selected
organic compounds (various linear alcohols) in
gas phase was measured and compared with as-
-prepared porous silicon. From the dependence
of photoluminescence intensity changes (quen-
ching in most cases, enhancement is several
ones) at various concentrations we conclude on
possible mechanism in interaction of detected
analyte with different chemical termination at
porous silicon surface in agreement with previ-
ously proposed model [6].

CONCLUSION

Electrochemical preparation porous sili-
con and functionalization of its surface with
polypyrrole is presented. Cyclic voltamme-
try enabled to control of the polypyrrole lay-
er thickness by means of number of cycles.
Samples were characterized by means of in-
frared spectrometry and photoluminescence
spectroscopy and subsequently used for mea-
surement of photoluminescence sensor respon-
se in the presence of various concentrations of
linear alcohols.
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ABSTRACT

In this paper electrochemical behavior of 347 bp long PCR amplicons with enzymaticaly in-

corporated 7-deazapurines fully or partly replacing natural purines is described. Samples were
measured at hanging mercury drop electrode (HMDE) and pyrolytic graphite electrode (PGE)
by adsorptive transfer stripping voltammetry (AdTSV) technique. Electrochemical measurements
were done by square vawe voltammetry (SWV) and cyclic volatammetry (CV).

INTRODUCTION

7-deazapurines are usualy used as basic ele-
ments for integration of electrochemicaly active
species into the DNA. Bases are linked through
N7 with e.g. sulphur or organometallic groups,
osmium and other metal complexes (1-3) which
yeld specific signal that can be measured elect-
rochemicaly. One of the metal complexes ma-
king linkage to N7 is cis-diamminedichloro-
platinum(II) (cisplatin) known for its antitumor
activity (4). Primarily, intrastrand cross-links
between neighboring purine residues are crea-
ted which can cause conformational changes of
the involved DNA. Such bended or unwinded
DNA can loose a specific binding site for impor-
tant nuclear proteins (5) or can be recognized by
other set of proteins.

Until 2010 there was no direct electrochemical
analysis of long DNA with enzymatically incor-
porated 7-deazaguanine (G*) or 7-deazaadenine
(A¥) used as electrochemical label by itself (6).
In this paper are shown results of direct analysis
of PCR products containing G* or A* in diffe-
rent percentages.

MATERIAL AND METHODS

Amplification reaction was held in solution
with following components and amounts: 500
ng template DNA (pT7-7 containing wild type
pS3 protein sequence, lenght 347 bp); 0,5 uM
forward and reverse primer; 3 U Pfu DNA po-
lymerase; 125 uM dCTP, dTTP, dATP, dGTP,
dA*TP and dG*TP each. We prepared a set of
samples with increasing amount of 7-deazagua-
nine, G*, (25, 50, 75, 100 % of G*) or 7-deaza-
adenine, A*, (25, 50, 75, 100 % of A*) replacing
natural bases. In control sample only non-modi-
fied nucleobases were used (0 G* or A*). PCR
conditions (C1000 Thermal Cycler, BioRad): 30
cycles; denaturation step 90 s in 94 °C, anne-
aling step 120 s in 60 °C, extension step 180
s in 72 °C. PCR was followed by purification
of amplicons by QIAquick PCR purification kit

and measurement of DNA concentrations using
NanoDrop ND-1000 spectrophotometre (Na-
noDrop Technologies, USA).

Electrochemical measurements of modified
nucleobases were performed using Autolab sys-
tem with VA-Stand 663 Metrohm working stati-
on and/or CHI440 Electrochemical Workstation
(CHInstruments, Inc., USA). The experiments
were done at room temperature in a three-elec-
trode setup (PGE or HMDE as working elec-
trode, Ag/AgCl/3 M KCl as reference, and plati-
num wire as counter electrode). When measured
on HMDE the buffer was 0,3 M ammonium for-
mate pH 6,97. When measured on PGE, the buf-
fer was sodium acetat pH 5. The PCR products
were analyzed by using ex sifu (adsorptive trans-
fer stripping, AdTS) cyclic voltammetry (CV)
and AdTS square wave voltammetry (SWV).

The DNA was accumulated on the electrode
surface from 4 pl aliquots containing 0,2 M
NaCl during 60 s. The electrode was rinsed by
deionized water and put into the electrochemi-
cal cell. CV settings on HMDE: initial potential,
0,0 V; vertex potential, -1,85 V; final potential,
0,0 V; scan rate, 1 Vs'. SWV settings on PGE:
initial potential, 0,0 V; final potential, 1,5 V; fre-
quency, 200 Hz; pulse amplitude, 25 mV.

RESULTS AND DISCUSSION

Polymerase chain reaction (PCR) was used
for enzymatic incorporation of 7-deazapurine
nucleobases into DNA. These bases were pro-
ducing electrochemical signal necessary for
analysis of electrochemical behavior such mo-
dified DNA. AdTS SWV on PGE confirmed that
7-deazapurines are electrochemically oxidized
at less positive potentials (see fig. 1), compared
to the natural purine nucleobases (6). Standard
G potential is 1,15 V, standard A potential is
1,35 V. Due to increasing amount of 7-deaza-
guanine (G*) in amplicon chain G peak dec-
reased and new G** peak appeared at potential
0,8 V (fig. 1A, brown curve). It means that G*
can be utilized as quite cheap and reliable label
in electrochemistry. In the case of 7-deazaade-
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nine (A*) oxidation potential is the same as that of
G*peak at 1,15 V and thus it is not possible to distin-
guish between these two peaks (fig. 1B).

Figure 1: AdTS SWV on PGE. PCR product with
different amount of purine nucleobases replaced by
7-deazapurines were adsorbed on the electrode sur-
face. Time of adsorption: 60 s. Samples were measu-
red in sodium acetate buffer pH 5 (dark blue curve).
SWYV settings: initial potential, 0,0 V; final potential,
1,5 V; frequency, 200 Hz; pulse amplitude, 25 mV.
(A) DNA containing 0, 50 and 100 % of 7-deaza-
guanines (G*) instead of natural guanines, (B) DNA
containing 0, 50 and 100 % of 7-deazaadenines (A*)
instead of adenine residues.
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Using AATS CV on HMDE doublestranded (ds)
and singlestranded (ss) DNA molecules contai-
ning different amount of G* or A* incorporated
into the molecules instead of standard purine
nucleobases were studied. When we focused on
G peak (at -0,25 V) and CA peak (at -1,5 V) visi-
ble on cyclic voltammograms of ss and ds DNAs
there were no big differences in their heights in
the case of G* incorporation. On the other hand
voltammograms of ds molecules with integrated
A* showed clearly corelation between the level
of modification and peaks heights (see fig. 2A).
With higher degree of A* modification G peak
increased and CA peak decreased. This suggests
that the double helix is unwinding and nucleoba-
ses can easily get to electrode surface, the mo-
dification make DNA less stable. When AdTS
CV of ss A* modified DNA was measured, no
differences occured with different degree of mo-
dification (fig. 2B).

Figure 2: AdTS CV on HMDE. Comparis-
on of native ds (A) and denaturated ss (B)
PCR products with 7-deazaadenines (A*)
nucleobases incorporated into the molecule
instead of natural adenines. Samples con-
tain 0, 50 and 100 % of A*. Time of adsorp-
tion: 60 s. Samples were measured in 0,3
M ammonium formate buffer pH 6,97. CV
settings: initial potential, 0,0 V; vertex po-
tential, -1,85 V; final potential, 0,0 V; scan
rate, 1 Vs-1
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CONCLUSION

7-deazapurines are well known species
in electrochemical labeling. Due to the
absence of N7 7-deazapurines are incapa-
ble of forming Hoogsteen base pairs and
DNA with such modified bases is not able
to form multistranded DNA structures. In
this work it is shown that using electroche-
mical methods it is possible to easily ana-
lyze DNA with enzymaticaly incorporated
7-deazapurines fully or partly replacing
natural purines .

At carbon electrode both 7-deazapuri-
nes yield oxidation peaks at less positive
potentials compared to the natural ade-
nine and guanine residues. At mercury
electrode 7-deazaguanine does not yield
peak G (which is produced by natural gua-
nine) or any other specific signal (natural
guanine does). Other electrochemical ex-
periments showed increasing intensities of
peak CA and peak G in the case of increa-
sing modification of dsDNA with 7-deaza-
adenine. This behaviour suggests a lower
stability of DNA double helix with a high
amount of 7-deazaadenine.
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ABSTRACT

The detection of pesticides in environmental matrices is very complicated analytical procedure.
It is a challenge for hyphenation methods to find a competitive alternative to chromatographic
methods. Pesticides, such as tebuconazole (triazole fungicide), create in soil solution complexes
with cations, which make the direct detection of pesticides impossible. The solution of the problem
lies in creation of very stable complex (more stable than others) e.g. copper/tebuconazole and to
detect this complex. The copper cations are supplied to the solution continuously from oxidation

of copper electrode. The copper/tebuconazole complex is consequently detected using ESI-MS.

INTRODUCTION

Detection of pesticides in environmental ma-
trices such as soil solution or plant tissues is a
big challenge for modern analytical methods.
Methods with chromatographic separation are
widely used, however their detection limit (10-
¢ mol L) as well as the time of analysis (tens
of minutes) are the limiting factors. Another
alternative to chromatographic methods affords
hyphenation of electrochemistry (EC) with
electrospray ionization mass spectrometry (ESI-
-MS).

The biggest problem of pesticides analysis in
environmental samples is their complexation
with many inorganic substances, mainly cations
[1]. The total amount of a pesticide is spread into
many species and its direct detection is impos-
sible. The EC-ESI-MS method takes advantage
of high stability of copper complexes with tebu-
conazole (Teb, a widely used fungicide) to cre-
ate very stable complex [CuTeb]" with appear-
ance energy 223 kJ mol™. The presence of Cu?*
cation in a solution (in a sample) causes decay
of other complexes with Teb such as [CTeb]*
(where C can be Ca, K, Na, Mg, Cd and Zn) [2].

The detection of electrochemically created
[CuTeb]" using ESI-MS is the core of the new
presented methods. Using EC-ESI-MS we are
able to satisfactorily detect concentrations of
Teb around 2.5-107 mol L' without prior pre-
concentration. The total time for one measure-
ment is lower than 3 minutes.

MATERIAL AND METHODS

Electrochemical techniques (EC) are very
sensitive tool to determination of many organic
compounds. The pitfall of EC is their low se-
lectivity. On the other hand they can extend the
knowledge about a sample and electrochemical

properties. The hyphenation of EC front ESI-
-MS represents a powerful tool to study electro-
chemical properties of electroactive compounds
together in a sample.

The electrochemical device [3,4] was con-
trolled using computer controlled polarograph-
ic/voltammetric analyzer PC-ETP, Polaro-Sen-
sors, Prague, Czech Republic), with 2.3 software
(JH IPC, v.v.i., Czech Republic) [5] and POLAR.
PRO software v. 5.1 (Polaro-Sensors, Czech
Republic). The ESI-MS experiments were per-
formed with a Finnigan LCQ Advantage ion-
trap mass spectrometer (ThermoFinnigan, San
Jose, CA, USA) fitted with an electrospray ioni-
zation source operated in positive and negative-
ion mode, with setup followed [6].

RESULTS AND DISCUSSION

The [CuTeb]" complex (Fig. 1) with m/z of
leading isotopes 370 was generated in elect-
rochemical cell setup during oxidation of Cu
electrode.

Figure 1.: The structure of [CuTeb]" complex

The amount of generated [CuTeb]" depends
on inserted potential at Cu electrode (Fig. 2). In
higher potentials the amount of generated Cu**
is higher. The Cu?" generated during the Cu
electrode oxidation is reduced by Teb [7] as well
as during electrospray process [8].
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Figure 2.: Positive mode spectra of soil solution
(25 %) contaminated with tebuconazole (Teb)
with the addition of acetate buffer (25 %) and me-
thanol (50 %)
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The advantage of electrochemical generation
of Cu?* instead of addition of some copper salts
such as CuCl, lies in: (i) in-contamination of the
sample with copper counter ion becoming from
the salt and (ii) prevention of creation uncharged
[CuXTeb]° (which are invisible in in ESI-MS
spectra) complexes originated from metal salt
precursor with an inorganic ligands (such as CI").

The minimal concentration, which was sat-
isfactorily done using this method is 2.5:107
mol L' [6], what is almost one order lower con-
centration than is possible to be measured using
chromatographic methods [9]. The total time
required to one measurement is less than 3 min-
utes. The measurements are without prior sample
workup.

CONCLUSION

The EC-ESI-MS technique is an alternative
method to chromatographic methods. It takes
advantageous high stability of copper complexes
with triazoles (in this case tebuconazole) to de-
cay complexes with other cations yielding in de-
tection of Cu/tebuconazole complex using ESI-
-MS. The hyphenated techniques allows to detect
tebuconazole in soil solution in concentrations
about 2.5:107 mol L' without prior preconcentra-
tion of the sample in competitively smaller time
than chromatographic methods.
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ABSTRACT

The aim of the work described in this paper is to prepare electrochemically an optical sensor
consisting of TiO, quantum dots (QDs) using nanoporous Al,O, template in the first step and to
modify the surface of QDs with gold layer by evaporation process, again using nanoporous tem-
plate, in the second step. This easy, cheap and rapid approach provides homogenous and highly
ordered distribution of both nanostructures on substrate. The final objective is to characterize the
physical parameters and fluorescent properties of TiO,/Au sensor designed for optical detection of

biomolecules such as DNA and proteins.

INTRODUCTION

The big challenge in the production of nano-
structured surfaces inheres in the uniformity
and the reproducibility of the nanostructures
size and their spatial arrangement. The template
based nonlitographic methods employing the
alumina nanoporous template represent fast,
inexpensive and easily reproducible approach
of creating the nanostructured surfaces on sub-
strates. Among the various metal and semicon-
ducting nanostructures, QDs gain the outstand-
ing interest of the scientists, due to their unique
electronic and optical properties, which make
them attractive candidates for optical sensor
array regarding their fluorescence effect [1, 2].
Further modification of deposited QDs surface
with other fluorescent material, such as noble
metals, may enhance the primary luminescence
intensity of QDs and provides the suitable affin-
ity to biomolecules used for further functionali-
zation.

In this work, titanium dioxide has been chosen
as a material for QDs creation due to its non-
-toxicity and gold as biocompatible material for
QDs luminescence enhancement. The fabricati-
on process lies in anodic oxidation of titanium
layer using Al,O, nanoporous template, which
also serves for evaporation of gold shell with
required thickness after nanopores extension.
The combination of both template based and
evaporation methods enables to cover even large
substrate with desired nanocomposite array.

EXPERIMENT
Titanium and aluminium layer deposition

A high-purity titanium and aluminium layers
were sputtered on 4 inch silicon wafer by mag-
netron sputtering (Leybold-Heraeus Z 550). Two
thickness combinations of Ti/Al bilayers were
tested: 20 nm/500 nm and 150 nm/250 nm.

Formation of TiOz QDs
in anodization process

The anodization procedure takes place in the
utility model equipment for electrochemical
post-processing deposition fabricated in labora-
tory [3]. Thanks to different anodizing behav-
iour of Al and Ti layers, the same electrolyte
during the whole process can be applied. Sul-
phuric acid was chosen as an electrolyte since
it is known to provide smaller pore diameter
in template compared to other commonly used
electrolytes. The anodization process ran in
constant potential mode under these conditions:
3 M H,S0,, at 5 V and 11 °C. Anodization of
alumina is performed in two-step process in
order to get the homogeneous pore distribution.
During the first step of anodization, about 90%
of aluminium was oxidized and the alumina
template was removed by etching in a mixture
of H,PO, (50 mI L") and CrO, (30 g L") at 60 °C
for 5 min in the case of 500 nm Al and for 2.5
min in the case of 250 nm Al. The remaining
10% of aluminium was anodized in the second
step which resulted in the creation of TiO, QDs.

Gold shell evaporation

After the second step of anodization, the na-
nopores were extended in 5% solution of H,PO,
for 5-8 min at 30 °C and finally gold was eva-
porated. Gold evaporation through thin alumi-
na template provided the gold distribution only
in the form of thin shells on TiO, QDs surface.
Gold evaporation lasted various times in order
to achieve the thickness from 2 nm to 10 nm on
each sample. After evaporating of gold, the re-
maining alumina template was etched under the
conditions described above.

Characterization of physical parameters
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The size of TiO,/gold nanocomposite was esti-
mated using scanning electron microscopy (SEM)
Mira II MLU (Tescan Mira, Brno, Czech Repub-
lic) under following conditions: work distance of
2.5 nm, high vacuum mode (10 Pa), voltage of
15-20 kV, and spot size of 2.4 nm. The photolu-
minescence properties of non-annealed TiO,/gold
QDs array were characterized by fluorescence
spectroscopy (Horiba, Jobin-Yvon) with laser di-
ode excitation at 350 nm and using photomulti-
plier (T1 PMT) detector.

RESULTS AND DISCUSSION

SEM observation of alumina template after
pore widening showed the pore size was about
10—-15 nm (see Figure 1 left). After gold evapo-
ration and template removing, we found that
TiO, QDs with diameter of 8-10 nm are covered
homogeneously with thin gold shells (see Figure
1 right); however it was difficult to observe the
exact gold thickness due to a weak contrast of
both materials. Therefore, more precise analysis
of gold amount should be done, for example using
energy-dispersive X-ray spectroscopy (EDX).

Figure 1. Alumina template with extended nano-
pores (10—15 nm in diameter) ready for gold eva-
poration (up) and maps of 2 nm thick gold layer
attached on TiO, QDs after final template etching
(down)

The analysis of fluorescence spectra of non-
-annealed amorphous TiO,/gold QDs, repre-

sented in Figure 2, showed no remarkable lu-
minescence intensity (only one small peak is
observed at 425 nm), which is in agreement
with the requirement of QDs crystallinity for
achieving the fluorescence properties. There-
fore, further optical characterization will be
performed after TiO,/gold QDs annealing in
vacuum, during which amorphous titania is
transformed to anatase (at temperature of 500
°C). This crystallographic phase is supposed
to show several times higher intensity of lu-
minescence with one narrow and symmetric
strong peak in visible range of electromagnetic
spectrum.

Figure 2. Photoluminescence spectrum of non-
-annealed TiO,/gold QDs with 5 nm Au shells
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CONCLUSION

The fabricated self-ordered TiO,/gold nano-
composite array with TiO, QDs size of 10 nm
and various gold nanoshell thicknesses re-
presents a promising platform for biosensing
applications, namely for optical detection of
biomolecules, however further study of optical
properties should be performed to observe pho-
toluminescence intensity after TiO,/gold QDs
annealing.
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INTRODUCTION

Neuroblastoma /NBL/ is the third most common pediatric cancer and is responsible for approxi-

mately 15 % of all childhood cancer deaths [1].
It is a malignant tumor consisting of neuronal
crest derived undifferentiated neuroectodermal
cells. The clinical hallmark of NBL is hetero-
geneity. Some of the tumors undergo sponta-
neous regression or differentiate into benign
ganglioneuromas, some are curable with sur-
gery and little or no adjuvant therapy and some
progress despite intensive multimodal therapy.
This clinical diversity is closely correlated with
the molecular biological features of the tumor.
Approximately 40% of NBL are in the high risk
neuroblastoma /HR-NBL/ group, and therapeu-
tic improvements in the past decade have not
substantially improved their outlook compared
with other pediatric malignancies. Chemothera-
py is ultimately ineffective in curing HR-NBL,
because drug-resistance arises in most of pati-
ents despite intensive therapy. Recent studies
have provided a link between increased meta-
static potential and drug-resistant phenotypes,
indicating that in addition to the development
of drug resistance, chemotherapy of tumors may
cause changes in their biological characteristics.
Treatment of older children with disseminated
NBL continue to be great challenges for pediat-
ric oncologists. To achieve suitable treatment,
drugs are used in combinations. Over the last 40
years the prognosis for most childhood cancers
has improved, but not for HR-NBL even though
a delivering intensive therapy, suggesting the
need for development of new therapies [1]. One
of the future possibilities in therapy of HR NBL
seems to be ellipticine /ELLI/.

ELLI exhibit antitumor activities. The main
reasons for the interest in ellipticine clinical
purposes are its efficiency against several types
of cancer, limited toxicity particularly lack of
hematotoxicity. ELLI arrests cell cycle progre-
ssion by regulating the expression of cyclinBl1
and Cdc2 and by phosphorylation of Cdc2. ELLI
induces apoptosis by the generation of free ra-
dicals, the activation of Fas/Fas ligand system,

the regulation of Bcl-2 family proteins, by inc-
rease of wild-type p53, and the initiation of the
mitochondrial apoptosis pathway. ELLI also un-
couples mitochondrial oxidative phosphorylati-
on. However, the precise molecular mechanism
responsible for these effects has not yet been
explained. It was suggested that the prevalent
mechanisms of its antitumor activity is inter-
calation and topoisomerase II inhibition. We
have demonstrated that ELLI covalently binds
to DNA after enzymatic activation, suggesting a
third possible mechanism of action [2].

The development of resistance to cytostatic
agents is a major cancer therapy problem and
has been the focus of many research efforts
[3]. Tolerance to one agent is often accompa-
nied by cross-resistance to a variety of others,
often unrelated compounds. The behavior may
be explained by a selection of subclones of cells
within the original tumor that have the ability to
survive the cytotoxic effects of anticancer drugs
[3]. At the cellular level, a number of resistan-
ce mechanisms can operate. These mechanisms
include drug efflux via membrane pumps (ABC
transportes such as P-glycoprotein), drug meta-
bolism, including inactivation or failure to acti-
vate a prodrug, alteration in the abundance of
the target protein, for example the topoisomera-
se II enzyme, mutation of the target protein and/
or inactivation of pathways leading to cell death,
such as apoptotic signaling [4]. Vacuolar (H+)-
-ATPases is the enzyme complex reside within
many intracellular compartments, including
trans-Golgi network, endosomes, lysosomes,
secretory granules, and have been also identi-
fied in the plasma membrane of certain cells.
These proteins cover a number of functions in a
variety of normal as well as tumor cells in pro-
cesses such as receptor-mediated endocytosis,
intracellular targeting of lysosomal enzymes,
protein processing and degradation, and the
coupled transport of small molecules. V-ATPa-
ses have a important role in tumor metastasis,

41



42

chemoresistance and cancer progression [5].
Chemoresistance may be related to acidification
of intracellular compartments of cancer cells and
V-ATPase-dependent ion trapping of the cationic
form of drugs in acidic vesicles as lysosomes.
Role of V-ATPase and lysosomal compartment in
metabolism and toxic action of ellipticine is not
known.The aim of our work was to study the re-
lationship between ELLI sequestration and che-
moresistance in NBL and possibility to influence
this mechanism.

MATERIAL AND METHODS

Cell lines: The UKF-NB-4 line was esta-
blished from recurrent bone marrow metasta-
ses of HR-NBL. This line was kindly provided
by Dr. J. Cinatl Jr. (Johann Wolfgang Goethe
University, Frankfurt am Mein, Germany). The
ELLI resistant line designated UKF-NB-4ft!
we established by incubation of UKF-NB-4 with
increasing concentrations of ellipticine. Lines
were grown in IMDM (Lonza Inc, Allendale,
USA) supplemented with 10% fetal calf serum
(PAA Laboratories, Pasching, Austria). Medium
for UKF-NB-4"! contained 2.5 uM ELLI. The
drug-resistance of UKF-NB-4fH to ELLI was
verified using the MTT test. The resistant lines
showed 2.7 times increase in resistance to ellipti-
cine measured as IC, [4]

Western blotting: Protein concentrations were
assessed using a DC protein essay kit (Bio-Rad,
Hercules, USA). 40 pg of protein was subjected
to SDS-PAGE electrophoresis. After migrati-
on, proteins were transferred to a nitrocellulose
membrane and incubated with non-fat milk (Bio-
-Rad, Hercules, USA). The membranes were ex-
posed to antibodies to LC3 (Novus Bilogicals)
and actin (SigmaAldrich) as control overnight
at 4°C. Membranes were washed and exposed
to goat anti-rabbit anti-IgG (H+L) — HRP conju-
gate secondary (Bio-Rad, Hercules, USA), and
the antigen-antibody complex was visualized
using chemiluminiscence (Immun-Star HRP
Substrate, Bio-Rad, Hercules, USA).Subcellu-
lar localization of ELLI was detected by confo-
cal microscopy, as lysosomal marker was used
LysoTracker Red (LifeTechnologies, Carlsbad,
USA). Ultrastructure of vacuoles was evaluated
by electron transmision microscopy.

RESULTS AND DISCUSSION

ELLI treatment is a causes of significant and
concentration-dependent cytoplasmic vacuoli-
zation of the NBL cells. The vacuoles were de-
tectable already 30 minutes after the treatment
and ELLI was concentrated to the vesicular
structures in cytoplasm. Electron microscopy
verfied that vacuoles have not typical morpholo-
gical signs of autophagosomes. This finding was
proved by Western bloting detection of LC3, that
did not find increased LC3 II form. We detected
ELLI in those vacuoles by fluorescent confocal

microscopy. Staining with LysoTracker verified

that those vacuoles are lysosomes.Vacuolizati-

on and intravesicular ellipticine-associated flu-
orescence was abolished by co-treatment with
the specific V-ATPase inhibitor bafilomycin

Al [6] and lysomotropic agents chloroquine.

V-ATPase plays a pivotal role in acidification

and protein degradation in the lysosomes [5].

Chloro-quine and bafilomycin pretreatment in-

creased the efficiency of ellipticine in both tes-

ted cell lines UKF-NB-4 and UKF-NB-4f1,

The significance of lysosomal sequestraition

was also suggested by findings of overexpre-

ssion in UKF-NB-4f in comparison with

UKF-NB-4 [4].

CONCLUSIONS AND FUTURE DIREC-

TIONS

ELLI is sequestrated to the vesicular structu-
res probably of lysosomal origin, this sequestra-
tion may be one of the mechanisms that cause
chemoresistance. Specific V-ATPase inhibition
or using of lysosomotropic drug chloroquine
increased ELLI efficiency. One may speculate
that drug sequestration may play role in resi-
stance to other anticancer drugs. Inhibition of
sequestration of drugs could thus increase the
effectiveness of chemotherapy.

ACKNOWLEDGMENT.

This work was supported from GACR grant

No. P301/10/0356

REFERENCES:

[17 Maris JM. Recent advances in
neuroblastoma. N Engl J Med. 2010; 362:
2202-11

[2] Stiborova M, Poljakova J, Martinkova E,
et al. Ellipticine cytotoxicity to cancer cell
lines - a comparative study. Interdiscip
Toxicol. 2011; 4: 98-105.

[3] Raguz S, Yague E. Resistance to
chemotherapy: new treatments and novel
insights into an old problem. Br J Cancer.
2008; 99: 387-91

[4] Prochazka P, Libra A, Zemanova Z,
Hiebackova J, Poljakova J, Hrabéta J,
Buncek M, Stiborova M, Eckschlager
T, Mechanisms of ellipticine-mediated
resistance in UKF-NB-4 neuroblastoma
cells. Cancer Sci. 2012;103:334-41

[5] Nishi T, Forgac M. The vacuolar (H+)-
ATPases--nature’s most versatile proton
pumps. Nat Rev Mol Cell Biol. 2002
Feb;3(2):94-103.

[6] Bowman EJ, Siebers A, Altendorf K.
Bafilomycins: a class of inhibitors of
membrane ATPases from microorganisms,
animal cells, and plant cells.Proc Natl
Acad Sci U S A. 1988; 85: 7972-7976.



PIEZOELECTRIC AND OPTICAL BIOSENSORS

FOR DETECTION OF BACILLUS ATROPHAEUS

Zdenek FARKA'", David KOVAR'"?, Petr SKLADAL'?
'Department of Biochemistry, Faculty of Science, > CEITEC MU, Masaryk University, Kotlatska 2,

611 37 Brno, Czech Republic
“farka@mail.muni.cz
ABSTRACT

Interactions of antibodies with the bacterium Bacillus atrophaeus were studied using piezoelect-
ric (PZ) and surface plasmon resonance (SPR) based biosensors, with the aim of future develop-
ment of biosensor for Bacillus species. Antibodies were covalently immobilised on gold surfaces
of PZ crystal resonators and SPR chips. QCM Analyzer and Biacore 3000 were used for real-time
and label-free measurements of immunocomplexes. Concentrations of B. atrophaeus below 10°

CFU ml™! were successfully detected.

INTRODUCTION

Biosensor can be defined as an analytical de-
vice with sensitive biological element which is
in close contact or a tightly linked part of physi-
cochemical transducer. Biological part provides
either biocatalytical (e.g. enzyme) or bioaffinity
(e.g. antibody) recognition.

Piezoelectric biosensors are based on the pi-
ezoelectric effect — alternating current applied
on the crystal causes high-frequency vibrations;
for biosensing, the thickness shear vibrations
represented by the quartz crystal microbalance
(QCM) system are mostly used thanks to robust
performance and simple construction of the
driving electronics [1].

Optical biosensors are based on the measure-
ments of light intensity or changes of advanced
optical properties of biomaterials. In recent
years, the intrinsic sensing represented by sur-
face plasmon resonance has been receiving in-
creasing attention [2].

This contribution is devoted to study of in-
teractions between antibodies [3] and Bacillus
atrophaeus. It is a gram-positive sporulating
non-pathogenic bacterium similar to Bacillus
anthracis which is a well-known pathogen caus-
ing anthrax. This is why B. atrophaeus is be-
ing widely used as a safe model microorganism
for development and optimisation of detection
methods for B. anthracis [4].

MATERIAL AND METHODS

To obtain sufficient amounts of spores of Ba-
cillus atrophaeus (ATCC 9372; received from
Czech Collection of Microorganism), the cul-
tivation procedure [S] was optimised. The ali-
quot of frozen suspension containing spores was
mixed with the cultivation medium and after 6
hours, the culture was sterilely inoculated to
the sporulation medium enriched with Ca*" and
Fe?* ions. Sporulation was prolonged from 1 to 3
weeks. The obtained spores were purified using
gradient centrifugation in sucrose solution [6].
Amount and purity of spores was checked us-
ing phase contrast with the optical microscope

Olympus BX41.

QCM Analyzer manufactured by Keva (Brno,
Czech Republic) was used for PZ measurements.
PZ biosensor was created by immobilisation of
anti Bacillus antibodies (GenWay, LSBio, and
Tetracore) on the gold surface of 10 MHz PZ
crystal (ICM, Oklahoma City, USA) activated
by protein A [7]. After placing into the flow-
through cell, this biosensor followed affin-
ity interactions in real-time [8]. Solutions were
transported through the cell and binding inter-
actions were represented by changes of signal
(resonance frequency and resistance of the PZ
crystal). Optimal flow rate was 17 pl min™ and
50 mM phosphate buffer pH 7.0 (PB) was used
as the carrier.

Optical measurements were carried out using
Biacore 3000. Its measuring system is formed
by a glass prism and a layer of gold which is in
contact with the 4-channel microfluidic cell [9].
Chips CMS5 and buffers HBS-P were used. The
carboxymethylated dextran sensing surface was
activated using the mixture of EDC (l-ethyl-
3-(3-dimethylaminopropyl)carbodiimide) and
NHS (N-hydroxysuccinimide) and antibody
dissolved in acetate buffer was bound. Spores
and cells were injected and the association and
dissociation phases of the immunoaffinity inter-
action were measured, flow rate was 5 pl min™.
Immunosensing surface was regenerated using
50 mM HCl for 1 min.

RESULTS AND DISCUSSION

Interactions of 7 antibodies with B. atrophaeus
ATCC 9372 were studied using both techniques.
Initially, antibodies were bound to PZ crystals
through the covalently linked protein A, the ori-
ented attachment of IgG is obtained in this way.
Only 2 out of 7 antibodies were specific against
the chosen Bacillus strain. The interacting an-
tibodies were Abl51 (LS-C103151) and Ab411
(LS-C103411), both supplied from LSBio. To
improve sensitivity, the sandwich assay was
used. In Fig. 1, the surface-bound Ab4l1 cap-
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tured B. atrophaeus spores and the second layer
of Ab411 formed the sandwich immunocomplex.

Figure 1.: Interactions of B. atrophaeus and
Ab411 in sandwich assay measured by QCM.
Resonant frequency Af and resistance re-
presented by the AGC signal U are shown.
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Evidently, the rather low signal due to the di-
rect binding of the microbial spores was nicely
enhanced by the secondary antibody, which also
caused increased change of resistance. Further
measurements were carried out using Biacore
3000; this was anticipated to be more sensitive
than much cheaper QCM Analyzer. Antibodies
were covalently immobilised to SPR chips using
EDC/NHS. Afterwards, interactions between B.
atrophaeus (both spores and native cells) and
antibodies were studied. Sandwich assay of B.
atrophaeus spores can be seen in Fig. 2. Antibo-
dy Ab411 was immobilised on the chip, B. atro-
phaeus was captured and then 2 different antibo-
dies (Abl51 and Ab411) were allowed to form the
sandwich complex.

Figure 2.: Binding interactions of B. atrophae-
us and Ab411 in sandwich assay (with Ab151 or

Ab411) measured by SPR.
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Cultivation and purification of spores was
optimised. It can be seen in Fig. 2 that the opti-
mised procedure (spores2) gives better results
than the commonly recommended procedure
(sporesl). Antibodies Ab151 and Ab411 again
formed sandwich. Sensitivity increased with
Abl51. Unfortunately with Ab411 the signal
dropped. The most probable reason is that free
antibody has higher affinity to B. atrophaeus
than immobilised one and it is able to remove
the spores out of the sensor surface.

Interactions of spores and native cells with
antibodies were also compared, the Ab-spores
complexes exhibiting higher stability which
agrees with assumptions. The SPR experi-
ments with Biacore 3000 confirmed interac-
tion of B. atrophaeus only with Abl51 and
Ab411. Furthermore, the results obtained with
Biacore 3000 seem not significantly better
compared to the QCM Analyzer; however, the
automated operation of this system is a conve-
nient advantage.

CONCLUSION

It was found out that B. atrophaecus ATCC
9372 binds only to antibodies Abl51 (LS-
C103151) and Ab411 (LS-C103411) and that
these antibodies are specific against bacte-
rial spores. Interactions depend on the me-
thod of bacterial cultivation and purification.
Sandwich assay was a good choice to impro-
ve sensitivity. Assumption that Biacore 3000
would be a better option for our measure-
ments was unfortunately not true. Detection
of spores under concentration of 105 CFU
ml—1 seems possible and promising for detec-
tion of B. anthracis.
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ABSTRACT
In enzymatic biofuel cells, supplied fuel is oxidized and a depolarizator reduced on an anode
and a cathode surface, respectively. Thus an electrical energy is obtained in the same way as in
conventional fuel cells, but relevant reactions are catalyzed by immobilized enzymes. In this work
different nanomaterials were tested for construction of conductive electrode interfaces providing
high surface area for adsorption of sufficient amount of fructose dehydrogenase (bioanode) and
bilirubin oxidase (biocathode). It was concluded that gold nanoparticles-based bioanode and bi-
ocathode can be used for a construction of high-performance enzymatic electrodes, nevertheless
power output of fructose/dioxygen biofuel cell consisted of these electrodes (27 uW.cm?) was not
as high as in the case of a device constructed from electrodes based on carbon nanomaterials (50
pW.cm; carbon nanotubes and KetjenBlack dispersed in chitosan). After the performed optimiza-
tion, further experiments can be done in order to achieve high loading of biocatalysts on electrodes

and to elucidate basic principles of the enzyme adsorption and catalytic activity.

INTRODUCTION

In order to achieve lower dependence on fo-
ssil fuels and more effective usage of renewable
resources, devices able to harness an electrical
energy from renewable substrates employing
biocatalysts are developed. In the case of so
called enzymatic biofuel cells (BFC), enzymes
immobilized on the surface of two electrodes —
bioanode and biocathode — are responsible for
a substrate oxidation (anode) and a reduction
of final electron acceptor (oxygen at a cathode),
exactly in the same manner as in conventional (i.
e. anorganic catalysts-based) fuel cells.

Progress in nanotechnology is crucial for a
development of effective systems where immo-
bilized enzymes are able to effectively exchange
electrons involved in either substrate oxidation
or depolarizator reduction with an electrode
surface. Nanomaterials offer high active surface
area and good electron conductivity, which are
desired features for effective enzymatic electro-
des.

In our work, different nanomaterials were
employed in a construction of electrode inter-
faces for an enzyme immobilization. Fructose
dehydrogenase (FDH) and bilirubin oxidase
(BOD) were chosen as an anodic and a cathodic
biocatalyst, respectively, because both enzymes
are known to exchange electrons with electrode
directly, without any mediator needed. The en-
zymes were immobilized on gold nanoparticles
(AuNP) and spherical carbon nanoparticles Ket-
jenBlack (KB); also some hybrid nanointerfaces
were tested with very satisfying results.

MATERIAL AND METHODS

Preparation of electrodes

In a typical experiment, glassy carbon (GCE)
or polycrystalline gold (AuE) electrode were
cleaned according to the protocols published
previously [1,2] and modified by deposition of
several pl of nanomaterial dispersions. Single
wall CNT and KB were dispersed in chitosan
(0.1% in 0.3% acetic acid), whereas AuNP were
deposited from their aqueous dispersion. Af-
ter the dispersion dried out, obtained modified
electrode was incubated with a buffer solution
of a relevant enzyme (overnight incubation, at
4°C). Subsequently, an abundant enzyme soluti-
on was washed out with distilled water.

Electrochemical measurements

All measurements were conducted using a po-
tentiostat/galvanostat Autolab PGSTAT 128N
(Ecochemie, Utrecht, Netherlands). An Ag/
AgCl/3M KCI and Pt disc electrodes served as
the reference and auxiliary electrodes, respecti-
vely. Nanoparticles-modified GCE and AuE
and electrodes incubated with enzymes were
used as working electrodes in three-electrode
configuration and tested separately using cyclic
voltammetry (CV). For biofuel cell tests, only
biocathode and bioanode were connected to
the potentiostat; an open circuit potential was
determined using chronopotentiometry and E-i
characteristics were determined using chrono-
amperometry.

RESULTS AND DISCUSSION

For a construction of enzyme-immobilizing
electrode nanointerfaces, spherical gold nano-
particles are very often used because of their
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good conductivity and a facile and adjustable
preparation [3]. In our group we have optimi-
zed a protocol for assembling of high surface
area electrode nanointerface (as described by
Murata et al., 2009 [4]) based on commercially
available AuNP (d=20 nm, Sigma Aldrich). As
received AuNP dispersion was concentrated by
centrifugation (10000 RPM, 30 min, 98 % of su-
pernatant discarded) prior its deposition on AuE
surface. The deposition was performed dropwise
(3 ul of AuNP in one deposition step, dried in
air, typically 4 steps) and after the last depositi-
on step AuE||AuNP electrode was treated by CV
(in 100 mM H_SO,, potential window — 200 to
+1500 mV, scan rate 100 mV.s™) in order to check
a real electroactive surface area. Interestingly,
this step seemed to have quite a significant po-
sitive influence on a desired bioelectrocatalytical
performance of AuNP-based bioanode and bio-
cathode, most probably because of a restructura-
lization of nanoparticle film (it is known that gold
surface undergo an oxidation and a reduction in
an applied potential window [1]), which led to
an enhanced interconnection of single nanopar-
ticles or their conglomerates and higher overall
conductivity of the nanointerface. ,,CV-activa-
ted“ AuE||AuNP electrodes were incubated with
FDH and BOD solutions in order to accomplish a
construction of the bioanode and the biocathode,
respectively. For bioanode, a mercaptoethanol
(ME) monolayer was assembled on AuE|AuNP
surface before an enzyme incubation according
to a protocol published previously [2,5]. After the
incubation and washing out of an unbound enzy-
me, both bioanode and biocathode were tested for
a biocatalytical activity towards their respective
substrates. Obtained background-corrected cyc-
lic voltammograms are shown in Fig.l (red cu-
rves); bioanode clearly exhibited an oxidative
wave in the presence of 200 mM fructose with
beginning at ca -120 mV and a current density of
625 pA.cm? reached at 400 mV. Similarly, on the
biocathode a reduction wave was observed in an
aerated buffer with beginning at 500 mV and a
current density of 450 pA.cm? reached at 0 mV.
In the next step, electrodes were assembled into
a membraneless biofuel cell configuration and
basic performances of such equipment were re-
vealed. An open circuit potential of 746 mV and
maximum power density of 27 uW.cm? at 300
mV was detected. A plot of a current density and
a power output versus BFC potential is shown in
Fig. 2A.

Besides metals such as gold, carbonaceous
nanomaterials are also very often employed for
an effective immobilization of electrocatalytical
enzymes. Carbon nanotubes (,,1D” carbon) are
known to poses excellent electrochemical pr-
operties (high electron conductivity, high active
surface area and even surface catalytical activi-

ty [6,7]); on the other hand, spherical carbon
nanoparticles such as KB (,,0D” carbon) are
known to adsorb some enzymes very effecti-
vely. A crucial step in fabrication of carbon na-
nomaterial-based interfaces is to disperse the
nanoparticles in an appropriate matrix. For this
purpose, chitosan was used preferentially be-
cause of its low cost and zero toxicity of dissol-
ving agent (acetic acid versus N-methylpyrro-
lidone typically used for dissolving of highly
fluorinated polymers, which are, nevertheless,
very advantageous materials for KB binding
[8,9]). We have performed an optimization
of electrode nanointerface preparation that
was based on KB dispersed in chitosan (KB/
CHI) and was stable in an electrolyte solution
and suitable for adsorption of BOD. Details of
procedure are listed elsewhere [10] and Fig. 1
(black dashed lines) shows a background-co-
rrected CV obtained with GCE|[KB/CHI||BOD
biocathode. The reduction wave starts at ca 400
mV, which is more negative than for AuNP-
-based biocathode. It may be suggested that,
in KB/CHI matrix the enzyme is preferentia-
lly oriented towards a nanoparticle surface in
such a way that its active site with a lower redox
potential is involved in direct electron transfer
instead of so called T1 site, which is suggested
to have the highest E and which is involved in a
withdrawal of electrons from natural substrates
or from an electrode surface (see [11] and refe-
rences within). Current density reached value
of 98 pA.cm? at 0 mV. Interestingly, KB/CHI
nanointerface was absolutely unsuitable for an
immobilization of FDH — prepared bioanode
did not exhibit any catalytic activity towards
200 mM fructose (data not shown).

In the next step the way was sought to increase
overall conductivity of KB-based interface. A
series of experiments proved that it is possible
to gain overall bioelectrocatalytical perfor-
mance by integration of CNTs into KB/CHI
matrix which was performed by deposition on
a GCE surface of a chitosan solution obtaining
4.3 mg.ml!" KB and 0.67 mg.ml" CNT (expe-
riment details listed elsewhere [10]). Such mo-
dified electrode denoted to as GCE|KB-CNT/
CHI was capable of adsorption of FDH and
BOD, as well. Fig. 1 (black solid lines) shows
background-corrected CVs of GCE|[KB-CNT/
CHI||[FDH and GCE|KB-CNT/CHI||BOD in
presence of 200 mM fructose and dioxygen (se-
cured by an electrolyte aeration), respectively.
For bioanode, the voltammogram is different
when compared to the one for electrode without
a CNT integrated; it is rather similar to AuNP-
-based bioanode, so it can be suggested that in
both cases FDH is oriented towards the surface
in the same way. Current density reached a
value of 450 pA.cm™ at 400 mV, what is lower
in comparison to the AuNP-based bioanode,
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exhibiting very small capacitive current (i. e. an
active surface area). Taking this into account, it is
obvious that carbon nanoparticle-based interface
provides lower amount of active FDH adsorbed
per unit of active surface area. The difference is
caused by a controlled FDH immobilization due
to the ME monolayer on AuNP surface.

GCE||KB-CNT/CHI|[BOD configuration turned
out to be effective for a dioxygen reduction as can
be seen in Fig. 1. A beginning of a reduction pro-
cess is at 540 mV, significantly higher than in the
configuration without integrated CNT. Apparent-
ly, CNTs may be responsible for a better enzyme
orientation or just for a better connection between
an enzymatic redox sites and the electrode sur-
face.

Optimized  GCE|KB-CNT/CHI|[FDH  and
GCE|[KB-CNT/CHI||BOD were consequently
used for an assembling of biofuel cell with mea-
sured OCP of 655 mV and maximum power out-
put of 50 uW.cm?. Dependence of current density
and power output on potential applied to BFC is
in the Fig. 2B. Overall performances better than
at AuNP-based BFC are quite unexpected because
of the lower catalytic current densities obtained
for separated KB/CNT-CHI based bioelectro-
des. There may be possible explanation relied on
a good proton conductivity of chitosan, which
enhances overall charge transfer between the
electrodes, nevertheless such significant differen-
ce would be subjected to a further investigation.

Figure 1: Background-corrected CVs of Au-
E||AuNP-based bioanode and biocathode (red so-
lid lines), GCE||KB/CHI||BOD (black dashed line)
and GCE|KB-CNT/CHI-based bioanode and bio-
cathode (black solid line). 100 mM acetate buffer
pH 6.0, containing 200 mM fructose (anode) or
aerated with air (cathode), for background CVs no
fructose was added (anode) and deaeration with N,
was secured (cathode). CVs were run at scan rate
of 10 mV.s™.
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Figure 2: Current and power density ver-
sus potential applied plots obtained for Au-
E||AuNP-based (A) and GCE|KB-CNT/
CHI-based (B) BFC. Measurements were
done in an aerated 100 mM acetate buffer pH
6.
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CONCLUSIONS

Spherical gold nanoparticles (AuNP) and
two different carbon nanomaterials (CNT
and spherical nanoparticles KB) were em-
ployed in construction of electrode nano-
interfaces. After optimization of the fabri-
cation protocols, fructose dehydrogenase
and bilirubin oxidase were immobilized on
such prepared interfaces, with a bioanode
and a biocathode of fructose/dioxygen bio-
fuel cells being assembled. Each prepared
bioanode and biocathode was investigated
separately using CV in the absence and pre-
sence of 200 mM fructose (for bioanode) or
dioxygen (for biocathode; secured by aera-
tion of an electrolyte during the measure-
ment) and finally fundamental operational
performances were investigated for AuNP
and KB-CNT/CHI-based biofuel cells. It
was revealed that, AuNP-based bioanode
and biocathode reached higher current den-
sities (625 and 450 pA.cm?, respectively)
than KB-CNT/CHI-based ones (450 and
280 pA.cm?, respectively), however BFC
constructed from AuNP-based electrodes
reached maximum power density of only 27
pW.cm? whereas the latter electrodes were
assembled into BFC with a 50 uW.cm? po-
wer output. Regardless of surprisingly low
power output of AuNP-based BFC, gold and
carbon nanoparticles were successfully as-
sembled into an effective electrode interface
with enzymatic biocatalysts immobilized
on their surfaces. As a further direction of
research in this field, complexes of nanoma-
terials (especially graphene) with enzymes
will be tested in order to achieve higher lo-
ading of active catalytic units per electrode
and thus to obtain higher power outputs of
membraneless biofuel cells based on direct



electron transfer.
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ABSTRACT

The company Teva Czech Industries s.r.o. is an important producer of pharmaceuticals. One of
them is the immunosuppressive preparation based on cyclosporine A which is targeted to patients
after transplantations. The aim of this investigation was to determine the effect of water and lu-
brication components on surface tension behavior of some cyclosporine samples before and after
encapsulation.

INTRODUCTION MATERIAL AND METHODS

The company Teva Czech Industries s.r.o., ori-  Samples have been measured by digital tensio-
ginally known as Galena, is an important tradi- meter Sigma 700/701 [S]. Due to this type we are
tional producer of pharmaceuticals [1]. All pro- able to measure surface and interfacial tension.
ducts comply with recognized quality standards Also we have two possibilities of probe — we can
and are exported to many countries of the world use Du Nouy Ring, made of platinum and iri-
including the USA and Western Europe. The dium, or only platinum probe called Wilhelmy
company successful operation is accomplished Plate. Offered temperature period is from -10 to
by approximately 1500 employees and in 2006 100 degrees Celsius. Tensiometer can be contro-
the company became a part of the multinational lled by computer, including software sgserve,,
group TEVA. The immunosuppressive prepara- which helps us to generate graphs, results of me-
tion is focused on the products with cyclic poly- asuring and import them to different systems for
peptide — cyclosporine A (Fig.1). Drug products treatment of data.
with this substance influence the organism’s
auto-immune reactions and they are necessary
for patients after transplantations. Discovered r
in the lab of Sandoz in Switzerland in 1972,
cyclosporine A (CsA) has since revolutionized
transplant medicine [2].

Figure 2: Sigma tensiometer 700/701

Figure 1.: Cyclosporine A (CsA)

One of the possible characteristics of these
samples is the surface tension [3-4], which can
be well and relatively easily measured by means
of tensiometer.
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This type of tensiometer is able to use several
methods, which are studying surface and inter-
facial tension, dynamic contact angles, powder
wettability, single fiber wettability, adsorption
behavior of solids, critical micelle concentration
— CMC, surface free energy of solids. In our case,
only surface tension method has been used yet.

RESULTS AND DISCUSSION

The first experiment consists in the calibrati-
on of tensiometer by using redistilled (Millipo-
re) water. In the second experiment the surface
tension of clear solution of CsA samples with the
volume (10 cm3) was measured. After addition
of a CsA sample to redistilled water the surface
tension decreases nearly 2.5 times. The final step
was measuring of small portion of sample (0.1 g),
added to 20 cm3 of redistilled water. In this expe-
riment, decreasing of surface tension in time was
observed (Fig.3).

We are disposing of nine samples, which con-
tains of cyclosporine A (CsA), polyglycerol-
-3-oleate, polyglycerol-10-oleate, ethanol; d,l-al-
pha-tocopherol and Cremophor RH40, in some
of them is allowance of lubricant — miglyol or
paraffin oil, in different concentrations, some of
them are before and after encapsulation. Speci-
fically, our sample (S1) is filling of capsule after
encapsulation, mixed with 20 cm3 of distilled
water. (Fig.3)

Figure 3.: Surface tension of sample S1 (CsA),
mixed with 20 cm?® distilled
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Opposite case is small portion of sample in 20
cm? of ethanol, where it is not possible to observe
changes of surface tension in time. As we suppo-
se, creation of micelles take place in water, so if
we will continue with utilizing of graph, we can
find value of critical micelle concentration.

CONCLUSION

Purpose of project was to characterize samples,
and find out, how the surface tension and other
qualities will change after adding water or seve-
ral types of lubricant substances with different
concentration. So far we studied the influence
of water addition on the surface tension of CsA

sample and we found that this parameter is sub-
ject to temporal change. Therefore, this study
will require further experiments, including
the definition of qualities of lubricate material,
which is used nowadays, and the comparison
with substances which can substitute.

Due to results and graphs of samples mixed
with the water, is prospectively possible to
compile values of Critical Micelle Concentra-
tion, influence of lubricant substances, or effect
of encapsulation on cyclosporine oral solution.
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ABSTRACT
Natural nucleobases are electrochemically active, producing analytically useful oxidation and
reduction signals at carbon- or mercury-based electrodes, respectively. Electroactive labels are
used in electrochemical nucleic acids sensing to improve selectivity and sensitivity of the biosen-
sors and bioassays. Covalent DNA labelling offers a better discrimination between complementary
strands forming the DNA double helix in DNA hybridization assays. Moreover, redox coding of
particular nucleobases can be utilized in electrochemical DNA sequencing and single nucleotide
polymorphism typing. Besides classical synthesis of modified nucleic acids via solid phase pho-
sporamidite methodology, more facile and versatile approaches have been introduced, based on
either chemical modification of natural DNA components (such as thymine bases with oxoosmium
complexes), or enzymatic incorporation of modified nucleotides using deoxynucleotide triphos-

phate conjugates bearing electroactive labels.
INTRODUCTION

Nucleic acids (NA) exhibit an inherent elect-
rochemical activity conferred by electrochemi-
cal reducibility or oxidizability of the nucleic
acids constituents [1]. The intrinsic NA elect-
roactivity and specific surface activity have
been utilized in many label-free NA assays.
At the mercury and some amalgam electrodes,
both redox and tensammetric responses of the
NAs are strongly sensitive to the accessibility
of nucleobase residues, providing information
about DNA structure and events resulting in
structural changes (such as DNA double helix
unwinding, enzymatic digestion, DNA damage
leading to formation of DNA strand breaks etc).
Despite generally less pronounced structure
sensitivity of NA oxidation signals measured at
the carbon electrodes, oxidation of G has been
perhaps the most popular way to label-free NA
electrochemical analysis. Many electrochemical
sensing systems have been proposed to detect
DNA hybridization — formation of duplex DNA
of two complementary single strands, of which
one is specifically designed as a probe of known
nucleotide sequence to capture and detect the
complementary target strand featuring the ana-
lyte. In general, in the DNA hybridization assays
and other sequence-specific DNA sensing tech-
niques it is necessary to distinguish between the
probe and target DNA strands or between the
single stranded probe and the hybrid duplex, or
to identify sites and types of nucleobase substi-
tutions. It seems that more reliable distinction
among the probe/target/hybrid duplex DNA,
and particularly recognition of single nucleotide
substitutions, can be attained through applica-
tion of redox active labels rather than through
label-free DNA electrochemistry [2].

NUCLEIC ACIDS LABELING WITH

OXOOSMIUM COMPLEXES.

Introducing oxoosmium tags into nucleic acids
is based either on the reaction of osmium tet-
roxide complexes (Os(VIII),L) with pyrimidine
(predominantly thymine) nucleobases, or on the
reaction of osmate(VI) complexes (Os(VI),L)
with terminal ribose residues in ribonucleoti-
des. Facile modification of base-unpaired thy-
mines within oligo- and polynucleotide chains
under physiological conditions and distinct
electrochemical properties of the Os,L-labeled
DNA render the Os(VIII),L reagents useful for
various modes of electrochemical DNA sensing
[3]. Polarographic or voltammetric studies of the
oxoosmium-modified DNAs with mercury-ba-
sed electrodes revealed three reversible faradaic
processes within potential region between 0.0
and -1.0 V, and a catalytic process around -1.2 V.
At the carbon and gold electrodes, the reversible
faradaic current signals due to the Os,L DNA
adducts can be observed. A concept of reporter
probes (RP) bearing easily detectable osmium
tags has been elaborated to analyze DNA se-
quences via molecular hybridization and, quite
recently, also to monitor DNA-protein interac-
tions. Moreover, the oxoosmium tags, owing to
DNA structure selectivity of the reaction with
thymine, have successfully been applied to de-
tect DNA damage and thymine residues within
single base mismatches [3].

ENZYMATIC INCORPORATION OF LA-
BELLED NUCLEOTIDES
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Modified DNA can be synthesized enzymati-
cally via incorporation of modified nucleotides
by DNA polymerases or terminal deoxynucleo-
tidyl transferases (TdT) [4]. A number of labelled
dNTPs are commercially available, including
those bearing luminophores (e.g., fluorescein,
TAMRA) or affinity tags (biotin, digoxigenin).
Albeit the palette of commercially available
dNTPs bearing electroactive labels is still rather
limited, it is being continuously expanded owing
to progress in the methodology of synthesis of
base-modified dNTPs, involving C7-substituti-
ons of 7-deazapurines, C8-substitutions of pu-
rines and C5-substitutions of pyrimidines [4].
These efforts have resulted in application of se-
veral electroactive DNA tags (such as ferrocene,
nitro- and aminophenyl, [M(bpy),]*"** complexes
of Ru or Os, anthraquinone etc.) producing speci-
fic electrochemical signals due to their reversible
or irreversible reduction or oxidation at different
potentials. Diversity in electrochemical proper-
ties of these labels offers their facile distinction
from one another, as well as from intrinsic DNA
responses related to reduction or oxidation of
natural nucleobases. Simple nucleobase ana-
logues, such as 7-deazapurines (commercially
available as dNTPs), are applicable as specific
electroactive tags as well since these bases ex-
hibit substantially lower overpotentials of elect-
rochemical oxidation, compared to their natural
counterparts [S]. The enzymatic DNA labelling
strategy has been applied in a number of biolo-
gical applications, including DNA hybridization,
PCR monitoring, SNP typing and DNA-protein
interaction studies.

CONCLUSION

Labelling of DNA with electrochemically
active moieties proved to be a convenient way to
development of electrochemical bioassays appli-
cable in analyzing nucleotide sequences, detecti-
ng DNA damage and in DNA-protein interaction
studies Through combinations of various labels
differing in redox potentials, highly specific
electrochemical analysis of DNA sequences can
be attained.
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ABSTRACT
This paper reports on characterization of tin dioxide (SnO,) sensors for methane detection in the
air atmosphere and determination of the optimal temperature range to achieve high sensitivity.
There were done two measurement of our SnO, thick film sensor on two different temperatures
(240 °C and 380 °C) and compared with commercial sensor Figaro TGS 822. It was found that the
sensitivity of our SnO, sensor is the same at both temperatures we tested. In comparison of our
SnO, sensor with the commercial sensor Figaro TGS 822 was found that our SnO, sensor has not a
very high sensitivity for lower concentrations, but the saturation level is higher. It means that our
SnO, sensor is able to determine accurately the higher concentrations than the commercial sensor.

We were able to determine methane in the concentration range from 50 to 4000 ppm.

INTRODUCTION

Nowadays number of applications and places
with gasses presence is increasing (e.g. natural
gas, mine gas). Most of these gasses contain
methane which is extremely flammable and
explosive even in low concentrations in the air
(from 4.4 to 15 volume percent) [1]. Therefore
it is very important to detect methane in low
concentrations. In general the heated gas sen-
sors with the active layer based on SnO, semi-
conducting material are used for gas detection.
This type of sensors has very high sensitivity to
methane and it is able to detect many other gas-
ses. These sensors are usually implemented with
a selective membrane to ensure the selectivity
of the sensors to detect selected gas. Sensors
with the membranes are used in houses where it
is very important to detect just the methane and
not to detect other gasses (e.g. ethane), which
often cause false warnings. Oxygen anions (O%,
0,) are generated due to oxygen chemisorption.
These anions drain away free electrons from se-
miconductor which cause active layer conducti-
vity decreasing [2]. In the case of methane pre-
sence in the air, the conductivity increases due
to reaction with oxygen chemisorbed anions.
The increasing of conductivity is dependent on
concentration and reactivity of methane. The
methane reactivity is temperature dependent.
Heater is necessary to reach activation energy of
chemical reactions which improves sensitivity
of the sensor and its ability to detect the gas as
soon as possible. Heating elements allow setting
the operating temperature very precisely. These
elements are placed under the active layer and
they could be fabricated by thick film technolo-
gy on the alumina substrate or by lithography on
silicon microhotplates. Alumina substrates are
used due to their high temperature resistance
and low coefficient of thermal expansion [3].

EXPERIMENTAL

All measurements were done on station for gas
measurement (figure 1.), which is equipped with
two mass controllers for accurate regulation of
two different gases and with chamber for two
gas sensors in TO-8 package. Agilent U3603A
multifunctional device was used for as power
supply. The communication system between
measuring devices, sensors and valves was con-
trolled in LabView interface.

Figure 1.: Station for gas sensors characteriza-
tion

The tested sensor (figure 2) is equipped with
platinum heater meander. The heater was fabri-
cated using standard thick film technology from
platinum paste ESL 5545 (ESL, Elctroscience,
UK) and its temperature resistivity coefficient
is 3020 ppm/°C. The hater resistivity was deter-
mined by monitoring various values of current
in dependence on input voltage.

The sensor sensitivity was investigated on se-
veral values of methane concentrations (50, 100,
200, 300, 500, 1000, 1500, 2000, 2500, 3000,
3500 and 4000 ppm) in synthetic air. Sensitivity
was determined at constant gas flow (400 ml/
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min) for two selected temperatures 240 °C and
380 °C.

g5

Figure 2.: tin dioxide sensor in TO12 package
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From obtained resistivity responses at 240
and 380 °C two sensitivity curves of SnO2
sensor were plotted out and compared with
measured values obtained with commercial
sensor Figaro TGS 822 as is shown in the fi-
gure 5.

RESULTS AND DISCUSSION

The temperature dependence of heating ele-
ment on applied voltage is shown in the figure
3. From the figure 3 is clear that the temperatu-

Figure 5.: Sensitivity characteristics of Figaro
TGS 822 and SnO2 thick film sensor for CH4

re increases linearly with applied voltage so the ~detection
temperature is possible to be set precisely. The T
voltage range from 1.8 V to 12 V corresponds to sl e
temperature range from 50 to 480 °C. a /-/-"’;‘;mmm ¥=5304200(0) +4937
Ri=0,9738
70 1
Figure 3.: Temperature dependence of heating  gw | So02-2000C  ¥-0RLE 264 3
element on applied voltage g 50 { o TSN =
500 L | &
450 1 e
00 20 4 ’/-/
10 4 e

350

300
250
200
150
100

3500 4000  45(

o 500 1000 1500 2000 2500 3000
methane concentration [ppm]
y=42,711x - 32,301
R?=0,9986

temperature [C]

50 From the figure 5 is clear, that there was al-

U most no difference of our SnO2 sensor sen-
0 1 2 3 4 5 6 7 8 9 10 1 12 13 e e e

heater potential V] sitivity at both measured temperatures. The

comparison with the Figaro TGS 822 sensor

indicates that SnO2 sensor has not a very high

sensitivity for lower concentrations, but the

The resistivity response of measured SnO2

gas sensor at 380 °C is shown in the figure 4.
Figure 4 depict the effect of methane on the
resistance of the sensor active layer, which
decreases with increasing concentration. Resi-
stivity values were measured for the concentra-
tion levels 50, 100, 200, 300, 500, 1000, 1500,
2000, 2500, 3000, 3500 and 4000 ppm. From
the figure 4 is clear, that the resistivity response
of our SnO2 sensor at 380 °C to concentrations
changes occurs within few seconds and the re-
sistivity is stabilized in about two minutes.

Figure 4.: The resistivity response course of me-
asured SnO2 gas sensor at 380 °C

saturation level is higher. It means that our
SnO2 sensor is able to determine accurately
the higher concentrations than the commerci-
al sensor.

CONCLUSION

In this paper was characterized SnO2 thick
film sensor and compared with commercial
sensor Figaro TGS 822. It was found that the
sensitivity of our SnO2 sensor is the same at
both temperatures of 240 °C and 380 °C we
tested. It means that the sensing temperature
of 240 °C is enough. The higher temperature
leads just to sensors life time reduction and
increases the power consumption. In compa-
rison of our SnO2 sensor with the commercial
sensor Figaro TGS 822 was found that SnO2
sensor has not a very high sensitivity for lo-
wer concentrations, but the saturation level
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is higher. It means that our SnO2 sensor is able to
determine accurately the higher concentrations than
the commercial sensor. We were able to determine
methane in the concentration range from 50 to 4000
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ABSTRACT

The aim of our study was to split Czech locations on mercury heavily and lightly contaminated
sites based on results of total mercury liver/muscle ratio in fish. Muscle and liver of 165 fishes were
analyzed on total mercury content and then the total mercury liver/muscle ratio was calculated.
Total mercury liver/muscle ratio for both predators and non-predators was assessed for five sites in
the Czech Republic. Significantly higher ratio was found out for both predators and non-predators
from the Skalka Reservoir in comparison with other studied sites (Luznice, Otava, Jordan, Be-
rounka). Obtained results showed that Skalka Reservoir is still heavily contaminated by mercury.
Obtained results confirmed that total mercury liver/muscle ratio can be used for assessment of
mercury contamination, when this ratio is higher than value 1.0 it means that location is mercury

heavily contaminated.

INTRODUCTION

It is historically confirmed, that consumption
of fish with elevated mercury levels caused seve-
re human intoxication (e.g. Minamata disease).
From this fact it is necessary to monitor and
evaluate mercury contamination of the aquatic
ecosystem. Studies have shown that repeated
or continuous exposure to any form of mercury
can result in the accumulation of mercury in the
body. The target organs for mercury accumula-
tion are muscle, liver and kidney. In fact, higher
accumulation of mercury in liver may be consi-
dered the primarily signal of metal exposure [1].

MATERIAL AND METHODS
Fish sampling

A total of 165 fishes belong to 13 fish (5 preda-
tors and 8 non-predators) species were collected
during the 2011 on the other5 locations and also
in 2003 in the Skalka Reservoir. In this project,
the fishes from the following localities on the
Czech rivers: Berounka, LuZnice, Otava, and on
the Czech Reservoirs Skalka and Jordan were
sampled. Fishes were sampled using electrofis-
hing mainly in the spring. Fish species descri-
bed by their absolute and relative frequencies
are shown in the Tab. 1.
Mercury analysis and calculation of THg liver/
muscle ratio

The total mercury content in the muscle and
liver of fishes was determined by cold vapor
atomic absorption spectrometry using AMA
254 (Altec Ltd., Czech Republic) analyzer. The
method does not require any sample preparati-
on. Limit of detection of THg was 1 pg/kg. The
limit of detection was set as a sum of the triple

standard deviation of a blank and a blank mean
value. The accuracy of THg values was vali-
dated using standard reference material BCR-
-CRM 464 (Tuna Fish, IRMM, Belgium). The
total mercury concentration in fish muscle and
liver was given in mg/kg fresh weigh and then
THg liver/muscle ratio was calculated. THg li-
ver/muscle ratio is ratio of liver to muscle Hg
concentrations and is calculated as follows:
[THg in liver (mg/kg)/THg in muscle (mg/kg)].

Table 1: Number of sampled fishes from the
Czech rivers and reservoir (2003 and 2011)

Berounka Lulnice Skalka  Skalka Jordin
Cernosice Sobéskay_Strakomice 2011 2003

PREDATORS 9 9 9 20 4 8
a Aspi

Fishspecies  Latin TOTAL

59 (35.7%)
20(12.1%)
106%)

s 3
barbel 1 0
0 4 e
0 o
3 ]

s s

0 o
perch 0 o
pike s s NI9Q15%)
0 o

0
0
s
4

ikeperch

pikeper N

0
5
5
5

5(3.0%)

NON-
PREDATORS
rudd

1 18 19 27 13 15106 (64.2%)

bighead
bream.

cap

rosch

tench

chub
silverbream

5(3.0%)
14(8.5%)

0
0
5
s )
s 280169%)
0
1]
0

v Ne1s e =
TOTAL »
(39%) (164%)  (16.9%) (284%) (103%) (13.9%) _(100%)

RESULTS AND DISCUSSION

This study included both predator and non-
-predator fish which were compared. Dataset
consists of 165 fish was remitted to the correla-
tion among THg muscle, liver, liver/muscle ra-
tio and the main characteristics of fish (age and
weight). No correlation both for predators and
non-predators was found for THg liver/muscle
ratio and age (or weight) so no conversion on age
or weight was needed. The THg liver/muscle ra-
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tio according to locality and food preference of
fishes and their statistical differences (p<0.001)
among locations are showed in the Fig. 1. The
statistically highest THg liver/muscle ratio was
found in Skalka Reservoir in 2003 followed by
Skalka Reservoir in 2011.Value of THg liver/
muscle ratio for fish from the Skalka Reservoir
(both for 2003 and 2011) exceed value lwhich
means that the preference of mercury accumu-
lation is especially to the liver. The liver plays
an important role in storage, detoxification and
transformation of pollutants especially in metals
[2]. High THg liver/muscle ratio confirmed a
highly contaminated location which Skalka Re-
servoir absolutely still is. The historical mercu-
ry contamination of Skalka reservoir via waste
water from Germany chemical plant is still per-
sisting and it should be monitored in the future.
Mercury accumulation preferentially to the liver
in contaminated locations confirmed also Abreu
et al. (2000) [3]. In their study, three locations
of Lagoon Ria de Aveiro in Portugal was assess
from the THg liver/muscle ratio. Mercury was
determined in the liver and muscle of sea bass
(Dicentrarchuslabrax) as a top predator species
from contaminated and un-contaminated locati-
ons. THg liver/muscle ratio in contaminated site
Largo do Laranjo was 2.0 while in non-contami-
nated sites in Muranzel and Costa Nova was 0.9
and 0.4, respectively. Surface water in the Largo
do Laranjo are contaminated by the industrial
mercury.Per contra, significantly lower THg li-
ver/muscle ratio was detected in Berounka-Cer-
nosice, Jordan Reservoir, Otava-Strakonice and
Luznice-Sobéslav locations for both predators
and non-predators in comparison with Skal-
ka (2003 and 2011) excepting non-predators in
Luznice-Sobéslav. The THg liver/muscle ratios
in all locations with exception Skalka Reservoir
were about 0.4 which correspond with lightly
contaminated locations. The statistical analysis
between predators and non-predators within gi-
ven locality using independent t-test was done.
The statistical differences was observed in Be-
rounka-CernoSice (p=0.033) and Skalka 2011
(p=0.045). In the both cases, higher THg liver/
muscle ratio was found for predator fish species.
The same holds true for data published by Ha-
velkova et al. [4] even the THg liver/muscle ratio
was adjusted on age. According Berzas Nevado
et al. [5S] THg liver/muscle ratio varied substan-
tially among species and also among sampling
point. In their study, samples of non-predator
carp taken from contaminated sites had relatively
high ratio (mean=2.2) in comparison with control
site. However, this tendency was not observed in
THg liver/muscle ratio for catfish from the same
sites.In our study, no significant differences be-
tween predator and non-predator fish were found
out in the other locations (with exception Skal-

ka and Berounka which are mentioned above).
So THg liver/muscle ratio of both predator and
non-predator fish can be used for evaluation of
the locality contamination.

Figure 1: THg liver/muscle ratio according to
locality and food preference of fishes from the
Czech rivers and reservoirs study

25 :

a, b— homogeneous group of predator fishes
computed using Tukey post hoc test; the same
letters denote groups without statistically signi-
ficant differences

A, B, C-homogeneous groups of non-predator
fishes computed using Tukey post hoc test; the
same letters denote groups without statistically
significant difference

CONCLUSION

In conclusion, a comparison between total
mercury contamination in muscle and liver
showed differences in mercury accumulation
in fish from lightly and heavily contaminated
sites. When the THg liver/muscle ratio is higher
(or about) than value 1, fish come from mercury
heavily location. On the other hand, mercury
accumulated to the muscle of fish entail lightly
contaminated location (THg liver/muscle rati-
on lower than 1).
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ABSTRACT

Neurological disorders such as Alzheimer's disease (AD) and Parkinson’s disease (PD) repre-
sent a serious threat for humans. The primary target in studies of Alzheimer disease has been
centered on aggregation of Amyloid beta (AB). Recently, a common denominator for both AD and
PD has been found to be enhanced oxidative stress in brain due to the breakdown metabolism of
redox active metals such as copper and iron. One of the possible therapeutical approaches is to use
acridines (derivatives of acridines) which have metal-chelating properties as well as they inhibit
enzyme cholinesterase. In this short contribution we report the free radical-scavenging properties
of a series of newly prepared derivatives of acridines which are believed to supress the level of

oxidative stress in brain.

INTRODUCTION

AD is an age-related neurodegenerative disor-
der characterized by a progressive loss of cogni-
tive abilities, such as, memory, language skills,
attention, speech, depression and disorientation.
For two decades, the primary target in studies of
Alzheimer disease has been centered on Amy-
loid beta (AB). AP is a peptide of 39—-43 amino
acids that appear to be the main constituent of
amyloid plaques in the brains of Alzheimer’s
disease (AD) patients [1]. The AD brain is un-
der extensive oxidative stress as documented by
protein oxidation and lipid peroxidation. More-
over, AP has been found to induce protein oxi-
dation and lipid peroxidation both in vitro and
in vivo. Thus, AP, central to the pathogenesis
of AD, is likely also to be central to the oxida-
tive stress under which the AD brain exists. The
main features of enhanced oxidative stress in the
AD brain involve increased brain content of Cu
and Fe capable of stimulating free radical gen-
eration, increased protein and DNA oxidation
in the AD brain, enhanced lipid peroxidation in
the AD brain, decreased levels of cytochrome ¢
oxidase in the brain in AD, and advanced glyca-
tion end products (AGEs), carbonyls, malondi-
aldehyde, peroxynitrite, and heme oxygenase-1
(OH-1) [2]. Acridines were one of the first syn-
thesized cholinesterase inhibitors approved for
the treatment of Alzheimer’s disease. Acridines
is another class of compounds affecting amy-
loid beta aggregation of lysozyme, thus having
a potential importance in the treatment of Al-
zheimer’s disease. If increased pools of copper
(and iron) are not appropriately chelated they
can participate in the formation of harmful free
radicals including the hydroxyl radical, enhanc-
ing thus oxidative stress in brain. Properly che-
lated copper ions in the brain may reduce cata-

lytic activity of copper ions to participate in the
formation of free radicals. The aim of our work
is to study the free radical scavenging activity of
a series of newly prepared acridines using the
ABTS method.

MATERIAL AND METHODS
Materials
For the evaluation of the antioxidant activity
was used 2,2’-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid) diammonium salt (ABTS,
obtained from Sigma-Aldrich). Potassium per-
sulfate and DMSO were obtained from Fluka.
All derivatives of acridine were synthesized in
our laboratory and the details will be published
elsewhere. The following ligands were prepa-
red:
4-(2,3,4,6-tetra-O-acetyl-p-glukopyranozyl)-
-1-(1,2,3,4-tetrahydroakridin-9-yl) tiosemi-
karbazid (L1)
4-(2,3,4,6-tetra-O-acetyl-B-D-manopyrano-
zyl)-1-(9,10-dihydroakridin-9-yliden) tiosemi-
karbazid (LL10)
2'-(9,10-dihydroakridin-9-yliden)hydrazo-
no-3'-(2,3,4,6-tetra-O-acetyl-B-D-galaktopyra-
nozyl)-1",3"-tiazolidin-4"-on (L11)
[2°-(9,10-dihydroakridin-9-yliden)  hydrazo-
no-3"-( 2,3,4,6-tetra-O-acetyl-p-glukopyrano-
zyl)-4’-oxotiazolidin-5-yliden] acetate (L13)
4-(2,3,4,6-tetra-hydroxyl-B-glukopyranozyl)-
-1-(9,10dihydroakridin-9-yliden) tiosemikarba-
zid (L15)

Spectroscopy

The free radical scavenging activity of tacri-
nes was determined using a UV/vis spectro-
meter Shimadzu UV-3600 (Shimadzu, Kyoto,
Japan).

59



ABTS assay

All tacrines were dissolved in DMSO at | mM.
Free radical scavenging activity of all drugs
was studied using ABTS method. Free radical
scavenging activity of the drugs was assessed
spectrophotometrically by the formation of the
ABTS  (2,2'-azinobis-(3-ethylbenzothiazoline-
-6-sulfonic acid)) radical cation (ABTS™) [3].
ABTS"" was formed by reacting ABTS stock so-
lution with potassium persulfate and allowing the
mixture to stand in the dark at 8°C for 18 h before
use. For the study of free radical scavenging acti-
vity of tacrines, the ABTS"" solution was diluted
with distilled water to reach the final concentra-
tion of ABTS™" 80 uM. Time decay of absorbance
of the ABTS** (2950 pL, concentration 80 uM) in
the presence of tacrines (50 pL, concentration 1
mM) was measured at 730 nm.

The TEAC (Trolox Equivalent Antioxidant
Capacity) method is one of the most commonly
used methods for the evaluation of the total an-
tioxidant activity (TAA) of various substances
[4]. The TEAC method is based on the ability of
substances to scavenge the stable radical cation
ABTS" and a TEAC value is calculated for all
substances by comparing their scavenging capa-
city to that of Trolox (6-hydroxy-2,5,7,8-tetrame-
thylchromane-2-carboxylic acid) a water soluble
analogue of vitamin E. The percentage inhibition
of absorbance at 730 nm was calculated and plot-
ted as a function of concentration of Trolox. An
equal amount of DMSO was added to the control.

RESULTS

The Figure 1. shows the time decay of absor-
bance for all five acridines. The uper line (in
black) is ABTS reference. The most profound
free radical scavenging activity was observed for
the ligands L15 and L1. Conversly, the least free
radical scavenging activity was noted for the L11
and L13.
Figure 1.; Time decay of the absorbance of
ABTS+ in the presence of tacrines.

Asorbance

Time [s]

Table 1. shows the calculated values of TEAC for
all studied ligands.

Table 1. TEAC values for the acridines.

Salllple TEAC
Ligand 1 +ABTS 2,2687
Ligand 10 +ABTS 1,3478
Ligand 11 +ABTS 0,5096

Ligand 13 +ABTS 0,3653
Ligand 15 +ABTS 2,3220

The structure vs. free radical scavenging acti-
vity of all studied drugs assessed by ABTS test
in combination with other experimental tech-
niques will be the subject of our next study.
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ABSTRACT

Permanent modifications of polypyrrole (PPy) after UV light irradiation were studied by photo-
luminescence (PL), optical absorption and X-ray photoelectron spectroscopy (XPS). PPy samples
were prepared by electrochemical anodic oxidation and chemical oxidation. Influence of light ex-
posure on polymer properties was studied under ambient condition, low pressure and after poly-
mer annealing from 300K to 520K. The main demonstration of the polymer modification was up
to an order of magnitude increase in the PL spectral band at 535 nm, small increase in the light
transmittance interval in the range 300 - 780 nm, and quenching of carboxyl functional group. All
of these changes were almost independent of polymer preparation conditions. We interpret our
results in terms of light induced modification of functional groups on the polymer surface.

INTRODUCTION

From the time they have been discovered con-
ductive polymers received great attention pri-
marily because of their electrical, optical and
mechanical properties. One of the representa-
tive conducting polymer is polypyrrole showing
high electrical conductivity, biocompatibility
and good stability in ambient conditions [1]. Du-
ring the years the main synthesis methods — the
chemical oxidative and electrochemical poly-
merization have been extended by many others
such as matrix assisted pulsed laser evaporation
[2,3]. PPy properties are widely tunable by the
variation of preparation conditions [4]. All these
characteristics make PPy good candidate for
many applications in electronics, optoelectro-
nics, photovoltaic and biomedicine [5,6].

One of the most fundamental weaknesses of
each conductive polymer is its vulnerability to
UV light [7,8]. Light induced modifications have
a major impact on function of photovoltaic and
optoelectronic devices. On the other hand, once
sufficiently understood, these modifications
could become a useful tool for intentional alte-
ration of PPy properties.

In this paper we present the study of UV li-
ght induced modifications on PPy. We focus on
elucidating the origin of observed changes and
on development of a precise and simple method
for their monitoring. For this purpose we use
photoluminescence spectroscopy as a tool sensi-
tive to material properties and defects.

MATERIAL AND METHODS
Preparation
PPy was electrochemically grafted from solu-

tion of pyrrole (240mM; Aldrich) and NaCl (100
mM) in deionised water. The electrochemical
deposition was performed in galvanostatic re-
gime, applying the current from 500nA to 10
pA for 120 to 300 s by a potentiostat (Autolab
PGSTAT302) on the counter electrode (Pt) [9].
As the substrates gold, platinum and surface
conductive H-terminated monocrystalline dia-
mond (MCD) was used.

Chemically prepared PPy was synthesized by
long-term natural oxidation of pyrrole in the
above solution and subsequently deposited by a
drop on a spectrally pure quartz glass or MCD
surface.

Experimental details

The PL spectra were measured by the grat-
ing spectrograph with CCD camera (Andor
DV420A) and corrected for the spectral sensitiv-
ity of the whole setup. The 325 nm (3.82 eV) line
of a He-Cd laser (Omnichrome T2056-MAO03,
Melles Griot) was used for both the PPy sample
irradiation and PL excitation. For the low pres-
sure measurements we used a cryostat chamber
and a cascade of oil and turbomolecular pump.
Thermal annealing of the samples was carried
out on a commercial hotplate.

RESULTS AND DISCUSSION

PPy layers prepared by electrochemical graf-
ting on MCD were irradiated by light of wa-
velength 325 nm and intensity 5 W/cm?. Fig.1
shows that after the exposure a new broad band
with maximum about 535 nm (2.31 eV) appeared
and increased in the PL spectra. This new band
can be interpreted as dipole-allowed transition
between valence and polaron band or recombi-
nation of trapped electron-hole pair (polaron-ex-
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citon) [10,11]. The increase of the PL band inten-
sity continues for the next 1 to 3 hours depending
on the excitation intensity. The speed of the PL
changes was also dependent on exposition light
intensity and was rising with increasing inten-
sity. This phenomenon was observed only if the
irradiation intensity was from the interval 100
mW/cm? to 10 W/em?. The light intensity > 10 W/
cm? caused destruction of the polymer. Photo-in-
duced PL changes were permanent and indepen-
dent of deposition conditions or used substrates.
The same behaviour was observed also for PPy
prepared by chemical oxidation (see also Fig.1).
It is noteworthy that initial PL spectra of elect-
rochemically and chemically prepared PPy are
different in the beginning, but after irradiation
they converge to the same spectral shape.

Figure 1: The time evolution of normalized PL
spectra of PPy during light irradiation (325 nm
and 5W/cm? for 2 hours): red curve - electroche-
mically prepared PPy on MCD, green curve - che-
mically prepared PPy on pure quartz glass.

PL[counts]

Wavelength [nm]

Increased PL after UV irradiation could be
interpreted as a specific defect creation. High
efficiency of non-radiative recombination, that is
typical for this type of conjugated polymers, is
directly linked to the conjugation length of po-
lymer chain [11,12]. This occurs through rapid
inter-chain motion of excited charge carriers to
recombination centre and charge delocalization.
During UV irradiation conjugation length of PPy
is being systematically reduced which can result
in a significant increase of photoluminescence.
In case of polaron-exciton, UV modification of
the polymer chain can stimulate suitability of
polaron-exciton generation at the expense of po-
larons. Moreover a reduction of the polymer con-
jugation length would be expected to decrease
polymer absorption [8,13]. This phenomenon was
indeed measured as shown in Fig.2.

Figure 2: Transmittance of electrochemically
prepared PPy layer on MCD before and after
UV irradiation (325 nm and 5W/cm? for 2 hours)
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Presence of air proved to be an important
parameter for the occurrence of PPy modifica-
tions. Fig.3 shows photo-induced PL changes of
electrochemically grafted PPy on gold substra-
te that was measured in various ambient. Under
the atmospheric air pressure there was up to an
order of magnitude increase of PL band with
the maximum at around 535 nm. After lower air
pressure in the order of 0.01 Pa the induced PL
changes were minimal and very soon saturated.

The possible thermal origin of the observed
modifications was excluded by study of ther-
mal annealing of the PPy layers. The layers
were electrochemically deposited on gold sub-
strate. Annealing was carried out at tempera-
tures 370, 420, 480 and 530 K. The excitation
light intensity 100 mW/cm? was intentionally
chosen below the photo-induction threshold so
that only changes in PL spectrum due to the an-
nealing are monitored. The results are shown
in Fig. 4 from which it is clear that no changes
are observed up to the annealing temperature
of 520 K when the thermal degradation of PPy
starts. The burning temperature of PPy is about
200 K higher [14]. These results exclude cross-
linking of the PPy chains, chain scissoring and
most likely even thermo-initiated oxidation of
the polymer as possible origins of the photo-
induced PPy modification.

Figure 3: Comparison of electrochemically
prepared PPy on gold substrate PL changes after
three hours of irradiation by UV light (325 nm,
5 W/em?) in air under atmospheric pressure and
in 0.01 Pa vacuum.
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Figure 4.: PL spectra of electrochemically prepared
PPy on gold substrate that was annealed for 2 hours at
various temperatures from 370 K to 520 K.
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Evidence of changes in functional groups of PPy af-
ter the light exposure is provided by XPS analysis of
our samples (Table 1). XPS measurements show that
at least carboxyl functional group is being quenched
during light irradiation. Increase of C-O-H and C=0
groups suggest that photo-induced oxidation is being
to the certain extend involved during irradiation [16].
Presented results can be interpreted as follows: UV
light starts after exceeding an intensity threshold gen-
erate specific free-radicals. These radicals aren’t ther-
mal-initiated and they oxidize at the presence of the
air. Among others these modifications reduce conju-
gation length of polymer chain and cause strong in-
crease of photoluminescence.

Table 1.: XPS analysis of electrochemically prepared
PPy on gold substrate carbon bonds (at. %) before and
after UV modification

Cis
_~ Cisc-c/ CN Cls Cls
casc=c MGy c-0  coo
C-0
Before 57973 10412 10989 8821 11,080
irradiation
fer
adionation 63,648 7.594 16,11 12,648 0

CONCLUSION

We have shown that PPy is modified by
the UV light exposure. XPS measure-
ments have proved that C-O-O-H func-
tion group is being quenched and C-O-H
and C=O0 is created during irradiation,
but likely other functional groups are
affected, too. Presented modifications
are highly dependent on presence of air
and can’t be induced thermally. Photo-
-induced changes likely cause decrease
of conjugation length of polymer chains
which result in increase of radiative re-
combination of excited charge carriers.
The greatest advantage of the light-in-
duced PPy modification is that it works
in almost the same way on PPy prepared
by different methods and under various
conditions.
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ABSTRACT
Cytosine-rich oligodeoxynucleotides (C-rich ODNs) play diverse roles in the regulation of pro-

tein expression at both transcriptional and translational levels. A repetitive C sequence can be
responsible for some diseases. It is commonly known that C-rich ODNs form the stable i-motif
structure, interesting due to a crucial role in the process of genetic information transfer. The aim
of this contribution is to find out the relationship between the structure of homo-ODNs in buffered
solutions with the same ionic strength (I = 0.18 M) but with a different number of cytosines (dC ;
x=3,4,5,6,9). Using linear sweep voltammetry (LSV) and elimination voltammetry with linear
scan (EVLS), electrochemical reduction signals studied on a mercury electrode reflect the confor-
mation changes of the C-rich ODN chain.

INTRODUCTION

Cytosines, as pyrimidine components of DNA, MATERIAL AND METHODS
participate in the processes of energy transfer, Chemicals:
cell signaling, and are an essential building ODNs, 5-CCC-3° (dC,) and 5-C CCC-3
block of DNA together with other pyrimidine (dC,) were purchased from Thermo Fisher Sci-
and purine bases [1]. According to pH and io- entific, Ulm, Germany; 5-CCC CC-3" (dC)),
nic strength the cytosine-rich oligonucleotides 5-CCC CCC-3" (dC,), 5-CCC CCC CCC-3
(C-rich ODNs) are capable of forming i-motif (dC)) from Integrated DNA Technologies,
(intercalated motif) structures with two para- Inc., USA. The exact concentrations of ODNs
llel-stranded C—C', where one cytosine must studied were determined by UV spectroscopy.
be hemiprotonated at the N, position, and base- The concentration of monitored cytosine-rich
-paired duplexes intercalate into each other inan ODNs was 10 uM. The solutions of homo-
antiparallel orientation [2]. For the monitoring -ODNs were added into the phosphate-acetate
of these DNA conformers, spectroscopic me- buffer (supporting electrolyte; pH 3-7.5) with
thods (circular dichroism and UV/VIS) [3] are adjusted ionic strength I = 0.18 M (NaCl).
very often applied, but lately the application of
electrochemical methods has been significantly Linear sweep voltammetry (LSV)
increasing [4]. Earlier, electrochemical reduc- The voltammetric experiment was perfor-
tion and oxidation of cytosine on mercury and med using the electrochemical analyzer AU-
graphite electrodes were studied by means of TOLAB PGSTAT 20 (Ecochemie, Utrecht,
linear sweep voltammetry (LSV) and cyclic vol- The Netherlands) in connection with GPES
tammetry (CV) [5,6]. Nowadays, great attention software. Electrochemical measurements
has been devoted to the study of the redox and were carried out in a three-electrode system.
adsorption behavior of homo- and hetero-oligo- HMDE with an effective area of 0.4 mm? was
deoxynucleotides containing cytosine [7-9]. used as a working electrode. Ag/AgCl/3M KCl

The aim of this research is to detect the in- was used as a reference electrode and platinum
fluence of the secondary structure of oligode- wire as an auxiliary electrode. The experimen-
oxynucleotides (ODNs) on reduction signals. tal conditions were as follows: potential range
Electrochemical analyses of ODNs are compa- from -1 V to-1.7 V, time of adsorption 0 s, and
red with circular dichroism (CD) spectral re- scan rate from 50 mV/s to 800 mV/s. The re-
sults. sults from LSV will be used for elimination

voltammetry with linear scan (EVLS).

RESULTS AND DISCUSSION
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We studied five short homodeoxyoligonucleoti-
des (homo-ODNs) containing cytosine (C): dC,,
dC,, dC,, dC,, and dC, using LSV. The volta-
mmetric study of homo-ODNs at HMDE at the
same pH value buffers provided different depen-
dences on the number of C in ODNs chains. As
follows from Fig. 1, the height of the reduction
peaks of the ODNSs studied decreased with the
increasing number of cytosines in the chains.
Based on this fact, it can be stated that dC, is not
able to form the i-motif structures, but dC,, dC,,
dC,, and dC, can form them.

Via the C reduction signals we determined that
the prolongation of the ODN chain supports the
formation of more non-canonical bonds in the he-
miprotonated (C+-C) pair (“i-motif”). Using eli-
mination voltammetry with linear scan (EVLS)
[9] the strong adsorption of ODNs on the mercu-
ry electrode surface influenced by an “i-motif”
was confirmed.

Figure 1: Linear voltammetric (LSV) cur-
ves of C-rich homo-ODNs (dC , x= 3,4,5,6,
and 9) measured at 400 mV/s and pH 5.9.
The concentration of ODNs was 10 uM

LSV dC3, dC4, dC5, dC6, dC9 pH 5.9 400 mV/s

—
T e
- —dCS

04 ——dC6

05 —dco

16 5 14 13 12 11 1

CONCLUSION

Using voltammetry (LSV and EVLS) we in-
vestigated the dependences of the structure of
short homo-ODNSs on their reduction behavior
at different pH. Besides pH and the ionic stren-
gth of buffer solutions, the number of cytosines
in the ODN chain plays a key role not only for
their electrochemical reduction but also for their
adsorption on electrode surfaces. We can conclu-
de that electrochemical results reflect the ODN
conformational polymorphism represented by
the i-motif.
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The mercury drop by its physical and chemical
essence represents an ideal universal instru-
ment in electrochemical research. Polarography
in its narrow sense - electrolysis with dropping
mercury electrode - now after 90 years of ma-
ny-sided development serves as an experimental

only element which can spur catalytic activity of
particular compounds [12. 13].

As the kinetics of electrode reactions in vol-
tage-controlled electrolysis differ from those
in current-controlled electrolysis, the voltam-
metric curves differ from the chronopotentio-

and theoretical base for further advancement of metric curves of identical solutions. The deri-

polarography in wider sense including research
with stable mercury electrodes, mostly in form
of hanging mercury drops.

Electrolysis with hanging mercury drop offers
many experimental possibilities which have not
yet been quite fully exploited. Electrochemical
polarization of a hanging mercury drop can be
done either by applying electrical voltage - volta-
mmetry [1], or electrical current - chronopotenti-
ometry [2], by single pulse or by repeated pulses.

On surface of the hanging mercury drop
electrode at a certain constant potential the
product of cathodic or anodic reaction or of ad-
sorption of the studied compound can be accu-
mulated within a certain time and the product
then subjected to opposite electrode reaction
or desorption; from the thus obtained expe-
rimental curve the studied compound can be
idenified and quantitatively determined. This
method, considerably increasing sensitivity
of electrochemical analysis, is known as "stri-
pping" - cathodic [3], anodic [4] or adsorptive
[5].

Electrochemically inactive substances can be
transformed into electrochemically active by
an appropriate chemical reaction - in case of
organic macromolecules, e.g., this has been su-
ccessfully achieved by compounds of osmium
(VI) [6, 7] or (VIII) [8]. Similar result can be
achieved by an appropriate modification of the
surface of mercury electrode [9].

Apart from substances electrochemically
reducible or oxidizable on mercury electrodes
are electrochemically active also substances
able to catalyze evolution of hydrogen, either
in presence of cobalt compounds in solution
by the "Brdicka reaction" [10], or without it by
the "presodium catalysis" [11]. Cobalt is not the

vative chronopotentiometric curves of solutions
of hydrogen catalysts yield the well developed
"presodium peak H" [14]. Catalytically active
are many macromolecular organic compounds,
the inactive ones can be transformed into active
by appropriate reactions. The method of "con-
stant current derivative stripping chrono-po-
tentiometry" offers many possibilities to follow
biologically important molecules in nanomolar
and lower concentrations [15 - 21].

The electrochemical activity of mercury can
be modified to a certain extent by the use of
some of amalgam electrodes which maintain the
main advantages of mercury electrodes [22-23].

The area of electrochemistry opened by pola-
rography ninety years ago is still fertile, though
no more only by dropping mercury electrode.
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ABSTRACT

Aim of our study was to investigate level of oxidative stress caused by haloperidol as a highly
potent neuroleptic drug in animals. We treated Cavia porcellus (guinea pig) with haloperidol and we
used several approaches for determination of oxidative stress level from plasma and erythrocyte. We
were concerned also on comparison results obtained by these methods to figure out the best appro-

ach for oxidative stress monitoring.

INTRODUCTION

Haloperidol is an older antipsychotic used in
the treatment of schizophrenia and in the tre-
atment of acute psychotic states and delirium.
Due to its strong central antidopaminergic action,
it is classified as a highly potent neuroleptic [1].
It is used in several diagnoses such as psychosis,
manic phases, hyperactivity, aggressively, and
acute delirium and in some cases it is used in
long-term treatments. However, the usage of ty-
pical neuroleptic drugs has been limited by the
side effects and toxicity produced by them [2-4].
Therefore is essential to know all possible risks
which bring together treatment with these drugs.
We decided to measure and compare level of oxi-
dative stress from plasma and erythrocytes from
17 guinea pigs (10 treated and 7 untreated). We
were concerned on superoxide dismutase detecti-
on, FRAP method, glutathione reductase and re-
duced and oxidized glutathione GSH:GSSG ratio
measurement as a relevant oxidative stress poin-
ter.

MATERIAL AND METHODS

Animals

Animals were obtained from Velaz, Czech re-
public. Animals were 4 months old and were tre-
ated for 3 weeks in total dose 4200 mg of halope-
ridol per 100g of animal.

Determination of low-molecular-mass
thiols and haloperidol

High performance liquid chromatography with
electrochemical detection (HPLC-ED) system
consisted of two solvent delivery pumps opera-
ting in the range of 0.001-9.999 ml/min(Model

582 ESA Inc., Chelmsford, MA), Zorbax Eclipse
AAA Column (4.6 x 150mm 3.5-micron particle
size; Varian Inc., CA, USA), and a CoulArray
electrochemical detector (Model 5600A, ESA,
USA). The sample (30 pl) was injected using au-
tosampler (Model 540 Microtiter HPLC, ESA,
USA). HPLC-ED experimental conditions were
as follows — mobile phases compositions: A:
80 mMtrifluoroacetic acid and B: methanol.
They were mixed in gradient from 3 % B in the
1**min, 10 % B in the 2" to the 6" min and 98 %
B from the 7" min of the separation; flow of the
mobile phase was 0.8 ml/min, temperature of the
separation was 40 °C; working electrodes poten-
tial was 900 mV; detector temperature was 30
°C; each measurement was done in triplicates.
Retention time of the reduced glutathione (GSH)
was 5 min. GSH concentration was calculated
from a calibration curve (0.5 — 100 uM). The sig-
nal was quantified as a sum of current responses
from all working electrodes. In the case of real
sample measurements, the shift of the retention
time was of about + 2 %.

Determination of antioxidant activity

For determination of antioxidant activity a BS-
400 automated spectrophotometer (Mindray,
China) was used. It is composed of cuvette space
tempered to 37+1 °C, reagent space with a ca-
rousel for reagents (tempered to 4+1 °C), sample
space with a carousel for preparation of samples
and an optical detector. Transfer of samples and
reagents is provided by robotic arm equipped
with a dosing needle (error of dosage up to 5 % of
volume). Cuvette contents are mixed by an auto-
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matic mixer including a stirrer immediately after
addition of reagents or samples. Contamination is
reduced due to its rinsing system, including rin-
sing of the dosing needle as well as the stirrer by
MilliQ water. For detection itself, the following
range of wave lengths can be used - 340, 380, 412,
450, 505, 546, 570, 605, 660, 700, 740 and 800
nm. Experimental details on all used spectrometric
assay are described in the following paper [5].

This study was approved by the Committee for
Ethics of Faculty of Medicine, Masaryk Universi-
ty, Brno.

RESULTS AND DISCUSSION

We treated 17 guinea pigs by haloperidol and
measured oxidative stress from plasma and isola-
ted erythrocytes. As you can see in Fig.1 haloperi-
dol was present in plasma of treated animals while
was undetectable in animals without treatment. In
animals treated by haloperidol was significantly
increased superoxide dismutase (SOD) and glu-
tathione reductase, which is clear evidence about
ROS and oxidative stress. Our findings are in con-
cordance with previous studies [6, 7]. SOD was
increased also in isolated erythrocytes and also
ratio between reduced and oxidized glutathione
(GSH:GSSG) was shifted to oxidative stress state.

Figure 1.: Oxidative stress measurement from
plasma. In first graph is haloperidol detected in
plasma of treated and untreated animals. Untrea-
ted animals had undetectable amounts of haloperi-
dol in plasma
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Figure 2.: Oxidative stress measurement from iso-
lated erythrocytes.
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CONCLUSION

The present study demonstrates that adminis-
tration of haloperidol causes significant oxida-
tive stress, which was able to measure by
FRAP and was evident in Glutathion reductase
and significantly decreased GSH and
GSH:GSSG ratio in treated animals.
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ABSTRACT

This paper reviews the present state of the art in the development of surface plasmon resonance
(SPR) biosensors and presents selected results of research into SPR sensors at the Institute of Pho-

tonics and Electronics, Prague. 3]

INTRODUCTION

Label-free photonic biosensors represent a di- [4]
sruptive technology that enables the direct ob-
servation of molecular interaction in real-time
and rapid, sensitive and label-free detection of [5]
chemical and biological species with potential
applications in a wide number of important are-
as including medical diagnostics, environmen- [6]
tal monitoring, food safety and security. Optical
biosensors based on surface plasmon resonance
represent the most advanced and mature label- [7]
-free photonic biosensor technology [1, 2].

SPR BIOSENSORS

Since their conception in the nineties, SPR
biosensors have made great advances in terms
of the method, instrumentation and applicati-
ons. This paper review advances in the develop-
ment of optical platforms for SPR sensors based
on propagating surface plasmons on continuous
metalic films and localized surface plasmons on
metallic nanostructures and describes selected
implementations of SPR sensors (e.g. high-per-
formance biosensors based on SPR imaging of
surface plasmons on gold films [3] and arrays of
gold nanorods [4], compact SPR sensors for the
use in the field [S]). Fluidic aspects of SPR bio-
sensing and advanced microfluidic concepts for
SPR biosensors are also discussed [6, 7]. Finally,
examples of SPR biosensors for the detection of
chemical and biological analytes related to me-
dical diagnostics, environmental monitoring,
food safety and security are provided.
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ABSTRACT

Chicken antibodies (IgY) are increasingly being used as a primary antibody in the Western blo-
tting immunodetection, offering several advantages compared to the common mammalian anti-
bodies. The presence of additional bands in the region of 45-70 kDa, vertical streaks, and spots
on the membrane, caused by human keratins, made the evaluation of the developed blots hardly
possible. In this study, we describe a method how to eliminate the cross-reactivity of IgY with

human keratins.

1. INTRODUCTION

Western blotting is an essential electrochemi-
cal method widely used for protein transfer and
immunodetection of various antigens. Chicken
antibodies (IgY) are frequently used as a prima-
ry antibody in this immunodetection technique.
The chicken antibodies, which are purified from
egg yolks, offer several advantages compared to
the common mammalian antibodies (for review
see Hodek et al. [1]). However, in some parti-
cular cases the application of IgY could cause
severe problems. In our research, the chicken
antibodies are employed for the determination
of microsomal cytochromes P450 (CYPs), the
enzymes involved in the metabolism of xeno-
biotics (e.g. drugs, carcinogens) and endogenous
substrates (e.g. steroids). Our difficulties with
the chicken antibodies were manifested by the
presence of additional bands in the region of 45-
70 kDa, vertical streaks, and spots in the develo-
ped blots identified as keratins. In this study, we
describe a cost-effective method for the preven-
tion of keratin-originated interferences during
Western blotting immunodetection, when using
the chicken antibodies.

MATERIALS AND METHODS
Microsomal fractions

Microsomal fractions were prepared by di-
fferential centrifugation according to van der
Hoeven and Coon [2] from the liver of rats tre-
ated with hesperidin (Sigma-Aldrich, USA).
The electrophoretical separation of microsomal
CYP proteins was carried out on 7.5% SDS-
-polyacrylamide gel according to the standard
protocol of Laemmli [3]. Microsomal samples
(7.5 micrograms of protein) were applied on
each well. Following the electrophoresis, the
separated proteins were electro-transferred to
an Immobilon-P membrane (Millipore Corp.,
USA) using the Whatman Biometra® Fastblot
B 32 (Whatman, USA). To prevent non-specific

binding of proteins, the membrane was blocked
in 5% non-fat dried milk dissolved in PBS con-
taining 0.3% Triton X100 overnight at 4°C.

Saturation of primary antibody

The primary chicken antibody against rat CY-
P1A1/2 (0.25 mg per ml PBS containing 0.3%
Triton X100) was incubated with human kera-
tins of Stratum corneum (pieces of keratinized
layer of human skin from the soles, 0.01 g per
ml) overnight at 4°C. After filtration, the neu-
tralized antibody was diluted (30 pg per ml)
and used for the detection of CYP1A1/2 on the
blot. The membrane was then incubated with
anti-chicken IgG conjugated with alkaline phos-
phatase (1:1500 dilution) and proteins were vi-
sualized by Sigmafast BCIP/NTB substrate for
alkaline phosphatase.

RESULTS AND DISCUSSION

To overcome keratine-originated interference,
all chemicals were tested for the keratine conta-
minations. Keratine was found mainly in 2-mer-
captoethanol, the chemical, which is frequently
used for reduced SDS-PAGE. All attempts to
purify this chemical were inefficient. Thus,
our effort was focused on primary IgY anti-
body, which reacts with keratine. The primary
IgY antibody was pretreated with solutions of
human keratine to saturate the anti-keratin an-
tibody prior to its binding to keratins present in
the course of the Western blotting procedure.
The results presented in Figure 1A clearly de-
monstrate the interferences caused by keratins
(region 45-70 kDa), when the untreated primary
antibody against rat CYP1A1/2 was used to pro-
be the membrane with transferred microsomal
proteins. No keratin bands or streaks (see Figure
1B) were found after the application of the kera-
tin-saturated primary antibody on the Western
blots.
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CONCLUSION

The described procedure suggests a simple and
effective method how to prevent the occurrence of in-
terfering bands caused by the presence of human kera-
tins during Western blotting, when using the primary
chicken antibody. As shown, the cross-reactivity of
IgY with human keratins can be completely eliminated
by using the chicken antibody saturated with pieces of
keratinized human skin (dispensable human material).

Figure 1. Western blots of rat liver microsomal
samples. Separated proteins (7.5 pg of protein/well)
were electro-transferred to the PVDF membrane and
reacted with the primary chicken antibody (again-
st CYP1A1/2) pre-incubated without (A) or with (B)
human keratins. The visualization was done by BCIP/
NTB substrate.

A) B)

70 kDa—» i &
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ABSTRACT

The aim of this paper is optimization and following characterization of gold nanostructured
electrochemical sensors suitable for biological and heavy metal ions detection. The EIS (electro
impedance spectroscopy) measurements of surfaces, with various geometry of nanoparticles, have
showed the high dependence between the rate of nanomachining and active electrochemical sur-

faces area.

INTRODUCTION

Electrochemical high resolutions detection
of heavy metals ions or DNA fragments can be
improved by nanomechanized surface of elect-
rochemical sensors. The main idea of using
nanoparticles is enlarging the active surface of
working electrodes and gaining some special
new abilities such as higher selectivity and sig-
nal stability [1]. However, the simply growing
metal nanowires on electrodes are not always
the right way to obtain the improved system [2].
According to previous papers, it is known the
long nanowires covered surface has not as im-
proved parameter of detection as flat electrodes
without nanoparticles. The responses of nano-
machined sensors to analyst are usually worse
which is caused by the interactions with ions
only with the top part of nanowires [3]. One of
the solutions is the change of nanowires geome-
try and concurrently the parameters and form of
diffusion layer.

EXPERIMENTS

Nanosurface fabrication

A thin aluminum film (I pm) was deposited
on surface. Subsequently, the thin porous ano-
dic alumina template was obtained by one-step
anodization process under potentiostatic voltage
(40 V) in 0.3 M oxalic acid at 17 °C. The count-
er electrode was gold electrode. The metal used
for experiments on the nanostructure growth
was gold (component of electrolyte: 6 g/L of
K[Au(CN),] and 2.32 g/L of H,BO,). The cu-
rrent density of deposition over the total area of
nanopores was usually 0.25 mA/cm? for Au na-
nostructures. The filled template was dissolved
in 5% H,PO,.

Sensors measurement

Measuring system Metrohm pAutolab III with
FRA2 module was used for the EIS characteri-
zations of sensores. Samples were measured in
10 ml of potassic sulfate of various concetra-
tions (0.1 uM — 10 mM). The frequency range
was set on | Hz — 1 MHz and the amplitude was
60 mV. A three electrodes cell with Pt auxiliary
electrode and Ag/AgCl/3M KCl the reference
electrode were used for the measurments.

RESULTS AND DISCUSSION

Three types of electrodes have been prepared
and two of them with different length of gold
nanowires, one with long deposition with fully
filled nanoporous template. The second one was
deposited in lower current density and shorter
time creating the very short nanopillars, fig. 1,
where the ratio of diameter to length has an im-
portance. This is more visible on EIS spectra fig
2. Both of nanomachined samples have a similar
diffusion part, which means the same angle in
comparison with surface without nanoparticles.
The angle close to 90° indicates the added ca-
pacitance of a nanolayer.

Figure 1, 2.: Short nanorods, EIS spectrum of
nanorods, nanowires and particle less surface
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However, the remaining part of the long deposi-
ted nanowires surface is very similar as the flat
surface. The value of double layer capacity and
charge transfer resistance are equal. On the other
hand, the short nanorods have ten times less im-
pedance than the rest of them that has shown the
fact that the real electrochemical surface area has
increased.

CONCLUSION

The important fact of the sensors area increa-
sing has been shown. The direct proportion of
nanowire length and area enlarging has limits.
The simple deposition of nanowires on electro-
des does not causeincreasing the active electro-
chemical area.
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ABSTRACT

Nowdays microtechnology brings many solutions in integration several systems on a chip. Chips
are approaching into our life very rapidly facilitate our daily activity. MEMS chips present possi-
bility to measure physical values, provide chemical or biological analysis. The work present review

of current technology possibilities and levels.

INTRODUCTION

Microtechnologies have developed a lot to-
wards others application behind microelectro-
nics and today offers many techniques for fab-
rication several structures using many different
materials not common in microelectronics.
Especially fabrication of microsensor has got
long history now. For microsensors a special
MEMS technology was developed. This tech-
nology was mainly used for electromechanical
transducers useful in physical sensors preparati-
on. During last two decades the technology was
advanced for optical applications, biomedical
and pharmaceutical applications as chemical
micro-sensors, micro-biosensors, and arrays or
assays.

MEMS TECHNOLOGY

This technology is based on silicon technolo-
gy for microelectronics extended by microma-
chining techniques based on wet or dry etching
of materials containing Si. The technique use
anisotropic etching of silicon monocrystal. Iso-
tropic is used also for silicon but functions with
all, in technology, used inorganic materials.
Combination of photolithography and etching
can be fabricated several shapes of devices as
membranes, cantilevers or movable system (li-
near or angular). Thin films with specific pr-
operties deposited on formed device provide
transformation of mechanical movement into
electrical signal and vice versa. Examples of
common MEMS are accelerometer, gyroscope,
pressure or force sensor, etc. Today’s effort in
optical measuring instruments miniaturization
brought Optical MEMS (MOEMS) assuring op-
tical signal transmitting. [1]

C-MEMS

This technology is powerful approach to build
up carbon devices where necessary techniques
involved in fabrication are only photolithogra-
phy and burning. In the technology patterned

photoresist is pyrolyzed in inert environment at
high temperature to carbonize organic material
that resits is prepared from. As C-MEMS the
fractal 3D carbon microelectrode arrays were
fabricated. [2].

BIOMEMS

Among the new technologies with an inc-
reasingly broader impact in biology, medicine
and pharmacy is a lab-on-a-chip (LOC) where
electrophoretic microfluidic systems for separa-
tion and analysis are miniaturized as one of the
first BIoOMEMS without any electromechanical
systems. These devices are extremely attractive
for clinical applications, bringing the bedside
analysis through point-of-care analyzers capa-
ble of comprehensive diagnostics poised to re-
shape the delivery of health care. Microfabrica-
ted devices for sample preparation would open
new possibilities by allowing comprehensive
genomic and proteomic analyses. On-chip blood
sample preparation would lead to gentler, fas-
ter, and more consistent manipulation of living
cells, and therefore to more accurate and better
quality extracted information.

The mean-square displacement of a particle
from its origin is proportional to time, and that
surface area to volume is proportional to the sca-
le of the microchannel. As the scale decreases,
surface area to volume increases, while time for
diffusion decreases. In LOC devices, the cha-
nnel size of 150-250 mm means diffusion across
the channel may occur in seconds. Today valves,
pumps, mixing chambers etc. are already inte-
grated which really brings the LOC system as
BioMEMS among powerful analytical tools. [3]

Microfabrication in area of Biomedical appli-
cations was already advanced from non-living
systems as genes on a chip or labs on a chip
towards in-vivo application. Today a new gene-
ration of microdevices that incorporates living
cells is emerging, fueled by recent advances in
the understanding of cellular behaviour in mic-
roenvironments. These emerging devices are
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expected to become key technologies in the 21st
century of medicine, with a broad range of appli-
cations varying from diagnostic, tissue-enginee-
red products, cell-based drug screening tools,
and basic molecular biology tools. [4]

CONCLUSION

Microtechnology knows many techniques to
miniaturize huge amount of systems for measu-
rements of whatever. MEMS technology brings
many solutions for fabrication of analyzers inte-
grating methods utilized in medicine, diagnosis
and pharmacy and open the laboratory methods
for easy using by no specialist during day life.
MEMS can be powerful tool for analysis that
helps progressing point-of-care and saving many
human lives.
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ABSTRACT

MiRNAs constitute a large class of single-stranded RNA molecules of 19 to 25 nucleotides that
are involved in post-transcriptional gene silencing. MiRNAs not only regulate various develop-
mental and physiologic processes but also are involved in cancer development and can play a role
as an important biomarkers. The aim of this study was to determinate the expression levels of
selected miRNA in the non-tumor PNT1A line in comparison with tumor lines 22Rvl, PC-3, and
LNCaP. We used the TagMan Gene Expression Assays and quantitative RT-PCR. We observed
significantly higher (p<0.01) expression of miRNA 23a in all tumor lines compared to non-tumor
PNTIA. Significantly higher (p<0.01) expression of miRNA 224 in 22Rv! line compared to others
and significantly higher (p<0.01) expression of miRNA 375 in all tumor lines in comparison with

non-tumor PNT1A.

INTRODUCTION

MicroRNAs (miRNAs) are small, phyloge-
netically conserved, noncoding RNAs that are
estimated to regulate at least 30% of all protein
encoding genes [1]. Mature miRNAs are invol-
ved in post-transcriptional gene silencing. They
arise from intergenic or intragenic (both exonic
and intronic) genomic regions that are transcri-
bed as long primary transcripts. In recent years,
miRNAs have received attention as potential
cancer diagnostic markers and therapeutic tar-
gets. Deregulated miRNAs expression were
reported in various human cancers including
prostate cancer [2].

Furthermore, miRNA expression profiles
have been shown to classify different cancers
and identify cancer tissue origins [3]. On the
other hand, it is well described that prostate can-
cer cells have without exceptions altered ability
to uptake and to accumulate Zn(II) ions com-
pared to healthy prostate tissue [4]. In the light
of above mentioned facts, it is highly expectable
that altered Zn(II) metabolism will have a great
impact on prostate cancer tumorigenesis. Zinc
(IT) homeostatis and metabolism in healthy and
tumour tissues as well are maintained mainly
by metallothioneins (MTs). Metallothioneins
are a family of low-molecular-mass (6-10 kDa)
proteins characterized by a high cysteine con-
tent and a high binding capacity for post-tran-
sition metal ions. In this study we focused on

miRNAs which have a sequential homology
with metallothionein genes (M724, MTIA).
Our previous study have provided evidence of
the association between metallothionein (MT)
expresion and prostate tumor progression. On
mRNA level, significantly increased expre-
ssion of MT2A (2.4-fold) and insignificantly
(1.9-fold) elevated MT1A in tumor line 22Rvl
compared to non-tumor PNTIA were deter-
mined. Contrary to mRNA, significantly (p =
0.01) reduced level of MT protein in tumor lines
was determined [5]. Due to these facts, post-
-transcriptional gene silencing can be involved
and different levels of miRNA s in tumor and
non-tumor lines, can be expected.

MATERIAL AND METHODS

Cell lines and cell culture growing

The PC-3 was derived from a advanced an-
drogen independent bone metastasis of a grade
IV prostatic adenocarcinoma from a 62 year old
male Caucasian.

The 22Rvl has been derived from a human
prostatic carcinoma xenograft, CWR22R. This
represents one of very few available cell lines
representative of this disease. This cell line ex-
presses prostate specific antigen.

The LNCaP cells line is a cell line derived
from a needle human prostate adenocarcinoma
cells of a 50-year old caucasian male in 1977,
where cells were taken from a needle aspiration
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biopsy of a metastatic lesion in the left supracla-
vicular lymph node.

The PNTI1A primary culture was obtained
from the prostate of a 35-year-old male at post-
-mortem. The cells contain the SV40 genome and
express large T protein. They present the pheno-
type of differentiated luminal prostatic cells with
the expression of cytokeratin 8 and 18 (markers
for luminal glandular epithelia) and vimentin.
PNTI1A cells are non-tumorigenic in nude mice.

RNA isolation and reverse transcription

Total RNAs were extracted from 200-pl liquid
cell suspension with PBS using Hihg Pure RNA
Isolation Kit (Roche, Switzerland). The extracted
RNA was eluted from High Pure Filter Tube with
100 pl Elution Buffer. Concentration and purity
of RNA were determined spectrofotometrically
using NanoDrop ND-1000 Spectrofotometer
(Thermo Scientific, Wilmington, DE, USA). The
samples were stored at -80°C.

The isolated RNA was used for complementary
DNA (cDNA) synthesis using TagMan® Small
RNA Assay (Applied Biosystems). For each 15ul
reaction 5ul of RNA, 3pl of specific RT primer
and 7ul of RT master mix were combine (pro-
gram of the thermal cycler were 30 min at 16°C,
30 min at42°, 5 min at 85°C and then held at 4°C).

RT-PCR

We used the TugMan Gene Expression Assays
to RT-PCR in 20pl reaction. Reaction mixture
contained 4pl ¢cDNA (product from RT reac-
tion), 10ul of TagMan® Universal PCR Master
Mix, 1ul of specific probe TagMan® Small RNA
Assay and 5pl nuclease-free water. Reaction was
incubated at 50°C for 2 min, 95°C for 10 min and
followed by 40 cycles in programme 95°C for 15
s and 60°C at 1 min. For the relative expressions
evaluation 2T method and a reference expre-
ssion of Hnu24 gene were used.

RESULTS AND DISCUSSION

We selected six miRNAs (23a, 296-3p, 224,
320, 375, and 376) according to the homology
of their sequences with MTIA and MT2A. For
evaluation was used the program Targetscan
(http://www.targetscan.org). Furthermore, we
performed a measurement of miRNA expres-
sion levels in four different cell lines (PNTIA,
22Rvl, PC-3, and LNCaP). The differences in
particular miRNA expressions is shown in Fig.
1. We observed significantly higher (p<0.01) ex-
pression of miRNA 23a in all tumor lines com-
pared to non-tumor PNTI1A, significantly higher
(p<0.01) expression of miRNA 224 in 22Rvl line
compared to others, significantly higher (p<0.01)
expression of miRNA 375 in all tumor lines in
comparison with non-tumor PNTIA, margina-
1ly lower (p<0.05) expression of miRNA 376 in
all tumor lines in comparison with non-tumor
PNTIA, marginally higher (p<0.05) expression
of miRNA 320 in PC-3 line compared to others,

and no differences between cell lines were ob-
served in expression of miRNA 296-3p.

Figure 1.: miRNA levels in cell lines
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W Mean
3000 I std dev.

PNTIA 2RVI PC3 LNCiP PNTIA 20RVI PC-3 LNCaP PNTIA 2RVI PC-3 INCaP
miRNA: 320 miRNA: 375 miRNA: 376

fold change (2995

gene expression

PNTIA 2RVI PC:3 LNCiP PNTIA 20RVI PC-3 LNCaP PNTIA 2RVI PC-3 INCaP

Cell lines

Porkka et al. found that miRNA 23a and miR-
NA 23b are significantly decreased in human
prostate cancer as compared with BPH (benign
prostatic hyperplasias) tissue [6]. We ascertei-
ned the increased level of miRNA 23a in can-
cer tissue as compared with normal prostatic
tissue in this study. The expression of miRNA
23a is in correlation with zinc levels in prostate
tissue, because in addition to zinc(II) levels in
normal prostatic tissue, its levels are increased
in benign prostate hyperplasias (BPH), and
significantly decreased in prostate cancer [4].
Profiling miRNA expression in hepatocellular
carcinoma by Wang et al. revealed miRNA 224
up-regulation [7]. We observed specific up-re-
gulation of miRNA 224 in 22Rvl line compa-
red to others. The 22Rvl line has been derived
from a primary human prostatic tumor thus one
may speculate that this increasing of miRNA
224 level can be use for diagnosis of primary
prostatic tumors. In primary prostate cancer
tissue, Szczyrba et all have previously found
by miRNA sequencing that miR-375 was up-
-regulated [8]. We found that up-regulation is
not specific for primary prostatic cancer, but is
occurring in all tumor lines in our study.

CONCLUSION

Accordingly, miRNAs are interesting can-
didate targets for therapeutic intervention, and
there is increasing focus on miRNA-based the-
rapeutics for cancer. An advantage of miRNA
analysis is that their small size reduces their
susceptibility to degradation in archived tissue
and allows for application of miRNA profiling
both on diagnosis and prognosis. Thus, miR-
NAs will likely serve as valuable cancer dia-
gnostic marker.
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ABSTRACT

The chemical environments of Cu** ions in four copper complex systems with different Cu®* salts
(Cu(ac), and CuSO,), 5-chlorsalicilic acid (5-ClsalH) and different biologically active ligands (N,N’-
-diethylnicotinamide = denia and 3-pyridylmethanol = ronicol): [Cu(ac),(aq) + 2(5-ClsalH(solv))
+ xdenia(l)], [Cu(ac),(aq) + 2(5-ClsalH(solv)) + xron()], [CuSO,(aq) + 2(5-ClsalH(solv)) + xdeni-
a(l)] and [CuSO,(aq) + 2(5-ClsalH(solv)) + xron(l)], where x = 0, 2, 4, 6, 8, were studied by EPR
spectroscopy in the frozen water/methanol solutions. When x > 0, the N superhyperfine splitting
was well resolved in the perpendicular part of the 2™ derivative axially symmetric Cu?” EPR spectra

for all mentioned complex systems.

INTRODUCTION

EPR spectroscopy is a useful tool for the study of
copper complexes formed in the solutions among
Cu?" ions with various ligands [1, 2]. When Cu**
ions are bound to nitrogen containing ligands,
the "N superhyperfine splitting may appear in
the Cu®* EPR spectra. In this case EPR technique
can provide additional information about the
nitrogen donor atoms coordinated with the Cu?*
ions [1, 3, 4]. The chemical environments of Cu?'
ions in the following copper complex systems: i)
[CuSO,(aq) + 2(5-ClsalH(solv)) + xron(l)] [Cu-
(ac) (aq) + 2(5-ClsalH(solv)) + xron(l)] [5] and
ii) [CuSO,(aq) + 2(5-ClsalH(solv)) + xdema(l)]
[Cu(ac), (aq) + 2(5-ClsalH(solv)) + xdenia(1)] [6],
where x = 0, 2, 4, 6, 8, were separately studied
in the frozen water/methanol solutions by EPR
spectroscopy. Consequently, the general com-
parisons of all the above mentioned four copper
complex systems could not be done in our previ-
ous studies [5, 6]. Therefore, main object of this
contribution is to deal with such together summa-
ry, including the effects of the varying Cu*” salts
(Cu(ac), or CuSO,) containing anions of different
ba5101ty, varying 4blologlcally active ligand (ro-
nicol or denia) concentration and finally varying
ligand-to-metal ratio x, on the formation of resul-
ting copper complex systems in the solutions.

MATERIAL AND METHODS

Sample preparation - Four copper complex
systems with varying ligand-to-metal ratio x,
[Cu(ac),(aq) + 2(5-ClsalH(solv)) + xdenia(l)],
[Cu(ac) (aq) + 2(5-ClsalH(solv)) + xron(l)],
[CuSO,(aq) + 2(5-ClsalH(solv)) + xdenia(l)]
and [CuSO (aq) + 2(5-ClsalH(solv)) + xron(1)],
where x = 0, 2, 4, 6, 8, were prepared in water-
-methanol (1 3) solutions as follows: Copper
acetate (Cu(ac),) or copper sulphate (CuSO with
5- chlorosallcyllc acid (5-ClsalH) and two Biolo-
gically active ligands, either 3-pyridylmethanol
(ron = ronicol) or N,N’-diethylnicotin-amide
(denia), were mixed in respective molar ratios.

Water solution of appropriate copper(II) salt was
mixed with methanolic solution of 5-chlorosali-
cylic acid (to obtain stoichiometric composition
shown above and simultaneously water/methanol
ratio 1:3). The resulting solution was then stirred
carefully to homogenize, then diluted by water/
methanol mixture (1:3) in the ratio 1:1 and pou-
red into EPR capillaries. For further information,
see our previous papers [5, 6].

EPR measurement - After synthesis was
finished, the st derivative Cu** EPR spectra of
prepared copper complex systems were measured
in a standard TE102 rectangular cavity of an EMX
X-band (= 9.4 GHz) EPR spectrometer (Bruker,
Germany) in frozen water/methanol solutions at
temperature of 98 K. For instrumental parameters
set up, see Ref. [5]. Bruker programs, WinEPR
[7] and SimFonia [8], were used for processing
and calculation of EPR spectra The averaged
g-factor, gav = (2g, + g||)/3, [9], the geometric
parameter, G=(g, -2)/(g. - 2) [10 11] and the
empirical factor, = g|| / A|| [12], were calculated
from spin Hamiltonian parameters. More
experimental details are given in Refs. [5, 6].

RESULTS AND DISCUSSION

In this section, we show the original experimen-
tal Cu?" EPR spectra of the above mentioned four
copper complex systems, but measured in the fro-
zen diluted water/methanol solutions, which were
not presented in our previous papers [5, 6].

The experimental 1%-derivative Cu?* EPR
spectra of two complex systems [Cu(ac),(aq) +
2(5-ClsalH(solv)) + xron(1) or xdenia(l)], where x
=0, 2,4, 6, 8, measured in the frozen diluted wa-
ter/methanol solutions at temperature of 98 K are
illustrated in Fig. 1. In the case of the first Cu**
salt (Cu(ac),), the same results were obtained for
both hgands (i) when x = esolved perpendicular
N superhyperfine splitting.
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The experimental 1¥-derivative Cu** EPR spect-
ra of two complex systems [Cu(ac),(aq) + 2(5-CI-
salH(solv)) + xron(l) or xdenia(l)], where x = 0,
2, 4, 6, 8, measured in the frozen diluted water/
methanol solutions at temperature of 98 K are
illustrated in Fig. 1. In the case of the first Cu** salt
(Cu(ac),), the same results were obtained for both
ligands: (i) when x = esolved perpendicular "N su-
perhyperfine splitting.

Figure 1. Experimental 1st-derivative Cu’* EPR
spectra of copper complex systems [Cu(ac,(aq) +
2(5-ClsalH(solv)) + xron(l) or xdenia(l)], where x
=0, 2, 4, 6, 8, measured in frozen diluted water/
methanol solutions at temperature of 98 K.
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Figure 2.: Nitrogen superhyperfine splitting in
perpendicular region of experimental 2™-deriva-
tive Cu** EPR spectra of copper complex systems
[Cu(ac)2(aq) + 2(5-ClsalH(solv)) + xron(l) or xde-
nia(l)], where x = 0, 2, 4, 6, 8, measured in frozen
diluted water/methanol solutions at temperature
of 98 K.

The spin Hamiltonian parameters are (within ex-
perimental error) very similar to those obtained for
given non-diluted stock solutions. See correspon-
ding tables in Ref. [5] for ronicol and in Ref. [6]
for denia. Comparing ronicol and denia containing
systems, the both g-factor (g,, g||) values are sys-
tematically higher and parallel hyperfine splitting
(AJ|) values systematically lower for denia contai-
ning systems. The 14N superhyperfine splitting
are constant for both ligands, AN, = 1.45 mT.

Figure 2 shows details of 14N superhyperfine
splitting in perpendicular region of expansion of
the experimental 2nd-derivative Cu2+ EPR spect-

ra of the above mentioned copper complexes.
The resolution of superhypefine lines increased
(for ronicol more progressively) when the con-
centration of both ligands increased from x = 2,
4, 6 to 8. No superhyperfine splitting was moni-
tored when x = 0.

Analogically, but for the second Cu2+salt
(CuSO,), Fig. 3 illustrates the experimental
Ist-derivative Cu?* EPR spectra of two com-
plex systems [CuSO,(aq) + 2(5-ClsalH(solv))
+ xron(l) or xdenia(l)], where x = 0, 2, 4, 6, 8,
measured in the frozen diluted water/methanol
solutions at 98 K. Again, for this copper salt, the
same results were obtained for both ligands: (i)
when x = 0, single axially symmetric Cu** EPR
spectra were observed, (i1) when x = 2, compo-
site EPR spectra were obtained and (iii) when x
> 2, single axially symmetric Cu** EPR spectra
were recorded. All the EPR spectra (including
composite spectra) exhibited well resolved pa-
rallel and unresolved perpendicular hyperfine
splitting, and when x > 0, non-resolved parallel
and well resolved perpendicular '“N superhyper-
fine splitting. As for the first copper salt, also in
this case, the spin Hamiltonian parameters are
(within experimental error) very similar to those
presented for given non-diluted stock solutions.
See corresponding tables in Ref. [5] for ronicol
and in Ref. [6] for denia. And again, comparing
ronicol and denia containing systems, the g-fac-
tor values are systematically higher and parallel
hyperfine splitting values are systematically lo-
wer, for denia containing system, and nitrogen
superhyperfine splitting values are identical
(AN, = 1.45 mT) for both ligands. Likewise
in this case, the details of '“N superhyperfine
splitting in perpendicular region of expansion of
the experimental **derivative Cu®* EPR spectra
are shown in Fig. 4. Also for this copper salt:
(i) when x = 0 no superhyperfine splitting was
monitored and (ii) when the concentration of
both ligands increased from x = 2, 4, 6 to 8, the
resolution of superhypefine lines increased (but
again, for ronicol more progressively).

The trends in the spin Hamiltonian parame-
ter values are very similar for all the copper
complex systems under investigation. The ani-
sotropic g-factors (g, gl[) and their averaged
(gav) values decreased (eventually remained
constant), when ligand concentration increased.
G-parameter values

Figure 3.: Experimental 1¥-derivative Cu*
EPR spectra of copper complex systems [Cu-
SO, (aq) + 2(5-ClsalH(solv)) + xron(l) or xdeni-
a(l)], where x =0, 2, 4, 6, 8, measured in frozen
diluted water/methanol solutions at temperature
of 98 K
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Figure 4. Nitrogen superhyperfine splitting in per-
pendicular region of experimental 2"-derivative
Cu?" EPR spectra of copper complex systems [Cu-
SO, (aq) + 2(5-ClsalH(solv)) + xron(l) or xdenia(l)],
where x = 0, 2, 4, 6, 8, measured in frozen diluted
water/methanol solutions at temperature of 98 K.
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varied from minimal (4.0) to maximal (5.6) values
and f-factor values varied from minimal (131 cm)
to maximal (217 cm) values. However, comparing
ronicol and denia containing systems, the G-para-
meters are systematically higher and f-factors are
systematically lower for ronicol containing system
for both copper salts. For more information, see our
previous papers [5, 6].

CONCLUSION

Summarizing results presented herein and referred
in our previous papers [5, 6], it is obvious that

(i) the unpaired electron on the Cu*" ion is loca-
lized in the d 2- 2 orbital, which is indicated by (g
|~ 8> 2.062§) relation, (ii) the resolution and
signal intensity of the "N superhyperfine splitting
increased when the ligand concentration increased.
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ABSTRACT

In this paper, water soluble CdTe quantum dots modified with different ligands (3-mercatoacetic
acid, thioglycolic acid and glutathione) were prepared by a simple one step method using Na,TeO,
and CdCl,. Preliminary results showed that subsequent modification of QDs surface with bovine
serum albumin (BSA) resulted in quenching of fluorescence depending on the biomolecules con-

centration.

INTRODUCTION

Semiconductor nanocrystals, also known as
quantum dots (QDs), are nano-scale inorganic
particles in the size range of 1-10 nm. Due to
their quantum confinement, QDs show unique
and fascinating optical properties, such as sharp
and symmetrical emission spectra, high quan-
tum yield (QY), good chemical and photo-stabi-
lity and the size dependent emission wavelength
tenability [1]. So far, QDs have been linked with
bio-recognition molecules such as proteins, pep-
tides and nucleic acids, and have been success-
fully used in biological and medical fields such
as immunoassay, DNA hybridization, cell ima-
ging and potential photodynamic therapy. QDs
bioconjugation is of great importance in biolo-
gical applications. In general, QD bioconjuga-
tion approaches reported are mainly based on
bifunctional linkage (such as 1-ethyl-3-(3-dime-
thylaminopropyl) carbodiimide hydrochloride,
EDC), electrostatic attraction, and biotin—avidin
interaction. However, no matter what conjugati-
on approach is used, QD bioconjugates need to
be purified and characterized.

Bovine serum albumin (BSA) has been one
of the most extensively studied proteins, parti-
cularly because of its structural homology with
human serum albumin. It has been often used as
coating reagent to modify the surface of nano-
particles due to its strong affinity to a variety of
nanoparticles, such as gold nanoparticles, silica
nanoparticles, and QDs. Up to now, QDs modi-
fied by BSA have been applied to ion sensors,
fluorescence resonance energy transfer, and
chemiluminescence resonance energy trans-
fer. Moreover, due to the increasing extension
of nanotechnology in biological sciences, it is
imperative to develop a detailed understanding

how biological entities, especially proteins, may
interact with nanoscale particles [2].

MATERIAL AND METHODS
Synthesis of CdTe QDs and bioconjugation

The procedure to synthesize 3-mercaptopropi-
onic acid (MPA)-capped CdTe QDs, glutathione
(GSH)-capped CdTe QDs and thioglycolic acid
(TGA)-capped CdTe QDs was adapted from the
work of Wang et al. [3]. Sodium telluride was
used as the Te source. Due to the fact that so-
dium telluride is air stable, all of the operations
were performed in the air avoiding the need of
inert atmosphere. The synthesis of CdTe QDs
and their subsequent coating were as follows:
114 mg of the CdCl,.2.5 H,0 was diluted with
25 mL of water. During constant stirring, 65 pl
MPA (56 pl TGA or 150 mg GSH), 25 mg of so-
dium citrate, 2 mL of Na, TeO, solution (c = 0.01
mol/L), and 10 mg of NaBH, were added into
water-cadmium(II) solution. Dropwise addition
of 1 M NaOH was used to adjust the pH to 10
under vigorous stirring. The mixture was kept at
95°C under the reflux cooling for 4 hours.
BSA can facilely conjugate to CdTe QDs by
electrostatic attraction. Two hundred and fifty
microliters QDs (2 mg/ml) were added to the
mixture of 137.5 ul BSA (12 mg/ml) and 92.5 pl
phosphate buffered saline (PBS) and stand for
2 h at room temperature. The mixture contents
were 1 mg/ml QDs and 3.3 mg/ml BSA. The
reaction solution was stored in the refrigerator
at 4°C [4].

Characterization of CdTe QDs

Photoluminescence spectra were measured
at room temperature with Infinite M200 Pro,
Tecan, quantum yield with Quanta j, HORIBA
Jobin Yvon.
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RESULTS AND DISCUSSION

In this paper, we selected three kinds of mer-
captan ligands such as MPA, TGA, GSH for the
preparation of water soluble CdTe QDs. The emi-
ssion spectra of a typical CdTe QD used in study
were measured (excitation at 380 nm). The emi-
ssion spectrum displays that the emission peak is
at 620 nm in the case of MPA-capped CdTe QDs,
506 nm in the case of GSH-capped CdTe QDs
and 540 nm in the case TGA-capped CdTe QDs.
All spectra is characterized by good symmetry
and narrow spectral width. The QY of CdTe QDs
was 11,5% (CdTe-MPA), 10,5% (CdTe-GSH) and
7% (CdTe-TGA).

Figure 1.: Fluorescence spectra of CdTe QDs
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Figure 2.: Fluorescence intensity of GSH capped
BSA-CdTe QDs at various concentrations of
BSA:a=3 mg/ml BSA, b= 6 mg/ml BSA,c=8
mg/ml BSA and d = 12 mg/ml BSA
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Since CdTe QDs were prepared in aqueous
phase using MPA, GSH or TGA as a stabilizer,
the thiol groups of ligand linked to the surface of
CdTe QDs by thiol group-Cd coordination, and
the functional carboxylic group is free, which
can be easily coupled to biomolecules with ami-
no groups, such as proteins, peptides or amino
acids.

As shown in Figure 2., the emission of CdTe
QDs decreases progressively with increasing
concentration of BSA.

CONCLUSION

In this work the synthesis of CdTe QDs with
three different mercaptan ligands is shown.
In the next stage, QDs were conjugated with
BSA and the luminescence quenching test was
performed showing that biomolecules concen-
tration has strong influence on luminescence
intensity decrease.
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ABSTRACT

Electrophoretic techniques such as capillary zone electrophoresis and one-dimensional polya-
crylamide gel electrophoresis were applied in the separation of polydeoxycytidylic acids between
3 and 18 nucleotides in chain length (dC3-dC18). In capillary zone electrophoresis (CZE), the
electrophoretic behavior of homo-oligonucleotides in hydrophilic coated capillary (CEP) and
polyethyleneimine coated capillary (PEI) was followed under various experimental conditions.
One-dimensional polyacrylamide gel electrophoresis was chosen as a supplemental method in the

characterization of electrophoretic properties of polydeoxycytidylic acids.

INTRODUCTION

The electrophoretic behavior of oligonucleotides
in free solutions depends on the charge-to-mass
ratio, which is in case of DNA almost constant
and independent of fragment length [1]. This fact
makes separation of oligonucleotides in free solu-
tion very difficult and requires the presence of a
sieving agent such as linear polyacrylamide (LPA),
polyethylene glycol (PEG), hydroxyethyl cellulo-
se (HEC),etc. Although polyacrylamide gel filled
capillaries are most often used in the separation
of oligonucleotides, their usability is limited due
to low reproducibility and lifetime. More suitable
for routine analysis is the addition of replaceable
polymers into the background electrolyte, which
can be easily flushed from the capillary and/or re-
newed [2].

The aim of this work was electrophoretic charac-
terization of polydeoxycytidylic acids in various
separation systems in relation to their different
lengths.

MATERIAL AND METHODS

All analyses were done using a CE 3D (Agilent
Technologies) capillary electrophoresis instru-
ment with a diode-array detector. CEP (capillary
electrophoresis phase) coated capillary (75 pum,
25/33.5 cm length) and fused-silica capillary
(75 pwm, 41.5/50 cm length), consequently coated
with polyethyleneimine according to a previous
procedure, were used [3]. Acetate, phosphate-
-acetate, MES or TBE as buffers were used and
hydroxyethyl cellulose (HEC) as a sieving matrix
were tested. One-dimensional polyacrylamide gel
electrophoresis was carried out using PROTEAN
II xi Cell equipment (Bio-Rad). All electrophore-
tic runs were carried out in 20% polyacrylamide

gel and as a separation electrolyte, TBE or
Britton-Robinson buffer with various pH
was used. All experiments were done without
denaturation agents.

RESULTS AND DISCUSSION

Electro-osmotic flow suppression in a CEP
coated capillary allows separation of analytes
only in relation to their charge-to-mass ratio.
In the separation system without any sieving
agent, only a poor resolution of studied oligo-
nucleotides was observed (phosphate-acetate
buffer pH 3.5). A slight improvement of the
separation was recorded only after HEC was
added. As expected, higher pH resulted in
increasing electrophoretic mobilities of the
analytes and caused impairment of separati-
on efficiency.

A PEI coated capillary is characterized
with amine groups on the inner capillary
wall, which are positively charged at pH abo-
ve 8. At alkali pH, slightly negative charges
can be observed. Analyses in a PEI coated
capillary were done using TBE buffer pH 9.4
with the addition of HEC, and a satisfying
separation of the selected polydeoxycytidylic
acids was obtained [Fig. 1]. Surprisingly, in
comparison with a CEP coated capillary, an
opposite separation order of the analytes in
the PEI coated capillary at the same electric
polarity was observed. This fact was related
to the distribution of the charge in the oligo-
nucleotide structure and additive interactions
with background electrolyte components.

85



86

Figure 1: Separation of selected polydeoxycyti-
dylic acids using CZE. PEI coated capillary 8.5
cm eff., TBE buffer pH 9.4+0.01% HEC, voltage
+12 kV, inject. 50 mbar/5 sec, 270 nm

100 dC3 dC6 dC9

absorbance (mAU)

CONCLUSION

Capillary zone electrophoresis provides a useful
and effective tool in the analysis of homo-oligo-
nucleotides such as polydeoxycytidylic acids. Sui-
tably selected capillary modification in combination
with properly chosen separation conditions allows
separate analytes in order by request. However, also
in polydeoxycytidylic acid analysis, the presence of
a sieving agent is required.
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ABSTRACT

The mobility of Cu(1I) ions in humic gels with respect to their reactivity and concentration depen-
dence is investigated in this work. Two various methods: instantaneous planar source and constant
source were used in order to study their diffusion at very low and very high Cu(II) concentrations,
respectively. It was confirmed, that the higher concentration gradient in method of constant source
supports mobility of Cu(Il) ions, which corresponds with higher values of computed diffusion
coefficients. The diffusion coefficient was more influenced by concentration change in case of
gel prepared from Na PO, as a result of less stable complexes formed in the gel with Cu(II) ions.

INTRODUCTION

Humic acids (HA) are natural ubiquitous or-
ganic compounds, which can be found in soils,
waters, sediments and coal. They main role is in
binding, transport and biological uptake of dif-
ferent nutrients and contaminants in nature [1].
Their high affinity toward heavy metals is well
known and studied. In previous works [2,3,4]
easy diffusion and sorption experiments in hu-
mic hydrogels were described as a suitable app-
roach for the study of reactivity and mobility of
metals in humic acids. The aim of this work was
the deeper exploration of these interactions be-
tween the HA and metals.

MATERIAL AND METHODS

The first part of the work was focused on the
study of the mobility of Cu(Il) ions in humic
hydrogels. The whole work procedure of iso-
lation of HA from South-Moravian lignite and
characterization of the material can be found el-
sewhere [2,3]. In this work two different humic
hydrogels were utilized. For the preparation of
gel A humic acids were dissolved in 0.5M NaOH
and acidified to the pH close to 1. Gel B was
prepared by dissolving of HA in 0.IM Na,P.O,
and acidifying to the pH close to 1.

These gels were packed in cylindrical tubes
and used for the diffusion experiments. Chosen
methods of diffusion were instantaneous planar
source and constant source [2,3]. The main aim
of this setting was to determine the diffusion
coefficient of Cu(Il) ions in both gels and to in-
vestigate the influence of the concentration on
the diffusion process. The first method, instan-
taneous planar source, was used for the study
in the range of very low concentration. On the
other hand, constant source was used for the
study of Cu(II) diffusion at high concentration.

On the deeper study of the reactivity of Cu(II)
ions and HA the second part of the work was

focused. Both prepared humic hydrogels were
used for sorption experiments of Cu(Il) ions
from the solution. The chosen starting ratios of
CuCl, concentration in solution/gel were: 0.001,
0.005, 0.01, 0.05 and 0.1M.

The diffused Cu(Il) ions were extracted from
the slices of the gels after diffusion with 1M
HCI. This extraction solution was also used for
extraction of sorbed Cu(Il) ions from the sam-
ples of humic hydrogel in order to determine
desorbed amounts and investigate the stability
of prepared complexes. The Cu(II) ions concen-
trations in all solutions (from diffusion and from
sorption experiments) were determined by the
means of UV-VIS spectroscopy. All the expe-
riments were carried at laboratory temperature
(25+1 °C).

RESULTS AND DISCUSSION

The fist part of experiments were focused on
mobility study of Cu(Il) ions in two different
humic hydrogels (Gel A and Gel B).

Figure 1.: a) Linearized concentration profiles
of Cu(Il) ions (results from instantaneous pla-
nar source); b) Dependence of diffusion flux on
the square root of duration of diffusions (results
from constant source diffusion).
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From measured values of absorbance of
solutions the concentrations profiles and the
dependences of diffusion flux on the square
root of duration of diffusions were determi-
ned. Figure 1 a) shows example of the lineari-
zed concentration profile, which was used for
the determining of the diffusion coefficient
of Cu(Il) ions in humic hydrogel for the case
of instantaneous planar source diffusion ex-
periment. Figure 1 b) represents the example
of the dependence of diffusion flux of Cu(II)
ions on the square root of duration of diffusi-
on experiment for the constant source diffusi-
on experiment.

All determined diffusion coefficients for
both used hydrogels and both setting of di-
ffusion experiments are summarized in Table
1. We can see that diffusion process in the gel
A (prepared from HA dissolved in NaOH) is
less dependent on the change of concentrati-
on than in the case of gel B (prepared from
HA dissolved in Na,P,010). Simultaneously
we can observe that the differences between
both gels increases with growing Cu(II) con-
centration. The concentration gradient, which
is driving force of the diffusion, is very high
in case of the method of constant source (the
source of Cu(Il) ions is their saturated soluti-
on). Therefore the structure of both gels and
its influence on metal ions mobility is stron-
ger in comparison of method of instantaneous
source, which utilizes only very short initial
pulse of Cu(II) ions.

Table 1: Determined diffusion coefficients of Cu(ll) ions

Diffusion coefficients (m*s*)"
Type of gel

Instantaneous planar source Constant source

GelA 424x1010 £ 4. 89x10°11 8.27x1010.2 1,87x1011

GelB 3.96x10°1 +3.67x10°!

"effective values of diffusion coefficients

10.66x10"10 = 4.23x1012

In the second part of the work the sorption
experiments from the solution of CuCI2 were
used for the deeper study of the reactivity be-
tween copper and HA. Figure 2 a) shows the
sorbed amount of Cu(II) ions on 1 g of humic
hydrogel and Figure 2 b) comparison with
amount of Cu(Il) ions desorbed from 1 g of
humic hydrogels into acidic solution. From
the comparison of sorbed amounts of Cu(II)
on Gel A and Gel B is obvious that Gel A has
a little higher sorption affinity for Cu(II) ions
than Gel B. On the other hand, the complexes
prepared from Gel B are less stable because
the desorbed amounts are higher in this case.
It seems that the bond strength of Cu(II) ions

in Gel B is lower, which causes their higher
mobility resulting in higher value of diffusi-
on coefficient computed from data obtained
from method of constant source (while values
of diffusion coefficient determined for both
gels at low concentrations are comparable).
Figure 2.: Comparison of a) sorbed amount
and b) desorbed amount of Cu(II) ions on hu-
mic hydrogels in dependence on the starting
concentration of sorption solution.
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From obtained data were constructed the
Freundlich isotl}érms: m
a=K-¢C
q
. (Eq. 1)
where a represents sorbed amount of Cu(1I)
ions on 1 g of humic gel, ceq is equilibrium
concentration of sorbed Cu(II) ions, k and m
are empirical constants.
Table 2: Calculated k and m parameters of Freundlich isotherm

Type of gel & (mmol®! dm3® 1) ”

Gela 00505 0816
GelB 00313 0.896
CONCLUSION

The main objective of presented work was
to describe the interactions and mobility of
Cu(IT) ions in two different humic hydrogels.
The results showed that mobility of Cu(II)
ions in Gel B can be more influenced by the
concentration than in Gel A. The “classical”
humic hydrogel A (HA dissolved in NaOH
and precipitated with HC) has higher sorpti-
on affinity towards Cu(II) ions. The presented
combination of diffusion and sorption experi-
ments showed to be very suitable for the stu-
dy of reactivity of metals with model humic
matrices.
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ABSTRACT

Using ab initio electronic structure calculations, we have analysed Mn atoms dissolved in a
platinum matrix, forming thus intermetallics MnPt,, MnPt, and MnPt ; that can be considered as
prototypes of natural Mn—Pt nanocomposites. On the whole, manganese addition makes the result-
ing Mn—Pt compound softer but increases its resistance to shape deformation. With increasing Mn
content, both tensile and compressive theoretical strength is enhanced. In agreement with experi-
ment, our calculations confirm the antiferromagnetic (AFM) ground state of the MnPt, structure
with spins directions altering along the [100] crystallographic direction (AFM [100]). In addition,
we have proposed and studied three prototypes of linear MnPt ; nanocomposites consisting of Mn
nanochains in the Pt matrix. Again, AFM [100] ordering was found in the ground state of MnPt,..

RESULTS AND DISCUSSION
First, we have calculated the elastic constants

The recent findings of structure transitions in  €1> €12 and' c,, of elemental Pt and performed ab
initio tensile tests along the <100> and <111 di-

Fe, Ni [1] and Mn [2] nanowires stimulated our ! I ; . 1
interest in ab initio simulation of tensile tests rections. Our values of maximum tensile stress
G, .., and the corresponding strain g were

of nanocomposite metallic materials. Among Pmax, ' : X0
others, our aim was to study Mn—Pt compounds 11 @ good agreement with previous results [5,
and nanocomposites, in particular the recently 6]. The same calculations were carried out for

INTRODUCTION

found ordered MnPt, structure, and find the
relation between their mechanical and mag-
netic properties. Another interesting topic are
the MnPt ; compounds proposed in this work,
which represent natural nanocomposites with
Mn chains oriented along the [100], [110] and
[111] directions. It turns out that some of these
configurations are stabilized by antiferromag-
netic ordering and magnetic moments of man-
ganese atoms may be coupled through the pla-
tinum atoms.

MATERIALS AND METHODS

For the ab initio total-energy calculations, we
employed the full-potential linearized augmen-
ted-plane wave (FLAPW) method implemented
in the WIEN2k code [3]. Exchange-correlation
energy was determined within the local den-
sity approximation (LDA) [4]. The spin-orbit
coupling was not included and our calculations
were restricted to collinear magnetic ordering.
The values of calculated magnetic moments at
individual atoms correspond to electrons inside
the muffin-tin spheres.

the ferromagnetic compound MnPt, and for the
novel antiferromagnetic compound MnPt, (see
Fig. 1). For MnPt ,, we have found the antiferro-
magnetic ground-state, similarly as it was found
experimentally for the Pt—8.8 at. % Mn alloy [7].
Figure 1.: The antiferromagnetic (AFM [100])
ordering of the MnPt, structure corresponding
to its ground state.

[001]

The effect of manganese addition to platinum
matrix consists in its softening — the bulk mo-
dulus B and elastic constants ¢, and c , are redu-
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ced. On the other hand, the Mn-doped structures
are more resistant against shape deformation and
exhibit an increase in the Young moduli £, E |
and shear moduli ¢,, and (¢, — 12)/2 (see Fig. 2).
The maximum tensﬂe stress 6, in the direc-
tions <100> and < 111> sllghtly increases (by up
to 7 %) with increasing Mn content (Fig. 3). On
the other hand, maximum compressive stress
0,0 100> grows quite strongly with increasing
Mn content. Its increase amounts to 46 % when
comparing MnPt, to Pt and even to 111 % when
comparing MnPt, to Pt. The increase in the com-
pressive stress 6 o o 111> is intermediate (by 7.7
% when comparmg MnPt, to Pt and by 12.8 %
when comparing MnPt, to Pt)

Figure 2.: Variation of elastic properties of Mn—
Pt compounds with increasing Mn content
a) b)
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Figure 3.: Variation of tension (compression)
stress o with the deformation ¢ for Pt, MnPt, and
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In addition, we modeled the preferential occu-
pation of Mn atoms in the Pt matrix and confir-
med the experimental result that they prefer the
positions at the corners and at the centers of faces
of the 2x2x2 Pt supercell. Our model structures
denoted as MnPt ; have 6.25 at. % of Mn and can
be regarded as natural linear nanocomposites.
We found that the “base-centered” structure with
the stripped Mn-Pt nanochains along the [110] di-
rection has the lowest energy among these three

structures and is stabilized by antiferromag-
netic ordering (see Fig. 4) [8]. An alternative
ferromagnetic ordering has the total energy
only by 3.3 meV/atom higher.

Figure 4.: The antiferromagnetic ordering of
the MnPt structure in the “base-centered”
ground-state structure [8]. The Mn—Pt nano-
chains embedded in the Pt matrix are oriented
along the [110] direction.

CONCLUSION

In summary, we have studied the effect of
Mn addition in platinum and found an increase
of Young moduli £,, £, and shear moduli
(c,—¢,)/2 and c,,. Both the maximum tensile
and compresswe stresses 6, increase with
mcreasmg Mn content. An increase of com-
pressive stress 6, in the <100> direction is
most remarkable. On the other hand, the man-
ganese atoms act as softening agent in the Pt
matrix, reducing the lattice constant a, bulk
modulus B and the values of elastic constants
c,andc,.

We have modeled several systems with va-
rious concentrations of Mn atoms in Pt mat-

| rix, in particular the recently found MnPt,

nanocomposite, and determined the antife-
rromagnetic ordering as its ground state. A

| similar antiferromagnetic ordering has been

found in our model MnPt ; structure. This is
in agreement with experimental finding, as an
antiferromagnetic ordering has been determi-
ned in the Pt—8.8 % Mn alloy with manganese
concentration similar to MnPt ..
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ABSTRACT

The aim of this work was to investigate heavy metals content in urban polluted soils by using
different leaching methods. The soil samples were collected from the topsoil of three sampling
sites of Brno city in April 2011. The sampling site Opusténa Street represented the heavily polluted
locality with high traffic density situated in the city centre. Sampling site Videnska Street belongs
to medium polluted locality that is situated close to frequented roads. Relatively clean locality is
represented by Sramkova Street, which is situated in peripheral city district with smaller traffic
density. Four extracting methods (with deionised water, 2 mol.I"" nitric acid, 0.43 mol.I"' acetic
acid and 0.05 mol.I"" ethylenediaminetetraacetic acid were used for determination of heavy metals
content, such as cadmium, lead, nickel and copper. The highest values of metal contents (Cd: 0.75 +
0.01 mg.kg', Pb: 78.20 + 3.62 mg kg, Ni: 16.58 +0.07 mg.kg", Cu: 44.13 +2.37 mg.kg"', Hg: 0.230
+0.004 mg.kg ') were found in the soil samples from Opusténa Street by using nitric acid method.

INTRODUCTION

The different kinds of elemental soil analysis
are used for the determination of ‘total’, ‘pseu-
do-total’ and ‘extractable’ soil contents. Firstly,
it is the determination of the ‘total’ element con-
tents in the soil by the methods that use solid
samples, such as X-ray fluorescence spectro-
metry (XRF), DC arc optical emission spectro-
metry (DCAOES), neutron activation analysis
(NAA), and glow discharge mass spectrometry
(GDMS), or by various methods where soluti-
ons prepared by acid dissolution involving hyd-
rofluoric acid or by fusion (LiBO,)/dissolution
procedures are used [1]. Secondly, digestion in
strong acids such as nitric acid, hydrochloric
acid or mixture such as aqua regia (‘pseudo-
-total’ analysis) that do not dissolve the silicate
matrix can give an estimate of the maximum
amounts of elements that are potentially mobi-
lisable with changing environmental conditions
[1, 2]. Leaching with 2 mol.I"' nitric acid is used
in Czech Republic for determination of risk
elements in soils. Maximum tolerable levels of
these elements are presented in Regulation No.
13/1994 of the Ministry of Environment Czech
Republic [3].

Single extractants can be in their role of relea-
sing elements from particular soil phases with
which they are bound or associated [4]. The wa-
ter-soluble metals can be determined from the
saturation paste extract of a soil or by extracting
soil with deionised water at a certain soil — water
ratio[5]. This phase contains the water soluble
species made up of free ions and ions complexed
with soluble organic matter and other constitu-
ents. It constitutes the most mobile and potentia-
1ly the most available metal and metalloid speci-

es. The concentration of trace element nutrients
or pollutants in the soil solution is very low and
only accessible to the most sensitive analytical
techniques [4].

Exchangeable fraction includes weakly adsor-
bed metals retained on the solid surface by rela-
tively weak electrostatic interaction, metals can
be released by ion-exchange processes [4, 6].
Acetic acid (2.5% v/v) dissolves the exchangea-
ble species but releases, in addition, more tightly
bound exchangeable forms [1].

Complexing extractants such as ethylene-
diaminetetraacetic acid (EDTA) or diethylene-
triaminepentaacetic acid (DTPA) can, by vir-
tue of their strong complexing ability, displace
metals from insoluble organic or organometalic
complexes in addition to those sorbed on inor-
ganic soil components [7, 8]. Most of the heavy
metals present in the carbonate phase are dissol-
ved by sodium acetate to pH 5 with acetic acid
or EDTA and acetic acid [1].

Determination of ‘pseudo-total’ and ‘extracta-
ble’ soil content was the main purpose of this
study. Deionised water, 2 mol.I"' nitric acid, 0.43
mol.I" acetic acid and 0.05 mol.I'" EDTA were
used to determination of cadmium, lead, nickel
and copper content.

MATERIAL AND METHODS

The soil samples were collected from the to-
psoil of three sampling sites of the Brno city in
April 2011. The sampling site Opusténa repre-
sents the heavily polluted locality with high tra-
ffic density situated in the city centre. Sampling
site Videnska belongs to medium polluted lo-
cality that is situated close to frequented roads.
Relatively clean locality is represented by Sram-
kova Street, which are situated in peripheral city
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district with smaller traffic density. The soils
were sampled from a depth horizon of 0-10 cm,
ten samples at every sampling place, which re-
presented an area of 3sq.m. For characterization
of soils, a fine soil fraction of particle size below
2 mm was obtained by sieving the air-dried raw
sample. Each sample of soil was measured three
times and the standard deviation was observed
from these three measurements.

Mercury in soil samples was determined by
atomic absorption spectrometry using the AMA
254 (Altec, s.r.0.). Cadmium, lead, nicker and co-
oper concentrations were determined by electro-
thermal atomic-absorption spectrometer (Spekt-
rAA-30, Varian).

Leaching with deionised water

A portion of 50 g of the soil was shaken with
50 ml of high purity water in a cleaned plastic
tube for two hours and the mixture was then let
to incubate for 24 hours. After centrifugation, the
supernatant was immediately filtered through
filter (Millipore). The leachate was collected in
PP bottle a stabilized by aciditying with 50 pl of
concentrated Suprapure grade nitric acid.

Leaching with ethylenediaminetetraacetic
acid (EDTA)

Sample portion of about 5 g was admixed to 5
ml of 0.05 mol.I" EDTA (pH = 7.00 + 0.05) in
extraction bottle. The mixture was then shaken
for 1 hour at ambient temperature (25°C). The
extract was immediately filtrated and the filtrate
was collected in PE bottle. Content of elements
extractable by EDTA was determined according
to the recommendation of the Community of Bu-
reau of Reference (BRC) [9].

Leaching with acetic acid

Sample portion of about 5 g was shaken in an
extraction bottle at ambient temperature (igl °C)
with 200 ml of 0.43 mol.I'" acetic acid (Merck)
for 16 hours. The extract was immediately fil-
tered and the filtrate was collected in PE bottle.
Extraction of elements soluble in acetic acid was
performed according to the recommendation of
the Community of Bureau of Reference (BRC)

[9].

Leaching with nitric acid

Sample portion of about 7 g was shaken in an
extraction PE-bottles at ambient temperature
(25°C) with 7 ml of 2 mol.I"' Suprapure grade nit-
ric acid (Penta) for 16 hours. The extract was im-
mediately filtrated and the filtrate was collected
in PE bottle [10].

RESULTS AND DISCUSSION
The highest content of lead in soil was found at
the sampling site Opusténa. The average amount

of lead in soil was 78.23 + 3.62 mg.kg"'. This
content was determined by using nitric acid
method. This content expresses maximum
amount of element that is potentially mobilisa-
ble. Approximately half the levels of lead in
soil were detected at sampling location Viden-
ska with application of nitric acid as leaching
method. The lowest lead concentration (nitric
acid: 23.87 + 2.18 mg.kg!, EDTA: 14.98 + 0.66
mg.kg!, acetic acid: 1.86 + 0.08 mg.kg™!, deioni-
sed water: 0.0020 + 0.0008 mg.kg") was mea-
sured in soil samples collected at sampling site
Sramkova (Fig. 1.).

Figure 1.: Average content of lead in soil
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The highest content of cadmium in soil was
found at the sampling site Opusténa (nitric
acid: 0.75 + 0.01 mg.kg"', EDTA: 0.36 + 0.02
mg.kg!, acetic acid: 0.43 + 0.03 mg.kg", deio-
nised water: 0.0010 = 0.0004 mg.kg™"). Signi-
ficantly lower amounts of cadmium than other
collector sites were detected at the sampling
site Sramkova, the average content of cadmium
in soil was by using nitric acid 0.22 + 0.03 mg.
kg'. Obtained results were summarized in (Fig.
2.). Higher content of exchangeable fraction of
cadmium was found in samling sites Opusténa
and Sramkova than in sampling site Videnska
where was more insoluble organic complexes,
which were determined by using EDTA me-
thod.

Figure 2.: Average content of cadmium in soil
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The highest nickel content in soil was found
at the sampling site Opus$téna. The average
concentration of nickel was at this site: nitric
acid: 16.58 + 0.07 mg.kg!, EDTA: 2.77 + 0.06
mg.kg!, acetic acid: 4.67 £+ 0.26 mg.kg™!, deio-
nised water: 0.0200 + 0.0004 mg.kg'. The the
the highest nickel content in soil was found by
using nitric acid method. Obtained results are



summarized at Fig. 3. Higher content of exchangea-
ble species of nickel was determined in all sampling
sites by using acetic acid method.

Figure 3.: Average content of nickel in soil
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The highest copper content in soil was found at
the sampling site Opusténa (nitric acid: 44.13 £+ 2.37
mg.kg!, EDTA: 19.26 + 0.64 mg.kg', acetic acid:
4.01 + 0.02 mg.kg!, deionised water: 0.120 + 0.007
mg.kg"). Approximately half the levels of copper
in soil were detected at sampling location Videnska
with application of nitric acid as leaching method.
The lowest copper concentrations were measured in
soil samples collected at sampling site Sramkova.
(Fig. 4.). Higher content of chelating-bound species
of copper was found in all sampling sites by using
EDTA as extracting method than it was by determi-
nation of nickel content.

Figure 4.: Average content of copper in soil

1 0 ater

20 {  acetic acid

154 mEoTs
10 {

s |

0+ - - \

= itk acid
Videfisks

Culmg ko)
@

Opuiténd Sramkova

Sampling sites

The highest content of mercury in soil was found
at the sampling site Opusténa. The average concen-
tration of mercury was at this site 0.230 + 0.004 mg.
kg'. At the sampling site Videnska was recorded the
second highest content of mercury in the soil, 0.090
+ 0.004 mgkg'. Significantly lower amounts of
mercury than other collector sites were detected at
the sampling site Sramkova, the average content of
mercury in soil was 0.040 +0.001 mg.kg"'. Obtained
results were summarized in (Fig. 5.).

Figure 5.: Average content of mercury in soil
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CONCLUSION

All measurements were compared with
extracting method by using 2 mol.I"' nit-
ric acid which is used in Czech Republic
for determination of risk elements in so-
ils. Maximum tolerable levels of these
elements are presented in Regulation No.
13/1994 of the Ministry of Environment
Czech Republic. Levels of cadmium, nic-
kel, copper and mercury in studied Brno
urban soil samples were not exceed the
maximum tolerable levels in this regula-
tion. Average content of lead in sampling
site Videnska (78.23 + 3.62 mg.kg™") excee-
ded the maximum tolerable levels defined
by the Czech legislation (Regulation No.
13/1994 of the Ministry of Environment
Czech Republic) (limit of lead content in
soil is 70 mg.kg™).
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ABSTRACT

This contribution presents short overview of our research in the field of thermodynamics of pri-
mary antioxidant action. Reaction enthalpies corresponding to three known mechanisms of radical
scavenging by antioxidants have been studied using quantum chemical calculations.

INTRODUCTION

Oxidative processes represent an essential
part of aerobic life. Oxidation involves electron
transfer between molecules or electron-rich spe-
cies to an oxidizing agent. This transfer can give
rise to highly reactive radicals. If these radicals
are not effectively scavenged, they lead to va-
rious diseases and ageing of organisms [1].

An antioxidant is a substance that inhibits or
prevents the oxidation of another molecule. An-
tioxidants are often classified either as primary,
or secondary [2]. Primary (chain-breaking) anti-
oxidants inhibit oxidation processes. Secondary
antioxidants convert products formed during the
oxidation, such as hydroperoxides, to more sta-
ble non-radical species. Non-toxicity represents
one of the key properties of antioxidants. Thus,
recent research is strongly focused on naturally
occurring compounds. Besides, human diet con-
tains various substances showing antioxidant
activities. Most important representatives of
dietary antioxidants are vitamin C, tocopherols
and tocotrienols (components of vitamin E), fla-
vonoids and carotenoids. Moreover, sterols also
may show an antioxidant effect [3].

Phenolic compounds represent the most im-
portant group of natural antioxidants. They can
act through several mechanisms. Corresponding
reaction enthalpies represent one of important
characteristics of antioxidants. In the majority
of papers on antioxidant action of phenolic com-
pounds (ArOH), one-step hydrogen atom trans-
fer (HAT) mechanism

ArOH +R* — ArO"+RH (1)

is studied. In eq. 1, R® represents a scaven-
ged radical. From the thermodynamics point of
view, HAT is governed by phenolic O—H bond
dissociation enthalpy (BDE). However, two-step

mechanisms of phenoxy radical, ArO-, formati-
on can also take place. In the first step of Single
Electron Transfer — Proton Transfer (SET-PT)
mechanism, electron transfer to a radical, R’,
occurs

ArOH +R* — ArOH** + R~ (2.1)

In the second step, proton is transferred to the
formed R~ anion

ArOH"+ R — ArO +RH (2.2)

This mechanism is described by ionization
potential (IP) and proton dissociation enthalpy
(PDE) from ArOH"" radical cation formed in the
first step. However, low IP values also enhance
the probability of superoxide radical anion for-
mation through the direct transfer of an electron
to surrounding O, [4, 5].

Few years ago, another two-step mechanism
has been discovered. It was named Sequential
Proton-Loss Electron-Transfer (SPLET) [6, 7].
Reaction kinetics experiments proved that vita-
min E, flavonoids and other phenols can react
with dpphe (2,2-diphenyl-1-picrylhydrazil radi-
cal) and other electron deficient radicals by two
different and nonexclusive mechanisms, HAT
and SPLET [6-8]. SPLET can be described as
follows

ArOH — ArO +H*  (3.1)
ArO"+R — ArO +R~ (3.2)
R +H" — RH (3.3)

The reaction enthalpy of the first step co-
rresponds to the proton affinity (PA) of the
phenoxide anion, ArO~. The reaction enthalpy
of the second step, eq. 3.2, has been denoted
as electron transfer enthalpy, ETE [9]. Since
SPLET was discovered in 2003-2004, the ma-
jority of published works is devoted only to the
O-H BDEs and IPs. In the case of flavonoids
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(polyphenolic compounds), there is also another
mode of their antioxidant action: metal-chelati-
on of copper and iron cations, which are able to
accelerate the oxidation [1,2].

In our papers, the main attention was paid on
the large sets of primary antioxidants model
compounds (anilines, phenols and thiophenols),
as well as naturally occurring phenolic com-
pounds (tocopherols, chromans, flavonoids). All
three mechanisms, i.e. HAT, SET-PT and SPLET,
were studied for mono-substituted phenols, thio-
phenols, tocopherols, chromans and flavonoids.
In the case of mono-substituted anilines, N—-H
bond dissociation enthalpies have been studied.
Homolytic cleavage of O—H and selected C-H
bonds in terms of corresponding BDEs was stu-
died for most common phytosterols and chole-
sterol for experimentally determined oxidation
attack sites.

COMPUTATIONAL PROCEDURE

All calculations were performed using Gau-
ssian 03 program package [10]. The gas-phase
geometry of each compound, radical or ionic
structure was optimized using DFT method with
B3LYP [11] functional without any constraints
(energy cut-off of 107 kJ mol™, final RMS ener-
gy gradient under 0.01 kJ mol™ A™). Calculations
were performed usually in 6-311++G** basis set
[12]. This approach was found to be suitable for
BDE, IP, PDE, PA and ETE calculations, because
it gives results in accordance with available ex-
perimental values of studied reaction enthalpies
for phenols and thiophenols. Moreover, it descri-
bes the effect of various electron-donating and
electron-withdrawing substituents reliably. The
application of identical computational approach
in works related to model compounds and natu-
rally occurring substances has two advantages:
() All results are fully comparable (they are not
affected by the employment of different calcula-
tion methods and/or basis-sets). (i7) Agreement
between experimental and computed reaction
enthalpies for simple model molecules (such as
anilines, phenols and thiophenols) allows as-
suming that used computational approach will
provide reliable predictions also for other com-
pounds (such as tocopherols, tocotrienols, poly-
phenols). For naturally occurring compounds,
often no experimental values are available, yet.
Integral Equation Formalism Polarized Continu-
um Model (IEF-PCM) method [13, 14] was used
for the investigation of the effect of solvents with
various polarities on studied reaction enthalpies.
All enthalpies were calculated for 298.15 K.

BRIEF SUMMARIZATION OF SELECTED

RESULTS

Model compounds: phenols and thiophenols
In the case of para- and meta-substituted phe-

nols [9, 15, 16, 17] and thiophenols [18, 19], we
have quantified the effect of various electron-
-donating and electron-withdrawing groups
on the enthalpies of homolytic and heterolytic
O-H and S—H bonds cleavage in the gas-pha-
se and several solvents. Obtained results were
confronted with available experimental data.
Approximately linear Hammett-type depen-
dences were found for all reaction enthalpies.
These enable estimation of a reaction enthal-
py from the Hammett constant of a substitu-
ent and vice versa. In studied environments,
thermodynamically favored reaction pathway
was determined. In the gas-phase and non-po-
lar benzene, HAT is preferred, while in polar
solvents (ethanol, DMSO and water), SPLET is
thermodynamically favored mechanism. Sol-
vents attenuate substituent effect on IP, PDE,
PA and ETE. On the contrary, substituent in-
duced changes in O—H and S—-H BDEs are in
slightly wider range.

For substituents placed in meta positions, li-
nearity of found Hammett-type dependences is
usually worse in comparison to para-substitu-
ted molecules. Therefore, their applicability for
prediction of changes in BDEs using Hammett
constants p may be limited.

Figure 1.: Dependence of gas-phase ABDE
on R(C-S) for 28 para- and meta-substituted
thiophenols, two points (X) were omitted from
regression.
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For para- and meta-substituted phenols, we
tried to find a structure-based descriptor of
substituent effect [16]. We have found linear
dependences of O—H BDE on the phenolic C—O
bond length, R(C-O0), and its shortening after
hydrogen atom abstraction, AR(C-0) = R(C-O,
molecule) — R(C—-O, radical). We have confir-
med that analogous linear dependences exist
also for thiophenols [19], Fig. 1. Our recent cal-
culation results for para- and meta-substituted
anilines [20] show that N-H BDE values can
be correlated with aniline C-N bond length,
R(C-N) or its shortening after hydrogen atom
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abstraction, AR(C-N), too. Moreover, in the case of Figure 3.: Studied flavonoids.

thiophenols [19] and anilines [20], one equation can
describe substituent induced changes in BDEs for
both, para and meta, positions. For phenols, meta-
and para-substituted molecules have to be treated
separately [16].

Tocopherols and chromans

Gas-phase reaction enthalpies related to the indivi-
dual steps of HAT, SET-PT and SPLET were calcu-
lated for four tocopherols and seven chromans [21].
For a-tocopherol and one of the chromans, reaction
enthalpies in water were computed. It was found
that water causes severe changes in the energetics
of SET-PT and SPLET mechanisms, which include
charged species (ArOH*" radical cation and ArO-
anion). From the thermodynamics point of view,
entering SPLET mechanism represents the most pro-
bable process in water. Again, it was confirmed that
a solvent does not influence phenolic O-H BDEs
significantly; the differences between gas-phase and
solution phase BDE values usually do not exceed
10 kJ mol™.

Flavonoids

Although numerous experimental reports on an-
tioxidant action of flavonoids have been published,
still no experimental reaction enthalpies related to
HAT, SET-PT and SPLET are available. Theoretical
works provide O—H BDE, IP, and PA values for the
most “popular” flavonoids, but they were obtained
using different (semiempirical, DFT or ab initio)
quantum chemical methods. Therefore, published
enthalpies are not compatible. Moreover, some used
methods may provide less reliable results.

Figure 2.: Atom numbering and rings denotation in
flavonoids.

Recently, for eight flavonoids (Fig. 2), all three
mechanisms of phenolic antioxidant action are being
studied in the gas-phase [22], non-polar benzene and
polar water. Selected group of flavonoids enables to
evaluate the effects of various structural features,
such as presence of certain hydroxy groups (3’-OH,
3-OH, 5-OH), C2=C3 double bond and C4=0 keto
group in the molecules on investigated reaction
enthalpies.

OH O

eyanidin
OH

OH
HO ] o O
OH

taxifolin OH

HO Lo}
! OH
OH O epicatechin

Lowest gas-phase O—H bond dissociati-
on enthalpies (HAT) and proton affinities
(SPLET) have been found usually for 4’-
OH groups at ring B. In the second step of

ET-PT mechanism, formation of radicals
at 4’-OH position is again favored, as it
can be expected from the thermodynamic
cycle. For apigenin in water, the lowest PA
was obtained for 7-OH, while the lowest
BDE was found for 4’-OH group. These
results are in accordance to experimental
work of Musialik et al. [6], where it was
found that in ionization supporting sol-
vents, SPLET runs in ring A from ionized
7-OH group of quercetin and HAT/SET-
-PT occurs from 3’,4’-dihydroxy moiety.
Contrary to the gas-phase, in water all PAs
are significantly lower than correspon-
ding BDEs. The study of the solvent effect
on individual BDEs, IPs, PDEs, PAs and
ETEs for the remaining seven flavonoids
is under progress.

Sterols

Phytosterols, as components of human
diet, received much attention because of
their cholesterol-lowering and reported
antioxidant properties [3]. Sterols having
double bond between C5 and C6 atoms
(Fig. 4) in sterol nucleus are called A’-ste-
rols. Another group of sterols, A’-sterols,
has double bond between C7 and C8 car-



bons [3]. We have performed the first theoretical
study of sterols oxidation in terms of O—H and
C—H BDE:s. For seventeen

A’- and A’-sterols, BDEs were calculated for
reported sites of oxidation attack [23]. Obtained
results indicate that A’-sterols are more suscepti-
ble to oxidation attack in comparison to

A’-sterols. In sterol nuclei, the lowest BDE was
found for C7-H bond in A’-sterols and for C14-
—H in A’-sterols. Homolytic cleavage of hydroxyl
O—H bond requires larger energy in comparison
to studied C—H bonds. We have shown that C-H
bonds with lowest BDE values actually corre-
spond to the dominant sites of oxidation attack.
Recently, the study of sterols with more than one
C=C double bond in nucleus is under progress.

Figure 4.: Atom numbering in sterols

CONCLUSION

Although studied reaction enthalpies repre-
sent important characteristics of antioxidants, it
should be noted that the activity of an antioxi-
dant is also affected by the reaction kinetics,
environment (e.g. polar / non-polar solvent or
cellular environment, pH), its concentration and
the presence of other compounds in the system.
Increased amount of antioxidant may not result
in its higher efficiency. Excessive, as well as in-
sufficient, amount of antioxidants in living sys-
tems can be even harmful. Discovery of new and
more effective antioxidants based on naturally
occurring compounds represents one of the main
aims of current research. Equally important aim
is to define optimum concentrations in systems,
where individual antioxidants are employed.
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ABSTRACT

To study the enigmatic role of cytochrome b, in a cytochrome P450 monooxygenase multienzyme
system, the cytochrome b, analogue having methionine residues substituted with photolabile diazi-
rine derivatives (photo-cytochrome b;), was expressed and purified. Reaction mixture containing
cytochrome P450 2B4 (CYP2B4) and photo-b, was photolyzed and separated on SDS-PAGE. The
analysis (high resolution LC-FT-ICR mass spectrometry) of tryptic peptides of formed cross-links
revealed several covalent oligomers composed of CYP2B4 and photo-cytochrome b, in 1:1, 1:2,
and 2:1 molar ratios. The amount of oligomers formed was markedly increased by the presence of
the CYP2B4 substrate diamantane in the reaction mixture showing that this substrate increases the
binding affinity between cytochromes P450 and cytochrome b,.

INTRODUCTION

Cytochrome b, (cyt by) is considered to be a fa-
cultative constituent of a cytochrome P450 mo-
nooxygenase multienzyme system (MFO sys-
tem). This protein is composed of two functional
domains, a soluble heme-containing core, and a
short hydrophobic C-terminal tail, which an-
chors the protein into the microsomal membra-
ne. Cyt b, has been shown to stimulate, inhibit
or have no effect on cytochrome P450-mediated
reactions. These effects might be attributed to
two roles of cyt b.: 1) the direct electron transfer
from cyt b, to cytochrome P450 (CYP) and/or
ii) the induction of conformational changes of
CYP facilitating the substrate binding and/or its
metabolism. However, the mechanism of cyt b,
action has not been fully explained yet. To eluci-
date the protein-protein interactions in the MFO
system, the novel approach based on the chemi-
cal cross-linking of these proteins in the mem-
brane environment was designed and tested.

MATERIAL AND METHODS
PREPARATION OF CYTOCHROME B,
WITH INCORPORATED PHOTO-METHI-
ONINE

Bacterial strain E. coli BL21 (DE3) Gold
was transformed by expression vector pET22b
containing the gene for rabbit cyt b,. Transfor-
med bacteria were cultivated in a LB medium
at 37°C. After washing by PBS, bacteria were
transferred into DMEM-LM with addition of
photo-methionine (pMet) (0.4 mM) and Leu (1.6
mM). Protein production was induced by IPTG
(I mM) and terminated after 1 hour. Membrane
fraction of bacteria was isolated by differential

centrifugation and solubilized by detergents Brij
35 and sodium cholate. Expressed photo-b, was
purified using DEAE-Sepharose CL6B column
chromatography. The incorporation of pMet was
verified by MALDI-TOF analysis. CYP2B4 was
isolated from phenobarbital-induced rabbit liver
microsomes as described elsewhere [1]

Covalent cross-linking

CYP2B4 (2 uM) and photo-cyt b, (13.5 pM)
were reconstituted in DLPC lipids (300 uM) in
the presence/absence of a CYP2B4 substrate —
diamantane (50 pM). Photo-cyt b, was activated
by UV-irradiation (photolyser Oriel equipped
with Hg-Arc lamp emitting 254 nm) for 3 min.
A photolyzed reaction mixture was separated
on SDS-PAGE and formed cross-links analyzed
using high resolution LC-FT-ICR mass spectro-
metry after their digestion with trypsin.

RESULTS AND DISCUSSION

Tandem mass spectrometry of photo-cyt b,
and cyt b, revealed that the highest content of
pMet was after 1 hour of its production. Under
these conditions, more than 30% exchange of
Met for pMet in the resulting photo-cyt b, was
achieved. Using these conditions the large-sca-
le production was carried out and photo-cyt by
was successfully purified. After photoactivation
three hetero-crosslinks were detected on SDS-
-PAGE. The analysis of their tryptic peptides
revealed three covalent CYP-cyt b, oligomers
composed of CYP2B4 and cyt b, in 1:1, 1:2,
and 2:1 molar ratios. The amount of oligomers
formed was markedly increased by the presence
of diamantane (CYP2B4 substrate) in the reac-
tion mixture (see Fig. 1). This observation is in
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agreement with the experimental evidence that [3]

the CYP substrate enhances the binding affini-
ty between CYP and cyt b,. It appears that CYP
and cyt b, have a rather complex interaction; in
addition to interactions described for their cyto-
sol-exposed regions [2], our data show that they
interact also in the microsomal membrane by
their membrane anchors. To our best knowledge
this protein-protein interaction was directly pro-
ved for the first time. Thus, the obtained data in
conjuction with our previous results of chemical
cross-linking will allow refining in silico models
of CYP - b, interactions.

Figure 1. Photocross-linking of photo-cyt b,
and CYP2B4. Scheme depicts a possible loca-
tion of photo-Met (asterisks) in the membrane
exposed C-terminal domain of cyt b, (Panel A).
Photolysed reaction mixture containing CYP2B4
and photo-cyt b, was separated on SDS-PAGE
(Panel B). Violet frames mark newly formed pro-
tein bands composed of CYP2B4 and cyt b, after
photoactivation. For all samples 15% separation
gel was used. St — standard Mw, 1 — photo-cyt b,
(control), 2 — CYP2B4 + photo-cyt b,, 3 — CY-
P2B4 + photo-cyt b, + diamantane, 4 — CYP2B4
(control).

A B

= 2x CYP + cyt-bs
= CYP +2x cyt-bs
= CYP +1x cyt-bs

- —— < CYP284
photo-cyt bs n-ﬁ_g « L+ oytbs
st 1 2 3 4
CONCLUSION

Recombinant photo-cyt b, was successful pre-
pared (~30% incorporation photo-methionine)
and proved to covalently link through its photoa-
ctivated diazirine to CYP2B4 in the membranous
environment.
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ABSTRACT

We present the most common methods for preparation of porous silicon by means of the electro-
chemical etching of crystalline silicon in hydrofluoric acid and ethanol mixture. Although porous
silicon is a material with many applications in various fields, the detailed mechanism of its elect-
rochemical formation is not clarified yet. Present models are based on experimental observations
that the etching of crystalline silicon results in its partial dissolution and a release of hydrogen.
Results of porous silicon electrochemical preparation in electrolyte of various HF concentration

and gravimetric characterization are presented.

INTRODUCTION

Porous silicon is prepared by etching of crys-
talline silicon hydrofluoric acid. There are two
ways, chemical and electrochemical. Electro-
chemical method is due to its simplicity and
reproducibility more used. The properties of
the porous layers are dependent on many fac-
tors. We can modify the properties of resulting
porous silicon by the type of silicon substrate
(doping, concentration of impurities, crystallo-
graphic orientation), by the preparation condi-
tions (composition of the etching electrolyte,
current density, etching time) and storage of the
prepared sample. Porous silicon is formed in the
presence of fluoride ions during the dissolution
at constant anodic current. For the anodic oxida-
tion a two electrode setup is usually used; sili-
con substrate is connected as the anode and the
platinum electrode as the cathode we use as an
electrolyte the mixture of hydrofluoric acid and
ethanol in a Teflon cell.

The first models of the electrochemical et-
ching of crystalline silicon in hydrofluoric acid
on the surface of silicon assumed formation of
Si-F bonds. More detailed study found that in
fact Si-H bonds are formed [1]. The complete
mechanism of electrochemical etching of po-
rous silicon is not known yet [2]. There are se-
veral models of possible mechanism for porous
silicon formation. Probably the most accurate
description enable models by Turner [3] and by
Lehmann and Gésele [4]. These two models are
based on the fact that the etching process itself
requires fluoride ions and the positive charge
carriers — holes (h+) — and that during this pro-
cess there is a release of hydrogen.

According to Turner the etching runs by the
following sequence of reactions:

Si + 2HF + Ah" — SiF, + 2H" + 2-M) e
SiF, + 2HF — SiF, + H,
SiF, + 2HF — H_,SiF,

In one step, the number of exchanged charges
is equal to one and leads to formation of Si-H
bonds.

Illustrative model by Lehmann and Gosele
assumes the oxidation of surface Si bonds by
a hole capture followed by electron separation,
which leads to etching silicon in the exchange of
two charge carriers, as shown in Fig 1. [5]

Figure. 1: Model dissolving mechanism of sili-
con fluoride ions

+
H‘ H = F, Si HH Si
o S \, AF NN\ _/
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Si Si( Si Si @ si si Si

SiF+ 2HF — 2H" + SiF,

MATERIAL AND METHODS
Electrochemical preparation

Porous silicon samples were prepared by
electrochemical etching of crystalline silicon
(ON semiconductor Roznov, p-type, (100), p =
10Wem, thickness 0.5 mm). Wafers were etched
in various HF (50%) + ethanol (96%) mixtures
(2:1, 1:1, 1:2, 1:2.5 and 1:3) in a Teflon cell with
two electrodes (Fig. 2). Etching procedure was
performed in galvanostatic mode with home-
build galvanostat for current densities of 2,
5 and 10 mA cm? and etching times of 10, 30
and 60 minutes. Silicon wafer was employed
as the anode, rotation Pt electrode as the cath-
ode (6 mm diameter, rotation speed around 20
rpm). After etching porous silicon samples (di-
ameter of the etched area was around 10 mm)
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were rinsed with distilled water and ethanol and
placed in the evacuated desiccator.

Figure 2.: Diagram of etching cell [6] o : o I

CONCLUSION

Porous silicon samples were prepared by me-
ans of electrochemical etching. Characteristics
of dissolution reaction like dissolution valen-
ce and of prepared samples like porosity and

thickness were determined.
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RESULTS AND DISCUSSION

Typical porous silicon samples prepared at [4]
above-mentioned experimental conditions ex-
hibit bright visible photoluminescence at room [5]
temperature. Photoluminescence properties are
presented in Fig. 3. [6]

Figure 3.: (A) -Spectrum of photoluminescence

of porous silicon, (B) — visible (red) photolumi- (7]
nescence from porous silicon sample under UV
light excitation.
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ABSTRACT

This work is focused on study of corrosion layers using double pulse laser-induced breakdown
spectroscopy. Used artifacts from various locations were made from copper, copper alloy and sil-
ver. The qualitative contents of contaminant elements in the corrosion layer of the surface, which
was created due to soil conditions, was estimated on the basis of the measured results. The el-
emental composition of the alloy itself, from which the artifact was made in the past, was also
determined. The work also deals with depth profiles examination that allows estimating of the
changes of element representation from the corrosion layer on the surface down to the metal core.

The measured data were processed by statistical analysis.

INTRODUCTION

Corrosion products in conservation and res-
toration practice are usually undesirable phe-
nomena on the surface of metals. Nevertheless
they can be a valuable source of information for
determination of the origin, function, or dating
the artifact [1]. They allow us to reconstruct the
story of an artifact from the time of its creation

Brass eaning, early medieval  Simple camings, early
(950-1200), Nechvalin
(Hodonin district, South
Moravian region)

Copper coin metallized with
medieval (800-950), tin
Mikuléice (Hodonin district,

South Moravian region)

until the moment of excavation [2]. The aim of EXPERIMENTAL

this work is an inspection of corrosion products
on metal objects from archaeological sites by
laser-induced breakdown spectroscopy (LIBS).
The purpose of the exploration is an identifi-
cation of the elements present in the corrosion
layers created on metal artifacts. LIBS method
provides information concerning not only the
surface of the object (corrosion products), but
also provides insight into the depth including the
identification of the chemical composition of the
object itself [3]. This method is combined with
X-ray fluorescence (XRF).

EXPERIMENTAL
Archaeological samples

For measurement, several sets of archaeologi-
cal samples were chosen. All objects were made
of copper alloy or silver of different chemical
composition of the alloy, the type of corrosion
layers and location (see tab. 1).

Table 1: Archaeological samples

DP LIBS Instrumentation

Analyses were performed by double pulse
LIBS technique in orthogonal arrangement. The
primary pulse came from Nd: YAG laser (So-
lar LQ-529a) with a flat beam profile (532 nm).
This pulse impacted the sample perpendicular-
ly. Secondary pulse came from Nd: YAG laser
(Quantel Brilliant B, 1064 nm) with a Gaussian
profile and reached the primary microplasma
under normal direction to the primary beam 2
mm above the sample surface. The sample was
placed in an interaction vacuum chamber (Te-
scan LM) on the motorized translation stage mo-
vable in three axes. The emitted radiation was
analyzed using a spectrometer (Andor Mechelle
5000, wavelength range from 200 to 975 nm)
equipped with an iCCD camera (Andor Istar).
Time synchronization of all components was
provided by a digital delay generator (Stanford
Research Systems 545).
X-ray fluorescence Instrumentation

Samples were also subjected to X-ray fluo-
rescence analysis (XRF): handheld X-ray ana-
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lyzer Niton XL3t GOLDD + (X-ray tube with Au
anode (50 kV) and Ag anode in a version for the
analysis of light elements), detector SDD (Silicon
Drift Detector). Scanned area was 1 cm?, the pe-
netration depth app. 0.1 mm below the surface.
The analysis is strongly affected by the surface
of the material. The yielded results depend on
the surface position. The work is mainly focused
on acquisition of depth profiles for monitoring
of changes in elemental composition of layers
created on the surface of artifacts due to adverse
conditions. The measured results can be divided
into two groups of elements. The intensities inc-
rease with depth for the first group of elements,
from which the sample is made (e.g. Cu, Ag, Sn).
On the contrary, the intensities of the group of
corrosion elements decrease with depth (e.g., Mg,
Na, Ca, K, Si).

RESULTS AND DISCUSSION

LIBS analysis of brass earring sample has con-
firmed the expected increasing intensity of spec-
tral lines of copper and zinc. The same behavior
was also seen by the spectral lines of tin and lead
(not shown). Silver, however, had the opposite
trend, and thus it is not the part of the alloy. It
came on the surface in the form of impurity or
subject could have been silver plated in the past.
The corrosion elements are also created by so-
dium, potassium, silicon, magnesium, calcium,
manganese, as well as by iron and aluminum,
because the intensity of their lines gradually de-
creases.
The depth profile of earrings created by LIBS
shows that the intensity of spectral lines of
copper, which is contained in the alloy, is not
very different from elements that are naturally
contained in the corrosion layer. The intensity
of emission line of copper increases sharply to
the third pulse and then decreases sharply. Tin
emission line is detected by the device after the
second pulse and its intensity gradually increases
with increasing depth. It is possible to deduce from
the measured data that the sample is plated with
a thin layer of copper on the surface. The core is
probably composed of an alloy of tin and copper.
The intensity of the emission from the corrosion
layer elements, consisting of calcium, magnesium,
sodium, potassium, manganese, silicon, iron and
aluminum, decreases with an increasing number
of pulses.

Figure 1.: Graph of depth profile of copper
samples

Brass earring Simple earring

Earring Earring

Number of pulses

Statistical analysis was carried out with matrix-
similar samples. To assess the relationship be-
tween the individual samples, elements present
in all samples were selected. Optical emission
spectra from the first to the sixth pulse were
processed because they contained represen-
tative information about the elements in the
corrosion layer. The classical method of prin-
cipal components (PCA — Principal Component
Analysis) was applied.

Plot Components Loadings

The Plot Components Loadings shows that
there is a correlation between calcium and
magnesium, eventually sodium and potassium.
Iron correlates more with alkaline earth metals
(magnesium, calcium). Sodium and potassium
carbonate can be part of crusts and patina. Iron
is fixed similarly. Sodium and potassium are
mobile elements that normally do not form in-
soluble compounds (see fig. 2).

Figure 2.: Graph of component weights (loa-
dings) of copper samples

after 2 pulses after 3 pulses after 6 pulses

Principal Component Scores

Principal Component Scores indicate that the
samples from Mikuléice (M) and a needle
(Je) show a certain degree of similarity in
comparison with an ingot (SI) and a ring (Pr).
With a higher number of pulses there is a
tendency of Mikul¢ice samples to be closer to
each other, while the needle tends to be away
from them (see fig. 3).

Figure 3.: Diagram of the component scores of
copper artefacts

Peapus 2 (scores) Poapu 3 coren) Poapus o scores)

afier 2 pulses affer 3 pulses affer 6 pulses

CONCLUSIONS

Based on the results of analysis of individual
subjects, the information about the elemental
constituents of the corrosion layers formed on
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the surface of artifacts was obtained. Contamination
elements identified in the majority of objects were
sodium, calcium, magnesium, potassium, mangane-
se, silicon, aluminum and iron. Furthermore, it was
possible to identify elements in the alloy artifact.
Depth profiling enables to resolve whether the detec-
ted elements belong to the corrosion layer or to the
alloy. It was also possible to estimate the thickness of
plating by the number of applied laser pulses. X-ray
fluorescence was used as a comparative method.
XRF equipment that was available did not allow in
principle to analyze cores of artifacts, and therefore
it was associated with the LIBS analysis. The results
obtained by statistical evaluation indicate this appro-
ach as a very promising.
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ABSTRACT

The aim of this paper is to compare the electrochemical determination of heavy metals with pa-
raffin impregnated graphite electrode (PIGE) and modified PIGE with carbon nanotubes by cyclic

voltammetry and anodic stripping voltammetry.

INTRODUCTION

Carbon nanotubes (CNT) have become the
subject of intense researches in the last deca-
des because of their unique properties and the
promising applications in any aspect of nano-
technology. Carbon nanotubes have received
considerable attention in the field of electroche-
mical sensing, due to their unique structural,
electronic and chemical properties, for instan-
ce, unique tubular nanostructure, large specific
surface, excellent conductivity, modifiable side-
wall, high conductivity, good biocompatibility,
and so on [1].

Mercury electrodes, namely the hanging mer-
cury drop and the mercury film electrode, have
been commonly used for electrochemical deter-
mination. However, because of its high toxicity,
mercury should be replaced by less toxic or, pre-
ferably, non-toxic electrode materials [2].

In general, carbon electrodes have a number
of advantages over metal electrodes such as
a larger available potential span, lower cost and
higher adsorption capacity. The glassy carbon
electrode (GCE) is always the favorite choice
due to its great inertness to chemical attack,
high electro-conductivity and high purity. PIGE
is also a very useful carbon electrode with the
advantage of low background current, low noise
and fast base-line stabilization. Li and col. from
a comparison of the amperometric and electro-
generated chemiluminescent (ECL) results
concluded that the low-cost PIGE exhibited be-
tter ECL responses and sensitivity than the GCE
and presented excellent stability in aqueous so-
lution [3].

MATERIAL AND METHODS

Basic graphite electrodes with the diameter of 4
mm were impregnated with paraffin in vacuum
for 2 hours to fill all the pores. Then the electro-
des were stripped of the excess paraffin from
the surface and left to cool down. The contact
surface was polished with emery, filter and smo-

oth paper to a mirror-like finish and rinsed with
distilled water. This was provided before each
measurement because of surface regeneration.

A multi-walled carbon nanotubes (MWCNT)
(Sigma-Aldrich, outer diameter 40 — 60 nm, in-
ner diameter 5-10 nm, length 0,5 — 500 pm, pu-
rity 95+%) were used for modification of PIGE
surface. Firstly CNT were purified and carboxy-
lated under reflux in the mixture of concentrated
sulphuric and nitric acid for 6 hours then washed
with distilled water and dried at room tempera-
ture. Than the CNT suspension was made by
dispersing CNT in nitric acid (Img CNT:1ml
nitric acid) and sonicated (ultrasonic bath UC
005 AJ1 TESLA) for 20 min. For electrode mod-
ification the aliquots of CNT suspension were
dropped onto the prepared PIGE surface and left
to dry at the room temperature. Modified elec-
trodes (PIGE/MWCNT) were electrochemically
cleaned before each measurement by immersing
in nitric acid and 5 cyclic voltammograms were
recorded.

All electrochemical measurements were
carried out on a PC-controlled potentiostat
ECASTAT 120 P (Istran, Bratislava). A three
electrode system was used: PIGE as a working
electrode, Ag/AgCl/3 mol dm? KCl as a refer-
ence electrode and Pt electrode as an auxiliary
electrode. We engaged two electrochemical
methods: cyclic voltammetry (CV) and anodic
stripping voltammetry (ASV).

Conditions of CV were: scan rate 50 mV/s,
potential range from 0,9 to -0,9 V. Conditions
of ASV were: polarization before measurement
and potential range were chosen according to
metal anodic peak position, time of adsorption
90 s, polarization after measurement 0,6 V, time
120 s, current range 3 mA and scan rate 50 mV/s.

The standard solutions of Cd(II), Cu(Il),
Hg(II) and Pb(II) of concentration 10 mol dm-
were prepared.

As a supporting electrolyte, 0.2 mol dm™ ace-
tic buffer (pH 5) was used. Passing nitrogen
through the cell provided removing oxygen
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from the buffer and good stirring after addition
of analyte.

All solutions were prepared with distilled wa-
ter.

RESULTS AND DISCUSSION

Different authors dispersed CNT in different
solutions and used different volumes of the CNT
suspension for electrode modification. Zhang
and col. prepared CNT suspension in double-
-distilled water and dropped 20 pl [4], Goyal and
Bishnoi dispersed CNT in N, N-dimethylforma-
mmid and dropped 40 pl [5], Rezaei and col. ad-
ded CNT to HNO, and casted 300 pl [6] on the
electrode surface.

In our experiment CNT in nitric acid suspensi-
on and different volumes of CNT suspension (20-
100 pl) for the modification of the electrode were
used. A total suspension volume on the electrode
surface was pipetting of sequential additions of
20 pl and after each addition it was left to dry.
More CNT suspension on the electrode surface
had higher current response, as can be seen in
Fig. 1. With the volume of 100 ul we can observe
both cathodic and anodic peak in spite of the fact
there was nothing more than just an electrolyte.
In spite of 20 ul seems well, this volume was not
enough to cover whole electrode surface. The-
refore, optimal volume 40 ul of CNT suspension
was chosen. It refers to 3.18 pg mm density of
carbon nanotubes on the electrode surface.

Figure 1: Cyclic voltammograms of supporting
electrolyte provided on PIGE modified with dif-
ferent volumes of CNT suspension.

bare PIGE
200
——
---- soul
——-sou
—..—100u

E/mVvs. Ag/AgCH

For heavy metals (Cd, Cu, Hg, Pb) determi-
nation, cyclic voltammetry (CV) and anodic
stripping voltammetry (ASV) were used. Tab. 1
presents the highest current responses measured
by these two methods performed on PIGE and
PIGE/MWCNT for each metal ion.

Concentration of each heavy metal in the
electrolyte was .5.66x10-6 mol.dm-3 for CV and
4.76x10-7 mol dm-3 for ASV. Comparing the
results, current responses obtained by CV on
PIGE/MWCNT are 63 times higher than that on
PIGE, in average. ASV was used because simi-

lar current responses could be obtained for 10
times lower concentrations. Current responses
obtained by ASV on PIGE/MWCNT are 1.9 ti-
mes higher than that on PIGE, in average.

Table 1: Comparison of the highest current
responses of Cd(1I), Cu(Il), Hg(II), Pb(II) for
modified and unmodified PIGE obtained from
both electrochemical methods

cv ASV

Toas [A], €= 5.66x10° mol dm® [ L [A], ¢ = 476107 mol dm®

Analyte PIGE PIGEMWCNT PIGE PIGEMWCNT
cd 6.71-10¢ 102410 3261107 381102
Cu 29010 10510 225102 280102
Hg 49310° 6.92:10% 104102 332107
Pb 224:10% L18-10° 343107 451102

Fig. 2 illustrates current responses of Cd(II)
provided on PIGE and PIGE/MWCNT obtained
by both CV and ASV. We can clearly see higher
peaks with PIGE/MWCNT on the right side of
the figure. Comparing them, current responses
obtained by CV resulted in 328 times higher re-
sponses on PIGE/MWCNT than that on PIGE,
in average. Current responses obtained by ASV
on PIGE/MWCNT are 1.5 times higher than
that on PIGE, in average. Measurements reali-
zed by CV started with concentration of cadmi-
um 1.96x10-6 mol dm-3 and standard addition
was 50 pl. On the other hand, ASV measure-
ments started with just 1.96x10-7 mol dm-3 and
standard addition was only 10 pl. Records in
Fig. 2 illustrate that increase in current respon-
se is comparable in both CV and ASV.

Figure 2: Cyclic voltammograms on PIGE (a)
and on PIGE/MWCNT (b) and stripping volta-
mmograms on PIGE (c) and on PIGE/MWCNT
(d) of supporting electrolytes (SE) and different
concentrations [mol dm-3] of Cd(II).

PIGE MWCNT/PIGE




CONCLUSION

Methods used in this experiment - CV and ASV -
are quite simple and relatively fast. Carbon electro-
des are more environment-friendly than mercury
electrode and modified ones have excellent proper-
ties and are very good for determination of heavy
metals. The preparation of PIGE and than its modifi-
cation by CNT is effortless and cheap. Procedure of
PIGE modification presented in this paper provides
stabile electrode and offers better current responses
then the bare PIGE.
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ABSTRACT

We employ directly grown microscopic (20 pm and 5 pm) solution-gated field-effect transistors
(SGFET) as a biosensor with H-terminated surface acting as a gate insulator towards solution and
generator of surface conductivity at the same time. Reactive ion etching and photolithographic
processing of a nucleation layer is used to define SGFET patterns. Diamond microstructures are
then grown by microwave plasma enhanced chemical vapor deposition on Si/SiO, substrates. The
area between contacts was covered with photoresist (thickness 3-4 um) to insulate it from the
solution. We show that such 3D transistors including the encapsulation can be easily renewed (cle-
aned from cell medium proteins) by low temperature hydrogen plasma treatment in linear antenna

microwave reactor.

INTRODUCTION

Common diamond field-effect transistors
(FETs) based on hydrogen terminated diamond
surface conductivity are prepared by diverse
technological steps including lithography, lift-
-off, selective oxidation, encapsulation, deposi-
tion of contacts etc. [1, 2]. This is complicated
for renewal of device when used as a biosensor
because proteins and other organic molecules
are persistent on the surface [1]. It was shown by
atomic force microscopy (AFM) that proteins in
this medium create thin inter-layer on the dia-
mond which remains on diamond surface even
after phosphate buffered saline (PBS) and water
rinsing [3].

A direct growth of diamond structures via pa-
tterning of nucleation/seeding layer can repre-
sent an alternative solution [4 - 6].

Therefore, we employ nanocrystalline dia-
mond (NCD) films to fabricate directly grown
FET microchannels (20 um and 5 pm). We show
that such 3D transistors including the encapsu-
lation and gold contacts can be easily recycled
(re-hydrogenated) just by low temperature hyd-
rogenation process performed in linear antenna
reactor [7] and that this process cleans diamond
surfaces from proteins.

MATERIAL AND METHODS

Fabrication of directly grown NCD channels
Directly grown NCD FET channels were

prepared by photolithographic processing with

two polymer layers and by reactive ion etching

through photolithographic mask [8].
Afterwards, growth of NCD thin films was

performed in a microwave plasma CVD system

(AIXTRON P6) from a methane/hydrogen gas
mixture. Process parameters were as follows:
microwave power 2.5 kW, 1% methane in hyd-
rogen, total gas pressure 50 mbar, substrate tem-
perature 800°C, and total growth time 3 h [8].
The surfaces of diamond films were hydrogena-
ted in pure H plasma at 600°C for 10 min.

Preparation of SGFETs

Source and drain gold contacts were prepared
by thermal evaporation (10 nm of Ti and 50 nm
of Au) followed by lift-off technique. The area
between contacts was covered with positive
photoresist OFPR (thickness 3-4 um) and deep
UV curing of resist for hardening and biocom-
patibility was applied.

Low temperature hydrogenation

Commonly used relatively high substrate tem-
peratures (T > 600°C) during diamond growth
and hydrogenation lead to partial or complete
damage of the metal electrodes or other electro-
nic parts [9]. Thus, 3D transistors including the
encapsulation (resist OFPR), gold contacts and
with adsorbed proteins on diamond surface were
exposed to hydrogen plasma using low tempera-
ture in linear antenna plasma system (Roth and
Rau). The main advantage of this system is a
larger distance between the high-density plasma
region and the sample surface (50-100 mm) [10,
11]. Hydrogen termination at 200°C performed
in linear antenna plasma system is efficient to
induce hydrogen-terminated conductive sur-
faces and no damage of polymer-based passi-
vating layer (SU8) as well as Au contacts was
observed [11]. In our case samples were exposed
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to hydrogen plasma at the following conditions:
microwave power 1000 W, vacuum pressure
0.3 mbar, 100 sccm of hydrogen flow, and pro-
cessing time 30 min. The substrate temperature
was 200°C.

AFM study of protein layer

Study of protein layer was performed using
AFM on monocrystalline diamond (MCD). To
check the effectiveness of low temperature hyd-
rogen termination fetal bovine serum (FBS) was
adsorbed on the surface of MCD from 15% FBS
solution for 10min. The thickness of protein layer
was measured in air using contact mode nanosha-
ving [12, 13]. Then, the low temperature hydro-
gen termination was performed and the protein
thickness was measured again using the same
method.

RESULTS AND DISCUSSION

After application of FBS, the SGFET conducti-
vity decreased as reflected by the shift of transfer
characteristics by -50 mV. This shift is perma-
nent even after rinsing by diverse solution. This
is in full agreement with our results on conven-
tional planar SGFETs where a thin protein layer
remains on diamond surfaces in spite of sample
rinsing [1, 2].

AFM results in Figure 1 show that low tempe-
rature hydrogen termination in linear antenna
plasma removed this FBS protein layer from the
monocrystalline diamond surface successfully
(unlike the solutions). Only < 1 nm thin layer
(probably some hydrocarbons) remains on the
surface and should be taken into account in fu-
ture experiments.

Figure 1.: AFM study of protein layer before and
after low-T hydrogenation

1) Before adsorption  2) After FBS adsorption

3) After low-T hydrogenation

(in Roth and Rau)

!
|
i

t= -0.2:0.9 nm

first order fit lines, fit line by area, average height difference for height, RMS for error

t= 42:1.0 nm

t= 0409 nm

Fig. 2 shows I(V) characteristics of pristine de-
vice, after adsorption of FBS and after low tem-
perature hydrogenation in linear antenna plasma
system. It is evidenced that the H-terminated
surface was refreshed after low temperature hyd-
rogen plasma treatment and the SGFET channel
conductivity is recovering towards the initial va-
lues.

The quality of encapsulation resist layer and

contacts remains similar based on optical
microscope inspection. Yet, profilometry me-
asurements showed that resist thickness dec-
reased after low-T hydrogenation in the linear
plasma system from 3.2 um to 2.3 um (etching
rate 30 nm/min). This may be limitation for re-
peated device renewal. Nevertheless, the resist
material still leaves room for optimization.

Figure 2.: I (V) characteristics of three-di-
mensional diamond transistor channel in pris-
tine state, after protein adsorption, and after
low-T hydrogenation
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0,0 -0,2 -0,4 -0,6 -0,8 -1,0

voltage [V]

CONCLUSION

Low temperature hydrogen termination in
linear antenna plasma successfully removed
FBS proteins from the diamond surface, refre-
shed H-termination and kept the similar quality
of covering resist layer and Au contacts. Thus
such 3D transistors including the encapsulation
and gold contacts can be easily recycled (re-
-hydrogenated) just by low temperature hydro-
genation process performed in linear antenna
reactor (200°C, 30 minutes).
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ABSTRACT

Microenvironment of 1-methylnaphthalene (1-MN) on the surface of ice grains was studied by
fluorescence spectroscopy an environmental scanning electron microscopy (ESEM). Experimen-
tal observations and results of molecular dynamics (MD) simulations, DFT and CC2 calculations

were compared.

INTRODUCTION

Ice surface is an environment with unique
properties significantly different from those
of aqueous solution. Impurities present in
a solution (prior to freezing) are expelled
from the ice lattice [1] to the boundaries of
ice grains.

Freezing-induced aggregation of methy-
lene blue[2] and enhanced protonation of
cresol red [3] was observed in frozen aque-
ous solutions. It was reported that similar
effect occurs in the frozen aqueous solutions
of inorganic compounds [4; 5] and accelera-
tes reactions in troposphere.

Photochemical transformations of organic
compounds in ice lead to products different
from those produced by irradiation of solu-
tion [6; 7] Their toxicity is higher , which
poses an environmental threat[8; 9]. Under-
standing the fate of organic compounds on
the ice surface is essential.

PREPARATION OF SAMPLES
METHODS OF MEASUREMENT

1-MN was deposited on the surface of ar-
tificial snow grains from vapors at 238 K.
Amount of 1-MN deposited on snow was
dependent on duration of deposition and
was determined by UV-Vis spectroscopy (in
melted snow). The specific surface area of
this snow (produced by spraying very fine
droplets of pure water from a nebulizer into
liquid nitrogen) was 1.1 x 10* cm? g!. AMIN-
CO —Bowman Series 2 Spectrofluorometer
was employed for fluorescence measure-
ments. Amount of 1-MN deposited on snow
was dependent on duration of deposition and
was determined by UV-Vis spectroscopy (in
melted snow). The specific surface area of
this snow (produced by spraying fine dro-
plets of pure water from a nebulizer into
liquid nitrogen) was 1.1 x 10* cm? g'. Sur-
face coverage by 1-MN was calculated for
each sample.

AND

RESULTS AND DISCUSSION

Fluorescence emission spectra of samples with
different surface loading (mol.kg ™) and spectrum of
neat 1-MN at 77 K are shown (Figure 1.) Samples
with low surface loading exhibited dominant emis-
sion bands of monomer (318 nm , 323 nm, 327 nm,
332 nm, 338 nm, 344 nm, 350 nm), while samples
with higher surface loading showed bands of mono-
mer as well as bands of excimer (360 nm, 400 nm,
430 nm). Bands of excimer were clearly dominant
at highest surface loading.

Figure 1.: Fluorescence emission spectra of neat
1-MN (dotted line — d) and 1-MN deposited on the
surface of artificial snow. Surface loading :

5 x 10—6 (green line - a) ,7 x 10—5 (blue line — b)
and 9 x 10-5 (red line — ¢). Measured at 77 K.

1
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360 390
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CONCLUSION

Weak excimer fluorescence was observed for a
loading of 5 x 10-6 mol kg-1, which is 2-3 orders
of magnitude below monolayer coverage. However,
formation of excimers is favored at higher surface
loadings (5 x 10-5 mol kg-1), albeit still being below
monolayer coverage. The calculations of excited sta-
tes of monomer and associated moieties suggested
that a parallel-displaced arrangement is responsible
for the excimer emission observed experimentally
[10].
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ABSTRACT

When a dilute aqueous solution of salt is frozen rapidly, cations and anions are not equally
incorporated into the ice lattice. The charge separation generates large potential difference be-
tween ice and unfrozen solution during freezing, as large as tens or even hundreds of volts [1].
The freezing potential is a strictly nonequilibrium effect. It is dependent on salt species and con-
centration, ice growth rate, ice crystal orientation, and time [2]. In general, results of previous
workers correspond as regards sign but differ as regards magnitude [3].

This phenomenon was discovered more than 60 years ago [4] but remains poorly understood.
Such a large electric potential might participate in denaturation of proteins and damage of cells
when biological and biochemical samples are frozen [5]. Thus, understanding of the freezing
potential might be applied in the field of cryopreservation. The goal of our work is to measure
the freezing potential under various conditions and compare the results with pH changes and
enzyme denaturation during freezing.

For the purpose of measuring the freezing C—
potential, a special apparatus was construc- I R |
ted (Figure 1). A sample was put into a glass j L L

tube with two platinum electrodes. One of
the electrodes was at the bottom of the tube;
the latter was placed in the solution near a
water-level. The sample was cooled from
the bottom. When the ice front got beyond
the bottom electrode, an abrupt change in
potential was observed. The freezing poten-
tial of various solutes has been measured
and the results will be discussed. CL
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ABSTRACT

We present a method for determination of the similarity among cyanobacteria by comparing co-
ding information in whole genome. This method is based on comparing orthologous genes of the
analysed organisms. The number of the orthologous genes can be found by Needleman-Wunsch
algorithm. There are two ways how to analyses orthologous genes: first is to rate the significance
of diagonal plot, second is to count the number of genes with defined score. We constructed di-
stance tree from number of orthologous genes with score more than 0.8. This distance tree was
compared with two distance trees presented in literature.

INTRODUCTION beana variabilis, and Trichodesmium erythrae-
Cyanobacteria are aquatic and photosynthetic um. Complete genomes of these organisms were
bacteria living in the water. They are small, uni- downloaded from NCBI (National Centre for
cellular and often grow in colonies. Cyanobacte- Biotechnology Information) databases. NCBI
ria are still highly studied organism. One of the identification numbers, size of genomes in base
main reasons is that cyanobacteria have played a pairs, and numbers of coding regions of the rele-
significant role in Earth history as primary pro- vant sequences are listed in Table 1.
ducers and the ultimate source of atmospheric
oxygen. Until now, however, how and when the Table 1: Cyanobacteria sequences used in the
group diversified has remained unclear. Another study.
reason is that plastids or chloroplasts are descen- :
dants of an ancestral cyanobacterium and we .

Genome  Number of coding

. . . Organism NCBIID \ oth bop] regions
still do not know which cyanobacteria was the ——ramme NCo0eE B o
most similar to the plastid ancestor. T estocsp FCC T LR 555

Phylogenetic trees of cyanobacteria family ————-—0uHm ORISR T ko E

7

have been determined by various methods and
described in literature. Comparison of the bac-
terial 16S rRNA gene sequence has emerged as . .
a preferred genetic technique because 16S rRNA | We used global alignment of each pair of co-
is highly conserved between different species of 4ing regions to compare these genomes. Co-
bacteria [1]. Many authors have studied the rela- ding regions were represented by amino acid
tionships based on 168 rRNA and their results Sequences, which are the rpsult of tran§lat10n.
are similar or slightly different [2, 3, 4]. Deter- Needleman-Wunsch algorithm [7] with the

Trichodesmium erythraeum NC_008312 7750 108 4451

mination of relationship based on the compari-
son of gene families is presented in [5] and [6].

Similarities among cyanobacteria can be sear-
ched by comparing coding information in their
whole genomes. It may provide for more accura-
te results and reveal inaccuracies in phylogene-
tic relationship based on observing a single gene
(16S rRNA) or family of genes. We propose a
method of comparing the cyanobacteria based
on searching orthologous genes.

MATERIAL AND METHODS
Four cyanobacteria were chosen for the study:
Nostoc punctiforme, Nostoc sp. PCC 7120, Ana-

BLOSUMS50 scoring matrix was used as an alig-
nment algorithm.

The overall score of global alignment by Ne-
edleman—Wunsch algorithm is affected by the
length of the sequences. Long sequences tend to
higher (or lower) scores than shorter sequences.
Therefore, the overall scores were normalized
by dividing by the score obtained using global
alignment the second sequence with itself [8].
The maximum normalized score is equal to 1
and occurs in the case of identical sequences.
After the determination of normalized score be-
tween every coding region, numbers of ortholo-
gous genes corresponded with normalized score
were determined.

Most of prokaryotic genomes are circular and
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the beginning of linear sequences stored in da-
tabases is arbitrary. Thus, first step of the pro-
posed analysis method is to find fiducial points
in all sequences to obtain the “corresponding
beginnings”. This technique is explained in the
example of comparison the Nostoc sp. PCC 7120
and Anabeana variabilis. The Fig. 1 A

Figure 1: Coding region with normalized score
> (.8; axis represents the order of coding region
in genome; A: without change in order of coding
regions, B: rotation of the first 2 000 coding regi-
ons in Nostoc sp. PCC 7120

cooIy
Bd g
o]
,

0
#

Nostos sp. PCC 7120 (N

g abgd

o mn me @ w0
Ansbeans variabilis(NC_00741%)

o

depicts the normalized score between the
coding regions, which is higher than 0.8. We
applied rotation of the first 2 000 coding regions
in Nostoc sp. PCC 7120 and obtained a result
shown in Fig. 1 B. In this figure, we can see dia-
gonal lines, which represent relative ordering of
genes on chromosomes between two organisms.
Thus, we found that the order of first coding regi-
on in Anabeana variabilis corresponds to 2001th
coding region in Nostoc sp. PCC 7120.

RESULTS AND DISCUSSION

We can analyze the obtained data in two ways.
First, we can rate the significance of diagonal
lines. Second, we can count number of genes
(coding parts) with defined normalized score —
number of orthologous genes.

Each diagonal line is created by a group of ge-
nes with the same order in both organisms. The
diagonal lines depicted on Fig. 1. B can only be
seen for closely related organisms. We compared
Nostoc sp. PCC 7120 sequence with other orga-
nism sequences and the results are depicted on
Fig. 2. By analyzing the diagonal lines we state
that the most related sequence to Nostoc sp. PCC
7120 is Anabeana variabilis. In other plots of nor-
malized scores greater than 0.8, we cannot see
diagonal lines and thus the relationship among
those organisms cannot be determined.

Figure 2: Comparison of orthologous genes
between Nostoc sp. PCC 7120 and other orga-
nisms

Nostoc sp. PCC 7120
BEbBEBb a8,

e =
Trichodesmium erythracum Nostoc punetiforme

Ansbeana variabilis

We analyzed a number of orthologous genes
between each pair of chosen organisms. Depen-
dence of the number of the genes on the nor-
malized score is depicted in Fig.3. The values
in this figure correspond with number of genes
greater than normalized score. The distribution
of genes among chosen organisms is similar.

To evaluate the relationship between organi-
sms, we constructed distance tree using cluste-
ring with the Unweighted Pair Group Method
with Arithmetic Mean (UPGMA) from ortho-
logous genes with normalized score greater
than 0.8. Result of this method is depicted in
Fig. 4 as a dendrogram. The analyzed organi-
sms were included in studies [5] and [6] with
resulting trees showed in Fig. 5. The tree on
Fig. 5 A is based on plastid-encoded proteins
and considers

Figure 3: Dependence of the number of genes
on normalized score between pair of organisms
(numbers in legend corresponds with Tab. 1),
values on axis y corresponds with number of
genes greater than normalized score on axis x
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Figure 4: Distance tree from orthologous ge-
nes with score > 0.8

Trick erythragum

Nostoc punctiforme

Anabeana variabilis

I: Mostoc sp. PCC 7120
Figure 5: Related distance trees presented
in [5] and [6]. Red dots indicate the organisms
analyzed in this paper. A: tree based on plas-
tid-encoded proteins [6], B: tree constructed by

hidden Markov model from sequences of pro-
teins of known structure [5]
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Anabaena variabilis and Nostoc sp. PCC 7120 as
most related organisms among chosen for analysis.
Another tree on Fig. 5 B is constructed by a hidden
Markov model (HMM) from sequences of proteins
of known structure. According this tree, Nostoc [5]
punctiforme is closely related to Anabaena variabilis
and Nostoc sp. PCC 7120. Overall, our distance tree
is more similar to the tree created by comparing the
plastid-encoded proteins (Fig. 5 A).

CONCLUSION

We presented a method to find fiducial points in [6]
sequences to obtain “corresponding beginnings” of
circular genomes. This method is suitable only for
organisms closely related with the nearly same order
of orthologous genes. This condition is met e.g. for
Nostoc sp. PCC 7120 and Anabeana variabilis. We
found that the order of the 1st coding region in Ana- [7]
beana variabilis corresponds with the 2001th coding
region in Nostoc sp. PCC 7120.

We counted the number of genes for different va-
lues of normalized score and from the number of
genes with score > 0.8 we calculated the distance
tree by UPGMA method. The distance was compa- [8]
red with other two trees presented in literature. The
distribution of organisms by our method is similar
as the distribution in trees presented in literature.
We assume that the presented method based on com-
paring the coding information in whole genome is
suitable for comparison of relationship. Our method
is - in principle - more accurate than methods based
on comparison of few selected genes.
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ABSTRACT

Bare and DNA modified screen printed carbon electrodes were tested against fouling in solutions
containing surface active compounds like polyethylene glycol (PEG), Triton X100, and sodium do-
decylsulphate (SDS) using cyclic voltammetry with the [Fe(CN),J**" redox indicator and electro-
chemical impedance spectroscopy. Polymer protective membranes were introduced on the surface

of electrodes and the sensors were applied to tests of tea and beer.

INTRODUCTION

On the topic of DNA based biosensors there
is a large research activity as they represent
effective tools for tests of DNA association inte-
ractions with low molecular weight compounds
like drugs and chemicals as well as tests of
effects of various chemical and physical agents
on DNA structure and its integrity [1, 2]. Dispo-
sable electrochemical biosensors are of particu-
lar interest as rather simple sensors used mostly
at screening and warning tests [3]. Such sensors
were also applied to tests of food samples and
waste water [4]. Together with building stability
of the biosensors, interferences by surface active
compounds represent the biggest problems at
the application of in systems containing surface
active compounds. Here, we report on effect of
standard surface active compounds PEG, Triton
X100 and SDS as well as tea extract and beer on
the commercial screen printed carbon electrode
(SPCE) and DNA/SPCE biosensors and on
effect of some protective polymer films placed
on the SPCE and DNA/SPCE electrodes.

2. MATERIAL AND METHODS

Reagents

Salmon sperm dsDNA with low molecular
weight (product No. 31149) was obtained from
Sigma-Aldrich, Germany. Its stock solution (0.5
mg ml™') was prepared in 0.1 mol I"! phospha-
te buffer solution (PBS) of pH 7.0 and stored
at —4 °C. Chitosan (from shrimp shells) of low
viscosity (CHIT) was obtained from Fluka, Ger-
many (product No. 50494). Its 0.5% (w/w) solu-
tion was prepared in 1% (v/v) acetic acid (99.8%,
Lachema, Czech Republic) and filtered through
a simple paper strip. The final CHIT solution

was of pH 5.0 [24]. Nafion preparative was di-
luted to 1% by PBS. Polyethylene glycol, Triton
X100 and sodium dodecylsulphate were used
in concentration of 1 mg 7. Tea extracts were
prepared using commercial black tea bags and
recommended 5 min extraction with hot water
(98 C). Then, the extracts were cooled to ambi-
ent temperature. Commercial beer was used as
received after 10 min staying at open air.

Apparatus and measurements

Voltammetric measurements were performed
using the potentiostat Autolab PGSTAT-100
and the software GPES version 4.9.005 (Eco
Chemie, Netherlands). EIS measurements were
carried out on the Autolab using impedance
module FRA2 driven by software FRA version
4.9.006 (Eco Chemie, Netherlands). Screen-
-printed carbon electrode assembly (SPCE) con-
sisting of a carbon working electrode (25 mm?
geometric surface area), a silver/silver chloride
reference electrode (Ag/AgCl/SPCE) (potential
of 0.284 V vs conventional Ag/AgCl/saturated
KCI electrode) and the same counter electrode
was obtained from Food Research Institute, Bio-
center, Modra, Slovakia.

The SPCE surface was pretreated first by
applying a potential of +1600 mV for 120 s and
+1800 mV for 60 s in 10 ml of acetate buffer so-
lution (0.25 mol I'! containing 10 mmol "' KCI,
pH 4.75), under stirring. During this procedure
contaminants present on the carbon surface are
oxidized and the surface is activated for DNA
immobilization. Then, 5 pl of dsDNA stock
solution were deposited and let to evaporate to
dryness. Protective membranes have been pre-
pared by application of 5 ul of the polymer solu-
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tion and evaporation to dryness.

The cyclic voltammograms of a 1:1 mixture of
1x107* mol I'' [Fe(CN),**" in 0.1 mol 1! PBS of
pH 7.0 were recorded from =800 mV to 750 mV
using the scan rate 50 mV s, the step potential 5
mV and evaluated against the CV record obtained
in blank PBS. EIS measurements were carried
out in the presence of 1x10~* mol I"' [Fe(CN) "+
in 0.1 mol I"' PBS of pH 7.0 at the potential 0.1
V, within the frequency range 0.1-5000 Hz and
using the potential amplitude 10 mV [5].

RESULTS AND DISCUSSION

Three types of electrodes, i.e. bare SPCE,
simple DNA/SPCE biosensors, polymer cove-
red SPCE (Nafion/SPCE and CHIT/SPCE) and
DNA/SPCE (Nafion/DNA/SPCE and CHIT/
DNA/SPCE) have been prepared and investiga-
ted regarding the CV anodic peak current (, D
and peak to peak potential separatlon (AE ) of
110 mol 1" [Fe(CN),J*** in 0.1 mol I' PBS of
pH 7.0. In addition, electrochemical impedimet-
ric spectra have been obtained and the charge
transfer resistance (R ) as described in Experi-
mental.

Then, bare SPCE and simple DNA/SPCE have
been incubated in solutions of selected surface
active compounds such as polyethylene glycol
(PEG), Triton X100, and sodium dodecylsulpha-
te (SDS) for 2, 5, and 15 min under stirring and,
after medium exchange, the CV and EIS expe-
riments have been performed. The I " AEp and
R responses have been evaluated which exhibit
some shift with time of the electrode incubati-
on indicating effect of individual surface active
compounds on the sensor behavior. Generally, an
increase in I and decrease in R  responses as
well as decrease in AE_have been found which
may indicate change of the electrode composition
due to some loss of pasting liquid under action of
surfactants, particularly Triton X100.

Moreover, black tea extracts and beer have been
tested regarding their effect on the I AE andR
values for the electrodes without and with poly—
mer protective membranes. Rather strong SPCE
and DNA/SPCE fouling indicated by decrease in
I  and increase in AE and R  was observed with
some dependence on incubation time, the last one
particularly for beer. While the Nafion membra-
ne has helped significantly to protect the sensors
against surfactant of tea, the chitosan film has
been more effective barrier in the case of beer.

CONCLUSION

Surface active compounds in tested solution ex-
hibit an influence on the bare and DNA modified
carbon electrodes voltammetric and electrical re-
sponses depending on type of the compound and
time of incubation. Polymer membranes deposi-
ted on the electrodes have been shown to avoid

to some degree electrode fouling and diminish
response changes with incubation time.
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ABSTRACT

Copper(Il) complexes with 1,10-phenantroline and derivatives of salicylic acid with potential
biological activity were prepared and characterised using X-ray and EPR spectroscopy. It has been
shown that copper forms monomeric and dimeric complexes with penta- or hexa-coordination
around the copper atom. The EPR spectra show typical characteristics of solid state copper(I1I)

complexes. A weak exchange interaction between copper centres was observed.

INTRODUCTION

Copper ions are important in a broad range of
intracellular processes under both normal and
pathological conditions [1]. In particular copper
functions as a cofactor in the mechanism of
tumour angiogenesis. It has been reported that
the copper complex with 1,10-phenanthroline is
able to induce formation of free radicals which
in turn degradate DNA under in vitro conditi-
ons [2]. The mechanism of action of this com-
plex is derived from the potential intercalation
of planar phenanthroline into DNA and the in
situ generation of free radicals, predominantly
hydroxyl radicals mediated by the presence of
Cu(IT) [3]. A necessity for the biological activi-
ty of the copper(ll)-phenantroline complex is
the presence of reducing ligands - agents such
as glutathione, ascorbate, salicylate or organic
thiols, all of which can mediate the formation of
free radicals through the redox cycling process
between cupric and cuprous ions [4].

These results have directed our attention on
the preparation and physical characterization
of potentially bioactive copper(ll) phenantro-
line complexes with anions of derivatives of
salicylic acid. Mono-deprotonated salicylic acid
in the presence of metal ions leads to comple-
xes containing the OHC H,COO anion. Further
deprotonation leads to the formation of the
OCH,COO* anion.

2. MATERIAL AND METHODS
Experimental part

Synthesis

The copper complexes were prepared simi-
larly to methods described elsewhere [5]. The

following copper complexes were prepared and
studied:

[Cu(phen)(3,5-Cl sal)(3,5-Cl,salH,)],, [Cu(-
phen)(5-Clsal)(5-ClsalH,)],,  [Cu(phen)(4-Cl-
sal)],, [Cu(phen)(5-Brsal)(EtOH)].

Apparatus and equipment

Data collection and cell refinement of presen-
ted complexes were carried out using a Gemini
R CCD (Oxford Diffraction) diffractometer. In-
tensity data were corrected for Lorenz and po-
larization factors. The structure was solved by
the direct methods with SHELXS-97 [6] or SIR-
97 [7], and subsequent Fourier synthesis using
SHELXL-97 [6]. Geometrical analysis was per-
formed using the SHELXL-97 and the structure
was drawn using XP in SHELXTL program [6].

EPR spectra were measured in solid poly-
crystalline state at room temperature (290 K)
using a Bruker EMX spectrometer (operating
at X-band, with 100-kHz field modulation).
The g-factors were quoted with an uncertainty
of +£0.001 using an internal reference standard
marker containing 1,1-diphenyl-2-picrylhydra-
zyl (DPPH) built into the EPR spectrometer.

RESULTS AND DISCUSSION

The structure of [Cu(phen)(3,5-Cl sal)(3,5-Cl-
,salH ), (1) is shown in Figure 1 and exhibits
dinuclear molecular structure. Each copper
atom is hexa-coordinated by two oxygen atoms
(fenolic group Ol, and carboxylic group O3),
two nitrogens of pyridine rings of phenanthro-
line ligands (N1, N2), and two oxygen atoms of
the fenolic group (3a) and the carboxylic group
of coordinated molecules of 3,5-dichlorsalicylic
acid (O4) in apical positions.

121



122

Figure 1. Structure of complex [Cu(phen)
(3,5-Clsal)(3,5-Cl,salH,)], of 1

The complex [Cu(phen)(5-Clsal)(5-ClsalH,)],
(2) is shown in Figure 2. It also has a dimeric
structure with hexa coordinated Cu atoms but
with some longer and presumably weaker bonds
indicated by the dotted lines.

Figure 2.: Structure of complex [Cu(phen)(5-Cl-
sal)(5-ClsalH,)], of 2

The structure of [Cu(phen)(4-Clsal)], is shown
in Figure 3. It is also dinuclear, but each copper
atom is only five coordinated by two phenanthro-
line nitrogen ato-icylate(2-) anions (O1, O2) and
the axial position is occupied by fenolic oxygen
atom (O1A) of bridging 4-chlorsalicylate(2-) ani-
ons.

Figure 3. Structure of complex [Cu(phen)
(4-Clsal)], of 3

The complex [Cu(phen)(5-Brsal)(EtOH)]

shown in Figure 4 has only a mononuclear
molecular structure, and the copper atom is
attached to two phenanthroline nitrogen atoms
(N1, N2), with two oxygen atoms of 5-bromsa-
licylate(2-) anions (O1, O3) and the axial po-
sition is occupied by the oxygen atom (O4) of
coordinated ethanol molecule.

Figure 4 Structure of complex [Cu(phen)
(5-Brsal)(EtOH)] of 4

[Cu(phen)(4-Clsal)],
2400 2700 3000 3300 3600 3900
Magnetic field (Gauss)

Figure 5 The EPR spectrum of [Cu(phen)
(4-Clsal)], of 3 measured in solid state at room
temperature. The g-factors: g, = 2.041, g =
2.222.

The EPR spectra of the complexes were in-
vestigated in the solid state and therefore ex-
hibit typical features of solid state-like EPR
spectra [8].

The EPR spectrum of [Cu(phen)(4-Clsal)], is
shown in Figure 5. The spectrum shows axial
symmetry with features of weak exchange inte-



raction between copper ions. [6]
The EPR spectrum of [Cu(phen)(5-Brsal)(EtOH)]

is given in Figure 6 and shows a singlet line most [7]

probably due to the exchange broadening as a result

of copper-copper interaction.

[Cu(phen)(5-Brsal)(EtOH)] (8]

0 1500 3000 4500 6000
0 1200 2400 3600 4800 6000
Magnetic field (Gauss)

Figure 6 The EPR spectrum of [Cu(phen)(5-Brsal)
(EtOH)] of 4 measured in the solid state at room tem-
perature. Inset shows half-field transition observed
at 1500 Gauss recorded at increased gain. The g-fac-
tors: g, =2.098.
CONCLUSION

The X-ray study of copper(I1l)-phenantroline com-
plexes with derivatives of salicylic acid revealed mo-
nomeric and dimeric complexes with penta- or he-
xa-coordination around the copper atom. The solid
state EPR spectra are in agreement with the X-ray
conclusions.
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ABSTRACT

Aristolochic acid (AA) causes aristolochic acid nephropathy, Balkan endemic nephropathy and
their urothelial malignancies. Using Western blotting, an electrochemical method suitable to de-
termine expression of proteins in tissues of most organisms including humans, we investigated
expression of NAD(P)H:quinone oxidoreductase (NQOL), the most efficient enzyme catalyzing
reductive activation of AAI in several transgenic mouse models. Employing this method, we found
that expression of mouse NQOI is increased in the liver of a mouse model absenting NADPH:cy-
tochrome P450 (Cyp) reductase in the liver, whereas no differences in expression of this enzyme
were detected in the transgenic Cyplal and Cypla2 knock-out, CYPIA-humanized and wild-type
mouse lines. The results found also demonstrate that expression of NQOI protein is induced by
treating mice with AAI, which resulted in an increase in reductive activation of this carcinogen.
Hence, by inducing of NQOI, AAI increases its own activation metabolism leading to reactive
species forming DNA adducts, thereby modulating its own genotoxic potential.

INTRODUCTION

The herbal drug aristolochic acid (AA)
derived from Aristolochia species has been
shown to be the cause of so-called Chinese
herbs nephropathy (CHN), now termed aris-
tolochic acid nephropathy (AAN) [1,2]. The
plant extract AA is a mixture of structurally
related nitrophenanthrene carboxylic acids,
the major components being aristolochic acid
I (AAI) and aristolochic acid IT (AAII). AAN
is a rapidly progressive renal fibrosis that
was observed initially in a group of Belgian
women who had ingested weight loss pills
containing Aristolochia fangchi [3,4]. Within
a few years of taking the pills, AAN patients
also showed a high risk of upper urothelial
tract carcinoma (about 50%) and, subse-
quently, bladder urothelial carcinoma. In the
meantime, similar cases have been reported
elsewhere in Europe and Asia [2]. More re-
cently, exposure to AA has been linked to
Balkan endemic nephropathy (BEN) and its

associated urothelial cancer [5,6]. This nephro-
pathy is endemic in certain rural areas of Serbia,
Bosnia, Croatia, Bulgaria and Romania. Expo-
sure to AA was demonstrated by the identifica-
tion of specific AA-DNA adducts in urothelial
tissue of AAN and BEN patients [2,5-7]. The
most abundant DNA adduct detected in patients
is 7-(deoxyadenosin-N¢-yl)-aristolactam I (dA-
-AAI), which leads to characteristic AT — TA
transversions. Such AT — TA mutations have
been observed in codon 139 (Lys—Stop) of exon
5 of the TP53 tumor suppressor gene in tumors
from AAN and BEN patients [5,6], indicating a
probable molecular mechanism associated with
AA-induced carcinogenesis. AA has recent-
ly been classified as carcinogenic to humans
(Group 1) by the IARC [9].

The activation pathway for AA is nitroreduc-
tion catalyzed by both cytosolic and microsomal
enzymes; in this process NAD(P)H:quinone
oxidoreductase (NQOI1) is the most efficient
cytosolic enzyme [10-12]. In contrast to NQOI,
conjugation enzymes such as human sulfotrans-
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ferases (SULTs, e.g. SULT1AI, 1A2, 1A3, 1E or
2A1) or N,O-acetyltranferases (NATs, e.g. NAT1
or NAT2) were without capacity to activate AA
[13,14]. In human hepatic microsomes AAI is
activated by cytochrome P450 (CYP) 1A2 and to
a lesser extent by CYP1AI; P450 oxidoreductase
(POR) also plays a minor role [15,16]. Whereas
the enzymes catalyzing the reductive activation
of AAI leading to covalent DNA adducts have
been widely investigated, those participating
in its detoxication have been studied to a much
lower extent. Several preliminary studies have
indicated that induction of CYP1A protects mice
from AAl-induced acute renal injury [17]. One
detoxication metabolite identified is 8-hydroxy-
aristolochic acid 1 (aristolochic acid Ia, AAla),
which is formed by AAI demethylation, and
which leads, in turn, to glucuronide or sulfate
esters [18.19]. To identify enzymes involved in
the metabolism of AAI we have recently used
HRN [Hepatic Cytochrome P450 (Cyp) Reducta-
se Null] mice, in which NADPH:Cyp oxidore-
ductase (Por) is deleted in hepatocytes [20] and
the Cyplal(-/-) and Cypla2(-/-) single-knockout
and Cyplal/la2(-/-) double-knockout mouse li-
nes [21]. Human and rodent CYP1Al and 1A2
can oxidize AAI to AAla in vitro [18,21,22] and
CYPIALI and 1A2 in mice appear to mediate this
reaction in vivo [20,22]. CYPIAI and 1A2 also
reductively activate AAI in human and rodent
livers [11,12,15,16,20,23]. In addition, the higher
AAI-DNA adduct levels in HRN than WT mice
were not only the result of the lack of hepatic
AAI demethylation, but also by a higher activity
of mouse cytosolic NQOI1, which activates AAI
[20].

Recently, we have also evaluated the oxida-
tive detoxication and the reductive activation
of AAI mediated by human CYP1Al and 1A2
expressed in other transgenic mouse models.
We have employed two humanized mouse lines,
both carrying functional human CYPIAI and
CYPIA2 genes in place of the orthologous mouse
genes; one line carries the high-affinity aryl
hydrocarbon receptor (AHR) [hCYPIAI 142
Cyplal/la2(-/-) Ahr’"], whereas the other line
carries the poor-affinity AHR [hCYPIAl 142
Cyplal/la2((-/-) _Ahr‘] [24]. The latter line is
believed to be more relevant to human risk as-
sessment vis-a-vis human CYPIAl and CYP1A2
substrates, because poor-affinity, rather than
high-affinity, AHR is known to exist in human
populations. Human and mouse hepatic micro-
somes, and human recombinant CYPs were also
studied. DNA adduct formation in vivo and in
vitro was investigated by the 3?P-postlabeling
method. Urinary AAla and the CYP-mediated
formation of AAla in vitro in hepatic micro-
somes and by human recombinant CYPs were
measured by HPLC [24].

Human CYPIAI and 1A2 were found to be
principally responsible for reductive activa-
tion of AAI to form AAI-DNA adducts, and for
oxidative detoxication to 8-hydroxyaristolochic
acid AAla), both in the intact mouse and in mi-
crosomes. Overall, AAI-DNA adduct levels
were higher in CYP/A-humanized mice relative
to wild-type mice, indicating that expression
of human CYPIAIl and 1A2 in mice leads to
higher AAI bioactivation than in mice contain-
ing the mouse CYPIA1 and 1A2 orthologs [24].
Furthermore, an exclusive role of human CY-
P1AIl and 1A2 in AAI oxidation to AAla was
observed in human liver microsomes under the
aerobic (i.e. oxidative) conditions. The results
suggest that, in addition to CYPIAI and 1A2
expression levels, in vivo oxygen concentration
in specific tissues might affect the balance be-
tween AAI nitroreduction and demethylation,
which in turn would influence tissue-specific
toxicity or carcinogenicity. Nevertheless, the
contribution of either the major enzyme to
reductive activation of AAI, NQOI, or CY-
P1A1/2, might be also dictated by expression of
NQOI in transgenic mouse models employed in
our former study [20,21,24]. Therefore, expres-
sion of NQOI in these mouse models and influ-
encing of this epression by treating them with
AAI remains to be investigated. The Western-
blotting-electrochemical method was used in
this work to evaluate these features.

MATERIAL AND METHODS

Animal Experiments

HRN (Por'®*x+ Cre”'®) mice on a C57BL/6
background (CXR Bioscience Ltd, Dundee,
UK) used in this study were derived as descri-
bed previously [25]. Mice homozygous for loxP
sites at the Por locus (Por'™**) were used as
wild-type (WT). Groups of male HRN and WT
mice (3 months old; 25-30 g; n = 3/group) were
treated orally with a single dose of 10 or 50 mg/
kg body weight (bw) of AAI as described previ-
ously [20]. All procedures with these mouse mo-
dels were carried out under the Animal (Scien-
tific Procedures) Act (1986) in accordance with
UK law, and following local ethical review. Ge-
neration of Cyplal(-/-) [26], Cypla2(-/-) [27],
and Cyplal/la2(-/-) [28] knockout mouse lines
(on a>99.8% C57BL/6J background) have pre-
viously been described. Age matched 57BL/6]
Cypl(+/+) wild-type (WT) mice were purcha-
sed from The Jackson Laboratory (Bar Harbor,
ME, USA). The CYPIA-humanized mice, na-
mely the hCYPIAI 142 Cyplal/la2(-/-) Ahr*
and hCYPIAI 142 Cyplal/la2(-/-) Ahrlines,
both on a >99.8% C57BL/6J background, were
generated as reported [28,29]. Age-matched
C57BL/6J mice WT mice were purchased from
The Jackson Laboratory (Bar Harbor, ME,
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USA). Groups of female mice (3 months old; 25-30
g; n = 4/group) were treated with a single dose of
50 mg/kg body weight AAI by oral gavage as de-
scribed [21,24]. All experiments with these mouse
models were approved by, and conducted in accor-
dance with, the National Institute of Health stan-
dards for the care and use of experimental animals
and the University of Cincinnati Medical Center
Institutional Animal Care and Use Committee. Cy-
tosols from all mouse models used in this study were
isolated from the livers, kidneys and lungs of rats
either untreated (control) and AAl-treated mice as
described [10,20,21,24]. Furthermore, hepatic and
renal cytosols from HRN and WT mice pre-treated
(i.p.) with 125 mg/kg bw benzo[a]pyrene (BaP) dai-
ly for 5 days were obtained from a previous study
[30]. Pooled cytosolic fractions isolated from liver,
likdney and lung of all mouse models were used for
further analysis.

Determination of NQOI1 activity and protein le-
vels by electrochemical determination (Western
blotting)

NQOI antibodies were prepared as described pre-
viously [31]. Immunoquantitation of cytosolic NQOI
was carried out by sodium dodecyl sulfate (SDS)-
-polyacrylamide gel electrophoresis [31]. Human
recombinant NQOI1 (Sigma) was used to identify the
band NOOI in murine cytosols. NQOI activity was
measured essentially as described by Ernster [32],
but the method was improved by addition of cytoch-
rome c¢ [33]. Antibody against glyceraldehyde phos-
phate dehydrogenase (GAPDH) (1:750, Millipore,
MA, USA) was used as loading control.

DNA adduct analysis by *?P-postlabeling

DNA from mouse tissues was isolated by standard
phenol/chloroform extraction. **P-Postlabelling ana-
lysis using the nuclease P1 enrichment version, and
thin layer chromatography (TLC) and HPLC were
performed as described [8,10]. TLC sheets were
scanned using a Packard Instant Imager (Dowers
Grove, USA) and DNA adduct levels (RAL, relative
adduct labeling) were calculated as described [8,10].
Results were expressed as DNA adducts/10% nucleo-
tides.

RESULTS AND DISCUSSION

Using electrochemical determination (Western
blot analysis with antibodies raised against human
NQO1), mouse NQOI protein expression in WT and
HRN hepatic cytosols was analyzed [20]. Mouse
NQOLI is expressed in cytosols of both animal mo-
dels (Fig. 1). Interestingly, expression of NQOLI pro-
tein in hepatic cytosolic samples of HRN mice was
more than 3-fold higher than that in cytosols of WT
mice (Fig. 1). This was paralleled by an increase in
NQOI1 enzyme activity and AAI-DNA adduct for-
mation in these cytosolic samples (Fig. 1). These
results suggest that deletion of gene for Por and ab-

sence of this enzyme in the mouse liver
is partially compensated by an increase
in expression of the cytosolic reductase
NQOI. We also tested whether pretre-
atment of WT and HRN mice with BaP, a
NQOI inducer [34], influences expression
of this enzyme in hepatic cytosols of these
mouse models. More than 2.5- and 6-fold
higher NQOI protein expression in hepatic
cytosols of HRN-BaP and WT-BaP mice
than untreated mice were determined, re-
spectively (Fig. 1). This was paralleled by
an increase in NQOI enzyme activity and
levels of AAI-DNA adducts in these sam-
ples (Fig. 1).

Figure 1.: DNA adduct formation by
AALI activated with hepatic cytosols iso-
lated from livers of HRN and WT mice,
control mice (untreated) or mice pretre-
ated (i.p.) with 125 mg/kg bw BaP daily
for 5 days [xx] as determined by TLC 32P-
-postlabeling (A). RAL, relative adduct
labeling. NQOLI protein expression in he-
patic cytosols as determined by Western
blotting (see insert) (B). NQOI enzymatic
activity in hepatic cytosols (C). Human re-
combinant NQOI (Sigma; NQOIL stan, see
insert B) was used to identify the mouse
NQOI band in murine cytosols. All values
are given as means £ SD (n = 3). Values
significantly different from control (untre-
ated) mice: ***p<(.001 (Student’s t-test),
(data taken and adapted from [20])
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o
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Using Western blotting employing anti-
bodies raised against NQO1, mouse NQOI1
protein expression was also analyzed in
other transgenic mouse models, the Cy-
plal(-/-) and Cypla2(-/-) single-knockout
and Cyplal/la2(-/-)  double-knockout
mouse lines and the CYPI/A-humanized
mouse lines, namely hCYPIAI 142
Cyplal/la2(-/-)_Ahr*" and hCYPIAI 142
Cyplal/la2(-/-) Ahr‘ mice and compared
with that in WT mice. In addition, the ef-
fect of treatment of all mouse lines with
AAI was also examined. Liver, kidney
and lung cytosolic samples were used for
the analyses. No statistically significant



changes in expression of NQOI1 protein in either
transgenic mice or ina WT mouse line. Likewise,
no differences in AAI-DNA adduct formation
were found when AAI was incubated with liver
and kidney cytosolic samples isolated from these
organs of either mouse lines. However, up to a
3-fold increase in levels of NQOI1 protein was de-
tected in most of mouse lines treated with AAI
than in untreated (control) mice. This finding
indicates that AAI might induce NQOI1 in used
mouse models and is consistent with the results
of previous studies. NQOLI activity was found to
be increased in rats treated with AAI [35] and the
NQOI protein expression is induced by AAI in
mice [36]. Hence, this enzyme might also be in-
duced in AAN and BEN patients, which might
lead to an increased risk for urothelial cancer.

CONCLUSION

Utilizing the Western-blotting-electrochemical
method, expression of NQOI1 protein in several
transgenic mouse models, where genes for Cy-
plal, Cypla2 or Por enzymes were deleted, or in
mice humanized with human CYPI/AI and 142
genes, was analyzed. Whereas deletion of Por
in the mouse liver resulted in compensation of
this reductase by higher expression of cytosolic
NQOI, no differences in levels of NQO1 were
found in transgenic mice absenting Cyplal and/
or Cypla2 or in the CYPIA-humanized mouse li-
nes. The results also indicate a potential of AAI
to induce this cytosolic enzyme in mice. There-
fore, further study investigating the mechanisms
of such an NQOI induction by AAI is planned to
be performed in our laboratory in future.
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ABSTRACT

The aim of this paper is monitoring of the growth of microorganisms during the ripening of semi-
-hard cheese. Bacteria of the species Escherichia coli, Bacillus cereus and Enterococcus faecalis
were inoculated into the milk used for cheese production. The counts of microorganisms were
analyzed after one and four weeks of ripening. There were total bacterial counts (TBC), lactic acid
bacteria (LAB), enterococci, coliform bacteria, psychrotrophic bacteria, yeasts and molds deter-
mined in cheeses. They were stored at 6°C and 22°C.

INTRODUCTION

Microorganisms play important roles in
cheese. They can be divided into two main
groups: starters and secondary flora [1]. The
starter lactic acid bacteria are primarily respon-
sible for acid production during manufacturing.
The secondary microflora is important for the
ripening process. Microorganisms gain entry
into the cheese not only by deliberate addition,
but also from the environment [2]. Some micro-
organisms can also survive pasteurization and
can grow in cheeses; they can be pathogenic or
produce biogenic amines [3]. That’s the reason
to concern the growth of microorganisms in
cheese.

MATERIAL AND METHODS

The pasteurized cow’s milk (72°C, 30 se-
conds) was supplemented with CaCl, and ino-
culated with the starter culture (Lactococcus
lactis and Leuconostoc mesenteroides) and one
of the bacterial culture (cheeses without culture
- standard): Escherichia coli (CCM 3988), Ba-
cillus cereus (CCM 2010) or Enterococcus fae-
calis (CCM 4224) and matured for 40 minutes
at 35°C. Then the rennet (Naturen®Premium)
was added. After incubation for 40 minutes the
curd was cut, stirred, heated to 40°C and trans-
ferred into cheese forms. Next day the cheeses
were brined, they ripened four weeks at 6°C and
22°C.

The determination of microorganisms in
cheese samples was carried out as follows:

10 g of the cheese core part was homogenized
in Saline solution. The homogenate was serially
diluted. Parallel plate counts were performed
on these agars: Plate Count Agar with skim-
med milk - Biokar Diagnostics, France (TBC;
30°C, 72 h), PCA; (psychrotrophic; 6.5°C, 10
days), MRS (LAB; 30°C, 72 h), Compass Ente-

rococcus Agar (enterococci; 45°C, 24 h), VRBL
(coliform; 37°C, 24 h), YGC,; (yeast and mold,;
25°C, 3 - 5 days).

RESULTS AND DISCUSSION

The microbiological quality of handmade
cheeses was done. The counts of TBC correla-
ted with LAB after one week of storage (Fig. 1).
The counts of LAB decreased during ripening,
it corresponds to literature [4]. There were much
more TBC and LAB in cheeses stored at 6°C.
The LAB are mesophilic microorganisms, so
they should grow better at 22°C. The reason,
why they grew better at 6°C, could be higher
moister content, because the cheeses at higher
temperature released more whey. Another fac-
tor is, that there was not so much salt in these
cheeses. Or the LAB grew very quickly at 22°C,
so they dropped before they were analyzed.

Figure 1.: Dependence of inoculated bacteria
into the cheese and the count of TBC and LAB

The counts of TBC and LAB
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The counts of moulds and yeasts were higher
in cheeses stored at 22°C. They might produ-
ced toxins, which inhibited the growth of LAB.
The highest amount reached moulds (especially
Penicillium) and yeast in standard cheese. The
lowest counts were in cheese with inoculated
Escherichia coli. The first week they were not
almost present in cheeses at 6°C, and they rose
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after three weeks, but they were still lower than
the counts in cheeses stored at 22°C.

Enterococcus faecalis was contained only in
cheese, where it was inoculated. Contrary to
the literature their counts decreased [5 - 7]. The
presence of enterococci usually indicates poor
bacteriological quality and poor hygiene during
manufacture [8]. The coliform microorganisms
were not almost present. Used Escherichia coli
culture grew slowly and inadequately.

The psychrothropic bacteria grew over the
whole ripening period much better at 22°C.
That’s because of the Bacillus cereus is meso-
philic microorganism growing at temperatu-
res between 10 - 48°C, optimally 28 - 35°C [9].
Cheese with Bacillus cereus stored at 6°C had
comparable levels of these microorganisms with
other cheeses. But in this cheese, stored at 22°C,
the counts of psychrothropic bacteria have risen
rapidly.

CONCLUSION

The comparison of amount of microorganisms
in cheese is presented in this paper. The total
count of microorganisms depends on the presen-
ce of different species of microorganisms and
storage conditions. The microbiological quality
of these cheeses was very varying.

Used bacterial cultures are common cheese
contaminants and they have potential to produce
biogenic amines. Thus we are going to do other
analyses and determine the amount of biogenic
amines in cheeses.
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ABSTRACT

To find out the mechanism of the electrochemical attachment of polypyrrole (PPy) to diamond
we grow PPy layers on hydrogen and oxygen terminated boron doped diamond surfaces (BDD)
using constant current applied between the BDD and the platinum wire. Boron doping of diamond
ensures conductivity on both types of surfaces. The obtained layers have thickness > 5 nm on O-
-BDD and > 40 nm on H-BDD. Surface morphology was evaluated by atomic force microscopy
(AFM). To resolve type of PPy-diamond bonding, PPy layer was removed using the AFM tip.
Scanning electron microscopy (SEM) was then used to compare the secondary electron emission
from untreated BDD regions and regions where PPy layers were grown and removed. SEM data
show that on the oxygen terminated diamond surface these regions have similar intensity of secon-
dary electrons. Intensity on hydrogen terminated diamond surface below the PPy layer is reduced.
This is a preliminary indication of different type of PPy bonding on H- and O-terminated BDD.

INTRODUCTION

Diamond electrodes are well-known due to
their very high overpotential for both oxygen
and hydrogen evolution [1]. B-doping makes
diamond p-type semiconductor [2]. The type of
surface conductivity may play a crucial role in
many experiments. The O-BDD is conductive
due to presence of boron atoms and hopping
conductivity. At low boron doping level the H-
-BDD is conductive mainly due to presence of
thin adsorbate layer on top on hydrogen termi-
nated surface, so called surface transfer doping
[3].

Polypyrrole, a well-studied conjugated poly-
mer, is widely used in optoelectronics [4] and
field-effect transistor (FET) devices [55. PPy
growth on H-MCD was studied earlier in details
[4, 6]. The boron doping allows us to switch the
surface atoms from hydrogen to oxygen without
loss of conductivity. The type of grafting be-
tween chemically grown material and substra-
te is important for many applications. Here we
report SEM data which show the possibility of
different grafting of PPy to hydrogen and oxy-
gen terminated BDD.

MATERIAL AND METHODS
Hydrogen and oxygen termination of boron
diamond. Sample preparation.

Boron doped diamond was grown on diamond
substrate by plasma enhanced chemical vapor
deposition (PECVD) in a home made NIRIM
type reactor. Diamond layer is grown in a mix-
ture of 1% of methane (6 N) diluted in hydrogen
(6 N) at a total pressure of 110 mbar, a microwa-
ve power of 500 W and a substrate temperature

of 1100°C. Boron doping is achieved using 2.4
ppm trimethilboron (TMB) diluted in hydrogen
(200 ppm) [7]. Boron doped diamond was hyd-
rogen and oxygen terminated using plasma pro-
cesses according to the protocol [8].

Gold contacts were thermally evaporated
(50nm of Au) on the sample through the mask
prepared by photolithography. Ma-P15 resist
was used. For better contact Pelco Colloidal Sil-
ver Liquid was applied on top of gold contact.

Polypyrrole growth

PPy was grown using Metrohm Autolab Po-
tentiostats / Galvanostats setup. Constant cu-
rrents 1 pA and 5 pA were applied for 150 s.
The droplet volume was 0.1-0.3 uL. Pyrrole so-
lution (240 mM Py and 100 mM NacCl in de-io-
nized water) was used. Distance between H/O-
-BDD (working electrode) and Pt wire (counter
electrode and reference electrode) was about
100 pm.

Atomic force microscopy

AFM study was performed using Mutli75A1-G
and Mutli75AI-E cantilevers on Ntegra AFM in
tapping, contact and KFM modes. The thickness
of PPy layer was measured using contact mode
nanoshaving [9, 10]. In case of thick layer it was
removed using wood stick.

Scanning electron microscopy

PPy layers were characterized by scanning
electron microscopy (MIRA3 FEG SEM, TE-
SCAN) using 5kV acceleration voltage and In-
Beam detector.
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RESULTS AND DISCUSSION

The resistance of O-BDD sample before PPy
growth was R ~2.4 MOhm, distance between
contacts is ~ 3 mm. The resistance of H-BDD
sample was R ~70 kOhm. Fig. 1 illustrates the
PPy growth curves on H/O-BDD. The tendencies
are clear, higher currents require higher voltages.
The induced voltages are higher on O-BDD com-
pared to H-BDD due to higher electrical resistan-
ce.

Figure 1.: Polypyrrole growth curves under 1pA
and SpA on H- and O-terminated BDD surfaces.
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In all cases PPy layer was synthesized. The
minimal measured thickness is ~1-5nm on 1pA
spot on O-BDD, up to ~80 nm on 5pA spot on
O-BDD, the spots on H-BDD has inhomogene-
ous thickness ~ 40nm near the spot border and
much thicker in the middle. The thicknesses vary
on the same spot because of microscopic setup
where electric field and current is not distributed
homogeneously.

The morphology of PPy layers on O- and H-
-BDD is presented on Fig. 2. The observed RMS
roughness increased from 1 nm on 5 nm thin
PPy layer on O-BDD to 5-15 nm on H-BDD. The
PPy clusters with RMS ~100-200 nm were ob-
served on the thickest part of PPy layer. Morpho-
logy appears similar on both types of surfaces
at comparable thickness. PPy layer with higher
thickness has not only higher roughness compa-
re to thin layer, but also larger PPy aggregates
(fig. 2¢). This result illustrates higher degree of
cross-linking between the pyrrole molecules on
thicker layers compared to thin layers.

Figure 2.: a) The image was obtained on thin
(5nm) PPy layer on O-BDD. b) The image was
obtained on thin PPy layer on H-BDD. c¢) The
image was obtained on thick (40nm) PPy layer
on H-BDD. The size of images is 1x1 pm? The
Z-scale is 10 nm.

Figure 3.: The image was obtained on thin
(5nm) PPy layer on O-BDD. The image size is
2x2 um?. The Z-scale is 20 nm

Multi75A1-G AFM tip is able to remove only
thin PPy layers (thickness ~ 5-20 nm) as shown
on Fig. 3. The threshold for layer removal is
180 nN in this case. Thicker layer can be re-
moved with wood stick. Higher PPy removal
forces than typically found on H-MCD [6] and
other covalently grafter molecules [11] indicate
cross-linking of PPy on O-BDD.

Contact mode nanoshaving was performed
near the PPy/diamond border, i.e. on i) PPy on
diamond and ii) on adsorbate on diamond sur-
face. Scanning electron microscope measure-
ments, performed on the same spots, reveal that
in case of O-BDD, the intensity of secondary
electrons from diamond surface below adsor-
bate layer and below PPy layer is the same, as
shown on Fig. 4. In case of H-BDD, the inten-
sity of secondary electrons from diamond sur-
face below adsorbate layer is higher than from
diamond surface below PPy layer. Note that the
border between diamond and PPy layers, visi-
ble in AFM/KFM and SEM in case of H-BDD
(Fig. 4b) are situated in different places. This
effect will be clarified in future experiments
with more doped BDD sample.

Figure 4.: a) The SEM image was obtained on
thin (5Snm) PPy layer on O-BDD. The intensity
of secondary electrons from diamond surface
below adsorbate layer (left) and below PPy la-
yer (right) is the same. The green line indicates
diamond/PPy border visible in AFM/KFM. b)



The SEM image was obtained on PPy layer on H-
-BDD. The intensity of secondary electrons from
diamond surface below adsorbate layer (left) is
higher than intensity from diamond surface below
PPy layer (right).

10 pm

10 pm

Different intensity of secondary electrons in SEM
on same diamond with different surface terminati-
ons reflects the change of surface atoms (hydrogen
vs. oxygen or carbon) because they provide different
(opposite) electron affinity [12]. This conclusion is
corroborated also by other studies where SEM was
used to study grafting of alkenes to diamond. It was
shown that the molecular contrast between surfaces
with different terminations is consistent with the
expected trends in molecular electron affinity [13].

CONCLUSION

Presented results illustrate that low boron doping
makes BDD enough conductive for PPy growth.
SEM measurement show that some changes occur
on H-BDD surface after PPy growth. This is in agre-
ement with covalent grafting of PPy to H-termina-
ted intrinsic diamond [14]. No such changes in SEM
contrast were observed on O-BDD, thus probably no
chemical bond between PPy and diamond was for-
med in this case.
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ABSTRACT

Automated immunoseparation of Zn-proteins from Staphylococcus aureus by magnetic nano-
particles followed by their electrophoretic is the aim of this paper. For isolation of cells S. aureus
was used magnetic nanoparticles with specific antibodies. For electrophoretic detection of zinc
binding proteins SDS-PAGE was used. For electrochemical determination measuring system Met-

rohm (Autosampler 813 Compact and measuring unit VA Computrace 797) was employed.

INTRODUCTION

Magnetic nanoparticles (MPs) are used in a
sphere of biomedical and biotechnological fields.
MPs are often used to detect biomolecules such
as nucleic acids or proteins. They are highly
active due to very large surface and have very
good physical properties. Their selectivity is be-
tter compared to other commonly used detection
methods. Other specific use of the MPs consists
in the detection of microorganisms and their bio-
-components [1, 2].

Staphylococcus aureus Rosenbach is bacterial
species naturally present on the skin and mu-
cous membranes of warm-blooded animals and
humans [3]. It causes infections of skin and soft
tissues as well as a life threatening sepsis, toxic
shock syndrome and necrotizing pneumonia
[4]. The main problem consists in its resistance
to antibiotics [5]. In 1947, only four years after
beginning of the mass production of penicillin,
first S. aureus penicillin resistant strains have
been identified [6]. In 1959, a new antibiotic com-
pound against penicillin-resistant staphylococci
called methicillin was found. The great plasti-
city of this bacteria resulted in the discovery of
the first methicillin-resistant strain of S. aureus
(MRSA) in 1961. Nowadays, approximately 65 %
of staphylococcal strains have MRSA phenotype
[5]. From this reason, new compounds alternative
to antibiotics, especially heavy metals and their
complexes, heavy metal nanomaterials and nano-
particles, are searched [7].

In 2010, the first work confirming the conne-
ction between staphylococcal resistance to me-
thicillin and zinc was published [8]. The gene
czrC associated with the resistance of S. aure-
us was then discovered. There are zinc binding
proteins that are probably closely connected
with multiple bacterial antibiotic resistances in
the cells of S. aureus [9]. Antibiotic resistan-
ce factor HmrA (extracellular protease) from
MRSA is a zinc-dependent endopeptidase. An
antibiotic resistance is caused by a widespread
factor HmrA and next proteins, for example
superantigen [10, 11], lysostafin [12] and other
extracellular proteases [13], enterotoxins [14],
adhesion factors [15], biofilm formation [16],
transcription factors and DNA-binding pro-
teins [17]. Due to these facts, the rapid method
for the isolation of bacterial cells and detection
of the zinc binding protein(s) is needed to be
found, which the main of our study was.

MATERIAL AND METHODS
Bacterial growth in the presence of Zn™
For all experiments, Staphylococcus aureus
(NCTC 8511, Czech Collection of Microorgan-
isms, Brno, Czech Republic) stored on agar
slants (meat-peptone agar No. 1, MPA 1) was
used. Cultivation was performed in liquid
broth (meat peptone 5 g/1, NaCl 5 g/, beef ex-
tract 1.5 g/l, yeast extract 1.5 g/l, pH=7.4+0.2
HIMEDIA, India). Bacteria were cultivated for
6 hours at 37 °C while shaking under 600 rpm

134



using Incubator Hood TH 15 (Edmund Buhler
GmbH, Germany), until the optical density of the
culture reached value of 0.1 at 600 nm (Specord
210, AnalytikJena, United Kingdom). The cul-
ture in exponential phase of growth determined
using the optical density parameter was used
for the experiments. For immunoseparation of
staphylococci and Zn-proteins, 100 uM ZnCl,
was added to 25 ml of bacterial culture and culti-
vated for another 6 hours.

Modification of magnetic particles

Immunoglobulin (Ig) G from human serum was
purchased from Sigma-Aldrich (USA). Chicken
antibodies were prepared according to the ma-
nufacturer’s instructions (Henna, Czech Repub-
lic). For covalent immobilization of antibodies,
paramagnetic particles (Dynabeads®MyOne™
Tosylactivated, Invitrogen, Norway) were used.
1000 pg of antibodies were used for preparati-
on of 25 mg of paramagnetic particles. Before
establishment, sodium azide was removed and
antibodies were acidified to the final pH = 2.5
by HClI adjustment (0.1 M). After 15 minutes, an-
tibodies were placed in phosphate buffer (PBS,
pH=7.4). Amicon Ultra 0.5 with 50 K (Millipore,
USA) filters were used for each filtration. Co-
valent immobilization was performed in a total
volume of 625 ml in 0.1 borate buffer (pH 9.5)
with 0.1 M (NH,),SO, for 24 hours under slow ro-
tation. Free surface on the particles was blocked
by 0.5 % BSA (bovine serum albumin) in PBS
(w/v) with 0.05 % Tween-20 (v/v) for 10 hours.
After blocking, the particles were washed three
times in 1 ml 0.1 % BSA in PBS (w/v) with 0.05
% Tween-20 (v/v). Subsequently, they were re-
suspended in 625 ml of storage buffer (washing
buffer with 0.02 % NaN, (w/v)). The functiona-
lity of MPs with anti-Zn IgE was verified by the
conjugation of rabbit’s antibodies to the hen’s Ig
with HRP (horseradish peroxidase). For the iso-
lation of cells, automatic pipetting station epMo-
tion 5075 (Eppendorf, Germany) was used.

Detection of zinc ions

Differential pulse voltammetry using Brdic-
ka reaction was used for the determination of
zinc(Il) ions. As a measurement system, 813
Compact Autosampler (Metrohm, Switzerland)
797 VA+ Computrace (Metrohm, Switzerland)
with three electrode system consisting of a hang-
ing mercury drop electrode as working electrode
with an area of 0.4 mm?, argento-chloride (Ag/
AgCl/3 M KCl) as referent electrode and carbon
instrumental electrode was used. Acetate buf-
fer (0.2 M CH,COONa+CH,COOH, pH=5) was
used as a supporting electrolyte. Differential
pulse voltammetry parameters were as follows:
argon bubbling 90 s, initial potential -1.5 V, final
potential -0.75 V, modulation time 0.3 s, the time

interval 0.04 s, potential step 5.04 mV, modula-
tion amplitude 250 mV, temperature 37 °C. The
volume of dosed sample was 100 ml and a vol-
ume of electrolyte was 1900 pl.

Sodium dodecyl sulphate polyacryl-
amide gel electrophoresis (SDS-PAGE)
Isolated proteins were detected by SDS —
PAGE electrophoresis. Electrophoresis was
performed on a Mini Protean Tetra apparatus
with a gel of the size of 8.3 x 7.3 cm (BioRad,
USA). Separation buffer concentration was
15 % (w/v) and concentration of the focusing
gel was 5 % (w/v). Gels were prepared from
30 % (w/v) acrylamide stock solution of 1%
(w/v) bisakrylamid. Gel polymerization was
performed at room temperature for 45 minutes
(separation gel) or 30 minutes (focusing gel).
Before analysis, samples were mixed 2:1 with
application buffer and incubated at 93°C for 3
minutes. To determine the molecular weight,
standard «Precision Plus Protein standards»
(Biorad, USA) was used. Electrophoresis was
proceeded at 150 V for one hour at 23 °C (Pow-
er Basic Biorad, USA) in Tris (2-amino-2-hy-
droxymethyl-propane-1,3-diol buffer) glycine
separation buffer (0.025 M Trizma-base, 0.19
M glycine and 3.5 mM SDS, pH = 8.3). Then
the gels were stained with Coomassie blue dye
and subsequently by silver with the omission
the fixation step (1.1% (v/v), acetic acid 6.4%
(v/v), methanol and 0.37% (v/v) formaldehyde).
Further, two washing steps follow (50% (v/v)
methanol).

RESULTS AND DISCUSSION
Magnetic separation of bacterial cells

For immunoextraction bacterial cells S. aure-
us from broth, MPs with human IgG were used.
Immunoextraction was performed on a progra-
mmable rotary disc (Biosan, Lithuania) in 2 ml
tubes for 1 hour at 23 °C. After the separation,
MPs were washed with 250 pl of nutrient media
and pipetted into the 250 pl of nutrient media
to the first well of microplate (Nunc, Germa-
ny). 250 pl of bacterial culture S. aureus was
pipetted to the second pit and 250 pl S. aureus
with 100 uM ZnCI2 to the third after separation
of MPs. The microplate was inserted into the
spectrophotometer at 37 °C and 600 rpm. The
absorbance was measured in 30 minute inter-
vals for 12 hours (Fig. 1A). For the isolation, 5
mg/ml MPs per 500 pl of bacterial culture was
used. It was possible to detect 104 cells with
an experimental error of 10 % using this pro-
cedure. The suggested manual procedure was
subsequently adapted to the automated robotic
system. MPs IgG (10 pl) were pipetted to the
plate and twice washed with the nutrient broth
(300 pl). The culture of S. aureus (500 pl) culti-
vated with ZnCl12 was pipetted into the micro-
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plate wells. Afterwards the microplate was transfe-
rred to the thermostatic position and incubated at 37
°C for 60 minutes. Samples were washed four times
with the nutrient broth (750 pl). The supernatant
was removed and 500 pl of the nutrient broth was
added. The cultivation (on the thermostatic positi-
on in the epMotion) of the samples proceeded for 3
hours at 37 °C. After this step, turbidity of media
was measured (Fig. 1B). A very good reproducibi-
lity of the experiment with a maximum error of 5.5
% was determined. Using the robotic system, the
errors caused by another service were significantly
reduced and it was possible to detect less than 100
cells with an experimental error of 4.3 % (n=5).
The scheme of culture growing is shown in Fig. 2A.

Fig. 1 Detection of Zn"" and zinc-binding proteins
from S. aureus bacterial culture: A) experimental
verification of the functionality of MPs with IgG, B)
growth curves of dilution series of S. aureus bacte-
rial culture with ZnCl. linked onto the MPs
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Magnetic separation of bacterial cells cultured in
the presence of zinc(IT) ions

Our aim was to propose an experimental method-
ology for the isolation of zinc-binding proteins. Ap-
plied concentration of zinc ions caused reduction of
growth for about 20 % compared to the control vari-
ant. The zinc-binding proteins were captured by the
hen antibodies on the MPs. Applied modifications
allowed the detection of sub-nanomolar concentra-
tions of zinc-containing albumin with the error of 5
%. The methodology was used for immunosepara-
tion of zinc-binding proteins from the bacterial cells:
0,0.1, 0.8, 8.0, 17.0, 34.0, 50.0 a 67.0 -10°. During the
automatic analysis the microplate was removed from
the automatic pipetting station. The cells of S. au-
reus linked to MPs have been broken by ultrasonic
needle (2 minutes, 450 Hz) (Fig. 2B). Bacterial lysate
was pipetted in the epMotion to the clean position on
the DPW plate. After it, MPs with anti-ZnIgE (10 pl)
were transported to the DPW plate and washed three
times by PBS buffer (pH=4.5, 300 pl). Bacterial ly-
sate of S. aureus was added (90 pul) and the samples
were incubated at 25 °C for 30 minutes. The samples
were then washed by PBS buffer (pH=7.4, 700 pl)
and three times by the citrate (0.1 M, pH=2.5, 50 pl).
The citrate released the zinc-binding proteins. After
it, samples were used for the determination of zinc
ions and zinc proteins using the SDS-PAGE (Fig.
20).

Fig. 2 The process of isolation of cells
from S. aureus bacterial culture: A) esta-
blishment of S. aureus cells to MPs, B) S.
aureus cells were broken by ultrasound,
C) isolation of zinc-binding proteins from
the lysate using MPs
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Zinc-containing proteins were studied
by SDS-PAGE electrophoresis. Protein
concentration depended on the dilution of
bacterial culture (0, 0.1, 0.8, 8.0, 17.0, 34.0,
50.0 and 67.0 -10%). The proteins with mo-
lecular weights of approximately 70, 60,
45, 30, 25 and less than 10 kDa (Fig. 3A)
were present in samples. Molecular weight
of the main bands (70, 45 and 25 kDa) co-
rresponds to the molecular weight of im-
munoglobulin subunits (large subunit, Fab
fragment and a small subunit), which are
released into the extract in the process of
ultrasonic homogenization. Proteins of 25
kDa represent a group of proteins, which
specifically bind ions of heavy metals (me-
tallothionein). Presence of metallothionein
(MT) was confirmed in the lysate and the
quantity of MT was compared to control
variant (increase for about 250 % compa-
red to control).

The quantity of the zinc ions in the iso-
lated proteins was confirmed by the elect-
rochemical technique of differential pulse
voltammetry (Tab. 1). We found that the
amount of zinc increased with increasing
number of cells and that reflected that the
proteins contained zinc (Fig. 3B).



Tab. 1
The quantity of the zinc ions in the isolated pro-
teins from the S. aureus bacterial culture using
MPs.

‘Amount of microorgamisms (10 67.0

500 340 170 80 03 oI o
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Concentration of Zn in bacterial 222
culture (ug-ml™)

Fig. 3 Detection of Zn" and zinc-binding pro-
teins from S. aureus bacterial culture: A) SDS-
PAGE of zinc binding proteins, B) dependence
of the quantity of zinc-binding proteins on the
applied zinc concentration.
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CONCLUSION

We proposed and verified a rapid and auto-
mated method for the isolation of bacteria with
subsequent isolation of zinc-containing proteins
from S. aureus cells. Isolation of bacterial cells
and zinc-binding proteins from bacterial cultu-
re of S. aureus by an automatic pipetting station
took about 8 hours. We are able to detect 96 sam-
ples within one analysis. We were able to isolate
S. aureus in quantities lower than 100 cells per 1
ml of the sample using the paramagnetic micro-
particles and the results of our analyses verified
that it is possible to determine the amount of
bound zinc in the organism at a concentration of
0.02 mg'ml™! in the number of cells.
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ABSTRACT

The capillary electrophoretic method for the pre-concentration of metals based on selective fo-
cusing of metal chelates with subsequent on-line ITP analysis was developed and verified. The
selected ions of nine metals (Na*, Ca*, Mg?", Mn*", Cd**, Zn*", Ni*', Pb**, Cu®") were subjected to
pre-concentration from the mixture and analyzed. Focusing of metals was carried out in ligand
step gradient, which was created by an addition of a convenient ligand agent to the regular statio-
nary and/or steady state pH step gradient.

The metal ions were continuously dosed into the column, where they were selectively trapped
(with exception of Na) on the ligand step gradient in the form of zones of citrate complexes with
effective charge dependent on step gradient velocity. After accumulation of detectable amount of
analyte, the dosing was stopped and accumulated zones were mobilized to the analytical column,
where they were analyzed by ITP method with conductivity or photometric detection. The reached

increase in cLOD is ca. two orders of magnitude using acceptable dosing time 25min.

INTRODUCTION

To reach higher sensitivity in metal analysis
we developed convenient sample pre-concentra-

tion method which was on-line combined with
common analytical ITP.

Developed pre-concentration method is based
on the principle of stationary neutralization re-
action boundary-NRB and its combination with
ligand - chelating agents. A stationary ligand
step gradient — LSG [1] boundary is created
in the column with two adjacent electrolytes
branches of different chelating power and pH.
In acid phase, metal and metal complexes are
positively charged and forced migrate to the
LSG boundary, in the alkaline phase, the com-
plexes are negatively charged and again migrate
towards LSG-boundary. A steady state zone of
concentrated metal complexes is created. Fo-
cused zones are then mobilized and analyzed
by ITP. Presence of sample metal ions in one
electrolyte /dosing elektrolyte-DE/ during the
focusing causes a time dependent accumulation
of the metals.

MATERIAL AND METHODS
Apparatus

The commercially available isotachophore-
tic apparatus (CS Isotachophoretic Analyzer,
Villa Labeco, Slovak Republic) in the column-
-coupling configuration equipped with con-
ductivity detection in the pre-separation and
analytical column was used.

ELECTROLYTES

Alkaline primary (focusing) electrolyte: LE/
PE: 0.0IM NH,Ac + 0.01M NH,OH + 0.002M
ammonium citrate + 1% polyethyleneglycole,
pH=9.24

Acidic dosing (focusing) electrolyte: DE:
0.0IM HAc + 0.00IM NH,Ac + 0.1% Tritone
X100+sample metals.

ITP analytical electrolyte: LE: 0.02M NH,Ac +
0.IM HAc + 0.002M ammonium citrate, 0.1%
Tritone X100, pH=4.00, TE: 0.03M HAc

PROCEDURE

The column is filled with proper electrolytes.
The anodic terminating chamber is filled with
the acidic dosing electrolyte /DE/, the separati-
on column and the proper (cathodic) electrolyte
chamber is filled with primary alkaline electro-
lyte /PE/, the analytical capillary and the corre-
sponding (cathodic) electrolyte chamber is filled
with the leading electrolyte /LE/.

By switching on the driving current, a sharp
LSG boundary is created in the column in be-
tween dosing and primary electrolyte and con-
tinuous dosing procedure starts. Metal cations
and positively charged metal citrate complexes
are driven from the acidic dosing electrolyte to
the LSG boundary, where are focused. After
accumulation of sufficient amount of metals for
the analysis, a dosing electrolyte in the termi-
nating electrolyte /TE/ chamber is changed for
the terminating which causes mobilization. The
focused zones of non charged metal citrate com-
plexes are acidified; they gain a positive charge

138



or break down, releasing free metal cations, and
migrate to the second analytical column. Here
are analyzed by ITP in the leading electrolyte,
and detected.

RESULTS AND DISCUSSION

For experimental verification, an equimolar
mixture of nine metals Na®, Ca?’, Mg?, Mn?',
Cd*, Zn*, Ni*", Pb*', Cu*" (2x10-°M each — 20%
of cLOD) was focused. A time dependence of the
zone length of each metal as a function of time
was plotted - Fig.1. The dependence is fairly li-
near for all metals, Ca b[0]4,9 b[1]4,56 r2 0,9989;
Mg b[0] 0,8 b[1] 2,82 r2 0,9999;Mn b[0] 1,1 b[1]
2,74 12 0,9989;Cd b[0] 1 b[1]2,82 r20,9931;Zn
b[0] 0,7 b[1] 2,8 12 0,9894;Ni b[0]1,7 b[1] 1,94 r2
0,9958;Pb b[0]1,4 b[1] 2,1 2 0,9993;Cu b[0] 0,6
b[1] 0,78 12 0,9825, with except of sodium, which
is not focused on the LSG boundary.

Figure 1.

Dependence of zone length on the dosing time
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CONCLUSION

Metal complexes were pre-concentrated, fo-
cused and analyzed using the combination of
ligand step gradient focusing method with sub-
sequent mobilization and on-line ITP analysis.
A continuous dosing technique was used for the
lowering the detection limit ca. two orders of
magnitude, with acceptable dosing time of 25
min. Using citrate as a complexing agent yields
in selective removing of alkali metals /e.g. Na/
from the sample mixture.
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ABSTRACT

Fmoc solid phase peptide synthesis is the most powerful and the most popular method for pre-
paring synthetic peptides today. It is possible to prepare up to 60mer or make numerous peptide
modifications using this technique. Possible side reactions are well documented and can be pre-
vented. Despite the power of the method, some peptide sequences must be considered with special
attention before synthesis, because of their tendency to form by-products in significant amounts.

Here we report a results and comparison of two difficult peptide syntheses.

INTRODUCTION

The solid phase peptide synthesis is based on
construction of a peptide chain on the solid (in-
soluble) support. To achieve a highest purity of
the product, each coupling step should be per-
formed with maximal efficiency. Fmoc solid
phase synthesis (Fmoc SPPS) is the most popu-
lar method today. The excess reagents can be
employed to drive reactions to completion, and
physical losses can be minimized as the pep-
tide remains attached to the support throughout
the synthesis [1]. Using appropriate activating
agents, Fmoc SPPS allows to couple up to 60
amino acids, by step-by-step approach. Despite
above mentioned advantages, many sequences
require special attention, because of their ten-
dency to form a by-product during synthesis or
postsynthetic manipulations, which can lead to
significant decrease of crude product quality
[1,3,7,8]. Today, most of side reactions are well
documented and can be generally avoided by
careful planning of the synthesis and by appro-
priate selection of protecting groups and resin
linkers [1]. In this paper, we report practical ex-
ample of two difficult peptide sequences.

MATERIAL AND METHODS

Peptides were synthesized on Prelude peptide
synthesizer (Protein technologies, USA). Ami-
no acids were purchased from Sigma Aldrich
(USA), Merck (Germany). We used PEG-PS
resins from Applied Biosystems. Solvents for
peptide synthesis were purchased from Bio-
ssolve (Netherlands) and Sigma Aldrich (USA).
Solvents for HPLC analysis were purchased
from BDL (Czech Republic) and Sigma Aldrich
(USA).

RESULTS AND DISCUSSION

Not only long sequences, but also sequences
with higher number of neutral and/or hydro-
phobic amino acids, represent a challenge for
peptide synthesis. It is due to the poor solva-
tion of peptide chain during synthesis. In a fully
solvated system, the reactive peptide amino ter-
mini are well separated and readily accessible
for incoming amino acid residue [1]. In the case
of hydrophobic sequence, the amino terminus
is poorly solvated, resulting in significant N-
terminus collapse and inability to react with in-
coming amino acid [1, 2]. This usually leads to
incomplete or truncated sequences. Significant
improvement can be achieved when prolines or
pseudoprolines are presented or incorporated to
the synthesized sequence. Proline/pseudopro-
line side chain posses a unique structure with
natural propensity to disrupt the secondary
structure of peptide and thereby to avoid the col-
lapse of the peptide chain during chain assembly
in length up to 6 residues.

In this study, we report a comparison of crude
abaecin (34mer) YVPLPNVPQPGRRPFPTF-
PGQGPFNPKIKWPQGY and biotinylated
14mer biotin-SGSGDCSIVRIWQV. Abaecin is
major antibacterial response peptide in the hon-
eybee [1, 2]. Despite the 34mer abaecin is much
longer than biotinylated peptide, it represents
an easier synthesis due to high occurrence of
proline residues and their relatively regular dis-
tribution within the sequence. Purity of crude
34mer abaecin was about 79% (Fig.1).
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Figure 1.: HPLC result of crude abaecin (34mer)
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In contrast to this, purity of crude peptide bio-
tin-SGSGDCSIVRIWQV is only 37% (Fig. 2).
MALDI-MS revealed the impurity of significant
amount (35%) comprising a truncated sequence
DCSIVRIWQV. Incorporation of GS pseudopro-
line dipeptide did not increase the final peptide
purity indicating the collapse of peptide on D5
position.

Figure 2: Detailed HPLC result of crude bio-
tin-SGSGDCSIVRIWQV. There are two major
peaks. Left one is peptide lacking biotin-SGSG
and right one is peptide with correct mass (bio-
tin-SGSGDCSIVRIWQV)

However, in the case of 34mer abaecin, the
secondary structure of final peptide must be also
considered. In more detailed analysis of main
fraction, shoulder peak was found (Fig. 3). It
could be a peptide with same mass but with dif-
ferent secondary structure of peptide chain. This
phenomenon is usually associated with synthesis
of longer or proline rich peptides [1].

Figure 3: Detailed chromatogram of abaecin pu-
rification. Main peak (retention time 47.0 min.)
with shoulder peak (retention time 47.5 min).

CONCLUSION

We report results of two difficult peptides pre-
pared by Fmoc solid phase synthesis. 34 amino
acids long peptide was challenging for their out-
standing length, while much shorter biotinylated
14 mer leads to truncated sequence with final
purity about 37%. Low purity of short peptide

is probably due to collapse of the N-terminus
during synthesis. Comparison of these two
practical examples demonstrates the fact, that
not only length, but also amino acid compositi-
on of the peptide is crucial from point of view
of peptide synthesis.
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ABSTRACT

The aim of this study is to monitor an oxidant stress elicited by gravidity and birth of high pro-
ductive cows. Twelve pregnant Holstyn heifers were observed. We focused on the oxidant stress
monitored by antioxidant enzymes; superoxide dismutase, catalase, glutathione peroxidase, glu-
tathione reductase. The parameters were monitored in blood plasma in the time of ten and five days
before birth, in the day of birth, five and ten days after birth. Increase of the antioxidant enzyme
activity during gravidity was caused by higher oxygen intake, which was formed superoxide, sca-

venged by antioxidant enzymes.

INTRODUCTION

It is known that, in the time of gravidity, in-
creased production of free oxygen radicals
occurs, which is caused by higher oxygen intake
during this period [1]. This fact is confirmed by
many papers dealing with the increased levels of
markers of oxidative stress [2-5]. Production of
reactive forms of oxygen is impeded by oxidant
system formed from low-molecular-weight an-
tioxidants, which are present in organism, and
mainly by enzymes interacting with reactive
forms of oxygen, such as peroxides, catalases
and superoxide dismutase [6-10]. Unfortunately,
monitoring of antioxidant enzymes during gra-
vidity is not sufficient. However, it is generally
stated that activity of antioxidant enzymes is
increasing due to the increased oxidative stress
caused by higher oxygen intake and higher ener-
getic demands during gravidity. This statement
has been confirmed by Garrel et al. a Hung et al.
[11, 12] in their studies of levels of antioxidant
enzymes SOD, CAT, GSHPx, GR. According to
their results, even amount of selenium, signifi-
cant trace element, was increasing during gra-
vidity. This correlation was caused by desirable
effect on function of antioxidant enzymes to re-
duce superoxide and hydrogen [10].

Our paper is pilot study of oxidative stress
monitoring during birth of heifers. The aim
of study is to determine the impact of birth to
chosen antioxidant enzymes. According to our
findings, the following experiment will be ba-
sed on administering an addition to heifers to
improve their health state during gravidity and
the level of oxidant stress will be examined.

MATERIAL AND METHODS

Twelve pregnant Holstyn heifers stalled in
group were involved in the experiment. Heifers
were monitored in five periods - ten days before
birth, five days before birth, in the day of birth,
five days after birth and ten days after birth.

Blood samples collecting

Samplings of blood were collected from a tail
vain of each heifer ten days before birth, five
days before birth, in the day of birth, five days
after birth and ten days after birth. Samplings
of blood were taken to test tube containing he-
parin.

Collected samples of blood were cooled to
4 °C, and then centrifuged (temperature 4 °C,
2000 rpm for 10 min, Eppendorf 5402, USA).
Separated plasma was pipetted to micro test tu-
bes of 1.5 ml volume. Prepared supernatant was
used for analysis on automated spectrophotome-
ter BS-400 (Mindray, China).

Determination of superoxide dismutase

8167 times diluted with buffer). It was incu-
bated for 72 s (Imin, 12 s) and than absorbance
was measured at A = 450 nm. Kinetic reaction
was measured for 108 s (3 min) and absorbance
was read every 9 s.

Determination of Catalase (CAT)

Kit of company Sigma Aldrich, USA was used
for assay of catalase activity. A plastic cuvet-
te and a BS 400 automated spectrophotometer
(Mindray, China) was used for measurement.
Agent A (phosphate buffer) was used for dilu-
tion of peroxide, preparation of standards and
dilution of samples. Final concentrations of che-
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micals in agent A were: 50 mM dihydrogen mo-
nopotassium phosphate a 0.5 mM EDTA in ACS
water. The pH of agent was changed to the level 7
using 1 M KOH. Agent B was solution of hydro-
gen peroxide of concentration 10 mM (0.045 %)
prepared with diluting of 30 % water solution of
hydrogen peroxide in the agent A. A 950 pul volu-
me of agent B (10 mM H,0O, in 50 mM phosphate
buffer and 0.5 mM EDTA) was pipetted into a
plastic cuvette, agent was warmed to 37 °C and
than a 50 ul volume of sample was pipetted, con-
tent of cuvette was mixed and the absorbance im-
mediately measured at A =240 nm. Kinetic reac-
tion was measured for 60 s in 5-second intervals.

Determination of
Glutathione peroxidase (GSHPx)

Glutathione Peroxidase Cellular Activity As-
say Kit (CGP1, Sigma Aldrich, USA) was used
for GPx assay, determination was done in ery-
throcytes. For determination of glutathione pe-
roxidase activity, a BS 400 automated spectro-
photometer (Mindray, China) was used. A 260 pul
volume of reagent R1 (0.3 mM NADPH in GPx
buffer) was pipetted into a plastic cuvette with
subsequent addition of 10 ul of sample and af-
ter mixing, a 30 pl volume of reagent R2 (3 mM
tert-butyl hydroperoxide) is added to the cuvette
which starts the reaction. The decrease in absor-
bance is measured at 340 nm using kinetic pro-
gram for 2 minutes and 6 seconds. The spectro-
photometer calculates GPx activity according to
a calibration curve.

Determination of
Glutathione Reductase

A Glutathione Reductase Assay Kit (Sigma Al-
drich, USA) was used for glutathione reductase
(GR) activity, determination, determination was
done in erythrocytes. For determination of glu-
tathione reductase activity, a BS 400 automated
spectrophotometer (Mindray, China) was used.
Reagents R1 and R2 were prepared by dissolving
in an assay buffer (100 mM potassium phospha-
te buffer, pH 7.5, with | mM EDTA). A 260 pl
volume of the reagent R1 (1.15 mM oxidized
glutathione in the assay buffer) is poured with
10 pl of sample and 30 pl volume of reagent R2
(1 mM NADPH in GR assay buffer) into a plastic
cuvette. The decrease in absorbance is measured
at 340 nm using kinetic program for 126 s. The
same device and conditions were used for GR as
in the case of total protein assay.

RESULTS AND DISCUSSION

Antioxidant effect of enzymes provides cells
and their structures with protection against
undesirable impacts of radicals. Level of reactive
forms of oxygen is, due to its effect in organism,
kept in particular limits of protection. Oxidative

stress appears towards oxidation in the case
of disturbed balance of oxygen forms. In our
study, activity of important antioxidant enzy-
mes capable of eliminating free radicals, such
as SOD, CAT, GSHPx, and GR, was monito-
red. Values of individual enzyme activity were
averaged.

Determination of
superoxide dismutase activity

Superoxide dismutase is enzyme transfor-
ming superoxide radical into hydroxide pe-
roxide, which does not represent such a risk for
organism [6]. Results of determination of this
enzyme are shown in Fig. 1. Average value of
SOD from the day of birth was increased by
6 % in comparison with value of SOD of ten
days before birth. Value of SOD of ten days
after birth was increased by 13 % in comparis-
on with value of SOD of ten days before birth.
In the period of gravidity, there are increased
demands on oxygen and therefore the level of
oxidant stress increases. After birth, oxidative
stress should be decreased due to lower de-
mands on oxygen. Therefore, the hypothesis of
decreasing SOD values after birth was created,
according to Genz et al [S]. However, average
values of SOD were increasing (Fig. 1). This
result can be explained by short term of evalua-
ting, which was not sufficient for an organism
to restore to common state [2].

Fig. 1: Average values of enzyme activity SOD
of all heifers ten days before birth, five days
before birth, in the day of birth, five days after
birth and ten days after birth
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Determination of
catalase activity

Catalase is enzyme linked with the product
of superoxide dismutase, dissociating hydrogen
peroxide into water and oxygen [9, 13]. This
enzyme is highly effective in the case of high
levels of oxidative stress and provides protecti-
on against peroxide [14]. Final results from our
experiment are shown in Fig. 2. Average value
of CAT from the day of birth was increased by
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8 % in comparison with value of CAT of ten days
before birth. Value of CAT of ten days after birth was
increased by 16 % in comparison with value of CAT
from the time of ten days before birth. High corre-
lation (r=0.986) between CAT and SOD was found
and is caused by the fact that CAT dissimilate the
product of SOD (hydrogen peroxide) [15].

Fig. 2: Average values of enzyme activity CAT of all
heifers ten days before birth, five days before birth,
in the day of birth, five days after birth and ten days
after birth
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Determination of
Glutathione peroxidase

Glutathione peroxidase is enzyme dissociating
product of superoxide dismutase, hydrogen pe-
roxide, into water and simultaneously oxidising glu-
tathione [7]. Values of GSHPx are shown in Fig. 3.
Average value of GSHPx from the day of birth was
decreased by 3 % in comparison with value of GSH-
Px from the time of ten days before birth. Value of
GSHPx of ten days after birth was increased by 5 %
in comparison with value of GSHPx from the time
of ten days before birth. GSHPx, as well as CAT, di-
ssociates hydrogen peroxide, unlike CAT, GSHPx is
not capable of dissociating hydrogen peroxide in the
case of its increased concentration in organism and
thus the dissociation is not so intensive. Fig. 3 shows
decrease of GSHPx activity in the time of birth,
which is probably caused by the increased amount of
produced peroxide, as described in paper by Preziosi
et al [16] a Flohe et al [17].

Fig. 3: Average values of enzyme activity GSHPx
ten days before birth, five days before birth, in the
day of birth, five days after birth and ten days after
birth

300

Terms of taking (days)

Determination of
Glutathione reductase

Glutathione reductase is enzyme clo-
sely linked to glutathione peroxidase, as
oxidant glutathione is restored to reduced
form using coenzyme NADPH, which
is oxidised into NADP+ [8]. Our results,
shown in Fig. 4, correspond with this fact.
Average value of GR from the day of birth
was decreased by 4 % in comparison with
value of GR of ten days before birth. Value
of GR of ten days after birth was increased
by 4 % in comparison with value of GR of
ten days before birth. Activity of glutathi-
one reductase provides the balanced level
between glutathione reductase and peroxi-
dase which assists the activity of glutathi-
one reductase enzyme to dissociate hyd-
rogen peroxide to water [18]. Our results
point out the connection between these
two enzymes (GR and GPx), the trend
of their levels was decreasing to the day
of birth and equilibrating after the birth,
which was confirmed by high correlation
coefficient (r=0.973).

Fig. 4: Average values of enzyme activity
GR of all heifers ten days before birth, five
days before birth, in the day of birth, five
days after birth and ten days after birth
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Table 1 summarizes correlation coeffici-
ents of antioxidant enzymes. High corre-
lations were observed between enzymes
SOD and KAT (r=0.986), GR and GSHPx
(*=0.973).

Tab. 1 Values of correlation coefficients
between antioxidant enzymes.

KAT |GSHPx |GR
SOD 0.986| 0497 0.01
KAT 0415 0439
GSHPx 0973




CONCLUSION

Values of enzyme SOD evinced the increasing
trend during the whole period of monitoring. The [15]
hypothesis of presumed decreased values of en-
zyme SOD due to increased oxidative stress af-
ter birth was not confirmed. This result can be [10]
caused by short period of monitoring after birth.

Values of CAT enzyme were increasing, too.
The high correlation (r=0.986) was found be-
tween SOD and KAT, probably due to the fact
that CAT dissociates a final product of SOD

and thus follows processes of SOD. The level of

[14]

GSHPx and GR enzyme activity was decreasing [17]
before birth and equilibrating after birth. The
high correlation (r=0.973) between these two en-
zymes was observed.
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ABSTRACT

The aim of study was electrochemical monitoring of the interaction cadmium(II) ions with glu-
tathione. Attention was focused on the study of basic electrochemical behaviour of cadmium(II)
ions and low molecular mass glutathione. For electrochemical determination measuring system
Metrohm (746 VA Trace Analyzer and 695 Autosampler) was employed.

INTRODUCTION

Heavy metals are currently threat to humans
but also animals, plants and microorganisms.
The largest source of unwanted pollutants in the
environment is from human activity (mining
and heavy industry, traffic, agriculture) [1-4].
Among the most toxic metals includes cadmium,
which is widely used in the production of Ni-Cd
batteries, and today is used in electronics too.
Organisms strongly protect themselves against
exposed to high levels of metal ions creating a
range of organic compounds (e.g. glutathione).
Glutathione (GSH) is tripeptide, composed of
amino acids (glutamic acid, cysteine and glyci-
ne), located in the cells of animals, plants and
bacteria and protects the body against oxidative
stress. Cysteine, which contains a thiol group
(-SH), is the reason of GSH redox properties.
Free oxygen radicals that can be produced by the
cell itself can be detoxified by GSH [5]. A dimer
called oxidized glutathione (GSSG) is product
of GSH oxidation [6]. There is GSSG reduced
again to GSH in the glutathione cycle. GSH is
almost found in its reduced form.

MATERIALS AND METHODS

Determination of cadmium by differential
pulse voltammetry were performed with 746 VA
Stand instrument connected to 695 Autosampler
(Metrohm, Switzerland), using a standard cell
with three electrodes. For data processing VA
Database 2.2 by Metrohm CH was employed.
The parameters of the measurement were as fo-
llows: initial potential of —0.8 V, end potential
0.15 V, adsorption potential —0.8 V, deposition
240 s, deoxygenating with argon 90 s, time pulse
0.04 s, step potential 4 mV, modulation amplitu-
de 25 mV, volume of injected sample: 100 pl, vo-
lume of measurement cell 2 ml (100 pl of sample
+ 1900 pl acetate buffer).

Fully automated pipetting was carried out on
automated pipetting system epMotion 5075 (Ep-
pendorf, Germany). Measured concentrations
of glutathione were 0, 0.5, 1, 2.5, 5, 10, 25, 50,
75, 100, 150, 200, 250, 500, 750 and 1000 uM,
and cadmium(II) ions 250, 500, 750 and 1000
nM. Well developed peaks of cadmium(II) ions
at -0.6 V, GSH at -0.35 V and GSH-Cd complex
at—0.2 V were detected. After that we characte-
rized the obtained differential pulse voltammo-
grams, we followed with the studying of their
mutual interactions. Each from the above menti-
oned thiols concentrations were mixed 250, 500,
750 or 1000 nM cadmium(II) ions and incubated
(0, 5, 10 and 15 h). Based on the affinity of —SH
moiety to metal ion, cadmium-thionein comple-
xes were formed.

RESULTS AND DISCUSSION

Recently, we investigated electrochemically
interaction of heavy metals with glutathione
using differential pulse voltammetry [7]. The
observed signal probably relates with forming
of thiol-heavy metal ion complex adsorbed on
the surface of the working electrode [7]. The ob-
served affinity of glutathione to metal ions can
be also related to the fact that level of these com-
pounds can be considered as a marker of metal
ion environmental pollution [8-10].

In this study, cadmium(II) ions was accumu-
lated at -0.9 V onto surface of hanging mercury
drop electrode for 240 s. Formed Cd(Hg) was
then electrochemical stripped and typical peak
appeared (Fig. 1).

Figure 1.: DP voltammograms of cadmium
glutathione interactions; concentration cadmi-
um(II) ions (750 nM), glutathione concentration
(10, 25, 50, 75, 100, 150, 200, 250, 500, 750 and
1000 pM), time of incubation 15 h.
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By interaction Cd+GSH concentration of
cadmium(I) ions was constant. Greatest
cadmium(II) ions signal was observed after in-
cubation 10 h. Glutathione signal continuously
grow with increasing glutathione concentration
(Fig. 2). The highest values of the glutathione
signal were again incubated for 10h (Fig. 2). The
measured signals of GSH-Cd complex are shown
in Figure 3. The resulting complex was detected
only to concentration of 500 uM. At lower con-
centration of glutathione was no signal recorded.
With increasing incubation time decreased signal
of GSH-Cd complex.

Figure 2.: Glutathione signal as a function of
glutathione concentration for concentration of
cadmium(II) ions 750 nM. Various times of in-
teraction are presented (-#- Oh; -m- 5h; -e- 10h;
-A-15h)
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Figure 3.: GSH-Cd complex signal as a function
of glutathione concentration for concentration of
cadmium(II) ions 750 nM. Various times of in-
teraction are presented (-¢- Oh; -m- 5h; -e- 10h;
-A-15h)
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CONCLUSION

Study of cadmium and glutathione interac-
tion is presented in this paper. Electrochemi-
cal methods represent analytical instruments
with good reproducibility, effortless service
and relatively rapid determination. Studying
interaction can be used for construction a sim-
ple sensor for determination of Cd(II) based
on the modification of the hanging mercury
drop electrode surface by thiols. Based on the
obtained results we assume that the suggested
technique offers detection of heavy metals in
the environment and can be also used for stu-
dying of biomolecules.
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ABSTRACT

In this work we studied the influence of mycorhiza on the thiol content in maize, which was
treated with concentrations of copper 0, 100 a 250 mg Cu/kg of soil. We determined total accumu-
lated copper by plant by electrochemical method of differential pulse voltammetry in mineralized
sample. The thiol content was determined in sample which was homogenized in phosphate buffer
using HPLC method with electrochemical detection. We finally subtracted the concentration both
of total copper and thiol contents of mycorhizal variant from control one (nonmycorhizal). Data for

two species of Maize Oropesa and Orense were thus interpreted.

INTRODUCTION

Many of anthropogenic affects are more visi-
ble in less developed countries but consequen-
ces are touching rest of the global world. One
of many cases is high concentrations of heavy
metals, which are occurring in soil or water due
to mining, industry, traffic or bad handling with
dangerous waste. One of these is electronic inte-
grated components where copper is widely occu-
rring. On the other way copper is an essential
element for normal growth of plants [1], but in
higher concentrations it might be toxic for them
[2]. There are many papers which are oriented
on the study of influence of trace metals on vital
or tolerant mechanisms of plants published eve-
ry year [3, 4]. Possibilities of absorption of free
copper and dissolved copper as ions in solution
[5] and possibilities in pharmacy [6] has been
reported as well. It was found that concentration
of thiol compounds in plants [7], which were ex-
posed to heavy metals is elevation up to critical
level, which is differing dependently on the each
organism, physically-chemical conditions and
factors from the environment [8, 9]. The copper
toxicity was previously studied [10]. This work
was pointed to study of influence of micorrhiza
on synthesis of thiol compounds (CYS, GSH, N-
-acetyleystein, GSSG, Des-Gly-PC, PC2, PC3,
PC4, PC5) in two species of maize exposed to
various concentrations of copper ions (0, 100,
250 mg/kg of soil).

2. MATERIAL AND METHODS
HPLC-ED thiol determination

HPLC-ED system consists of two chroma-
tographic pumps Model 582 ESA (ESA Inc.,
Chelmsford, MA) (working range 0.001-9.999

ml min-1) and chromatographic column with re-
verse phase Zorbax eclipse AAA C18 (150 x 4.6;
3,5 um particles, Agilent Technologies, USA)
and twelve-channel CoulArray electrochemical
detector (Model 5600A, ESA, USA). Detector
consists of three flow analytical chambers (Mo-
del 6210, ESA, USA). Each chamber contains
four analytical cells. One analytical cell con-
tains two referent (hydrogen-palladium), and
two counters and one porous graphite working
electrode. Electrochemical detector is situated
in control module which is thermostated. Sam-
ple (20 pl) was injected by autosampler (Model
542, ESA, USA), which has thermostated space
for column. Column was thermostated at 35°C.
Flow rate of mobile phase was 1 ml min-1. Mo-
bile phase consists of A: trifluoroacetic acid (80
mM) a B: 100% Met-OH. Compounds were elu-
ted by following linear increasing gradient: 0 - 7
min (3 %B), 8 - 15 min (15 %B), 25 min (30 %B),
28 - 33 min (98 %B). Detection was carried out
atapplied potential 900mV. Time of one analysis
was 45 minutes.

Electrochemical determination of copper

For electrochemical determination the sample
(10 mg) was resuspended in 700 ul HNO, and
300 ul H,0, (30 %). Sample was mineralized
using MW Anton Paar, rotor MG-65. Further,
we added 900 pl of acetic buffer 0.2 M in pH 5 to
the 100 pl of the sample for subsequent determi-
nation. Concentration of copper was determined
by differential pulse voltammetric with classical
three electrode connection. We used hanging
mercury electrode (HMDE) as working, pla-
tinum wire (Pt) as auxiliary electrode and Ag/
AgCl/3 M KCI as referent electrode. Analysis
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was carried out on 813 Compact Autosampler +
797 VA Computrace (Metrohm, CH). Amount
of sample (500 pl) was refilled by 1500 pl acetic
buffer pH 5 (0.2 M CH,COOH + 0,2 M CH,CO-
ONa). Overall volume of measuring cell was 2
ml. Parameters of electrochemical determinati-
on was as follows: potential scale from -1.3 V to
+0.2 V, potential step 0,005 V, time of accumula-
tion 120 s; accumulation potential -1.15, degasing
of sample by argon was 90 s and time of equilib-
ration was 5 s.

RESULTS AND DISCUSSION

For our experiment two species of maize (Oren-
se sp. and Oropesa sp.) were used. These were
grown in soil, which contained 0, 100 a 250 mg
of copper per 1 kg of soil. Both species were also
grown in myccorhizal and nonmycorhizal (cont-
rol) variants. For determination of the thiol com-
pounds and total copper the plants were divided
into shoot and root part. For thiols determination
0.1g of fresh weight was homogenised with 1 ml
of phosphate buffer in pH 7.5 (20 mM). Homo-
genate was centrifuged (20 minutes, 25000 rpm
a 4°C). Supernatant was analysed by HPLC-ED.
After obtaining the thiol data using peak areas
of identified peaks in chromatograms we made
substraction of mycorhizal variants from contro-
Is. Then we correlated obtained data with copper
contents, which were analysed by differential
pulse voltammetry after mineralization of the
samples. Mycorhizal variants by both studies
species contained lower levels of copper than
control. This dependence was observable very
well in root but in shoots it was almost same. The
thiol content was also well observable in roots
of both Orense and Oropesa. But only in Orope-
sa we determined progressive accumulation of
copper(I) ions into the plants, which is visible
in Fig. 1. From these results it clearly follows that
Oropesa species is well answering on the stress
induced by copper ions than Orense.

Figure 1: (A) Comparison of percentage amount
of thiols (left side) to the copper (right side) in ro-
ots of Oropesa for Cys, GSH, GSSG and N-ace-
tyl-cys. (B) Comparison of percentage amount of
thiols (left side) to the copper (right side) in roots
of Oropesa for PC - 2, 3,4 and 5.
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CONCLUSION

From results obtained we can assume that
mycorhizal fungus can have relatively high in-
fluence on thiol biosynthesis in the plant. It was

observed that mycorhizal variants had lover
concentrations of total copper, which was
slowed by mycorhiza because transport of
copper. In addition we were able to monitor
the development of the important thiol con-
centration levels in dependence of total copper
concentration thanks to two electrochemical
methods, which were used for this study. Fina-
1ly we found that two tested species of maize
reacted very differentially on the mycorhizal
symbiosis during copper treatment, which was
observable especially under the highest applied
concentration of copper 250 mg/kg.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) is responsible for several difficult-to-
-treat infections in humans. Therefore, it is not surprising that other ways how to treat these
bacteria are looked for. Silver(I) ions and silver nanoparticles exhibited the highest antimicrobial
activity against MRSA but their transporting to the place of needs and in situ determination is an
issue. We studied the encapsulation of silver(I) ions into apoferritin as a possible way for trans-
portation of these ions. Primarily we optimized the encapsulation conditions to prepare the most
stable complex, which was subsequently utilized for treatment of S. aureus. Based on the results
obtained it can be concluded that silver(I) ions remain enclosed in the apoferritin structure until
decomposition of apoferritin by bacterial enzymatic apparatus occurs.

INTRODUCTION

Drug delivery systems have been designed for
a number of drug-carrier platforms including
synthetic (silica, polymers, gels) and natural
(lipids, proteins, oligosaccharides) to solve the
problems with drug transportation and to im-
prove their pharmacological properties. Much
attention is focused upon the protein nanomedi-
cine. Naturally self-assembled protein subunits
of the same protein or a combination of proteins
make up a complete system that due to their bio-
compatibility and biodegradability shows low
toxicity. A variety of proteins have been used
and characterized including apoferritin, viru-
ses, albumin, casein, soy protein, collagen and
gelatin. [1]

The apoferritin is naturally occurring protein
used to store iron and to keep it from building
to toxic levels in cells. When the iron atoms are
removed from ferritin, apoferritin is obtained.
It is composed of 24 subunits, which assemble
into hollow cages of 12 nm diameter with 8§ nm
cavity in the interior. In the cavity can be pla-
ced up to 4500 iron ions. Apoferritin contains 14

channels for transport of ions into and outside
the interior. Due to its biological role of storing
iron ions, the protein cage has been successfully
modified to contain a variety of inorganic co-
res for therapeutic and imaging purposes. Mo-
reover, apoferritins disassembly at low pH and
reassembly again at higher pH. It also allows
loading of insoluble and soluble compounds or
drugs for delivery.

For example, drug delivery of cisplatin, car-
boplatin, oxaliplatin or daunomycin was studied
by Xing [2] and Ma-Ham [3] and complexes of
Gd [4, 5] and Eu [6] in apoferritin cage were
tested as MRI contrast agents. Semiconductor
nanoparticles CdS [7, 8] and PbS [9, 10], can be
utilized for electrochemical biosensing, bioassa-
ys and product identification and phosphate na-
noparticles prepared in apoferritin cavity as tags
for bioanalytical or product identification were
reported by Liu et al. [11-14] In this work we
present our results on preparation of apoferritin
nanoparticles, detection of loaded silver ions by
differential pulse voltammetry on carbon paste
electrode and its biological activity study.
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MATERIALS AND METHODS
Preparation of apoferritin nanoparticles
Apoferritin solution (0.25 mg/ml, equine
spleen, Sigma-Aldrich) was filtered through
Microcon YM-30 to remove aggregates. Filtrate
was diluted with ACS water and centrifuged on a
centrifugal filter device Amicon Ultra 3k (Milli-
pore) (centrifugation at 10000 rpm Centrifuge
5417R (Eppendorf, Germany), 10 °C). Apofe-
rritin was washed several times with ACS water
on the same filter. 500 ul of 10 mM AgNO, was
slowly added. The mixture was shaken (Vortex
Genie2 (Scientific Industries, USA) for 1h to let
the silver ions to diffuse into the cavity of the
apoferritin. Silver phosphate inside the apoferri-
tin was prepared by slow addition of 0.2 M phos-
phate buffer (pH = 7.0).

Electrochemical determination

Measuring system CH Instruments (Austin,
USA) was employed for the determination of sil-
ver. The working electrode was the carbon pas-
te electrode (CPE), reference electrode was Ag/
AgCl/3M KCI and as an auxiliary electrode the
platinum electrode was used. Samples were me-
asured in 2 ml of acetate buffer (pH 5). Differen-
tial pulse voltammetry was used for the measu-
rement with these parameters: range of potential
from -0.2V to 0.5V, pulse amplitude 0.05V, pulse
time 0.05s, unit step 0.001V.

RESULTS AND DISCUSSION

Purification and detection of apoferritin is gi-
ven in Fig. 1. The supernatant was used for vol-
tammetric measurements. Samples (Fig 1A) and
(Fig 1B) were prepared with apoferritin without
purification. Variant “A” represents mixture of
apoferritin with silver(l) ions, when opening of
apoferritin structure with subsequent release of
silver ions occurs after addition of acetate buffer
(pH = 5); released silver(I) ions were detected
electrochemically. Variant “B” represents the
same mixture, but with addition of phosphate,
when higher pH (pH = 7) causes enclosure of
apoferritin structure; this fact may clarify only
minimal detected signal of silver(I) ions.

Fig. 1: Scheme of the preparation of silver phos-
phate nanoparticles: A) apoferritin with AgNO3
(10 mM)), silver ions diffused into the apoferritin
cavity, electrochemical measurement of silver
ions; B) apoferritin with AgNO3 (10 mM) and
phosphate buffer, formation of silver phosphate,
electrochemical measurement of remaining sil-
ver ions; C) and D) the same procedure as in the
part A) and B) but with the purification of apofe-
rritin before addition of silver(I) ions. Purificati-
on of apoferritin: 1) apoferritin diluted with ACS
water filled in filter device, 2) centrifugation at

10.000 rpm (10 °C), 3) recovery of purified apo-
ferritin, 4) collected sample of apoferritin

I By 4

Silver(I) ions surplus have to be removed to
take advantage of apoferritin carrier as a mark
based on heavy metal. Changes in silver(I) ions
signals were caused by the binding-enclosure
of silver(I) ions in apoferritin structure. Purifi-
cation was based on the membrane permeabil-
ity of metal ions. Final purified apoferritin pro-
vided no electrochemical signals. pH decrease
leads to the opening of apoferritin structure
and entering the silver(I) ions. pH increasing
causes closure of apoferritin structure without
release of metal ions from the structure. Subse-
quent change in pH enables repeated opening
of the apoferritin structure under encapsulates
ions release. Our experiment demonstrated that
addition of acetate buffer (pH 5.0) leads to the
release of silver(I) ions and their concentra-
tion is then electrochemically detected. Four
concentrations of silver(I) ions (0, 7.5, 15, 30
and 60 uM) were designed for examination of
preparation procedure and electrochemical de-
tection.

Fig. 2: Influence of dose Ag concentration to
detected silver concentration after encapsulati-
on in apoferritin structures. A — Dependence of
dose concentration to detected silver concent-
ration (as a percent of dose concentration); B
— measured concentration of Ag relates to dose
amount of silver ions. Measuring method was
DPV with these parameters: Initial potential
-0.2V, end potential -0.5V, amplitude 0.05V,
pulse width 0.005s, pulse period 0.05s, sensi-
tivity 1.10-5 A/V. Supporting electrolyte was
acetate buffer pH 5.
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CONCLUSION

Biotechnological applications based on nanotech-
nology approaches are modern tools for the targeted
transport of active compounds/drugs with only mi-
nimal risk and possible damage to the non-targeted
cells and tissues. Proposed apoferritin-based silver
ion carrier will be further applied in therapeutic tar-
geting of bacterial cells.
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ABSTRACT

Nanotechnology opens new possibilities for the application of nanoparticles in biosensors and
bioassays. The aim of this work was based on electrochemical determination of silver(I) ions using
various types of modified carbon paste electrodes with different content of carbon nanoparticles.
The most suitable procedure was used for determination of free silver(I) ions capped in the apo-

ferritin structure.

INTRODUCTION

Nanotechnology opens new possibilities for
the application of nanoparticles in biosensors
and bioassays. Especially electrochemical
biosensors and bioassays have received consi-
derable interest due to high performance, mi-
niaturization and low cost. [1] Semiconductor
nanoparticles also called quantum dots (QD)
are of particular interest because of their special
properties i.e. size-tuneable fluorescence [2, 3].
They can be applied not only for electrochemi-
cal detection but also for optical biodetection.
From the electrochemical point of view, their
redox properties are especially sensitive for
stripping analysis and thus low detection limits
can be achieved. CdS nanoparticles functiona-
lized with thiolated oligonucleotides were used
for binding to target DNA. Their photocurrents
generated by the DNA-cross-linked array were
used for the quantitative detection of DNA. [4]/

Wang et al. developed electrochemical coding
technology based on several semiconductor na-
noparticle labels. They employed CdS, PbS and
ZnS QD for multiple DNA detection. [5, 6] The
three encoding nanoparticles were used to di-
fferentiate the signals of three DNA targets in
connection with a sandwich hybridization assay
and stripping voltammetry of the corresponding
heavy metals. The new multi-target sandwich
hybridization assay involves a dual hybridizati-
on event, with probes linked to the QD marker.
The targets can be detected simultaneously. [6]
Liu et al. [7] reported an electrochemical im-

munoassay protocol for the simultaneous mea-
surements of multiple protein targets based on
the use of CdS, ZnS and PbS QDs. QDs can be
also delivered to a target by a small molecules
— viruses or proteins like apoferritin. CdS QDs
in apoferritin cavity were reported by Wong [8]
and Iwahori [9] and PbS QDs with application
for imaging in biology and medicine were re-
ported by Turyanska et. al. [10-12]. The aim of
this work was based on electrochemical deter-
mination of silver(I) ions using various types of
modified carbon paste electrodes with different
content of carbon nanoparticles. The most suita-
ble procedure was used for determination of free
silver(I) ions capped in the apoferritin structure.

MATERIALS AND METHODS
Synthesis of QD and complexes
Preparation of CdS quantum dots (QDs)

All chemicals were purchased from Sigma-Al-
drich and used without further purification. CdS
quantum dots (QDs) were prepared with a slight-
ly modified method published in [1]. Cadmium
nitrate tetrahydrate Cd(NO,),"4H,0 (0.0308 g,
0.1 mM) was dissolved in ACS water (25 ml).
3-mercaptopropionic acid (35 ul, 0.4 mM) was
slowly added to stirred solution. Afterwards, pH
was adjusted to 9.11 with IM NH, (1.5 ml). So-
dium sulphide nanohydrate Na,S-9H,0 (0.024
g, 0.1 mM) in 23 ml of ACS water was poured
into the first solution with vigorous stirring. Ob-
tained yellow solution was stirred for 1 h. CdS
QDs were stored in dark at 4 °C.
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Oligonucleotide-SH (ODN-SH)
labelling with CdS QD

ODN-SH (100 pl, 100 pg/ml) was mixed with
a solution of CdS QD (100 pl). This mixture was
shaken for 24 h at room temperature (Vortex Ge-
nie2 (Scientific Industries, USA)). Subsequently,
solution was dialyzed against 2000 ml of miliQ
water (24 h, 4 °C) on Millipore membrane filter
0.025 um VSWP. During dialysis the sample was
diluted to 800 pl. Diluted sample was concentra-
ted to 500 pl final volume on a centrifugal filter
device Amicon Ultra 3k (Millipore). Centrifuge
5417R (Eppendorf, Germany) was utilized with
following parameters 15 min, 4500 rpm, 15 °C.

Electrochemical determination

Measuring system 663 VA Stand, 800 Dosino,
846 Dosing Interface, Autolab was employed.
To evaluate the results the GPES software was
used. A standard cell with three electrodes was
used for the measurement. A hanging mercury
drop electrode (HMDE) with a drop area of 0.4
mm? was employed as the working electrode. An
Ag/AgCl/3M KCl electrode served as the refe-
rence electrode. Pt electrode was used as the au-
xiliary electrode. Differential pulse voltammetry
was used for the measurement with these para-
meters: a) Detection of CA peak (Cd-SH-ODN)
initial potential 0 V; end potential -1.85 V; fre-
quency 10 Hz; potential step 0.005 V; amplitude
0.025 V; b) Detection of Cd peak (Cd-SH-ODN)
initial potential of -0.9 V; end potential - 0.45 V;
deposition potential -0.9 V; duration 240 s; equi-
libration time 5 s; modulation time 0.06; time in-
terval 0.2 s; potential step 0.002 V; modulation
amplitude 0.025 V

RESULTS AND DISCUSSION

In this work we present our results on prepa-
ration of cadmium sulphide nanoparticles and
their further use as a marker of oligonucleotides.
Synthesis is based on a reaction of cadmium ions
with sulphides in the presence of mercaptopropi-
onic acid, which prevents nanoparticles to form
aggregates and to keep the nanoparticles water
soluble. High pH also prevents aggregate forma-
tion. Thus prepared CdS QDs were utilized to
form a complex with thiolated oligonucleotide.
Complex was formed during shaking of QDs
with SH-ODN at room temperature. Dialysis was
used for purification of reaction product from
unreacted species and centrifugal filter device
served for volume reduction.
SH-ODN and SH-ODN QDs complexes were
studied by electrochemical methods. Time of
accumulation was studied first followed by con-
centration dependence on height of CA and Cd
peaks. Results are given in Figures 1 and 2, re-
spectively. In Figure 1, there are two curves ob-
tained for SH-ODN and complex with CdS QDs

in concentration range of 0.0019 — 2 pg/ml. We
can observe that height of peaks of simple SH-
-ODN is higher to that of the complex. The data
correlate well with calculated amount of mole-
cules. Calibration curve, for cadmium in SH-
-ODN QDs complex obtained in 0.35 — 67.8 pg/
ml range, shows linear dependence. It was pro-
ved by voltammetric measurements that CdS
QDs were successfully bounded with thiolated
oligonucleotide.

Fig. 1: Dependence of height of CA peak on SH-
-ODN concentration and number of molecules.
Red squares relates to unmodified SH-ODN,
whereas blue squares are experimental data
for CdS SH-ODN complex. Differential pulse
voltammetry — HMDE working electrode, Ag/
AgCl/3M KCl, Pt auxiliary electrode.
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Fig. 2: Calibration curve of cadmium in CdS
SH-ODN complex. Differential pulse vol-
tammetry — HMDE working electrode, Ag/
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potential of -0.9 V; end potential - 0.45 V; de-
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CONCLUSION

Cadmium sulphide nanoparticles with mercapto-
propionic acid were successfully prepared and used
for labelling of thiolated oligonucleotides. For cha-
racterization of CdS SH-ODN electrochemical me-
thods were used. These labels will be further tested
and used for hybridization with biological samples
and finally applied in diagnosis.
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ABSTRACT

There is the design of isolation and detection of influenza viruses ODN in this study. Usage of
conjugated MPs and QDs-based hybridization target molecule and their application for the detec-
tion of the avian influenza virus (H5N1) is presented. For analysis of oligonucleotide labelled with
Cd QDs two electrochemical methods were applied. For cadmium (Cd peak) differential pulse vol-
tammetry was used, for oligonucleotide (CA peak) square wave voltammetry (SWV) was applied.

INTRODUCTION

Influenza is an infectious disease caused by
RNA viruses of the family Orthomyxoviridae.
It spreads by droplet infection in seasonal epi-
demics. These epidemics occur regularly during
the winter months with a six-month gap be-
tween the northern and southern hemispheres.
The most important measure against infection is
prevention in the form of vaccination. Influen-
za vaccine exists, but does not protect for whole
life, is only effective for one year. This is due to
mutational changes in the structure of the virus
changes so that the reuse of the same vaccine the
following year, this would be against a mutated
virus did not protect [1]. Despite prevention, the
flu epidemic results in 250 000 to 500 000 de-
aths annually. The greatest influenza pandemic
was called Spanish flu, which took place in late
1918 and 1919, which is described as the worst
pandemic (20 to 50 million victims) in human
history at all [2].

The aim of this study was isolation and detec-
tion of CdS quantum dots labelled influenza oli-
gonucleotide-SH (ODN-SH) H5NI. Isolation of
QDs labelling influenza oligonucleotide (ODN-
-SH-Cd) was Sperformed with using of nano-
particles and dual hybridization. The combina-
tion of nanoparticles and QDs for detection of
influenza virus is a good tool [3]. Paramagnetic
(MPs) or superparamagnetic particles are able
to respond to external magnetic field, which is
used for efficient separation of analytes from
liquid samples [4, 5]. Depending on the size
these objects are divided into micro- and nano-
particles. The advantage of magnetic separation
is the possibility of modifying the surface of

MPs, and thus the elimination of unwanted in-
terfering adsorption of biomolecules [6-8]. Iso-
lation of biomolecules using paramagnetic par-
ticles followed by electrochemical detection, is a
way of detection, which is less time-consuming
and laboratory equipment and is highly sensitive
to even small quantities of sample.[9, 10].

For the detection of isolated Cd labelling oli-
gonucleotides was chose electrochemical ana-
lysis. For analysis of Cd oligonucleotide two
electrochemical methods was used. Differential
pulse voltammetry was used for detection of
cadmium (Cd peak), Square wave voltammetry
was used for detection of oligonucleotide (peak
CA). Electrochemical methods are generally
characterized by the dependence on the current
flowing through the electrode potential - pola-
rization curve. Differential pulse voltammetry
is one of the most widely used electroanalytical
method. In this method, the potential grows li-
nearly inline with time and is interspersed with
voltage pulse amplitude from 10 to 100 mV. The
voltage pulse is applied at the end of life mercu-
ry drops. Records the difference currents mea-
sured before entering the pulse and at the end.
In contrast, square-wave voltammetry (SWV)
using positively and negatively oriented towards
Potential Directive. SWV allows unlike DPV
work in the high rate of change of potential and
is particularly suitable for sensitive detection of
reversible electrochemical systems [9].

MATERIAL AND METHODS

First step was preparation of CdS quantum
dots (Cd QDs). Further step was preparation of
influenza oligonucleotide-SH (ODN-SH) and
labelling by CdS QDs. The last step was isolati-
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on and detection of ODN-SH-Cd.

Preparation of CdS quantum dots (Cd QDs)

All chemicals were purchased from Sigma-Al-
drich and used without further purification. CdS
quantum dots (QDs) were prepared with a slight-
ly modified method published in [11]. Cadmium
nitrate tetrahydrate Cd (NO,),"4H,0 (0.03085 g,
0.1 mM) was dissolved in ACS water (25 ml).
3-mercaptopropionic acid (35 ul, 0.4 mM) was
slowly added to stirred solution. Afterwards, pH
was adjusted to 9.11 with IM NH, (1.5 ml). So-
dium sulphide nanohydrate Na,S-9H,0 (0.02402
g, 0.1 mM) in 23 ml of ACS water was poured
into the first solution with vigorous stirring. Ob-
tained yellow solution was stirred for 1 h. CdS
QDs were stored in dark at 4 °C.

Preparation of CdS QDs labeled influenza oli-
gonucleotide

ODN-SH H5NI (100 pul, 100 pg/ml) was mixed
with a solution of CdS QDs (100 pl). This mi-
xture was shaken for 24 h at room temperature
(Vortex Genie2 (Scientific Industries, USA)).
Subsequently, solution was dialysed against 2000
ml of miliQ water (24 h, 4 °C) on Millipore mem-
brane filter 0.025 um VSWP. During dialysis the
sample was diluted to 800 pl. Diluted sample was
concentrated to 500 pl final volume on a centri-
fugal filter device Amicon Ultra 3k (Millipore).
Centrifuge 5417R (Eppendorf, Germany) was
utilized with following parameters 15 min, 4500
rpm, 15 °C.

Isolation of Cd labelling influenza oligo-
nucleotide (ODN-SH-Cd)

All chemicals and oligonucleotides were pur-
chased from Sigma-Aldrich and used without
further purification. For oligonucleotide isolati-
on automatic pipetting station EP motion 5075
(Eppendorf, Germany) with original devices was
used.

The buffers used in this part of experiments
were as follows — phosphate buffer I: 0.1 M NaCl
+0.05 M Na,HPO, + 0.05 M NaH,PO ; phospha-
te buffer I1: 0.2 M NaCl + 0.1 M Na,HPO, + 0.1
M NaH,PO,; hybridization solution: 100 mM
Na,HPO, + 100 mM NaH,PO,, 0.5 M NaCl, 0.6
M Guanidium thiocyanate, 0.15 M Trizma base
adjusted by HCI on pH of 7.5.

In each well in the plate (PCR 96, Eppendorf,
Germany) 10 ul of Dynabeads Oligo dT ; (Invit-
rogen, Oslo) was dispensing, plate was subse-
quently transfer to the magnet and stored solution
from nanoparticles was aspirate to waste, beads
were further washed 3 times by 20 ul of phospha-
te buffer I. The next step was first hybridization.
In each wells 10 pl of poly A labelling anti sense
HS5NI oligonucleotide and 10 pl of hybridization
buffer (0.1 M phosphate buffer, 0.6 M guanidine

thiokynate, 0.15 M Tris) was added and the pla-
te was incubated (15 min, 25 ° C, pipetting), fo-
llowed by washing by 20 pl phosphate buffer I

The next step was second hybridization.
In each wells was added 10 pl of Cd labelled
HS5NI oligonucleotide and 10 pl of hybridizati-
on buffer (0.1 M phosphate buffer, 0.6 M gua-
nidine thiocyanate, 0.15M Tris) and the plate
was incubated (15 min, 25 ° C, pipetting), fo-
llowed by washing by 20 pl phosphate buffer
1. Further, 30 pul of elution solution (phosphate
buffer I1) was dispensed followed incubation (5
min, 85 °C, pipetting). After elution was plate
transfer to the magnet, and product from each
well was transfered to separate well. Isolation
of H5NI1 oligonucleotide was followed by elect-
rochemical detection.

Detection of Cd labelling influenza oligo-
nucleotide (ODN-SH-Cd)

For the detection of Cd labelled influenza
oligonucleotide (ODN-SH-Cd) was selected
electrochemical analysis. For electrochemi-
cal detection two voltammetric methods were
used. Differential pulse voltammetry was used
for detection of cadmium (Cd peak), for detec-
tion of oligonucleotide (CA peak) square wave
voltammetry was selected. Both methods were
optimized. Limit of detection for Cd and CA
peak was established.

Method for
detection of CA peak (Cd-SH-ODN)

For detection of CA peak we used square wave
voltammetry (adsorptive transfer technology).
Measurements were carried out in an electro-
chemical cell in the classic three-electrode sys-
tem, where the mercury electrode (HMDE) was
a working electrode, reference electrode was an
argentochloride (Ag/ Ag C1I/3M KCl) electrode
and auxiliary electrode was a carbon electrode.
All measurements were performed in acetate
buffer 0.2 M CH,COOH + 0.2 M CH,COONa
(pH 5.0) at temperature 25°C. Samples were
deoxygenated by argon (99.99%, 120s). Equi-
pment: 663 VA Stand, 800 Dosino, 846 Dosing
Interface. Autolab. To evaluate the results the
GPES software was used. Parameters: initial
potential 0 V; end potential - 1.85 V; frequency
10 Hz; potential step 0.005 V; amplitude 0.025
V.

Method for
detection of Cd peak ( Cd-SH-ODN)

For electrochemical detection of Cd peak
we used the differential pulse voltammetry.
Measurements were performed in an elect-
rochemical cell in the classic three electrode,
where the mercury electrode (SMDE) was a
working electrode, reference electrode was
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an argentochloride (Ag / Ag C1/3M KCl) electrode
and auxiliary electrode was a carbon electrode. All
measurements were performed in acetate buffer (pH
5.0) at temperature 25°C. Samples were deoxyge-
nated by argon (99.99%, 120s). Equipment: 663 VA
Stand, 800 Dosino, 846 Dosing Interface. Autolab.
To evaluate the results the GPES software was used.
Parameters: initial potential of -0.9 V; end potential
- 0.45 V; deposition potential -0.9 V; duration 240
s; equilibration time 5 s; modulation time 0.06; time
interval 0.2 s; potential step 0.002 V; modulation
amplitude 0.025

RESULTS AND DISCUSSION

In this study, we described the design of conjuga-
ted MPs and QDs-based hybridization target mo-
lecule and their application for the detection of the
avian influenza virus (H5N1). The hybridization
complex contains four items: (i) MPs modified oli-
go probes (oligo anti-sense) (ii) Cd QDs labelling of
target oligonucleotide, (iii) capturing of target QDs
labelled oligonucleotide derived from a influenza se-
quence, and (iv) electrochemical detection of metal
from QDs marker and electrochemical detection of
influenza derived oligonucleotide.

QDs labelling of target oligonucleotide in their
combination with isolation by MPs are sensitive
diagnostics tool for detection of influenza virus. In
order to examine the usage of MPs and QDs as tools
in nucleic acid hybridization assays, we designed a
MP and QD-based hybridization assay for the de-
tection of avian influenza H5N1 respectively HSN1
derived oligonucleotide. Figure 1 shows a schematic
view of the hybridization procedure for the MP and
QD-based probes with the target. Figure 2 shows
the influence of temperature on amount of isolated
nucleic acids. The temperature optimum of second
hybridization was 25°C.

Figure 1: Scheme of HSNI(ODN-SH-CdS) elect-
rochemical detection. A — AntiH5NIbinding to
magnetic particle, B — addition of ODN-SH-Cd, C
— binding of ODN-SH-Cd to magnetic particle with
AntiH5N1, D — electrochemical detection of ODN
and Cd.
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Figure 2: Influence of temperature of se-
cond hybridization A (15°C); B (20°C); C
(25°C); D (30°C); referenced for Cd peak
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Electrochemical characterization ODN
and ODN-SH-Cd (Fig. 3) shows consi-
derable differences in voltammograms.
ODN-SH voltammogram shows only one
peak (peak CA) at the potential -1.35 V.
Oligonucleotide ODN-SH-Cd shows two
peaks. The first one corresponding to
cadmium (Cd peak, potential -0.58 V) and
the second one corresponds to the nucleic
acid (CA peak, potential -1.36 V). There
are also significant differences between
CA peaks of Cd labelled and non labelled
oligonucleotides. Non labelled ODN re-
ported higher and closer CA peak then
Cd labelled ODN. Also peak position is
divergent (labelled: -1.362V, non labelled:
-1.348V)

Figure 3: Comparison of real voltammo-
grams of ODN-SH (-) and ODN-SH-Cd (-)

'l

cd

1 s0na

-0.25 -0.50 -0.78 100 -1.25 1.50

Potential (V)

The measured parameters were CA and
Cd peak height. With increasing tempera-
ture amount of hybridized target (ODN-
-SH-Cd) and thus CA and Cd peak height
increased. We have demonstrated the in-
fluence of hybridization temperature on
the height of the CA and Cd peak.

CONCLUSION

It was suggested and optimized method
for isolation of Cd labelling influenza oli-
gonucleotide using automated pipetting
station. It was observed the effect of hyb-
ridization temperature (second hybridiza-



tion) on CA and Cd peak height. More sensitive
response provides cadmium from QDs oligo-
nucleotide marker, than influenza derived target
oligonucleotide. With increasing hybridization
temperature amount of hybridized ODN-SH-Cd
and thus CA and Cd peak height increased. The
temperature optimum of second hybridization
was 25°C.
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ABSTRACT

The aim of this study was the determination of iron in erythrocytes at Me-Lim pigs. Influence of
melanoma stadium to amount of iron (erythrocytes) in blood from Me-Lim pigs was studied. There
was employed a new electrochemical automation system for iron determination.

INTRODUCTION

Electrochemical methods allow us to detect
peptides, proteins, nucleic acids, drugs and me-
tals [1-3]. In case of metal determination volta-
mmetric analysis is most commonly used [4-6].
Nanomolar concentrations of metal is possible
to detect and limits of detection are lower than
1071 M [7]. This fact shows that combination of
catalytic and adsorptive processes can lead to
detection limit in pM range [8].

One of most important metals, which is con-
tained in biological samples, is iron. Iron is
an important element in environmental and in
many biological systems [9]. Iron has benefi-
cial or deleterious effects on the properties of
many substances, biological systems and orga-
nisms. Its presence is in haemoglobin synthesis
and oxidative processes of living tissues, provi-
des a fundamental structure of myoglobin, and
many co-factors involved in enzymes activities
[9]. For iron detection there are commonly used
methods as voltammetry [10], chromatography,
spectrophotometric methods, capillary electro-
phoresis, controlled potential coulometry and
potentiometry [11]. Measuring of iron in various
samples (clinical, environmental, industrial, and
pharmaceutical) is very common. We focused
our attention to automated electrochemical me-
asuring system and perform program for this
instrument. To test of this system we decided to
detect iron in erythrocytes from blood samples
of mini pigs.

MATERIALS AND METHODS
Preparation of samples

Blood samples were centrifuged (2000 rpm,
10 min). Followed by aspirate away plasma,
we used for analysis only erythrocytes. For the
first it was weighed 0.1 g of erythrocytes into
Eppendorf tubes. After that the sample was
frozen with liquid nitrogen for 5 min to disrupt
the cells. Then we added 500 ul mM HCI and
sample was ultrasounded for 2 minutes at 40 W
using needle (Bandelin, Germany). Homogena-
tes were then vortexed for 10 minutes at 400 rpm
(Genie, USA) and then centrifuged for 30 minu-
tes at 16,000 rpm (Eppendorf, Germany) prior
to analysis. The obtained supernatant (100 ul)
was pipetted into Eppendorf tubes with 100 pl
TFA solution (20% trifluoroacetic acid). Diluted
sample was then centrifuged for 10 minutes at
16,000 rpm (Eppendorf, Germany) and superna-
tant (10 pl) was used for electrochemical deter-
mination. For this determination it is necessary
to used mixture of sample (20 pl) and triethano-
lamine buffer (2380 pl).

Determination of iron

Determination of Fe ions were performed with
797 VA Stand instrument connected to 889 IC
Sample Center (Metrohm, Switzerland). The
analyser (797 VA Computrace from Metrohm,
Switzerland) employs a classical three-electrode
system with a hanging mercury drop electrode
(HMDE) working electrode: 0.4 mm?, Ag/
AgCl1/3MKCI as reference electrode, and a pla-
tinum auxiliary electrode. The following setup
assembled of automated voltammetric analysis
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is supplied by Metrohm (Switzerland). A sample
changer (Metrohm 889 IC Sample Center) per-
forms the sequential analysis of 96 samples in
plastic test tubes. For the addition of standard
solutions and reagents, automatic dispenser (Me-
trohm 800 Dosimat) is used, while peristaltic
pump station (Metrohm 843 Pump Station) is
employed for transferring the rinsing solution
in the cell and for removing solutions from the
voltammetric cell. Automatic dispenser and peri-
staltic pump station are controlled by central unit
(Metrohm 846 Dosing Interface). Differential
pulse voltammetric measurements were carried
out under the following parameters: deoxyge-
nating with argon 120 s; start potential -0.6 V;
end potential -1.3 V; deposition potential 0V;
accumulation time 0 s; pulse amplitude 0.05 V;
pulse time 0.06 s; step potential 5.951 mV; time
of step potential 0.1 s; volume of injected sample
20 pl; cell was filled with 2400 ml of electrolyte
(0.IM KBrO,; 0.3M NaOH; 0.01M triethanola-
min (TEA)).

RESULTS AND DISCUSSION

Influence of melanoma to amount of iron (ery-
throcytes) in blood from Me-Lim pigs was stu-
died. Group one was control group of health pigs,
group two were pigs with melanoma progress.
We demonstrate dependence of iron concent-
ration in erythrocytes on melanoma stadium at
MeLiM pigs. There was used differential pulse
voltammetry for iron determination. After op-
timization of measuring method the whole me-
asuring procedure was automated. Our system
consists from four basic parts (electrochemical
measuring stand (797 VA Computrace, Metro-
hm), autosampler (889 IC Sample Centre), dosage
unit (800 Dosino Unit, 846 Dosing Interface,
both Metrohm) and pumps (843 Pump Station,
Metrohm)). Electrochemical analysis of biolo-
gical samples is very often connected with one
special need, and it is cooling of samples. This
system is in connection of cooling sample area in
autosampler and possibility of samples injection
of units of pl. The second need, as important as
first, is automation of measurement process.

First step of our experiment was suggesting
method for electrochemical determination of iron
in erythrocytes, followed by optimization two
basic parameters. Optimized parameters were
time of accumulation (0; 60; 120; 300 s, Fig. 1A)
and deposition potential (0; -0.3; -0.6; -0.9; -1.2
V, Fig. 1B). Selected parameters were 0 s for time
of accumulation and 0 V for deposition potential.
Samples were measured in solutions consisted
from 20 pl of samples and 2400 pl of electrolyte
(KBrO, + NaOH + TEA). As a measure method
differential pulse voltammetry was applied. As a
supporting electrolyte mixture of 0.IM KBrO;

0.3M NaOH and 0.01M triethanolamin was
used. Calibration curve is shown in Fig. 2.

Figure 1: Optimization of method for iron de-
termination, triethanolamine buffer (KBrO
0.IM, NaOH 0.3M, TEA 0.01M) was use as 4
supporting electrolyte. Influence of accumula-
tion time on iron signal intensity (A). Depen-
dence of signal intensity on deposition poten-
tial (B).
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For measuring of real samples on automatic
electrochemical system samples of MeLiM
pigs blood were applied. Measured samples
were compared with calibration curve of Fe,
which was measured by the same method as
electrolyte. The control group with healthy
pigs had concentration of iron in erythrocytes
three times higher than group with melanoma
progress. Successful application of new elect-
rochemical system to iron determination in real
biological samples was proved.

Figure 2: Calibration curve of Fe measured in
automatic system. Voltammograms for various
iron concentrations (inset). Differential pulse
voltammetry as measure method was applied.
As a supporting electrolyte mixture of KBrO,

+ NaOH + TEA was used.
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Figure 3: Influence of melanoma stadium to
amount of erythrocytes in blood from MeLiM
pigs. Group one was control group of health
pigs, group two were pigs with melanom prog-
ress. Part A shows dependence of iron concen-
tration in erythrocytes on melanoma stadium
at MeLiM pigs. There was differential pulse
voltammetry for iron determination used.
Part B represents measured voltammograms.
Parameters of electrochemical determination
were as follows: start potential -0.6 V; end po-
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tential -1.3 V; deposition potential 0 V; accumulation
time 0 s; equilibration time 10 s; purge time 120 s;
pulse amplitude 0.05005 V; pulse time 0.06 s; volt-
age step 0.005951 V; voltage step time 0.5 s; sweep
rate 0.0119 V/s. Samples were measured in solutions
consist from 20 pl of sample and 2400 pl of electro-

lyte (KBrO + NaOH + TEA).
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CONCLUSION

The full automated electrochemical method for
iron determination in biological samples was deve-
loped and optimized. Differential pulse voltamme-
try as an electrochemical method was applied. Se-
ries of real samples (blood from MeLiM pigs) as a
testing set was used. Testing group was divided in
two groups — first group was control (samples from
healthy pigs), second group was from pigs with pro-
gressive melanoma. Control group had iron concent-
ration three times higher than group with melanoma
progress.
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ABSTRACT

Electrochemical determination of platinum in biological samples is the aim of this paper. There
were used samples of maize and pea after their exposure to PtCl, and mineralization. The concen-
tration of platinum was determined by using differential pulse voltammetry.

INTRODUCTION

Platinum group elements are formed by metals
such as platinum, palladium, rhodium, rutheni-
um, iridium and osmium. These elements are
found in the environment (e.g. soil, road dust,
water, sediments, or biota) in very low concen-
trations. [1, 2] These metals play an important
role in the motor vehicles exhaust systems and
some household devices to reduce emissions of
poisonous gases such as carbon monoxide, nit-
rogen oxides and hydrocarbons. [3-10] The ma-
jority of platinum group-containing compounds
are highly toxic at very small concentrations and
in most cases cause severe allergic reactions. In
connection with the increasing concentrations
of platinum in the environment there are chan-
ging modes on the availability of these metals.
[11] It seems necessary to monitor emissions of
platinum metals in the environment and create a
new concept that would protect the future health
of mankind and the entire ecosystem. [1] Deter-
mination of platinum metals in environmental
samples requires very sensitive analytical me-
thods considering their very low concentrations
in the environment. [12] The aim of this study
was to determine the concentration of platinum
in samples of peas and maize. Due to the high
sensitivity differential pulse voltammetry was
selected.
MATERIAL AND METHODS
Preparation of samples

The aim of this work was to optimize the elect-
rochemical detection of platinum, as well as to
determine the effect of platinum metals (Pt, Rh,
Pd) on germination and plant growth conside-
ring the length of exposure to that metal. Seeds
of pea (Pisum sativum L.) and maize (Zea mays

L.) was used to determine the inhibitory effects
of platinum metals on germination and plant
growth in the early stages of development. In
the experiment, seeds of plants were exposed to
PtCl, in concentrations of 0, 5, 10, 25, 50 and
100 pM. Each concentration was used for 100
seeds (5 bowls, 20 seeds) distributed to plates
coated with cellulose. Plates were placed on the
edge of the container of 500 ml. To every con-
tainer 300 ml of metal solution with appropri-
ate concentration was applied due to be wetted
by the end of the cellulose in the solution and
causing its rise to the seeds. Distilled water was
used as the dilution water. Samples were culti-
vated for 8 and 12 days in the dark at 25 °C and
humidity of 60 %. Sampling was carried out on
the 8th day - 3 bowls = 60 plants and 12th day
- 2 bowls of 40 plants. At each sampling time
there were 6 samples of fresh green plant parts,
6 samples of fresh root parts, 6 samples of dry
green plant parts and 6 samples of dry root parts.
After processing the samples were frozen to a
temperature of -80 °C.
Mineralization of samples

For the digestion 0.01 g plant (dry weight) +
700 pl HNO, + 300 ul H,0, was used. Samp-
les were digested using an apparatus Multiwave
3000 (Anton-PaarGmbH, Austria) and a pro-
gram SUP6 (50W-10 min, 100W-30 min, OW
(cooling)-10 min, IR-140°C).
Electrochemical determination of platinum

Platinum concentration was determined by di-
fferential pulse voltammetry. At first, the analy-
sed samples were deprived of oxygen by purging
argon (99.999%) for 200 s. Platinum detection
was performed using mercury drop electrode
(HMDE). Experimental parameters were chosen
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as follows: modulation time 0.057 s, time interval
0.2 s, potential step of 1.95 mV, scan rate 10 mV/s,
modulation amplitude 49.95 mV, deposition po-
tential of -0.7 V, deposition time of 0 s. Platinum
was measured by adsorptive stripping voltam-
metry in 1.98 ml of ACS reagent containing 17.8
mol/l sulphuric acid (Sigma Aldrich), 0.24 ml of
0.015 mol/l hydrazine (Sigma Aldrich) and 0.01
ml of 2 mol/l formaldehyde (Sigma Aldrich). Pt-
-formazan complex were formed in measuring
container during the 2 min purging time and was
accumulated for 15 second on the HMDE. The
scan was from -0.5 to -1.2 V with scan rate 10
mV/s. Characteristic peak for platinum was re-
corded at potential -0.9 V. Sample volume was 20
ul, total volume in the measuring vessel was 2 ml
(20 ml sample and 1980 pl electrolyte).

RESULTS AND DISCUSSION

Electrochemical detection of platinum in sam-
ples of peas and maize were determined by di-
fferential pulse voltammetry in 3-electrodes ar-
rangement. The hydrazine-formaldehyde buffer
containing 0.356 mol/l H,SO, 0.15 mmol/I hyd-
razine and 0.02 mol/l HCHO was chosen for de-
tection. The deposition potential and accumula-
tion of time of analyte on hanging mercury drop
electrode was optimized. Deposition potential of
-0.7 V was selected as the most suitable (Fig. 1).
This potential gave the highest signal in our cho-
sen concentration of platinum (6.25 ng/ml).

Figure 1.: The influence of deposition potential
(0; -0.5; -0.7; -0.9; -1.2 V), measuring method
was DPV, supporting electrolyte was 0,356 M
sulphuric acid (Sigma Aldrich), 0.15 mM hydra-
zine with 0,02 M formaldehyde
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In the deposition potential of -0.7 V there was
studied the influence of the accumulation time.
With increasing accumulation time the signal
didn’t change thus the accumulation time was set
to 0 s. After optimization there was measured the
calibration curve using platinum standard soluti-
on within concentration range from 0.098 to 50
ng/ml. Linear dependence of the platinum con-
centration in catalytic signal was set to a concen-
tration of 6.25 ng/ml (y = 1303.9 x, R 2=0.9908,

Fig. 2). Limit of detection LOD = 0.01 ng/ml
and limit of quantification LOQ = 0.04 ng/ml
was estimated using data from the linear part
of the calibration curve.

Figure 2.: The calibration curve of platinum.
Range of concentration was 0.098 — 50 ng/ml,
the linear dependence for platinum concentra-
tion was to 6.25 ng/ml
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Subsequently, the concentration of platinum
in mineralized samples of maize and peas was
determined. The results were plotted in graphs
and calculated using regression equation the
concentrations of platinum in real samples. The
maize-graph shows that the platinum concent-
ration was higher in the root parts in both fresh
and dried samples (Fig. 3). At the green parts
there were very low concentrations of platinum,
sometimes not detectable. On the contrary for
samples of peas a higher concentration of plati-
num was found in green plant parts (both fresh
and dry), in the root parts higher concentrati-
ons were measured only in dry samples (Fig. 4).
Fresh samples provided very low signal.

Figure 3.: Platinum levels in maize. Measuring
method was DPV. E24-E19: root part, dry sam-
ples; E18-E13: green part, dry samples; F12-F7:
root part, fresh samples; F6-F1: green part, fre-
sh samples
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Figure 4.: Platinum levels in pea. Measuring
method was DPV. F24-F19: green part, dry
samples; F18-F13: root part, dry samples; F12-
-F7: green part, fresh samples; F6-F1: root part,
fresh samples
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CONCLUSION

The results of this study confirm that the differen-
tial pulse voltammetry is a very effective method
for the determination of trace concentrations of
platinum in plant samples. The biggest advantage in
addition to high sensitivity is the absence of any in-
terference from other elements or metal ions present
in the studied matrices. After optimizing the para-
meters of the method we were able to achieve the de-
sired detection limit and thus analyse real samples.

ACKNOWLEDGEMENT

The financial support from the following pro-
ject NANIMEL GA CR 102/08/1546 and NA-
NOSEMED GA AV KAN20813080, CEITEC
CZ.1.05/1.1.00/02.0068 is highly acknowledged.

REFERENCES

[11 Dubiella-Jackowska A, Polkowska Z,
Namiesnik J, Polish Journal of Environmental
Studies, 16 (2007), 329-345.

[2] Soukupova I, Beklova M, Zitka O, et al.,
Toxicology Letters, 205 (2011), S77-S77.

[3] Dubiella-Jackowska A, Polkowska Z,
Namiennik J, in: Whitacre, D M (Ed.),
Reviews of Environmental Contamination and
Toxicology, Vol 199 (2009), pp. 111-135.

[4] Fornalczyk A, Saternus M, Metalurgija, 48
(2009), 133-136.

[5] Kolodziej M, Baranowska I, Matyja A,
Electroanalysis, 19 (2007), 1585-1589.

[6] Orecchio S, Amorello D, Microchemical
Journal, 99, 283-288.

[71 YangY,LiX,LiYL, etal, Global Nest
Journal, 10 (2008), 169-173.

[8] Zimmermann S, Menzel C M, Berner Z, et al.,
Analytica Chimica Acta, 439 (2001), 203-209.

[9] Zimmermann S, Messerschmidt J, von Bohlen
A, et al., Analytica Chimica Acta, 498 (2003),
93-104.

[10] Soukupova I, Krystofova O, Sobrova P, et al.,
Listy Cukrovarnicke a Reparske, 126 (2010),
415-415.

[11] Lustig S, Zang S, Michalke B, et al., Fresenius
Journal of Analytical Chemistry, 357 (1997),
1157-1163.

[12] Paraskevas M, Tsopelas F, Ochsenkuhn-
Petropoulou M, Microchimica Acta, 176, 235-
242.

165



ELECTROCHEMICAL DETERMINATION OF

RHODIUM IN BIOLOGICAL SAMPLES
Monika KREMPLOVA!, David HYNEK"2, Miroslava BEKLOVA®,
Ondrej ZITKA!, Jaromir HUBALEK?3, Vojtech ADAM'?and Rene Kizek*!?

! Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in Brno,

Zemedelska 1, 613 00 Brno, Czech Republic

2 Central European Institute of Technology, Brno University of Technology, Technicka 3058/10,

616 00 Brno, Czech Republic

* Department of Microelectronics, Faculty of Electrical Engineering and Communication, Brno
University of Technology, Technicka 10, CZ-616 00 Brno, Czech Republic

* Department of Veterinary Ecology and Environmental Protection, Faculty of Veterinary Hygiene
and Ecology, University of Veterinary and Pharmaceutical Sciences, Palackeho 1-3, CZ-612 42

Brno, Czech Republic
*kizek(@sci.muni.cz

ABSTRACT

Electrochemical determination of rhodium in biological samples is the aim of this paper. There
were used samples of maize and pea after their exposure to RhCl, and mineralization. The concen-
tration of thodium was determined by using differential pulse voltammetry.

INTRODUCTION

Platinum group elements are formed by metals
such as platinum, palladium, rhodium, rutheni-
um, iridium and osmium. These elements are
found in the environment (e.g. soil, road dust,
water, sediments, or biota) in very low con-
centrations [1, 2]. Rhodium due to its unique
physico-chemical properties is the necessary
component for the development of many fields
of industry: from fine organic synthesis and
precise instrument engineering to large-tonn-
age manufacturing [3]. It plays an important
role in the motor vehicles exhaust systems and
some household devices, to reduce emissions of
poisonous gases such as carbon monoxide, nit-
rogen oxides and hydrocarbons. The majority
of platinum group-containing compounds are
highly toxic at very small concentrations and
in most cases cause severe allergic reactions [4-
10]. It seems necessary to monitor emissions of
platinum metals in the environment and create a
new concept that would protect the future health
of mankind and the entire ecosytem [1]. Deter-
mination of rhodium in environmental samples
requires very sensitive analytical methods con-
sidering its very low concentrations in the envi-
ronment. The aim of this study was to determine
the concentration of thodium in samples of peas
and maize. Due to the high sensitivity as a mea-
suring method the differential pulse voltammet-
ry was chosen [11, 12].

MATERIAL AND METHODS
Preparation of samples

Seeds of pea (Pisum sativum L.) and maize
(Zea mays L.) was used to determine the inhi-
bitory effects of rhodium on germination and

plant growth in the early stages of development.
In the experiment, seeds of plants were exposed
to RhCl, in concentrations of 0, 5, 10, 25, 50 and
100 pM. Each concentration was used for 100
seeds (5 bowls, 20 seeds) distributed to plates
coated with cellulose. Plates were placed on
the edge of the container of 500 ml. To every
container was applied 300 ml of metal solution
with appropriate concentration due to be wetted
by the end of the cellulose in the solution and
causing its rise to the seeds. Distilled water was
used as the dilution water. Samples were culti-
vated for 8 and 12 days in the dark at 25 °C and
humidity of 60%. Sampling was carried out on
the 8th day - 3 bowls = 60 plants and 12th day
- 2 bowls of 40 plants. At each sampling time
there were 6 samples of fresh green plant parts,
6 samples of fresh root parts, 6 samples of dry
green plant parts and 6 samples of dry root parts.
After processing the samples were frozen to a
temperature of -80 °C.

Digestion of samples

For the digestion 0.01 g plant (dry weight) +
700 pl HNO, + 300 pl H,0, was used. Samp-
les were digested using an apparatus Multiwave
3000 (Anton-PaarGmbH, Austria) and a pro-
gram (S0W - 10 min, 100W - 30 min, OW (coo-
ling) - 10 min, IR-140 °C).

Electrochemical determination of Rhodium

Rhodium concentration was determined by
differential pulse voltammetry. At first, the
analyzed samples were deprived of oxygen by
purging argon (99.999%) for 200 s. Rhodium
detection was performed using mercury drop
electrode (HMDE). Method parameters were
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chosen as follows: modulation time 0.057 s, time
interval 0.2 s, potential step of 1.95 mV, scan rate
10 mV/s, modulation amplitude 49.95 mV, deposi-
tion potential of 0 V, deposition time of 0 s. Rho-
dium was measured by adsorptive stripping vol-
tammetry in 3.8 ml of electrolyte containing 0,16
mol/l hydrochloric acid (Sigma Aldrich), and 3
mmol/l formaldehyde (Sigma Aldrich). The scan
was from -0.7 to -1.3 V with scan rate 10 mV/s.
Characteristic peak for rhodium was recorded at
potential -1.175 V. Sample volume was 40 pl, to-
tal volume in the measuring vessel was 3.84 ml
(40 pl of sample and 3800 pl of electrolyte).

RESULTS AND DISCUSSION

The aim of this work was to optimize the elect-
rochemical detection of rhodium, as well as to
determine the effect on germination and plant
growth considering the length of exposure to that
metal. Electrochemical detection of rhodium in
samples of peas and maize were determined by
differential pulse voltammetry in 3-electrodes
arrangement. The electrolyte buffer with 0.16
mol/l HCI and 3 mmol/l HCHO was chosen for
detection. The influence of the deposition poten-
tial and accumulation time of analyte on HMDE
was studied. Deposition potential of 0 V was se-
lected as the most suitable (Fig. 1). This potential
gave the highest signal in our chosen concentrati-
on of platinum (6.25 ng/ml).

Figure 1.: The influence of deposition poten-
tial (0; -0.7; -1.1; -1.3 V), measuring method was
DPYV, supporting electrolyte was 0,16 M hydro-
chloric acid (Sigma Aldrich) with 3 mM formal-
dehyde (Sigma Aldrich)
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There was studied the influence of the accu-
mulation time in the deposition potential of 0 V.
With increasing accumulation time the signal
didn’t change thus the deposition time was set to
0 s. After optimization there was measured the
calibration curve using rhodium standard solu-
tion within concentration range from 0.003 to
0.098 pg/ml prepared. Linear dependence of the
rhodium concentration in catalytic signal was set
to a concentration of 0.098 ng/ml (y = 25487x,

R? = 0.997, Fig. 2). Limit of detection LOD =
0.700 ng/ml was observed using data from the
calibration curve.

Figure 2.: The calibration curve of rhodium.
Range of concentration was 0.003 — 0.098 pg/

ml, measured by diferencial pulse voltammetry
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Subsequently, the concentration of rhodium
in digested samples of maize and peas was de-
termined. The results were plotted in graphs
and using regression equation the concentrati-
ons of rhodium in real samples were calculated.
The maize-graph shows that the rhodium con-
centration was higher in the root parts in both,
the fresh and dried samples (Fig. 3). At the
green parts there were very low concentrations
of rhodium, in most cases immeasurable. On
the contrary for samples of peas a higher con-
centration of rhodium is found in green plant
parts (both fresh and dry), in the root parts the
higher concentrations were measured only in
dry samples (Fig. 4). Fresh samples provided
very low signal.

Figure 3.: Rhodium levels in maize (Zea mays
L.). Measuring method was DPV. Samples
D24-D19: root part, dry samples; D18-D13:
green part, dry samples; D12-D7: root part, fre-
sh samples; D6-D1: green part, fresh samples
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Figure 4.: Rhodium levels in pea. Measuring
method was DPV. Samples C24-C19: green
part, dry samples; C18-C13: root part, dry sam-
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ples; C12-C7: green part, fresh samples; C6-Cl: root
part, fresh samples
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CONCLUSION

The results of this study confirm that the differen-
tial pulse voltammetry is a very effective method for
the determination of trace concentrations of rhodium
in plant samples. The biggest advantage in addition
to high sensitivity is the absence of any interferen-
ce from other elements or metal ions present in the
studied matrices. After optimizing the parameters
of the method we were able to achieve the desired
detection limit and thus complete and representative
results.
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ABSTRACT

Capillary electrophoresis (CE) is a powerful separation technique, which is suitable for miniatu-
rization. Therefore microfluidic chip-based CE analysis is attracting great attention. Especially in
the field of proteomics, rapid and effective analytical tools are required due to the high biological
importance of numerous proteins for diagnostic purposes. In this work, chip-based CE method
has been used for analysis of prostatic-specific antigen, which is so far the most commonly used

marker for prostate cancer diagnosis.

INTRODUCTION

Prostatic-specific antigen (short name PSA
and alternative name: gamma-seminoprotein,
kallikretin-3, P-30 antigen and semenoglease)
is a serine protease (EC 3.4.21.77) secreted by
both normal prostate glandular cells and prosta-
te cancer cells [1]. PSA occurs in two forms as
bound to a-1-antichymotrypsin and free often
abbreviated with f-PSA. The total amount of
bound PSA and f-PSA is known as total PSA
(t-PSA). An increasing of t-PSA level at more
than 4 ng/ml represents strong indicators of
the possibility of prostate cancer, which is the
most common cancer in men and is the second
leading cause of cancer death in men worldwide
[2]. Commonly used methods like immunoba-
sed ones have good sensitivity and specificity,
but they are time-consuming and demand on la-
boratory equipment. Based on this, sensors and
biosensors are of great interest for determinati-
on of PSA [3]. Microfluidic and chip techniques
coupled with nanoparticles based isolation and
electrochemical detection can be also used in
multiplex immunosensors for PSA detection
and have good potential to be miniaturized [4-
8]. The aim of this study was to use chip based
capillary electrophoresis for determination of
PSAs

MATERIAL AND METHODS
Capillary electrophoresis

Analyses on an automated microfluidic Ex-
perion electrophoresis system (Bio-Rad, USA)
were carried out according to the manufactu-
rer’s instructions with supplied chemicals (Ex-
perion Pro260 analysis kit, Bio-Rad). A sample
(4 pl) was mixed either with 2 pl of non-redu-
cing sample buffer or 2 pul of reducing sample

buffer (30 pul of nonreducing sample buffer and
1 pl B-mercaptoethanol, and after 4 min boiling,
84 pl of water was added. After the priming of
the chip with the gel and gel-staining solution in
the diluted priming station sample, the mixtu-
re (6 pl) was loaded into the sample wells. The
Pro260 Ladder included in the kit was used as a
standard. For operation and standard data ana-
lysis Experion software version 3.10 (Bio-Rad,
USA) was used.

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)

The electrophoresis was performed according
to Laemmli [9] using a Mini Protean Tetra ap-
paratus (Bio-Rad, USA). First 12.5 % (m/V) ru-
nning, then 5 % (m/V) stacking gel was poured.
The polymerization of the running or stacking
gels was carried out at room temperature for 45
min. Prior to analysis, the samples were mixed
with reducing (3% B-mercaptoethanol) or non-
-reducing sample buffer in a 2:1 ratio. The sam-
ples were boiled for 2 min, and then 4 pl of the
sample was loaded onto a gel. The electrophore-
sis was run at 150 V for 1 h (Power Basic, Biorad
USA) in tris-glycine buffer (0.025 M Trizma-ba-
se, 0.19 M glycine and 3.5 mM SDS, pH = 8.3).
Silver staining of the gels was performed accor-
ding to Oakley et al. [10].

RESULTS AND DISCUSSION

Analysis of PSA using SDS-PAGE showed
that protein structure with molecular mass app.
35 kDa was formed under reducing conditions
and protein with molecular mass app. 25 kDa
under non-reducing conditions. Higher molecu-
lar structure detected under reducing conditions
can be related to the fact that PSA sub-units
could form higher molecular mass complexes
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due to reduced —SH moieties. Moreover, PSA as
glycoprotein behave atypically in electrophoresis
and can form other types of complexes [11]. From
the point of view of sensitivity, we were able to
detect 8.7 ng of PSA under reducing conditions,
but PSA of 17.5 ng was not detected under non-
-reducing ones.

Figure 1.: Capillary chip electrophoresis of
PSA (4.37, 8.75, 17.5, 35 and 70 ng); in inset: vir-
tual gel based on the chip analysis shown below.
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To our knowledge, this system has not been pre-
viously used for PSA analysis. Therefore, unique
results of chip capillary electrophoretic analysis
of PSA are shown Fig. 1. We found that the most
intensive band on the virtual gel shown in inset in
Fig. 1 was determined at 37 kDa under reducing
conditions and at 26 kDa under non-reducing.
Band at 37 kDa corresponds to a reduced, and at
26 kDa to non-reduced PSA. Band of molecular
mass of 15 kDa can be considered as a product of
PSA auto-proteolytic reaction. Glycosylation of
PSA is the most likely explanation for atypical
migration of this protein. It was shown previous-
ly that places, in which PSA is glycosylated, or
other interactions with proteins and other biomo-
lecules significantly affect the mobility of PSA
[1, 11].

During PSA analysis, there were identified four
electrophoretic peaks marked as P1 (migration
time “MT” =26's), P2 (MT =27.55), P3 (MT =31
s) and P4 (MT 32 s). Majority P3 and P4 signals
correspond to the predominant protein structu-
re PSA. Moreover, we found that all identified
electrophoretic signals depend on the concentra-
tion of PSA (analysis performed in the concent-
ration range of 4.37 pg/ml to 70 pg/ml. Peak P1
was strictly linear as showing the calibration de-
pendence with the following equation y = 0.868x
- 2.2752, R* = 0.9979, Peaks P2 and P4 linearly
enhanced with the increasing concentration of
PSA according to the following equations y =
0.9939x + 2.5554, R? = 0.9865, and y = 4.9747x
+ 4.6162, R?* = 0.9810. Dependence of Peak P3
height on concentration of PSA was expressed as
y =4.013x + 8.6233 with the lowest R? = 0.9524.

CONCLUSION

Label-free detection techniques for protein
analysis and/or microarrays are required be-
cause of their simple interpretation, less de-
manding sample preparation and thus also
reduce the time and material consumption
[12]. This study shows the good possibility to
use such technique for determination of PSA,
which could be of interest for some easy-to-use
and well portable analyzers.

ACKNOWLEDGEMENT

The work has been supported by NANOSE-
MED GA AV KAN208130801 and NanoBio-
TECell GA CR P102/11/1068.

REFERENCES

[1] Denmeade S R, Lou W, Lovgren J, et al.,
Cancer Research, 57 (1997), 4924-4930.
Reynolds M A, Kastury K, Groskopf J, ez
al., Cancer Letters, 249 (2007), 5-13.
Healy D A, Hayes C J, Leonard P, et al.,
Trends in Biotechnology, 25 (2007), 125-
131.

Chikkaveeraiah B V, Mani V, Patel V,

et al., Biosensors & Bioelectronics, 26
(2011), 4477-4483.

Henares T G, Mizutani F, Hisamoto H,
Analytica Chimica Acta, 611 (2008), 17-
30.

KoY J,Maeng J H, Ahn'Y, et al.,
Electrophoresis, 29 (2008), 3466-3476.
Panini N V, Messina G A, Salinas E, et al.,
Biosensors & Bioelectronics, 23 (2008),
1145-1151.

Zani A, Laschi S, Mascini M, et al.,
Electroanalysis, 23 (2011), 91-99.

[9] Laemmli U K, Nature, 227 (1970), 680-&.
Oakley B R, Kirsch D R, Morris N R,
Analytical Biochemistry, 105 (1980), 361-
363.

Kurkela R, Herrala A, Henttu P, ef al.,
Bio-Technology, 13 (1995), 1230-1234.
Ray S, Mehta G, Srivastava S,
Proteomics, 10 (2010), 731-748.

[11]
[12]



SPECTROMETRIC STUDY OF TAURINE
Lukas NEJDL', Jiri SOCHOR'"?, Ondrej ZITKA'?, Branislav RUTTK AY-NEDECKY"?,
Vojtech ADAM!?, Rene KIZEK'?

'Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in Brno,
Zemedelska 1, 613 00 Brno, Czech Republic

2Central European Institute of Technology, Brno University of Technology, Technicka 3058/10, 616
00 Brno, Czech Republic

*kizek@sci.muni.cz

ABSTRACT

This study aims at analysing of complex-forming reactions with respect to use them for easy-
-to-use and sensitive determination of taurine in biological samples including tissues extracts and
body fluids. Particularly, we focused on studying of taurine complexes with phenol and sodium
hypochlorite, and/or of taurine with sodium hypobromite. The formed complexes were studied
under various temperatures (10 °C, 20 °C, 30 °C, 40 °C, 50 °C and 60 °C) and in various time

intervals (0, 5, 10, 15, 20, 25 and 30 min.).

INTRODUCTION

Taurine (2-aminoethanesulfonic acid) is con-
tained in low concentrations in most tissues of
the human body [1], occurs naturally in foods,
particularly seafood and meat [2]. It acts and an-
ti-as inflammatory agent and antioxidant on the
human body [3], participates in physiological
processes such as stabilization of cell membra-
nes, inhibition of oxidative burning of neutro-
phils and macrophages [4], regulation of adipose
tissue [5], regulation of a constant level of calci-
um in the blood [6]. In addition, it is necessary
for cardiovascular function [7], development
and function of skeletal muscle, the retina and
the central nervous system [7, 8].

High performance liquid chromatography
(HPLC) [9, 10] and capillary electrophoresis
(CE) [11] belongs to the most commonly used
methods for analysis of taurine. It is also po-
ssible to use spectrometry due to the ability of
taurine to form complexes with ninhydrin [12],
o-phthalaldehyde [13] and 1-fluoro-2,4-dinitro-
benzen [14].

The aim of our study was to optimize methods
for determination of taurine based on complex
formation of the analyte with phenol and sodium
hypochlorite, and/or with sodium hypobromite.

MATERIAL AND METHODS

Chemicals

All chemicals of ACS purity used were pur-
chased from Sigma Aldrich Chemical Corp.
(USA), unless noted otherwise. The following
stock solutions of the chemicals were prepa-
red 800 mM taurine, 680 mM phenol, 300 mM
NaClO and 100 mM NaBrO.

Preparation of taurine
To study taurine complexes, taurine of the fo-
llowing concentrations were prepared: a) 100, b)

50, ¢) 25,d) 12.5, ¢) 6.25 and f) 3.13 mM. To stu-
dy the influence of time and temperature on the
measured absorbance, taurine of the following
concentrations were prepared: a) 4, b) 2, ¢) 1, d)
0.5, €) 0.25 and f) 0.125 mM. Milli Q water was
used for solutions preparation.

Preparation of complex of taurine with phenol
and sodium hypochlorite

To micro-test tubes, the following chemicals
were pipetted: 100 pl taurine, 100 pl phsopshtae
buffer (pH 10.35), 100 pul phenol and 100 ul so-
dium hypochlorite.

Preparation of complex of taurine with sodium
hypobromite

To micro-test tubes, the following chemicals
were pipetted: 200 pl taurine and 200 pl sodium
hypobromite.

Measurements

Spectra were measured within the range from
220 to 800 nm using SPECORD 210 (Analytik
Jena, Germany) in quartz cuvettes with 1 cm
diameter (Hellma, UK). Monitoring resulting
complexes was carried out at times 0, 5, 10, 15,
20, 25 and 30 minutes. Cell area was heated by
thermostat Julabo (USA) at temperatures 10 °C,
20 °C, 30 °C, 40 °C, 50 °C and 60 °C.

RESULTS AND DISCUSSION

Our experiment was aimed at comparison
of two complex-forming methods. Primarily,
we measured spectra of the complex forming
chemicals without taurine (phenol and sodium
hypochlorite Fig. 1A, and/or with sodium hypo-
bromite Fig. 2A). Further, we analysed taurine
itself (Fig. 2A), which was not detectable by
spectrometry. Change of absorbance of phenol
(at 270 nm) and sodium hypochlorite (at 290 nm)
was determined at reaction of taurine with these
chemicals. The presence of coloured complexes
was detected at 530 and 630 nm (Fig. 1B). De-
termined change at 290 nm was proportional to
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concentration of taurine (R2=0.971). This wave-
length is suitable for determination of taurine

Fig. 1.: Spectrum of taurine with phenol and so-
dium hypochlorite. Measured after 30 min. long
interactions at 60 °C. (A) Spectrum record of so-
dium hypochlorite (a) and phenol (b). (B) Com-
plex formed at 530 nm (a, b) and 630 nm (c - g)

Three coloured complexes were detected at
230, 288 a 370 nm after reaction of taurine with
sodium hypobromite (Fig. 2). Tuerine complex
with this chemical was detected at 288 nm.

Fig. 2: Spectrum of taurine with sodium hy-
pobromite. Measured after 30 min. long inter-
actions at 60 °C. (A) Spectrum record of sodium
hypobromite and taurine. (B) Complex formed at
288 nm
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Interaction of taurine with phenol and hy-
pochlorite (Fig. 3) and taurine with sodium hypo-
bromite (Fig. 4) was monitored under changing
temperature and time of interaction as the change
in absorbance. The concentration of taurine as 4
mM, 2 mM, 1 mM, 0.5 mM, 0.25 mM and 0.125
mM were used.

Fig. 3: Dependences of absorbance of tauri-
ne with phenol and hypochlorite (4, 2, 1, 0.5,
0.25 and 0.125 mM of taurine) after 0, 5, 10,
15, 20, 25 and 30 min. long interactions and
temperatures 10 °C, 20 °C, 30 °C, 40 °C, 50
°C and 60 °C. The reaction was recorded at
290 nm.
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Fig. 4: Dependences of absorbance of taurine
with sodium hypobromite (4, 2, 1, 0.5, 0.25 and
0.125 mM of taurine) after 0, 5, 10, 15, 20, 25
and 30 min. long interactions and temperatures
10 °C, 20 °C, 30 °C, 40 °C, 50 °C and 60 °C.
The reaction was recorded at 288 nm.
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For both complexes studied, taurine and phe-
nol with hypochlorite and taurine with sodium
hypobromite, significant dependence on the
concentration of taurine, reaction temperature



and time of reaction was observed. For taurine com-
plex with phenol and hypochlorite, the increase in
temperature from 10 °C to 60 °C caused the increase
in absorbance at different concentrations on average
by 274 %. The resulting taurine complex with phenol
and hypochlorite at 290 nm appears to be suitable for
determining the concentration of taurine.
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ABSTRACT

We focused on the study of the antibacterial effect of silver(I) ions on microorganisms (model
Staphylococcus aureus bacterial culture) in this study. The effect of eight concentrations of AgNO,
(0, 1.25,2.5,5, 10, 15, 25 and 50 pg-ml') was studied. We aimed at the studying of oxidative stress
as the resulting effect of silver(I) ions. Five principally different methods (namely ABTS, DPPH,
DMPD, FRAP and Free Radicals method) were used to determine the oxidative stress. Obtained
results were mathematically evaluated. Correlation between individual analytical techniques was
found. The increased antioxidant activity was well evident with the increasing concentration of
applied silver(I) ions. Our results indicate the possibility of the application of above-mentioned
analytical techniques in microbiology for determination of oxidative stress in bacterial cultures.

INTRODUCTION

Oxidative stress is one of the markers, which
enables monitoring of toxic effects of heavy
metals including silver(I) ions on microor-
ganisms [1]. This toxic effect is based on the
binding of silver(I) ions to the bacterial cell
wall and membranes, which leads to inhibition
of the respiratory process [2]. Due to ability of
silver(I) ions to induce excessive production
of reactive oxygen species (ROS) that affect
almost all biomolecules. Moreover, they are
also able to cause metabolic toxicity. Organi-
sms have the protective mechanisms that can
effectively eliminate formed free radicals and
thus eliminate their toxic effects [3]. On the
other hand, these protective mechanisms have
limited capabilities based on the proteosynthe-
tic and generally biosynthetic abilities. On the
other hand, excess of ROS enables the monito-
ring of oxidative stress based on determination
of antioxidant capacity [4].

Numerous methods for determination of an-
tioxidant activity have been developed in the
field of chemical analysis and biological eva-
luation of antioxidant characteristics in recent
years [5]. Their diversity is given by the fact
that low molecular mass antioxidants may act
by different mechanisms, most often by the
direct reaction with free radicals (quenching,
trapping). A more precise definition of the
chemical mechanism of their effect is often an

issue. Therefore, the procedures evaluating the
antioxidant activity are based on chemically di-
fferent principles [6].

Spectrophotometric methods are the most used
methods in the determination of antioxidant ac-
tivity/capacity. We studied antioxidant capacity
of Staphylococcus aureus treated with silver(I)
ions within the concentration range from 0 to 50
pg-ml. In our study, we took advantage of five
principally different methods for antioxidant
capacity determination - ABTS, DPPH, DMPD,
FRAP and Free Radicals.

MATERIAL AND METHODS
Cultivation of Staphylococcus aureus
Staphylococcus aureus (NCTC 8511) was ob-
tained from the Collection of Microorganisms,
Brno, Czech Republic. The culture was removed
under sterile conditions from the slant agar and
incubated for 24 hours in an incubator Hood TH
15 (Edmund Buhler GmbH, Germany) at 37 °C
at 600 rpm. Bacterial culture cultivated under
these conditions was diluted to was grown for
another experiment the culture medium diluted
to OD,; = 0.1 by cultivation medium and used
for next experiments. The composition off cul-
tivation medium was as follows: meat peptone
5 g1, NaCl 5 g1, beef extract powder 1.5 g-I'!,
yeast extract 1.5 g-1" (HIMEDIA, Mumbai, In-
dia), sterile distilled water MilliQ 18 MQ. pH of
cultivation medium was adjusted prior the ster-
ilization to pH = 7.4. Sterilization of media was
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carried out in an autoclave (Tuttnauer 2450EL,
Israel) at 121 °C for 30 min. The prepared cul-
tivation medium was subsequently aseptically
pipetted into 25 ml Erlenmeyer flasks. In the
next step, cultivation media were supplemented
with silver(I) ions (0; 1.25; 2.5; 5; 10; 15; 25 and
50 pg-'ml"). After inoculation, bacterial cultures
were cultivated on a shaker for 24 hours at 600
rpm and 37 °C. Samples were collected after 24
h of cultivation by centrifugation (5000 rpm, 15
min.). Bacterial cells were three times washed
by phosphate buffer (pH = 7). Finally, cells were
resuspended in phosphate buffer (pH = 7, vol-
ume 1.5 ml) and sonicated using the ultrasound
needle (Hielscher, Germany) for 2 minutes. Ho-
mogenates were vortexed (5 min, BioSan, Riga,
Latvia) and centrifuged (1600 rpm, 30 min.). Ob-
tained supernatant was used for the determina-
tion of antioxidant capacity.

All spectrophotometric analyses were per-
formed on automated analyzer BS-400 (Min-
dray, China). Reaction solutions and samples
were placed in the cooled disk (4 °C) and auto-
matically pipetted into plastic cuvettes with opti-
cal path of 5 mm. The mixture was then stirred.
Incubation took place in the cuvette compartment
thermostated to 37 °C. Washing of dispensing
needles with distilled water was carried out be-
tween pipetting. The instrument was controlled
by a software BS-200 (Mindray, China).
Determination of antioxidant capacity using
the DPPH method

150 pl of R1 reagent (0.095 mM 2,2-diphenyl-
1-picrylhydrazyl - DPPH’) was pipetted into
plastic cuvette. Subsequently, volume of 15 pl
of sample was added. This method is based on
the ability of stable free radical of 2,2-diphenyl-
1-picrylhydrazyle to react with donors of hydro-
gen. DPPH" has strong absorption in UV-VIS
spectrum, absorbance was measured for 12 min
at L =505 nm.

Determination of antioxidant capacity using
the ABTS method

150 pl of R1 reagent (7 mM ABTS® (2,2-azi-
nobis(3-ethylbenzothiazolin-6-sulphonic  acid
and 4.95 mM potassium peroxydisulphate) was
pipetted into plastic cuvette. Subsequently, volu-
me of 3 ul of sample was added. Absorbance was
measured for 12 min at A = 660 nm.
Determination of antioxidant capacity using
the FRAP method

150 pl of reagent (Solution 1: 10 mmol.L"' so-
lution of TPTZ in 40 mmol.L"!" of hydrochloric
acid. Solution 2: 20 mmol.L" solution of ferric
chloride hexahydrate in ACS water. Solution 3:
20 mmol.L' acetate buffer, pH 3.6, these three
solutions are mixed in a 1:1:10 ratio) was pipetted
into plastic cuvette and subsequently 3 ul of sam-
ple was added. Absorbance was measured for 12
min at A = 605 nm.

Determination of antioxidant capacity using
the DMPD method

160 pl of reagent R1 (200 mM N,N-dimethyl-
-p-phenylenediamine - DMPD-, 0.05 M FeCl,,
0.1 M acetate buffer - pH = 5.25) was pipetted
into plastic cuvette with subsequent addition of
4 ul of measured sample. Absorbance was mea-
sured for 12 min at A = 505 nm.

Determination of antioxidant capacity
using the Free radicals method

150 pl of R1 reagent (0.1 M HCI, chloro-
phyllin extract, reaction buffer, catalyser) was
pipetted into plastic cuvette. Subsequently, vo-
lume of 6 pl of sample was added. Absorbance
was measured for 12 min at A = 450 nm.

RESULTS AND DISCUSSION

The aim of our experiment was to study oxi-
dative stress in Staphylococcus aureus culture
influenced by silver(I) ions. Oxidation stress
was monitored by the determination of anti-
oxidant capacity using five different principle
methods: DPPH (2,2-difenyl-1-pikrylhydra-
zyl), ABTS (2,2‘-azinobis(3-ethylbenzothiazo-
lin-6-sulfonatu)), DMPD (N,N-dimethyl-1,4-
diaminobenzen), FRAP (Ferric Reducing
Antioxidant Power) and FR (Free Radicals).
These methods are based on the reaction of
monitored molecule with free radicals under
measurement of absorbance of nascent com-
plex. Finally, results are recalculated to gallic
acid equivalent (GAE). In conclusion, high val-
ue of antioxidant capacity and thus GAE means
lower rate of oxidative stress.

Figure 1. Spectrophotometric analysis of Sta-
phylococus aureus antioxidant capacity. De-
pendence of antioxidant capacity on applied
silver(I) ions concentration (0, 1.25, 2.5, 5, 10,
15, 25 and 50 pg'ml™). Obtained results were
recalculated to gallic acid equivalents and sub-
sequently to cell number after 24 h cultivation.

We can presume from the obtained results that
the increasing concentration of silver(I) ions
leads to the increasing of antioxidant capacity.
The increase of antioxidant capacity was up to
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the concentration of 15 uM. However, two highest
used silver(I) ions concentrations (25 and 50 uM) led
to the increase of antioxidant capacity for more than
200 % compared to control. In the case of DPPH me-
thod, concentration of 25 uM increased capacity for
800 % compared to control untreated culture. Under
the highest concentration of silver ions (50 M), this
value exceeded 1300 %. In the case of free radicals
method, concentration of 25 uM demonstrated inc-
rease for 380 % compared to control, under the 50
uM for 1000 % in comparison with control. Similar
results were obtained using FRAP method: increase
for 380 % under 25 pMand for 1000 % under 50 pM.
ABTS methods also proved similar results as the in-
crease for 550 % under the concentration of 25 pM,
under the concentration of 50 uM even for 3500 %.
In the case of DMPD method, the results were as fo-
llows: 25 uM — increase for 550 %, 50 uM — increase
for 1200 %. The most visible increase in antioxi-
dant capacity compared to control was determined
using the ABTS method under the highest applied
concentration of silver(I) ions, which was 3500 %.
Obtained values indicate the increase of protective
antioxidant compounds biosynthesis. This mecha-
nism is responsible for maintenance of homeostasis
and reduction of effects of heavy metals. This fact
is closely connected with the increased biosynthesis
of protective enzymes, such as superoxide dismutase
[7], glutathione reductase [8] and glutathione peroxi-
dase [9], under stress caused by heavy metals.

Moreover, we determined correlation between in-
dividual used methods. They were proved by Pear-
son’s correlation coefficient (Tab. 1). The highest co-
rrelation rates were detected between FR and FRAP
(r*=0.999), FR and DMPD (1*= 0.994) and FRAP and
DMPD (r’= 0.994) methods. These three methods are
based on the reaction between free radicals and iron
ions [10, 11]. This fact may be responsible for detec-
ted correlation coefficients.

Table 1. Values of correlation coefficients between
individual methods by the use of Pearson’s correla-
tion coefficient.

Methods ABTS DFFH DMFD FRAP FR
ABTS x 0.588 0.965 0578 0.980
DPFPH 0888 X 0976 0.959 0.958
DMPD 0965 0976 X (994 994
FRAP 0.978 0.959 0.994 X 0.959
FR 0.980 0.958 0994 0.999 4
CONCLUSION

In recent decades, amount of knowledge about the
role of free radicals in oxidative stress in living or-
ganisms have significantly increased. The obtained
results enabled determination of the role of silver(I)
ions in oxidative stress in bacterial culture of Sta-
phylococcus aureus. For this purpose, determination
of antioxidant capacity was used. The increased con-
centration of applied silver(I) ions led to the increase

in antioxidant capacity. These values indi-
cate the involvement of protective mecha-
nisms in the protection against the effect
of silver(I) ions. On the other hand, we can
deduce the ability of silver(I) ions to indu-
ce free radicals and thus oxidative stress in
Staphylococcus aureus bacterial culture.
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ABSTRACT

Metal complexes of fungal and plant secondary metabolites are in the centre of interest, espe-
cially due to their biological properties including cytotoxicity. In our work, we were focused on
electrochemical behaviour of seven newly prepared complexes of lawsone with the second ligand
represented by derivatives of pyridine, aminopyridine and pyrazole with copper(Il) ions using
methods of cyclic voltammetry and differential pulse voltammetry. In addition, we tested ability
of these complexes to interact with DNA. Our results indicate that the most simple complex of law-

sone - Cu(lawsone),(H,0),0.5H,0 proved signific
to its cytotoxicity that has been demonstrated in r

INTRODUCTION

Electrochemistry represents suitable tool
for detection and quantification of different
compounds from metal ions to high molecular
mass organic compounds [1-7]. However, the
number of papers focused on electrochemistry
of naphthoquinones is relatively limited com-
pared to other compounds and applications.
Electrochemistry was used for characteriza-
tion of 1,4-naphthoquinone complexes [8],
rhodium(I11) 1,2-naphthoquinone-1-oxime
complexes [9] or palladium-1,4-naphthoquinone
complexes containing bis(pyrazol-1-yl)methane
ligands [10]. Babula et al. demonstrates using
electrochemical techniques for detection and
quantification of naphthoquinones lawsone, ju-
glone and plumbagin in plant tissues [11]. Be-
sides possibility to quantify naphthoquinones,
electrochemistry is suitable for studying of in-
teractions between drugs and their possible tar-
gets, most of all, with DNA due to outstanding
sensitivity [12-18]. DNA biosensor technologies
are in the focus of interest of many scientists
due to their application in recognition of mecha-
nism of interaction of compounds with DNA
[19-26]. In this study, we aimed at studying of
interactions of newly prepared complexes of
lawsone (2-hydroxy-1,4-naphthoquinone) with

ant prooxidant properties, which may contribute
ecent literature.

copper(Il) ions with DNA. Possible mechanisms
of DNA-lawsone complexes were suggested.

MATERIAL AND METHODS
Lawsone complexes

Lawsone (Law, 2-hydroxy-1,4-naphthoqui-
none), monohydrate of copper(Il) acetate
((CH3COO),Cu.H,0), and other chemicals of
p-a. purity, which were used for synthesis of
complexes, were purchased from Sigma-Ald-
rich (Sigma-Aldrich, St. Louis, USA). Lawsone
complexes were prepared in cooperation with
Department of Chemical Drugs, Faculty of
Pharmacy, University of Veterinary and Phar-
maceutical Sciences Brno. Structure of com-
plexes has been evaluated by elemental analysis
and purity by spectrophotometric methods.
Differential pulse voltammetry for studying
the interactions of lawsone complexes with
dsDNA

Carbon paste electrode prepared according
to the protocol mentioned above and modi-
fied with dsDNA (stock solution 1,000 pg/ml,
applied volume 10 pl, time of accumulation 2,
4, 6, 10 and 20 min.) was used for the studying
the interactions between dsDNA and lawsone
complexes. Prior dSDNA carbon paste electrode
incubation, solution of lawsone complex (stock
solution 1,000 pg/ml, applied volume 10 pl, time
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of interaction 2 min.) was applied for electrode
modification. Then, the modified electrode was
carefully washed with miliQ water to remove ex-
cess complex. In the next step, the electrode was
incubated with dsDNA (stock solution 1,000 pg/
ml, applied volume 10 pl, time of accumulation
2,4, 6, 10 and 20 min.). Further, the electrode
surface was washed with MiliQ water. Measu-
rements were carried out in the presence of 0.2
M acetate buffer (pH = 5.0, volume = 2.000 pl).
All measurements were carried out in triplicates.
The conditions of measurement were as follows:
time of accumulation 60 s, modulation time 0.057
s, interval time 0.2 s, initial potential 0.3 V, end
potential -1.2 V, step potential 10 mV, modulation
amplitude 25 mV.

RESULTS AND DISCUSSION
dsDNA-modified carbon paste electrode was
used for determination of dsDNA-lawsone com-
plexes interactions. DNA immobilized on the
surface of carbon paste electrode brings interest-
ing possibilities in the determination of interac-
tions between this DNA and studied compounds.
These techniques elucidated mechanism of in-
teractions between important pharmaceuticals,
such as antibiotics like levofloxacin [27] and
rifampicin [28], compounds with DNA interca-
lating potential, such as acridine orange [29], an-
ticancer agent daunomycin [30] and mitomycin
[31] or compounds, which are commonly used
as stains or eventually as DNA stains [32-34]. In
this study, we focused on the decrease of signal
1 (copper(1l) ions) and signal 2 (lawsone) after
accumulation on dsDNA modified carbon paste
electrode. Briefly, carbon paste electrode was
modified by studied complex (see Experimen-
tal part). In this step, we obtained first voltam-
mogram for comparison with further voltam-
mograms; after removing the excess of complex
with miliQ water, electrode was incubated with
10 pl of dsDNA stock solution (1.000 pg/ml) for
strictly defined time intervals as 2, 4, 6, 10 and
20 min. For each time of accumulation, inde-
pendent voltammogram was obtained. Finally,
we evaluated changes of heights of both signal
1 and signal 2, which inform us about possible
interactions with dsDNA (Fig. 1).
The highest value of signal 1 (copper(Il) ions)
was detected for complex 6 followed by com-
plexes 5,4, 7,2, 1 and 8. In the case of signal 2
(lawsone), its highest value was determined for
the most simple complex as complex 1 followed
by complexes 2, 4, 6, 5, 7 and 8. Based on these
results, we compared also individual signals. In
this case, all values were recalculated to the value
determined for complex 6 with the highest signal
(= 100 %). The subsequent values for signal 1 in
individual complexes were as it follows: 86.15 %
(complex 5), 66.84 % (complex 4), 64.78 % (com-

plex 7), 53.31 % (complex 2), 46.94 % (complex
1) and 4.10 % (complex 8). Also in the case of
comparison of heights of signal 2, the highest
obtained value (complex 1) was taken as 100
% and values detected for remaining comple-
xes were recalculated to this value. The values
for other complexes were as it follows: 95.58
% (complex 2), 90.60 % (complex 4), 85.55 %
(complex 6), (77.69 % (complex 5), and 64.23 %
(complex 7). The lowest value of signal 2 height
was determined for complex 8 (61.11 %).

Figure 1.: Dependences of heights of copper(II)
ions and naphthoquinone lawsone signals of in-
dividual studied complexes on the time of dsD-
NA interaction within the range from 0 to 20
min. Voltammograms for individual complexes
with marked potentials are introduced in insets.

CONCLUSION

Experimental work brings new knowledge
not about oxidation/reduction properties of
newly prepared copper(I)-lawsone based com-
plexes, but also knowledge about possibility of
these complexes to interact with DNA. This
knowledge can be used in further experiments
focused on determination of mechanisms of cy-
totoxicity of studied complexes.
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ABSTRACT

The significant source of platinum group elements (PGE; Pt, Pd and Rh) is road traffic
and the residues of widely used platinum based cytostatics. We can surmise that these met-
als can migrate into sewages and thus pollute aquatic ecosystem. The aim of our study was
to analyze the effects of PtCl,, PdCl, and RhCl; on morphology and vegetative growth
of colonies of aquatic plant duckweed (Lemna minor) and then compare their inhibitory effects.
In the case of PtCl, we focused on the antioxidant activity of this plant employing photometric
analysis using biochemical analyzer BS-400 (Mindray, China).

INTRODUCTION

Trace concentrations of the platinum group
elements (PGE; Pt, Pd and Rh) are nowadays
an irreplaceable part of the environmental
analysis and assessment. Their importance is
based on their growing use as active compart-
ments in automobile exhaust catalysts and also
on their use in anti-cancer therapy in medicine
[1-3]. Due to their harmful (allergenic and cy-
totoxic) potential, it is necessary to monitor
their content and behaviour in different samples
like water, soil, grass, urine or blood. The in-
troduction of catalytic converters in cars since
the mid 1970s (USA-1975, EU-1993) eliminated
the necessity to add lead to fuel thus diminish-
ing its release to the environment. However, a
new environmental problem seems to appear
since catalysts emit several other elements,
some of which are among the least distributed
in nature [4]. Vascular plant duckweed (Lemna
minor) belongs to the group of bioindicators
of ecotoxicological changes, mainly in aquatic
system. A number of studies based on the abil-
ity of duckweed to accumulate metals have been
done, because this property makes them suitable
for water quality monitoring [5-7].

2. MATERIAL AND METHODS

Tested concentration row for each PGM
(PtCl,, PdCI, and RhClL,) was 0, 1, 5, 10, 25, 50,
100 uM. We used samples of 100 ml volume
(conventional test: 150 ml beaker), the initial
number of fronds was 10. The vessels were in-

cubated during seven days under a continu-
ous warm fluorescent lightning and with the
temperature of 24+2°C. The toxic influence
of PGE was evaluated on a basis of growth
inhibition expressed as number of fronds and
comparison of growth rates. Control groups of
Lemna minor were cultivated under the recom-
mended conditions in SIS (Swedish standard)
medium. For the photometric determination
we choose concentrations: 1, 10 and 100 pM.
The test groups of duckweed were cultivated
by 1, 10 and 100 uM and the samples were col-
lected 2™, 4™ and 6™ day of the experiment.

To determine the antioxidant activity, we
used a biochemical analyzer BS — 400 (Min-
dray, China) and choose two methods: FRAP
(Ferric Reducing Antioxidant Power) and
ABTS radical method. The ABTS radical
method is one of the most used assays for the
determination of the concentration of free ra-
dicals. It is based on the neutralization of a
radical-cation arising from the one-electron
oxidation of the synthetic chromophore. The
FRAP method (Ferric Reducing Antioxidant
Power) is based on the reduction of complexes
of 2,4,6-tripyridyl-s-triazine (TPTZ) with fer-
ric chloride hexahydrate [8,9].

RESULTS AND DISCUSSION

Increasing concentrations of PGE negatively
affected the growth of Lemna minor. During
the experiment, we observed the growth slow-
down and changing the appearance of fronds.
Plants started to turn yellow (chlorosis), and at
the end of the experiment, we observed leaves
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with white or colourless areas (necrosis). It can be
concluded that in the case of PtCl,, with the in-
creasing concentration of metal the plant growth
is considerably inhibited. 168hEC, (effective
concentration) PtCl, was estimated on 11.8 pM.
In the case of PdCl, and RhCl, the results were
difficult to estimate. The lower concentrations
(5 uM) caused slight growth stimulation and the
higher inhibition effect was found under the 25
pM (Fig. 1 A - C). Due to poor solubility of both
metals (PdCl, and RhCL) in concentrations 50
and 100 uM the growth inhibition declines, de-
spite of pH adjustment. In addition, we observed
insoluble precipitates at the bottom of tested ves-
sels. We could not verify the expected trend of
toxicity Rh(IIT) << Pt(IV) < Pd(II) [10].

Figure 1.: The growth inhibition effect of a)
PtCl,, b) PdCl, and ¢) RhCI, on duckweed (Lem-
na minor).
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We recalculated our results of the antioxidant
activity on a basis of the total protein (reaction
with red pyrogallol). Fig. 2 showed increasing
antioxidant activities from 2™ day. The highest
increase occurred at the end of the experiment.
The increase in the antioxidant activity well co-
rresponds with the increasing concentration of
solution PtCl,.

Figure 2.: The influence of PtCl, on the antioxi-
dant activity of duckweed (Lemna minor).
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CONCLUSION

168hEC, PtCl, was estimated on 11.8 uM.
The hlgher inhibition effect of PdCl,, RhCl, was
found under the concentration 25 pLM The influ-
ence of PtCl, on Lemna minor was observed as
a change of plant antioxidant activity. There is
an evident dependence between duration of the
experiment and increasing concentrations of me-

tals. The experiment showed a good correlation
with the increase of the antioxidant activity: the
last sampling day leads to a very high increase
of the antioxidant activity.

ACKNOWLEDGEMENT

The work has been supported by MSMT
6215712402, IGA 82/2011/FVHE and Nano-
BioMetal Net CZ.1.07/2.4.00/31.0023.

REFERENCES

[1] Hees, T., Wenclawiak, B., Lustig, S.,
Schramel, P., Schwarzer , M., Schuster,
M., Verstraete, D., Dams, R., Helmers,
E.: Environmental Science and Pollution
Research, 5 (1998), 2, 105 —111.
Dubiella-Jackowska, A., Kudlak, B.,
Polkowska, Z., Namiesnik, J.: Critical
Reviews in Analytical Chemistry, 39
(2009), 4, 251-271.

Ravindra, K., Bencs, L., Van Grieken, R.
Science of the Total Environment, 318
(2004), 1-43.

Djingova, R, Kovacheva, P, Wagner, G,
Markert, B.: The Science of the Total
Environment, 308 (2003), 1-3, 235-246.
Supalkova, V., Beklova, M., Baloun,

J, Singer, CH., Sures, B., Adam, V.,
Huska, D., Pikula, J., Rauscherova,

L., Havel, L., Zehnalek, J., Kizek, R.:
Bioelectrochemistry, 72 (2008), 59-65.
Korner, S., Vermaat, J., E., Veenstra,

S.: Journal of environmental quality, 32
(2003), 5, 1583-1590.

Vermaat, J., E., Hanif, M., K. Water
research, 32 (1998), 9, 2569-2576.
Sochor, J., Ryvolova, M., Krystofova, O.,
Salas, P., Hubalek, J., Adam, V., Trnkova,
L., Havel, L., Beklova, M., Zehnalek, J.,
Provaznik, I., Kizek, R.: Molecules. 15
(2010), 8618-8640.

Ou, B., X., Huang, D., J., Hampsch-
Woodill, M., Flanagan, J., A., Deemer,
E., K. Journal of Agricultural and Food
Chemistry, 50(2002), 11, 3122-3128.
Farago, M.E., Parsons, P. J.: Chemical
Speciation and Bioavailability, 6(1994), 1,
1-12.

(4]

(3]

(7]

(8]

[9]

[10]

181



COULOMETRIC DETERMINATION OF SARCOSINE
Natalia CERNEI', Marketa KOMINKOVA', Ondrej ZITKA', Michal
MASARIK?# Jaromir HUBALEK?? Tomas ECKSCHLAGER?,

Libuse TRNKOVAZ2®, Vojtech ADAM"2, Rene KIZEK "

! Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in Brno,

Zemedelska 1, 613 00 Brno, Czech Republic

2 Central European Institute of Technology, Brno University of Technology, Technicka 3058/10,

616 00 Brno, Czech Republic

3 Department of Microelectronics, Faculty of Electrical Engineering and Communication, Brno
University of Technology, Technicka 10, CZ-616 00 Brno, Czech Republic
* Department of Pathological Physiology, Faculty of Medicine, Masaryk University, Kamenice 5,

CZ-625 00 Brno, Czech Republic

> Department of Paediatric Haematology and Oncology, 2nd Faculty of Medicine Charles
¢ Department of Chemistry, Masaryk University, Kotlarska 2, 611 37 Brno, Czech Republic

*kizek@sci.muni.cz

ABSTRACT

Sarcosine, N-methylglycine, is a natural water soluble amino acid, which is a side product during
the synthesis and degradation of glycine. Recently the hypothesis has been formulated that sarco-
sine can serve as a marker of prostate cancer and it is suitable for distinguishing of benign, locali-
zed and metastatic tumours. The aim of this work is to optimize the electrochemical coulometric
detection coupled to flow injected analysis (FIA-ED). Limit of detection obtained by this method
was 110 nM, which is sufficient for determination of sarcosine in various matrices including urine

or blood of patients.

INTRODUCTION

The prostate cancer is still a major threat for
men because it is the second most often diagno-
sed type of cancer. Moreover it is the third most
often cause of death among cancer diseases [1].
Therefore the early diagnosis is so important.
Current diagnostic procedure includes analysis
of prostate specific antigen (PSA) in the blood,
digital rectoscopy and biopsy [2, 3]. Even though
PSA is commonly used marker, it still has some
weak point regarding to accuracy and sensitivity
of determination [4]. Due to this new markers
suitable for fast and easy determination are still
searched for. In 2009, sarcosine was highlighted
as a potential cancer marker able to distinguish
benign, localized and metastatic tumours from
the urine or blood sample by simple and nonin-
vasive diagnosis [S]. The opinions on sarcosine
application in this area are inconsistent and pu-
blications refuting its applicability as a tumour
disease marker have appeared. [6-10]. In this
work, we developed the electrochemical method
for sarcosine determination because electro-
chemistry is beneficial due to the short analysis
times, low cost and high potential of miniaturi-
zation with high sensitivity [11, 12].

2. MATERIAL AND METHODS

Flow injection analysis with electrochemical
detection (FIA-ED) system consists of two chro-
matographic pumps Model 582 ESA (ESA Inc.,
Chelmsford, MA) (working range 0.001-9.999

ml/min) and CoulArray electrochemical detec-
tor (Model 5600A, ESA, USA). Detector con-
sists of flow analytical chamber (Model 6210,
ESA, USA). Chamber contains four analytical
cells. One analytical cell contains two referent
(hydrogen-palladium), and two counter electro-
des and one porous graphite working electrode.
Electrochemical detector is situated in control
module, which is thermostated. Sample (5 ul)
was injected by manual valve (Rheodyne, USA).
Flow rate of mobile phase was 1 ml/min.

RESULTS AND DISCUSSION

FIA-ED method was optimized for determi-
nation of sarcosine. In all optimization steps,
standard solution of sarcosine was used. 10 pl
of this solution was injected and free buffers -
Britton-Robinson, borate buffer and phosphate
buffer, all at pH of 7, 7.5, 8, 8.5, 9 a 9.5 (except
phosphate buffer, which does not reach pH 9.5 )
were used.

For each buffer option the hydrodynamic vol-
tammogram (HDV) was measured with tested
potentials 500-1000 mV with potential step of
100 mV. The optimal flow rate 1 ml.min" was
determined. Plots shown in Fig. 1 were con-
structed from obtained values. It follows from
the results that the highest signal was obtained
using phosphate buffer pH 9. Moreover from
Fig. 1A it follows that the optimal potential va-
lue in the electrochemical cell was 1000 mV.
Calibration curve is shown in Fig. 2 and it can
be concluded that sarcosine in the range 0.024-
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50 pg.ml' can be determined. The limit of de-
tection of 110 nM calculated, which is sufficient

for determination of the sarcosine as a marker of [5]

prostate cancer because its amount in the urine is
approximately 1.5 uM [13].

Figure. 1.: The influence of (A) phosphate buf-
fer, (B) borate buffer, (C) buffer Britton-Robin-
son on HDV of sarcosine (100 pg/ml).
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CONCLUSION

It was proved that FIA-ED could be potentia-
1ly suitable for determination of sarcosine in real
samples such as urine. These methods can be po-
tentially used for screening and contribute to the
early diagnosis of cancer.
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ABSTRACT

Recently, sarcosine has been identified as a
potential prostate cancer marker. To provide
early determination of this compound, number
of methods is still developed. Sarcosine is re-
latively small molecule, which is polar enough
to enable separation by chromatography with
reverse phase. For this reason we optimized me-
thod for separation by Hydrophilic interaction
chromatography (HILIC). The aim of this work
was to suggest the method for HILIC separation
and determination of sarcosine with electroche-
mical detection. This aim was reached as shown
by the limit of detection (350 nM), which was
determined from calibration curve.

INTRODUCTION

The prostate cancer is still a major threat for
men because it is the second most often diag-
nosed type of cancer. Moreover it is the third
most often cause of death among cancer dis-
eases [1]. Therefore the early diagnosis is so im-
portant. Current diagnostic procedure includes
analysis of prostate specific antigen (PSA) in the
blood, digital rectoscopy and biopsy [2, 3]. Even
though PSA is commonly used marker, it still
has some weak point regarding to accuracy and
sensitivity of determination [4]. Due to these
facts new markers suitable for fast and easy
determination are still searched for. In 2009,
sarcosine was highlighted as a potential cancer
marker able to discriminate benign, localized
and metastatic tumors from the urine or blood
sample by simple and noninvasive diagnosis [5].
The opinions on sarcosine application in this
area are inconsistent and publications refuting
its applicability as a tumor disease marker have

appeared [6-10]. To verify either of the hypoth-
eses new methods for sarcosine determination
have to be searched.

Hydrophilic  interaction chromatography
(HILIC) has been suggested in 1990 [11], how-
ever it is based on “normal phase” chromatog-
raphy, which started at the beginning of 20"
century and it is complementary to commonly
use reverse phase chromatography. HILIC is
suitable for hydrophilic and polar compounds
both macromolecular (such as histons and mem-
brane proteins) as well as low molecular mass
ones (such as phosphorylated amino acids and
peptides). Due to the wide range of applicable
buffers and ionic strengths the possibilities for
method development are broad [12]. The aim of
this work was to suggest the method for HILIC
separation and determination of sarcosine with
electrochemical detection.

MATERIAL AND METHODS

For determination of sarcosine high perfor-
mance liquid chromatography with electroche-
mical detection system consists of three chro-
matographic pumps Model 582 ESA (ESA Inc.,
Chelmsford, MA) (working range 0.001-9.999
ml min') was used. Two pumps was used for
separation mobile phase A and B to the column
and third pump was connected behind the co-
lumn just before the detector for post column
addition of mobile phase C (phosphate buffer)
for effective electrochemical detection. HILIC
chromatographic column Luna HILIC 200A
(150 x 4.6; 3.5 um particles, Phenomenex, USA)
was used. Column was thermostated at ambient
temperature. As electrochemical detector four-
-channel CoulArray electrochemical detector
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(Model 5600A, ESA, USA). Detector consists
of one flow analytical chambers (Model 6210,
ESA, USA) which contain four analytical cells.
One analytical cell contains two referent (hydro-
gen-paladium), and two counters and one porous
graphite working electrode. Electrochemical de-
tector is situated in control module which is ther-
mostated. Sample (5 ul) was injected manually
by injection valve (Rheodyne, USA) and injecti-
on needle (Hamilton, USA).

RESULTS AND DISCUSSION

The method for determination of sarcosine by
HILIC with electrochemical detection was opti-
mized. Standard solution of sarcosine (100 pg/
ml, 10 ul) was injected and following optimal
conditions were determined: mobile phase A —
acetonitrile, mobile phase B — water in ratio A:B
70:30, post column addition of mobile phase C
(200 mM phosphate buffer pH 9). Optimal mi-
xing ratio was A+B:C 1:1 with the flow rate 0.8
ml/min. Electrochemical potential was 1 000 mV.
Under these optimal conditions calibration curve
was constructed (Fig. 1) and the limit of detection
of 350 nM was calculated.

Fig. 1.: Calibration curve of sarcosine obtained
by HPLC(HILIC) with coulometric detection
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CONCLUSION

The method for sarcosine determination using
high performance liquid chromatography with
HILIC stationary phase and electrochemical de-
tection was developed. This method is suitable
for determination of sarcosine in real samples
such as urine.
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ABSTRACT

Electrochemical determination of silver ions using carbon paste electrode is the aim of this pa-
per. There were prepared 4 types of carbon paste. The concentration of silver was determined by
electrochemical methods of differential pulse voltammetry. As the measuring system the Electro-
chemical Workstation, CH Instruments (Austin, USA) with 3-electrode involvement was chosen.

INTRODUCTION

Among some of the major environmental con-
taminants include silver ions and silver colloidal
particles. Silver is found in mine waters from
the processing of ores and also in waste waters,
in the photographic industry and silver cyanide
technology. Another source of waste is in the
glass industry, electro industry and medicine.
[1] All forms are highly toxic to aquatic enviro-
ment in particular and the entire aquatic ecosys-
tem. [2] To study the acute toxicity is important
to determine the concentration of free silver
ions. This allows quantification of electroche-
mical methods using solid electrodes. [3]

Solid electrodes are usually used for routi-
ne analysis. The most often used electrode is
a carbon paste electrode (CPE). It consists of a
mixture of graphite powder (85%) and mineral
oil (15%). The advantage is polarizability of
electrode into the positive potential (up over
+1 V), the recoverability of the surface and also
the possibility of modifying the carbon pas-
te. [4] The low and high molecular substances
can be used to modifying these electrodes. This
procedures have two basic reasons, first is mo-
dification of kinetic condition on the surface of
electrode, second is increasing concentration of
analyte on the surface due to better interactions.
[3, 5] The modification improves the properties
of the electrode, increases sensitivity and above
all avoides adverse reactions and interferences
that arises imperfections analyte. [6, 7] Is nor-
mally achieved LOD in the unmodified CPE
1.10° 1.107 to mol.l ' direct determination of the
accumulation analyte leads to the even lower
concentrations. [8, 9]

In our study, we examined the determination
of silver ions using electrochemical methods
of differential pulse voltammetry using carbon

paste electrode.[10]

MATERIAL AND METHODS

The first step of the experiment was prepa-
ration of 100 uM silver nitrate stock solution,
AgNO, (Sigma Aldrich). The calibration curves
of silver ions were measured in the concentrati-
on range from 63.5 to 0.03 uM. Comparison of
four types of carbon powder was studied next.
Carbon paste electrode (CPE) was used as the
working electrode. Four concentration depen-
dences were measured with the carbon paste
prepared from four different types of carbon
powder (a) Glassy Carbon, 2-12 micron spheri-
cal powder, 99.99% (Sigma Aldrich), (b) Glassy
carbon spherical powder 10-40 microns, 99%
(Sigma Aldrich), (c) Carbon multi-walled nano-
tube, 6-13 nm > 99% (Sigma Aldrich), (d) Ex-
panded carbon. All carbon pastes consisted of
a mixture of the carbon powder and mineral oil
(Sigma Aldrich) in different ratios.

For carbons (a) and (c) were selected composi-
tion of 1.0 g carbon powder and 300 pl of mine-
ral oil, (b) consisted from 1.0 g of carbon powder
and 500 pl of mineral oil. For expanded carbon
was weighed 0.1 g carbon powder and 300 pl of
oil. Carbon powder was rubbed with mineral oil
in an agate mortar for 25 minutes. To determine
the calibration curves basic electrochemical me-
thod of differential pulse voltammetry (DPV)
was selected. The measurement instrumentati-
on was used as follows: Electrochemical Work-
station, CH Instruments (Austin, USA) with
3-electrode involvement. The working electrode
was the carbon paste electrode (CPE) prepared
in our laboratory and reference electrode was
Ag/AgCl/3M KCl and as an auxiliary electrode
the platinum electrode was used. Samples were
measured in volume of 2 ml acetate buffer pHS
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electrolyte. The potential range was from -0.2 to
+0.5 'V, the pulse period 0.05 s. The characteristic
signal of silver was observed at 0.2 V. Other para-
meters of the method were: Incr. E 0.001 V, 0.005
with Pulse Width, Sample Width 0.0025 s, 0.05
s pulse period, 0.05 s Quit Time, Sensitivity (A /
V) le-5, the amplitude of 50 mV. The comparison
of signal intensity for used electrodes was made
for silver concentration 3.9 uM.

RESULTS AND DISCUSSION

In our work we focused on the detection of sil-
ver ions using an electrochemical method of dif-
ferential pulse voltammetry on solid carbon paste
electrode.

We have prepared four types of carbon pastes
(), (b), (¢), (d) and calibration dependences were
determined for concentrations from 63.5 to 0.03
1M, for the expanded carbon we achieved even
10 times lower concentration. Calibration points
were smoothed and were obtained a regression
equation for each of the carbon paste. The best
result was obtained for the paste prepared from
expanded carbon, where we set a linear depen-
dence to 0.003 pM (y=550.35x, R?*=0.994), and
therefore this paste was used in other experi-
ments. The method of DPV was optimized in
several parameters: the influence of deposition,
accumulation time and influence of the used bu-
ffer. All these parameters were compared with
our chosen silver concentration 3.9 uM. The
influence of deposition has been investigated
for potencials of -0.6; -0.4, -0.2, 0, 0.2 and 0.4
V. The intensity of signal growth with deposition
potential linearly, therefore we chose the highest
possible deposition at 0.5 V. Time of accumula-
tion were investigated at these values 0, 30, 60,
120 and 240 s. Intensity of signal growth to time
of 60 s, then the signal remained at constant va-
lue. Then has been investigated the influence of
composition of the electrolyte, acetate buffer pH
4,5, 6, PBS pH 7 and 0.1 M HCI were used. The
highest signal was achieved with acetate buffer
pH 5. When PBS and HCI were used, the signal
maximum was moved from 0.2 V to the potential
0.03-0.04 V.

Figure 1: Optimalization of measuring conditi-
ons: A — time of accumulation, B — deposition
potential, C — various electrolytes, D — calibrati-
on curve measured with optimal condition (time
of accumulation 60s, deposition potential 0.5V,
acetate buffer
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The last optimization was the modification
of carbon paste. The carbon powder was mixed
with chitosan and hyaluronic acid (5, 10, 15
and 20 wt%). In both cases the modifications
caused a reduction of signal. The chitosan was
reduced on average by 37%, in case of hyaluro-
nic acid it was in average 18.5%. Modification
of electrode led probably to the reduction of sil-
ver electroactivity.

Figure 2: Optimalization of measuring condi-
tions: A — modification by chitosan B — modi-
fication by hyaluronic acid (HY)
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At the conclusion of the whole work there
was the silver calibration curve (y = 637.9x,
R2 = 0.9929) in optimized condition measu-
red (DPV, accumulation 60s, deposition 0.5 V,
acetate buffer pHS).

CONCLUSION

Differential pulse voltammetry in connection
with carbon paste electrode of expanded car-
bon was a suitable method for the electroche-
mical detection of silver ions in solution. The
method was optimized and due to appropriate
parameters we obtain a representative, repro-
ducible and accurate results.
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ABSTRACT

Microfluidic detection of quantum dots (QDs) is the aim of this paper. In our laboratory there
were prepared QDs Cd. For the determination of Cd the fully automated microfluidic system was
designed. Flow injection analysis of QDs was preceded by optimization methods for Cd(NO,), ¢
4H,0. The concentration of Cd was determined by electrochemical methods of differential pulse

voltammetry.

INTRODUCTION

Nanotechnology is one of the most discussed
current technologies. Nanotechnology is gene-
rally referred to science research and develop-
ment, which deals with the targeted creation of
material structures at a scale of several nano-
meters. Nanotechnology and nanomaterials are
very extensive in the sectors of physics, chemis-
try and biology. [1-3]

These materials include fluorescent semi-
conductor nanocrystals, commonly known as
quantum dots (QDs, “quantum dots”). Quantum
dot is bounded conductive region of very small
dimensions with large band gap energy. [4-7]
One of the most important features is the abi-
lity of optical dots stain. This ability is linked
to the size of quantum dots. Big dots emit in
the red spectrum and little dots emit in the blue
spectrum. This ability is again associated with
the distribution of energetic layers in the dot and
its ability to absorb not only electrons but also
photons.[8, 9]

MATERIAL AND METHODS

The first step of the experiment was prepa-
ration of quantum dots (QDs). All chemicals
were purchased from Sigma-Aldrich and used
without further purification. CdS quantum dots
were prepared with a slightly modified method
published in [10] Cadmium nitrate tetrahydrate
Cd(NO,),"4H,O (0.03085 g, 0.1 mM) was dis-
solved in ACS water (25 ml). 3-mercaptopropi-
onic acid (35 pl, 0.4 mM) was slowly added to
stirred solution. Afterwards, pH was adjusted
to 9.11 with 1M NH, (1.5 ml). Sodium sulphide
nanohydrate Na,S-9H,0 (0.02402 g, 0.1 mM) in
23 ml of ACS water was poured into the first

solution with vigorous stirring. Prepared CdS-
quantum dots were stored in dark at 4 °C. The
fluorescence spectrum is shown in Fig. 5. The
next step was a flow injection analysis. Micro-
fluidic system for fully automated electrochem-
ical detection was suggested (SFIA-ED). The
system consists from solvent delivery automated
analytical syringe operating in the working vol-
ume range of 1-50 pl under variable speed from
1.66 to 50 ul/s (Model eVol, SGE Analytical Sci-
ence, Australia), 3-way 2-position selector valve
(made from 6-way valve) (Valco, Instruments,
USA), and dosing capillary that is directly en-
tering to the electrochemical flow cell (CH In-
struments, USA). To prepare a fully automated
system, switching valve enabling switching be-
tween the off (waste) and sample flow positions
was placed into the system. The sample (10 ul)
was injected by automated syringe (SGE Ana-
lytical Science, Australia) through flow cell in
speed of 1.66 pl/s. The flow cell was cleaned by
rinsing of 200 pl ethanol in water (75% v/v), then
200 pl of 100% methanol and stabilized by 200
ul of supporting electrolyte. Cleaning was ap-
plied after 50 measurements. The electrochemi-
cal flow cell includes one low volume (1.5 pul)
flow-through analytical cell (CH Instruments),
which consisted of doubled glassy carbon (GC)
working electrode, Ag/AgCl electrode as the ref-
erence electrode and output steel tubing as an
auxiliary electrode. Electrochemical flow cell
was connected to miniaturized potentiostat 910
PSTAT mini (Metrohm, Switzerland) as a con-
trol module. The differential pulse voltammetry
(DPV) as measuring method was used and pa-
rameters were as follows: initial potential -1.2
V, end potential -0.2 V, modulation amplitude
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0.05 V, step potential 0.001 V. All experiments
were carried out at laboratory temperature. Ac-
etate buffer (0.2 M, pH 5) was used as the sup-
porting electrolyte. Every measuring sample
consists from 15 pl of sample solution which was
diluted in acetate buffer. The data obtained were
processed by the PSTAT software 1.0 (Metrohm,
Switzerland). The experiments were carried out
at 20 °C.

Flow injection analysis of QDs was preceded
by optimization methods for Cd(NO,), « 4H,0
(200 uM). The calibration curves of cadmium
ions were measured in the concentration range
from 0.098 uM - 1.5625 uM. Optimized parame-
ters were: time of accumulation (30, 60, 120, 180,
240, 360, 420 sec.) and deposition potential (-1.2,
-1.1, 1.0; -0.9, -0.8 and -0.7 V). Parameters and
measurement system was the same as the system
for the detection of QDs.

RESULTS AND DISCUSSION

In our work we focused on the detection of QDs
using an electrochemical method of differential
pulse voltammetry in microfluidic injection sys-
tem. At the beginning of experiment the method
was optimized for the preparation of QDs. These
QDs were subsequently detected by the concent-
rations of Cd using differential pulse voltamme-
try. This method was optimized for the standard
solution of Cd (NO,),_,,,O in the concentration
range from 0.098 to l 5625 pM. Optimized pa-
rameters were: time of accumulation and deposi-
tion potential. For our setting accumulation time
360 s was chosen. This dependence is shown in
Fig.1. Deposition potential of -1.2 V was selected
based on the results showed in Fig. 2. Limit of
detection was determined 0.17 nM. The calib-
ration curve is shown in Fig. 3. Voltammogram
of QDs is shown in Fig. 4. Peak height of Cd in
quantum dots was 21.788 nA, which corresponds
to a concentration of 1.28 uM of Cd. Emission
spectrum of QD Cd (Excitation Wavelength 350
nm) is shown in Fig. 5.
Figure 1: Optimization of measuring
conditions: time of accumulation
(0, 30, 60, 120, 180, 240, 360, 420 s)
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Figure 2: Optimization of measuring
conditions: deposition potential
(-1.2; -1.1; -1.0; -0.9; -0.8; -0.7 V)
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Figure 3: Calibration curve of Cd (measure-
ment parameters: time of accumulation 360 s,
deposition potential -1.2 V, dispensed volume
10 ul), DPV method was applied.
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Figure 4: Voltammograms of quantum
dots, characteristic peak of QD Cd in -0.6 V
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Figure 5: Emission spectrum of QD
Cd (Excitation Wavelength 350 nm)
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CONCLUSION

Differential pulse voltammetry in connection
with microfluidic injection system was a suita-
ble method for the electrochemical detection of
Cd in quantum dots. Specified concentration of
Cd in quantum dots was 1.28 pM. The method
was optimized and due to appropriate parame-
ters we obtain repeatable results.
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ABSTRAKT

Hyaluronic acid, nosulphated glycosaminoglycan, is widely used in pharmacy, especially in ree-
pitelization of wound and in cosmetic applications. Silver ions are used for their antimicrobial pr-
operties. We studied formation of complex between these two compounds in this work, especially
with the respect of its possible usage in development of vessel substitutions, where antibacterial
properties of material together with its biocompatibility are highly demanded. Complex was stu-

died electrochemically using the differential pulse voltammetry method.

INTRODUCTION

Hyaluronic acid (HA) is a polymer of disa-
ccharides (D-glucuronic acid and D-N-acetyl-
glucosamine monomers), respectively an anio-
nic nonsulphated glycosaminoglycan with wide
distribution within the human body in connecti-
ve, epithelial and neural tissues. For its non-to-
xic, biocompatible and biodegradable properties
is suitable for biomedicine applications with the
focus on above-mentioned tissues [1-3]. Its anti-
microbial properties are widely discussed too [4,
5]. HA releases cytokines and chemokines du-
ring inflammation, so it has significant modera-
ting role in the processes of inflammation. This
effect contributes to its usage in reepitelization
and wound healing [6, 7]. Even for longer peri-
ods, HA content in fetal wounds is still higher
than that in adult wounds, which suggests that
HA may, at least in part, reduce collagen depo-
sition and therefore lead to reduced scarring [8].

The aim of our project consists in the deter-
mination of the stable complex with significant
antibacterial properties, which will serve for de-
velopment of vessel substitution (based on poly-
propylene and polyester material) coating (bio-
compatible surface). Combination of HA with
“healing” properties and silver ions with signi-
ficant antibacterial effect seems to be one of the
most advantageous combinations. However, it
is quite necessary to determine the possibility of
cross-reaction between HA and silver ions under
formation of a complex in the first experimental

step. Our work was focused on the possibilities
of the study of HA electrochemical properties
and possibility of complexation — interaction of
HA with silver ions.

MATERIAL AND METHODS

Hyaluronic acid 261006-2 (100 pM, ContiPro
Group, Czech Republic), which was dissolved
in miliQ water, was used in our experiment.
Solution of HA was mixed with 50 uM AgNO,
(Sigma-Aldrich, USA). This mixture was subse-
quently incubated at 37 °C and 150 rpm for 24 h
in the Incubator Hood TH 15 (Edmund Buhler
GmbH, Hechingen, Germany). Like this prepa-
red sample was electrochemically studied.

Preparation of carbon paste electrode

Carbon paste working electrode was made
from expanded carbon powder and mineral oil
(Sigma-Aldrich, USA). For the expanded carbon
preparation, 0.1 g of carbon powder and 300 pl
of oil were weighed. Carbon powder was rubbed
with mineral oil in an achat mortar for 25 mi-
nutes.

Electrochemical analysis

Electrochemical measurements were performed
using a CH Instruments Electrochemical Work-
station (CH Instruments, USA), using glass cell
with three electrodes. As working electrode car-
bon paste electrode was used. Reference elec-
trode was Ag/AgCl/3M KCI (Metrohm, Swit-
zerland) and counter electrode was platinum
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(Metrohm, Switzerland). The differential pulse
voltammetry (DPV) as measuring method was
used and the parameters were as follows: initial
potential -0.2 V, end potential 0.5 V, modulation
amplitude 0.05 V, step potential 0.001 V. All ex-
periments were carried out at laboratory temper-
ature. Acetate buffer (0.2 M, pH 5) was used as
the supporting electrolyte. Every measuring so-
lution consisted of 100 pul of sample and 1900 pul
of acetate buffer (0.2 M, pH 5). For results evalu-
ation software CHI 440A was used.

RESULTS AND DISCUSSION

Determination of silver ions in the biological
matrix is usually very difficult, so, they are most
frequently determined using the atomic absorp-
tion spectroscopy (AAS) technique [9]. On the
other hand, electrochemical techniques represent
suitable alternative analytical techniques for sil-
ver ions and especially their complexes determi-
nation [10-12]. Works focused on the electroche-
mical study of HA take and advantage of direct
electrochemistry [13, 14] cyclic voltammetry
[15], or amperometry [16].

We used differential pulse voltammetry (DPV)
in the three-electrode arrangement for the HA,
silver ions and their interaction determination.
Carbon paste electrode based on expanded car-
bon was used in our work due to its quite unique
properties. These electrodes are recently used
due to their characteristic property — to change
surface properties - which is suitable for analyti-
cal purposes [17-19]. They provide higher signals
(more intensive signals) of measured compounds,
they are of low costs. In addition, surface of these
electrodes may be easily renewed and they are
stable in almost all solvents [20-22].

Figure 1.: Electrochemical detection of silver
ions and hyaluronic acid
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Maximum of signal of silver ions (standard)
was recorded at the potential of 0.245 V, maxi-
mum of hyaluronic acid signal at the potential of
0.300 V. Signal of nascent hyaluronic acid-silver
ions complex was determined at the potential of
0.290 V. Disappear of signal of silver ions and
shift of the HA signal to the lower potential was
observed during this interaction. In addition, in-
teraction was characterized by the formation of

complex, which was well evident in the change
of the signal height and its shift into lower po-
tential.

CONCLUSION

Electrochemical study of hyaluronic acid, sil-
ver ions and complex of these two components
is presented in this work. In addition, methods
for their determination have been optimized for
further study.
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ABSTRACT

The platinum group metals are considered as a one of the often discussed environmental pollu-
tants. They are mainly originated from automobile catalysts and to some extent from the hospital
and industrial waste. The significant increase of platinum group metals concentrations in the envi-
ronment raised questions regarding the adverse effects on human health through possibility of the
food chain contamination. The aim of presented study was to evaluate the ability of penetration
degree of platinum (Pt) in the form PtCl, in different parts of plants in connection to the length of
exposure of given metal (8 and 12 days). Seeds of field pea (Pisum sativum L.) and corn (Zea mays
L.) were selected for the experiment due to their important role in livestock feed and human food.

INTRODUCTION

Growing anthropogenic activities cause a gra-
dual increase in amount of heavy metals in the
environment [1]. The main source is vehicular
traffic, which has negative impact on the fun-
damental components of the ecosystem, such as
water, soil and air. Principal cause of this polluti-
on is emission from combustion of hydrocarbon
fuels, which arise due to incomplete combustion
of pollutants and are emitted to the atmosphere
as exhaust gases. In order to reduce the produc-
tion of gaseous pollutants the automotive cata-
lysts are introduced, with a mixture of platinum
metals, especially Pt, Pd, Rh as a catalytically
active substance. The combination of oxidati-
on-reduction reactions and high temperatures
inside the catalysts release these metals into
the environment [2-6]. Due to growing traffic
volume and the enhancement of the pollutants
emitted to the environment, platinum group
metals have become a global problem. The in-
crease in concentrations of these metals in the
environment raises concerns about the possible
intrusion into the food chain and potential health
risks in relation to the population [7-9]. The aim
of presented study was to evaluate the ability of
penetration degree of platinum (Pt) in the form
PtCl, in different parts of plants in connection
to the length of exposure of given metal (8 and
12 days).

MATERIAL AND METHODS

For the experimental evaluation of
platinum penetration into plants seeds
of pea (Pisum sativum L.) and maize (Zea mays
L.), which were exposed to PtCl, in concentra-
tion row: 0; 5; 10; 25; 50 and 100 uM, were used.
For each concentration and control 100 seeds
were selected and placed on plates coated with
cellulose. Plates for germination were placed
in 500 ml containers. To each container 300 ml
of the metal concentration was applied, and the
ends of the cellulose were soaking the solution
and causing its rise to the seeds. The distilled
water was used as a cultivation medium. Sub-
sequently the seeds were germinated and culti-
vated for 8 and 12 days in the dark at 25 °© C and
with humidity of 60%. Platinum concentration
was determined using differential pulse voltam-
metry on the device Autolab (EcoChemie, Neth-
erland) with VA-Stand 663 (Metrohm, Swit-
zerland). Three-electrode system consisted of
hanging mercury drop electrode (HMDE). The
potential was scanned from -0.5 to -1.2 V at a
sweep rate of 10mV/s, and the catalytic hydro-
gen wave at -0.9 V was measured.

RESULTS AND DISCUSSION

In the present study we observed the ability of
bioaccumulation of platinum group metals (Pt),
applied as PtCl, in various parts of the plants of
pea (Pisum sativum L.) and maize (Zea mays L.).
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From Figs. 1A, B, C and D it can be concluded that
with the increasing concentration of applied met-
al, penetration of metal into various parts of plants
is also growing. Based on Fig. 1A it is evident the
increase of content of platinum in aboveground
parts of pea plants up to 200 times compared to
control, especially at concentrations of 50 and
100 puM. In the root parts, there was a sig-
nificant increase in  platinum  content
in concentrations 25; 50 and 100 pM, mainly in
the 12" day of the experiment (Fig. 1B). Based on
Fig. 1C it can be concluded that in the root parts
of the maize plants the content of platinum was
300 times higher than in aboveground parts. The
highest platinum content in both plants sections
was found in concentrations 25; 50 and 100 pM.

Figure. 1: Platinum content in the aboveground
parts and roots of pea (A, B) and maize (C, D).
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CONCLUSION
In our experiment we compared two
types of plants, peas as a representative

of dicotyledonous plant and maize as a represen-
tative of monocotyledons plants. The observed
differences in uptake of heavy metal between
peas and corn can be explained by different
sorption abilities of roots, which is higher in di-
cotyledonous plants against monocotyledonous
plants and is type and age dependent [10-12]. On
the basis of this information it can be concluded
that the pea plants shows higher bioaccumulation
ability of platinum in the aboveground parts of
plants with the increasing concentration of the
applied metal. In contrast the maize plants have
higher platinum bioaccumulation ability in the
root sections.
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ABSTRACT

This paper solves the problematic of devices for testing and evaluation of semiconductor gas
sensors used for environment monitoring. The aim was to design automatic system for gas sen-
sors characterization. The workplace was designed and implemented for simple use with LabView
(National Istrument) and standard laboratory multimeters connected through GPIB interface. The
demonstration measurement was done using two different sensors with SnO, active layer. We were

able to test sensor for detect methane concentration up to 1 ppm.

INTRODUCTION

The detection and monitoring of toxic gas emi-
ssions in environment and industry processes is
very important for environmental protection
and human and animal safety. Gas sensors based
on semiconductor active layers appear as a good
solution for gas trace monitoring. The advan-
tages of these sensors are their robustness, small
size, low weight, simple design and low cost.
There were described many works about gas
sensors using different technology used for their
fabrication in the last few years. Generally the
thick film technology (TFT) is one of reported
technologies used for gas sensors fabrication [1-
4] due to its accessibility, non vacuum and easy
fabrication process. The thin film technology or
semiconductor technology is the second techno-
logy used for gas sensors fabrication as it was
reported in [5-7] e.g.. The main difference be-
tween the developed gas sensors is in the semi-
conducting materials used for the active layers
and methods for their preparation or deposition.
Usually the SnO, [1, 2], WO, [8] or TiO, [4, 9]
nanopowders are used as main sensing materi-
al, which can be covered with catalytic filters or
modified by doping.

The main problem of gas sensors development
is the verification of their sensing properties.
Universal equipment for the verification does
not exist. All researchers usually use their own
setup using a little gas chamber for the sensor,
the pressure tanks with detected gasses and one
pressure tank with an inert gas for chamber cle-
aning. The problem is in the appropriate equip-
ment for the selection of desired gas concentra-
tion. One solution is to use the pressure tanks
with the desired premixed gas concentrations.
The second more sophisticated solution is to use
the inert gas which is mixed with the detected
gas to the predefined concentration using mass
flow controllers. The aim of this work was to

design and implement the appropriate sophisti-
cated workplace for simple characterization of
the gas sensors.

WORKPLACE CONSTRUCTION

Workplace was designed to be suitable for the
gas sensors characterization. The workplace
design and its implementation are shown in the
next subsections.

Workplace

The designed workplace is consisted of gas
flow chamber with five closing valves, two
mass flow controllers for desired gas concentra-
tion setup, two pressure tanks with tested gas
and air, control electronics, power source with
multimeter for each sensor and personal com-
puter with software for experiment setup and the
sensors’ response evaluation. The simplified de-
signed workplace setup is shown in the figure 1.

Figure 1.: Workplace for the gas sensors cha-
racterization setup

Gas flow chamber

First of all, the testing gas flow chamber was
designed to be suitable for two TO-12 packages.
The chamber has an exchangeable output con-
nector, which could be used as exchangeable
reducer for differently connected sensors in the
TO-12 package. The maximum of the sensors
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in one package is four. The gas chamber was de-
signed to be hermetically closeable with one inlet
and one outlet. The inner volume was designed
to be as smallest as possible. The gas chamber
design is shown in the figure 2 left. The designed
gas flow chamber was fabricated from plastic
material Ketron® Peck 1000. This material has
good mechanical properties and is sufficiently
chemically resistant. The sample of the fabri-
cated gas chamber is shown in the figure 2 right.

Figure 2.: Design (left) and fabricated (right) gas
flow chamber for two TO-12 packages

The workplace assembling

The main part of the workplace was assembled
onto one plastic board. The main part consists of
the control electronics, gas flow chamber, five
closing valves and two mass flow controllers for
desired gas concentration setup. The mass flow
controllers were selected in order to be able to as-
sure desired concentration of the testing and inert
gas to mixture them in concentrations from 4000
ppm to 10 ppb. For this purpose, the Alicat Scien-
tific mass flow controllers for volumes 500 sccm
for measured gas and 2000 sccm for synthetic
air were purchased. The assembled workplace is
shown in the figure 3.

Figure 3.: Assembled workplace

Control electronics

The control electronics was designed as two di-
fferent parts due to its possible easy upgrade in
the future. The control and communication part
was designed to control desired concentration by
mass flow controllers and valves and to assure
the communication between the PC and electro-
nics blocks. The analog measuring part was de-

signed for direct gas sensors measurement. It
includes the sensor temperature regulation and
the conductivity measurement of the sensor’s
active layer. Common power sources with mul-
timeters U3606A from Agilent with the GPIB
interface were used for powering heater and
conductivity measurement.

Control and evaluation software

The control and evaluation software was de-
signed and programmed in the LabView envi-
ronment (National Instrument, USA). The con-
trol software part is designed for experiment
setup such as time schedule of measurement,
mass flow rate, valves opening, heater parame-
ters, etc. The measurement and evaluation part
is designed for online sensors response measu-
rement and operations with measured data. The
program screenshot is shown in the figure 4.

Figure 4.: Preview of the program written in
LabView G-language.

MEASUREMENT

DEMONSTRATION
TEST

Measurement demonstration test was done
using our thick-film gas sensor with SnO2 gas
sensing active layer. The TFT gas sensor is fab-
ricated using standard thick-film techniques.
The structure of the TFT gas sensor consists of
platinum heater element covered by insulating
layer, gold electrodes and the gas sensing layer.
The heater is also used as a temperature sensor.
The screen-printed sensing layer is made of 5
um thick SnO, film. Each sensor is bonded on
the TO-12 package through a ceramic support
(due to high operating temperatures > 800 °C)
as is shown in the figure 5a. Commercial sensor
TGS822 (Figaro Engineering Inc., Japan) was
used as a reference sensor — figure Sb.

The tested gas was methane mixed into syn-
thetic air. The results obtained during the mea-
surement at 250 °C operating temperature were
exported to the MS Excel. The time dependen-
ce of the sensor resistance on the methane con-
centration change is shown in the figure 6.

Figure 5.: Our gas sensor with SnO2 sensing
layer (left) and commercial SnO2 based gas
sensor TGS822 (right)



a) b)

Figure 6.: Screenshot of the measurement and setup
window with resistivity dependence of our TFT (up)
gas sensor and Figaro TGS822 (down) on the change
of methane concentration

=

CONCLUSION

New workplace for the gas sensors characteriza-
tion was designed and implemented. It is designed
in order to be suitable for characterization of new
gas sensors developed at the Department of Mic-
roelectronic, Brno University of technology. The
design and construction of workplace is briefly
mentioned in this paper. The designed experimental
workplace is consisted of gas flow chamber with five
closing valves, two mass flow controllers for desired
gas concentration setup, two pressure tanks with tes-
ted and carrier gas, control electronics and personal
computer with software for experiment setup and
the sensors’ response evaluation. All parts were de-
signed and implemented to be easily controlled and
easily exchanged. Finally the workplace was tested
on the Methane detection for demonstration. We
were able to detect 1 ppm of measured gas.
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ABSTRACT

New ligands with N,O, donor set containing a single phenolate moiety, protected by bulky tert-
butyl substituents in the ortho and para positions of the parent phenol, enable the ligand to form
a relatively stable phenoxyl radicals. The effect of tetradentate ligand substitution as well as the
metal ion identity on stabilisation of phenoxyl radicals generated electrochemically was studied
in detail. The electrochemically generated phenoxyl radicals were investigated by cyclic voltam-
metry and EPR-UV/Vis/NIR spectroelectrochemistry for series of newly prepared metal(Il) com-

plexes containing variously substituted tetradentate ligands.

INTRODUCTION

The tetradentate ligands with N,O, donor
were proved to be suitable for the synthesis of
metal complexes as models for mimicking the
electronic structure and reproducing some spec-
troscopic features of galactose oxidase (GAO)
and glyoxal oxidase (GLO) [1,2]. Recently, the
template synthesis of a new ligand with a N,O,
donor set with a single phenolic moiety, suit-
ably protected by bulky tert-butyl groups in the
3,5-positions of the parent phenol able to gen-
erate a phenoxyl radical, and which contains
a thiomethyl group attached to the extended
pi-conjugated ligand backbone, was reported
[3]. In this work the redox properties of metalo-
complexes containing copper(Il) or Ni(II) cen-
tral atom and variously substituted tetradentate
ligand (S-methyl group or S-phenyl group) are
studied by cyclic voltammetry and EPR-UV/
Vis/NIR spectroelectrochemistry in order to get
insights into the electron transfer mechanism
and the stability of the formed charged states
within the investigated metalocomplexes con-
taining pi-conjugated ligand backbone.

MATERIAL AND METHODS

A standard three electrode arrangement of
a platinum wire as working electrode, a plati-
num wire as counter electrode, and silver wire
pseudoreference electrode was used in cyclic
voltammetric experiments with a PAR Poten-
tiostat-Galvanostat Model 273A in glove box.
Decamethylferrocene (DmFc) was used as in-
ternal potential standard. Sample solutions with
approximate concentration of 0.5 mM, prepared
with 0.2 M TBAPF, supporting electrolyte in
CH,CI,. Spectroelectrochemical experiments
were carried out in flat spectroelectrochemical
cell (Pt mesh working electrode) in the optical

EPR cavity (ER41040R, Bruker, Germany). The
EPR spectra were recorded on an X-band EMX
EPR spectrometer (Bruker, Germany). For in
situ EPR-UV/Vis/NIR spectroelectrochemical
studies, diode-array UV/Vis/NIR spectrom-
eter system TIDAS (J&M, Aalen Germany) or
Avantes UV/Vis/NIR spectrometer and poten-
tiostat Heka PG 284 (HEKA Elektronik, Ger-
many) were used. The investigated metalocom-
plexes A (empirical formula C,,H,\NiN,O,S)),
A (C25H27NiN3O3SZ), B (C22.5H29cuN304sz’)
and B’ (C,;H, NiN,O,S,) were synthesized by
research group of Prof. Vladimir Arion from
Institute of Inorganic chemistry at University of
Vienna (Austria). Spectroelectrochemical stud-
ies were performed by Prof. L. Dunsch group in
the Centre of Spectroelectrochemistry at IFW
Dresden (Germany).

RESULTS AND DISCUSSION

Cyclic voltammetry at scan rate of 100 mV s
of investigated complexes proved a substan-
tially higher reversibility of the corresponding
first oxidation voltammetric peak for complexes
containing pi-conjugated tetradentate ligand
backbone with S-phenyl group (A’, B’) in com-
parison to the complexes A, B with the S-methyl
substitution (not shown). During in situ EPR
spectroelectrochemistry of studied Cu(II) com-
plex B’ in the region of the first oxidation peak a
decrease of characteristic Cu(1I) EPR signal was
observed with the simultaneous increase of new
absorption bands in the region from 500 to 2000
nm characteristic of ligand based phenoxyl radi-
cals [3]. Oxidation process was reversible in the
region of the first voltammetric peak even at low
scan rate of 5 mV s™! for complexes A’ and B’.
In contrast to these observations, less reversible
spectroelectrochemical response and no optical
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band in NIR region was observed upon anodic
oxidation of metalocomplexes A and B having
S-methyl substitution of the ligand as illustrated
for complex A in Fig. la. Low stable cation radi-
cal was observed in the region ot the first qua-
sireversible oxidation peak by EPR spectroscopy
with hyperfine structure (quintet) coming prob-
ably from two nearly equivalent nitrogen atoms
from N, O, ligand moiety (see Fig. 1b).

Figure 1.: Spectroelectrochemistry of metalo-
complex A in 0.2 M TBAPF, - CH,Cl, solution.
Potential dependence of UV/Vis spectra (left)
and potential dependence of EPR integral in-
tensity with the corresponding EPR spectrum in
inset (right)

CONCLUSION

Simultaneous in situ electrochemical, UV/Vis/
NIR and EPR measurements provide insights
into the stability of the monocharged investi-
gated metalocomplexes and the extent of electron
delocalisation as well as spin density distribution
within the charged complex. The EPR activity
of the formed species in the region of the first
anodic peak was proved by in situ EPR spectro-
electrochemistry.
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ABSTRACT

The aim of this contribution is the design and preparation of electrochemical sensor with per-
forated surface for detecting heavy metals in water using standard electrochemical methods. The
expectation is to achieve more accurate sensing than planar electrodes. Finally, the structures of

fabricated electrodes are shown and discussed.

INTRODUCTION

Detection of heavy metals in water using
electrochemical method is widespread and very
simple. Heavy metals in water represent a huge
problem because of their toxicity which may
cause variety of serious diseases. Nowadays the
most common heavy metal detectors in use are
the planar sensors. Planar sensors have relative-
ly a large sensing surface, and for this reason
these are appropriate for sensing in a larger
amount of water. The expectation is to create
a perforated sensor with better detecting limit.
During the detection the hemispheric area is
smaller and it is possible to use it with a small
volume of compound.

DESIGN AND TECHNOLOGICAL
PROCEDURE OF IMPLEMENTATION

A few requirements about the operation of
the sensor were taken into account during the
design. The expectations were about a sensor
with two electrodes with a small hemispheric
area during the measurement. Gold working
electrode was necessary for heavy metal, for re-
ference electrode material was selected a silver
one.

The planar electrodes have a large hemispheric
area during the determination and wire sensors
too. Reduction of hemispheric area to zero is
very difficult, but with a perforated system it is
possible to create a zone, where the detection is
executed only in smaller sections and not in total
volume of compound. Figure. 1 This detecting
method is more accurate than planar systems.
Figure 1 Hemispherical area at planar system
(right) and hemispherical area at perforated sys-
tem (left)
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The detector was realized on the silicon wafer
with 1 um thick silicon oxide layer. Deposition
of metal layers was realized with evaporation.
Because the gold has poor adhesion and large
surface tension, the lift off technic is not reco-
mmended for the implementation of working
electrodes. Gold working electrodes were reali-
zed with etching technics.

A thin adhesion layer made of chromium nic-
kel (15 nm) and 100 nm of gold were deposited
on the silicon wafer. Positive photoresist was
used for creating an etching motive and expo-
se was made by UV light. After developing, the
gold and the chromium-nickel layer was etched
with gold etchant standard (Sigma/Aldrich).
Photoresist stripping is necessary after etching
because annealing of electrodes is possible only
with clean surface.

Working and reference electrodes must be
electrically separated, this was resolved by a po-
lymer layer between the two electrodes.

The reference electrode was created by lift off
technique. As shown in Figure. 2 for the first
time coating of insulator layer is needed and
photoresist is coated on that layer for lift off
technique. The insulator layer is a negative pho-
toresist (Sigma-Aldrich) and the layer above is a
positive photoresist (S1813). The upper and the
bottom layers are exposed at the same time. Du-
ring developing only the upper resist was needed
to develop, because of the evaporation. The eva-
porated layer was a thin silver layer (20nm). Af-
ter the evaporation the substrate was immersed
in the acetone in ultrasound bath and after 60

202



seconds the rest of the upper layer was removed.
With the rest of photoresist layer the unnecessary
amount of evaporated silver layer was removed
too and finally the electrode was ready to the
opening of sensing holes above the gold layer.
That is a very simply process, because only the
developer for the bottom resist is needed. When
the sensing holes are open, the electrochemical
thickening occurs (from 20 nm to 1 pm). The last
step was the isolation of the whole surface with
polymer, except the sensing circle and the end of
the electrode contacts for measuring instrument.

Figure 2. Engraving of the 3D structure

sist (insulator) laver Gold layer Chromium Nickellaver  Silicon-oxide

RESULTS AND DISCUSSION

The completed electrode was checked by opti-
cal and electron beam microscope. Macro details
on sensing circle form and the laser coverage
were checked by the optical microscope. The la-
yer thickness and the wall structure of sensing
holes were checked by the electron microscope.

In the pictures from optical microscope not
accurate covering of layers is visible. Figure 3.
That was caused by the fact that the mask at the
second lithography process was not matched per-
fectly with working electrodes. The form of sen-
sing circle and sensing holes did not have perfect
circle form what is probably caused by the lift off
process.

The wall and layer quality control by electron
microscope showed how the layers lie on each
other. The pictures do not show bridges or other
mistakes in the structure. Figure. 4.

Figure 3 Part of the sensor under optical
microscope.

Figure 4. Sensor controlled in electron

microscope SEM.
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CONCLUSION

Detection of heavy metals in water is very
useful and important because of health and
environment. This sensor was created for an
accurate detection taking advantage of better
hemispherical abilities. The sensor testing will
begin in near future with better expectations on
detection.
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ABSTRACT

The colloidal crystal templating technique was used to prepare porous layers of various metals at
the surface of screen-printed carbon electrodes. Polystyrene spheres were left to form a colloidal
crystal on selected substrate by sedimentation of particles and evaporation of solvent. In next step,
a metal was electrodeposited from suitable plating solution after infiltration of liquid phase to the
hollow space within the structure. Finally, the polystyrene particles were dissolved in toluene and
deposit with defined size of pores was subsequently revealed. Using such approach, electrodes
with porous films of antimony, bismuth, and copper were prepared and their electroanalytical pr-
operties were tested in anodic stripping voltammetry of heavy metals and amperometry of selected

saccharides.

INTRODUCTION

Modification of working electrode surface is
one of the ways to improve the analytical para-
meters of an electrochemical sensor. There are
already procedures enabling to enlarge the elect-
roactive surface of electrode comparing to its
geometric area. From the available techniques,
the formation of porous layers, achieved by dif-
ferent methods, is very often used [1]. Colloidal
crystal templating represents a technique, which
is easy, feasible, and widely controllable [2]. Du-
ring the process, the monodisperse spheres are
packed together into colloidal crystal by capilla-
ry forces during their settlement on the substrate
and evaporation of solvent. The liquid precur-
sor capable of solidifying is then infiltrated
into the hollow space between particles. After
conversion to solid state by suitable treatment,
the template is removed by higher temperature
or dissolution and porous material with defined
pore size is exposed.

To convert liquid precursor, an electrodepo-
sition is preferable from the other procedures
due to easy control of amount to be deposited,
its speed, and bulkiness, so the template is not
mechanically stressed. It is also possible to pre-
pare layers from metals and their alloys, metal
oxides, semiconductors, and conducting poly-
mers [3]. The use of colloidal crystal templating
for preparation of porous metal electrodes via
electrodeposition was presented in few papers
only. Namely, the biosensors based on modified
gold electrodes [4-6] and the porous antimony
[7] and bismuth [8] electrodes made on gold
substrate for detection of heavy metals were in-
troduced. This article deals with the preparation
of porous metal layers on the surface of screen-

-printed carbon electrodes and the evaluation of
their electroanalytical properties. The porous
antimony and bismuth electrodes were used
in anodic stripping analysis of selected heavy
metals and porous copper film electrodes were
employed for enhanced amperometric detection
o saccharides.

MATERIAL AND METHODS
Preparation of porous metal screen-printed car-
bon electrodes

Carbon printing ink (C10903P14, Gwent
Electronics Materials, United Kingdom) was
printed on ceramic substrate (CLS 641000396R,
Coors Ceramics, USA) using semi-automatic
screen-printer UL 1505 A (Tesla, Czech Repub-
lic). Printed layer was then hardened at 60 °C
in oven for 30 min. To prepare a porous layer, a
circular form with area of 0.1 cm? was fixed on
the surface of screen-printed carbon electrode.
30 ul of aqueous suspension of monodisperse
polystyrene spheres (Sigma-Aldrich, Germany)
was pipetted into the form and left to evaporate
the solvent. After formation of colloidal crys-
tal by self-assembling of spheres, the electrode
was carefully dipped in 0.1 M plating solution
of corresponding metal and left a certain time
for sufficient infiltration into the hollow space
between spheres. The metals were then galva-
nostatically deposited using constant current of
-1.2 mA for Sb, -1.5 mA for Cu, and -2.5 mA for
Bi from acidified 0.1 M solutions of metal ions.
Various deposition times were applied. Finally,
the polystyrene spheres were dissolved in tolu-
ene and the electrode was washed with distilled
water. The working electrode area was defined
by isolation with nail polish. Morphologies of
porous deposits were observed using scanning
electron microscope JSM-5500LV (JEOL, Ja-
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pan) in secondary electron imaging mode.

Electrochemical analysis of heavy metals
and saccharides

Electrochemical analyser BAS 100B/W (BASI,
USA) and square-wave anodic stripping volta-
mmetry was used for the electroanalysis of lead
and cadmium in model samples containing 0.1 M
acetic buffer as supporting electrolyte. Platinum
wire auxiliary and Ag/AgCl/3 M KCl referen-
ce electrodes (all BASi, USA) complement the
three-electrode arrangement. The accumulation
of analytes was performed at -1200 mV vs. Ag/
AgCl for 120 s with subsequent stripping up to
-500 mV. In cyclic voltammetry of saccharides,
the potential was varied from 0 mV to 800 mV
with a scan rate 50 mV s™'. During hydrodynamic
voltammetry measurements, the solution was
stirred with Teflon® bar at 600 rpm and the cu-
rrent was recorded at potential +600 mV vs. Ag
AgCl. Model solutions of 1 mM glucose, sucrose
(both Lachema, Czech Republic), galactose, and
fructose (both Sigma-Aldrich, Germany) were
prepared in basic electrolyte 0.1 M NaOH and
added to measured solution after stabilizing of
baseline. Current values were then noted 50 s af-
ter the addition of saccharide.

RESULTS AND DISCUSSION

Morphology of resulting porous layers on hete-
rogeneous carbon substrate is depending on the
diameter of polystyrene spheres, their concent-
ration in suspension, and passed charge during
the electrodeposition of metals. Fig. 1 shows the
porous metal structures obtained by the colloidal
crystal templating. Antimony film was prepared
using 1 % suspension of polystyrene spheres and
deposition time 112 s, bismuth from 1 % suspen-
sion and time 96 s, and copper from 0.5 % sus-
pension and electrodeposition of 60 s. The sub-
strate can be completely covered by porous metal
film only in case of antimony and copper. In case
of bismuth, the porous crystallites were observed
only. For the diameter of particles 500 nm, the fi-
nal structures are not ordered in whole, there are
randomly placed pores mostly. Areas with orde-
red pores can be observed only in case of copper
films. Such behavior is closely related to high
roughness of heterogeneous carbon substrate,
when the formation of ordered colloidal crystal is
hindered. Also, the electrodeposition starts pre-
ferably on the edges of graphitic particles. More
planar substrates, i. e. gold sputtered on glass [7],
could be plated completely with the possibility to
control the thickness of deposited film.
Figure 1.: Porous films of antimony (left), bis-
muth (middle), and copper (right).

Enhanced stripping currents of heavy metals
were reported in the use of antimony or bis-
muth porous film electrodes prepared by the
colloidal crystal templating on gold substrate
[7, 8]. However, such effect was observed only
in some extent at screen-printed carbon electro-
des with porous film of antimony or bismuth
and higher concentrations of metals.

Copper film electrodes were characterized by
the cyclic voltammetry of selected saccharides
in alkaline media. During their electrochemical
oxidation, an interaction with oxide/hydroxide
layer formed on the electrode is presumed; the
adsorption takes place and oxidation follows
[9]. In case of macroporous electrodes, the cu-
rrent increase might be as high as two orders of
magnitude for abovementioned type of electro-
chemical reaction, where the analyte is firstly
adsorbed at the electrode [2]. Recorded current
densities were substantially larger at porous
electrode than at ex sifu (non-porous) copper
film electrode. Fig. 2 shows hydrodynamic
voltammograms of glucose oxidation at both
types of copper film electrodes. The sensitivi-
ty at porous electrode was nearly three times
higher comparing to that of ex situ copper film
electrode. Similar ratio in slopes of calibrations
was observed also for sucrose and galactose.
The current enhancement was not so pronoun-
ced in oxidation of fructose.

Figure 2.: Amperometric detection of glu-
cose at a) ex situ and b) porous copper film
electrode together with corresponding calibra-
tion curves (inset).
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CONCLUSION

Porous layers prepared by the colloidal crys-
tal templating enable further improvement in
sensitivity of electrochemical sensors by enlar-
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ging the available electroactive area. The procedu-
re is neither experimentally demanding nor costly;
the only need is a careful manipulation with a sen-
sor after solvent evaporation to prevent mechanical
damage to the colloidal crystal and collapse of the
structure. Obtained results at copper porous electro-
des are promising e.g. for non-enzymatic glucose
detection in clinical samples.
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ABSTRACT

Electroanalysis of xanthine (Xan) and its three methylated derivatives (1-, 3-, and 7-mXan) on a
pencil graphite electrode (PeGE) in the presence of copper ions is presented. For a sensitive detec-
tion of their oxidation signals represented not only by copper complexes but also by the correspon-
ding methyl-substituted Xan the combination of adsorptive stripping and elimination techniques
was used. It was found that the position of methyl group on the xanthine ring is responsible for both

the potential and peak height of all methylxanthines.

INTRODUCTION

The electroactivity of Xan and its methylated
derivatives has already been known for more
than sixty decades. Early studies were based on
investigations in connection with the mercury
electrode but their electrochemical activity was
largely suppressed or was not satisfactory for the
interest of analytical bioelectrochemistry. The
oxidation signal of Xan and methyl-substituted
xanthines was studied later on carbon electro-
des, and the results were summarized in review
by Dryhurst [1]. The oxidation of the purine de-
rivatives mentioned involves electron exchange
between the electrode and the purine skeleton at
higher oxidation potentials [2-6]. The number
of papers concerning the oxidation of Xan and
its derivatives in the presence of copper ions is
much smaller [7-9]. It was proved that the me-
chanism of the overall oxidation reaction at dif-
ferent carbon electrodes (glassy, pyrolytic, etc.)
is similar. It was stated that the copper metal de-
posited onto the electrodes is oxidized to Cu(I)
at low negative potentials (vs. Ag/AgCl/KCl
electrode) and the generated Cu(I) reacts with
purine derivatives to accumulate the product on
the electrode as an insoluble compound; then it
was redissolved electrochemically by the oxida-
tion of Cu(I) to Cu(Il) at positive potentials [9].
The aim of the work is to test oxidation signals
of xanthine and its methyl derivatives on a pen-
cil graphite electrode (PeGE) in the presence of
Cu(Il) ions and to determine the optimal expe-
rimental conditions for their sensitive detection.

MATERIAL AND METHODS
The measurements were performed on the
AUTOLAB analyzer (Electrochemical Analy-

zer EcoChemie company, Utrecht, Netherlands)
in connection with a VA-Stand 663 (Metrohm,
Zurich, Switzerland). The voltammetric cell
included a three-electrode arrangement inclu-
ding a working electrode PeGE (Pencil Graphite
Electrode — 0.5 HB Tombow, Japan), a reference
electrode (Ag/AgCl/3M KCl), and an auxiliary
electrode (platinum wire). The voltammetric cu-
rves measured were processed by AUTOLAB,
GPES 4.9 software, the data obtained were ex-
ported and processed in Microsoft Excel. To
activate the electrodes, we used the DPV me-
thod (differential pulse voltammetry). For the
measurements we used the LSV method (linear
sweep voltammetry). For the processing of the
data obtained during the measurement and as a
control device we used the GPES 4.9 program.
The smoothing of voltammetric curves was me-
diated by a Savitzky-Golay filter (level 2) em-
bedded in the GPES program. Microsoft Excel
was used for data evaluation. Electrochemical
measurements were performed in acetate buffer
pH 5.1, measurement at three different scan ra-
tes (200 mV/s, 400 mV/s, 800 mV/s) due to EVLS
evaluation.

RESULTS AND DISCUSSION

LSV measurements were performed for Xan
oxidation on the PeGE electrode in 0.1 M sodi-
um acetate, pH 5.1 with scan rate of 400 mV/s in
the absence of Cu(II) ions. The concentration of
Xan was 20 uM. Under these conditions Xan ex-
hibited a well-defined and reproducible peak at
826 mV, as represented in Fig. 1 (dashed curve).
When Cu(Il) ions in equimolar concentration
with Xan were added, the voltammogram sub-
stantially changed. A new peak at a potential of
432 mV was recorded and the original peak was
enhanced and became wider due to the appea-
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rance of an additional small peak at a slightly
positive potential (~967 mV) (Fig. 1 — full line).
With reference to the earlier published results [9,
10], the new more negative signal resulted from
the oxidation of the Cu(I)-Xan complex genera-
ted on the electrode surface at the initial poten-
tial. The dissolution of the complex is connected
with easy oxidation of Cu(I) to Cu(II).

Figure 1: Linear sweep voltammograms of Xan
in the absence (dashed line) and presence (full
line) of Cu/(I) ions. Scan rate 400 mV/s, initial
potential -0.1 V, deposition time 120 s. The mea-
surement was performed in 0.1 M sodium aceta-
te, pH 5.1.
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CONCLUSION

To compare the oxidation signals of xanthine
and its three methylated derivatives on PeGE in
the absence or presence of copper ions we can
state that copper ions greatly increase the inten-
sity of the oxidative signal of all methylxanthi-
nes. We observed the highest peaks in the case of
Xan and 1-mXan. The Cu(I)-Xan or Cu(I)-mXan
complexes were reflected by oxidation signals
approximately at a potential of 400 mV while
1-mXan and 3-mXan are more willing to form a
copper complex than are Xan or 7-mXan.
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ABSTRACT

Silver ordered nanostructures were prepared by means of electrochemical deposition of silver
into the pores of anodic alumina oxide template. The silver deposition was carried out using two-
-electrode system, in which evaporated gold layer on anodic alumina oxide membrane was used as
cathode and platinum electrode as anode. SEM was used for characterization for prepared silver
nanostructures. The diameter of prepared silver nanorods was affected by the template pore dia-
meter and by the time of electrochemical deposition. The height of nanorods was influenced by the

time of electrochemical deposition.

INTRODUCTION

Nanostructured materials have been extensi-
vely fabricated using many methods. They mo-
dified properties, and application ranges from
fundamental science to industrial technology

[1]. Metal nanoparticles are well known for
their optical, electrical, and magnetic properties
[2]. One-dimensional metallic nanostructures,
nanorods and nanotubes, have some advantages
associated with their anisotropic ordering and
allow to be used as nanometer-scaled electro-
nic devices and optoelectronic devices [3, 4].
The conventional methods of preparing one-
-dimensional metallic nanostructures are nano-
lithography and electrochemical deposition [5].
The electrochemical method is more attractive
because of low cost, operation simplicity, and
capability to deposit metallic materials into na-
nopores such as anodic aluminum oxide mem-
branes and polycarbonate membranes. Anodic
aluminum oxide membranes have been easily
and extensively employed not only as templates
to fabricate one-dimensional nanostructures of
wires and tubes, but also as masters to prepare
ordered arrays of regularly structured nanotex-
tures [6]. The aim of this paper was to optimize
the preparation conditions of regularly ordered
nanorods by electrochemical deposition into the
anodic alumina oxide membrane.

MATERIAL AND METHODS
Preparation of alumina oxide membranes

The alumina membranes were prepared by
using system consists from a flow-system
controlled by membrane pump, power source,
thermostat and personal computer providing
automatic driving of all process. The alumina

membranes were prepared by anodic oxidation
of aluminium thin film in 0,1 M oxalic acid solu-
tion at potential 20 V for 24 hours. Thereafter it
was etched in solution containing 5g CuCl, and
100 ml of 1 M HCI, washed by distilled water
and dried. Finally it was etched in aqueous so-
lution containing 5 ml of 1 M H,PO, and 3 g
CrO, for 6 seconds at temperature 45°C to ope-
ning pores of membrane from both sides. The
thin Au layer was deposited on the one side of
final membrane by evaporation to produce the
conductive junction.

Preparation of silver nanostructures

Silver nanostructures were prepared by me-
ans of electrochemical deposition from 0,1 or
0,05 M AgNO, electrolyte at constant current
0,5 or 22 mA for 1; 2,25; 5 and 10 seconds. The
standard two electrode setup was used for the
deposition of ordered silver nanostructured
layers. The gold thin layer prepared by evapo-
ration on anodic alumina oxide membrane was
used as cathode and the gold sheet was used as
anode. The alumina template was dissolved in 1
M NaOH for 1 hour after filling the membrane
pores by the deposited silver.

Characterization of silver nanostructures

Prepared silver nanostructures were charac-
terized using a scanning electrone microscope
MIRA3 FEG SEM (Czech Republic).

RESULTS AND DISCUSSION

Pore diameter of prepared anodic alumina
oxide membrane was 20 nm. Resulting silver
nanostructures prepared by electrochemical de-
position into pores of alumina membrane were
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nanotubes and nanorods with different diame-
ter and height. Produced nanorods have formed
pyramidal structures. At studied experimental
conditions were whole pores filed by the depo-
sited silver due to the long deposition time and
moreover, the formed nanorods overlapped the
membrane were connected together. The pyrami-
dal surface appearance arises after the dissoluti-
on of alumina membrane (Figure 1). The effect
of electrolyte concentration and applied current
intensity on the diameter and height of prepared
nanostructures was evaluated. Obtained results
are summarised in Tab. 1.

Figure 1. SEM of prepared silver nanorods and
pyramidal structure of the nanostructured layer
surface

Table 1: Conditions of silver electrodeposition
and template pore diameter together with the
corresponding height and diameter of prepared
silver nanorods-

it [ Concentration | Time of | Diameter | Height of | Diameter of | Diameter
of AgNO; | deposition | ofpore | nanostructure | nanostructure | of

™ S] [nm] [um] bundle [um] | nanorod.

[~ nm]
0.05 T 2 33 36 %
0.05 25 2 55 526 33
0.05 H 25 % HADS ES
0.1 25 50 7 30 %
0.1 5 50 55 100 55
0.1 10 350 7 2 27
0.1 25 350 7 100 90
0.1 5 50 78 193 B
0.1 10 350 114 285 95
02 T 200 2 216 160
02 10 200 [E3) 216 75

The height of nanorods increased with the pro-
longed time of deposition as well as with the inc-
rease in current intensity. Diameter of produced
silver nanorods resulted from diameter of pores
of alumina membrane. The diameter of nano-
rods was greater or equal to pore diameter. The
diameter of nanorods increased with the time of
deposition. The height of membrane was ~ 1 pm.
As the deposited nanorods were longer than the
height of template, they merge together to form
the pyramidal bundles. It is illustrated on the Fi-
gure 2.

Figure 2. Pyramidal structure of nanorod bun-
dle

CONCLUSION

The effect of deposition conditions on the
height and diameter of electrodeposited silver
nanostructures was investigated in this work.
From obtained results it could be concluded,
that the time and current intensity during
electrodeposition significantly affected length
of prepared silver nanorods. The conditions of
electrodeposition should be further optimised
to prepare ordered nanostructured silver layers
formed by nanorod arrays.
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ABSTRACT

In this work, electrochemical multiple CV scan method was used to prepare surface-enhanced
Raman scattering (SERS)-active silver island films to investigate the effect of potential scan rate
on improved SERS performance. The results indicate that the SERS enhancement capability is
particle size and distribution dependent with the optimum potential scan rate of 100 mV/s. The en-
hancement factor for Rhodamine 6G (R6G) adsorbed on the SERS-active substrate was estimated

to be 6.3x10'2,

INTRODUCTION

Surface-enhanced Raman scattering (SERS)
occurring on nanostructured metallic surfaces
provides a powerful means of obtaining vib-
rational information on adsorbate—surface in-
teractions in view of its unique sensitivity and
excellent frequency resolution from the large
increase in scattering [1 - 6]. SERS is widely
applied to study the structure and orientation
of the molecules at Cu, Ag and Au surfaces [7,
8]. The surface enhancement is highly surface
selective so the technique is sensitive to mole-
cules adsorbed at, or very close to the substrate
surface. Moreover, the Raman cross section for
water is low so that SERS can be easily used to
study substrates in aqueous solution [7].

An average value for the SERS enhancement
is around 10° but the localized enhancement
may reach peaks of 10' at certain highly effi-
cient sub-wavelength regions of the surface [4].
The generation and intensity of Raman signals
are determined by the surface morphologies and
structures of the substrates [4, 5, 7, 9]. Thus,
considerable efforts have been directed toward
the optimization of SERS enhancement via the
size- and shape-controlled physical and chemi-
cal properties of the SERS active substrates [9].

In this work, the silver island films were pro-
duced using electrodeposition onto stainless
steel substrates by cyclic voltammetry (CV).
Morphology of substrates was changed with tu-
ning the scan rate of the applied potential. The
Raman scattering enhancement efficiency of
the prepared surfaces was investigated by SERS
measurements of Rhodamine 6G (R6G) as a re-
ference molecule. The surface morphology and
particle size of the Ag nanoparticle substrate
were correlated with the corresponding enhan-
cement factor.

MATERIAL AND METHODS
Electrochemical deposition of Ag island films
Silver island films were -electrochemica-
Ily synthesized by multiple scan CV using
an electrolyte containing 0.1 M KNO,, 0.1 M
KCN and 0.01 M AgNO, using a conventional
three-electrode cell controlled by an Autolab
PGSTAT302N (Eco Chemie). A sheet of stain-
less steel, a platinum sheet, and an Ag/AgCl/3
M KCl electrode were employed as the working,
counter and reference electrodes, respectively.
The working electrode was typically cycled for
30 cycles between —700 and —1550 mV, begi-
nning at =700 mV, with scan rate 50 — 250 mV/s.

The SERS analyses of Ag island films

Raman spectra were obtained using an i-
Raman® instrument (B&W Tek). Excitation
was provided by a 532.1-nm Nd:YAG laser. The
laser power at the sample was approximately
9 mW. The acquisition time for each accumula-
tion was 5 s.

For SERS measurement, the prepared SERS-
-active Ag substrates were tested using R6G
dye. For each test, 1 pl of the 5.10* M aqueous
R6G solution was dropped onto the SERS sub-
strate and dried naturally.

Surface morphology of Ag island films cha-
racterization

Morphology of the samples was characterized
using a scanning electron microscope JEOL
JSM-7000F (Japan).

RESULTS AND DISCUSSION

Silver island films were electrochemically
synthesized by multiple scan CV using an elect-
rolyte containing 0.1 M KNO,, 0.1 M KCN and
0.01 M AgNO, on a stainless steel substrate.
Figs. 1(a) — (e) show SEM images of the Ag is-
land films deposited at potential scan rate 50,
100, 150, 200 and 250 mV/s respectively. With
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an increase in potential scan rate, the spherical
nanoparticles and clusters become smaller and
less aggregative. With a rise in scan rate the
time of deposition shortens. Moreover, the lo-
wer coverage of working electrode with Ag na-
nostructures was observed when scan rate was
increased. Formation of Ag nanoparticles and
aggregates involves two competitive processes,
formation and growth. At lower potential scan
rate, the rate of the growth is slightly higher than
that of formation. With elevating potential scan
rate, the rate of formation increases while the
rate of growth decreases. As the potential scan
rate extends, the particle and cluster formation
dominates. Thereby, the amount of small par-
ticles (90 — 270 nm in diameter) increased, dia-
meter of aggregates decreased (ca. from 900 nm
to 500 nm in diameter) and the size distribution
becomes broader as the scan rate increase from
50 to 250 mV/s.

Figure 1.: SEM images of different Ag island
films deposited on stainless steel substrates by
multiple scan CV at different potential scan rate:
a) 50 mV/s; b) 100 mV/s; ¢) 150 mV/s; d) 200 mV7/s;
e) 250 mV/s.

Fig. 2 demonstrates the SERS spectrum of 5x1073
M R6G adsorbed on Ag film prepared by mul-
tiple scan CV at potential scan rate 100 mV/s.
The peaks are characteristics of R6G in a Ra-
man spectrum [2, 3]. The peak at ca. 612 cm™
is assigned to the C—C—C ring in-plane vibration
mode. The peak at ca. 775 cm™ is assigned to the
C-H out-of-plane bend mode. The peaks at ca.
1126 and 1185 cm™" are assigned to the C—H in-
-plane bend mode. The peaks at ca. 1313 and 1577
cm! are assigned to the N—H in-plane bend mo-
des. The peaks at ca. 1362, 1508 and 1650 cm™
are assigned to the C—C stretching modes.

Figure 2.: SERS spectrum of 5x107 M R6G
adsorbed on Ag film prepared by multiple scan
CV at potential scan rate 100 mV/s.

ntensity (3.u)
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Values of intensity of the Raman peak of R6G
adsorbed on the Ag island film at two most in-
tensive peaks (612 and 1650 cm™) are summa-
rized in Table 1 as a function of potential scan
rate. As comparing intensities, it was found the
marked increase in value of Raman intensity
for first increment of potential scan rate from
50 to 100 mV/s. However, a gradual decrease
in the intensity of the signal was observed with
further increase of potential scan rate. There-
fore, the optimum potential scan rate for ob-
taining the strongest SERS effect is 100 mV/s.
From the SEM images of the Ag nanoparticle
films prepared at elevated potential scan rate
(Fig. 1) it can be seen clearly that the highest
intensity of Raman peak correspond with the
highest density of Ag island films, best disper-
sion and most uniform size of Ag particles was
registered for Ag film deposited at 100 mV/s.

To estimate the enhancement ability of the Ag
island film, the analytical enhancement factor
(AEF) was calculated. According to the method
developed by Le Ru et al. [10], AEF is defined
as following:

{apas €z
c

AEF =

SERS T RS

where [, denote the Raman intensity ob-
tained for the Ag island SERS substrate under a
certain concentration of Cgppe , and , repre-
sents the Raman intensity obtained under non-
-SERS conditions at the R6G concentration of
Copps = 1x103 M. RS stands for “reference
sam]ﬁe”. In the present study /. and [, were
calculated using 612 an 1650 cm™ as a referen-
ce peaks. The intensities as high as 598.75 and
1696.14 of Raman peak of R6G for reference
sample were obtained at 612 cm™ and 1650 cm-
!, respectively.



Table 1: Values of intensity of the Raman peak
of R6G adsorbed on the Ag island film at 612 and
at 1650 cm™! together with values of determined
AEF as a function of potential scan rate.

Potential scan rate Intensity (a.u.) AEF
(mV5s)
612cmT 1650 cm?  612cm! 1650 cm?!

30 780129 388713 93 76
100 2063675 1877254 689 21
150 1346069  13436.94 150 158
200 648682 777230 217 93
250 §72747 909669 292 10.7

From presented results it can be concluded that
the highest intensity as well as signal enhance-
ment for Ag film prepared at 100 mV/s can be
related to uniformly distribute open network of
aggregates (ca. between 500 - 900 nm in diame-
ter) illustrated in Fig. 1(b).

Fig. 3 shows the SERS spectra of R6G adsor-
bed on the Ag film prepared at potential scan rate
100 mV/s as a function of the R6G concentration.
The gradual increase in the signal intensity was
observed with increasing concentration. The mi-
nimum detectable concentration was 5x107'® M.
Corresponding intensities together with values
of determined AEF are summarized in Table 2.
Figure 3.: SERS spectra of R6G adsorbed on
Ag island films prepared by multiple scan CV at
potential scan rate 100 mV/s with different R6G
concentrations: a) 5x107%; b) 5x107; ¢) 5x107'%; d)
5x10713; ¢) 5x107'° M.

htensity (au.)

Raman shitom )

Table 2: Values of intensity of the Raman peak
of R6G adsorbed on the Ag island film prepared
at potential scan rate 100 mV/s at 612 and at 1650
cm™ together with values of determined AEF as a
function of R6G concentration.

R6G concentration Intensity (a.u) AEF
oD

612cm?  160cm!  61Zcm! 163
<10~ 2063675 1877254 689 2
5107 1494124 1335723 S0<10° 6
51010 SAT781 554003 T8<107 65
<101 763081 3602.80 16100 43
5-101% 189880 13075 63<100 15

The prepared SERS-active substrate based
on the optimum preparation conditions demon-
strates a large AEF of 6.3x10' (resp. 1.5x10'?)
which significantly reduces the practical limit
of detection of R6G to 5107 M.

CONCLUSION

The silver island films were electrodeposited
on stainless steel surface by controlling the
scan rate of applied potential. The produced
surfaces show promising reproducible results
for their use in molecule detection at ultra low
concentrations.
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ABSTRACT

Glass frit bonding technology provides a wide range of possibilities for the bonding of wafers at
process temperatures below 450 °C. The process consists of three main steps: screen-printing of
the glass paste, thermal conditioning and thermo-compressive bonding. The structured bonding
layer protects moveable structures from parasitic bonding. Almost all surface layers commonly
used in silicon micromachining can be bonded using glass frits. The main advantages of glass frit
bonding are hermetic sealing, high process yield, low mechanical stress at the bonding interface,

high bonding strength, and good reliability.

INTRODUCTION

Glass frit bonding is widely used in industrial
microsystems applications where fully proce-
ssed silicon wafers have to be bonded. This end-
-of-process-line bonding must fulfill some very
specific requirements, such as: process tempe-
rature limited to 450 °C to prevent any tempe-
rature-related damage to wafers, no aggressive
cleaning to avoid metal corrosion, high process
yield since wafer processing to this stage is ex-
pensive, bonding of wafers with certain surface
roughness or even surface steps resulting from
metal lines electrically running at the bonding
interface to enable electrical connections into
the cavity sealed by the bonding, as well as a
mechanically strong, hermetically sealed, re-
liable bond [1,2]. All of these requirements are
fulfilled by the glass frit bonding process, which
additionally can be very universally applied sin-
ce it can be used to bond almost all surfaces
common in microelectronics and microsystem
technologies.

THEORY

For glass frit bonding, a low melting point
glass is used to join two or more wafers. This
kind of glass is commercially available (e.g.
from Ferro Corporation, AGC Electronics) as
a paste consisting of glass powder, organic bin-
ders and solvents. In case of the used glass Paste
FX 11-036, the active melting glass compound
is a lead-silicate glass with wetting tempera-
ture of 425 to 450 °C. This glass is non-crys-
tallising and contains zinc oxide as a wetting
agent. These two facts are advantageous for a
good bonding. By adding high melting barium-
-silicate filler particles, the thermal expansion
behaviour of the glass frit is adapted to silicon
to reduce thermo-mechanical stress in the bond

interface [2-3].

The glass frit bonding process consists of
three main steps: screen printing, thermal con-
ditioning of the glass paste and the thermo-com-
pressive bonding itself.

EXPERIMENTAL

The paste was deposited and structured in one
step using screen printing technology. The mesh
openings were defined by the maximum paste
particle size of 15 um. The mesh thickness rela-
tes to the height of the printed structure, 30 pm
are recommended by the material manufacturer.
[4]

Figure 1.: Thermal conditioning

Temperature [°C)

0 10 20 0 40 ] &0 0 80
Time [min]

The initial step was comprised drying for 10 mi-
nutes at 100 °C in order to diffuse solvents out
of the interface. This has started the polymeri-
zation of the organic binder. The organic binder
of the glass paste had to be burned with heating
up to a specific temperature (295 °C) where the
glass is not fully melted for 25 minutes. This
so called glazing ensures the outgassing of the
organic additives. Further, a pre-melting or sea-
ling step was heating the material to the proce-
ss temperature between 430 °C and 440 °C for
20 minutes. The material was fully melted and
formed a compact glass without any inclusions.
The inorganic fillers were melted down and the
properties of the bond glass were fixed. The
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melting of the glass was started at the silicon- REFERENCES

-glass interface directed to the glass surface. Du-
ring the melting process the porosity of the glass
eliminates and based on the compression of the
intermediate layer the thickness of the glass dec-
reases significantly [4].

RESULTS AND DISCUSSION

In Figure 2 the result of glass frit bonding is
shown.
Figure 2.: Cross section of glass frit bonding

Silicon

The thermal conditioning is necessary in order
to transform the paste into a real glass. During
this pre-conditioning, the solvent is burned out
and the glass is pre-melted. The process step is
very important to prevent voids inside the bon-
ded glass which lowers its strength and reliabi-
lity. Bonding temperature is a critical bonding
parameter because it has to be high enough to
guarantee a good wetting of the bond surface
with the glass as the initial process for the bond
formation. The cooling of the bonded wafer pair
is only critical at the higher temperatures where
the bond is formed finally.

CONCLUSION

Glass frit bonding technology provides a wide
range of possibilities for the bonding of wafers at
process temperatures below 450 °C. The process
consists of three main steps: screen-printing of
the glass paste, thermal conditioning and ther-
mo-compressive bonding. The structured bon-
ding layer protects moveable structures from
parasitic bonding. Almost all surface layers co-
mmonly used in silicon micromachining can be
bonded using glass frits. The main advantages
of glass frit bonding are hermetic sealing, high
process yield, low mechanical stress at the bon-
ding interface, high bonding strength, and good
reliability.
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ABSTRACT

Gold nanoparticles (GNPs) are the object of interest in the field of nanotechnology due to their
unique electronic, structural, optical, magnetic, thermal, and catalytic properties. They are ex-
tensively applied in the construction of electrochemical sensors and biosensors. The aim of this
contribution is to characterize GNPs of both sizes (diameters of Snm and 10 nm) in buffered and
non-buffered aqueous solutions with the change of ionic strength by spectroscopic methods (UV/
Vis, photon correlation spectroscopy), and to investigate the GNP—aptamer—thrombin system as
an application of GNPs in a sensitive aptasensor. For the immobilization the thrombin-binding
aptamer (TBA) with the sequence GGT TGG TGT GGT TGG on the GNP surface was modified by
a sulfhydryl group. The study showed that the spectral characterization of GNPs depends strongly
not only on the aptamer—thrombin conjugate but also on the GNP size and solution composition

(buffer, ions and their concentrations).

INTRODUCTION

Gold nanoparticles (GNPs) are the object of
interest in the field of nanotechnology, especi-
ally due to their unique electronic, optical, mag-
netic, thermal, and catalytic properties. They
are employed in many scientific fields such as
chemistry, biology, physics, material chemistry
and physics, pharmacy, and medicine. GNPs are
applied for the construction of new electroche-
mical sensors and biosensors with immobilized
DNA, oligonucleotide, or protein on the gold
surface [1-4].

To analyze different proteins and their interac-
tions with DNA fragment biosensors, in which
the transducer is an electrode with anchored
gold nanoparticles, sensors modified by apta-
mer (a short sequence of DNA specifically bin-
ding biologically important compounds such as
enzymes, peptides, proteins, drugs) have been
used [5]. Moreover, these sensors are presented
as a potential tool for therapeutic purposes. The
extensively studied aptamer is DNA 15-mer
with the sequence GGT TGG TGT GGT TGG,
known as the thrombin-binding aptamer (TBA).
It binds specifically thrombin and thus inhibits
the activity of thrombin in the cascade of reac-
tions resulting in hemocoagulation [6].

The aim of our research was primarily the ba-
sic characterization of GNPs with sizes of 5 nm
and 10 nm by means of spectroscopic methods.
For the spectral behavior of GNPs in buffered
and non-buffered aqueous solutions with dif-
ferent ionic strength and for the exact size de-

termination together with the distribution, UV/
Vis absorption spectroscopy and the photon
correlation spectroscopy (PCS) were chosen re-
spectively.

To specify the dependence of the GNPs-TBA
conjugate on GNPs sizes (5 nm and 10 nm) we
modified GNPs by an SH-labeled TBA aptamer
with the sequence GGT TGG TGT GGT TGG
forming a self-assembled monolayer (SAM).
In the next step, thrombin (200 nM) was spe-
cifically bound to these prepared GNPs-TBA
conjugates. The created aptasensor system was
characterized by UV/Vis spectroscopy.

2. MATERIAL AND METHODS
UV/Vis spectroscopy

UV/VIS spectroscopy enables both (a) to monitor
the spectral behavior of 5 nm and 10 nm GNPs (c
9-10° mol'1'; ¢ 1-10°* mol-1";
ﬁlgma Aldrich) in buffered and non-buffered
solutions, depending on ionic strength adjusted
by NaCl (Sigma Aldrich) and PBS buffer -
phosphate buffer saline, pH 7.4, prepared from
the following components: NaCl Na,HPO,, and
NaH,PO, (Sigma Aldrich) in a wavelength range
of 300 to 800 nm in a 1 cm quartz cuvette, but
also (b) to characterize the aptasensor system.
The absorption spectra of GNPs—-TBA (¢ =
1.44 - 10° M) conjugates and GNPs-TBA-—
thrombin (200 nM) complexes in the 1 cm quartz
cuvette in a wavelength range from 220 to 800
nm were measured. In both cases a UV/Vis
spectrophotometer UNICAM UV 4 was used.
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Photon correlation spectroscopy (PCS)

To determine the exact size of the commercia-
1ly delivered gold colloids (Sigma Aldrich) with
the declared size of 5 nm (distribution from 3.0 to
5.5 nm) and 10 nm (distribution from 8.5 to 12.0
nm), the photon correlation spectroscopy (PCS),
based on the Brownian motion of dispersed,
non-sedimenting and randomly moving particles
in a liquid solution, influenced by particle size,
density, temperature and viscosity of the medi-
um, was applied.

The PC spectra were measured using the in-
strument ZETASIZER MALVERN 3000 HSA, a
combined instrument for measuring particle size
in the range from 2 nm to 3 pum at an angle of 12°
and 90° and for measuring the ZETA potential
of the particles with a size from 5 nm to 30 pm.
This measurement is based on sensing the charge
of the particles moving between two palladium
electrodes.

RESULTS AND DISCUSSION

The behavior of GNPs in buffered aqueous so-
lutions with different ionic strengths
UV/Vis spectroscopy

The UV/Vis absorption spectra of GNPs with
both sizes (diameters of 5 and 10 nm) were mea-
sured in a wavelength range from 300 to 800 nm.
After the addition of NaCl or PBS, a change of
the absorption spectrum accompanied by a co-
lor change of the GNPS solution was observed.
It was found that the increase of ionic strength
causes not only a decrease of the absorption
maxima (hypochromic effect), but also their
bathochromic shift (a shift to a longer wavelen-
gth). Both of these changes depend on the size of
the nanoparticles studied, which was documen-
ted by the following results:

In the case of 5 nm GNP we obtained the
characteristic absorption spectrum in the who-
le range of ionic strength (0.1 - 1 M) after the
addition of 0.1 M PBS or 1.5 M NaCl. The io-
nic strength increase leads to a bathochromic
shift of the absorption maxima, the absorbance
is decreasing, and the spectral profile is wider.
It is interesting that in the case of 5 nm GNPs,
no color changes of the solutions due to the first
addition of NaCl or buffer were observed. By
contrast, in the case of 10 nm GNPs in the 0.1
M PBS medium at an ionic strength I = 0.027
M there occurs not only an intensive change of
the shape of the spectrum, but also a substantial
absorbance decrease, accompanied by a color
change of the GNPS solution. Thus, the characte-
ristic red color of the colloidal solution becomes
a blue one. If the absorption spectra of 10 nm
GNPS are measured in a 1.5 M NaCl medium,
the changes of the shape of the spectrum and the
color of the colloidal solutions are more remarka-
ble compared to PBS medium. The change of the
spectrum shape, accompanied by a considerable

hypochromic shift, was observed at an ionic
strength [ = 0.0089 M. Based on this fact it can
be generalized that NaCl medium influenced
the aggregation of nanoparticles more than did
PBS components. It means that 10 nm GNPs
are more stable in buffered solutions than in the
NaCl medium. Simultaneously, a color change
of GNPs solutions was observed and the typical
red color changed to a blue one. Based on the
spectral character and the color of the nanopar-
ticle solutions we can conclude that nanopar-
ticles with a size of 5 nm are more resistant to
the change of ionic strength than are particles
with larger diameters in both media.

Photon correlation spectroscopy (PCS)

It was found that the size of nanoparticles
with a declared size of 5 nm (distribution from
the Sigma-Aldrich company yields from 3.0
to 5.5 nm) is 5.6 nm (average), and the exact
size of particles with a declared size of 10 nm
(distribution from the Sigma-Aldrich com-
pany yields from 8.5 to 12.0 nm) is 12.3 nm
(average). A comparison of both the declared
and PCS average sizes indicates that a partial
aggregation (about 25%) is present.

Figure 1: Hydrodynamic diameter of 5 nm
and 10 nm GNPs
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b) Characterization of the created aptasen-
sor system

UV/Vis spectroscopy

UV/Vis spectra of (5 nm and 10 nm) GNPS-
-TBA conjugates, and (5 nm and 10 nm) GN-
Ps-TBA—thrombin complexes in a wavelength
range from 220 to 800 nm were recorded. The
GNPs modification was conducted by means
of two approaches: (1) TBA was attached on
the Au surface without previous SH-moiety
activation; (2) the SH-moiety of TBA was,
still before the binding of the aptamer on the
Au surface, activated using “Illustra microspin
G-25 columns” (Amersham Biosciences).
The activation consists in the desalting of the
SH-moiety of TBA by column in order to en-
sure its attachment to gold surfaces. There was
monitored not only the ability of the aptamer
to bind to the gold surface, but also the GNP—
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TBA-thrombin complex formation. It follows from
the spectra presented that the visible hypochromic
effect, achieving the binding of TBA on the gold
surface, occurs only if the SH-moiety of the apta-
mer is activated by the G-25 column. The aptamer,
without previous activation of SH-moiety, is bound
only slightly, which influences the interaction be-
tween TBA aptamer and thrombin. If we add the
TRIS buffer to the created GNP-TBA conjugate, a
substantial bathochromic shift of the absorption ma-
xima, caused by the changing ionic strength of the
buffered solution, is observed in both cases (1 and
2). In the next step, due to the addition of thrombin
or BSA (as a control sample of the specificity of TBA
to thrombin) to the buffered GNP-TBA solution, a
visible hypsochromic shift (a shift to a shorter wa-
velength) is monitored in both cases (1 and 2). It can
be assumed that the binding of thrombin reduces the
influence of the ionic strength of the buffer. The in-
teraction between aptamer and thrombin is generally
reflected by the hypochromic effect. The absorpti-
on spectra show that an effective interaction occurs
when the SH-moiety of the aptamer is activated. It
means that in this case, the absorption maximum is
lower than in the case of the non-activated aptamer
SH-moiety. Moreover, the specificity of the TBA
aptamer to thrombin can be verified only in the case
of the activated SH-moiety of the aptamer when the
absorption spectrum of BSA is the highest, thus indi-
cating that the BSA does not bind to thrombin.

Figure 2: GNPs—TBA—thrombin conjugates
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CONCLUSION

Using UV/Vis spectroscopy we presented not only
(i) the general characterization of nanoparticles in
buffered and non-buffered solutions with different
ionic strengths (NaCl, PBS, pH 7.4), but also (ii) the
characterization of the aptasensor system.
i) The behavior of the gold nanoparticles in buf-
fered aqueous solutions with different ionic stren-
gths
Based on the UV/Vis spectra we can state that the
5 nm GNPs provide characteristic absorption spect-
ra in the whole range of ionic strengths, both in the
PBS buffer and in the NaCl medium. The increasing
ionic strength leads to the hypochromic effect and
the bathochromic shift. Simultaneously, a photodo-
cumentation of the color changes of GNPs solutions

was taken and it was found that with inc-
reasing ionic strength no color change was
observed in this case. By contrast, in the
case of 10 nm in PBS buffer and NaCl me-
dium, the addition of buffer or salt caused
an intense decrease of absorbance coupled
with an intense change of the character
of the absorption spectra. While in the
PBS medium this effect occurs at an ionic
strength I = 0.027 M, in the NaCl medium
this change was visible at an ionic stren-
gth I = 0.0089 M. This phenomenon can
be explained as an aggregation of nano-
particles, confirmed by the color change
of the solution. The typical red color was
changed to blue. Because of the aggrega-
tion of nanoparticles we can conclude that
10 nm GNPs are more stable in buffered
solutions than in NaCl medium.

ii) Characterization of
the created aptasensor system

The characterization of the aptasen-
sor system was performed using UV/Vis
spectroscopy. The UV/Vis spectroscopic
method enabled to monitor the effect of
activation of the SH—moiety of the TBA
aptamer on the creation of GNP-TBA con-
jugates and the subsequent interaction be-
tween TBA and thrombin.

It follows from the presented UV/Vis
spectra that the visible hypochromic
effect, proving the binding of the TBA
aptamer on the 5 nm and 10 nm GNPS
surface and creation of the GNPS-TBA
conjugate, is visible only in the case of the
activated SH-moiety of TBA by column.
The addition of the TRIS buffer to the
created GNPs-TBA conjugate led, due to
the changes of ionic strength, to a substan-
tial bathochromic shift in both cases (with
and without activation). It is surprising
that with the addition of thrombin or the
BSA solution to the buffered GNPS-TBA
conjugate, a considerable hypsochromic
shift is observed. It can be assumed that
the binding of protein decreases the influ-
ence of ionic strength. The specificity of
the TBA aptamer to thrombin was verified
only when the SH—-moiety of the aptamer
was activated. In this case the absorption
spectrum of BSA was the highest, thus
indicating that the BSA did not bind to
thrombin.
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ABSTRACT

The C-E curves of single stranded polynucleotides and homopurine oligodeoxynucleotides exhi-
bit two tensammetric peaks. The more positive peak corresponds to the adsorption-desorption of
sugar-phosphate backbone, the more negative is caused by the desorption of bases. The frequency
dependence was analyzed by two equivalent circuits, one of them describing the Debye relaxation.

INTRODUCTION

Since 1961 when Miller [1] has published his
work on differential capacitance of the mercury
electrode double layer in the solutions of nucle-
ic acids, the measurement of the impedance of
electrified interfaces started to be widely used
for investigation of the interactions of nucleic
acids and their components with electrode sur-
face [2—-11]. Differential capacitance C of the
electrode double layer is a sensitive indicator
of adsorption. Usually, the dependence of C on
electrode potential E (C—E curves) or the depen-
dence of the electrode double layer impedance
Z on frequency (electrochemical impedance
spectroscopy, EIS) is measured. On the C-E cu-
rves of DNA and synthetic polynucleotides, ad-
sorption—desorption (tensammetric) peaks are
observed [7-9]. The native double helical DNA
(double stranded, dsDNA) usually yields just
only one tensammetric peak at about -1.1 V co-
rresponding to the desorption of the sugar/ phos-
phate backbone and denoted as peak 1 [9]. The
denatured DNA (single stranded, ssDNA) yields
besides peak 1 another tensammetric peak (peak
3) atabout-1.4 to -1.6 V corresponding to the de-
sorption of bases. If dsDNA contains some dis-
torted regions in which hydrophobic bases can
come into contact with the electrode, another
tensammetric peak (peak 2) appears between
peaks 1 and 3 [7-10].

2. MATERIAL AND METHODS

All electrochemical measurements were per-
formed with a three-electrode system, employ-
ing a platinum wire counter electrode, an Ag/
AgCl/3M KClreference electrode, and a hanging
drop mercury (HMDE; surface area 0.5mm?
VA-Stand 663, Metrohm, Switzerland) working
electrode. The capacitance measurements were
performed with the AUTOLAB electrochemical
system (Ecochemie, Utrecht, Netherlands) at a
frequency of 250 Hz and ac voltage amplitude

of SmV. Oligodeoxynucleotides, 30-mers dA,,
dG,, dT,;, dC, were purchased from Hermo
Electron (Ulm, Germany).

RESULTS AND DISCUSSION
Polyadenylic acid (poly A) may have (depen-
ding on pH and ionic strength) either ss or ds
form [12,13]. We have found that at the fre-
quency of 22 Hz the peak observed on C-E cu-
rves around -1.4 V of the ss poly A (pH 8, 0.1
M NaCl) is higher and more asymmetric than
the peak of the ds poly A (pH 5, 0.1 M NacCl).
With increasing frequency the height of the
tensammetric peaks decreases. The decrease is
more pronounced with the ss poly A than with
the double stranded conformations [14]. At low
frequencies the tensammetric peak of ss poly A
splits in two peaks, the more positive one around
-1.25 V corresponding to the adsorption-desorp-
tion of sugar-phosphate backbone decreases
with increasing frequency faster than the more
negative peak around — 1.38 V corresponding to
the adsorption-desorption of adenine bases. It
means that the adsorption — desorption of sugar-
-phosphate backbone is slower than the adsorp-
tion-desorption of bases, Fig.1 [15].

Fig. 1 C-U curves of 180 Ag/ml poly A in
0.3 M NaCl + 0.05 M Na2HPO4, pH 8.5. Tem-
perature 20° C. Waiting time t = 30s at -0.6 V.
Potential scan from -1.0 to -1.5 V with a poten-
tial step 0.1 V every 2 s (corresponding to the
potential scan rate 50 mV s ). Insert shows the
dependence of peaks at -1.25 V. and -1.38 V on
frequency [15].
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Similar dependence of the tensammetric peaks
we have observed with the homopurine oligodeo-
xynucleotide (dA, ) contrary to homopyrimidine
(dT,) and dC,) [16], where only the frequency
dependence of the tensammetric peak of the su-
gar-phosphate backbone can be observed, Fig.2.
At potentials more negative then this peak a 2D
condensed layer is formed and the desorption
peak of bases is depressed and is independent on
frequency in the range 5 — 1000 Hz.

Fig. 2 C-F curves of dT30 (blue), dA30 (red
open box), dC30 (green open diamond), and
dG30 (yellow) measured at the HMDE in the ex
situ (transfer) mode. The C—E curves were mea-
sured by potential scan from —0.1V to more nega-
tive values [16].
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Fig 3 Frequency dependence of the capacitan-
ce — potential (C — E) curves of (a) 1 uM d(T,),
and (b) 1uM d(C, ). Potential was scanned from
-0.8 V to more negative potentials. pH dependen-
ce of the C — E curves of (¢) 1 uM d(T,)), and (d)
1 uM d(C,,). The values of frequency and pH are
detected in figures. The temperature of measure-
ment was 5 °C [16] -supporting information.

=, —— @ % ()
—T0 R
"E ——25Hz "‘E
l_‘_i SHz }
o o
5+ 5
18 13 EIV 08 18 13 EIV 08
ENECRIE
1 N N 18
|§ —0—pH 523 5
2 s
s Bk s
1 ] 5
19 14 EIV 08 o

The frequency dependence of the tensam-
metric peaks we have analyzed by 2 equivalent
circuits, one of them describing the Debye re-
laxation [17-20]. In biopolymers the frequency
effect depended upon the rate of migration of
adsorbed trains from the surface phase to the
loops extending to the solution and vice versa.
Such segment migration could occur only in
combination with rearrangement of the whole
biopolymer molecule, EIS thus appeared to be
capable to provide information about the kine-
tic of the adsorption-desorption process of the
nucleic acids.

Anomalous frequency dependence of the C-E
curves of halogen derivatives of cytosine was
observed.

CONCLUSION

The more positive tensammetric peak of sin-
gle stranded DNA and poly A corresponding to
the adsorption-desorption of sugar-phosphate
backbone decreases with increasing frequency
faster than the more negative peak correspon-
ding to the adsorption-desorption of bases. It
means that the adsorption — desorption of su-
gar-phosphate backbone is slower than the ad-
sorption-desorption of bases. Similar behavior
was observed with the tensammetric peaks of
the homopurine oligodeoxynucleotide (dA,)
contrary to homopyrimidine (dT,) and dC,)
[15], where only the frequency dependence of
the tensammetric peak of the sugar-phosphate
backbone can be observed. At potentials more
negative then this peak a 2D condensed layer
is formed.
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ABSTRACT

Platinum group elements (PGE; platinum, palladium, rhodium and ruthenium, less frequently iri-
dium) in catalysts contribute to the reduction of pollutants in exhaust gases, however, their con-
centrations in environment have been increasing. As a results, we attempted to study the effects
of platinum(IV) on BY-2 tobacco cells. The cells were treated with 0, 5, 10, 25, 50, 100, 250 and
500 uM PtCl, for 24 hours. After that, content of platinum, reduced and oxidised glutathione,
phytochelatins and activities of phytochelatin synthase, superoxide dismutase and catalase were

determined.

INTRODUCTION

Increasing anthropogenic activities result in the
burden on human health and the environment
due to the emissions of toxic compounds. Road
traffic is one of the fundamental anthropogenic
activities that affect the landscape [1-3]. Plati-
num group elements (PGE; platinum, palladi-
um, rhodium and ruthenium, less frequently
iridium) in catalysts contribute to the reduction
of pollutants in exhaust gases. The disadvantage
of using catalysts containing PGE is that there is
considerable leakage of these elements into the
environment. It is not surprising that the con-
centration of platinum metals in environmental
samples such as soil, dust on roads, surface wa-
ter, sediments and plants has significantly inc-
reased in the last decade [4-9].

Plants are the first link of the food chain. Study
of the ability of plants to receive PGE from the
soil is very important in the protection of human
health [10-12]. The intake of heavy metals in the
soil is mainly due to the presence of complexing
agents (organic acids), which the plant is able to
secrete into the soil. Available literature data su-
ggest that PGE (mainly palladium) are received
from the soil through the roots, and then PGE
binds to the biologically active substances rich
in sulphur as glutathione and phytochelatins
[13-17]. PGE accumulation process takes pla-
ce mainly in the vegetative parts of plants and
decreases in the following order: root> stem>

leaves. Based on available information, we can
assume that phytotoxicity of PGE depends on
the following conditions: the concentration of
metals in the soil, time of exposure, chemical
form of metal, the chemical composition of ex-
posed soil and plant species, however, further
research on this topic is needed.

Therefore, we aimed at investigation of the
influence of platinum(IV) of the following con-
centrations (0, 5, 10, 25, 50, 100, 250 and 500
puM) on BY-2 tobacco cells. Our attention was
mainly paid to determination of low molecular
mass thiols as phytochelatins. Further, studied
the effects of platinum(IV) on cell morphology
and activity of some detoxification enzymes.

MATERIAL AND METHODS

Plant Material and Analytical Methods

The suspension culture of Nicotiana tabacum
BY 2 line was grown in liquid Murashige and
Skoog medium supplemented with sucrose (30
gI"), KH,PO, (0.2 g.I"), thiamine (I mg. I'') and
2,4-dichlorophenoxyaetic acid (0.2 mg.I"). The
suspension cultures (20 ml) were grown in 50
ml Erlenmeyer flasks at 27°C with shaking at
135 rpm (ES-20, Biosan, Latvia). Passage was
performed after 3 or 4 days by transferring 2 or
1 ml, respectively, of suspension culture into a
fresh medium (total volume 20 ml). To suspen-
sion, 0, 5, 10, 25, 50, 100, 250 and/or 500 uM of
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PtCl, diluted in HNO, was added. After 24 hours
long treatment, the cells were harvested and
analysed. Morphological changes were detected
using microscopy. Activities of superoxide dis-
mutase (SOD) and catalase (CAT) were detected
using spectrometry. High performance liquid
chromatography with electrochemical detection
was used for determination of reduced and oxidi-
zed glutathione, phytochelatins (PC) and activity
of phytochelatin synthase activity (PCs). Content
of platinum was determined using differential
pulse voltammetry.

RESULTS AND DISCUSSION

Based on the analyses it was found that the
morphology of cells did not show any significant
changes at lower concentrations of platinum. At
higher concentrations of platinum, the vacuola-
tion of cells and formation of apoptotics glands
were observed. This resulted in determination of
viability, where the increasing concentration of
platinum reduced viability of the treated cells.
It was also found the increased activity of anti-
oxidant enzymes (SOD and CAT) in the highest
concentrations of platinum (50, 100, 250 and
500 uM), indicating an active protection of cells
against oxidative stress. We assume that content
of GSH and GSSG may be related to inhibition
and metabolic pathways associated with their
formation or transformation. This told that there
is confirmed by results obtained by determinati-
on of phytochelatin synthase activity and content
of phytochelatins. We found that phytochelatin
synthase showed reduced activity, and this was
reflected in low concentrations of phytochelatins
under the highest platinum doses (Fig. 1). Finally,
we were also wondered how many Pt (IV) could
be uptaken by a cell, depending on the applied
concentration. The analysis revealed that most
platinum contained cells were exposed to the
highest concentrations of platinum (IV) in the
medium.

Figure 1.: Determination of phytochelatin syn-
thase activity (PCs) a the content of phytoche-
latins (PC) in BY-2 tobacco cells treated with
platinum(I'V)

CONCLUSION

The results obtained suggest that platinum in
the cell acts as a potential toxic metal accumula-
tion in the food chain. Its effects on living orga-
nisms in the formation of active oxygen species
that cause oxidative stress and inhibition of me-

tabolic pathways required for metal detoxifi-
cation. It is therefore important to monitor the
content of platinum and platinum metals in the
environment.

ACKNOWLEDGEMENT

The work has been supported by SIX
CZ.1.05/2.1.00/03.0072 and NANIMEL GA CR
102/08/1546. Many thanks to Barbora Necaso-
va for technical assistance.

REFERENCES
[1] Ward J M, Young D M, Fauvie K A, et al.,
Cancer Treatment Rep., 60 (1976), 1675-
1678.
Gebel T, Lantzsch H, Plessow K, et al.,
Mutat. Res. Genet. Toxicol. Environ.
Mutagen., 389 (1997), 183-190.
Bunger J, Gebel T, Dunkelberg H, et al.,
Naunyn-Schmiedebergs Arch. Pharmacol.,
355 (1997), 629-629.
Bocca B, Petrucci F, Alimonti A, et al., J.
Environ. Monit., 5 (2003), 563-568.
Schafer J, Puchelt H, J. Geochem. Explor.,
64 (1998), 307-314.
Gomez B, Palacios M A, Gomez M, et al.,
Sci. Total Environ., 299 (2002), 1-19.
Moldovan M, Gomez M M, Palacios M A,
Anal. Chim. Acta, 478 (2003), 209-217.
Morton O, Puchelt H, Hernandez E, et al.,
J. Geochem. Explor., 72 (2001), 223-227.
Barbante C, Veysseyre A, Ferrari C, et al.,
Environ. Sci. Technol., 35 (2001), 835-
839.
Diopan V, Ryant P, Adam V, et al., Lis.
Cukrov. Repar., 125 (2009), 227-228.
Macek T, Rezek J, Vrchotova B, ef al.,
Lis. Cukrov. Repar., 123 (2007), 312-314.
Babula P, Supalkova V, Adam V, et al.,
Plant Soil Environ., 53 (2007), 350-354.
Rojas F S, Ojeda C B, Pavon J M C,
Talanta, 70 (2006), 979-983.
Hees T, Wenclawiak B, Lustig S, et al.,
Environ. Sci. Pollut. Res., 5 (1998), 105-
111.
[15] Stejskal K, Diopan V, Adam V, et al., Lis.
Cukrov. Repar., 123 (2007), 328-329.
[16] Babula P, Adam V, Opatrilova R, et al.,
Environ. Chem. Lett., 6 (2008), 189-213.
[17] Supalkova V, Huska D, Diopan V, et al.,
Sensors, 7 (2007), 932-959.

(2]

[10]
[11]
[12]
[13]

[14]



EFFECT OF ORGANIC AND INORGANIC FORM
OF SELENIUM ON ANTIOXIDANT STATUS OF

BREEDING BOARS EJACULATE
Pavel HORKY", Petra JANCIKOVA!, Jiri SOCHOR?**, Branislav RUTTKAY-NEDECKY'?,Sona
KRIZKOVA?Z3, Petr MARES!, Ladislav ZEMAN!, Vojtech ADAM?34, Rene KIZEK?3#

! Department of Animal Nutrition and Forage Production, Faculty of Agronomy, Mendel University
in Brno, Zemedelska 1, 613 00 Brno, Czech Republic

2Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in Brno,
Zemedelska 1, 613 00 Brno, Czech Republic

3 Central European Institute of Technology, Brno University of Technology, Technicka
3058/10, CZ-616 00 Brno, Czech Republic

* Department of Microelectronics, Faculty of Electrical Engineering and Communication, Brno
University of Technology, Technicka 10, CZ-616 00 Brno, Czech Republic

“pavel.horky@mendelu.cz

ABSTRACT

This work deals with the influence of organic and inorganic form of selenium on selected pa-
rametres in ejaculate of breeding boars. The main aim of the present study was to determine the
effects of selenium on antioxidant status of Duroc boars. In this experiment, twenty-eight Duroc
boars were allocated to four experimental groups, seven boars in each group. Each group was
fed in the addition of organic form in 0.3 and 0.6 mg Selenium/kg and inorganic 0.3 and 0.6 mg
selenium/kg in the feed mixture. The duration of the experiment was 18 weeks. All the boars were
intensively collected at a regular frequency for four times over six weeks. The activity of important
enzyme glutathione peroxidase was studied photometrically using the method of Free Radicals
measured antioxidant activity. Selenium content was detected by atomic absorption spectrometry.
The dietary supplementation of organic form of selenium at a dose 0.6 mg/kg of feed mixture
increased significantly by 6.3 % (P < 0.001) activity of glutathione peroxidase in the ejaculate.
Selenium concentration in this group of boars in ejaculate increased by 71.9 % (P < 0.05). Dietary
supplementation of inorganic form of selenium at a dose 0.3 mg/kg of feed mixture showed an
increase of free radicals by 91.4 % (P < 0.01). The results of the present study indicate that dietary
supplements of 0.6 mg Se/kg of feed mixture improved antioxidant potential of breeding boars

ejaculate. A lower oxidative stress and higher fertility can be therefore assumed.

INTRODUCTION

Selenium is an essential element for reproduc-
tion of boars. Selenium has been considered for
many years as a substance causing toxicity in li-
vestock. The necessity of selenium was discove-
red in 1957. Selenium plays an important role in
the correct sequence of physiological functions
especially in farm animals [11]. Selenium is
found in all cells and body tissues. The amount
of selenium at a feeding dose changes its con-
tent in body [5]. Selenium is a component of the
enzyme glutathione peroxidase, which is one of
the most important antioxidants in animals [8].
Imbalance between reactive oxygen and total
antioxidant capacity can cause male infertility.
The recommended dose of selenium was 0.3
mg/kg in feed mixture for modern genotypes
of breeding boars [3]. Currently there are orga-
nic and inorganic forms of selenium to choose
from. The main aim of the experiment was to
compare different levels and forms of selenium
and its effect on antioxidant status of breeding
boars ejaculate.

MATERIALS AND METHODS

The actual experiment was conducted at the
insemination station boars (ISK) in Velké Mezi-
ti¢i, Czech Republic. Twenty-eight Duroc boars
were selected for this study and they were divi-
ded into four balanced groups (according to their
age). The age interval of boars ranged from 1 to
3 years. The experimental animals were housed
individually and had free access to water. The
feed mixture (FM), containing 0.02 mg Se/kg of
FM, was 3.3 kg per boar (Tab. 1) for the whole
experimental period. The boars were allocated
to four experimental groups. The first group
(G1) boars (n = 7) was fed 0.3 mg Se/kg of FM
in organic form. The second group (G2) boars
(n=7) was fed 0.3 mg Se/kg of FM in inorganic
form. The third group (G3) boars (n = 7) was fed
0.6 mg Se/kg of FM in organic form. The last
one (G4) boars (n = 7) was fed 0.6 mg Se/kg of
FM in inorganic form. As a source of inorganic
selenium sodium selenite was used. Selenium-
-enriched yeasts were used to supplement sele-
nium in organic form (Sel-Plex - Alltech’s).
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Table I: Composition of feed mixture for boars

Component % representation
Barley grain 36.00
Wheat grain 2036
Qat grain 2000
Soybean extracted scrap 1450
EEFOT 3.00
Bergafat 210
Calcium carbonate 1.50
Monedicalciumphosphate 120
Mineral vitamin premix 0.50
Sodium chloride 040
Magnesium oxide 0.15
L-Lysine HCl 0.14
L - Threonine 0.09
Methionine DL 0.06

The duration of the experiment was 18 weeks. All
boars were trained for semen collection (every third
sampling) during this period. Semen was collected at
a regular frequency every six weeks. The first con-
trol sampling was performed before the experiment
was begun. Native seed has been frozen immediately
after the collection. Collection of semen was perfor-
med manually using the phantom. The experimental
period was started in mid-April 2011 and ended in
mid-August 2011. The results were processed by a
statistical program using student’s paired t-test.

Bergafat — palm oil; EKPOT — biskvit meal

Sample preparation

Firstly, 0.5 ml volume of native thawed semen was
pipetted with subsequent addition of 2 ml liquid nit-
rogen and 0.5 ml phosphate buffer. Subsequently,
the sample was homogenized in ULTRA-TURRAX
T8 homogenizer (IKA, Konigswinter, Germany) at
3000 rpm for 2 minutes. After homogenization 1
ml of phosphate buffer was added. This modified
sample was homogenized in vortex Vortex-2 Genie
(Scientific Industries, New York, NY, USA) at 2000
rpm for 15 minutes. Subsequently, the sample was
centrifuged at Universal 32 R centrifuge (Hettich-
-Zentrifugen GmbH, Tuttlingen, Germany) at 16000
rpm at 4 °C for 20 minutes. It was then pipetted 1.5
ml of supernatant, which was analysed.

Determination of antioxidant activity by the Free
Radicals Method

This method is based on the ability of chlorophyllin
(the sodium-copper salt of chlorophyll) to accept and

donate electrons with a stable change of
maximum absorption. This effect is con-
ditioned by an alkaline environment and
the addition of catalyst. Methodology was
adapted from the publication [9]. The an-
tioxidant activity was determined using
automated spectrophotometer BS — 400
(Mindray, China). It was pipetted 150 pL
volume of reagent R1 (0.1 M HCI, extract
chlorophyllin, reaction buffer, catalyzer)
into a plastic cuvette with subsequent
addition of 6 uL sample. Absorbance was
measured at A = 450 nm for 12 minutes.
The calibration curve of absorbance was
converted into equivalent content of trolox
(mmol/l).

Determination of Glutathione peroxida-
se (GSH-Px)

Glutathione peroxidase was determined
using indirect method for determination
of GSH-Px activity. IT IS based on the
oxidation of reduced glutathione GSH
to oxidized glutathione GSSG catalysed
GPx. This reaction is associated with
glutathione recycling reaction, in which
GSSG is reduced to GSH by NADPH and
glutathione reductase (GR). To determine
the activity of glutathione peroxidase Kit
CGP1 was used (Sigma Aldrich, USA).
The measurements were done in a plastic
tube to BS 400 automatic analyzer (Min-
dray, China). It was pipetted 260 pl reagent
R1 (0.3 mM NADPH in GPx buffer) into a
plastic cuvette. The agent was incubated at
37 °C for 108 s. After pipetting the 10 ml
sample the reaction was started by adding
30 ml of response R2 (3 mM tert-butyl
hydroperoxid) in 378 s. The sample was
incubated with 18 s, then the absorbance
was measured at A = 340 nm and measured
the reaction kinetics for 126 s. The device
calculates the average decrease in absor-
bance per minute (AA) and the calibrati-
on equation GSH-Px activity measured in
samples.

Determination of selenium concentration
in the ejaculate

The method of atomic absorption spect-
rometry (AAS) with the generation of hyb-
rids after sample digestion in nitric acid
and microwave decomposition system was
used for the determination of selenium
concentration in boar semen. Wavelength
used was as follows: 196.026 nm.

RESULTS
During the experiment the addition of
different levels and forms of selenium (or-



ganic and inorganic) were evaluated on the anti-
oxidant status of breeding boars ejaculate. The
observed values of free radicals (FR) did not pro-
ve significant difference between samples in the
group of boars G1 (organic form of selenium - 0.3
mg Se/kg of FM). The same group of boars Gl
in the second sampling had the lowest activity of
FR. The decrease amounted to 26.7%. After that
the occurrence of FR has almost increased in the
same level as the control collection. In the second
experimental group of boars G2 (inorganic form
of selenium - 0.3 mg Se/kg of FM) increased the
FR in the second sampling by 57.5%. The third
measurement enabled to increase FR by 82.2 %
(P <0.05). The last measurement showed an inc-
rease in FR even by 91.4 % (P <0.01). The results
of the group boars G3 (organic form of selenium -
0.6 mg Se/kg of FM) on the contrary show a gra-
dual reduction in FR, where the greatest decrease
was measured at the fourth sampling. At the be-
ginning of the experiment the total decrease FR
has been in this group of boars G3 by 15.9 %.
In the last group of boars G4 (inorganic form of
selenium - 0.6 mg Se/kg of FM) no significant
changes in the values of FR were observed. At
the end of the experimental observations in this
group of boars G4 FR value was 11.5 % higher
than at the beginning. An integral part of the
antioxidant system, with a direct link to the me-
tabolism of selenium, is glutathione peroxidase
enzyme (GSH-Px). Its assessment was subject of
interest to our observation. No significant diffe-
rences in the activity of GSH-Px in the group of
boars GI were observed. At the end of the expe-
riment there was a slight increase by 2.3 %. Also,
a second experimental group of animals G2 did
not record any significant changes. During the
fourth sampling was GSH-Px activity by only 1.6
% higher than before the experimental observati-
on. Glutathione peroxidase in boar semen group
G3 during the second and third measurements
increased only slightly (by 2.4 %). However, ta-
king fourth sampling in the analysis of ejaculate,
this increase was already by 6.3 % (P <0.001).
The last group of animals G4 showed a gradual
increase in the concentration of GSH-Px (by 2.6
% at the end of the experiment), but without sta-
tistical evidence. In evaluating the concentration
of selenium in ejaculate of group of boars G1 no
significant change was observed in the second
period. The third and fourth samplings decreased
the content of selenium, up by 37.6 %. For the
second group of animals G2 selenium concentra-
tion made no significant difference. In the second
period it was increased by 23.7 % and then the
values of the third and fourth sampling were at
the same level as at the beginning of the experi-
mental observation. In the group of boars G3 the
content of selenium in the ejaculate taking was
higher by 61.0 % in the second sampling. The

increase has amounted to 69.7 % (P <0.05) at
the third sampling. The same trend continued
during the fourth seed analysis, in which level
of selenium compared to the first collection
amounted to 71.9 % (P <0.05). The last group
of experimental animals did not record any
significant changes in the concentration of se-
lenium. There was a non significant increase of
25.4 % at the end of the experiment. The results
of all monitored parameters are presented in
table I1.

Table II: Illustration of changes in the
antioxidant capacity of boar semen

Experimental " Free Radicals Selenium content
i Sampling g
L 6042385
o
Gl
m
.
L
m
[
m.
v.
L 18791522
m 17581389
G3
m. 3
v.
T
m
[
m.
. 98=06 6632511

" symbol representing statistically significant changes (by compazison with I period —
beginning of the experiment) P <0.05 *; P < 0.01** ; P < 0.001 ***

DISCUSSION

Marin-Guzman et al. [7] added to the diet ex-
perimental group of boars 0.5 mg Se/kg of FM
in organic form. Selenium was not increased in
the control group of animals in their diet. This
team of authors found similar results as in our
experimental observation. In the case of boars
of the experimental group GSH-Px activity in
semen increased by 114.0 % (P <0.01), the se-
minal plasma of 306.5 % (P <0.01) and sperm
showed a 68.7 % higher activity compared with
the control group of boars. These authors also
observed a similar trend in concentration of se-
lenium. The concentration of selenium in the
total ejaculate was more than four times higher
(P <0.01) in experimental animals. During eva-
luation they measured more than twice higher
the concentration of selenium (P <0.01) in se-
minal plasma and sperm than boars without the
addition of this element in the diet. According
these results, the amount of GSH-Px of boars in
seminal plasma increases with age of animals.
We shared similar results with these authors.
In our experiment, the group without income
of trace element was missing, the amount of
GSH-Px was not increased as significant in
comparison with previous authors. The highest
GSH-Px activity and selenium concentration
were found in boars, which were supplemented
with selenium in organic form at a dose of 0.6
mg/kg of FM. Similar experimental monito-
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ring was done Fernandez et al. [2], who in the diet of
three groups of boars, adding 0, 0.3 and 0.5 mg Se/
kg of FM in organic form. During the evaluation the
activity of GSH-Px they found linear growth depen-
ding on the amount of selenium supplied in the diet.
When evaluating the presence of free radicals by the
MDA no significant difference between the groups
has been found. Ebeit [1] also argues that the additi-
on of organic selenium to taps feed doses of 0.3 mg/
kg of FM reduced the number of free radicals and
decreased lipid peroxidation. We were able to prove
the highest increase of free radicals (P <0.01) in the
group, which was given dose of 0.3 mg/kg of FM in
the inorganic form of selenium. On the contrary, a
decrease of reactive forms of oxygen in a group of
boars, who were supplemented by organic selenium
at a dose of 0.6 mg/kg of FM. Jelezarsky et al. [4]
found in the measurement of GSH-Px activity in eja-
culate of boars that the highest level of this enzyme
is located in the seminar plasma is more than three
times higher compared to spermatozoa. This finding
is confirmed by Lasota et al. [6] who also found
approximately one and a half times higher GSH-
-Px activity in seminal plasma than in spermatozoa.
Svoboda et al. [10] compared three different sources
of selenium in growing pigs (bacteria E. faecium
enriched with selenium, selenium-enriched yeast
and sodium selenite) at a dose of 0.3 mg/kg of FM.
Concentration of selenium in the muscle of pigs that
were fed selenium-enriched bacteria E. feacium was
comparable with sodium selenite, but were lower (P
<0.05) in contrast to selenium enriched yeast. Con-
centration of selenium and GSH-Px activity in blood
serum of individual groups of pigs were similar.

CONCLUSION

Dietary supplementation of inorganic form of sele-
nium at a dose 0.3 mg/kg of feed mixture showed an
increase of free radicals by 91.4 % (P < 0.01). The re-
sults of the present study indicate that dietary supp-
lements of 0.6 mg Se/kg of feed mixture improved
antioxidant potential of breeding boars ejaculate. A
lower oxidative stress and higher fertility can be the-
refore assumed.
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ABSTRACT

In this study, a mathematical approach how to evaluate and classify datasets obtained by
electrochemical analysis of metallothionein in rat 9 tissues (brain, heart, kidney, eye, spleen, gonad,
blood and muscle) was suggested. Classification models have been designed using separately two
groups of attributes, namely the attributes describing local extremes and the derived attributes
resulting from level = 5 wavelet transformation. Based on the results obtained, we were able to
construct a decision tree that makes it possible to distinguish among electrochemical analysis data
resulting from measurements of all the considered tissues.

INTRODUCTION

Metallothioneins (MTs), which were discov-
ered by Margoshes and Valee in 1957 as newly
identified proteins isolated from a horse renal
cortex tissue [1], belong to the group of mol-
ecules defending a cell against reactive oxygen
species (ROS). Mammalian MTs are low mo-
lecular mass (app. 6 kDa) proteins with unique
abundance of cysteine residues (more than 30 %
from all aminoacids) occurring in conserved se-
quences Cys-X-Cys, Cys-X-y-cys a cys-cys where
x and y represent other amino acid. Four mam-
malian MT isoforms (MT-1 — MT-4) are known
and 13 MT-like human proteins were identified
[2]. MT-1 a MT-2 are present almost in all types
of soft tissues [3], MT-3 is expressed mostly in
brain tissue but also in heart, kidneys and repro-
ductive organs [4] and MT-4 gene was detected
in epithelial cells. The main function of MTs is
a metal ion transport, maintenance of the oxida-
tive-reducing conditions and regulation of gene
expression in an organism.

Detection and quantification of MT is not sim-
ple due to the high content of cysteine and rela-
tively low molecular mass. Analytical methods
are usually based on a) detection of bonded
metal ion, b) detection of free thiol moieties, ¢)
protein mobility in an electric field and d) inte-
raction with different types of sorbent or e) En-
zyme-Linked Immuno Sorbent Assay (ELISA).
However, Brdicka reaction in connection with

differential pulse voltammetry (catalytic reac-
tion) is the only direct method able to quantify
these proteins in both blood and tissue extract
samples. Differential pulse voltammetry Brdic-
ka reaction is one of the sensitive and common
tools used for determination of metallothioneins
— it generates for each studied sample from tens
to hundreds values related to the sample compo-
sition. All over it there has not been offered any
theoretical explanation yet, that could provide
a complete model for the behaviour observed
during Brdicka reaction and influence or role
of MT.

We have focused our attention on observing
shape of curves corresponding to different or-
gans obtained from male Wistar albino labora-
tory rats of 56 days of age using Brdicka reac-
tion. Obtained experimental data were analysed
using our own software tool that was designed
and implemented with intention to help in deter-
mining the type of tissue, from which the extract
was prepared.

MATERIAL AND METHODS
Chemicals

Rabbit liver MT (MW 7143 g/mol), containing
5.9% Cd and 0.5% Zn, was purchased from Sig-
ma Aldrich (St. Louis, USA). Co(NH,)Cl, and
other chemicals used were purchased from Sig-
ma Aldrich (Sigma-Aldrich, USA) unless noted
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otherwise. Stock standard solution of MT (10
pg mL") was prepared with ACS water (Sigma-
-Aldrich, USA) and stored in the dark at -20°C.
Working standard solutions were prepared daily
by dilution of the stock solutions with ACS water.
The pH value was measured using a WTW ino-
Lab pH meter (Weilheim, Germany).

Animals

Selected male Wistar albino laboratory rats of
28 days of age were used without any treatment
in our experiments. There were used 8 experi-
mental animals that were kept in a vivarium with
controlled air temperature (23 + 1°C) and photo-
-period (12 hours day: 12 hours night with maxi-
mal intensity 10,800 LUX). Tempered feed mix-
tures of natural barley and drinking water were
accessible ad libitum for four weeks. In the end
of the experiment, the animals were put to death
and tissues and blood were sampled.

Preparation of biological sample

The rats’ tissues (liver, kidney, spleen, heart,
brain, eye, gonads and femoral muscle) and blo-
od were used for the analysis. The animal tissu-
es were mixed with extraction buffer (100 mM
sodium phosphate, pH 6.8) and subsequently
homogenized using semi-automatic homogeniser
(Schuett homgen, Schuett-Biotec, Germany). The
homogenates as well as samples of blood were
centrifuged at 10,000 g for 15 min at 4°C (Ep-
pendorf 5402, USA). Further, the samples were
heat treated at 99°C in a thermomixer (Eppen-
dorf Thermomixer Comfort, USA) for 15 min.
with occasional stirring, and then cooled to 4°C.
The denatured homogenates were centrifuged
at 4°C, 15,000 g for 30 min. (Eppendorf 5402,
USA). Heat treatment effectively denatures and
removes high molecular weight proteins out from
samples (13-15). The obtained supernatants were
100 x diluted with extraction buffer (100 mM po-
tassium phosphate, pH 6.8) prior to electrochemi-
cal measurements.

Electrochemical
determination of metallothionein
Electrochemical measurements were perfor-
med with a 747 VA Stand instrument connected
to 746 VA Trace Analyzer and 695 Autosampler
(Metrohm, Switzerland), using a standard cell
with three electrodes and cooled sample hol-
der (4°C). A hanging mercury drop electrode
(HMDE) with a drop area of 0.4 mm? was
the working electrode. An Ag/AgCl/3M KCI
electrode was the reference and glassy carbon
electrode was auxiliary electrode. GPES 4.9
supplied by EcoChemie was employed. The Br-
dicka supporting electrolyte containing 1 mM
Co(NH,),Cl, and 1 M ammonia buffer (NH3(aq)
+ NH4CI, pH = 9.6) was used and changed per

one analysis. DPV parameters were as follows:
initial potential of -0.7 V, end potential of -1.75
V, modulation time 0.057 s, time interval 0.2 s,
step potential 2 mV, modulation amplitude -250
mV, E =0 V. All experiments were carried
out at a temperature of 4 °C (Julabo F12 cooler,
Germany).

RESULTS AND DISCUSSION
Brdicka reaction

Brdicka reaction is frequently employed
electrochemical method for MT determination
in biological samples. Experimental conditi-
ons of MT detection by Brdicka method were
several times modified with the aim to study
the effect of concentration of some substances
in Brdicka solution, which commonly consists
from cobalt(IIl) complex and ammonia buffer.
Raspor et al. [S] used 2 M NH,CI + NH,OH,
with 1.2 mM [Co(NH,),]Cl, and carried out the
measurements within the potential range from
-0.9 to -1.9 V. Olafson and Sim suggested to use
1 M NH,Cl+NH,OH, with 0.6 mM [Co(NH,)]
Cl, [6, 7]. The most frequently employed me-
thod for MT detection using Brdicka procedu-
res is differential pulse voltammetry. Brdicka
reaction was used for the study of physiologi-
cal concentrations of MT in many animal spe-
cies [8]. Brdicka reaction finds wide range of
use in MT determination in freshwater and sea
fish [7, 9].

Voltammograms description

The mechanism of the reaction is based on
the catalytic evolution of hydrogen on mercu-
ry electrodes from solutions of protein contai-
ning —SH group in ammonia buffer and hexa-
ammincobalt chloride complex (Co(NH,) Cl,)
called Brdicka solution [10]. The mechanisms
of the reaction is not elucidated in detail, but
it is expected that the cobalt (IT) complex with
protein, peptide or basic nitro compounds play
important role in catalytic process. Interaction
between cobalt(II) ion and protein causes dec-
rease of the cobalt peak and occurrence of two
new voltammetric peaks at potential area from
-1.2to -1.5 V. The reduction of complex R(SH)2
and Co(II) at potential app. -1.35 V corresponds
to the first catalytic signal (RS,Co). Other two
signals Catl and Cat2 correspond to the reduc-
tion of hydrogen at the mercury electrode and
can be used for quantification because their
height is proportional to concentration of MT.
In addition, the signal called Col could occasi-
onally result from reduction of [Co(H,0),]*
[5]. Under our conditions we observed forma-
tion of catalytic signals in potential from 1.0
to 1.1 'V for first catalytic signal (RS,Co) and
1.2 and 1.5 for Catl and Cat2, respectively. The
signal Col of varied strength was observed in



potential 0.8.

Determination of
metallothionein content in rat tissues

Using electrochemical detection of metallothione-
in we monitored its content in the blood and rat body
tissues as liver, kidney, spleen, heart, brain, eye, go-
nads, blood and femoral muscle (number of various
considered tissues p =9). To quantify metallothione-
in the catalytic peak Cat2 was used. Comparison of
the average MT levels in single tissues shows their
variability. The highest content was found in kidney
(67.0+1.1 pg/g) and liver (48.7+0.9 pg/g) as in organs
responsible for the xenobiotics detoxification. The
content was two times higher compared to other or-
gans. Higher level was also determined in the brain
(50.5£1.5 pg/g) and in the spleen (41.5+1.4 png/g). The
concentration in the brain corresponds only to the
content of isoform MT-3 [11]. MT level in the he-
art (without blood) is nearby MT level in the muscle
what can be explained by similar physiological func-
tion of both tissues. Moreover, we statistically eva-
luated differences in MT content determined in the
organs. We found that MT content in the heart was
not statistically different compared to the gonad and
to the eye. Also the MT content in the gonad was
not statistically different compared to the eye. All
other mutual differences were significantly diffe-
rent (p<0.05). Besides height of peak Cat2, heights
of RS,Co and Catl were determined. However, no
dependence on concentration or other parameters
including type of tissue was observed.

In addition, we focused our attention on the shape
of curves corresponding to the different organs. We
found out that each tissue gave a voltammogram of
characteristic shape. The curves differed not only
in their height and potential of the peaks, but also
in their shape. Some voltammograms contained
RS,Co, Catl and Cat2 only, however, in some cu-
rves, peak Col was detected at -0.7 V. Voltammo-
grams with three peaks (without Col) were obtained
by measuring of spleen, gonad and muscle homoge-
nates. Analyses of kidney, liver, brain, eye and heart
homogenates gave four peaks. In spite of the fact
that apparent differences among measured voltam-
mograms were visually observed, we were not able
to distinguish between voltammograms of certain
tissues using standard tools for data treatment.

Haar’s Simple Wavelet transformation

Each curve from our data set is described by 518
points obtained from equidistant measurements in
the interval (-1.8 V, -0.7 V) — the domain experts
confirmed that it is safe to take the line connecting
all these points as a reasonable approximation of a
continuous line. One of the well known approaches
how to handle such type of data is to apply Haar’s
Simple Wavelet (HSW) transformation [12-15],
which ensures a significant compression of the input
data by approximating the continuous line by a step-

wise function with 2k steps (columns) of
the same width, where the parameter k is
referred as HSW level. To ensure this plan
HSW transformation sets strict require-
ment on the number p of points used for
representation of the curve - this number
has to be a power of 2. In such a case log
p is the upper limit for the HSW level pa-
rameter denoted as levelmax. The nearest
power of 2 to the number 518 of our points
is 512 = 29. In order to use HSW for our
data from Brdicka curves, we have set lev-
elmax = 9 and we were forced to abandon
six points only. We have decided to select
for that purpose the 6 points with the value
on the horizontal axis close to (-0.7 V), be-
cause their measured values were the same
for most of the curves.

The Haar’s Simple Wavelet transforma-
tion has a single parameter referred to as
level which cannot exceed levelmax and
which specifies the number of iterations of
the process described bellow as well as the
number of coefficients to be used for de-
scription of the curve. More precisely, the
number of coefficients is equal to 2level.
The initial wavelet coefficient cO repre-
sents the mean of the whole curve. In the
next steps the following process is repea-
ted: the domain is divided into two equal
parts and each part is analyzed separately
(the mean of this part is considered) and
compared to its ’parent part’ to obtain fur-
ther wavelet parameters. The interpretati-
on of the resulting wavelet coefficients is
not very transparent. That is why we have
applied inverse wavelet transformation
that results in the same number of novel
derived attributes (denoted as coef0, ...
, coefl5 in the case the level is set to 4)
computed by aggregation of the original
wavelet coefficients. These new attributes
offer more natural description of the origi-
nal curve because they represent its appro-
ximation by stepwise function with 2level
steps of equal width which roughly copies
the shape of the original data: each new
attribute coef0, ... , coefl5 corresponds
to the average of the original curve in the
considered interval (step).

Figure 1.: RadViz image for the w5coef24
... w5coef27 projection of the selected wa-
velet coefficients.
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CLASSIFICATION

Classification models have been designed us-
ing separately two groups of attributes - the at-
tributes describing local extremes (see section
3.1.3) and the derived attributes resulting from
level = 5 wavelet transformation. From the num-
ber of different available classification models
[15], we have selected decision trees because they
highlight possible dependencies among the con-
sidered attributes and thus they offer clear insight
into the considered task due to the algorithm used
for decision tree construction. This algorithm ap-
plies iteratively a routine for identification of the
most informed attribute to the considered data-
set. This attribute is then used for partitioning the
dataset — further on significantly smaller dataset
is processed andcomplexity of the considered
task is reduced in this way step by step. Those
attributes that appear in the names of the upper
nodes of the decision tree (close to its root) seem
to be of special importance - the decision tree can
be understood as a feature selection algorithm,
too.

The software tool Rapid Miner and its module
Decision Tree has been applied [12]. The parame-
ter named minimal leaf size corresponding to the
minimal number of instances per leaf has been
set to 10 to prevent over-specialization when the
leaves of the decision tree could be character-
ized by values of attributes of a single rat (one
rat = 5 curves). This setting helped in finding
more general decision tree. In both experiments
described in the following two paragraphs that
used two different groups of attributes selected
for an abstract representation of the Brdicka
curve there was applied the same approach
how to estimate quality of the designed model,
namely 10 fold cross validation. The available
data S corresponding to different Brdicka curves
were divided into 10 disjunctive sets SI,..., S10
each of which maintained the same percentage
of the considered body tissues as the original set

(stratified samples). For i=1 to 10 the following
experiments have been ensured: the decision
tree model has been created from the training
data set (S - Si ) and tested on the remaining
data, namely on Si . The overall results of the
10 experiments were summarized using a con-
fusion matrix with columns denoted by the
body part, from which the considered sample
has been taken, and with rows denoted by the
classification suggested by the constructed de-
cision trees. Consequently, the resulting table
depicts all the correctly classified examples on
the diagonal of the matrix while all the other
points represent errors. Moreover, this presen-
tation of the obtained results makes it possible
to identify easily the most frequent mistakes or
confusions appearing in our data, namely the
names of body tissues the mis-classified exam-
ples came from and the predicted class, which
does not seem to be fully reliable

CONCLUSION

We believe that advance in proteomics will be
made possible not only by construction of new
devices but also by gaining profound under-
standing to mechanisms of electrochemical
reactions of the studied substances which can
lead to more efficient utilization of numerous
data already available. One of the first steps
towards this goal is to find proper way how to
describe various curves produced by complex
electrochemical processes. The resulting repre-
sentation has to be both abstract so that data
compression is achieved and detailed enough
to highlight the important properties of the stu-
died curves. We have applied Haar’s simple wa-
velet transformation to Brdicka curves to prove
feasibility of suggested approach.
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ABSTRACT

Electrochemical study of B-sheet breaker prion protein is the main aim of this study. For this
purpose, cyclic voltammetry (CV), differential pulse voltammetry, differential pulse voltamme-
try Brdicka reaction and chronopotentiometric stripping analysis were used. Under the optimal
conditions (phosphate buffer, pH 7.38 and time of accumulation 100 s), detected by DPV prion
was characterized using different techniques and their limits of detection were found. Adsorptive
transfer stripping technique coupled with the abovementioned methods offers very lower detection
limits. The lowest limits of detection were determined by CPSA AdTS i.e. 25 pmol in volume of 5
pl. CPSA is therefore a very sensitive tool for the studying of prion behaviour. Moreover, the in-
fluence of heat denaturation was observed. It clearly follows from the results obtained that signals
of prion decreased linearly depending on the duration of the heat treatment at 99°C for various time
intervals: 0, 15, 30, 45, and 60 min. The correlation coefficients of the measured dependencies as
0.9929, 0.9973, 0.9965 and 0.9957 were determined by CV, DPV, DPV Brdicka reaction and the

most sensitive CPSA, respectively.

INTRODUCTION

Transmissible spongiform encephalopathies
(TSEs) are a group of fatal neurodegenerative
diseases with long incubation time, which inclu-
des Creutzfeld-Jakob disease (CJD), kuru, scra-
pie, chronic wasting disease (CWD), and bovine
spongiform encephalopathy (BSE). The agent
that causes these diseases is an abnormal prion
protein (PrP%) that is a conformational isoform
of the normal prion protein (PrP¢). The confor-
mation change, from the a-helix in the natural
protein form (PrP¢) to the B-sheet of the modi-
fied protein form (PrP*), significantly influence
the protein function. The mutated form (PrPS)
is extremely resistant to the cell degradation
processes and may bind other PrP® molecules
inducing the conformation change to the PrPsc.

Detection and quantification of prion is not
simple due to the low amounts in biological
samples especially during the early stages of
disease. For this purpose, the method Protein-
misfolding cyclic amplification (PMCA) for
providing sensitivity improvement has been
used [1]. Method is based on addition of normal
prion protein to the sample containing infec-
tious prion and its subsequent conversion to in-
fectious form. PMCA involves repeated cycles

on incubation and sonication. These repeated
cycles can amplify the amount of prion protein
present in the sample from four to 40 times in
two weeks [2, 3]. Analytical methods, which are
used for prion detection are usually based on: (I)
conformation dependent immunoassays, which
are currently the most used assays for routine
screening in plasma [4]. (I1) Western blot assays
[5] (IIT) CE — based methodology [6] and (IV)
Spectroscopic method [7].

The main objective of our work was to explore
the electrochemical behaviour of prion protein
PrP* on hanging mercury drop electrode. For
these purposes fundamental electrochemical
techniques such as cyclic voltammetry, diffe-
rential pulse voltammetry, differential pulse
voltammetry with Brdicka reaction and chro-
nopotentiometric stripping analysis were used.
To reach very low limits of detection adsorptive
transfer stripping technique was used. Moreo-
ver, we focused our attention on monitoring the
signal change of native and denatured form of
prion.

MATERIAL AND METHODS
Chemicals

Prion protein  — sheet breaker peptide frag-
ment (Asp-Ala-Pro-Ala-Ala-Pro-Ala-Gly-Pro-
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-Ala-Val-Pro-Val; FW = 1597.9) was purchased
from Sigma Aldrich (St. Louis, USA) and dissol-
ved by 8.77 M trifluoracetic acid bought from the
same supplier. Sodium phosphate and other used
chemicals were purchased from Sigma Aldrich.
Working standard solutions were prepared daily
by dilution of the stock solutions. The pH value
was measured using WTW inoLab Level 3 with
terminal Level 3 (Weilheim, Germany), contro-
lled by personal computer program (MultiLab
Pilot; Weilheim, Germany). The pH-electrode
(SenTix- H, pH 0-14/3M KCl) was regularly ca-
librated by set of WTW buffers (Weilheim, Ger-
many).

Electrochemical measurements

Electrochemical measurements were perfor-
med with AUTOLAB Analyser (EcoChemie,
Netherlands) connected to VA-Stand 663 (Me-
trohm, Switzerland), using a standard cell with
three electrodes. The working electrode was a
hanging mercury drop electrode (HMDE) with
a drop area of 0.4 mm?. The reference electrode
was an Ag/AgCl/3M KCI electrode and the au-
xiliary electrode was a graphite electrode. The
supporting electrolyte was acetate buffer (pH
= 5). For smoothing and baseline correction the
software GPES 4.4 supplied by EcoChemie was
employed.

Adsorptive transfer stripping technique

Principle of the AdTS is based on the strong ad-
sorption of the studied analyte on the electrode
surface in an open electrode circuit. The excess
of analyte is rinsed from the surface of the wor-
king electrode with the buffer. The adsorbed ana-
lyte is finally detected in the presence of indiffe-
rent electrolyte. Volume of studied sample was 5
pl in all methods. Time of adsorption was tested
in range from 10 to 120 s.

Cyclic voltammetry (CV) and PrPs¢

Prion protein was studied using cyclic volta-
mmetry. Amount of adsorbed sample was 5 pl.
Time of accumulation pH and electrolyte type
was optimized. Volume of supporting electrolyte
was 5 ml in the electrochemical cell. CV para-
meters were as follows: an initial potential of 1
0V, an end potential of -1.9 V, step potential of
2.44 mV, scan rate from 20 to 640 mV/s. All ex-
periments were carried out at room temperature
(22-24°C)

Differential pulse
voltammetry (DPV) and PrP5¢

The amount of prion PrP¢ was measured using
AdTS DPV. Following supporting electrolytes
were tested: 0.5 M sodium phosphate in pH range
from 5.6 to 8.0, borate in pH range from 7.1 to
9.1 and acetate in pH range from 3.8 to 5.6. DPV

parameters were follows: an initial potential of
- 0.2V, an end potential of - 0.8 V, a modulation
time 0.057 s, time interval 0.2 s, step potential
1.05 mV/s, a modulation amplitude of 250 mV,
E .= 0 V. All experiments were carried out at
room temperature (22-24 °C). The DPV sam-
ples analysed were deoxygenated prior to me-
asurements by purging with argon (99.999%)
saturated with water for 120 s.

Differential pulse
voltammetry - Brdicka reaction and PrPs*
Differential pulse voltammetric Brdicka’s re-
action was also used for prion determination.
The Brdicka supporting electrolyte containing
1 mM Co(NH,),Cl, and 1 M ammonia buffer
(NH,(aq) + NH,CIL, pH = 9.6) was used and
changed per each analysis. DPV parameters
were as follows: initial potential of -0.7 V, end
potential of -1.75 V, modulation time 0.057 s,
time interval 0.2 s, step potential 2 mV, modu-
lation amplitude -250 mV, E , =0 V. All expe-
riments were carried out at a temperature of 4
°C (Julabo F12 cooler, Germany).

Peak H and PrP**

Constant  current  chronopotentiometric
stripping analysis (CPSA) was used for the
determination of prion by recording the in-
verted time derivation of potential (dE/dt)! as
a function of potential E. CPSA parameters
were as follows: potential limit of -1.9 V, I_ of
-1 pA, max. time of measurement 600 s, tempe-
rature 20 °C, supporting electrolyte phosphate
buffer (pH 7.38).

Descriptive statistics
and estimation of detection limit

Data were processed using MICROSOFT
EXCEL® (USA). Results are expressed as
mean =+ standard deviation (S.D.) unless noted
otherwise (EXCEL®). The detection limits
(3 signal/noise, S/N) were calculated accord-
ing to Long and Winefordner [8], whereas N
was expressed as standard deviation of noise
determined in the signal domain unless stated
otherwise.

RESULTS AND DISCUSSION

Protein denaturation is a complex process [9,
10] and its complete understanding requires
taking into consideration numerous aspects
such as net charge, protein structure, environ-
mental conditions (e.g. electrolyte pH and con-
centration) as well as equilibrium of folded and
unfolded protein form. Elevated temperature is
one of the most commonly used approaches for
protein denaturation [11-14]. It is well known
that at elevated temperatures a-PrP converted
rapidly and irreversibly to the thermodynami-
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cally more stable B-sheet form [15, 16]. Electro-
chemistry seems to be powerful tool for studying of
protein denaturation and renaturation [12, 13, 17-21].

In the present study, the behaviour of native and
denatured form of prion was studied using all above-
mentioned methods. It clearly follows from the ob-
tained results that signals of prion decreased linear-
ly depending on the duration of the heat treatment
at 99°C for various time intervals as 0, 15, 30, 45,
and 60 min. The correlation coefficients of the me-
asured dependencies as 0.9929, 0.9973, 0.9965 and
0.9957 were determined by CV (Fig. 1A), DPV (Fig.
1B), DPV Brdicka reaction (Fig. 1C) and the most
sensitive CPSA (Fig. 1D), respectively. Electroche-
mical signals decreased with the increasing time of
thermal treatment in all applied methods. The agg-
regation rate is more sensitive in case of DPV and
CPSA where the prion amount decreased more than
six times against native prion (0 min. of denatura-
tion). This phenomenon suggests that the thermal
treatment causes significant changes in the protein
structure. Thermal denaturation is responsible for an
irreversible precipitation leading to the aggregation
of the denatured prion molecules and creating an
undefined polymeric structure.

Figure 1.: Dependence of peak height on time of heat
denaturation at 99 °C for 0, 15, 30, 45 and 60 min.
measured by A) cyclic voltammetry, B) Differential
pulse voltammetry, C) Differential pulse voltamme-
try Brdicka reaction and D) Chronopotentiometric
stripping analysis. With longer influence of height
temperatures the signal significantly decreased.
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CONCLUSION

Great attention on analytical determination of pri-
on protein is paid. Electrochemical methods repre-
sent an excellent tool for such studies. As we report
in the paper, adsorptive transfer stripping technique
coupled with various methods represents powerful
tool to detect very low concentration of specific pro-
tein. Moreover, the results of denaturation undergo
to creation of more complex structures in prion mo-
lecule during heat treatment.
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Abstract

Semiconductor quantum dots (QDs) coated with thioalkyl acid ligands are often used as probes
and reporters for nucleic acid sensing, or protein sensing using aptamers, and are also potential
vectors for gene delivery. In such applications, the interactions that potentially lead to the adsorp-
tion of oligonucleotides onto the surface of colloidal QDs are an important consideration. The
interaction between B-sheet breaker prion protein and CdTe quantum dots (QDs) was studied by
differential pulse voltammetry connected with adsorptive transfer stripping technique. Results
showed that the electrochemical signals of prion protein were strongly quenched by CdTe QDs.
This phenomenon can be considered as a first step of suggesting of a biosensor for determination

of prions in real samples without a sample pre-treatment.

INTRODUCTION

Excellent optical properties of QDs (namely
high quantum yield, broad absorption spectra
and narrow, symmetric fluorescence spectra
from UV to NIR, large effective excitation and
emission Stokes shifts), long life-time (high
resistance to photobleaching) compared to or-
dinary fluorophores and stability (resistance to
photo- and chemical degradation) predestinate
them in usage for imaging and as optical probes
for detection of peptides, proteins, nucleic acids
and other biomolecules [1-5]. Even the systems
with colloidal QDs are more frequently used for
biosensing application, the systems with QDs
grew on various solid substrates is no less at-
tractive but markedly less studied. Nowadays,
new approaches in biosensing with QDs consist
in usage of QDs fixed on some solid substrate.
However, this is generally provided by colloidal
QDs incorporation in some polymer matrix or
formation of colloidal QDs thin films via self-
-assembly [6-8]. Moreover, most of these QDs
are toxic hence some biocompatible layer should
cover the QDs core [9].

QDs coated with thioalkyl acid ligands are
often used as probes and reporters for nucleic
acid sensing, or protein sensing using aptamers,
and are also potential vectors for gene delivery.
In such applications, the interactions that poten-
tially lead to the adsorption of oligonucleotides
onto the surface of colloidal QDs are an impor-
tant consideration. The interaction between f-
-sheet breaker prion protein and CdTe quantum

dots (QDs) was studied by differential pulse
voltammetry connected with adsorptive transfer
stripping technique.

MATERIAL AND METHODS
Quantum dots preparation

QD were prepared according to Duan et al.
[10]. In a typical synthesis, 4 ml of cadmium
chloride solution (CdCl,, 0.04 mol/l) was di-
luted to 42 ml with ultrapure water, and then
trisodium citrate dihydrate (100 mg), Na,TeO,
(0.01 mol/l, 4 mL), MPA (119 mg), and NaBH,
(50 mg) were added successively under magnet-
ic stirring. The molar ratio of Cd*/MPA/Te was
1:7:0.25. 10 ml of the resulting CdTe precursor
was put into a Teflon vessel. A CdTe QDs were
prepared at 95°C and times 30 min. under mi-
crowave irradiation (400 W). After microwave
irradiation, the mixture was allowed to cool to
lower than 50 °C and the CdTe QDs sample was
removed. Working standard solutions were pre-
pared daily by diluting the stock solutions.

Electrochemical determination
Electrochemical measurements were perfor-
med with AUTOLAB Analyser (EcoChemie,
Netherlands) connected to VA-Stand 663 (Me-
trohm, Switzerland), using a standard cell with
three electrodes. The working electrode was a
hanging mercury drop electrode (HMDE) with
a drop area of 0.4 mm?. The reference electrode
was an Ag/AgCl/3M KClI electrode and the au-
xiliary electrode was a graphite electrode. The
supporting electrolyte was acetate buffer (pH

237



238

= 5). For smoothing and baseline correction the
software GPES 4.4 supplied by EcoChemie was
employed.

Differential pulse voltammetry

The amount of QDs was measured using DPV.
Differential pulse voltammetric measurements
were carried out under the following parameters:
deoxygenating with argon 60 s; start potential
-1.5 V; end potential 0 V; a modulation time 0.057
s, a time interval 0.2 s, a step potential of 1.05
mV/s, a modulation amplitude of 250 mV, E_ =
0 V. All experiments were carried out at room
temperature (22-24 °C). The DPV samples ana-
lysed were deoxygenated prior to measurements
by purging with argon (99.999%) saturated with
water for 120 s.

Adsorptive transfer stripping technique

Principle of the AdTS is based on the strong ad-
sorption of the studied analyte on the electrode
surface in an open electrode circuit. The excess
of analyte is rinsed from the surface of the wor-
king electrode with the buffer. The adsorbed ana-
lyte is finally detected in the presence of indiffe-
rent electrolyte. Volume of studied sample was 5
ul in all methods. Time of adsorption was tested
in range from 10 to 120 s.

RESULTS AND DISCUSSION

In this study adsorptive transfer stripping tech-
nique in connection with differential pulse vol-
tammetry (AdTS DPV) was employed for prions
electrochemical characterization as sensitive
electrochemical method. Primarily, the method
was optimized to achieve the best condition
for prion detection. Particularly, we tested the
following conditions as time of accumulation,
buffer composition and pH of the supporting
electrolyte. Determining dependence of peak
height on time of accumulation showed that cu-
rrent response enhanced with increasing time of
accumulation (Fig. 1A). The highest peak was
determined under 100 s long accumulation. Lon-
ger time of accumulation provided also sufficient
responses but due to formation of polylayers the
signal slightly decreased.

Moreover, electrochemical behaviour of QDs
was studied. Primarily, the method was optimi-
zed to achieve the best condition for QDs detec-
tion. Two peaks at potential -0.3 V (Peak MPA)
and -0.7 V (Peak QD) were observed. The very
well developed signals are shown in Fig. 1B. The
interaction of QDs and prion protein is shown
in figure 1C. Results showed that the electro-
chemical signals of prion protein were strongly
quenched by CdTe QDs. This phenomenon can
be considered as a first step of suggesting of a
biosensor for determination of prions in real sam-
ples without a sample pre-treatment.

Figure 1.: Electrochemical signal of A)
Prion protein B) quantum dots C) inter-
action of quantum dots and prion protein

sV

0D C Prion + 0D

2N

CONCLUSION

The interaction Results showed that the elect-
rochemical signals of prion protein were stron-
gly quenched by CdTe QDs. This phenomenon
can be considered as a first step of suggesting
of a biosensor for determination of prions in
real samples without a sample pre-treatment.
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ABSTRACT

Quantum dots (QDs), semiconductor nanocrystals small enough to exhibit size-dependent pr-
operties, have generated tremendous interest due to their unique optical properties, including
broad excitation spectra, narrow, tuneable and symmetric emission spectra covering the wide
range of spectra from visible to infrared, excellent photostability and large quantum yield. In this
study, electrochemical behaviour of quantum dots was studied using differential pulse voltamme-
try and cyclic voltammetry. Based on the results obtained, we suggested novel and easy-to-use
method how to quantify quantum dots and how to evaluate the ratio of their degradation, which is

very important for further using of these particles.

INTRODUCTION

Quantum dots (QDs), semiconductor nano-
crystals small enough to exhibit size-dependent
properties, have generated tremendous interest
due to their unique optical properties [1-5], inclu-
ding broad excitation spectra [6], narrow, tunea-
ble [7] and symmetric emission spectra covering
the wide range of spectra from visible to infra-
red, excellent photostability and large quantum
yield [8-12]. Furthermore their surface is well
suitable for modification to incorporate requi-
red functionality, and good biocompatibility [5,
13, 14] and they are also highly efficient multi-
-photon absorbers that can be potentially useful
for three dimensional multi-photon microscopy
and imaging [15] - rapidly developing area for
both biological and medical applications. These
features make QDs one of the most promising
nanomaterials for biological staining, detection
of bio-macromolecules, and immunohistoche-
mistry [14, 16, 17]. The most popular types of
QDs include CdTe, CdSe, ZnSe and ZnS; ho-
wever, other semiconductor metals such as In,
Ga and many others also can be used [18, 19].
Despite the interesting properties hosted by
these QDs, the potential leakage of metal ions
by chemical dissolution under biological condi-
tions, the latter in the case of core-shell or alloy
QDs, may generate oxidative stress in living
cells. Accordingly, the passivation of the surface
of the QDs in order to make them biologically
inert without affecting their optical properties
becomes indispensable. Silicates, thiols, orga-
nic acids, peptides, proteins and nucleic acids,
forming bioconjugates have been used to cover
the surface of QDs and, consequently, to reduce

the possible leaking of free cadmium ions under
physiological environments [14, 20, 21].

Electrochemical detection as a sensitive de-
tection technique in combination with QDs has
already been used for numerous applications
such as immobilized substrate for glassy carbon
electrodes [22, 23] and/or modification of the
surface of gold electrode [24, 25]. This powerful
combination has also given rise to many electro-
chemical sensors for glucose [24], prostate spe-
cific antigen [26], thrombin [23], tumour cells
[27] and/or allergens [28].

MATERIAL AND METHODS

Quantum dots preparation

QD were prepared according to Duan et al. [29].
In a typical synthesis, 4 ml of cadmium chloride
solution (CdCl,, 0.04 mol/l) was diluted to 42 ml
with ultrapure water, and then trisodium citrate
dihydrate (100 mg), Na,TeO, (0.01 mol/l, 4 mL),
MPA (119 mg), and NaBH, (50 mg) were added
successively under magnetic stirring. The molar
ratio of Cd*/MPA/Te was 1:7:0.25. 10 ml of the
resulting CdTe precursor was put into a Teflon
vessel. A CdTe QDs were prepared at 95°C and
times 30 min. under microwave irradiation (400
W). After microwave irradiation, the mixture
was allowed to cool to lower than 50 °C and the
CdTe QDs sample was removed. Working stand-
ard solutions were prepared daily by diluting the
stock solutions.

Electrochemical determination
Electrochemical measurements were perfor-
med with AUTOLAB Analyser (EcoChemie,
Netherlands) connected to VA-Stand 663 (Me-
trohm, Switzerland), using a standard cell with

239



240

three electrodes. The working electrode was a
hanging mercury drop electrode (HMDE) with
a drop area of 0.4 mm?. The reference electrode
was an Ag/AgCl/3M KCI electrode and the au-
xiliary electrode was a graphite electrode. The
supporting electrolyte was acetate buffer (pH
= 5). For smoothing and baseline correction the
software GPES 4.4 supplied by EcoChemie was
employed.

Cyclic voltammetry (CV) and PrPs*

QDs were studied using cyclic voltammetry.
Amount of measured sample was 2 ml in in elect-
rochemical cell. CV parameters were as follows:
an initial potential 0 V, an end potential -1.9 V,
vertex potential -1.5 mV, scan rate from 160
mV/s. All experiment were carried out at room
temperature (22-24 °C)

Differential pulse
voltammetry - Brdicka reaction and PrP*
The amount of QDs was measured using DPV.
Differential pulse voltammetric measurements
were carried out under the following parameters:
deoxygenating with argon 60 s; start potential
-1.5 V; end potential 0 V; a modulation time 0.057
s, a time interval 0.2 s, a step potential of 1.05
mV/s, a modulation amplitude of 250 mV, Eads
=0 V. All experiments were carried out at room
temperature (22-24 °C). The DPV samples ana-
lysed were deoxygenated prior to measurements
by purging with argon (99.999%) saturated with
water for 120 s.

RESULTS AND DISCUSSION

Cyclic voltammetry (CV) is the most widely
used electrochemical technique, and is frequent-
ly used for the characterization of a redox system
and is often the first experiment performed in
an electroanalytical study. It can provide rapid
information about the number of redox states of
the electroactive species, as well as qualitative
information about the stability of these oxidation
states and the electron transfer kinetics [30, 31].
For this purpose we decided to use CV for basic
electrochemical characterization of QDs. It was
observed using CV that QD provide three oxida-
tion signals and two reduction signals. In oxida-
tion part of cyclic voltammograms, three peaks at
potential -0.3 V (peak 1), -0.7 V (peak 2) and -1.8
V (peak 3) were detected. In reduction part two
signals at potential -0.5 V (peak 4) and -0.2 V
(peak 5) were detected (Fig. 1A). Moreover, the
dependence of peak on QD concentration was
measured in all signals. With increasing concen-
tration the growing of all peaks was observed
(Fig. 1B).

Differential pulse voltammetry (DPV) is an ex-
tremely useful technique for measuring trace lev-
els of organic and inorganic species. In differen-

tial pulse voltammetry, fixed-magnitude pulses
—superimposed on a linear potential ramp — are
applied to the working electrode at a time just
before the end of the drop. The current is sam-
pled twice, just before the pulse application and
again late in the pulse life. The first current
is instrumentally subtracted from the second,
and this current difference is plotted versus the
applied potential. In addition to improvements
in sensitivity and resolution, the technique can
provide information about the chemical form
in which the analyte appears [30]. In this study
DPV was employed for prions electrochemical
characterization as electrochemical method
more sensitive compared to cyclic voltamme-
try. Primarily, the method was optimized to
achieve the best condition for QDs detection.
Two peaks at potential -0.3 V (Peak MPA) and
-0.7 V (Peak QD) were observed. The very well
developed signals are shown in Fig. 1C. The
calibration curve was measured with equation
y = 1.7957x + 19.948 and regression coeffi-
cient R? higher than 0.99 for peak MPA and y =
0.3657x + 0.3431 and regression coefficient R?
higher than 0.99 for peak QD. This shows very
good linearity of the electrochemical response
on concentration of QD. Considering the fact
that QD are still of interest of numerous scien-
tists, DPV fulfils demand on the detection of
this protein in real samples after pre-treatment.
The detection limit as 80 ng/ml was estimated
(3 S/N) (Fig. 1D).

Figure 1.: Electrochemical signal of different
concentration of QD
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CONCLUSION

Electrochemical behaviour of quantum dots
using differential pulse voltammetry and cyc-
lic voltammetry was presented in this paper.
Based on the results obtained, we suggested
novel and easy-to-use method how to quantify
quantum dots and how to evaluate the ratio of
their degradation, which is very important for
further using of these particles.
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ABSTRACT

Acetylcholinesterase (AChE) is an enzyme terminating neurotransmission in cholinergic ner-
vous system. It is targeted by several drugs and toxins. From a toxicological point of view, pesti-
cides and nerve agents are probably the most toxic compounds inhibiting AChE activity. On the
account of the enzyme inhibition, AChE is suitable for an in vitro assay of inhibitors and analytical
devices such as biosensors are known to work on principle of recording of AChE residual activity.

Here reported experiment is based on previously performed colorimetric dipsticks.

INTRODUCTION

Cholinergic nervous system is a target of
many compounds being important due to their
pharmacological or toxicological significan-
ce. In the cholinergic nervous system, enzyme
acetylcholinesterase (AChE; EC 3.1.1.7 ) plays
a prominent role as it participate in terminati-
on of acetylcholine based signal transmission
through neurosynaptic cleft or neuromuscular
junction [1].
Figure 1. Chemical structure of indoxylacetatate
(A), indigo (B) and paraoxon ethyl (C).
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The present investigation is based on
investigation of indoxylacetate as a substrate for
electrochemical determination of AChE inhibitors
(Fig. 2). The indoxylacetate undergo splitting of
acetyl moiety and spontaneous oxidation up to
blue indigo. In a biochemical point of view, the
substrate suitability for AChE based assay was
reported in our previous work [2].

NO;

MATERIAL AND METHODS
Electrochemical determination

Screen printed sensors (BVT, Brno, Czech
Republic) were sized 25.4x7.3x0.6 mm and

contained dot shaped platinum working
electrode with diameter 1 mm, circle shaped
platinum auxiliary, and circle shaped argent
chloride reference electrode. The assay was
done using an electrochemical device PalmSens
(PalmSens BV, Houten, Netherlands) connected
with a computer, and processed by PSLite 1.8
(PalmSens BV) software. AChE from electric
eel (Electrophorus electricus) was achieved
from Sigma-Aldrich (Saint Louis, Missouri,
USA). The enzyme had specific activity 16.7
pkat/mg protein. It was dissolved in phosphate
buffered saline shortly before experiment and
activity was adjusted up 5 U (83.4 nkat) in 20
ul for substrate acetylthiocholine chloride and
standard Ellman’s protocol. AChE solution was
mixed with gelatin up to final level 2% (w/w)
and 20 pl of the reagents was added on one edge
of cellulose filter paper (Whatman, Kent, UK)
cut into bands 50x5 mm. The wet bands were
dried in a silica gel filled desiccator. The second
edge of the band was imbued by 20 pl of 100
mM indoxylacetate in ethanol and let to dry in
laboratory conditions. Paraoxon ethyl (Sigma-
-Aldrich) was used throughout for dipstick per-
formance. It was solved in a calibration scale
10-3, 10-4, 10-5, 10-6, 10-7, 10-8 and 10-9 mol/I.
Each paraoxon solution or blank contained 5%
isopropanol in deionized water. The assay was
done by application of sample in a volume 40 pl
to AChE containing edge of dipstick and incu-
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bated for 15 minutes. After that, the dipstick was
folded in the middle and the opposite edges were
pressed one to each other for 30 minutes. Finally,
the edge containing immobilized AChE was pre-
ssed with electrochemical sensor and SWV was
recorded.

RESULTS AND DISCUSSION

The dipstick processing provided contrast blue
color when AChE remained intact by paraoxon.
Coloration for the control dipstick and dipstick
covered with 10 nM paraoxon was very intensive
(see table 1). Compared to it, higher level of para-
oxon caused decrease of coloration. Estimated li-
mit of detection was approximately 1 uM for pa-
raoxon when coloration evaluated by a naked eye.

Table 1. Calibration for paraoxon using co-
lorimetric dipsticks.

When indoxylacetate based dipsticks per-
formed by SWYV, typical peaks were formed as
clearly demonstrated in Fig. 2. The peaks are
increasing when AChE in the dipsticks become
inhibited by paraoxon. We judge that electro-
chemistry act as a competing process for sub-
strate reaction. When AChE fully active, the
substrate undergo into oxidation process and
indoxylacetate level for electrochemical oxida-
tion is decreased. In the opposite phenomenon,
inhibited AChE cannot split indoxylacetate so
the electrochemically assayed reaction has maxi-
mal response. The proportionality between peak
height (area) and inhibitor level is advantageous
for simple understanding and better option for
pertinent commercialization of device. We were
encouraged by the preliminary experimental
data described previously and decide to examine
dipsticks for paraoxon assay. Semi-log calibrati-
on plot (negative logarithm of paraoxon concen-
tration versus area of peak in nAV) was made.
The calibration was fitted by Boltzman equation
(OriginPro 8, Origin Lab Corp, Northampton,
MA, USA) and limit of detection was calculated
as a point on the curve responding to triplicate
of blank assay standard deviation (signal to noise
equal to 3). The median inhibitory concentration
for paraoxon was calculated to be 5.93 uM and
limit of detection 29.1 nM for a sample sized 40
pl. The coefficient of determination R2 for the
calibration plot was 0.981.

Figure 2. SWV for colored dipsticks with
bound AChE. Black and blue curves: assay of
1 mM and 1 pM paraoxon, red curve: assay of
5% isopropanol only (blank).
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CONCLUSION

Previously developed colorimetric dipsticks
were successfully adopted for electrochemical
assay. The dipsticks are convenient for dual
performance based on evaluation of coloration
by a naked eye and by electrochemical assay
by performance of screen printed electrodes.
The principle of assay is quite intriguing as
performance of electrochemical device is not
compulsory but optional in the assay protocol.
The dipsticks seem to be well approachable for
field assay of neurotoxic pesticides as proved
on the paraoxon.
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ABSTRACT

Ellipticine, an anticancer agent damaging DNA acting as DNA intercalatator, inhibitor of to-
poisomerase 11 and the compound generating covalent DNA adducts after being activated with
cytochrome P450 (CYP) and peroxidases, is cytotoxic to human BHT-101, B-CPAP and 8505-C
thyroid cancer cell lines and this toxicity corresponds to ellipticine-derived DNA adduct levels
formed in these cells. Cultivation of thyroid cancer cell lines under the hypoxic conditions (1%
oxygen) leads to a decrease in toxicity of ellipticine to these cells. Such a lower sensitivity of
the thyroid cancer cells to ellipticine correlates with a decrease in the formation of ellipticine-
-derived DNA adducts in these cells. Here, the effects of treatment of the cells with ellipticine on
expression of CYP1AI, 1B1, 3A4 and peroxidases thyroid peroxidase (TPO) and cyclooxygenase
(COX-1), the enzymes that catalyze ellipticine metabolism, and those on levels of cytochrome b,
determined electrochemically (Western blotting) in tested thyroid cancer cells were also investi-
gated. The highest expression of cytochrome b, together with CYP1AI and 3A4 determine the
highest cytotoxicity of and DNA adduct formation by ellipticine in a B-CPAP cell line. The results
of this study demonstrate that formation of covalent DNA adducts by ellipticine is the predomi-
nant mechanism responsible for its cytotoxicity to studied thyroid cancer cells.

metabolites, 9-hydroxy- and 7-hydroxyellipti-
cine, which are the detoxication products. Re-
cently we have found that cytochrome b, alters
the ratio of ellipticine metabolites formed by

INTRODUCTION
Ellipticine  (5,11-dimethyl-6H-pyrido[4,3-b]

carbazole) is an anticancer agent damaging
DNA, acting as DNA intercalator, inhibitor of
topoisomerase II and the compound generat-
ing covalent DNA adducts after being acti-
vated with cytochrome P450 (CYP) and per-
oxidases (for a summary see [1-7]). Two major
DNA adducts generated from 13-hydroxy- and
12-hydroxyellipticine formed by CYP- and pe-
roxidase-mediated metabolism are formed in
vitro and in vivo in DNA of healthy organs of
rats and mice treated with this anticancer drug
[1,3,7,8]. Of the CYP enzymes investigated,
human CYP3A4 and rat CYP3A1 are the most
active enzymes oxidizing ellipticine to these
reactive metabolites that dissociate to ellipti-
cine-13-ylium and ellipticine-12-ylium which
bind to DNA [3,7,8,10], while the CYP1A en-
zymes preferentially form the other ellipticine

CYPI1A1, 1A2 and 3A4. While the amounts of
the detoxication metabolites (7-hydroxy- and
9-hydroxyellipticine) were either decreased or
not changed with added cytochrome b,, 12-hy-
droxy-, 13-hydroxyellipticine and ellipticine
N*-oxide increased considerably. The change in
amounts of metabolites resulted in an increased
formation of covalent ellipticine-DNA adducts,
one of the DNA-damaging mechanisms of el-
lipticine antitumor action [10,11].

The same DNA adducts found in vitro were
also detected in several human cancer cells
such as breast adenocarcinoma MCF-7, the leu-
kaemias HL-60 and CCRF-CEM, neuroblas-
toma and glioblastoma cells, and in rat mam-
mary adenocarcinoma in vivo (for a summary
see [1-4]).
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Here, we investigated the cytotoxicity of ellipticine
to another type of cancer cells, thyroid cancer cells
such as BHT-101, B-CPAP and 8505-C cell lines. We
also evaluated which of the mechanisms of ellipti-
cine action is responsible for its cytotoxicity. Be-
cause cytotoxicity of ellipticine in vitro and in vivo
depends on amounts and activities of enzymes that
activate or detoxicate this drug, their expression le-
vels were determined electrochemically (SDS-PAGE
electrophoresis with their detection by specific anti-
bodies raised against such enzymes) in thyroid can-
cer cells. In addition, DNA adduct formation by
ellipticine was investigated by the **P-postlabeling
method [1-3, 7,10].

MATERIAL AND METHODS

MTT assay

The cytotoxicity of ellipticine to thyroid cancer
cells in exponential growth was determined in a 96-
well plate under the normoxic (aerobic) and hypoxic
conditions (1% oxygen). For a dose-response curve,
cells in exponential growth were seeded in 100 pl
of medium with 10* cells per well. Solution of ellip-
ticine in dimethyl sulfoxide (DMSO) (1 pl) in final
concentrations of 0.02 - 50 uM was added. Control
cells and medium controls without cells received
1 pl of DMSO without drug. Tumor cell viability
was evaluated by MTT test as previously described
[12,13]. Each value is the mean of 8 wells with stan-
dard deviations. The IC, values were calculated
from at least 3 independent experiments using the
linear regression of the dose-log response curves by
SOFTmaxPro.

Cell cycle analysis

To determine cell cycle distribution analysis, 5 x 10°
cells were plated in 60 mm dishes and treated with
ellipticine (0, 1 and 10 uM) for 48 h. After treatment,
the cells were collected by trypsinization, fixed in
70% ethanol, washed in PBS, resuspended in 1 ml
of PBS containing 1 pg/ml RNase and 50 mg/ml
propidium iodide, incubated in the dark for 30 min at
room temperature, and analyzed by flow cytometry
on a FACSCalibur cytometer (BD, San Jose, CA,
USA). The data were analyzed using ModFit LT
software (Verity Software House, Topsham, ME,
USA).

Electrochemical estimation of contents of CYPs,
peroxidases and cytochrome b, in thyroid cancer
cells

To determine the expression of cytochrome b, CY-
P1Al, 1Bl and 3A4, thyroid peroxidase (TPO) and
cyclooxygenase (COX)-1 proteins, cells were homo-
genized in 25 mM Tris-HCI buffer pH 7.6 containing
150 mM NaCl, 1% detergent NP-40 (Sigma, St. Lou-
is, MO, USA), 1% sodium deoxycholate, 0.1 % SDS
and with solution of COMPLETE (protease inhibitor

cocktail tablet, Roche, Basel, Swizerland)
at concentration described by provider.
The homogenates were centrifuged for 20
min at 14, 000 g and supernatant was used
for additional analysis. Protein concentra-
tions were assessed using the DC protein
assay (Bio-Rad, Hercules, CA, USA) with
bovine serum albumin as a standard, and
10-45 pg of extracted proteins were sub-
jected to SDS-PAGE electrophoresis on a
11% gel for analysis of CYP1A1, 1Bl and
3A4, TPO and COX-1 protein expression,
and a 17% gel for analysis of cytochrome
b, protein expression [13-16]. After mig-
ration, proteins were transferred to a nit-
rocellulose membrane and incubated with
5% non-fat milk to block non-specific bin-
ding. The membranes were then exposed
to specific rabbit polyclonal antibodies
that are specief in our former study [13].

DNA isolation and *P-postlabeling of
DNA adducts

DNA from thyroid cancer cells was iso-
lated by the phenol-chloroform extraction
as described [13,14]. The P-postlabeling
of nucleotides using nuclease Pl enri-
chment procedure, found previously to be
appropriate to detect and quantify ellipti-
cine-derived DNA adducts formed in vitro
and in vivo [1-4,8-11,13,14].

RESULTS AND DISCUSSION

Ellipticine is cytotoxic to human BHT-
101, B-CPAP and 8505-C thyroid cancer
cell lines with IC; values of 4.8, 2.8 and
3.2 mM, respectively. This toxicity corre-
sponds to ellipticine-derived DNA adduct
levels formed in these cells. Levels of
DNA adducts expressed as relative adduct
labeling (RAL) were up to 7.8 adducts per
107 normal (unmodified) nucleotides.

Cultivation of thyroid cancer cell lines
under the hypoxic conditions (1% oxygen)
leads to a decrease in toxicity of elliptici-
ne to these cells. This decrease in toxicity
of ellipticine to the thyroid cancer cells to
ellipticine correlates with a decrease in
the formation of ellipticine-derived DNA
adducts in these cells. Nevertheless, the
thyroid cancer cells treated with 1 pM
ellipticine under lack of oxygen were the
exception; higher levels of DNA adducts
were found in these cells than in these cells
treated under the standard conditions.

We also investigated the ellipticine effect
on the cell cycle distribution of thyroid
cancer cells cultivated under standard and
hypoxic conditions. As shown in Figure 1,
cell cycle arrest is produced by ellipticine
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depending on the cultivation conditions.

Figure 1.: Ellipticine effect on cell cycle distri-
bution in human thyroid cancer cell lines cultiva-
ted under standard or hypoxic conditions
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Since cytotoxicity of ellipticine depends on
expression levels and activities of enzyme that
activate or detoxicate this drug, their expression
levels were determined electrochemically (SDS-
-PAGE electrophoresis with their detection by
specific antibodies raised against such enzymes)
in tested thyroid cancer cells. As shown in Figure
2, both under normoxic and hypoxic conditions
CYPI1AL, 1Bl and 3A4 as well as peroxidases
TPO and COX-1 are expressed in studied thyroid
cancer cells.

Figure 2. Western blots of enzymes involved in
metabolism of ellipticine expressed in thyroid
cancer cells lines and those of actin (a loading
control) in these cells

Whereas amounts of CYPIAL is either not
influenced or increased by treatment of cells
with ellipticine, expressing levels of CYP1BI
are affected by treating the cells with this drug.
Interestingly, higher levels of CYP3A4 were ex-
pressed in a B-CPAP cell line both under aerobic
and hypoxic conditions and increased by tre-
atment of this line to ellipticine, but expression
of this CYP enzyme is repressed by ellipticine in
BHT-101 and 8505-C cells. The highest cytoto-
xicity and ellipticine-derived DNA adduct levels
found in B-CPAP cells seem to follow from the
highest ellipticine activation in this cell line. The
highest levels of cytochrome b, together with
high amounts of expressed CYP3A4 and 1Al,
whose combination produce the highest produc-
tion of 13-hydroxy- and 12-hydroxyellipticine

metabolites generating two major ellipticine-
-derived DNA adducts [3,7,8,10,11], were de-
tected in a B-CPAP cell line.

CONCLUSION

This study show for the first time that ellip-
ticine is toxic to BHT-101, B-CPAP and 8505-
C thyroid cancer cell lines and that this toxic
effect corresponds to ellipticine-derived DNA
adduct formation in these cells. Expression of
cytochrome b, and CYPIA1 and 3A4 dicta-
tes the cytotoxicity in the studied cell lines.
Therefore, monitoring of expression levels of
enzymes metabolizing (activating and detoxi-
cating) anticancer drug ellipticine by the Wes-
tern-blotting-electrochemical method, together
with the *P-postlaveling technique utilized for
detection and quantitation of DNA adducts are
appropriate tools for evaluation of mechanism
of toxicity of ellipticine in thyroid cancer cells.
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ABSTRACT

We report on the optimization of double-pulse laser-induced breakdown spectroscopy (DP LIBS)
for determination of nutrient elements in algae. The measurements were performed with nozzle
specially designed for algal solution and the optimal measurements parameters have been determi-
ned. The calibration curves and limits of detection have been established.

INTRODUCTION

In order to utilize algae for efficient biofuel,
food industry, and bioremediation applica-
tions [1, 5] the optimal cultivation parame-
ters have to be determined for each purpose
which leads to a high production of oil in the
selected cell line, increased production of
carotenoids/3-omega oils and potential ab-
sorption of heavy-metals in the selected cell
line, respectively. This can be accomplished
using small-scale photobioreactors that allow
precise monitoring and control of the culture
irradiance, temperature, pH, and gas compo-
sition in the medium. However, the ability to
monitor the elemental distribution in cells and
consequently cell response to external stimuli
on-line (ratios/distribution of elements within
algae cells might be significantly changed) is
not provided [4].

LIBS seems to be one of the most promising
methods for on-line qualitative/quantitative
analysis of algae directly inside of photobio-
reactors.

A number of investigations that describe
LIBS measurements of liquid samples in the
form of static surfaces, jets, and aerosols have
been reported [2, 4, 6, 7]. But in all these ca-
ses the medium was homogeneous. Algae
however are particles (with diameter ~20 pm)
floating in medium so it must be ensured that
they are deployed equally all the time of ex-
periment in the whole volume. Other problem
is blocking of the liquid-jet nozzle because of
algae clumping.

EXPERIMENTAL

Liquid measurements were performed in la-
boratory-made glass vessel (Fig. 1).

Continuous and relatively steady thin flow of
liquid sample has to be achieved for liquid LIBS
measurements. We use peristaltic pump (PCD
81, Koufil, CZ) working at 100 ml/min. Liquid
sample was led to the lab-made flat spray noz-
zle via silicone tubes and a thin water wall was
created. The nozzle was mounted to the XY
movement (ThorLabs, US) for precise positio-
ning of the thin water wall.

The liquid DP LIBS experimental setup is
in collinear arrangement — the first pulse 532
nm (LQ529a, SOLAR, BY) and second pulse
1064 nm (Brilliant B, QUANTEL, FR) are led
by mirrors (ThorLabs, US / Newport, UK) and
harmonic separator (Eksma Optics, LT) with
reflectance for 1064 nm and transmittance for
532 nm and focused by lens with 75 mm focal
length.

Fig. 1 LIBS system employing laminar water
jet setup

-

The LIBS plasma radiation was collected with
UV-NIR achromatic collimating mirror system
(CC52, ANDOR, UK) and transported by a fi-
ber optic system (25 pm in diameter) onto the
entrance of the spectrometer in echelle configu-
ration (MES000, Mechelle, ANDOR, UK). As a
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detector an ICCD camera (iStar 734, ANDOR,
UK) was employed. The time-resolved studies
were performed by controlling the gate width
tW (time during which the spectra are integra-
ted), the gate delay time td (delay time of detec-
tion after laser pulse) and the interpulse delay
At. Both lasers and ICCD camera were triggered
by Delay generator (DG535, Stanford Research
System, US) and specially developed electronic
switch and controlled via computer equipped
with lab-made software. tW, td and At were op-
timized to obtain the best signal to noise ratio.

RESULTS AND DISCUSSION

Depth of focusing and effective volume

It is well known that the depth of focusing of
the laser beam onto a surface in LIBS is a cri-
tical parameter in determining the emission in-
tensity of the observed spectral lines. It has been
shown in the case of liquid jets that the emission
intensity is maximized if the laser beam is fo-
cused a few mm beneath the front surface of the
jet and that this optimum focusing condition is
also laser energy-dependent [8]. This phenome-
non cannot be explained on the basis of electron
density and plasma temperature effects alone.
The maximum observed emission intensity as
a function of laser defocusing correlates very
well with the maximum of the “effective volu-
me” function, this being the volume of sample
located in the region where the laser power exce-
eds the breakdown threshold. The moving bre-
akdown model can be very successfully applied
for our case. It makes a number of key assumpti-
ons to simplify the optical breakdown process
there were describe elsewhere [8], so here we
describe only the main principles.

The effective volume for given irradiance I and
at the axial position z is a sum of thin discs i.e.

V(l,z) =~ Z ;rrrjf(z)ﬁz
4

where ref and Az are an effective radius and a
thickness of each elementary disc, respectively.
The effective radius as a function of axial posi-
tion is given by

where wz is the size of beam waist at the axial
position z, Ith is a threshold irradiance and Iz
is a local laser irradiance. From the equations
described above we can plot effective volume

functions, allowing us to predict the amount of
defocusing required at a given energy to opti-
mize signal in water flow.

Calibration curve

To determine quantities of selected elements
on the base of DP LIBS analysis, calibration cu-
rves must be constructed. In Fig. 2 the typical
Cu calibration curve measured in thin liquid
flow is shown. The measurements were perfor-
med in CuSO,.5H20 solution with concentrati-
on from 10 ppm to 1000 ppm.

Fig. 2 Calibration curve of Cu in CuSO,.5H,0
solution.
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The detection limit was calculated from equa-
tion
3sp

LOD = 3’

where s 1s a standard deviation of background
and b is intercept of calibration curve [3].

CONCLUSION

The optimal experimental parameters for
measure algal solutions such as laser energy,
effective volume, interpulse delay, gate width
and gate delay were determined theoretically
and experimentally. The calibration curve was
constructed for some elements of interests and
detection limits were calculated.
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ABSTRACT

The aim of this paper is to show the possibilities of heavy metals electrochemical detection
on direct grown multiwalled carbon nanotubes (MWNTSs) based microelectrode. The electrode
substrate was fabricated using standard lithography and thin film technology on silicon substrate.
The working electrode (WE) deposition in a form of vertically aligned MWNTs was done on the
electrode substrate using CVD. Fabricated electrodes were tested optically using scanning electron
microscopy with good result and electrochemically using electrochemical detection of lead ions in
acetate buffer solution. The electrochemical measurement confirmed the suitability of fabricated
electrode for lead with the detection limit of 3 umol/L™. Finally the comparison of fabricated WE
with the WE from commercial electrochemical based on carbon nanotubes (CNTs) have been done
resulting in almost two times better sensitivity of our electrode.

INTRODUCTION

Accurate and fast detection of species in envi-
ronment is one of the most discussed problems
in these days. In general the samples need to
be collected and then analyzed in laboratories
using big laboratory equipment. Recently many
research works in the field of measurement sys-
tems that could be used for fast on-field analysis
were reported. Such system usually use elect-
rochemical methods for detection of species di-
ssolved in water solutions which could be minia-
turized easily using sensor systems [1, 2].

The main problem of electrode systems minia-
turization is reduction of geometrical size of the
electrodes in comparison to standard electrodes
resulting in lower current response. This problem
could be solved by creation of some 3D structu-
re on the geometrically reduced electrode which
could increase the active size of the electrode
several times. 3D structure could be fabricated
using several methods. The easiest way is to
prepare high porous structure on the electrode
surface as a mixture of active electrode material
with some, usually polymer binder, that could
be screen-printed, drop-coated, dip-coated, etc.
on the electrode substrate[3, 4]. Next possibility
is to grow nanostructures in a form of nanotu-
bes, nanowires, nanopillars, quantum dots, etc.
directly on the electrode substrate using process
of anodization [5, 6] or grown vertically aligned
CNTs directly on the electrode substrate using
CVD techniques [7, 8]. Electrode systems with

nanostructured electrodes could be also used as
a base for intelligent sensors [9].

In this work we fabricated thin-film MWCNTs
based WE and compared with commercial
CNTs based electrochemical sensor.
EXPERIMENTAL

Electrode design and fabrication

Electrode was designed to be used as a wor-
king electrode of a three-electrode system for
electrochemical analysis of species dissolved in
aqueous solutions. The diameter of the electrode
is 3 mm and the silicon substrate size is 25 x 5
mm. Working electrode design is shown in the
figure la. Electrode was fabricated on silicon
wafer. Thermal CVD was used for direct grown
MWCNTs based electrode. Fabricated electrode
is shown in the figure 1b.

Successfully fabricated electrodes with depo-
sited MWCNTs were analyzed optically using
SEM (TESCAN, Czech Republic) as is shown
in the figure 2. Uniform homogenous layer of
MWCNTSs was obtained after fabrication proce-
ss optimization
Figure 1.: Working electrode design (a) and
fabricated electrode (b)
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Figure 2.: SEM microimage of direct grown
MWCNTs based electrode top view a), cross-se-
ction b)

Chemicals and experimental method

Acetate buffer solution (pH 5.4) was prepared
by mixing 0.2 M CH,COOH and 0.2 M CH,CO-
ONa. A stock solution of Pb(C,H,0,),x3H,0 with
an initial concentration of 10 mmol/L was pre-
pared using acetate buffer solution mentioned
above.

All measurements were done employing diffe-
rential pulse voltammetry (DPV) in range of the
potential from -1 to 0 V with scan rate of 25 mV/
sec using PalmSens handheld potentiostat/gal-
vanostat (Palm Instruments BV, Netherlands).
Electrochemical experiments were carried out
in a 8 mL voltammetric cell at room temperatu-
re (25°C), using a three-electrode configuration
electrochemical system with the standard Ag/
AgCl reference electrode type 6.0726.100 and
platinum auxiliary electrode type 6.0343.000
(both from Metrohm, Switzerland).

RESULTS AND DISCUSSION

As is shown in the figure | MWCNTs based
electrode was fabricated successfully. Then the
electrodes were characterized electrochemically.
Electrochemical characterization was carried out
in acetate buffer solution employing differential
pulse voltammetry. The detected matters were
lead ions. Sample of DPV response of fabrica-
ted electrode in a three electrode system against
standard electrodes is shown in the figure 3.

Figure 3.: DPV response of fabricated Si
electrode to lead ions (inset: calibration curve)
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From the figure 3 is clear that the current
response to lead ions addition is good and the
electrode could be used for lead ions detection
with relative good linearity as is shown in the
inset in the figure 3.

Figure 4.: Calibration curves of fabricated
MWCNTs based electrode and MWCNTs based
working electrode from DropSens DS 110CNT
type commercial sensor comparison on the lead
ions detection
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Fabricated MWCNTSs based WE was compa-
red with working electrode from commercial
sensor DS 110CNT (DropSens, Spain). The
calibration curves comparison for lead ions
detection of both electrodes is shown in the fi-
gure 4. Figure 4 shows that with considering of
the results recounted to the current density, the
sensitivity of fabricated electrode with direct
grown MWCNTs to lead ions is on higher con-
centrations almost two times higher than the
sensitivity of working electrode from commer-
cial DS 110CNT type MWCNTs based sensor.
The linearity of our electrode is little bit worse
than the one from the commercial sensor. The
detection limit was successfully tested up to
3 umol/L of lead ions on both electrodes.

CONCLUSION
In this work we fabricated MWCNTs based



working microelectrodes for electrochemical sen-
sors on thin-film silicon substrate. Direct-grown
multiwalled carbon nanotubes as an active electrode
material were successfully synthesized on the si-
licon substrate using thermal CVD. Fabricated
electrodes were examined optically using scanning
electron microscopy resulting in relative good and
homogenous layer of MWCNTs and compared with
MWCNTs based WE from DS 210CNT commerci-
al sensor on electrochemical detection of lead ions
in a three-electrode system using differential pulse
voltammetry.

Obtained results shown in chapter 3 confirmed the
suitability of fabricated electrode for electroche-
mical analysis. Considering of the results recoun-
ted to current density, the sensitivity of fabricated
electrode with direct grown MWCNTs to lead ions
was on higher concentrations almost two times
higher than the sensitivity of WE from commercial
DS 110CNT type MWCNTs based sensor. The linea-
rity of our electrode is little bit worse than the one
from the commercial sensor. , the detection limit was
successfully tested up to 3 umol/L of lead ions.
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ABSTRACT

We prepare a thin-film heterojunction of polypyrrole (PPy) on hydrogen-terminated diamond by
electro-polymerization from solution. We combine advanced scanning probe techniques (AFM,
KFM, micro-Raman) to characterize microscopic structural, chemical, and opto-electronic pr-
operties of such system. These data are further correlated with electronic transport measurements.
We identify covalent bonding of PPy to diamond. This heterojunction also facilitates efficient
dissociation of excitons in PPy and transfer of free charge carriers from polypyrrole to diamond.

INTRODUCTION

Electronic and opto-electronic devices are
mostly based on inorganic semiconductors (e.g.,
silicon or germanium) nowadays. This is rela-
ted with relatively higher cost of materials and
industrial processes (high-purity source ma-
terials, high-vacuum technology, clean rooms,
etc.). A possible way to reduce costs is the use
of organic materials with semiconducting or
metallic properties. Although the first report on
the conductivity of doped polypyrrole (PPy) was
published in 1963, the breakthrough is attribu-
ted to the studies on doped polyacetylene since
1977 by Heeger, Shirakawa, and MacDiarmid,
for which they were awarded the Nobel prize in
2000. Since then we have seen emerging practi-
cal applications in energy conversion (organic
photovoltaics) as well as in display (OLED,
AMOLED) technologies. However, broad appli-
cation of organic materials is still limited due to
unresolved technological and scientific challen-
ges. For instance, photovoltaic effect in organic
materials proceeds via generation of strongly
bound excitons, unlike in inorganic materials.
Due to high dissociation energy (1 e¢V) and short
diffusion length (10 nm) of the excitons, much
research effort has been put into optimizing or-
ganic-based opto-electronic systems for effici-
ent generation of free charge carriers.

A typical example of promising organic-in-
organic (hybrid) systems is the dye-sensitized
photovoltaic cell. In this so-called Gritzel cell,
a photo-excited organic dye provides electrons
to the electrode via porous inorganic TiO,. Ano-
ther, more novel example of an organic-inorga-
nic system being extensively studied is a combi-
nation of organic molecules with diamond. Such
systems are highly promising not only for opto-
-electronic [1,2] but also for bio-electronic [3]
applications. Inherently, interplay of microsco-
pic structural, chemical, and electronic proper-
ties plays crucial role in such systems.

In our studies, we employ and combine ad-
vanced scanning probe techniques as well as
macroscopic electronic transport characteristics
to elucidate these properties and their correla-
tion [4]. We demonstrate benefits of such multi-
dimensional characterizations on thin-film
hetero-junction of PPy electro-polymerized on
hydrogen-terminated diamond, indicating cova-
lent bonding and enhanced exciton dissociation
in such systems [2,5-7]. We have chosen PPy as
a model of a chemically and optically sensitive
organic dye with wide applicability. PPy is a
well known material yet it is still a subject of
intensive research for diverse applications such
as chemical sensors, biosensors, fuel cells, cor-
rosion protection, or rechargeable batteries [8].

2. MATERIAL AND METHODS

We synthesized and grafted the PPy on dia-
mond electrochemically from pyrrole (240
mM) and NaCl (100 mM) aqueous solution.
We applied constant current (current density in
the order of 0.1 mA/cm?) on a hydrogen-termi-
nated monocrystalline diamond (synthetic Ila
CVD diamond) as a working electrode [5]. For
electronic transport measurements [7], we defi-
ned H-terminated “mesa” structure on a mono-
crystalline diamond surface by selective oxygen
plasma treatment through a photolithographic
mask. PPy was then locally electrochemically
synthesized on the structure as shown in Fig.la.

Figure 1.: (a) Diamond device for PPy synthe-
sis and electronic transport measurements(b)
Schematic cross-sectional view of PPy-diamond
interface and effect of illumination.
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RESULTS AND DISCUSSION

To study optoelectronic properties at the
PPy-diamond interface we first removed PPy
from a small area (10 X 10 um) using the AFM
nanoshaving. We applied contact-mode AFM
with increasing contact force. Micro-Raman
spectroscopy (excitation wavelength 780 nm,
mapping of the intensity at 1600 cm™) confirmed
the removal of PPy. The results are shown in
Fig.2. At certain threshold contact force, the
sharp tip starts to penetrate and remove the or-
ganic film [9]. The threshold force was about 40
nN. This also provided thickness of the PPy layer
of about 25 nm. Surface potential measured by
KFM on the place where the PPy film had been
deposited and removed is significantly lower (by
about 0.1 V) than the potential on pristine H-ter-
minated diamond surface. The nanoshaved area
and its surroundings were then studied by Kelvin
force microscopy (KFM) in the dark and under
the white light illumination. Under illumination,
the observed positive shifts of surface poten-
tials correspond to a decrease of work function
in both PPy and diamond. Such effects were not
observed when PPy was deposited on gold. These
shifts of surface potentials are attributed to the
photovoltage effects that indicate dissociation of
excitons at PPy-diamond junction as shown sche-
matically in Fig.1b. This has been supported also
by current-voltage and Hall effect measurements
[7].
Figure 2.: (a) Scheme of AFM nanoshaving ex-
periment. (b) AFM topography of the nanosha-
ved area. (c) Micro-Raman map of the nanosha-
ved area. (d) Local photovoltage effects across
the nanoshaved area measured by KFM

The AFM nanoshaving and KFM data are simi-
lar to reports on DNA-diamond interfaces [9] and
lead to conclusion that PPy molecules are linked
to diamond surface covalently via removal of
hydrogens on the surface. Studies on B-doped
diamond indicate that PPy grows also on oxidi-
zed diamond surfaces, yet hydrogen termination
is needed for PPy covalent grafting (reported on
this conference by Ukraintsev et all.).

CONCLUSION

By correlating AFM nanoshaving, KFM sur-
face potentials, as well as (V) characteristics, we
proved that during the electrochemical synthesis

a covalent bond between diamond and PPy is
formed. Such conclusion is difficult to make
based on commonly applied techniques such
as X-ray photoelectron spectroscopy because
here we have all-carbon systems (polymer--
-diamond). Furthermore, based on microsco-
pic KFM and SPV measurements, the model
of charge transfer from PPy to diamond under
illumination was proposed. The model was
supported by in-plane I(V) and Hall effect me-
asurements.
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ABSTRACT

Nowadays, treatment of waste is important issue from economical, as well as environmental
point of view. Production of liquid fuels based on waste treatment is required. In our work, we
have studied catalytic cracking of various wastes (used frying oils — UFO, municipal waste, bio-
-waste from agriculture) with traditional catalysts (zeolites) and new discovered lignocellulotic

bio-catalysts.

INTRODUCTION

With increasing living standard of the popu-
lation, the amount of waste is increasing both,
in the consumer and the manufacturing, sector.
Composition of wastes threatens the quality of
water, soil and air, as well as public health. The
European Union pays great attention to the pro-
blem of wastes. Since municipal waste is a blend
of various materials, their processing is quite
difficult. Specific waste management methods
are various chemical and biotechnological pro-
cesses. At present, the waste as a secondary raw
material begins to have increasing importance
(production of biomass fuel, ethanol, etc.). Re-
cycling appears to be the most important form
of waste utilization. It results in the material re-
covery. This is an important step not only in en-
vironmental point of view, but also in economi-
cal one. There is the recovery of raw materials,
which do not necessarily originate in renewable
sources [1-6].

MATERIAL AND METHODS

Municipal wastes for the testing of cataly-
tic cracking procedure include plastics, paper,
wood, textiles, metals, glass, biological waste
and water (as the moisture of used material).
Agricultural waste for the testing of catalytic
cracking includes: corn combs, shrub cuttings,
straw, hay, sawdust and reed. They also contain
certain amount of water. We have studied used
vegetable frying oil, too. Waste samples were
collected from local sources. Particle size was
adjusted to 5 mm. As the catalyst, natural zeolite
or lignocellulosic material with various particle
size were used.

For analytical evaluation of gained cracking
liquid products, GLC chromatography using the
apparatus Chrompack CP 9000 equipped with
packed glass column with 10 % SE 30 on Chro-

matone NAW-DMCS (1.8 m x 3 mm) and with
FID, or the apparatus HP 5890 Serie II with FID
and a capillary column HP-1 (S m x 0.53 mm x
2.65 um) were employed.

RESULTS AND DISCUSSION

Our measurements show that during the ca-
talytic cracking of wastes we have obtained
a liquid condensate with a relatively high yield
of input material. With an increasing portion of
the catalyst, the share of the gas phase and the
yield of liquid condensate increased. Simultane-
uosly, the amount of the cracking residue was
reduced. In the case of municipal waste, the
share of liquid condensate is mainly dependent
on the proportion of plastics in the input stream.
Obtained liquid condensate was distilled and its
fractions were analyzed by GLC chromatogra-
phy.
Figure 1.: GLC of diesel fraction gained by
cracking with 5% wt. of catalyst (green) compa-
red with fossil diesel (red).

In Fig. 1 chromatogram of diesel fraction (re-
cycled diesel) is confronted with the chromato-
gram of fossil diesel. General shape of GLC of
gained diesel fraction is in agreement with the
shape for fossil diesel, recycled diesel fraction
contains also heavier fractions. Figure 2 shows
comparison of GLC chromatograms for diesel
and gasoline fractions obtained from cracking
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experiments.

Figure 2.: GLC of diesel (green) and gasoline [6]

(red) fractions gained by cracking with 5% wt.
amount of catalyst.
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The by-products from the cracking, cracking
residue and gaseous products, can serve as the
energy sources, too. Our further study will be
focused on the problem of chlorine and aromatic
compounds content. Hydrogenation treatment of
distilled condensate would solve its acidity and
density.

CONCLUSION

Cracking of waste running at temperature
range from 390 to 550 °C provided a liquid con-
densate with a relative high yield of the starting
material. The yield depended mainly on the type
of used waste. In the condensate, after its distilla-
tion we have gained a fuels with typical gasoline
and diesel GLC profile, but with higher density
in comparison to the fossil diesel.
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ABSTRACT

For mono-substituted anilines, phenols, and thiophenols, it has been found that corresponding
N-H, O-H and S—H bond dissociation enthalpies (BDE) depend on Hammett constants approxi-
mately linearly. However, for substituents placed in meta position, linearity of found dependences
is often considerably worse in comparison to para-substituted molecules. Therefore, we have
found geometry-based descriptor of substituent effect on BDEs.

INTRODUCTION

Anilines, phenols and thiophenols are small
aromatic molecules widely used in organic syn-
theses. They also represent model structures of
various primary antioxidants present in living
organisms or employed in stabilization of syn-
thetic polymers. Radicals formed after abstrac-
tion of hydrogen atom from NH,, OH and SH
groups also represent important intermediates
in many biological and industrial applications
[1-3]. The first step of the reactive radical ter-
mination by a primary antioxidant is hydrogen
atom transfer (HAT) from the antioxidant mo-
lecule to the reactive radical. This process is
governed by corresponding bond dissociation
enthalpy (BDE). This thermodynamic quantity
contributes to the understanding of antioxidant
(AoH) action, which can be expressed using this
equation

Ao-H — Ao +H’ @)

The study of substituent effect on BDE is im-
portant for the comparison of reactions differing
only in the substitution. The Hammett equati-
on (and its extended forms) is widely applied in
the study and interpretation of various organic
reactions. Hammett constants ¢ (for a substi-
tuent in meta position) and ¢_ (for a substituent
in para position) obtained from ionization of or-
ganic acids in solutions can successfully predict
equilibrium and rate constants for a variety of
families of reactions [4, 5]. Usually, Hammett
constants correlate with the changes in N-H,
O-H and S—-H BDEs for para-substituted ani-
lines, phenols or thiophenols well [6—-8]. For
meta-substituted anilines, phenols and thiophe-
nols the linearity of such dependences is worse,
correlation coefficients are in 0.85-0.92 range.
Besides, published values of Hammett constant

for a substituent may vary in a wide range. In
our previous work [6], the linear dependences
of O—H BDE on the phenolic C—O bond length,
R(C-0), and its shortening after hydrogen atom
abstraction, AR(C—0O) = R(C-O, molecule) —
R(C-0, radical) were found. Recently, we have
shown that this approach can also be applied
for thiophenols [9]. Thus, we have also tried to
ascertain the applicability of these simple geo-
metry-based descriptors of substituent effect for
para- and meta-substituted anilines.

COMPUTATIONAL DETAILS

All calculations were performed using the
Gaussian 03 program package [10]. The geome-
try of each compound and corresponding radi-
cal was optimized using DFT method with the
B3LYP [11] functional without any constraints
during geometry optimization (energy cut-off of
107 kJ mol™, final RMS energy gradient under
0.01 kJ mol™ A™"). For the species having more
conformers, all conformers were investigated.
Calculations were performed in 6-311++G**
basis set [12]. The optimized structures were
confirmed to be real minima by frequency ana-
lysis (no imaginary frequency).

RESULTS AND DISCUSSION
In this work we have used B3LYP/6-311++G**
data for 21 para- and meta-substituted anilines
[13]. N-H BDEs were approximated from total
electronic energies. Relative BDE values, deno-
ted as DBDE, were obtained as the difference in
BDEs of substituted (X~ArNH,) and non-substi-
tuted aniline (ArNH,)
DBDE = BDE(X-ArNH,) -BDE(ArNH,)  (2)
For C—-N bond length, R(C—N), in studied ani-
lines, the linearity of found ABDE = f{R(C—N))
dependences can be considered very good, co-
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rrelation coefficients reached —0.956 and —0.961
for para- and meta-substituted molecules. Found
dependences enable fast prediction of N—H bond
dissociation enthalpy from R(C—N). For shorte-
ning of C—N bond after He atom abstraction

AR(C—N) = R(C-N, molecule) — R(C-N, radical)
©)

the linearity of found dependences for B3LYP
results is even better. Correlation coefficients
reached values of 0.991 (para) and 0.970 (meta),
Fig. 1.

Figure 1.: Dependence of ABDE values on
AR(C-N) for substituents in para position (so-
lid squares, solid line) and meta position (open
squares, dashed line) [13]
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Standard deviations of regression parameters
confirm that there is no significant difference in
the intercepts and line slopes in obtained depend-
ences. For all 42 substituted anilines, following
dependence was obtained

ABDE/K] mol! = 82 — 1350xAR(C-NYA  (4)

with correlation coefficient value of 0.989.
Analogously, for thiophenols, single ABDE =
SIAR(C-S)) dependence is able to describe the
effect of substituents in para and meta positions
[9]. On the other hand, para- and meta-substitu-
ted phenols have to be treated separately [6].

CONCLUSION

C-N, C-0 and C-S bond lengths or their shor-
tening after hydrogen atom abstraction linear-
ly correlate with N-H, O—H and S—H BDEs in
para- and meta-substituted anilines, phenols and
thiophenols, respectively. In the case of meta-
-substituted anilines and thiophenols, the two
geometry parameters correlate with BDEs signi-
ficantly better than Hammett 6 constants. This
fact can be useful also for antioxidants action
study, because the three families of aromatic
compounds represent the model compounds of
primary antioxidants.
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ABSTRACT

Phytosterols, as components of human diet, received much attention because of their choleste-
rol-lowering and antioxidant properties. We have theoretically studied three sterols oxidation in
terms of C—H and O—H bond dissociation enthalpies (BDE).

INTRODUCTION

Phytosterols (plant sterols) are triterpenes
representing important structural components
of plant membranes. Free phytosterols stabili-
ze phospholipid bilayers in plant cell membra-
nes. Their structure and function is analogous
to cholesterol in animal cell membranes. Most
phytosterols contain 28 or 29 carbon atoms and
one or two C=C bonds, typically one in sterol
nucleus and the second one may be present in
the alkyl side chain [1]. Sterols having dou-
ble bond between C5 and C6 atoms (Fig. 1) in
sterol nucleus are called A’-sterols; A’-sterols
have double bond between C7 and C8 carbons
[1]. In our previous work [2], we have theore-
tically studied BDEs for C-H and O—H bonds
splitting-off for the relevant oxidation sites in 15
A’-phytosterols or A’-phytosterols and two cho-
lesterols (animal sterols). In this work, we deci-
ded to study ergosterol, dehydroergosterol and
vernosterol (Fig. 2), which have more than one
C=C double bond in the nucleus. Actually, the
susceptibility of sterols to oxidation is caused by
the presence of C=C double bonds which easily
undergo free radical attack followed by hydro-
gen abstraction on the carbon atoms in a-positi-
ons to the double bonds [3, 4].

2. COMPUTATIONAL DETAILS

Calculations were performed using Gaussian
03 program package [5]. The geometries of com-
pounds and corresponding radicals were optimi-
zed using DFT method with B3LYP functional
[6] without any constraints (energy cut-off of
107 kJ mol™, final RMS energy gradient under
0.01 kJ mol™ A™). The calculations were per-
formed in 6-31G* basis set [7]. The optimized
structures were confirmed to be real minima by
frequency analysis.

Figure 1.: Atom numbering in sterols according
to [IUPAC.

HO' ergosterol  HO dehydroergosterol

HO vernosterol

RESULTS AND DISCUSSION
Bond dissociation enthalpy, BDE, is defined as

BDE = H(R") + H(H') - H(R-H)

where H(Re) is the total enthalpy of the radical,
H(He) is the total enthalpy of the abstracted hyd-
rogen atom, and H(R—H) is the total enthalpy of
the molecule at 298.15 K. In our previous work
[2] we have shown that chosen computational
approach is able to provide reliable C—H BDE
values. These are also in agreement to values
obtained using larger 6-311++G** basis set —
differences do not exceed 2 kJ mol™ [2]. Used
6-31G* basis set, however, gives lower O—H
BDEs than 6-311++G** by ca 20 kJ mol™' [2].

In three studied sterols, lowest C—H BDEs
were found for C—H bonds in a-positions to a
C=C bond (Table 1). In ergosterol and dehyd-
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roergosterol, hydrogen atom splitting-off from
C6 and C7 carbons participating in C5=C6 and
C7=C8 double bonds requires considerably
higher energy than homolytic dissociation of
other C—H bonds. Just for the illustration, in [2]
we have calculated several C—H BDEs for me-
thyl groups present in saturated side chains of
These BDEs

A’-cholesterol and A’-sitosterol.

reached 406—413 kJ mol™'. In A’-cholesterol, for
selected —CH,~ groups in side chain, BDEs also
reached high values (391 and 398 kJ mol™).
Lowest C—H BDEs reached 276 kJ mol! in
ergosterol, 296 kJ mol” in dehydroergoste-
rol and 317 kJ mol™ in vernosterol. All these
BDEs are related to C—H bonds in nuclei. Lo-
west values obtained for nuclei of A~ and A™
-sterols were in the range from 312 to 329 kJ
mol™ [2]. O—H BDEs reached values practica-
1ly identical with BDEs of A’-phytosterols and

A’-phytosterols [2].

Table 1: Calculated C—H and O—H bond dissoci-
ation enthalpies in kJ mol™'. The lowest value for
a molecule is set in bold

Ergosterol

oY

Vernosterol

202

C4-H

C7-H

C6-H 453 C6-H 456 Cl1-H 317
C7-H 455 C7-H 459 Cl6-H 322
Co-H 300 CI2-H 305 C23-H 337
Cl4-H 276 Cl4-H 296 C24-H 346
C20-H 328 C20-H 340 C25-H 343
C24-H 325 C24-H 328

O-H 394 O-H 395 O-H 398

CONCLUSION

In this work, we have theoretically studied
O-H and C-H bond dissociation enthalpies for
oxidation attack sites chosen on the basis of ex-
perimental reports on the oxidation products of
most common sterols. Homolytic dissociation of
hydroxyl O—H bond requires considerably larger
energy in comparison to studied C—H bonds.
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ABSTRACT

The aim of this study was to assess the metal content (Hg, Cd, Cu, Ni, Pb, Zn and As) in fish
tissues in Skalka and Zelivka reservoirs and the ability of metals to induce synthesis of metallo-
thioneins under field conditions. Muscle and liver were used for metal determination. Metallo-
thionein content was measured in muscle, liver and gills of fish. The content of total mercury was
significantly higher (p < 0.05) in muscle and liver samples from Skalka reservoir than in samples
form Zelivka reservoir. Methylmercury content was presented as a majority of total mercury in
muscle in all samples. Significant differences (p < 0.05) between tested sites were observed in
copper, lead and arsenic content. Metallothionein liver content was negatively correlated (p < 0.05)
with total mercury in liver at both reservoirs. The results showed that metallothionein content do
not response to high metal contamination, therefore the suitability of metallothioneins in fish as a

marker of chronic metal exposure is uncertain under field conditions.

INTRODUCTION

Metal contamination of aquatic environment
is a long-term issue, because metals accumulate
in aquatic organisms, including fish, and persist
in water and sediments [1]. Metallothioneins,
low molecular weight proteins rich in cysteine
residues, are involved in the regulation of the
essential metals and in the detoxification of the
non-essential metals [2]. Metallothioneins seem
to be a suitable biomarker of metal exposure
in fish [3]. The aim of the present study was to
assess the effect of metals on metallothionein
levels in fish tissues under natural conditions.

MATERIAL AND METHODS
Animals and sampling

The study was carried out at Skalka and
Zelivka reservoirs. Skalka reservoir had been
contaminated by sewage water containing mer-
cury from a chemical factory in Marktredwitz
(Germany) since 1974 [4]. Zelivka reservoir is
considered to be mercury uncontaminated and
it is a control locality in this study [5]. Sampling
was performed in April 2011 by electro-fishing.
A total of 53 fish (8 species) was caught from the
Skalka reservoir and 50 fish (11 species) from
the Zelivka reservoir. Fish were weight and mea-
sured, and scales were collected for age determi-
nation. Samples of liver, gills and muscle were

taken. The samples were kept at —18°C until the
analyses were carried out.
Metal determination

Total mercury content in muscle and liver
was determined by the direct method of cold
vapours using an AMA 254 (Altec Ltd.) analy-
ser. Methylmercury was determined in muscle
in the form of methylmercury chloride by gas
chromatography with an electron captured de-
tector GC 2010A. Samples of muscle and liver
for determination of Cd, Cu, Ni, Pb, Zn and As,
were mineralized in laboratory autoclaves with
microwave heating, using nitric acid and hydro-
gen peroxide. Arsenic was determined by means
of AAS hydride technique, determination of Pb,
Cd, Cu and Ni was performed by means of AAS
electrothermic technique, Zn was determined
by means of AAS flame technique.

Metallothionein determination

Levels of MT in liver, gills and kidney were
determined by the differential pulse voltam-
metry Brdicka reaction. Differential pulse
voltammetric measurements were performed
with 747 VA Stand instrument connected to 693
VA Processor and 695 Autosampler (Metrohm,
Switzerland), using a standard cell with three
electrodes and cooled sample holder and mea-
surement cell to 4 °C (Julabo F25, JulaboDE). A
hanging mercury drop electrode (HMDE) with a
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drop area of 0.4mm? was the working electrode.
An Ag/AgCl/3M KCl electrode was the reference
and platinum electrode was auxiliary. For data
processing VA Database 2.2 by Metrohm CH was
employed. The analyzed samples were deoxyge-
nated prior to measurements by purging with ar-
gon (99.999 %) saturated with water for 120 s.
Brdicka supporting electrolyte containing ImM
Co(NH3)6CI3 and 1M ammonia buffer (NH3(aq)
+ NH4CL, pH = 9.6) was used. The supporting
electrolyte was exchanged after each analysis.
The parameters of the measurement were as fo-
llows: initial potential of -0.7 V, end potential of
-1.75 V, modulation time 0.057 s, time interval
0.2 s, step potential 2 mV, modulation amplitude
-250 mV, Eads = 0 V, volume of injected sample:
10 pl, volume of measurement cell 2 ml (10 x/ of
sample + 1990 ul Brdicka solution).

RESULTS AND DISCUSSION

In evaluating differences among the localities,
age normalization was used to eliminate differ-
ences in sampled fish. In line with expectations,
total mercury content and methylmercury con-
tent in muscle (Table 1) and liver was signifi-
cantly higher in various species from Skalka res-
ervoir compared to Zelivka reservoir. The results
confirm continuing high mercury contamination
of the locality.
Table 1: Content of total mercury (THg) and
methylmercury (MeHg) in muscle (mean + SD).
Data are adjusted for age. *Significant differen-
ces (p < 0.05) are indicated by asterisk.

Skalka reservoir Zelivka reservoir

THg
(mgkg)
0395
20229 *
0431
=0070"
0271
=0087*
0725
0793 "
0209
=0.136*
0.078
20033

MeHg
(mgkg)
0391
20229
0.408
z0012*
0264
20067 *
0697
0671"
0.160
+0070*
0.055
20022
0104
20051

THg
(mgkg)
0.084
=0.037

MeHg
(mgkg)
0,080
%0040
0.069
£0021
0.057
20015
0.079
0019
0.041
=013
0.042
%0033

Species

asp

(Aspius aspiug)

o

0.105
%0023
0.082
+0.009
0.098
=0.025
0.061
£0.021
0.047
=0032

perch

(Perca fuviatilis)
pike

(Esox lucius)
pikeperch

(Sander lucioperca)

bream

(Abramis brama)

chub

@

(Leuciscus cephaius)
roach

0.132
20024

0.039
0.019

0.028

Rutilus rutilus) 20017

Statistically significant differences (p < 0.05)
were found in copper, lead and arsenic content
among the sites. Higher copper content (0.061 +
0.034 mg/kg; mean + SD) was in muscle of pike-
perch from Skalka reservoir. Higher copper con-
tent was observed also in liver of pike and bream
from Skalka reservoir (0.054 + 0.024; 0.023 +
0.008 mg/kg respectively). Possible source of
copper can be application of algicide containing
copper sulphate widely used in 1970s on the lo-

cality. Lead content in muscle of chub (0.020
+ 0.012 mg/kg) was higher in samples from
Zelivka reservoir. Although currently an un-
leaded gasoline is used in Czech Republic, near
location of frequent motorway can be a cause
of lead pollution [6]. Higher arsenic levels in
muscle of perch, roach and chub (0.041 + 0.019,
0.041 £ 0.031 and 0.019 + 0.017 mg/kg respec-
tively) and in liver of perch, roach and bream
(0.317 + 0.270, 0.080 + 0.050 and 0.052 + 0.020
mg/kg respectively) were measured in samples
from Zelivka reservoir. Arsenic levels in fish
from Zelivka reservoir are higher compared to
Skalka reservoir. However, the arsenic content
in fish tissue is comparable with levels from
arsenic-uncontaminated localities [7].

No significant differences were found in
metallothionein levels among the localities.
Metallothionein concentration in liver was neg-
atively correlated with total mercury content in
liver (p < 0.05) in both sites. Negative correla-
tion (p < 0.05) of metallothionein kidney con-
tent was observed with cadmium and copper
liver content in samples from Zelivka reservoir
and with total mercury content in muscle and
liver in samples from Skalka reservoir.

CONCLUSION

The results showed that metallothionein
content does not response to high metal conta-
mination, therefore the suitability of metallo-
thioneins in fish as a marker of chronic metal
exposure remain uncertain under field condi-
tions and more well designed studies need to
be performed.
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ABSTRACT

The new macrocylic ligand, H,do3a-py™°, forms thermodynamically stable and kinetically inert
Ln(IIT) complexes. Its Eu(I1I) and Tb(III) complexes exhibit a strong long-lived fluorescence as a
result of the antenna effect of the pyridine-N-oxide fluorophore pendant arm. Using an excitation
wavelength of 286 nm, this ligand can be employed as a fluorogenic reagent for the determination
of Eu(IIT) and Th(III) at pH 6.5 and ¢, = 1 mM detected lumiscence at 615 nm for Eu(IIT) complex
and at 547 nm for Tb(I1I)complex. Detection limits are at concentrations around 1.0 M and linea-
rity of the method spans over 2 orders of magnitude. The method was applied to artificial and real
samples (spiked mineral waters, extracts from luminophore CRT dust) with satisfactory results.
The method is simple and rapid without interfering other metal ions.

INTRODUCTION

Ln(IIT) complexes of macrocyclic ligands are
utilized in medicine and preclinical research
as MRI (Gd), optical (Eu/Tb or Yb/Nd lumi-
nescence in VIS or NIR region) or nuclear pro-
bes for diagnostics and/or for cancer treatment
(e.g. metal radioisotopes *°Y, '*Sm, “Ho, '""Lu
in nuclear medicine [1]. For biomedical appli-
cations, such complexes should exhibit a high
thermodynamic stability as well as kinetic
inertness under physiological conditions and
their knowledge of thermodynamic/kinetic pr-
operties (e.g. dissociation rate constants for an
estimation of kinetic inertness) is important
to evaluate their possible in vivo applications.
In this work, the kinetic and termodynamic
study of Ln(III) complexes of macrocyclic li-
gand having the pyridine-N-oxide pendant arm
(H3do3a-pyNO, Scheme 1) was carried out and
the application of this ligand for determination
of chosen Ln(III) ions by molecular fluorescen-
ce spectroscopy was proposed.

Scheme 1 The formulas of macrocyclic ligands
discussed in the text

HoL— /—\ R R Ligand
[ j H Hidoda
CH:COOH Hidota

HO,C— \ / ¥COzH
Hido3a-py~© = HsL

0
o

MATERIAL AND METHODS
All measurements were carried out on a HP-
-8453A diode array (Hewlett-Packard, USA), a

Unicam UV2 (ATI Unicam, UK) spectropho-
tometers and Aminco-Bowman AB2 (Amin-
co-Bowman, USA) spectrofluorimeter. The
studied hgand was synthesized according
to procedure described elsewhere [2-4]. Stock
solutions of the individual metal cations were
prepared by dissolving LnCl, compounds (99.9
%; Strem/Alfa) and their Ln(III) content was de-
termined by chelatometric titration.

Formation kinetics of the LnL complexes (Ln
= Ce, Eu, Gd, Yb) was followed under ligand
excess over metal ion in the pH range 4.0-5.5,
at constant ionic strength (/= 0.1 M) and tempe-
rature 25 °C Dissociation kinetics of LnL com-
plexes (Ln = Ce, Eu, Gd, Yb) were measured in
the range of proton concentration 0.01-3.00 M
and ionic strength (/= 3.0 M). The experimental
data were processed by PRO-K II software.

The real samples for analysis were obtained
from industrial extraction process of cathode
ray tubes (CRT) and they were analyzed by ana-
lytical method mentioned in this contribution.
The proposed analytical procedure for determi-
nation of Eu(IIl) ion concentration was tested
in presence of other Ln(IIl) or transition metal
ions (Cu(Il), Mn(II), Co(II), Fe(II), Ni(I)) in
50-times higher excess) under optimal experi-
mental conditions. The results of chemical ana-
lysis were verified by capillary isotachophoresis
(CITP) with EA 101 equipment (Villa Labeco,
Slovakia) and inductively-coupled plasma ato-
mic emission spectrometry (ICP-AES) with
JobinYvon 170 Ultratrace equipment (Horiba,
Japan).
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RESULTS AND DISCUSSION

The organic reagents employed in analytical
chemistry for determination of metal ions should
form thermodynamically and kinetically stable
complexes therefore the experimental conditions
(e.g. concentration of organic reagent, pH, reac-
tion time, efc.) have to be optimized in order to
reach a quantitative formation of the metal com-
plexes exhibiting the desired physico-chemical
properties. The stability constants of Ln(III)
complexes are varied within region 19.8-22.7
which confirm the suitability of the complexes
for a quantitative analytical determination of
Ln(I1I) ions [5].

Dissociation kinetics

The studied Ln(Ill) complexes are kinetically
inert and therefore their dissociation study has to
be carried out in acidic medium in order to ensure
the complete complex decomposition. The disso-
ciation reaction for Ln(IIl) complexes was stu-
died by molecular absorption spectroscopy due
to presence of pyridine-N-oxide moiety as chro-
mophoric group having absorption band of the
complex about 250 nm which is changed in the
course of complex. The characteristic isosbestic
points (about 230 and 260 nm) show presence
of Ln(III) complex and free ligand in solution.
The time-absorbance traces were used for cal-
culation of pseudo-first order rate constants for
various experimental conditions and following
times for 99% Ln(III) complex dissociation in 3
M acid and temperature 25 ° C were found: 0.47
h (Ce), 3.95 (Eu), 5.49 (Gd), 5.24 (Yb). Thus, the
manipulation with Ln(IIT) complexes in a slightly
acidic solution does not lead to any dissociation
as it is common for the Ln(I1I) complexes of the
open-chain aminopolycarboxylates, e.g. for the
Ln(I1I)-H,edta complexes.

Formation reaction

The formation of Ln(III) complexes with ma-
crocyclic ligands having pendant arms is usually
described by two-step reaction mechanism while
the rapid formation of an reaction intermediate
(LnL)" in which the Ln(III) ion is bound incom-
pletely by pendant functional groups is followed
by slow step where the species are transformed
into final product (LnL) [1, 5]. The formation of
Ln(III) complexes was studied in pH region 4.5-
6.0. 1t is interesting that Ln(III) ions with HL*
species follow the rate of formation of Ln(III)
complex according ionic radius while H,L" speci-
es is reacting 10%-10° slower than with HL* speci-
es. The formation of Ln(III) complex is complete
within several minutes (¢, = 10x¢, = 0.1 mM)
as a consequence of a high preorganization and a
higher basicity of the macrocyclic ligands.

Application of H3do3a-pyNO as a fluorosen-
sor

The pyridine-N-oxide as strong chromofor (e
=~ 10* M cm™) serves as an antenna for central
Eu(Ill) ion transferring the excitation energy
from excited states of organic group to the cen-
tral ion which lost by radiation emitted from
the ion after some time delay. In addition, the
hydrophobic pyridine-N-oxide pendant arm is
somewhat shielding Eu(III) ion from surroun-
ding water molecules which are able to quench
fluorescence. In aqueous solution, the comple-
xes contain one coordinated water molecule (¢
= 1). The decrease of number (¢g) of coordinated
water molecules in comparison with [Eu(do3a)]
complex (¢ = ~2) leads to a longer fluorescen-
ce decay from 0.372 ms (H,do3a complex) to
0.680 ms (H,L complex). The quantum yield
is increased 60-times (1.37x102 and 2.40x10~*
for [Eu(do3a)] and [Eu(L)] complexes, respecti-
vely) for the H,L. complex due to a lower extent
of non-radiative (vibrational) quenching proce-
sses caused by the coordinated water molecules
[5].

The physico-chemical and photophysical stu-
dies of Eu(111) and Tb(I1I) complexes show that
H.L is a suitable ligand for fluorimetric deter-
mination of both metal ions. Using excitation
wavelength 286 nm, the highest selectivity and
sensitivity can be achieved by a choice of the
suitable wavelength of fluorescence (Eu(III)
615.2 nm and Tb(III) 546.6 nm) while the high
slopes of calibration plots (Eu: (6.71+0.03)x10°
M, Tb:(5.73+0.03)x10° M) enable a sensitive
determination of both Ln(III) ions. Advantage
of the method are operating under favourable
experimental conditions or the application of
one excitation wavelength (286 nm) for both
complexes simultaneously in order to improve
the sensitivity and limit of detection of fluoro-
metric determination of both ions in time-re-
solved mode (it has been tested in our labs but
it is more time-consuming procedure). An in-
terference of other Ln(III) ions was also exami-
ned where the calibration plot was constructed
in presence of 50-times higher concentration
of Ce(IIT), Dy(ITT), Sm(ITT), Nd(IIT), Gd(IIT),
Ho(I1I) and Yb(III) ions over Eu(IlI) ion. The
sensitivity of fluorimetric Eu(IIl) determi-
nation was slightly decreased and the limit of
detection was slightly increased to 3 uM; the-
refore, the standard addition technique is reco-
mmended for an analysis of the real samples
containing some other Ln(III) ions.

The described method was also applied for
analysis of Eu in real samples obtained from
solid CRT waste obtained after treatment of old
PC monitors/TV sets. Since the precise content
of Eu(III) ion in sample concerning of high ex-
cess of Y(III) ions is not known, the samples
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were analyzed by ICP-OES and CITP methods. The
results mostly agree, therefore this procedure can be
employed for control of purity of obtained chemical
substances in industrial process. Also the determi-
nation of Eu(III) or Tb(III) ions in natural mineral
water (“Vincentka”) which contains some possible
interfering ions in relatively high concentrations
(e.g. alkali metal and alkali earth metal ions, tran-
sition metal ions - Fe?* and Mn?*, halides, hydrogen-
carbonate, sulphate, etc.) was tested and the results
are not loaded by any systematic error.

CONCLUSION

The title ligand, H,DO3A-py™°, is suitable as ana-
lytical reagent for fluorimetric determination of
Eu(III)/Tb(II) ions under optimized experimental
conditions. Once the formed complex is thermody-
namically stable and kinetically inert and thus this
property enables us to work with complexes in a
relatively acidic medium to make separation from
other interfering ions. Introduction of coordinating
fluorophorx
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ABSTRACT

Lactoferrin is glycoprotein, which is classified to nonspecific immune system of organism. Inc-
reased concentration in saliva and other body fluids indicates progressing inflammatory illnesses.
The aim of this study was to compare ion exchange chromatography using monolithic column
UV-VIS detector with enzyme-linked immunosorbent assay.

INTRODUCTION

Lactoferrin is 80 kDa glycoprotein [1], which
has antimicrobial, anti-carcinogenic and anti-
inflammatory effects on organism because of
its capability to binding and transferring metal
ions (Fe, Cu, Zn, Mn) [2]. Enzyme-linked im-
munosorbent assay (ELISA), high performance
liquid chromatographies (HPLC) or various
electrochemical assays are mostly used to its
quantification but even other methods have been
used [3, 4]. Limit of detection by these methods
varies within the range from 4.5 to 100 pg/ml
[5], [6]. We optimized the method for determi-
nation of lactoferrin from human saliva using
ion-exchange liquid crhomratography (IELC)
with monolithic column and off-line photomet-
ric detection as a reference method to common
ELISA in our experiment. This type of mono-
lithic column is quite different from usual filled
chromatographic columns. They are constituted
of one piece of porous polymer material which
is modified by —SO, functional groups [7]. The
big size of pores (~50 pm) allows separating
the protein without their damage or back pres-
sures formation. Detection of isolated fraction
was carried out of photometry using Bradford’s
method.

MATERIALS AND METHODS
Chemicals

Lactoferrin and other chemicals (Trizma base,
HCI, NaCl, Ethanol, H,PO,, ACS water, Co-
omasie brilliant blue) were purchased by Sig-
ma-Aldrich (St. Louis, USA). ELISA kit were
purchased from AssayPro (St. Charles, USA)
Distilled water was prepared using AquaOsmo-
tic 02 (AquaOsmotic, TiSnov, Czech republick)
and subsequently purified by Millipore RG

(MilliporeCorp., USA, 18 MQ) to deionized
(MiliQ) water.

Preparation of samples

For experiment 6 health subjects in age 23 —
28 years were chosen. Saliva was taken using
Salivette tubes (Sarstedt, Germany) and centri-
fuged by 3000 rpm, 5 min (Universal 320, He-
ttich Zentrifugen, Germany). Supernatant was
diluted by Tris-HCI buffer (pH = 7) in ratio 1:1
and subsequently filtered through micro filter
(microStar 0.45um CA, Costar Cambridge).

Ion exchange chromatography with monoli-
thic column and UV detection

Biologic DuoFlow (Biorad, USA) system con-
sists of two chromatographic pumps, monolithic
column with CIM disc modified by —SO, func-
tion groups, injection valve, UV-VIS detector
and automatic fraction collector. Flow rate of
mobile phase was 4 ml/min. The used mobile
phase A (MFA) was 25 mM Tris-HCI buffer
(pH=7) and mobile phase B 2 M NaCl in MFA
(MFB). Fraction containing lactoferrin was co-
llected in elution volume 10.62 — 11.62 ml in
acquired volume of the fraction 1 ml. Offline
photometric detection was carried out using au-
tomatic spectrophotometer BS-200 (Mindray,
China) using Bradford’s assay.

Enzyme linked immuno-assay (ELISA)
Assay was carried out using commercial ELI-
SA kit (AssayMax Human Lactofgerrin ELISA
kit, AssayPro, USA). Standard or diluted sample
(1000) were adsorbed on polysteren 96 wells
microplate and incubated for 2 hours at 25 °C.
After five-times repeated washing of wells with
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wash buffer, biotinylated lactoferrin antibody
was added to each well and incubated for one
hour. After washing the microplate, the 50 pl of
streptavidin-peroxidase conjugate per a well was
added and incubated for 30 min. Subsequently,
the thirst washing was applied. For detection 50
pl of chromogen substrate was used per a well
and incubated for 15 minutes. Finally, 50 pl of
stop solution was added. Absorbance was deter-
mined on a microplate reader at a wavelength of
450 nm immediately.

RESULTS AND DISCUSSION
Lactoferrin determination using IELC with
off-line photometric detection

Samples were analysed by optimized IELC
with monolithic column and off-line photomet-
ric detection using Bradford’s method [8]. This
method is sensitive, with limit of detection 0.1
pg.ml’. It allows to detect low concentrations
of lactoferrin in saliva which numerous papers
demonstrates as 0.16 pg.ml' [9], 5.16 pg.ml!
[10], 5.42 pg.ml' [11] - 37 pg.ml"' [12]. Deter-
mined concentrations of lactoferrin were 35.52
+7 pg.ml' with the lowest value 10.89 + 3 pg.ml"!
and the highest value 74 + 5 pg.ml-.

Correlation between IELC with off-line pho-
tometric detection and ELISA assay for lacto-
ferrin determination

The commercial AssayMax Human Lactofer-
rin kit was used for lactoferrin determination
by ELISA. Method was carried out according
to kit protocol. Calibration was prepared within
concentration range from 0.0705 to 1.019 pg.ml!
with linearity R? = 0.998. Limit of detection was
0.1 pg.ml'. Saliva was taken using Salivette
test tubes and loaded into wells on microplate
on polystyrene table. Coefficient of correlation
R2 = 0.7576 was determined by the last squares
method. The relation between ELISA and IELC
results can be expressed by following equation:
ELISA = 2.675x IELC — 12.168. Resulting con-
centration of lactoferrin determined by ELISA
was 4.6 ug.ml' lower than results from IELC

(Fig. 1).

Figure. 1: Correlation between IELC method
and ELISA assay. The table 1 shows determined
concentration in saliva samples.

30

Tab. 1 Concentrations of lactofermrin

Mehod  Sample 1 2 3 4 S 6
ELSA ggml' 23 7 7 7 2 12
IELC gl 23 16 L3 2 1 1

~+-ELISA

~a-ELC

CONCLUSION

Determination of lactoferrin using IELC with
monolithic column and off-line photometric
detection is correlated with ELISA method
with correlation dependence R? = 0.907. IELC
determination could be used as a reference me-
thod for clinical applied ELISA of lactoferrin
determination from saliva samples or other bio-
logical fluids.
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ABSTRACT

The ratio between oxidized (GSH) and reduced (GSSG) glutathione is considered to be a marker
of oxidative damage of an organism. Values of GSH/GSSG below 10 are signal of increased oxi-
dative stress influencing the human organism due to the progressing disease or as a reaction on
applied treatment. In our experiment, the GSH/GSSG was determined in patients with brain and
prostate carcinoma by high performance liquid chromatography with electrochemical detection.

INTRODUCTION

Cancer is currently one of the most feared dis-
eases. The prevalence is increasing each year
not only due to the progress in diagnostics but
also due to the environmental influences and
life style. One of the most serious forms of this
disease is the brain cancer. Medulloblastoma is
an embryonal neuroectodermal carcinoma of
cerebellum often metastasizes to central neural
system (CNS). Statistics states that a success-
ful recovery occurs in 70% of moderate cases
[1]. Tumor disease, which occurs 2x more in
children patients, ependymoma anaplastic, the
most often affects brain cavities and spinal cord.
Unlike medulloblastoma in numerous cases ra-
diation therapy is the only applicable treatment
method [2]. Prostate cancer is nowadays one of
the most often diagnosed diseases in men and
the risk increases with age. At the beginning it
is manifested in various urination difficulties,
however later problems with locomotive system
are recognized [3]. It has been proved in numer-
ous experiments that variety of these diseases is
caused among others also by oxidative damage
of the organism [4]. An important role in bio-
chemical processes equalizing oxidative stress
plays glutathione, a tripeptide composed of cys-
teine, glycine and glutamic acid, which is pres-
ent in cells of animals, plants and bacteria. Due
to its properties it become a marker of oxidative
damage [5]. We simultaneously determined glu-
tathione reduced (GSH) and oxidized (GSSG) by
high performance liquid chromatography with
electrochemical detection (HPLC-ED) and thus
its ratio in the blood serum of different types of
cancer — ependymoma anaplastic [6], medullo-
blastoma [7][8][9] and prostate cancer [10].

MATERIAL AND METHODS
Chemicals and pH measurements

Reduced (GSH) and oxidized (GSSG) gluta-
thione, and trifluoroacetic acid (TFA) were pur-
chased from Sigma-Aldrich (St. Louis, USA).
HPLC-grade methanol (>99.9%; v/v) was from
Merck (Dortmund, Germany) were used. Other
chemicals were purchased from Sigma-Aldrich
(St. Louis, USA) unless noted otherwise. Stock
standard solutions of the thiols (I mg.ml-1) were
prepared with ACS water (Sigma-Aldrich, USA)
and stored in dark at -20 °C. Working standard
solutions were prepared daily by dilution of
the stock solutions. All solutions were filtered
through 0.45 pm Nylon filter discs (Millipore,
Billerica, Mass., USA) prior to HPLC analysis.
The pH value was measured using WTW ino-
Lab Level 3 with terminal Level 3 (Weilheim,
Germany).

HPLC-ED analysis

HPLC-ED system consists of two chroma-
tographic pumps Model 582 ESA (ESA Inc.,
Chelmsford, MA) (working range 0.001-9.999
ml min-1) and chromatographic column with re-
verse phase Zorbax eclipse AAA C18 (150 % 4.6;
3,5 um particles, Agilent Technologies, USA)
and twelve-channel CoulArray electrochemical
detector (Model 5600A, ESA, USA). Detec-
tor consists of three flow analytical chambers
(Model 6210, ESA, USA). Each chamber con-
tains four analytical cells. One analytical cell
contains two referent (hydrogen-palladium),
two counters and one porous graphite working
electrode. Electrochemical detector is situated
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in control module which is thermostated. Sam-
ple (20 pnl) was injected by autosampler (Model
542, ESA, USA), which has thermostated space
for column. Column was thermostated at 35°C.
Flow rate of mobile phase was 1 ml min™. Mobile
phase consists of A: trifluoroacetic acid (80 mM)
and B: 100% Met-OH. Compounds were eluted
by following linear increasing gradient: 0-1 min
(3%B), 152 min (10%B), 2—5 min (30%B),
15—16 min (98%B). Detection was carried out at
applied potential 900 mV. Time of one analysis
was 20 minutes.

Sample preparation

Blood samples were obtained from 29 patients
hospitalized at Department of Pediatric Hematol-
ogy and Oncology of Faculty Hospital Motol with
diagnosed solid tumors epemdymoma anaplastic
(n = 4), medulloblastoma (n = 15) and prostate
cancer (n=10). The samples were stored in -80°C
until assayed. Samples were diluted in ratio 1:1
by solution of TFA (5 % v/v) and vortexed within
20 seconds. Following centrifugation takes 15
minutes (16400 rpm, 4°C) (Eppendorf centrifuge
5417R). Supernatant was analyzed by HPLC-ED.

RESULTS AND DISCUSSION
Calibration parameters

After that the separation and detection param-
eters have been optimized, calibration curve
was determined for GSH and GSSH in the con-
centration range 0.2-100 uM. The dependence
of electrochemical signal (peak area in uC) on
concentration was strictly linear with correlation
coefficient R? = 0.9997 for GSH and R? = 0.9936
for GSSG. Limit of detection for GSH was 0.3
uM with RSD 3.8 % and 1.2 uM for GSSG with
RSD 5.5%.

Recovery of analysis

The recovery was determined by standard addi-
tion method prior to precipitation by 5% TFA and
subsequent centrifugation. The concentration of
standard solution was 10 pg/ml for both GSH and
GSSG. The recovery in range between 83% and
96% was obtained.

Analysis of patients

The samples of patients and controls were pre-
pared according to the described method and
analyzed by high performance liquid chroma-
tography with electrochemical detection. Con-
centrations of GSH and GSSG determined from
chromatograms of samples were recalculated for
recovery and the GSH/GSSG ratio was determi-
ned. Values of ratios were connected to the group
of patients with particular diagnosis and compa-
red with control group.
(Fig. 1). According to the literature the GSH/
GSSG ratio in healthy persons is around 10 [11],

which is in agreement with our results of cont-
rol groups I and II. For control group No. I the
lowest value of GSH/GSSG was 8.1 and the
highest value was 15.7 with average 11.6. The
lowest value of GSH/GSSG in control group II
was 7.4, the highest was 13.9 and the average
was 10.8. In case of Ependymoma anaplastic,
the lowest ratio was 1.03, the highest ratio
was 2.49 and the average GSH/GSSG ratio
was 1.4, which is 8-times lower comparing to
control group 1. In the group of patients with
medulloblastoma the lowest determined ratio
was 1.3, the highest ratio 5.7 and the average
value was 3.5, which is 3-times lower. Also in
the group of prostate cancer patients the lowest
ratio was 1.1 and highest ratio was 7.61 and the
average value was 3.9. Our results confirm that
long term action of the oxidative stress caused
by diseases or certain drugs increases the
amount of reduced glutathione and the amount
of oxidized glutathione is decreased.

Figure 1: Comparison of oxidative stress be-
tween controls I, II; two brain tumors (epen-
dymoma anaplastic, medulloblastoma) and
prostate cancer. Age of subjects of control I
was 6 — 12 years. Age of subjects of control II
= was 49 — 62 years. Low ratio of GSH/GSSG
of patients shows a high oxidative stress which
corresponded with incidence of cancer

I Low oxidative stress

I High oxidative stress

Ratio of GSH/GSSG
@
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CONCLUSION

Samples from three groups of patients suffe-
ring from brain cancer (Ependymoma anaplas-
tic and medulloblastoma) and prostate cancer
were analyzed using optimized method for
determination of GSH and GSSG by HPLC-
-ED. The method recovery of 86-93% was de-
termined and from obtained concentrations the
GSH/GSSG ratio was established. The lowest
ratio (average of 1.4) was determined in the
group (n=4) of patients suffering from Epen-
dymoma anaplastic. Patients (n=15) diagnosed
with medulloblastoma the average ratio of 3.5



was determined. Prostate cancer patients exhibit the
average ratio of 3.9. In two control groups of healthy
persons, the GSH/GSSG of 11.6 and 10.8 was deter-
mined. It can be concluded from the results obtained
that different tumor diseases have different impact
on the redox status of patients.

ACKNOWLEDGEMENT
The work has been supported by Liga proti rakovi-
né LPR 2011 and GACR CYTORES P301/10/0356.

REFERENCES

[1] Rousseau A, Mokhtari K, Duyckaerts C, Current
Opinion in Neurology, 21 (2008), 720-727.

[2] Phi J H, Wang K C, Park S H, et al., Journal of
Neuro-Oncology, 106 (2012), 619-626.

[3] Dhanasekaran S M, Barrette T R, Ghosh D, et al.,
Nature, 412 (2001), 822-826.

[4] Valko M, Rhodes C J, Moncol J, ef al., Chemico-
Biological Interactions, 160 (2006), 1-40.

[5] Laval J, Pathologie Biologie, 44 (1996), 14-24.

[6] Okcu M F, Selvan M, Wang L E, et al., Clin.
Cancer Res., 10 (2004), 2618-2625.

[7] Louis D N, Ohgaki H, Wiestler O D, et al., Acta
Neuropathologica, 114 (2007), 547-547.

[8]Lin Y H, Chiu J H, Tseng W S, et al., Cancer
Chemother. Pharmacol., 57 (2006), 525-532.

[9]1 Lee Y'Y, Kao C L, Tsai P H, ef al., Childs Nerv.
Syst., 24 (2008), 987-994.

[10] Bostwick D G, Burke H B, Djakiew D, et al.,
Cancer, 101 (2004), 2371-2490.

[11] Navarro J, Obrador E, Carretero J, et al., Free
Radic. Biol. Med., 26 (1999), 410-418.

271



ELECTROCHEMICAL

BEAD-BASED ASSAY FOR LACTOFERRIN
Dana DOSPIVOVA'2, Sylvie SKALICKOVA!, Sona KRIZKOVA'2,
Ondrej ZITKA"2, David HYNEK" 2, Marketa RY VOLOVA' 2, Rene KIZEK! "

'Department of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University in Brno,

Zemedelska 1, 613 00 Brno, Czech Republic

2Central European Institute of Technology, Brno University of Technology, Technicka 3058/10, 616

00 Brno, Czech Republic
*kizek@sci.muni.cz

ABSTRACT

Lactoferrin is an iron-binding antibacterial protein. It is involved mainly in protection of the
organism against bacterial infection, thus it is present in many bodily liquids, such as blood, milk,
tears, sweat, saliva and urine. Its increased level is used as a marker of inflammation diseases.
The aim of this work was to suggest an electrochemical bead-based immunoassay for lactoferrin.

INTRODUCTION

Lactoferrin (LF) is a 80 kDa non-haeme iron-
-binding protein composed from one polypep-
tide chain in length of 692 aminoacid residues
[11,[2] with isoelectric point (pl) within the
range from 8 to 8.5 [3],[4]. Its tertiary structu-
re is composed from two domains with bound
divalent heavy metals, mostly Fe*” or Cu*, Zn**
and Mn?" [3],[4]. This protein is present in bo-
dily fluids such as milk, saliva, tears, sweat,
blood, ascitic fluid, urine, semen and vaginal
secrets, where it is involved in protection of the
organism against bacterial infection [3]. Its inc-
reased level is used as a marker of inflammation
diseases, such as periodontitis, inflammatory
bowel disease, diarrhoea, sepsis, peritonitis or
eye infection during wearing of contact len-
ses. Except of LF antibacterial effect, its role
in cancer is also investigated. It was found that
its antioxidant effect, which is connected with
its iron content is responsible for its antitumour
activity. Therefore, the increasing of level of lac-
toferrin in blood is connected to the inflamma-
tion processes in the body [5]. For quantitative
determination there is commonly used enzyme
imunosorbent assay (ELISA) [6],[7],[8], radio-
imunoanalysis (RIA) [9],[10] or luminescence
based immunoanalysis (LSA) [11]. Next to the
prevalently used abovementioned methods the-
re was also published the determination using
other method like electrochemical amperomet-
ric detection (LOD = 35 nM) [12] or CE (LOD
=1.3nM) [12].

The aim of this work was to suggest

a paramagnetic bead-based electrochemical
immunoassay for LF determination in bodily
fluids.

MATERIAL AND METHODS
Bead-based immunoassay

The magnetic beads with protein G (DB-G)
(25 pl) were washed twice in the 100 pL of PBS
buffer. Goat antibody against lactoferrin (10 pg
in 100 pl of PBS) was added to DB-G and the
Ab-DB-G complex was incubated for 30 minu-
tes at room temperature in a multi-spin MSC-
3000 centrifuge (Biosan, Latvia) to avoid beads
sedimentation. After that, unbound antibody
was removed and the beads were washed with
PBS and were blocked with 0.1 mg/ml of non-
specific human IgG. Then the beads were resus-
pended in 100 pl of PBS with 0.01 % Tween-20
and stored for further usage at 4 °C. Murine
monoclonal anti-LF antibody was used for de-
tection of LF captured to the beads after incu-
bation with rabbit anti-mouse HRP-conjugated
secondary antibody.

The concentration of detection antibody, incu-
bation times and temperature were optimized.

The efficiency of antibody labelling with AP
and functionality of the bead-antigen-antibodies
complex was determined by reaction of HRP
with a chromogenic substrate (0.9 mM 3,3¢,5,5°-
tetramethylbenzidine (TMB) in HRP substrate
buffer (10 pl of hydrogen peroxide (30%, v/v),
0.5 mL of 2 M sodium acetate adjusted to pH 5.8
with 1 M citric acid and 10mL of Milli-Q water)
in volume of 100 pl. After 10 min the reaction
was stopped with 50 ul of 0.5 M H,SO, and the
absorbance was read at wavelength of 450 nm
(InfinitePro 200, TECAN, Switzerland).

Tetramethylbenzidine determination

The stock solution of 3,3%,5,5‘-tetramethylben-
zidine (TMB) in concentration of 10 mM was
prepared. As electrolyte we used substrate buf-
fer 2.72 g of natrium acetate in 100 ml of water
adjusted to pH 5.8 by H,SO,. Substrate buffer
was 20x diluted before usage as electrolyte. To-
tal volume of the buffer was 2 ml. Electroche-
mical signal of TMB was analysed using me-
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thod of cyclic voltammetry with three electrode
connection. Glassy carbon GC electrode was
used as working, Ag/AgCl in 3 M KCl was used
as referent electrode and a Pt wire was used as
counter electrode. GC electrode was polished by
alumina emulsion before each usage. Parameters
of method were as follows: initial E 0.8 V, final
potential -0.6 V, scan rate 0.05 V/s, sweep seg-
ments 2, sample Interval 0.001, sensitivity 2.107.
We used Electrochemical Workstation, CH In-
struments (Austin, USA) for acquiring the data.
Obtained records were analysed by software
chi440a (Austin, USA) and GPES (Metrohm,
Switzerland). Analysis of calibration curve of
TMB was carried out using method of differen-
tial pulse voltammetry where parameters were as
follows: initial potential E 0.8 V, final potential
-0.6 V, amplitude (V) = 0.05, pulse width (s) =
0.0167, pulse period (s) = 0.2, deposition poten-
tial (V) = 0.2, deposition time (s) = 30, sensitivity
(A/V)2.10°.

RESULTS AND DISCUSSION

Electrochemical detection is in many cases ad-
vantageous, mainly in biosensors construction
because of its low price and possibility of field
use. Due to this we studied electrochemical prop-
erties of 3,3%,5,5- tetramethylbenzidine (TMB)
[13], commonly used chromogenic substrate for
horseradish peroxidase, a system, which is rou-
tinely used for immunodetection.

For observing of redox change of TMB we
added 185 pl of stock solution of TMB into the
rest of regencies, which were as follows: 1.9 pul
of H,0, 92.5 ul of horseradish peroxidase (HRP)
with antibody (diluted 1:10) and finally 1720 pl
of substrate buffer. During the reaction we ob-
served the colour change of the whole solution.
At the start of the reaction the solution was co-
lourless but during progress of the reaction it
gained a brightly blue colour which subsequently
changed to the deeper blue. The electrochemical
signal was acquired within 5 minutes interval up
to 60 minutes using CV method (Fig. 1). Finally
the most sensitive approach was method of DPV,
which was also selected for estimation of calib-
ration curve.

In order to achieve quick and selective deter-
mination of lactoferrin we chose a bead-based
antibody separation based on sandwich ELISA.
Polyclonal goat anti-LF antibodies were immobi-
lized to the surface of paramagnetic beads. After
blocking with unspecific immunoglobulins the
beads were incubated with a sample premixed
with monoclonal mouse anti-LF antibodies. Af-
ter the incubation the beads were washed and in-
cubated with a secondary rabbit anti-mouse HRP
conjugate and consequently with chromogenic
substrate TMB. For its determination above-
-mentioned electrochemical detection was used

and the results were controlled spectrophoto-
metrically at 450 nm.

Figure 1.: (A) Scheme of the TMB conversion
fromreduced to oxidized form. (B) Time depen-
dent TMB conversion in presence of H,O, cata-
lysed by HRP of TMB as overlay of CV scans
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CONCLUSION

We successfully developed a bead-based im-
munochemical method of lactoferrin determi-
nation, which is suitable for various types of
biological matrices. For detection of the end
product of enzymatic reaction catalysed by
HRP we developed an electrochemical detecti-
on as a field-usable alternative.
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ABSTRACT

Quantum dots (QDs), are emerging as a new class of fluorescent agent for biochemical, medicinal
or other purposes. QDs based on cadmium or else heavy metal composition can be risky for an
organism. In the organism cadmium can be neutralized by protein metallothionein (MT). MT is
cysteine rich and the chelation of other metals including essential zinc is well described. For the
reason of high affinity of metallothionein to cadmium ions we attempted to develop an approach
for study of possible interaction with (QDs). We prepared QDs with Cd-Te core and studied the in-
teraction with Apo-MT, which was prepared from Cd immunized rabbit. For determination of Cd
ions concentration in QDs we used method of differential pule voltammetry (DPV) and for study

of complex of QDs with Apo-MT we used DPV —

INTRODUCTION

Interaction of inorganic based nanomolecules
with biomolecules as proteins can lead to patho-
logical states or can be used for biomedicine
applications. In many technologies the cadmium
usage is very frequent. Nanotechnology is an
emerging field of human activity which begins
to take a stronger position in industry. In nano-
technology field the quantum dots, tiny light-
-emitting particles on the nanometre scale are
emerging as a new class of fluorescent agent for
studying of in vivo imaging [1]. The quantum
dots are very often consisting of ions of cadmi-
um and ions of other metal such as Selenium,
tellurium or zinc. If the nontoxic quantum dot is
modified by recognition molecule such as anti-
body it can be used as specific identification and
visualisation of necrotic lesis or tumour region
[2]. The toxicity of quantum dots is predomi-
nantly caused by releasing of Cd** ions due to
deterioration of the CdSe lattice [3]. Metallothi-
onein which is an animal protein is rich in con-
tent of cysteine aminoacids [4] and therefore it
is also electrochemically active and suitable for
sensitive detection [S] [6]. Thanks to this fact it
is able to bind number of metal ions especially
essential zing or toxic cadmium [7]. Its structu-

Brdicka’s reaction.

re is devided to two domains and it can bind 7
divalent or 12 monovalent metal ions [8]. For
the reason of high affinity of metallothionein
to cadmium ions we attempted to develop an
approach for study of possible interaction with
quantum dots. In this work we isolated metallo-
thionein from rabbit liver using approach pub-
lished elsewhere. Than we prepared Apo-MT
which served as chelating agent for QDs. Quan-
tum Dots with Cd-Te core were prepared accor-
ding to [9]. We attempted to study the complex
creation between MT and QDs. For that purpose
we used spectrophotometric and electrochemi-
cal method of differential pulse voltammetry.
Subsequently we used the fast protein chromato-
graphy for purification of protein-quantum dot
conjugates. The intensity of fluorescence of our
prepared QDs in high ionic strength was also
evaluated before the experiment.

MATERIAL AND METHODS

All chemicals of ACS purity used were pur-
chased from Sigma Aldrich Chemical Corp.
(Sigma-Aldrich, USA), unless noted otherwise.
Fast protein separation system Biologic Du-
oFlow (Biorad, USA) was used for MT isolation
and for separation of MT-QD complex. Gel fil-
tration column (HiLoad 26/60, GE Healthcare,
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Upsala Sweden), dosing valve with 2 ml loop,
Four channel UV-VIS detector (Quadtec, Biorad,
USA) and automated fraction collector (Biorad,
USA) were used. As mobile phase for separati-
on we used 150 mM NaCl in 10 mM Tris-HC1
buffer (pH 8.6) Mobile phase flow rate was 4
mlmin’. As external calibrator we used a BSA
1 mg/ml. MT was obtained from rabbit liver
after Cd administration. Then we extracted the
MT using fast protein liquid chromatography
(FPLC). Signal of MT was monitored at 254 nm
according to [10]. Isolated fractions were sub-
sequently analysed by SDS-PAGE and dot blot.
After dialysis we lyophilized the fractions and
obtained pure MT but containing Cd ions. For
removing Cd ions from MT to obtaining Apo Mt
we used procedure according to [4]. Spectropho-
tometric analysis of complexes was carried out
with by UV-VIS spectrophotometer Specord 210
(Analytik Jena, Germany). Experimental condi-
tions were adopted according to papers [4] and
[11] and further optimized. QD’s were prepared
according to Duan et al. [9]. Cadmium chloride
solution (CdCl,, 0.04 M, 4 ml) was diluted to 42
ml with ultrapure water, and then trisodium cit-
rate dihydrate (100 mg), Na,TeO, (0.01 M, 4 ml),
MPA (119 mg), and NaBH, (50 mg) were used.
Synthesis was carried out in microwawe reac-
tor under 400 W (Multiwave3000, Anton-Paar
GmbH, Austria). Repurification of QD’s was ca-
rried out using isopropanol condensing. The QD’s
was mixed with isopropanol in ratio 1:2 and then
centrifuged 10 minutes under 25 000 rpm (Ep-
pendorf centrifuge 5417R). Supernatant (clear
QD’s) was than ressuspended in initial volume of
Tris-HCI Buffer pH 8.5. For electrochemical de-
termination Differential Pulse Voltammetry [12]
with pPAUTOLAB III (EcoChemie, Netherland)
in connection to VA-Stand 663 (Metrohm, Swi-
tzerland) was used. Method of Differential Pulse
Voltammetry-Brdicka’s reaction was used accor-
ding to [12]. Fluorescence spectra were acquired
by multifunctional microplate reader Tecan In-
finite 200 PRO (TECAN, Switzerland). 350 nm
was used as an excitation wavelength and the
fluorescence scan in the range from 400 to 750
nm was measured every 2 nm. The fluorescence
pictures were obtained by In vivo Xtreme system
by Carestream, USA.

RESULTS AND DISCUSSION

Firstly we determined the concentration of Cd
ions in Cd-Te QDs, which we prepared. We found
that concentration of Cd ions in stock solution of
QDs was 68 uM. Then we mixed QDs with Apo-
-MT in volumes 60 pl (Apo MT) and 120 pl of
phosphate buffer (pH 7.5, 20 mM). For study of
interaction we used the mixture of both compo-
nents MT (0.5 uM): QD’s(0, 0.74, 1.48,2.96, 5.92,
11.84 and 23.68 uM). The addition of QDs was

made using one millilitre volume from stock
solution. The mixtures were studied by spectro-
photometry within the range from 200 to 750
nm with observable maximum in 260 and 505
nm. Same mixtures were also studied by elect-
rochemical method of Brdicka’'s reaction (Fig.
1A), which supported data from spectrophoto-
metry. Concentration of QDs based on cadmi-
um signal is shown in Fig. 1B. Subsequently we
used the fast protein chromatography for pu-
rification of protein-quantum dot conjugates.
The intensity of fluorescence of our prepared
QDs in high ionic strength was also evaluated
before the experiment. We obtained the dif-
ferent chromatograms for Apo MT, QDs and
MT-QD complex. MT-QD complex exhibited
rather lower retention than only MT and only
QDs. This is due to higher molecular mass and
thus higher permeation in molecular sieve of
the column. However the FPLC signal of free
MT was negligible at 245 nm due to absence of
Cd or aromatic amino acids in its amino acid
structure. Thanks to this fact we observed only
MT-QD and QDs signals in the chromatogram.

Figure 1: (A) Electrochemical analysis of
QD-MT conjugates by Brdicka’s reaction. (B)
Change of concentration of Cd(II) after additi-
on of QD to MT.
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CONCLUSION

In this work we isolated and prepared Apo-
-MT, synthetized the QDs and then made inte-
raction study documented by UV-VIS spectra,
supported by electrochemical analysis and fi-
nally confirmed by FPLC separation of prepa-
red conjugates of quantum dots with metallo-
thionein.
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ABSTRACT

Electrochemical immunosensors for detection of microbial strains of Escherichia coli and Ba-
cillus atrophaeus (cells and spores) is described. The portable detector was combined with the
cyclone air sampler to detect bioagents in aerosols. The capture antibody was immobilised on gold
electrodes, antibody-peroxidase conjugate served as tracer. In buffer, the immunosensor measured
10° to 10° CFU/mL in 30 min. Detection in air was realised in chambers. Automated dissemination
of cells, sampling and measurement allowed testing of the cyclone / immunodetector combination,

150 CFU/L in air was indicated in 20 min.

INTRODUCTION

The growing requirements on detection of bio-
agents originated from field military operations,
however, the current interest comes mainly from
civil rescue and security services, protection of
public buildings and homeland security. Deve-
lopment of portable, rapid and simple instru-
mentation based on the bioanalytical detection
principles is widely supported. Various types
of immunochemical devices are preferred for
the early response, good sensitivity and conti-
nuous monitoring capabilities. Electrochemical
sensors for bioagents represent a promising al-
ternative approach combining highly sensitive,
cheap and easily miniaturised format with ex-
cellent specificity of antibodies. The prototype
device InmunoSMART was tested for detection
of microbial cells in bioaerosols. The safe bio-
agents were adopted including the strain Esche-
richia coli DHS50 and Bacillus atrophaeus cells
and spores. For bioaerosols, a special closed
chamber with physical sensors as well as par-
ticle counter for reference data was constructed.

MATERIAL AND METHODS

The screen-printed electrodes modified with
specific antibodies against the target microbes
were constructed. Sensors were used in a flow-
-through cell and linked to the detector Immu-
noSMART (Smart Brno). Sampling of bioae-
rosols was carried out using the cyclone SASS
2300 (Research International). Cultivated cells
of E. coli and B. atrophaeus were centrifuged
and suspended in phosphate buffer (50 mM, pH
7.0). Spores of B. atrophaeus were storred in the
presence of calcium ions (20 mM). The micro-
bes were imaged using atomic force microscope
Ntegra Vita (Figure 1) and after fluorescence
labelling using optical microscope Olympus
BX41.

Figure 1.: Atomic force images of Bacillus
atrophaeus cells (left) and spores (right).
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RESULTS AND DISCUSSION

The electrochemical immunosensors operated
in the sandwich format (Figure 2); the antibo-
dy covalently linked to the electrode surface
captured the microbes and after washing, the
cells were labelled using the peroxidase-an-
tibody conjugate. The signal was generated in
the presence of hydrogen peroxide and iodide,
the enzymatically produce iodine was measu-
red amperometrically at -50 mV. For example,
the cells of E. coli were successfully measured
from 1000 to 10® CFU/ml (Figure 2). In case
of B. atrophaeus cells and spores, the capture
antibody (9 types were tested) did not formed
sufficiently stable immunocomplexes with the
cells and/or spores, thus limiting sensitivity of
the assay. For bioaerosols tests, two versions of
aerosol chambers (67 and 1 m® internal volu-
me) were used, the latter being constructed in
our laboratory was suitable for automated and
remotely controlled operation (Figure 3). The
microbes spread inside the cells were captured
by cyclone, transferred to the amperometric
immunodetector and measured. Reference data
confirming presence and amount of microbes
inside the chamber included slit sampler with
agar cultivation and particle counting based on
light scattering.
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Figure 2.: Calibration curve of the electro-
chemical immunosensor for E. coli. The empty
point in brackets indicates the background signal
(in the absence of cells). The schematic view of
the sandwich assay realized on the gold sensing
electrode is shown in the inset.
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Figure 3.: Schema (left) and picture (right) of the
constructed bioaerosol chamber.

CONCLUSION

The parallel monitoring of cells demonstrated
the presence of 150 CFU/I in air and this level
was clearly indicated by the tested cyclone / im-
munodetector system. This amount of microbes
detected in 20 min seems promising for future
field tests.
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ABSTRACT

The automatization of a classification process of the electrophoresis gel image is a very difficult
problem, because the result depends on the quality of the gel image digitalization, but also on im-
precisions in a electrophoretic process. Our methodology proposes approach of removing the most
of image distortions and also solves the problem of un-uniformity in a electrophoretic process.

INTRODUCTION

The gel electrophoresis is a known technique
in molecular biology suitable for separating ma-
cromolecules according to their molecular wei-
ght. The result of the gel electrophoresis — the
electrophoretogram is usually digitalized for
subsequent analysis. The common requirement
for analyzing of electrophoretic gel image is
evaluation of similarity between samples recor-
ded in gel.[1-2] The mutual similarity between
samples of microbial organisms in combination
with a cluster analysis can be interpreted as a
relationship of microorganisms. In this case, the
result of the similarity analysis in the form of
dendrogram is phylogenetic tree.

The cluster analysis of the image record of
electrophoretic gel depends on the quality of
digitalization of the gel image, but also on the
imprecisions in electrophoretic process such as
the unequal samples application, the gel con-
sistency, the samples contamination, uneven
speed of samples migration etc. These impreci-
sions occurring in a gel image must be removed
or compensated before the cluster analysis by
image preprocessing [3]. This article presents
methodology for preprocessing of electropho-
retic gel images. The combination of chosen
image filtering techniques for improvement of
image quality increases identification of indivi-
dual bands, but the greatest benefit is the appli-
cation of the dynamic time warping (DTW).
The individual lanes in a gel image include a lot
of the same bands, but even small variances in
their positions can product errors in comparis-
on stage. These errors increase in comparison
of samples from several gel records. The appli-
cation of DTW before the comparative analysis
adjusts the positions of similar bands in a gel re-
cord for the better similarity evaluation.

MATERIAL AND METHODS
The image quality improvement

Figure 1.: The enhancement of image contrast
using nonlinear monotone transformation with
gamma correction of the grayscale image histo-
gram. a) The original electrophoretic gel image.
b) Grayscale histogram of the original image. c)
The transformation function with y correction
for modification of intensity values range. d)
Enhanced image of electrophoretic gel. ¢) Gray-
scale histogram of the enhanced image transfor-
med by using y=0.65.
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The classical problem of gel image records is
a low contrast of bands and background. This
problem can be solved by the transformation of
the image histogram. The gel image is repre-
sented by the grayscale image.[3] The grayscale
histogram represents the number of pixels (fre-
quency) in image which have the same grayscale
level. The relative intensity of the grayscale is
defined on range <0, 1>, when 0 corresponds
to black color and the white color has value of
1. The nonlinear transformation function with
gamma correction can unequally distribute the
number of pixels at each grayscale level. The ga-
mma parameter lower than | increases contrast
of dark colors and higher than 1 conversely. The
operation of image contrast enhancement using
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the gamma correction function with settings y =
0.65 is shown in the Figure 1.

Conversion of 2D grayscale
image to 1D signal representation

The individual lanes in the grayscale image of
electrophoretic gel describe distribution of black
bands in the lane depending relative migration
speed. The transformation of the grayscale to the
range of <0, 1> and the relative migration speed
to a timeline allows interpret the grayscale lane
as 1D signal (Figure 2.). The signal representa-
tion can be obtained for every lane crosscut. The
average signal constructed from each crosscut
signal was used to remove lane distortions. The
average lane in Figure 2 was constructed from
the average signal. The average lanes (signals)
were used for next signal analysis.[4]

Figure 2.: The principle of conversion of 2D gra-
yscale image of one lane in electrophoretogram
to 1D signal: the relative intensity of bands is in
the range of values from 1 (white) to 0 (black)
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The balance of the background level

The individual lanes have often different
background for example due to: samples con-
tamination, exposure process or differences in
processing of multiple gels. The comparison of
lanes requires the normalization of grayscale
levels and removing of the unequal background.
For this purpose, we propose a special filtration
technique. The first step of the filtration is the es-
timate of upper signal envelope which is specific
for every signal (Figure 3 a). The signal envelope
presents unequal gray background of the gel lane.
The removal of envelopes compensates the lanes
background and highlight black bands. The final
step after background balance is a normalization
of maximal and minimal level of gray to the same
value for all lanes (Figure 3 b). The image after
the background balance and the normalization of
gray levels is shown in the Figure 3 c.

Figure 3.: Removing of the non-uniform bac-
kground of electrophoretic lanes. a) The signal of
the lane 15 (blue) with estimation of the signal
envelope (red). b) The signal of the lane 15 with
removed envelope and normalized range of va-
lues. ¢) The gel image after removal of the lanes
envelope and normalization of the range of lanes
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The adjustment of the mutual positions of
bands using DTW

Figure 4.: The adjustment of bands positions
between two lanes using DTW. a) The image of
two lanes containing similar bands which are
not positionally aligned (upper) and the signal
representation of these two lanes (lower). b)
The positional adjustment of signal peaks be-
tween two lanes (upper) and an adequate image
representation of adjusted lanes (lower)
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The dynamic time warping is mostly used for
the speech analysis. [5] The same spoken word
in the speech of different people has the same
meaning (signal has the same shape), but its ti-
ming and offset is specific for each person. The
dynamic time warping method can adapt the
timing and offset of signals. [6] This property
can be used for adjustment of bands positions
between two gel lanes. The DTW adapts posi-
tions of the same bands but the specificity of
each lane is maintained. The principle of adjus-
tment using DTW is shown in the Figure 4. The
Figure 4 a) shows two very similar lanes with
different migration speed in image and signal
representation. The classical similarity analysis
evaluates only a small amount of mutual simi-
larity in this case. The application of DTW on
signal form of these two signals in Figure 4 b)
modifies lengths of signals for positional adjus-
tment. The adapted signals were again conver-
ted to the image form. The similarity between
these adapted signals is very high.

The similarity analysis of gel lanes

The similarity between lanes is represented
by a dendrogram. The Ward method was used
as a clustering algorithm for the dendrogram
reconstruction. The mutual similarity of each
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pair of lanes was determined using Euclidean distan- review. 1, 1 (2001), 5-10.

ces. [1-2] [3] Zhang, T.: Biotechnology letters. 22
(2000), 399-405.
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Figure 5.: Classification of electrophoretic lanes Transactions on Acoustics, Speech,
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tion techniques, color coded numbers of lanes cor- [5] Giorgino, T.: Journal of Statistical
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The result dendrograms were reconstructed for
both cases: with using DTW (Figure 5 a) and without
DTW in the Figure 5 b). The positions of lanes in gel
image were reordered according to the dendrogram
classification. The comparison between color codes
of clusters in dendrogram and correct classification
which is shown by color code of lanes numbers is
perfect with using DTW. The classification by Ward
method applied on mutual Euclidean distances of
lanes without using DTW [1-2] gives result with
many inaccuracies. The lanes with some offset to
others were classified to wrong clusters for exam-
ple lanes 6, 7, 10 (the original order of lanes is in
Figure 3.) The similarity between clusters II and IV
in the Figure 5 b) should be evaluated much earlier
in the tree topology. The decision threshold in the
tree with DTW is also lower than without DTW, it
corresponds to the fact that the lanes with DTW have
a much bigger similarity.

CONCLUSION

The combination of our proposed filter technique
with DTW applied to the electrophoretic gel image
allows very precise classification of individual gel
lanes. A lot of image distortions and imprecisions
in electrophoretic process were removed. The often
problem of wrong classification of two very similar
lanes with different migration speed was solved by
positional adaptation of lanes using DTW.
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ABSTRACT

The aim of this paper is to introduce arrangement microfluidic chip for DNA detection, made of
polydimethylsiloxane (PDMS) and glass. Design of this chip is based on commercially available
chip from the company Agilent Technologies. The chip was fabricated in our laboratory using sili-
con template prepared by microfabrication using wet etching and polymerization of DMS. Second

part of the chip contains electrodes on a glass substrate.

INTRODUCTION

One of the trend in analytical techniques, is
their miniaturization. Research in miniaturiza-
tion is driven mainly by reducing cost of analy-
sis by reducing the amount of used reagents. Re-
cently, microfluidic devices become an effective
tool for the analysis of biological material such
as DNA, proteins, etc. Different kinds of such
chips are already commercially available. Due
to the optical characteristics, chemical compat-
ibility and well-development fabrications, these
chips are usually made of glass. PDMS is an
even more suitable material for these applica-
tions. The combination of glass substrates and
PDMS layers is currently used for microfluidic
chips fabrication very often. [1, 2]

MATERIAL AND METHODS

Design of capillary electrophoresis chip for
DNA detection is matching DNA LabChip
from the company Agilent Technologies. The
commercial DNA LabChip is made from glass.
Microchannels are manufactured on the glass
substrate using photolithography and wet et-
ching. Sealing of the microchannels is done by
thermal bonding with top glass substrate with
holes for accessing microchannels to reagents
and samples. These holes create reservoirs. Ca-
pillary electrophoresis electrodes are not inte-
grated in the DNA LabChip, but they are part of
another device.

Our chip is fabricated from PDMS layer with
microchannels and glass substrate with capillary
electrophoresis electrodes. The patterns of desi-
red structures, i.e., microchannels, inlet and out-
let, are simultaneously transferred into this layer
via standard photolithography process. Then the
liquid PDMS prepolymer (Sylgard 184 silicone
elastomer base and curing agent are mixed in a

10:1 weight ratio) is poured onto positive resist
mold (Microresist S1813). After complete curing
at room temperature for 24hours, the PDMS la-
yer with inverse structures has been transferred
from the mold. The electrodes are manufactu-
red by photolithography, wet etching and ther-
mal vacuum evaporation. Reservoirs are created
by mechanical pricking of PDMS layer. Optical
detector is located in the end part of separation
microchannel. The size of the chip is 17,8 x 17,8
mm. Reagents can be used similar to that of ca-
pillary electrophoresis.

RESULTS AND DISCUSSION

Our chip has capillary electrophoresis electro-
des incorporated directly on glass substrate, and
upper layer is made from PDMS. Using PDMS
for microfluidic have several advantages. PDMS
is a cheap, flexible and mechanically strong ma-
terial, transparent from 240 nm to 1100 nm with
low autofluorescence. PDMS is also permeable
to gas and biocompatible [3]. The aim is to com-
pare described chip with DNA LabChip from
Agilent Technologies. LabChip is designed to
analysis of DNA fragments to determine their
size and concentration. It can perform up to 12
analysis in approximately 30 minutes.

Silicon mold and microchannels arrangement
are depicted in Figure 1.
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Figure 1.: Photographs of (A) etched silicon|
mold for PDMS (B) magnified microchannels of]
silicon mold

A reservoir for DNA ladder
£ waste reservoirs
separation microchannel
reservoirs for DNA samples
B
CONCLUSION

This paper describes PDMS capillary electro-
phoresis chip based on commercial available
chip - DNA LabChip. In the next step we would
like to compare functions of this chip with DNA|
LabChip.
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ABSTRACT

The aim of this work is optimization of DNA isolation by magnetic microparticles. Used mic-
roparticles have surface with silica-like chemistry. Partial steps of the isolation procedure includ-
ing washing, immobilization and elution were optimized. Electrochemical analysis by square-wa-

ve voltammetry was employed for detection of the yield of DNA.

INTRODUCTION

Isolation of nucleic acid is one of the most
important technique for molecular biology
[1]. There are many methods for separation of
DNA, like phenol-chloroform extraction [2] or
adsorption on silica in the presence of a chao-
tropic salt [3]. But these methods can be time
consuming, laborious and cross-contamination
can occur. That is the reason why experiments
with magnetic particles (MPs) are carried out [4,
5]. MPs are structures which have paramagnetic
or superparamagnetic properties and their size
is in the range from nano- to micrometers. The
advantage is that MPs react to an external mag-
netic field and their surface can be chemically
modified. According to the type of this modi-
fication specific isolation of the biomolecules,
viruses or cells is ensured [6]. Except isolation,
MPs have several another potential applications.
Such as targeted gene delivery [7] or drug deliv-
ery, tissue repairing [8] or magnetic resonance
imaging [9]. For isolation of DNA the silica-like
surface of MPs is used and the magnetic separa-
tion is based on electrostatic interaction of DNA
with surface. This separation is simple and very
effective [10]. For these facts this work deals
with isolation of DNA using magnetic particles.

MATERIAL AND METHODS
Magnetic separation

The whole magnetic separation a total of four
steps contains: washing, immobilization, wash-
ing and elution (Fig. 1).

Figure 1: Diagram of DNA isolation by mag-
netic particles: 4 MPs in suspension with pre-

servatives B Washing MPs to remove preserva-
tives C Adding sample with DNA D Vortexing
and centrifuging E Immobilization of DNA to
MPs F Washing MPs with coupled DNA to re-
move contaminants G' Heating MPs to elution
DNA H Pipetted away of DNA I Purified DNA

T
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Washing procedure

MPs in a storage solution with preservatives
(10 ul) were transferred to the test-tube in mag-
netic stand (Dynal MPC-S, Dynal, Norway).
After adhesion of MPs to the test-tube wall the
storage solution was pipetted out. Subsequently,
20 pl of washing solution (phosphate buffer)
was added and MPs were resuspended by. Then
the washing solution was pipetted out using
magnetic field. MPs were washed three times.

Immobilisation

In this step DNA is binding to MPs. 10 pl of
sample (PCR product sized 500 bp) and 10 pl of
immobilisation buffer were added to MPs. Im-
mobilisation was carried out for 5 minutes with
shaking.

Washing procedure
After immobilisation MPs were again three
times washed with SM NaCl.
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Elution

30 ul of elution buffer (Tris-EDTA) was added
to MPs coupled with DNA. Elution took 15 min-
utes. After adhesion MPs to the test-tube wall by
magnetic force the solution with purified nucleic
acids was pipetted to clean test-tube.

Electrochemical detection

For determination of the DNA yield electro-
chemical analysis was used. Electrochemical
measurements were performed with AUTOLAB
PGS30 Analyzer (EcoChemie, Netherlands) co-
nnected to VA-Stand 663 (Metrohm, Switzer-
land) using a standard cell with three electrodes.
A hanging mercury drop electrode (HMDE) with
a drop area of 0.4 mm? was employed as a wor-
king electrode. An Ag/AgCl/3M KCl electrode
served as the reference electrode. Pt electrode
was used as the auxiliary electrode.

Adsorptive transfer technique was used for the
electrochemical determination DNA. The ad-
sorptive transfer technique is based on the sample
accumulation (120 s) onto the working electrode
surface and consequently on the electrode wa-
shing and square wave voltammetric (SWV) me-
asurement. SWV measurements were carried out
in the presence of acetate buffer pH 5.0. SWV
parameters: potential step 5 mV, frequency 280
Hz, time of accumulation 120 s.

RESULTS AND DISCUSSION

For obtaining maximal yield of PCR product
during isolation using magnetic microparticles
the immobilisation and elution solutions and con-
ditions were optimised. From each experiment
the peak, which had highest value, was determi-
ned as 100 %.

Optimization of immobilisation

Effect of concentration of NaCl in the immo-
bilisation solution is illustrated in Fig. 2A. The
highest yield of DNA was reached using 2.5 M
NaCl in the immobilisation solution. Relative
standard deviation (RSD) was 34 %. The best re-
peatability was obtained using 0.5 M NaCl (RSD
13.2 %) but the yield was only 44 %. With the
increased concentration of NaCl and by its ionic
strength the amount of isolated DNA is increa-
sing.

The effect of ionic strength of immobilisati-
on solution was further observed. Solutions of
chlorides of different alkali metals were tested.
Their concentration was 2.5 M. The highest yield
of DNA was obtained using CsCl in the immobi-
lisation solution (Fig. 2B). The amount of DNA
increased with increasing relative atomic mass
and ionic strength.

Figure 2: Effect of immobilisation and elution

solutions and conditions on the yield of DNA:
A Effect of concentration NaCl in the immobil-
isation solution B Effect of alkali metals C Ef-
fect of elution solution pH D Effect of elution
temperature
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Optimization of elution

The pH of elution solution (Tris-EDTA) was
optimised (Fig. 2C). With the increasing pH of
elution solution the yield of DNA increased.
The highest amount of isolated DNA was ob-
served with value of pH 9.6 but the RSD was
high (61 %). The value of 9.1 was determined
as an optimal pH, because the yield of isola-
tion was 89.9 % and RSD was 22.7 %. Finally,
the effect of elution temperature was observed
(Fig. 2D). With increasing the temperature the
increase of isolated amount of DNA was ob-
served. The highest yield of DNA was reached
by temperature 99 °C. The reproducibility at
this temperature expressed as RSD was 3.5 %.
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CONCLUSION

This work deals with the isolation of DNA
using magnetic microparticles. The immobi-
lisation and elution solutions and conditions
were optimised for maximization the yield of
isolated DNA. Fast and simple technique was
developed. This method can be use to further
study of nucleic acids.
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ABSTRACT

Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulphate (SDS-PAGE) is
one from the most commonly used separation technique for complicated protein samples. The aim
of this study was to test the utilization of unspecific interaction of quantum dots with proteins for

their staining in SDS-PAGE gel.

INTRODUCTION

Sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE) as one of the
most commonly used separation technique for
proteins uses Coomassie-blue [1] or silver stain-
ing [2] for detection of protein in the gel. These
methods vary in the sensitivity and time re-
quired for analysis. Compared to silver staining
Coomassie-blue staining is not so laborious, it
is quantitative, but it has lower sensitivity. Both
staining methods are hardly reversible and in-
compatible with further analysis like mass spec-
troscopy, thus their numerous modifications
have been developed [3, 4]. Except this other
methods compatible with western-blotting are
used like imidazole-zinc salts [5], SYPRO, ami-
doblack or fluorescent stains [6]. Colloidal and
semicolloidal nanocrystals, referred as quan-
tum dots or QD have attracted much attention
because of potential applications in biological
markers by combining the advantages of ultra-
sensitive photoluminiscence, high photobleach-
ing treshold, good chemical stability and tune-
able spectral properties [7, 8].

Interaction of bare QD with proteins is known
and it has been previously used for proteins
staining in the gel. The authors used red CdTe
QD for proteins detection after native electro-
phoresis [9]. The aim of this study was to test
the utilization of unspecific interaction of red
and yellow CdTe quantum dots with proteins for
their staining in SDS-PAGE gel.

MATERIAL AND METHODS
SDS-PAGE
The electrophoresis was performed according

to Laemmli [10] using a Mini Protean Tetra ap-
paratus (Bio-Rad, USA). First 12.5 % (m/V) run-
ning, then 5 % (m/V) stacking gel was poured.
The polymerization of the running or stacking
gels was carried out at room temperature for 45
min. Prior to analysis, the samples were mixed
with reducing (3% B-mercaptoethanol) sample
buffer in a 2:1 ratio. The samples were boiled for
2 min, and then 4 pl of the sample was loaded
onto a gel. The electrophoresis was run at 150
V for 1 h (Power Basic, Biorad USA) in tris-
glycine buffer (0.025 M Trizma-base, 0.19 M
glycine and 3.5 mM SDS, pH = 8.3). Gels were
stained with rapid Coomassie-blue method ac-
cording to Wong et al. [11] and then the gels
were re-stained with silver [2].

QD synthesis

QDs were prepared according to [12]. Briefly,
4 ml CdCl, (0.04 ml/l) was diluted to 42 ml with
ultrapure water, then trisodium citrate dihy-
drate (100 mg), 4 ml Na,TeO, (0.01 mol/l), 98
pul mercaptopropionic acid (MPA), and NaBH,
were added under magnetic stirring. Then the
samples were subjected to microwave irradia-
tion. Parameters were as follows: Yellow QDs —
300 W, 20 min. (constant irradiation). Red QDs
—280 W, 130 °C, 35 min (constant temperature
130°C). Purification was performed by isopro-
panol precipitation.

QD staining

After electrophoresis the gels were washed
three-times in distilled water for 5 min. Then
the gels were immerged in 0.1 M NaOH with
1.25 % quantum dots (v/v) and 0.27 % TEMED
(v/v) for 30 min. The bands were visualized on
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UV transluminator at wavelength of 312 nm and
photographed.

RESULTS AND DISCUSSION

Two types of quantum dots, which differed in
their size and therefore in emission wavelengths,
were synthesized. The emission maximum of red
QD was 619 nm, the emission maximum of yel-
low QD was 580 nm. Both types were used for
proteins staining. In order to improve stability of
QD in the solution and to enhance their fluores-
cence, TEMED in concentrations of 0, 0.5, 0.15,
0.3, 0.5 and 0.7 % (v/v) was added [13]. The best
result was obtained with 0.3 % TEMED and after
30 min incubation. Yellow QD performed much
better than red, possible reason is their lower size,
which allows them to penetrate quickly to the gel.
Comparison of yellow QD, silver and Coomas-
sie-blue staining of protein standards and human
serum is shown in Fig. 1. It is obvious that after
QD staining even the lowest proteins concentra-
tion corresponding to 21 ng of albumin could be
visualized. The Coomassie-blue staining allowed
us to detect 10 x higher proteins concentration
(205 ng of albumin) in blood serum. Compared to
silver staining, QD staining has lower sensitivity,
but it is considerably less time-consuming and la-
borious. Sensitivity of the staining with quantum
dots can be further improved using more sophis-
ticated detection system.

Figure 1.: Comparison of Coomassie-blue,
QD- and silver-staining of SDS-PAGE gels.
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CONCLUSION

Utilizability of red and yellow fluorescent
quantum dots for proteins staining in SDS-
-PAGE gels was tested. For this purpose yellow
QD are more suitable than red because their
size.
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ABSTRACT

Capillary electrophoresis detection of created complex between biotynlated oligonucleotides and
streptavidin modified QDs and its behaviour through the time is the aim of this paper.
For CE detection capillary electrophoresis system with absorbance detection was employed.

INTRODUCTION

Quantum dots (QDs) are 1-10 nm nanopar-
ticles with unique size-depending optical and
electronic properties [1]. They are new fluo-
rescent materials, which can be used instead of
organic dyes for biological labelling. They have
better photostabillity, narrow emission and con-
tinuous absorption spectra than organic dyes [2].
QDs applications are wide as for early detection
of cancer, for drug delivery, in vivo imaging and
targeting and many others [3-7]. Due to the toxi-
city of their inorganic core, the surface of QDs
has to be chemically modified [8]. After modi-
fication QDs are suitable for conjugation with
biomolecules, such as proteins, fragments of
DNA or RNA or others molecules [9-10]. In this
work the study of interaction between streptavi-
din-modified QDs and biotinylated oligonucleo-
tides by capillary electrophoresis is presented.

MATERIAL AND METHODS

All chemicals were purchased by Sigma Ald-
rich (Czech Republic) in ACS purity. Solutions
were made using MiliQ water (Milipore, Czech
Republic).

QDs synthesis

CdTe QDs were prepared by microwave syn-
thesis (using microwave system by Anton Paar)
and capped by marcaptopropionic acid (MPA)
according to the following procedure: the so-
lution of CdCl, (4 ml, 0.04 M) was mixed with
Na,TeO, (4 ml, 0.01 M), 100 mg of sodium cit-
rate and 50 mg NaBH,, 119 mg MPA and 42 ml

of H,0. The mixture was heated by microwave
radiation for 10 minutes (300 W).

Streptavidin modification

100 pl of MPA capped CdTe QDs were diluted
to 1 ml and the pH was adjusted to 6 by MPA
solution. Streptavidin solution (9.6 pul, 5 mg/ml)
was added and the solution was intensively agi-
tated for 60 minutes. Subsequently the solution
was centrifuged for 80 minutes at 25000 rcf. The
supernatant was disposed and the precipitated
QDs were dissolved in 100 pl of water.

CE-UV

Electrophoretic measurement was done us-
ing capillary electrophoresis system (Beckman
P/ACE 5500) with absorbance detection at 214
nm. Uncoated fused silica capillary with total
capillary length of 47 cm, effective length of 40
cm and internal diameter of 75 pm was used.
20 mM borate (pH 9) was used as background
electrolyte. Separation was carried out at 20 kV
and the sample was injected hydrodynamically
for 20 seconds using 3.4 kPa. Sample of oligo-
nucleotide BCL-2 was mixed with quantum dots
in 1:1 ratio and the final concentration of oligo-
nucleotide was SpuM. Biotinylated oligonucle-
otide specific for hepatitis B virus (VHB-biotin)
was mixed with quantum dots in 1:1 ratio and
the final concentration of VHB-biotin was SuM,
subsequently an oligonucleotide with sequence
complementary to VHB-biotin (VHB-CP) was
added. VHB-CP had final concentration of
0.077 pM.
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RESULTS AND DISCUSSION

The formation of complex between quantum
dots and biotinylated oligonucleotides crea-
ted through the streptavidin-biotin linkage can
be studied by CE. The complex is present as a
sharp peak unlike the signal of QDs, which are
represented by broad peak. The time dependen-
ce of formation the complex showed that the
kinetics is relatively slow. CE analysis of mix-
ture of streptavidin coated QDs and biotinylated
fragment BCL-2 is shown in Fig. 1. The sharp
signal of complex is observed. The presence of
other (non-labelled) peaks in Fig. 1A is caused
by the presence of streptavidin excess. The signal
enhanced with the increasing time of interaction
(Fig. 1B).

Figure 1 A) CE of BCL-2 and QDs mixture, B)
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Based on results shown above, the interaction
of streptavidin QDs with DNA fragment specific
for hepatitis B virus (VHB-biotin) was investiga-
ted (Fig. 2A). Created complex between quantum
dots and VHB-biotin trough the streptavidin—
biotin linkage appeared as high, sharp signal,
which grows with time (Fig. 2B).

Figure 2 A) CE of VHB-biotin and QDs mixture
B) Time dependence of signal intensity of VHB-
-biotin-QDs complex
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After adding a complementary DNA sequence
fragment (VHB-CP) to already created complex
of quantum dots and VHB-biotin it is noticed that
complex signal increased significantly (Fig. 3)
indicating that two complementary DNA sequen-
ces fragment interacted. This interaction enables
unlabeled VHB-CP to be detected. It follows
from the result that biotinylated oligonucleotides
can be labelled by QDs and subsequently used
as probes for selective conjugation with comple-
mentary fragments.

Figure 3: CE of QDs, VHB-biotin and VHB
CP complex with CE of VHB-biotin and VHB

CP complex
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CONCLUSION

Application of QDs as fluorescent labels ena-
bles sensitive fluorescence detection of non-
-fluorescent molecules. Capillary electropho-
resis as a powerful separation technique can
monitor the process of creation of QD-biomole-
cule complex and the use of UV absorbance de-
tection is beneficial at the first stage of research
because it enables visualization of both fluo-
rescent as well as non-fluorescent components
of the reaction. Once the process is optimized,
more sensitive laser-induced fluorescence de-
tection will be employed.
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ABSTRACT

Sensitivity of an intrinsic nano-crystalline diamond (NCD) layer to naphthalene Troger’s base
derivative decorated with pyrrole groups (TBPyr) was characterized by impedance spectrosco-
py. The transducer was made of Au interdigitated electrodes (IDE) with 50 pm spacing on alu-
mina substrate which were capped with the NCD layer. The NCD-capped transducer with H-
-termination was able to electrically distinguish TBPyr molecules dispersed in methanol from

the pure methanol (change of surface resistance).

INTRODUCTION

Troger’s base (TB) attracts a lot of attention
since this V-shaped molecule offers application
as a unique building block for unusual molecu-
lar designs and for various molecular receptors
[1]. However, electrical detection of TB proper-
ties has not been accomplished so far. In that
context diamond offers great application poten-
tial as an electrically active interface to TB with
possibility to tailor its structural, chemical, and
electronic properties. Our group has demonstra-
ted that interdigitated electrodes (IDE) capped
with nanostructured H-NCD are highly sensi-
tive and selective to phosgene gas that dissol-
ves in the surface adsorbate layer and increases
surface conductivity of H-terminated diamond
[2, 3]. By using the impedance spectroscopy
we demonstrate here that the NCD capped IDE
transducer is able to electrically distinguish the
naphthalene TB derivative having pyrrole moie-
ties (TBPyr) adsorbed from methanolic suspen-
sion from the pure methanol.

MATERIAL AND METHODS
TBPyr derivative was prepared from TBOMe
according to simplified Scheme 1.

Scheme 1. Preparation of TBPyr
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Scheme 1. Preparation of TBPyr

TBPyr

For the electrical transducer the Ti/Au electro-
des (Ti/Au = 30/50 nm) were deposited on the
polycrystalline Al,O, substrates by thermal eva-
poration method in vacuum. The IDE structure
was fabricated by means of standard UV-litho-
graphy and lift-off technique. The gap between
IDE electrodes was 50 pm. The NCD layer was
deposited by microwave plasma chemical va-
por deposition process in Aixtron P6 reactor
[4]. The thickness of the deposited NCD films
was about 400 nm as determined optically from
a smooth reference sample. For the impedance
measurements of H-terminated surface, a stri-
pe of oxidized surface was covered by an SU-8
photoresist at the border to the contacts (to pre-
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vent shunts) and the rest of the NCD surface was
H-terminated in hydrogen microwave plasma for
10 min. Finally the SU-8 photoresist was remo-
ved by acetone. Figure 1 shows the scheme of the
transducer in top and cross-sectional view with
an idealized visualization of TBPyr molecules
adsorbed onto the surface.

Figure 1.: Schematic drawing of diamond-
-capped IDE transducer device.

O-termination

H-termination

Al,0, substrate

Impedance spectra were measured using a
HIOKI 3532-50 LCR analyzer in frequency
range 100 kHz — 10 Hz at room temperature. The
amplitude of the AC voltage was 0.5V. The im-
pedance response of the transducer to pure me-
thanol (1ul) was checked prior to measurements
with TBPyr suspension (4mg/ml). For testing the
impedance response of the transducer 1 pl of the
suspension was applied onto the transducer using
a micropipette. Methanol evaporated in few se-
conds and the impedance spectrum was measu-
red after 5 min.

RESULTS AND DISCUSSION

Impedance spectra of the transducer measured
at 5 min after application of the pure methanol
and TBPyr suspension is shown in the Figure 2.

Figure 2.: Impedance spectra as measured after
5 min. The lines in the impedance spectra corre-
spond to R (CR)) equivalent circuit fits extrapo-
lated to the frequency of IMHz.
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The impedance spectra were fitted by R (CR,)
equivalent circuit which produced reliable phy-
sical parameters. We have found that while the
value R, remained relatively stable for both me-
asurements, the resistance R, strongly varied
depending on the conditions on the transducer
surface. Taking into account these observations
the particular resistances were assigned as fo-
llows: the resistance R, represents the transver-
se resistance of the NCD layer. The resistance
R, is then attributed to the longitudinal surface
resistance of H-terminated NCD layer. Func-
tionality of the transducer may be explained by
mechanism proposed by Rezek et. al [5] where
the decrease of surface conductivity of H-NCD
was attributed to a replacement of surface ions
by adsorbed proteins which lead to decrease of
the surface conductivity. However details of the
sensing mechanism remain to be elucidated.

CONCLUSION

We successfully fabricated and demonstra-
ted functionality of H-NCD capped IDE as
an electrical transducer sensitive to TBPyr
molecules. This demonstrates the feasibility
of coating diverse sensor structures by NCD
that can provide improved or completely new
specific functions. Impedance spectroscopy re-
solved that the transducer response is given by
a change in longitudinal surface conductivity
while transverse resistance of NCD cap layer
remains constant.
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ABSTRACT

Ellipticin anticancer action is based mainly on DNA intercalation, inhibition of topoisome-
rase 11 and formation of cytochrome P450 (CYP)- and peroxidase-mediated covalent DNA
adducts. The cytotoxicity of ellipticine to UKF-NB-3 and UKF-NB-4 neuroblastoma cells
was increased by pre-treating these cells with histone deacetylase inhibitors valproic acid
(VPA) or trichostatin A (TSA). A higher sensitivity of cells to ellipticine corresponded to an
increase in formation of covalent ellipticine-DNA adducts in these cells. The effects of ellip-
ticine in the presence of VPA and TSA on expression of CYPs and peroxidases relevant for
ellipticine metabolism and levels of cytochrome b, determined electrochemically (Western
blotting) in neuroblastoma cells were investigated. The results found in this study demonstra-
te that most of the enhancing effects of VPA and TSA on ellipticine cytotoxicity due to en-
hancing ellipticine-DNA adduct is caused by an increase in expression levels of cytochrome

b,, CYP3A4 and CYPIALI proteins in neuroblastoma cells.

INTRODUCTION

Ellipticine  (5,11-dimethyl-6H-pyrido[4,3-5]
carbazole), an alkaloid isolated from Apoc-
ynaceae plants, exhibits significant antitumor
and anti-HIV activities (for a summary see [1-
4]). The major mechanisms of antitumor, mu-
tagenic and cytotoxic activities of ellipticine
were suggested to be (i) intercalation into DNA
[5,6] and (ii) inhibition of DNA topoisomerase
II activity [1-4]. We have demonstrated that
ellipticine also covalently binds to DNA after
being enzymatically activated by cytochromes
P450 (CYP) or peroxidises [1-3,7-9], suggest-
ing a third DNA-damaging mechanism of ac-
tion. Two major DNA adducts generated from
ellipticine-13-ylium and ellipticine-12-ylium,
by CYP- and peroxidase-mediated metabo-
lism are formed in vitro and in vivo in DNA
of healthy organs of rats and mice treated with
this anticancer drug [1,3,7,8]. Of the CYP en-
zymes investigated, human CYP3A4 and rat
CYP3AL are the most active enzymes oxidizing
ellipticine to 13-hydroxy- and 12-hydroxyellip-
ticine, the reactive metabolites that dissociate
to ellipticine-13-ylium and ellipticine-12-ylium

which bind to DNA [3,7,8,10], while the CYP1A
isoforms preferentially form the other ellipti-
cine metabolites, 9-hydroxy- and 7-hydroxyel-
lipticine, which are the detoxication products.
Recently we have found that cytochrome b al-
ters the ratio of ellipticine metabolites formed
by CYPIAI, 1A2 and 3A4. While the amounts
of the detoxication metabolites (7-hydroxy- and
9-hydroxyellipticine) were either decreased or
not changed with added cytochrome b,, 12-hy-
droxy-, 13-hydroxyellipticine and ellipticine
N*-oxide increased considerably. The change in
amounts of metabolites resulted in an increased
formation of covalent ellipticine-DNA adducts,
one of the DNA-damaging mechanisms of ellip-
ticine antitumor action [10,11].

The same DNA adducts found in vitro were
also detected in human cancer cells in culture,
such as breast adenocarcinoma MCF-7, the leu-
kaemias HL-60 and CCRF-CEM, neuroblas-
toma and glioblastoma cells, and in rat mam-
mary adenocarcinoma in vivo(for a summary
see [1-4]). Toxic effects of ellipticine in these
cancer cells correlated with levels of ellipticine-
derived DNA adducts and were dependent on
expression of either CYP 1A1, 1BI, 3A4, lactop-
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eroxidase, cyclooxygenase or myeloperoxidase
in these cells [1-4]. Interestingly, cytotoxicity of
ellipticine to UKF-NB-3 and UKF-NB-4 neuro-
blastoma cells [12] was increased by pre-treating
these cells with histone deacetylase (HDAC)
inhibitors valproic acid (VPA) or trichostatin A
(TSA) [13]. A higher sensitivity of cells to el-
lipticine and these HDAC inhibitors correlated
with an increase in formation of covalent ellip-
ticine-derived DNA adducts in these cells [13].
Here, based on electrochemical determination of
expression levels of some of these enzymes, we
describe one of the mechanisms that might ex-
plain these phenomena.

2. MATERIAL AND METHODS
Electrochemical estimation of contents
of CYPs, peroxidases and cytochrome
b, in neuroblastoma cells

To determine the expression of cytochrome b,
CYPIAIL, 1Bl and 3A4, lactoperoxidase (LPO)
and cyclooxygenase (COX)-1 proteins, cells
were homogenized in 25 mM Tris-HCI buffer
pH 7.6 containing 150 mM NaCl, 1% detergent
NP-40 (Sigma, St. Louis, MO, USA), 1% sodi-
um deoxycholate, 0.1 % SDS and with solution
of COMPLETE (protease inhibitor cocktail tab-
let, Roche, Basel, Swizerland) at concentration
described by provider. The homogenates were
centrifuged for 20 min at 14, 000 g and super-
natant was used for additional analysis. Protein
concentrations were assessed using the DC pro-
tein assay (Bio-Rad, Hercules, CA, USA) with
bovine serum albumin as a standard, and 10-45
ng of extracted proteins were subjected to SDS-
-PAGE electrophoresis on a 11% gel for analy-
sis of CYPIAI, 1B1 and 3A4, LPO and COX-1
protein expression, and a 17% gel for analysis of
cytochrome by protein expression [13-15]. After
migration, proteins were transferred to a nit-
rocellulose membrane and incubated with 5%
non-fat milk to block non-specific binding. The
membranes were then exposed to specific rabbit
polyclonal anti-cytochrome b, (1:750, AbCam,
MA, USA), anti-CYP1A1 (1:1000, Millipore,
MA, USA), anti-CYPIBI (1:500, AbCam, MA,
USA), anti-CYP3A4 (1:5000, AbD Serotec, Ox-
ford, UK), anti-LPO (2 pg/ml, AbCam, MA,
USA) and anti-COX-1 (1:1000, AbCam, MA,
USA) antibodies overnight at 4 °C. Membranes
were washed and exposed to peroxidase-con-
jugated anti-IgG secondary antibody (1:3000,
Bio-Rad, Hercules, CA, USA), and the antigen-
-antibody complex was visualized by enhanced
chemiluminiscence’s detection system according
to the manufacturer’s instructions (Immun-Star
HRP Substrate, Bio-Rad, Hercules, CA, USA).
X-Rays films from MEDIX XBU (Foma, Hradec
Kralové, Czech Republic). Antibody against gly-
ceraldehyde phosphate dehydrogenase (GAPDH)

(1:750, Millipore, MA, USA) was used as loa-
ding control.

DNA isolation and ?P-postlabeling of DNA
adducts

DNA from cells was isolated by the phenol-
-chloroform extraction as described [12,13].
The 3P-postlabeling of nucleotides using
nuclease Pl enrichment procedure, found pre-
viously to be appropriate to detect and quanti-
fy ellipticine-derived DNA adducts formed in
vitro and in vivo [1-4,8-13]. From experiments
performed earlier, calf thymus DNA incubated
with 13-hydroxy- and 12-hydroxyellipticine
[7,8,10] and DNA of breast adenocarcinoma of
rats treated i.p. with 4 mg ellipticine per kilo-
gram body weight [3] were labeled with P to
compare adduct spot patterns.

RESULTS AND DISCUSSION

As shown previously, ellipticine inhibits
growth of several neuroblastoma cell lines
[12]. Moreover, pre-treatment of UKF-NB-3
and UKF-NB-4 cells with either VPA or TSA
made cells more sensitive to ellipticine. The
decrease in IC,; values for ellipticine caused
by both compounds in UKF-NB-3 and UKF-
-NB-4 cells was dose-dependent, being higher
in UKF-NB-3 cells than in UKF-NB-4 cells
[12,13].

A higher sensitivity of cells to ellipticine co-
rrelated with an increase in formation of cova-
lent ellipticine-derived DNA adducts in these
cells. Ellipticine-DNA adduct levels were ellip-
ticine dose dependent in both neuroblastoma
cell lines [13] (Fig. 1).

Figure 1.: The effect of valproate and tricho-
statin A on DNA adduct formation by 1 uM (A)
and 10 pM ellipticine (B) in human UKF-NB-3
and UKF-NB-4 neuroblastoma cell lines. Co-
lumns: Mean RAL (relative adduct labeling) +
standard deviations shown in the figure repre-
sent total levels of DNA adducts of three 2P-
-postlabeling analyses. The data were analyzed
statistically by Student’s ¢-test. Values signifi-
cantly different from cells exposed to elliptici-
ne alone. **P<0.01, ***P<0.001.

A B

Using electrochemical determination (Wes-
tern blot analysis with antibodies raised against
CYPI1Al, 1BI, 3A4, LPO, COX-1 and cytoch-
rome b)), the effects of exposure of the cells to
ellipticine with and without VPA or TSA on
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protein levels of these enzymes were analyzed (Fig.
2). The CYP-mediated formation of ellipticine-de-
rived DNA adducts in analyzed neuroblastoma cells
depends on expression levels of CYP1AL and 3A4
enzymes and also on expression of another protein
present in the membrane of endoplasmic reticulum,
cytochrome b, (Fig. 2). On the contrary, the peroxi-
dases COX-1 and LPO that are expressed in UKF-
-NB-3 and UKF-NB-4 cells do not participate in the
increased sensitivity of these neuroblastoma cells to
ellipticine in the presence of VPA and TSA. Their
expression levels are even decreased in neuroblas-
toma cells exposed to ellipticine plus either HDAC
inhibitor (Fig. 2).

The ellipticine—mediated modulations of levels of

cytochrome b, seem to play a key role in higher for-
mation of ellipticine-derived DNA adducts in UKF-
-NB-3 cells. This heme protein was found to influ-
ence oxidation of ellipticine catalyzed by CYP3A4
[7,10], the enzyme oxidizing this compound mainly
to 12-hydroxy- and 13-hydroxylated metabolites that
form DNA adducts, and by CYP1AI1, which predo-
minantly detoxicate ellipticine [1-4,7,10,11]. In the
case of CYP3A4, stimulating effects of cytochro-
me b, on oxidation of ellipticine to 12-hydroxy- and
13-hydroxyellipticine lead to an increase in ellipti-
cine-DNA adduct formation [7,10]. In the case of
CYPI1AL, cytochrome b, has been recently found to
alter the ratio of ellipticine metabolites formed by
this CYP, “switching” CYP1Al-mediated oxidation
of this anticancer drug from detoxication (9-hydro-
xy- and 7-hydroxyellipticine) to DNA-forming me-
tabolites (12-hydroxy- and 13-hydroxyellipticine).
These changes resulted in an increase in formation
of covalent DNA adducts by ellipticine [11]. We have
found that ellipticine increases amounts of cytoch-
rome b, in UKF-NB-3 cells, but not in UKF-NB-4
cells [13] (Fig. 2). The higher levels of cytochrome b,
and the increase in CYPIA1 levels induced by ellip-
ticine with VPA or TSA in UKF-NB-3 cells, therefo-
re, promote the activation of ellipticine catalyzed by
CYPIAL in these cells. On the contrary, because of
low levels of cytochrome b, in UKF-NB-4 cells, the
clevated expression levels of CYPIA1 caused by ex-
posure to ellipticine in the presence of VPA and TSA
results in higher ellipticine detoxication in these
cells. Hence, both these induction effects produce
concerted regulatory effects of ellipticine, VPA and
TSA on ellipticine pharmacological action.
Figure 2.: Immunoblots showing the effects of ex-
posing UKF-NB-3 cells (A) and UKF-NB-4 cells (B)
to ellipticine with VPA or to ellipticine with TSA for
48 h on expression of CYP1A1, CYPIBI, CYP3A4,
cytochrome b,, COX-1 and LPO. Cell homogenates
were subjected to SDS-PAGE, proteins transferred
to nitrocellulose membranes and probed with antibo-
dies as described in Material and Methods. GAPDH
was used as loading control.

CONCLUSION

Monitoring of expression levels of en-
zymes metabolizing (activating and de-
toxicating) anticancer drug ellipticine
by the Western-blotting-electrochemical
method, together with the ¥*P-postlaveling
technique utilized for detection and quan-
titation of DNA adducts are suitable tools
for evaluation of mechanism of cytotoxici-
ty of ellipticine in neuroblastomas.
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ABSTRACT

New types of carbon paste electrodes appearing in electrochemistry and electroanalysis during
the last decade are highlighted; namely, those being prepared from alternate carbon paste constitu-
ents, such as carbon nanotubes, carbon fibres, glassy-carbon spheres, acetylene and carbon black,
fullerenes, graphene, or diamond powder (all having replaced traditional powdered graphites) and
ionic liquids, some organic esters, or polymeric fillers (all acting as a binder instead of common
mineral oils). All newly proposed configurations are discussed with respect to their basic phys-
icochemical characterisation and the individual specifics in close relation with possibilities and
limitations in modern electrochemical measurements, including numerous examples of typical
electroanalytical applications. In the end, the authors’ contribution to the field is also surveyed and

some future prospects given.

INTRODUCTION

After more than fifty years in use, carbon
paste electrodes (CPEs) already belong among
classical types of electrodes [1 - 3]. Traditiona-
lly, under term “carbon paste in electro-chemis-
try” one usually assumes laboratory made mix-
tures whose two principal constituents are the
spectroscipic graphite as the conductive moiety
and some of mineral or silicone oil in the role of
liquid binder. Such configuration had been the
rule for almost four decades despite the fact that
the respective mixtures often contained yet ano-
ther component — a modifier changing intentio-
nally some qualitative properties of the resultant
electrode (system).

However, the commencement of the new
millennium has brought a principal breakthrou-
gh in the form of the so-called “new carbon
pastes”, where one or even both major compo-
nents are purposely replaced with an alternative.
Thanks to quite a wide choice in both carbon
material and pasting liquid, the area of newly
coming CPEs expanded very rapidly, esta-
blishing soon two special categories of carbon
paste-based electrodes, sensors, and detectors
that are of particular interest in the following
two sections. The third part is then devoted to
some other interesting configurations that can
also be classified as new / novel carbon pastes .

CARBON NANOTUBE-BASED

PASTE ELECTRODES

Actually, the cylindrical allotrope of carbon
in two basic modifications, single-walled and
multi-walled carbon nanotubes (SW-CNTs and
MW-CNTs, respectively) joined firstly the fa-

mily of CPEs in pioneering studies by Rivas’
and Palleschi’s research groups. Since then and
up until now, CNTs in the proper paste mixtu-
res can be found in ca. 150 reports published
in the period of 2003-2012 (see e.g. [3] and refs.
therein). These turbulent activities and dynamic
progress were a logical result of repeated fin-
dings that the presence of CNTs in carbon paste
mixtures brings marked improvements of elect-
rochemical and electroanalytical parameters,
giving rise to highly selective electrocatalytic
properties.

Carbon nanotubes can be applied as substitute
of graphite powder, giving rise to two-compo-
nent mixtures of the “CNTs + liquid binder” type
known as (i) carbon nanotube paste electro-
des (CNTPEs). The second combination is then
symbolised by (ii) carbon nanotube-modified
carbon paste electrodes (CNT-CPEs), where
CNTs themselves play the role of an additional
constituent; typically, as electrocatalytic agent.
In other words, these three-component systems
consist of (a) traditional graphite powder, (b)
CNTs added in, and (c) mineral oil. In addition,
even more complex variants can be made, when
originally two- or three-component arrange-
ments are additionally combined with other con-
stituents. Then, one can obtain: (iii) chemically
modified carbon nanotube paste electrodes
(CM-CNTPEs); (iv) biologically carbon nano-
tube paste electrodes (CNTP-biosensors); (v)
carbon paste electrodes modified with CNTs
and other reagent(s) [X(Y)/CNT-CPEs]; (v)
carbon paste electrodes modified with CNTs
and an enzyme / mediator system (CNT-CP-
-biosensors).

Most of CNT-based electrodes have also su-
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ccessfully applied in practical electroanalysis,
where the individual configurations could be em-
ployed for the determination of numerous ana-
lytes. Among them, one has: (a) inorganic ions
and molecules (e.g.: Hg*, Cu*, Cd*, Pb*, and
Sb™Y, SO.>, H,0,, N,H,); (b) organic substances
(MeOH, EtOH, PhOH, quinones, CH,NO,, or
CHN,H,) and (c) biologically important com-
pounds (amino acids, GLU, UA, AA and other
vitamins, neurotransmitters % mainly dopamin
and DOPAC, enzymes and coenzymes (NaDH),
hormones, flavonoids, and macromolecules
(DNA); (d) pharmaceuticals (e.g.: Paracetamol,
Methamphetamine, Oxytetracycline, or Piroxi-
cam); (e) environmental organopollutants (orga-
nophosphate and carbamate insecticides, triazol-
-based herbicide).

CARBON IONIC LIQUID ELECTRODES
Carbon paste mixtures as such offer almost
ideal platform for using (room temperature) io-
nic liquids, (RT)ILs, when a variability in use of
different liquid binders had opened a particular
position for still popular ionic liquids. Thus, sin-
ce the reports by Liu et al. in the mid-2000s, in
which (RT)ILs were for the first time intentio-
nally added into the carbon paste bulk, the ionic
liquid-based CPEs have been the central subject
of interest in ca. 100 scientific papers appearing
up until now (again, see [3] and refs. therein).
The individual contributions have shown
clearly that electrochemical measurements with
CPEs may benefit from a number of specific pr-
operties of (RT)ILs; namely: (i) their excellent
solvating properties, (ii) high conductivity, (iii)
non-volatility, (iv) electrochemical stability with
(v) wide polarizability, (vi) specific chemical
activity (ion-exchanging properties and electro-
catalytic effect), and (vii) typically low toxicity.
To complete this characterization, ionic liquid-
-containing CPEs possess (viii) favorable surface
microstructure with markedly smooth pattern.
Similarly as with CNT-CPEs and CNTEs,
one can distinguish a variety of different confi-
gurations, when the basic types are: (i) carbon
ionic liquid electrodes (CILEs) forming two-
-component (binary) mixtures, with an (RT)IL
as the alternate pasting liquid; (ii) ionic liquid-
-modified carbon paste electrodes (IL-CPEs)
with three components in the paste and ionic
liquid used as additional component; usually, in
the form of modifier enabling some of the faci-
lities mentioned above. Furthermore, there are
other combinations: (iii) carbon nanotubes io-
nic liquid electrodes (CNTILEs) as truly new
kind of CPEs, where both key constituents are
replaced by alternate materials; (iv) chemically
and biologically modified IL-CPEs, CILEs,
and CNT-ILEs with other sub-variants of the
following types: (a) “CM-IL-CPE”, (b) “CM-

-CILE”, (c) “CM-CNTILE”, or (d) CIL- and
(e) CNTIL-biosensors. The survey can then
be completed by (v) mixtures of new carbons
with ionic liquids, offering three attractive
examples: (a) “GC-ILE” type (made of glassy
carbon microspheres), (b) “CNF-ILE” (with
carbon nanofibers) and (¢) “GR-ILE” (with
graphene).

Practically oriented electroanalytical appli-
cations of IL-CPEs, CILEs, and CNTILEs are
minimally as diverse as the individual variants
and sub-variants of ionic liquid-based carbon
pastes. Herein, the following analytes can be
mentioned. Inorganic ions and molecules ...
Cd*, Pb*" Cu*, Hg*, and Ce*, NO,, SO,
Clo,~, H,0, , O,, and N,H,; Organic com-
pounds: PhOH, H,Q, metol catechol, CH’NO,,
nitrophenols, and CCIL,COOH; Biologically
important compounds ... aminoacids, UA, AA,
glucose, neurotransmitters (dopamine, adeno-
sine), enzymes and coenzymes: NADH pro-
teins and metaloproteins, anti-oxidants, and
macromolecules of DNA; Pharmaceuticals
and abuse drugs ... Dobesilate, Paracetamol,
Methamphetamine, Viagra, heroin; Organic
eco-pollutants ... Methylparathion (herbicide)
and TNT (explosive).

OTHER NEW CARBON PASTES

Both CNTPEs and CILEs, including their
combination CNTILEs, exist also in special
thin-layer configurations, where the carbon
paste-based sensing site is reduced to a film
attached to the “foreign” electrode substrate,
which can be another CNTE, CILE, traditional
CPE, and mainly polished discs of the glassy
carbon electrode. The corresponding configu-
rations have rather special applications; mostly,
in more theoretical studies.

Not less interesting are diamond paste
electrodes (DPEs) made of synthetic diamond
powder of micrometer particle size and ordina-
ry mineral oils. Reportedly (see commentary
in [3]), the inevitable conductivity of otherwise
totally insulating diamond is ensured by trace
impurities. The bare DPE (in unmodified form)
has already been recommended for numerous
electroanalytical applications, involving both
inorganic and organic analytes, as well as some
substances of biological origin.

Last but not least, also certain types of the
so-called screen-printed carbon electrodes
(SPEs) can be quoted herein due to their clo-
se relation with classical CPEs with respect to
analogical preparation, the same heterogeneous
character, and similar ways of modification.
However, because of great diversity and often
different construction, the SPEs are typically
classified extra (see a separate chapter in [2]).
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and briefly comment the recent boom in the field of
carbon paste-based electrodes. Indeed, there is the
only period in the entire history of these electrodes
or—the era of chemically and biologically modified
CPEs [2]—-when their popularity has achieved such a
level like one can see in the present time. Regarding
the authors' contribution to the turbulent 2000s, it
follows their previous work on systematic charac-
terisation of CPEs started in the early 1990s [4,5],
continuing through the 2000s (see e.g. [6,7]) and now
focused on specific ohmic-resistance studies with
CNTPEs, CILEs, and other CP-mixtures ([8-10]; see
Fig. 1 overleaf). At the end, it can be stated that the
present day’s activities with new carbon pastes, toge-
ther with their hitherto unmentioned compatibility
with newest techno-logies are the best warranty for
further achievements in the future.

Figure 1: From the testing of two new carbon pas-
tes: Cyclic voltammetry of the Fe'""/Fe™ redox pair
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[Fe(CN)™ Fo(CN ™

o fs(\.:v..:; i ST T
ACKNOWLEDGEMENT

A support from the Ministry of Education, Youth,
and Sports of the Czech Republic (project KON-
TAKT, Ne MEB091139) is gratefully acknowledged.

REFERENCES

[1] Svancara I, Vytias K, Kalcher K, et al.:
Electroanalysis, 21 (2009), 7-28.

[2] Kalcher K, Svancara I, Metelka R, et al.; in:
Encyclopedia of Sensors, Volume 4 (Grimes
C.A., Dickey E.C., Pishko M.V, Eds.).
American Scientific Publishers, Stevenson
Ranch, (2006), pp. 283-430.

[3] Svancara I, Kalcher K, Walcarius A, Vytias K:
Electroanalysis with Carbon Paste Electrodes.
CRC Press, Boca Raton, (2012).

[4] Svancara I, Vytras K: Analytica Chimica Acta,
273 (1993), 195-204.

[5] Svancara I, Hvizdalova M, Vyttas K, et al.:
Electroanalysis, 8, (1996), 61-65.

[6] Svancara I, Ogorevc B, Hocevar S.B., Vytias
K: Analytical Science (Japan), 18, (2002),
301-305.

[7]1 Svancara I, Kotzian P, Barto§ M, Vyttas K:
Electrochemistry Communications, 7, (2005),
657-662.

[8] Mikysek T, Svancara I, Barto§ M, et al.:
Analytical Chemistry 81, (2009), 6327-6333.

[9] Mikysek T, Jovanoski V, Sopha H.-L., et al.; in:
Sensing in Electroanalysis, Volume 6 (Kalcher
K, Metelka R, Svancara I, Vytias K; Eds.),
Univ. Pardubice Press, Pardubice, pp. 157-166,

302



DESING AND FABRICATION OF MEMS

LOW POWER HEATING MEMBRANE
Vojtech SVATOS', Marian MARIK", Jan PEKAREK', Radim
HRDY', Jana CHOMOUCKA, Jaromir HUBALEK",

! LabSensNano, Department of Microelectronics, Faculty of Electrical Engineering and
Communication, Brno University of Technology, Technicka 3058/10, CZ-616 00 Brno, Czech

Republic
*jaromir.hubalek@ceitec.vutbr.cz

ABSTRACT

Design and fabrication of micro-hotplates is the aim of this paper. This type of device is very
often used for gas-sensing applications. The main aim of this work is to produce the structure of
the heating membrane. Two types of membranes are discussed — suspended and close type of the
membrane. The sample which is going to be produced will be the membrane with size of 1x1 mm,
to ascertain the applicable process of the fabrication technology and the applicable design of the
micro-hotplate. The micro-hotplates power consumption has to be up to 100 mW at the operating

temperature 480 °C.

INTRODUCTION

Micro-hotplates have the tremendous impor-
tance in the field of high temperature gas-sen-
sing devices since they allow the reduction of
the sensor power consumption and the use of
new modes of operations such as temperature
cycling due their low thermal mass [1].

The fabrication process includes microma-
ching: deposition of thin layers, photo lithogra-
phy, and etching to create close or suspended
type of the membrane. The heater will be proba-
bly produced using Au as the heating electrode.
Metal film hotplate offers precise temperature
control, which can be also used as a thermome-
ter; it simplifies the device structure [6]. Mean-
der will be used as design of the heater.

DESIGN

The design has been supported using mecha-
nical and the thermal simulation in Convertor-
Ware. The most important and fundamental
parameters during design of micro-hotplates,
are power consumption, operating temperature,
robustness of the structure.

There are three main contributions to the total
thermal loss: first a thermal loss due to conduc-
tion; second, a loss to the surrounding air due to
the thermal convection, a size (thickness, mem-
brane length, and active area dimension), the
specific thermal conductivity of the membrane
material, silicon dioxide in these experiments
[6].

The size of the designed membrane was from
0.5 to 1.0 mm. The beams of the suspended
membrane were 100 to 150 pm wide.

Figure 1.: Model of suspended membrane
structure

FABRICATION

The standard fabrication process was as fo-
llows. The starting material was a (100) one side
polished silicon wafer with thickness of 500 um.
A thermal oxide of 1.1 um was grown both side.
The first step was to create top structure of the
suspended membrane then backside etching to
release the membrane in the second step. The
structure of the micro-hotplate was created in
the layer of silicon dioxide using solution of
HF and CH3COOH. In this case the photoresist
was use as the protective mask during etching.
The silicon dioxide was used to create the top
structure of the micro-hotplate during etching,
as well as, this layer was used to the back side
protection during wet chemical etching in KOH
(30%, 80°C). The top structure was etched 30
pum deep in the silicon wafer.

The second step was to release the membrane
by wet chemical etching using the same soluti-
on of KOH. The sample was laid down on the
piece of polymer which can dismiss the vapors
of KOH to etch just the back side of the wafer.
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RESULTS AND DISCUSSION

The structure of the suspended membrane was
created by using wet chemical etching, but the
final structure prepared for a heating electrode
is not completely intimate. The structure of the
micro-hotplate is damaged because of etching
process, and due to the imperfect mask used
during lithography. One beam of the hot plate is
thinner due to previously mentioned reasons as
shown in Fig. 1.

Other improvement could be reached by ma-
king the beams orthogonal to the hotplate. This
step may cause a smaller rate of etching beams.
Of course, the lithography process needs to be
done more precisely.

The used type of beams causes to bend the
structure up and down when the temperature
is increasing to the operating point of a device.
The orthogonal beams cause to turning of hot —
plate then bending this structure up and down.
This effect may help to decrease the stress of the
micro-hotplate.

In the stage of the experiment is necessary to
find a more optimal protective mask for the et-
ching process (e.g. silicon nitride). When the
structure of membrane is optimal (robustness,
thermal losses), the heater is fabricated.

Figure 2.: SEM photograph of micro-hotplate
structure (left) and the detail of the beam (right)

CONCLUSION

Design and fabrication of micro-hotplates has
been described many times over the literature,
but improving the design and the fabrication is
still needed to reach as minimum power con-
sumption as possible, therefore, the membrane
and hotplate structure have to be investigated.
This paper reports on the other techniques that
are not used so much for fabrication of this kind
of structures.
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ABSTRACT

The aim of our work was real-time monitoring of MTF-KO cell line viability using xCELLigence
system after zinc ion treatments. The cell line is mouse embryonic fibroblast cell culture obtained
by knock-out of metal regulatory transcription factor 1 (MTF-1). In mammals, MTF-1 is trans-
cription factor activating transcription of Metallothionein as reaction on oxidative stress stimuli,

especially caused by heavy metals.

INTRODUCTION

Metallothioneins (MTs) are low-molecular
mass cysteine-rich proteins. Due to thiol bounds
in its structure is metallothionein capable to bind
metals and thus play a role in metal transporta-
tion, cell detoxification and oxidative stress pro-
tection [1]. Metallothionein is closely related to
zinc metabolism, as zinc is essential compound
of mammalian living cells [2]. MT transcription
is mediated and controlled thru MTF-1 factor
which is activated by metal caused oxidative
stress [3-5]. It was published, that MTF-1 factor
play also role during embryonal development of
liver. It is obvious that MTF-1 plays role not only
in detoxification and oxidative stress protection,
but also in ontogenetic processes [2]. The cell
line used in our study was obtained by knock-
-out of metal regulatory transcription factor
1 (MTF-1) in mouse embryonic fibroblast cell
culture MEF-1. We focused on viability monito-
ring of MTF-KO cell culture viability after zinc
ion treatments.

MATERIAL AND METHODS

Cell line MTF-KO was cultured in DMEM
High glucose (4,5g/1) medium with 1% peni-
cillin/streptomycin and 10% FBS in incubator
(37°C and 5% CO,). Figure 1 shows the cell line
MTF-KO (400x magnification). We used MTT
test for determination of optimal zinc concent-
ration used in further experiments. MTT com-
pound used in this standard end-point viability
test is yellow colour tetrazolium dye which is
turned into blue product by living cells. Viabi-
lity is than determined by colorimeter. Optimal
zinc concentrations where after that used in re-
al-time cell viability experiment performed on

xCELLigence system. This method allows real-
-time monitoring of cell proliferation, adhesion,
cell morphology and viability changes in time.
Therefore provides more complex information
about cytotoxicity of investigated compounds.

RESULTS AND DISCUSSION

MTF-1 is in mammalian organisms essential.
We focused on monitoring of viability of cell
line in which this factor was knocked-out. MTT
test was performed with Zn?* ion concentration
as followes: 0, 25, 50, 60, 70, 80, 90, 100, 125
a 150 uM. To every column cell was transfered
suspension of app. 6000 cells. After 48 hours
was zinc added. After another 48 hours of incu-
bation was test terminated and results are shown
in figure 2. As you can see, I[C50 Zn>" concent-
ration for MTF-KO cell line was determined as
80 uM, in higher concentrations were Zn>* ions
toxic.
Figure 1.: The cell line MTF-KO (400x mag-
nification)
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Figure 2.: MTT test
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Based on MTT test results have been Zn** con-
centration line for real-time monitoring deter-
mined as followes:: 0, 25, 50, 60, 70, 80, a 100
puM. To xCELLigence microplate was transferred
cell culture suspension with app. 3000 cells. We
let cells growing until cell index reached 1.2 va-
lue, after this point we added Zn?' in previous
mentioned concentrations. Treatment duration
was 24 hours. Results are shown in figure 3. We
can see a reaction to added Zn?*" (after 60 hours
of growth). After the addition of Zn* leads to
growth inhibition at low concentration of metal
due to knock-out MTF-1.

Figure 3.: Real-time monitoring
using xCELLigence system.
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CONCLUSION

The present study demonstrates monitoring
of viability of MTF-KO cell line after zinc tre-
atment. This cell line has knock-out metal regu-
latory transcription factor 1 (MTF-1). Compared
to wild type form of mouse embryonic fibro-
blasts, the growth of MTF-KO cell line is inhibi-
ted at lower zinc concentrations.
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ABSTRACT

In this study, we aimed our attention on determining of expression of Bcl-2, c-Fos, c-Jun, Ki-67,
NF-kB and p53 genes in two prostate cell lines as 22Rvl cell line, a model of aggressive partially
androgen-sensitive prostate cancer and as PNT1A cell line, a model of healthy cell line.

INTRODUCTION

Prostate cancer is the second most frequently
diagnosed cancer and the sixth leading cause of
cancer death in males worldwide [1, 2]. Due to
its high incidence and mortality, early diagno-
sis, identification of highly aggressive forms of
clinically silent and understanding of disease
pathogenesis with typical metabolic differences
in order to develop specifically targeted therapy
are needed. As a results of numerous studies on
cell as well as on prostate cancer patients, there
have been found several compounds connected
with tumourigenesis in prostate cells including
Bcel-2. This intracellular protein belongs to a
large group of proteins called “Bcl-2 family”
[3]. Bcl-2 acts as an inhibitor of apoptosis. It has
been suggested that overexpression of the Bel-2
oncoprotein in human cancer cells contributes
to their resistance to chemotherapy- and radio-
therapy-induced apoptosis and is connected
with unfavourable prognosis [4]. In the fact, the
majority of human prostate tumours overexpre-
ss Bcl-2, which is responsible for tumours resi-
stance to radiotherapy and chemotherapy [5, 6].
Moreover, it has been reported that Bel-2 ex-
pression is associated with tumour progression
and unfavourable prognosis in prostate cancer
patients [4, 7, 8] and is associated with the de-
velopment of androgen-independent prostate
cancer [9]. Possible associations with other pro-
teins connected with tumour processes as c-Fos,
c-Jun, Ki-67, NF-xB and p53 can be assumed.
Therefore, we aimed our attention on determi-
ning of expression of Bcl-2, c-Fos, c-Jun, Ki-67,
NF-«xB and p53 genes in two prostate cell lines
as 22Rvl cell line, a model of aggressive par-

tially androgen-sensitive prostate cancer and as
PNTIA cell line, a model of healthy cell line.

MATERIAL AND METHODS

Cell line PNT1A was cultivated in RPMI 1640
medium with 1% penicillin/streptomycin and
10% FBS. Cell line 22Rvl was cultivated in
RPMI 1640 without phenol red. Both lines were
cultivated in incubator (37°C and 5% CO,).

For RNA isolation was used High pure total
RNA isolation kit (Roche, Switzerland). RNA
isolation was performed according to manu-
facturer’s instructions. Isolated RNA was used
for cDNA construction. 600 ng of total RNA
was transcribed using Transcriptor first strand
cDNA synthesis kit (Roche, Switzerland). 20 pl
of prepared cDNA was diluted with RNase free
water to 100 pl and directly analysed by real-
-time polymerase chain reaction.

RT-PCR was performed in triplicates using
the TagMan gene expression assay system with
7500 real-time PCR system (Applied Biosys-
tems, USA). The amplified DNA was analysed
by the comparative Ct method using B-actin
as an endogenous control. Real-time PCR was
performed under following amplification condi-
tions: total volume of 20 pl, initial denaturation
95 °C/10 min, than 40 cycles 95 °C/15 sec, 60
°C/1 min.

RESULTS AND DISCUSSION

We focused on comparison the base line ex-
pression of Bcl-2, c-Fos, c-Jun, NF-xB, Ki-67
and p53 genes on the RNA level in prostate cell
lines. Fig. 1 shows that 22Rvl1 cells demonstrate
different expression patterns in monitored ge-
nes compared to PNT1A cells. 22Rv1 cell line
has 4.5-fold higher level of Bcel-2 anti-apoptotic
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gene expression (n = 5). Interestingly, we found
no significant differences (p > 0.05) in c-Jun
gene expression in both cell lines. c-Fos gene
that together with c-Jun forms important part of
AP-1 transcription factor shows 2.5-fold down
regulation in 22Rv1 cells. Ki-67, a nuclear pro-
tein that is associated with cellular proliferation,
is present in 22Rvl cell line in 2-fold higher con-
centration compared to PNT1A. Moreover, NF-
-kB is present in half concentration in 22Rvlcells
compared to PNT1A and p53, a key regulator of
apoptosis, shows 3.3-fold decreased level compa-
red with PNTIA cell line.

Figure 1.: Comparison the base line expression
of c-Fos, c-Jun, Nfk-B, Ki-67 and p53 genes on
the RNA level. Base line transcription level of
selected genes was conducted by RT-PCR.
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CONCLUSION

Our results revealed that the base line expre-
ssion of anti-apoptic gene Bcl-2 is 4.5-fold higher
in 22Rvl than in PNT1A. This result is in accor-
dance with the previously published papers, whe-
re elevated Bel-2 expression in prostate cancer
tumours has been reported [5, 7]. Furthermore,
this elevation was associated with the develop-
ment of androgen-independent prostate cancer
[9] and also with radiotherapy and chemotherapy
resistance.
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ABSTRACT

The analysis of inorganic ions by capillary electrophoresis (CE) with contactless conductive
detection is in this paper depicted. Separation in a commonly used CE instrumentation is reached
due to the potential gradient created by applying voltage between the entrance and exit of the
separation capillary. In our experimental design the voltage is applied only at the entrance of the
capillary while the opposite capillary end is sharpened into an electrospray tip positioned in front
of the grounded vacuum inlet electrode. This simple experimental design aims at optimization of
on-line coupling of capillary electrophoresis to a mass spectrometer’.

INTRODUCTION

A very sensitive analysis of complex samp-
les is required in modern analytical chemistry.
Coupling a separation method to a sensitive de-
tector such as mass spectrometer can appear as
an ideal approach. The use of a proper interface
is critical for successful coupling. We have em-
ployed an interesting type of interface utilizing
a thin separation capillary where the electropho-
retic current is in balance with the electrospray
current. This system is called a sheathless and
electrodeless interface'.

MATERIAL AND METHODS

Our experiments were carried out using a la-
boratory made instrumentation (Figure 1). CE
was performed in silica fused capillaries of 15
cm and 25 um I.D with the end sharpened into a
tip. Nine kV voltage was applied at the capilla-
ry inlet. Approximately 1 mm in front of the
electrospray tip a ground electrode was situated.
For detection of analyzed ions TradeDec Con-
tactless Conductivity Detector was positioned
13 cm from the injection entrance of the capilla-
ry. Sample was loaded from a gas pressurized
chamber used also to assist the liquid flow in-
side the capillary during the experiments with
electrospray.

Figure 1.: The instrumentation employing
sheathless and electrodeless interface
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RESULTS AND DISCUSSION

When optimizing electrophoretic separation
driven by the electrospray current the most
challenging task is adjustment of suitable cu-
rrent conditions to reach effective separation
and maintaining sufficient potential at the
spray tip®>. Voltage is applied into sample re-
servoir, where the start of a separation capilla-
ry is dipped. This voltage is distributed partly
along the capillary, driving the separation, and
partly on the electrospray plume. The electric
field strength inside the separation capillary
depends mainly on its length and diameter
and also on the composition of the separation
buffer.

In the previous papers sharp tips were rea-
ched by pulling wide bore capillaries (i.d. 75
um)?. Unfortunately, this leads to narrowing
of the separation channel resulting in a large
potential drop. To avoid this phenomenon a
narrow bore capillary (i.d. 25 pum) was shar-
pened only from the outside in our system.
Although organic solvents significantly help
electrospray plume formation® we have delibe-
rately avoided them to prevent poor reprodu-
cibility of the electrophoretic separations and
low conductivity of the separation electrolyte.
We have used 1% formic acid as the separati-
on electrolyte ensuring low pH for sufficient
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charging of analytes and preventing charging of
capillary walls. The electrospray plume was mo-
nitored by a CCD camera.

Mixture of inorganic cations (Na*, K, Li*, Ca*',
Zn*) and anions (CI, I', NO,, CH,COO") have
been chosen as a model sample. The comparis-
on of separation by our instrumentation and se-
paration by usual capillary electrophoresis is in
Figure 2. Whereas all five cations were detected,
anions were visible only at higher flow rates,
because of their negative motilities prevent rea-
ching the detector under chosen conditions.

Figure 2.: Separation of inorganic ions by CE
and CE ended by ESI at flow rate 3,4 nl/min. The
inset shows separation at 16,3 nL/min. Separa-
tion voltage: +9 kV, Capillary: L = 13/15 cm, i.d
25 pm, BE: 1% HCOOH, Sample concentration:
12 pg/mL, Loading of sample: P = 0,1 Atm, t =
10s.

1-K', 2-Ca*, 3-Na", 4-27Zn* 5-Li", 6 - water,
7,8 -unknown, 9 -NO, 10 - I, 11 - CI

55
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CONCLUSION

We have investigated main characteristics of
sheathless and electrodeless interface and we
have successfully used this interface for separati-
on of inorganic ions. In further studies we are go-
ing to replace ground electrode for a mass spect-
rometer and analyzed larger organic molecules.
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ABSTRACT

Construction of electrochemical biosensors with enhanced performance of detection has been
carried out by an integration of carbon nanotubes into a sensing interface. Two main dispersing
agents from the group of biopolymers namely chitosan and hyaluronic acid were chosen to prepare
stable dispersions of carbon nanotubes in a short time with high reproducibility. Such dispersions
provided a matrix compatible with enzymes and microbial cells, a feature important for construc-
tion of robust electrochemical biosensors. Implementation of other nanomaterial graphene into an
electrochemical transduction scheme is shortly discussed, as well.

INTRODUCTION

Carbon nanotubes (CNTs) have been recogni-
sed as one of the most promising electrode mate-
rials in the field of electroanalysis because many
electroactive species can be detected at lower
overvoltage compared to ordinary electrodes re-
sulting in increased selectivity and sensitivity of
detection in a complex matrix [1]. However, un-
modified CNTs are extremely hydrophobic and
assemble into bundles and ropes of individual
nanotubes. For applications in electrochemist-
ry, it is often necessary to make them soluble.
Different approaches to solubilise CNTs have
appeared in the literature [2,3], but the use of
biopolymers might be beneficial due their bio-
compatibility and natural occurrence. In this
work application of two biopolymers chitosan
and hyaluronic acid to disperse CNTs was in-
vestigated with subsequent integration of such
dispersions of CNTs for construction of electro-
chemical biosensors.

MATERIAL AND METHODS
Electrochemical ~—measurements including
chronoamperometry, cyclic voltammetry and
electrochemical impedance spectroscopy have
been carried out as previously described [3-8]
using glassy carbon electrode (GCE) as wor-
king, Pt electrode as counter and Ag/AgCl as
a reference electrode. Dispersions of CNTs in
various agents were prepared with the aid of so-
nication [3-8]. A CNT modified GCE electrode
was further modified by enzymes galactose oxi-
dase [4] and D-sorbitol dehydrogenase [5,6], or
by bacterial cells Gluconobacter oxydans [7,8].
Biosensors were tested in their ability to de-
tect analytes in complex samples such as blood
plasma [4], fermentation samples during conver-
sion of D-sorbitol into L-sorbose (a precursor of
vitamin C) [6] or during conversion of glucose
into ethanol [8]. The biosensor performance

was validated by a reference analytical method
- HPLC [6.8].

RESULTS AND DISCUSSION

A wide range of dispersants including sol-
vents, polyelectrolytes and biopolymers were
tested in the ability to prepare dispersions of
CNTs with high yield, dispersion stability in
a short time [3]. The most efficient dispersing
agent was a biopolymer chitosan able to prepare
stable CNTs dispersion in just 15 min. Moreo-
ver, such chitosan dispersions of CNTs were
subsequently used for preparation of a robust
biosensor device for galactose detection in hu-
man sera [4]. When the biosensor was integrated
into a flow injection system, a high performan-
ce of galactose detection by the biosensor was
found out e.g. sensitivity of 16 pA mM™' cm?,
a sample throughput of 150 injections per hour
and assay precision of 1.5% [4].

Figure 1: The effect of a flow rate on the re-
sponse sample throughput of the galactose bio-
sensor
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Recently our effort culminated in using ano-
ther biopolymer — hyaluronic acid (HA) as a per-
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spective dispersant of CNTs. It was proved HA-
-CNT dispersions were able to provide a highly
stable interface in detecting of NADH, a cofactor
of more than 500 enzymes [5]. Moreover, disper-
sions of CNTs in HA provided reversible electro-
chemistry of two redox probes (Table 1), a very
stable electrochemistry towards NADH (Fig. 2)
and a high selectivity of NADH detection (Fig.
3). This observation can have huge consequences
for preparation of stable electrochemical biosen-
sors and biofuel cells.

Table 1: Redox behaviour of two redox probes on
GCE modified by three CNT dispersions

[Fe(CN)I [Ru(NH)g)*
AE, I T AE, T In
mV] kAl WAl [mV] kAl (kA
CNT-DMF 93 6.4 6.1 64 8.2 5.6
CNT-HA 65 83 835 63 9.0 6.7
CNT-CHI 71 79 8.4 68 8.6 5.0

DMIF - dimeths omnamids, BA - hyaluronic acid, CHI - chitosan

Figure 2: A) An operational stability of two de-
vices towards NADH and B) a device based on
CNT-HA. A response shown at time interval of
22 h (full red circles) is due to injection of a fresh
NADH

4 —cmen [3

Response 4]
5[0 e ]

Figure 3: A) An interference study with two
interfering compounds AA (ascorbic acid) and
DOP (dopamine) for NADH sensor. B) The effect
of an outer layer (e.g. chitosan — CHI or Nafion
- NAF) on the selectivity performance of NADH
device in the presence of interfering compounds

HA as a negatively charged biopolymer was
subsequently used for electrostatic docking of a
redox shuttle to increase an overall performan-
ce of a biosensor device for D-sorbitol [6]. The
biosensor performed very well in analysis of D-
-sorbitol samples during its bioconversion into
L-sorbose, which is a precursor in vitamin C
synthesis (Fig. 4).

Figure 4: Validation of D-sorbitol analysis in fer-
mentation samples by the biosensor with HPLC
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The last approach based on CNTs was their
direct mixing with bacterial cells of G. oxydans
in order to prepare high-performance microbial
3-D bioanode for a mediated biosensor devi-
ce [7]. Such ethanol biosensor offered a short
response time of 18 s and a sensitivity of 162
pA cm? mM, the highest so far observed for
microbial-based biosensor bioanodes for etha-
nol sensing and this device was successfully
applied in an off-line monitoring of ethanol du-
ring fermentation (Table 2) [8]. Such bioanode
is a perspective for preparing of low cost micro-
bial biofuel cells, as well.

Table 2 Analysis of EtOH in fermentation
samples by the biosensor (Bs) and by HPLC

Sample | EtOH - HPLC EtOH Bs (85— HPLO/HPLC
No. [mM] [mM] %]
1 1263 1208 X
2 1353 1352 0,05
3 1445 1481 249
4 1572 1525 -3.00
s 1710 166 EXE]
CONCLUSIONS

CNTs showed beneficial properties for en-
hancement of an overall performance of elect-
rochemical sensors and biosensors. Protocols
of surface patterning by nanomaterials esta-
blished so far for biosensors are utilisable in
construction of bioanalytical devices based on
biorecognition and for preparation of biofuel
cells, as well. A substantial effort is focused
on the use of graphene for surface patterning
with practical applications in preparing lectin
biochips, electrochemical biosensors and bio-
fuel cells.
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ABSTRACT

The work is focused on quantum dots (QDs) array fabrication from non-toxic titanium dioxide
using template based non-lithographic method, their luminescence properties study and finally
their usage for DNA optical detection in situ. The paper describes TiO, QDs surface modification
with gold using suitable template technique and subsequent functionalization of gold modified
QDs surface via avidin-biotin molecules and further with single stranded DNA (ssDNA) or oli-
gonucleotides. This functinalization step provides a suitable base for subsequent hybridization
reaction with detected nucleic acid. The system of biosensor (TiO, QDs modified with gold and
biomolecules) is designed for rapid optical diagnosis of viral diseases.

INTRODUCTION

Nucleic acids are found in all living cells and
viruses. Their main task is to store the genetic
information, which is ensured by transmission
of hereditary characteristics from one generati-
on to another. The main reasons why it is impor-
tant to detect nucleic acids, are quick and early
diagnosis of diseases and monitoring and impro-
ving the effects of mutations in gene therapy.

The term of biosensor is understood as a devi-
ce that is able to detect the biochemical proper-
ties of macromolecules that are part of living
systems, or even to monitor all living systems.
For effective analysis, biosensor distinct speci-
ficity and ability to clearly detect intended tar-
get - in this case DNA — are the most significant
issues to be solved [1].

For achieving specific detection, the sys-
tem of titanium dioxide QDs (TiO, QDs)-gold
(Au)-avidin-biotin-single-stranded nucleic acid
(ssNA) is designed in this paper. TiO, QDs array
fabricated through highly ordered nanoporous
alumina template serves as an optical biosen-
sor for the detection of nucleic acids in situ [2].
Due to the quantum confinement effect, these
QDs exhibit the light emission after irradiation,
so-called fluorescence. Modification of their
surface with gold should increase the intensity
of luminescence and simultaneously allows the
strong conjugation to hydrogen containing func-
tional groups, such as amine (NH,) and thiol
(SH) groups.

One of the possibilities how to modify the
surface of QDs with gold is the electrochemi-

cal deposition. Modifying material is disper-
sed in the aqueous solution, which represents
the electrolyte. The substrate with TiO, QDs
represents the cathode, on which the reduction
of gold ions takes place. The deposition of gold
through nanoporous template fabricated directly
on the substrate enables the formation of highly
ordered nanostructures (e.g. nanoshells or na-
nowires) instead of thin compact gold layer [3].
Modified TiO,/Au QDs array may be functiona-
lized with avidin, which contains two cysteine
molecules bearing -SH group. Further, avidin
may be conjugated with biotinylated ssNA (or
oligonucleotide), which is able to bind the detec-
ted nucleic acid through hybridization reaction.
The detection of viral NA should be easily per-
formed with spectrofluorimetry. The process of
detection is based on the presumption of free
viral NA presence in a patient blood if one is
infected with viral diseases such as influenza,
AIDS, or hepatitis. A drop of patient blood may
be put on the biosensor surface and in the case
when the patient is infected, the viral nucleic
acid will hybridize with ssNA on the biosensor
surface. The hybridization may result in the
decrease of fluorescence intensity of QDs. If the
patient is healthy, the free NA is not presented
in his blood, therefore the hybridization will not
occur and the fluorescence intensity remains
unchanged.

MATERIAL AND METHODS
Formation of TiO, QDs via anodization pro-
cess
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TiO, QDs were made by template anodic oxida-
tion of titanium layer sputtered on silicon wafer.
Two thickness combinations of Ti/Al bilayers
were used: 20 nm/500 nm and 150 nm/250 nm.
The detailed procedure is described in paper [4].
Briefly, 3 M sulphuric acid was chosen as an
electrolyte and two step anodization process of
Ti/Al bilayer ran in constant potential mode at 4
Vand 11 °C.

Electrochemical deposition of gold

The alumina nanoporous template was kept af-
ter the anodization of Ti/Al was finished, to en-
sure the galvanic deposition of gold on TiO, QDs
surface only. 100 ml electrolyte solution was
composed of 0.6 g of K[Au(CN),] and 0.232 g of
H,BO,. Various deposition conditions were tes-
ted including long pulses in the range of several
tens of seconds at low and high current, as well
as short pulses lasting 1 second at low or high cu-
rrents. The conditions are summarized in Table
1. When the process of gold deposition ended, the
alumina template was removed by etching in a
mixture of H,PO, (50 ml1 L") and CrO, (30 gL™)
at 60 °C for 10 min.

Table 1: Conditions of galvanic deposition of
gold on TiO, QDs surface through alumina na-
noporous template

constant current fime

(mA)

: 50

. 50 1
. 0.5

1
2
3
4.
5
6

0.5 1

0.5 2x1

04 1
7. 0.2 1

TiO,/Au QDs characterization

The physical properties including TiO, QDs
size, homogeneity in distribution and immobi-
lization of gold were analyzed using scanning
electron microscopy (SEM) Mira II MLU (Te-
scan Mira, Brno, Czech Republic). The fluo-
rescence properties of fabricated system were
investigated by fluorescence spectroscopy (Ho-
riba, Jobin-Yvon) with laser diode excitation at

350 nm and using photomultiplier (T1 PMT)
detector.

RESULTS AND DISCUSSION

To obtain the small QDs size, small pore dia-
meter in alumina template is required. The
choice of suitable anodization conditions allo-
wed us to fabricate alumina template with pore
diameter about 5 nm and subsequently TiO,
QDs with size of 10 nm, which is necessary to
reach the quantum confinement effect and thus
their desired optical properties.

Concerning the QDs modification with gold,
first promising results were observed when
short times and low pulses were applied during
galvanic deposition, because more homogene-
ous gold distribution was achieved compared to
long times and pulses at high current (50 mA),
which resulted in gold deposition over all TiO,
QDs surface in the form of rocks (see Figure
1). However, the process was limited by small
current and time range of the measuring device,
hence further optimization of deposition equip-
ment will be done to reach suitable low current
values. At this moment, the best results, i.e. the
most homogenous coverage according to SEM
analysis, were achieved applying the pulse of 1
s under constant current of 0.2 mA. The detai-
led analysis of samples using energy-dispersive
X-ray spectroscopy (EDX) is currently in the
process to detect the deposited gold on TiO,
QDs.

Figure 1. SEM images of gold aggregates on
TiO, QDs deposited under 0.2 mA at 1 s (left)
and large gold rocks on the surface of TiO,
QDs deposited under 50 mA at 30 s (right).

T

The samples evaluation using spectrofluori-
metry showed that before annealing, TiO, QDs
did not reveal the fluorescence properties. Af-
ter annealing, which is necessary for transfor-
mation of amorphous titania into anatase phase
and thus for luminescence effect, the additional
measurements of the samples will be done toge-
ther with biomolecules functionalization.

CONCLUSION
The process of Au deposition on TiO, QDs
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surface was strictly influenced with alumina tem-
plate quality, since the defects in this layer facilitate
the deposition at these places and thus results in non-
-homogeneous distribution in the form of aggregates
instead of thin nanoshells. To solve this issue, new
Al deposition approach is now tested, which should
improve the morphology of template layer.
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ABSTRACT

The aim of this paper is identification of pigments used in artistic paintings by Raman spectrosco-
py. We collected Raman spectra from a real painting by classical method as well as the surface
enhanced spectrum of 1,2—dihydroxyantraquinone. We demonstrated exceptional capability of
Raman spectroscopy for rapid and comfortable identification of pigments for archeometric or fo-

rensic purposes.

INTRODUCTION

Raman spectroscopy as a complementary me-
thod to infrared spectroscopy is governed by
inelastic scattering of light. Both methods yield
complete information about vibrational and ro-
tational states of a molecule. The frequencies
of the vibrations depend on the elasticity con-
stants within the molecule (internal modes) or
in the crystal (external modes). Since the Raman
spectrum is a fingerprint of a molecule, the me-
thod is applied commonly in chemical analy-
sis. From the viewpoint of an analyst, Raman
spectroscopy has many advantages when com-
pared with other analytical tools. The method is
non-destructive, contactless, instantaneous and
appropriate for analysis of samples in any state
(solid, liquid or gaseous). Furthermore, it does
not require vacuum conditions and therefore it is
widely used for identification of pigments [1-4],
mainly in cases when it is of crucial interest
to distinguish between the different pigments
composed of the same elements.

MATERIAL AND METHODS

Samples coated with real oil paint (and the
sample with 1,2-dihydroxyantraquinone di-
luted in methyl alcohol) were examined using
a JobinYvon Labram 300 Raman confocal
microscope. The apparatus included a He-Ne
laser providing 632.8 nm monochromatic light,
a grid monochromator with 1800 grooves per
mm and a CCD air cooled multichannel detec-
tor with resolution better than 1.3 cm™. During
measurement, the laser power was set up either
1.7 or 17 mW. The spectrometer was calibrated
on the band of single crystalline silicon (100),
520.7 cm™". The confocal hole and the slit were
maintained at maximum apertures to ensure all
the scattered light entering the detection system.
Each spectrum was recorded via an 80% long
working distance objective in backscattering
geometry. The spectra were processed by the
software package Labspec and by Origin.

RESULTS AND DISCUSSION

The time needed to collect Raman spectra
depends on chosen measurement conditions
and on character of a sample. Normally, pure
pigments which exhibit Raman spectrum are
identified within few seconds but in some cases
it is not possible to measure a spectrum due to
enhanced fluorescence [5]. In general one has
two main possibilities when adjusting the mea-
surement conditions. Both are based on manipu-
lation of the acquisition time. Either the number
of accumulations or the integration time can be
adjusted. In the first case measured spectrum
is averaged after each acquisition within the
set number of measurements. When photoble-
aching is exploited, then fluorescence can be
partially reduced and spectrum can be visible.
The higher the accumulations number the lower
noise pattern. If the Raman signal is not enough
strong it is possible to increase integration time
which is defined as the time of detector filling.
Once the integration time expired, detector is
drained and accumulated signal is processed.
Increased integration time does strongly affect
the intensity of Raman bands and noise can be
suppressed when apparatus is set up in total
counts regime. Therefore the total time for co-
llecting the spectra is given by the product of
AN x IT % n, where AN is accumulation number
and /T is integration time and »n is the number
of shifts of grating in dispersive spectrometers
(in Fourier transform spectrometer n can be
considered as one). Every spectroscopic method
including Raman spectroscopy should be used
as only qualitative (or in the very best cases as
semiquantitative) method.

The very effective method of surface enhan-
ced Raman spectroscopy (SERS) has been de-
veloping through the late 70’s until now. The
technique has been continuously used not only
for the background suppression in Raman spect-
ra but also for enhancing those Raman peaks
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which can be measured but are of low intensity
[6]. SERS needs an active substrate to work pr-
operly and analysis on active substrates requires
a liquid sample. Therefore the technique is used.

Fig. 1.: Raman spectra taken from historical
pigments, vibrations observed are denoted by
their irreducible representation. (a) a-quartz, (b)
dolomite, (c) calcite + dolomite mixture, (d) ba-
ryte + unkonown component, possibly litharge,
(e) lead white, all spectra were accumulated
with AN=500, IT=1, n=1. (f) Surface enhanced
spectrum of 1,2—dihydroxyantraquinone (107
M solution in methyl alcohol) dropped on active
substrate, AN=2, IT=1, n=2
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rather in analysis of liquid samples than in solid
state analysis [7-8]. The physical principles of
enhanced Raman scattering are based on loca-
lized plasmon resonances. Proper conditions for
plasmon excitation are easily met in noble me-
tals like silver or gold in the visible region. As
a consequence, substrates based on nanostructu-
red silver or gold surface can be used as active
substrates. We demonstrate herein the example
of surface enhanced Raman spectrum which is
typical for very short acquisition time and well
developed Raman bands (Fig.1f).

CONCLUSION

Identification of the artistic pigments by Ra-
man spectroscopy is presented in this paper. Ra-
man spectroscopy has exceptional competence
for distinguishing such substances and occasio-
nal problems with fluorescence can be overcome

by surface enhanced technique. Analysis of
pigments is crucial for purposes of restoring of
art pieces and can be useful in forensic science.
The method is very rapid and requires mini-
mum of effort.

ACKNOWLEDGEMENT

This work was financially supported by grant
of Scientific Grant Agency of the Ministry of
Education of Slovak Republic and the Slovak
Academy of Sciences No. VEGA-1/1102/11 and
VEGA-1/1103/11.

REFERENCES

[1] Bersani D, Antonioli G, Lottici PP :
Spectrochimica Acta Part A, 59 (2003)
2409-2417

Bersani D, Lottici P P, Casoli A, et all.:
Journal of Cultural Heritage, 9 (2008)
97-102

Smith G D, Clark R J H : Journal of
Archaeological Science, 31 (2004)
1137-1160

Duran A, Siguenza M B, Franquelo M L,
et all.: Analitica Chimica Acta 671 (2010)
1-8

Bell S E J, Bourguignon E S O, Dennis A
: Analyst 123 (1998) 1729-1734

Chen S T, et all.: Diamond and Related
materials, 24, 161-165 (2012)

Kulisch W, et all.: Diamond and Related
materials, 20, 1076—1081 (2011)

Zhao J, Tian R, Zhi J : Thin Solid Films,
516, 40474052 (2008)

(2]



ELECTROANALYSIS OF POLYAMINO ACIDS

ON MERCURY ELECTRODE
Veronika VARGOVA, Marko ZIVANOVIC, Veronika OSTATNA, Emil PALECEK

Institute of Biophysics, Acad. Sci. CR, v.v.i., Kralovopolska 135, 612 65 Brno, CR

ABSTRACT

Polyamino acids (poly(aa)) can be considered as an intermediate model system between peptides
and macromolecular proteins. Here we used polyamino acids such as polylysine, polyarginine and
polyhistidine to explore how different amino acid (aa) residues contribute to the catalytic hydrogen

evolution reaction.

INTRODUCTION

At mercury electrodes, peptides and proteins produce chronopotentiometric peak H due to the

catalytic hydrogen evolution (CHER) [1]. Peak
H represents thus an analogy with the polaro-
graphic presodium wave, but in contrast to
this wave, it is well developed and suitable
for the analysis [2]. Peak H was displaying
sensitivity to local and global changes in pro-
tein structure of proteins at submicromolar
concentrations [2-4]. Recently experiments
with polyAA showed that at pH 6.0 polyly-
sine and polyarginine,Trp produced peak H
but polyglutamic acid did not [5]. The height
of the polylysine peak increased with the buf-
fer capacity and decreased with increasing
pH, in a good agreement with properties of the
catalytic hydrogen evolution reaction (CHER).
It can be concluded that close to neutral pH,
amino acid residues containing labile protons,
such as cysteine, lysine, and arginine, can be
involved in the electrocatalysis responsible for
peak H.

MATERIAL AND METHODS

Polylysine (polyLys, M.W.= 4-15 kDa
pKa=10), polyarginine (polyArg, M.W.= 5-15
kDa, pKa=12.5), polyhistidin (polyHist, M.W.
= 5-15 kDa, pKa = 6) were purchased from
Sigma. Poly(aa)s were dissolved in triply dis-
tilled water. Concentration of investigated po-
ly(aa)s in stock solution was Img/ml.

In all adsorptive stripping experiments, the
analyte was adsorbed on the mercury surface
from the stirred poly(aa) solution at a given
accumulation potential (E, -1.4 V), during
the chosen accumulation time (100 s); after a
quiescent period of 4 s, voltammograms were
then recorded. A standard three electrodes
system was used for the measurement. A han-
ging mercury drop electrode (HMDE) was
employed as the working electrode. An Ag/
AgCl/3M KCI electrode was used as the refe-
rence electrode and Pt electrode as the auxili-
ary electrode.

LSV parameters: step 2 mV, scan rate 20
mV/s, t, 100s,E,-1.4V

RESULTS AND DISCUSSION

We studied ability of different polyLys, poly-
Arg and polyHis to catalyze hydrogen evoluti-
on at HMDE using linear sweep voltammetry
(LSV).

Figure 1 A.Voltammograms of polyArg (blue),
polyLys (black) and polyHist (blue) in 50 mM
Mcllvaine at pH 6 B Scheme of dissociation of
lysine, arginine and histidine, LSV: step 2 mV,
scan rate 20 mV/s, t, 100s, E, -14V, t26 °C

B .. o oo
watdn (-4 il
g Py o Pz @
| e b
i g 8
&, & o
iy " i
Lysine
Ao 2 10 M
CoOH 200-
wot—d g i
by K, iy PKz G
4 & b, Sy
3 o, o i
L] r:l! ?‘N P
= 7 7 oy
Asinine
E -8 pH1S pH10 pH13
o
b COOH 00 ©o0™
polyist | WH—d—H . (-4 " i
polyArg i P I L =
12 weat -— pet et
Leoiien i, o W W
e o/
-18 -16 L " H
Histidine
EV PHIS pHT pH10

Spg/ml of poly(aa) was adsorbed at accumu-
lation potential, E, of -1.4 V, during accumula-
tion time, t, of 120 s, followed by linear sweep
voltammograms recording. Accumulation po-
tential -1.4 V was chosen to positively charged
poly(aa) were immobilized at negatively charged
HMDE surface. All of these poly(aa) produced
well developed LSV peak at pH 6 (Fig 1A). We
observed no significant differences in the height
of LSV peaks of these poly(aa)s, but changes in
their peak potentials. PolyLys yielded LSV peak
at the most negative potential (Ep of -1.9 V),
about 20 mV more negative than peak of polyArg
and about 130 mV more negative than peak of
polyHis. Our preliminary results show that po-
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lyLys, polyHist and polyArg induce CHER at the
Hg electrode in a wide pH range. A more detailed
study of poly(aa)s is under way.

CONCLUSION

In recent years CHER of proteins measured
by chronopotentiometric and voltammetric stri-
pping at Hg and amalgam electrodes appeared as
a new tool in protein analysis [1, 2] (and referen-
ces therein). Study of poly(aa) contributes to elu-
cidation of CHER by proteins. The disadvantage
of poly(aa) are their poorly defined lengths and
conformations. Further work is ongoing to study
of peptides with well defined properties.
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ABSTRACT

The main purpose of this work is a creation of the Multimedia database of fruit varieties, which
will be accessible for everyone on the internet (http:/www.sumperacek.webpark.cz). Each variety
is provided with a picture or detail of the fruit and description. Different fruit crops are divided
into 13 categories for better orientation. Most of the fruit crops contained are varieties which are

suitable to grow in the Czech Republic climate.

The database has the aim to upgrade regularly

with new varieties from the breeding programs and also ones that recently appeared on the Czech

market.

INTRODUCTION

In the Czech Republic, pomology (the science
of growing, storing, and processing fruit) has a
long tradition. In the past, many breeding pro-
grams were involved in development of new fru-
it varieties, for instance resistant apple varieties
against apple scab (Venturia inaequalis), plum
pox virus resistant plums (‘Jojo’) etc. [1]. Big
interest in growing fruits led specialists to wri-
te books of pomology for public readers. With
large outbreak of internet use, information about
pomology became available also in electronic
form. This database of fruit crop varieties can
be considered as one of them.

MATERIAL AND METHODS

When creating this database, Adobe software
Dreamweaver CS4 was used to create a comple-
te HTML code. ABBYY FineReader 9.0 was
used to pick up a written text from pomologi-
cal literature. Small corrections of pictures and
resizing were performed in ACD See Pro 3.0.
Most pictures of fruits were taken by the author;
some photos were published with permission of
co-author and correspondents, friends and other
specialists in this field. Written literature about
fruit varieties was the most important source
of information, foreign digital publications and
web documents concerning the topic were also
incorporated.

RESULTS AND DISCUSSION

This database was not made from scratch. The
original idea came from Mr. Tomas Necas, who
in 2002 published a database on the web pages
of Horticultural faculty in Lednice [2]. The con-
tinuation of his contribution was this new data-
base, compiled for the purpose of diploma thesis
introduced and defended in 2010. In contrast

with the old database, the new graphical design
has been invented and supplemented by large
amount of new varieties, which were newly
integrated into the Czech assortment and by
other important varieties. The 13 fruit catego-
ries include: Apples, Pears, Apricots, Peaches,
Plums, Cherries and Sour Cherries, Strawbe-
rries, Raspberries and Blackberries, Rowans,
Gooseberries, Currants, Nuts, Blueberries and
Cranberries. Most of the varieties can be found
in the Apple category (over 200), in Pears more
than 80. The user interface is displayed in Fig.
1. The description of variety is processed into 2
frame model (Fig. 2).

Figure 1.: The main user interface

Databaze odrid ovocnych plodin
U e &9

Figure 2.: The variety description
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CONCLUSION

The idea of having all fruit varieties on one pla-
ce available for everyone on the internet is not
new. However, it was difficult to find extensive
and unaffected information on one place. This
database is regularly upgraded and provides
information for interested gardeners and fruit
producers, as well as students of horticultural
schools, where the subject of pomology is tau-
ght. Yet most important advantage of this work
is obvious. The possibility to add and correct any
wrong information mentioned should prevent
this database to undergo aging.
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ABSTRACT

The objective of this study is to collect and evaluate the parameters obtained by baking quality
of 80 winter wheat cultivars, obtained from laboratories of company Penam from the crop years
2003-2010. The acquired data is applied to determine the suitability of each variety for bakery
applications. The rheological characteristics of wheat dough were measured on Alveograph Cho-
pin, particularly: deformation energy (W) and Alveograph ratio (P/L). Rheological parameters
are subsequently compared with internal company quality standard and determine ability of each
variety to correctly interpret the resulting quality of wheat bread.

INTRODUCTION

Wheat is one of the three major cereals do-
minating world agriculture today. Knowing the
likely dough quality of wheat before it is pur-
chased is of great value to millers. By knowing
the dough quality, millers can avoid purchasing
grain that does not meet their needs or can adjust
the milling and blending process for given whe-
at properties [1]. Rheological characteristics,
such as elasticity, viscosity, and extensibility,
are important in view of the prediction of the
dough processing parameters and the end pro-
ducts quality [2]. Chopin Alveograph is one of
the most popular instruments used to measure
rheological properties [3].

MATERIAL AND METHODS

Hard winter wheat samples from the crop years
2003-2010 were collected and analyzed by la-
boratories of company Penam and in breeding
stations. List of all tested varieties and classifi-
cation into quality groups in the Czech Republic
shown in Table 1.

Table 1: Quality grouping of studied varieties

‘Alsteur, EB, Federer, Ludwig, Magister, Sulamif

A Aladin, Alana, Alibaba, Bakfis, Baletka. Banquet, Barroko, Barndon, Batis. Bill,
Bodyéek, Bohemia, Brilliant, Gaphom, Clever, Gomplet. Gubus. Darwin, Drifter, Elly,
Eurofif, Globus. Grainder. Hana, Helmut, llias, Iridium, Jindra, Karolinum,
Manager. liegas. Mulan Nela, Niagara, Raduza. Samanta, Saskia, Sultan

B Apache, Buteo, Hedvika. Henrik. KoSitka. Meritto. Mikol, Oando, Pitbull, Rheia, RW
MNadal, Secese, Seladon, Simila, Svitava, Sarka, Viasta
c EBagou, Biscay, Clans, Corsars, Rromos, Eslics, Elgla, Florstt Grandios, Hermann,

Herelde, Kagtex, Mladka, Rapsedia, Sakura, Semper, Sitagl. Versailies

Samples of grain (flour) were tested by se-
lected baking quality parameters according to
internal company standard (Table 2). Samples
were analyzed for Moisture - according to DIN
ISO 712, Grain mass - according to ISO 7971-2,
Falling Number according to ISO 3093, Wet glu-
ten content - PN 235/93-ICC 155, Gluten index
(GI) - PN 235/93, Zeleny test - PN 252/95, pro-

tein content - PN 252/95. Rheological properties
(Deformation energy W and Alveograph ratio P
/ L) of wheat flour were determined by a Chopin
alveograph according to ISO 27971.

Table 2: Penam company standard

value A B C
collective
sampling sample
Humidity (%) max 145 145 15
Gluten % in dry matter | min. 28 26 23
Wetgluten % in dry
matter min. 31 29 26
Protein content (%) min. 13.2 122 112
min. 230 180 on agreement
Falling number (s) max 400 400 150-170-400
Zelenytest (ml) min. 40 30 30
Deformation energy (W) | min. 220 180 170
Alyeograph ratio (P/L) interval 045-10 045-10 045-12
Grainmass (kg/hl} min. 80 77 76
Grainadmutures (%) | max 4 4 6
ies (%) max 0.3 05 05
Glutenindex - GI min. 70 S5 40
RESULTS AND DISCUSSION

One-way ANOVA applied to compare means
of rheological parameters in quality groups is
shown in Fig. 1 and Fig. 2. The graphs show
that samples of winter wheat from higher qua-
lity groups tends to show increased deformation
energy. The highest average values of deforma-
tion energy W reached varieties from the group
A: Barroko (305) and Caphorn (298), followed
by elite variety Sulamit (284). Alveograph ra-
tio P/ L in contrast does not show linear trend
and elite varieties tend to show the lowest mean
values. This is confirmed by Hadnadev et al.,
who claims the ideal range of P / L from 0.4 to
0.8 for baking purposes. Value of 0.50 indica-
tes either resistant and very extensible dough
or moderately extensible, less resistant dou-
gh. Wheat suitable for confectionary products
should exhibit P/L value lower than 0.50 [4]. The
ideal Alveograph ratio combined with the best
Deformation energy value (according to Penam
laboratory experiences) corresponds on average
with varieties: Akteur, Kosutka, Iliad, Eurofit
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and Ebi. The complete data set (693 samples)
was also compared with the corporate standard
Penam using other measured characteristics (Ze-
leny test, Grain mass, Falling number, Wet gluten
content). 378 out of 693 samples met the criteria.
Distribution of passed samples for each quality
group shows Fig. 3.

Figure 1.: Mean Deformation energy in different
quality groups
quallty gpip;LS means

EMfectie 1 pothe sk decompostton
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E B 0 3
quany goip

Figure 2.: Mean Alveograph ratio in different
quality groups
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Figure 3.: Percentage of samples complying with
Penam standard
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CONCLUSION

Finding from this research showed that alveo-

graph measurment has a significant importan-
ce in winter wheat quality control. However, it
is only one measure of flour quality. To accu-
rately evaluate flour quality, performing basic
wheat quality tests are necessary and they are
still believed to be substantial in quality asse-
ssment. Varieties Akteur, Ko$utka, Iliad, Eu-
rofit and Ebi seemed to be the most satisfac-
tory when fitting the rheological parameters of
company Penam. Particularly surprising is the
convenience of variety Kosutka, belonging to
B quality group.
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ABSTRACT

In our work electrochemical determination of low concentrations (0.4 — 16 mg/l) potassium ions
in urea solutions and water has been done. Also, measurements of pH and conductivity of investi-
gated solutions have been made. The influence of low (1, 10 %) and high (50 %) concentrated urea
solution on the potassium ions measurements has been investigated. Obtained information can be
used for analysis of dehydration state of human body through monitoring of potassium ions level

in urea, which is a basic component of urine.

INTRODUCTION

An average human body excretes approx.
2 — 2.5 1 of water daily, thereof 1 — 1.5 1 of uri-
ne, approx. 600 ml of sweat and 300 — 400 ml
is consumed by metabolic processes [1]. Uri-
ne osmolality is commonly used for analysis
of urine concentration. It is determined by the
concentration of sodium, potassium and urea.
Low osmolality can point to dehydration [2].
Potassium is one of the most widespread and
important elements determining human health.
98 % of potassium is inside the cells. In case
of excess infeed of potassium, there is a balan-
ce between the intake and release in the urine.
When the balance is matching, the secretion of
potassium in the urine is usually in the range of
60 — 100 mmol/24 hours, and the loss by swea-
ting is about 10 mmol/1 [3]. If the potassium in-
feed is restricted markedly, the excretion of po-
tassium in the urine diminishes close to zero and
excretion in the stool is about 3.5 mmol per day.
If there is no equilibration of mineral and liquids
losses, the organism dehydrates. Dehydration
becomes evident with the loss of average weight
and with the potassium concentration growth or
decrease in the urine [4]. We have made measu-
rements of low potassim ions concentrations in
the urea solutions and water by means of comer-
cial potassium selective electrode. This data
will be used for creation of controlling electro-
nic system for human body dehydration state
monitoring by measurements of potassium ions
losses through urination in the toilet.

MATERIAL AND METHODS
Methodology of pH, conductivity and potassi-
um ions concentration measurements

The potassium ion selective electrode was
obtained from Elektrochemické detektory s.r.o.
(Trutnov, Czech Republic) and conditioned be-
fore use in a 0.5 mmol/l KCI (PENTA, Czech
Republic) aqueous solution for 1 h. Then the

electrode was calibrated in KCI solutions in
Milli-Q water (Millipore, USA) with five dif-
ferent concentrations in the range of 1.107' to
1.107° mol/l. Another four sets of KCl solutions
with K" concentration of 10, 50, 100, 200 and
400 mg/1 were prepared. One set was in Milli-Q
water and three others in various concentrated
urea solution (PENTA, Czech Republic), namely
1 %, 10 % and 50 %. Before measurement, all
samples were diluted (2 ml of sample was made
up to 50 ml with Milli-Q water). By using pH
meter Syberscan PC 6500 (Eutech Instruments),
the pH and conductivity measurement has been
done after preparation of diluted KCl and urea
solutions. A 34410A Digital Multimeter (Agi-
lent) with high input impedance (10 GOhm) was
used for potential measurements.

RESULTS AND DISCUSSION

In previous work we made measurements of
high concentrated (10 — 400 mg/l) potassium
ions solutions [5]. But for detection of potassium
ions in urine dissolved in toilet water is nece-
ssary to make measurements of low potassium
concentration. In this work we focused on in-
vestigation of pH value, property of conducti-
vity and measurements of low potassium ions
concentrations (0.4 — 16 mg/l) urea solutions and
water. Information about pH and conductivity of
solutions depending on potassium ions concent-
rations are shown in Fig. 1. As can be seen from
the graph, the pH value of all solutions and po-
tassium concentrations is in the range between
6 and 7. It is a typical pH value for human urine
and low potassium ions concentrations does not
significantly influence on mentioned pH values.
On contrary, the conductivity of urea solutions
and water grow linearly in dependence on inc-
reasing potassium ions concentration.

The results of potassium ions concentration
measurements are shown in Fig. 2. As can be
seen from the graph for water and low (1, 10 %)
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concentrated urea solutions the potential of se-
lective electrode is within + 5 % of deviation (see
error bars on the plot), and only for high (50 %)
concentrated urea solution the potential deviati-
on exceeds the = 5 % barrier in the investigated
K interval. This result correlates with our pre-
vious investigation with high (10 — 400 mg/l)
potassium ions concentrated urea solutions and
can be explained similarly. Increasing urea con-
centration in water also leads to increasing con-
centration of ammonium ions that contributes to
increase of solution ionic strength and in this
case the electrode potential shows higher abso-
lute value [5]. The dynamic range of potassium
determination is from 0,4 to 16 mg/l which is
acceptable for potassium output level monitoring
in human urine to recognize significant increase
or decrease during urination in the toilet.

Figure 1: Dependence of pH and conductivity of
the urea solutions and water from low K* concen-
tration

Condutivity, 15 /em

Figure 2: Dependence of selective electrode po-
tential from low K' concentration in water and
urea solutions

Potential, mV

CONCLUSION

The measurements results of low K+ concen-
tration in urea and water solutions show that it
is possible to use a commercial selective elec-
trode for these purposes. The influence of urea
concentration on electrochemical potential was
investigated during measuring concentration of
potassium ions. As for low urea solutions con-
centrations and water, the obtained results are

within + 5 % of deviation. Regarding high con-
centration of urea solution the potential devia-
tion exceeds the + 5 % barrier of the potential,
which resulted from quick increase of ionic
strength of solution in comparison with low
urea concentration. The level of pH does not
depend on potassium ions concentrations for
all solutions and are in the range of about 6 —
7. The conductivity of investigated solutions
linearly increases with increasing of potassium
ions concentrations. Therefore using selective
potassium electrode is possible to make mea-
surements of potassium ions concentration in
human urine for monitoring the health body
status and liquids level in organism.
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ABSTRACT

The influence of oxalic, citric or malic acid on transport of cadmium and copper ions in de-
pendence on pH has been studied. Artificial phospolipid bilayer containing wide-spectrum iono-
phore was prepared on polycarbonate support and its formation and stability was followed with
electrochemical impedance spectroscopy. The species, transported across phospholipid bilayer
were determined with voltammetry. The substantial influence of complexes formed with metal
ions and LMWOASs on their transport has been confirmed.

INTRODUCTION

Cadmium is a toxic element without any
known physiological function, whereas copper
is an essential element for plants, animals and
humans, which can be toxic above a certain con-
centration. The main source of both elements
entry into animal and human food chain is co-
nnected with plants grown on more or less con-
taminated soil.

Plant root plasma membrane is the first place
where a metal, generally in ionic form can en-
ter plant root cell. After the uptake, processes
of transport, chelation and sequestration follow.
In plants, metal chelators include phytochela-
tins, metallothioneins, organic acids, and amino
acids [1].

Organic acids, namely oxalic, citric and ma-
lic acid are present in cytosol (concentration
range 0.5 — 10 mM) and are released into the
rhizosphere as root exudates, which can regu-
late further metal uptake [2]. In connection with
our earlier studies [3-6], we performed here ex-
periments with ionophore A23187 incorporated
into artificially prepared phospholipid bilayer.
This ionophore, known as important for calcium
transport, can transport also wide spectrum of
other divalent cations [7]. Formation and stabi-
lity of PLB was followed with electrochemical
impedance spectroscopy. Voltammetry was em-
ployed in determination of metal ions or com-
plexes transported across phospholipid bilayer
with ionophore from solution of cadmium or
copper ions in absence or in presence of selected
LMWOA.

EXPERIMENTAL
The electrochemical impedance spectroscopy
measurements were realized using CHI 650C
Electrochemical Analyzer/Workstation, Soft-

ware: CHI v 8.1 (IJ Cambria Scientific, UK)
and Potentiostat No. 283 and FRA No. 1025, No.
5210 (Princeton Applied Research, USA). The
electrochemical impedances were determined
using silver/silver chloride electrodes (silver
wire, diameter 1 mm, electroplated by silver
chloride). Platinum wire, diameter 1 mm, served
as the auxiliary electrode.

The experiments were realized with 1,2-dipal-
mitoyl-sn-glycero-3-phosphocholine (lecithin,
DPPC, GPCho (16:0/16:0), CAS No. 63-89-8)
(Avanti Polar Lipids, Alabaster, USA). The
PLBs were formed by self-assembling in the ho-
les of the Isopore™ Membrane Filters (Millipo-
re, USA) polycarbonate, hydrophilic 8.0 pm, and
the supporting membrane thickness amounted
to 7-22 mm. Electrochemical cells for ESI me-
asurements consisted from two parts, separated
by PLB on polycarbonate support — or glued on
plastic cap or inserted between two Teflon rings
[8]. Electrolyte 1 was 0.1 M KCL to which metal
ions and LMWOAs were applied, electrolyte 2
was again 0.1 M KCl, where species transported
across the PLB were collected.

The voltammetric determinations of metal
ions or its complexes were carried out by the PC-
-controlled voltammetric analyzer ECO-TRIBO
polarograph (Polaro-Sensors, Prague, Czech
Republic), equipped with POLAR.PRO software
v. 5.1 and with MultiElchem v. 2.1 software (J.
Heyrovsky Institute of Physical Chemistry of AS
CR, v.v.i., Czech Republic). Pen-type electrode —
HMDE was used as the working electrode, Ag/
AgCl/KCI(3 MmOIL.L") as a reference electrode to
which all potentials are referred and platinum
wire served as a counter electrode (both Elektro-
chemické Detektory, Turnov, Czech Republic).
For the determination of metal ions, the samp-
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le was acidified by addition of HNO,, Suprapur
(Merck, Czech Republic), to pH 1. For the com-
plexes with LMWOAs, pH of the solution was
adjusted to desired value (5.8 — 7.5) with NaOH
(Suprapur, Merck, Czech Republic). Differential
pulse anodic stripping voltammetry (DPASV)
was performed at conditions: E _ = -850 mV,
E, = -700 mV, E; = -200 or 0 mV, scan rate
10 mV.s!, pulse amplitude 50mV. Adsorption
voltammetry in DP or DC mode was performed
using adsorption potential E, = - 100 mV. A new
drop was used for each record; measurement has
been realized in nitrogen atmosphere.

RESULTS AND DISCUSSION
Phospholipid Membrane Preparation

The 1,2-dipalmitoyl-sn-glycero-3-phospho-
choline monohydrate was used for preparation
of PLB on porous membranes. The capacity of
membranes increases with time after the bilay-
er formation, until a steady-state value attained
some 20-30 min. later. In our experiments, there
were the PLBs formed as self-assembled in the
holes of the supporting membrane (Isopore™
Membrane Filters, Millipore, USA; polycarbo-
nate, hydrophilic, 8.0 um) by application of 10
or 20 pL of phospholipid solutions in n-heptane
on the membrane surface. The ionophore A23187
(solution in EtOH) was added to phospholipid
solution before the application on the support.
Formation of PLB was monitored by ESI mea-
surement. After steady state has been reached,
changes of electrolyte 1 were realized (change
of pH, addition of metal ions, LMWOA) and to
them the PLB was exposed for exactly 1 hour.
Subsequently, voltammetric analysis of the elect-
rolyte 2 has been performed.

Voltammetric Analysis

Two sets of experiments were performed, diffe-
ring in pH adjustment of the electrolyte 1.

In acidic region (pH 2.4 - 2.6), the presence
of LMWOAs had no influence on transport of
cadmium or copper ions — transported amount
of ions were about the same when LMWOA was
present or not. When pH of electrolyte 1 is at va-
lues of 5.8 — 6.5, copper or cadmium complexes
with oxalic, citric or malic acid are formed and
reduced amount of ions should be transported
across the phospholipid bilayer [9]. This has been
confirmed with voltammetric analysis of electro-
lyte 2. Subsequently, the presence or absence of
transported ligand has been checked, using ano-
dic striping voltammetry in case of oxalic acid
[10-11] and DP or DC voltammetry with adsorp-
tive accumulation in case of citric and malic acid.

Obtained results are in agreement with models,
considering the free ion as the major bioavailable
species [12]. Citric or malic acid were not found
in electrolyte 2, when transport was realized in

acidic or close to neutral media. On the other
hand, oxalic acid was transferred in both cases,
but no quantitative data are available at present.

CONCLUSION

The use of artificially prepared phospholi-
pid bilayer with built-in ionophore A23187
has been demonstrated as a tool for the study
of cadmium and copper transport, present as
a free ions or complexes with oxalic, citric or
malic acid. Based on changes in composition
of initial solution, the fulfillment or exceptions
from the free ion activity model can be disco-
vered.
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ABSTRACT

There are a lot of intrusive or invasive medical systems for patients biomedical monitoring. We
need to make biomedical telemonitoring devices which can be taken everywhere by the patients.
This project is aimed at creating a non-obtrusive system for easy and precise measurement of pa-
tient’s life signs. The main part of this project is focused on developing of a dehydration detector
system which will be cooperating with other various devices for real time precise dehydration

state detection.

INTRODUCTION

Dehydration monitoring is important for el-
derly people, diabetics, sportsman, etc. Exact
determination of the organism hydration state is
a complicated problem. A lot of different values
have to be measured to accurate determination
of hydration state or limit value of the dehydra-
tion. Dehydration can be determined from long
time monitoring of water metabolism which was
found to be significantly presented by water
intake and outtake monitoring and/or measuring
of the potassium or sodium ions concentration in
the urea or sweat [1]. Additional values (such as
patient’s weight, age or gender) must be known
in all cases.

All of needed values can be measured by dif-
ferent sensors that belong to the certain person.
These sensors can be included in a single sensor
network linked to the user. In this case, we can
talk about body area network (BAN) which can
consist of on-body sensors strictly used by one
person and of ambient sensors. Ambient sensors
are connected directly to the network but each
ambient sensor can be shared among other users
with other BANs.

Measured data can be collected in the BAN
coordinator or in the external acquisition point
(computer or mobile phone e.g.). Coordinator is
placed on the user’s body and measured data can
be temporarily saved or in it but cannot be re-
sent to the database or third persons (hospitals,
doctors, family members, etc.) through internet.
There is an acquisition point used for this pur-
pose which is connected online to the internet
databases but it doesn’t need to be connected
directly to the on-body sensors.
EXPERIMENTS

To detect dehydration from the actual body
state a special automatic computer system was
developed and fabricated (see Fig. 1). We use

two methods: water intake/outtake monitoring
and urea potassium concentration measuring
[1] for dehydration detection. Measurement of
sodium is less significant than potassium mea-
surement [3] and it will not used. Additional in-
formation is measured (weight) or entered (age,
gender).

Water output is measured by SWEAT sensor
which measures differential humidity level be-
tween close to skin sensor and ambient sensor
with accurate distance. We developed a new
sensor with improved high-humidity response
for measurements of humidity level near the
skin surface (see Fig. 1). The sensor is based
on nanostructured metal oxide semiconductor
titanium layer in the crystalline modification of
rutile. The resistance of the sensitive layer at the
surface is reduced by physical sorption of water
molecules [4].

Figure 1: Humidity sensor and electrical modu-
le developed for humidity measurements

We can calculate water-loss through the skin
(per square meter of the skin) due to sensor di-
stances from equation published in [5]. We have
made SWEAT sensor module using this mathe-
matical model. This module is one of the wea-
rable sensors and it will be attached to the arm
in real conditions. Photography of the completed
module prototype is shown in Fig. 2.

The second sensor for dehydration detecti-
on (urea sensor) can be used by other persons
(it is an external device) and its analog circuits
consist of a voltage amplifier with potassium
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sensor zero value rejection only. The last sensor
connected directly to WBAN is personal scales
which uses four strain gauge sensors connected
to the Wheatstone’s bridge. The actual weight
and scales position is compensated before each
measurement.

Figure 2: Prototype of the SWEAT sensor mo-
dule

RESULTS AND DISCUSSION

A lot of measurement methods for relative
humidity were made and published earlier [4].
Sensors connected to the electronics were cali-
brated after characterization in the atmosphere
with defined relative humidity (near the surface
of supersaturated salt solution) [6]. Accuracy
after calibration was determined about 10%RH
(for RH < 50 %) and 3 %RH (for RH > 50%),
see Fig. 3. Error drift over time (about 10 %RH)
were detected during one month after calibration
(only for low humidity values).Commercial sen-
sor accuracy was determined about 4 %RH, in
the most cases below 0.5 %RH (two errors near
40 %RH and 50 %RH were caused by unstable
calibration salt liquids probably). Personal scales
have absolute error about 0.3 kg with time drift <
0.1 kg after calibration.
Figure 3: Ambient and skin RH sensor calibra-
tion curve
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The measurements in real conditions on the
man’s hand were made after sensors and devices
calibration and the results show few facts: me-
thod for water loss determining is working, but

accuracy has to be verified. Skin RH sensor
stabilization can be viewed at first minutes of
measurement — sensor of the skin humidity ne-
eds a few minutes for it after power up.

CONCLUSION

A new type of relative humidity sensor was
created and tested and later used in the newly
developed wireless sensor system for dehyd-
ration monitor in this project. The completion
of the dehydration detection system is only the
first part of the project and a lot of additional
devices need to be created and implemented
into WBAN which has been designed too.

The next development will be focused on the
increasing accuracy and stability of the new
type of relative humidity nanosensor and on
decreasing size of the on-body sensor.
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ABSTRACT

Metallothionein is metal binding protein occurring intracellularly in animals. It can bind essen-
tial zinc ions and also toxic metals like cadmium. In cancer research the problem of resistance of
cancer cells against anticancer drugs was described. Metallothionein was found to be one of cause
of the resistance due to its ability to bind toxic metals. In this study we determined the influence
of aminoacid sequence in metalothionein on to affinity to cisplatin using electrochemical method.
For high throughput automatic analysis we designed automated flow injection analysis with elect-
rochemical detection, which was carried out by Coulochem III as amperometric detector.

INTRODUCTION

Metallothionein low molecular mass protein
(6-7 kDa) discovered in 1957 in horse kidney [1].
From these times, this protein has been explo-
red in many other animal and even plant species
[2]. Its most abundance is in the cells, blood or
blood serum. Its crucial role in the organism is
detoxification of toxic metals, regulation of me-
tabolism of some important trace metals, deto-
xification of reactive oxygen species, repressing
of chemical toxicity and carcinogenesis. [3] [4].
Structure of metallothionein is very simple but
it is rich in cysteine content. It has several isi-
forms (MT-1, MT-2, MT-3 and MT-4) [5], where
most abundant are MT-1 and MT-2 [6]. It was
reported that cells are able to secret the forms
MT-1 and MT-2 [7]. Up to date it was described
250 structural forms, which differ at least in one
aminoacid in its structure. Its tertiary structure
is divided into domains alpha and beta which
creates the cysteine clusters. Into alpha domain
it can bind 4 divalent metal ions and into beta
domain it can bind 3 divalent metal ions. As a
total, it can bind 7 divalent or possibly 12 mono-
valent metal ions [8]. Due to high frequency of
cysteine placement in the primary structure of
metallothionein it is possible to determine a se-
quence, which contributes to the metal binding.
For study of the interaction with metals it is sui-
table to choose a special sequence (peptide) of
metallothionein and, then to study it by suitable

methods. Similar approaches in peptide interac-
tion study have been applied [9]. Thanks to the
absence of aromatic amino acids in its structure
and for reason that because its molecular mass
it is not creating any secondary structures it is
badly detected by most of conventional detecti-
on methods [10].

Metallothionein was previously studied by
electrochemical methods which are suitable
especially due to its cysteine content. The he-
xapeptide of metallothionein was previously
electrochemically analysed [11, 12]. There was
also studied the complex of fragment of metallo-
thionein with cadmium(Il) ions using hanging
mercury electrode using method of cathodic
stripping voltammetry [13]. Square wave volta-
mmetry [14] or cyclic voltammetry [15, 16] has
been also applied. In this study, we attempted
to use amperometric detection implemented
in flow injection system for determination of
structure influence of various fragments of me-
tallothionein during interaction with cisplatin.

MATERIAL AND METHODS
Chemicals and pH measurements

Standards of fragments of metalothionein
were synthetized by Clonestar (Clonestar s.r.o.,
Brno, Czech Republic). Other chemicals were
purchased from Sigma-Aldrich, USA in ACS
purity unless noted otherwise. Stock standard
solutions were prepared with ACS water (Sig-
ma-Aldrich) and stored in dark at -20 °C. The
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pH value was measured using WTW inoLab
Level 3 with terminal Level 3 (Weilheim, Ger-
many), controlled by software MultiLab Pilot
(Weilheim). The pH-electrode (SenTix H, pH
0..14/0..100°C/3mol.I"* KCI) was regularly calib-
rated by set of WTW buffers (Weilheim).

FIA-ED system

FIA-ED was consisting of one chromatogra-
phic pump Model 582 ESA, injecting valve and
electrochemical detector. Sample (20 pul) was in-
jected by autosampler (Model 542, ESA, USA).
Electrochemical detector Coulochem III (ESA,
USA) was connected directly to the autosampler
via 1 m long reaction coil. For electrochemical
detection the electrochemical cell model 5040
(ESA, USA) was used. This cell is equipped by
planar electrode from glassy carbon. Mobile pha-
se was phosphate buffer pH 7.5 (20mM). Flow
rate of mobile phase was 1 ml/min.

RESULTS AND DISCUSSION

In this experiment we chose various 23 frag-
ments (decapeptides) of metallothionein (FMT).
We focused on different amino acids in surroun-
ding relatively conservative Cysteine placement
in each peptide. We tested the ability of inter-
action of studied peptides with cisplatin drug
under various conditions using our designed
automatic method FIA-ED. For study of interac-
tion we changed options like temperature, time
of interaction, and concentration ratio of both
components. All these parameters were taken
as most influencing of the interaction in FMT
and cisplatin in the presence of phosphate buf-
fer. Incubation of complex was done in overall
volume 400 pl and was vortexed in thermo block
(400 rpm). After processing of preparing of each
variant we analysed the sample using FIA-ED
method. This was done by repetitive injections of
one sample in different potentials for obtaining
of hydrodynamic voltammogram (HDV) for each
particular sample in range 100-1200 mV with 100
mV potential step. Thus 12 injections (n=3) were
carried out for each sample sequentially with po-
tential change before each injection. The poten-
tial change was driven by TIMELINE program
method integrated in software in Coulochem III
module which was started using external signal
from autosampler, which was driven by Clarity
software. This setup was designed especially for
our high throughput analysis needs. After each
series of the HDV measurement the electroche-
mical cell was cleaned by changing of potential
cycles twice from -1200 to +1200 mV for 30 se-
conds (each cycle).

The obtained hydrodynamic voltammograms
(HDVs) was displayed like a plot and the regre-
ssion equation was established. From differences
of slopes from obtained regression equations we

assumed on change of structure. Basically the-
re was measured only HDV values for FMTs
only in the presence phosphate buffer. From
these HDVs the background information was
obtained. The change of progress of the HDV
obtained from interaction measurement was
taken like a plus (+) or minus value (-) compa-
ratively to the basic HDV of simple FMT. Addi-
tionally we needed to sub duct the HDV of only
cisplatin as well because it also contributes to
the overall HDV while mixture of complex is
analysed. After these procedures we obtained
the number which represents the change of
structure as total constant slope. The records
from one of studied FMT are shown in Fig. 1.

Firstly we studied temperatures which were
10, 15, 25, 35 and 45 °C. Samples were incuba-
ted during 1 hour in concentration ratio FMT
100 uM and cisplatin 100 uM and after that it
was immediately analysed by automated FIA-
-ED. We found that the best temperature for
change of the slope was 45°C for all FMTs.
Then we tested the concentration of added ci-
splatin to FMT, which was 100 uM. We made
various addition of cisplatin in resulting con-
centrations 50, 100 and 200 pM. Incubation
was carried out under optimized temperature
45 °C and 1 hour duration. After analysis of
each variant we found the applied concentrati-
on of 100 uM the most valuable for testing of
all FMTs. The last tested parameter was time
of incubation which was set on the 1, 2, 3, 4,
5, 6, 7 and 8 hours under abovementioned best
obtained conditions.

Figure 1: (A) Hydrodynamic voltammograms
of FMT-21 as overlay of typical records from
HDV determination by FIA-ED with Coulo-
chem III as electrochemical detector. (B) Ob-
tained HDV from FMT 21 analysis
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For final interpretation we designed special
plotting for determination of total influence of
all parameters to the interaction result. Total
count of slopes from all parameters (tempera-
ture, concentration and time) was laid against
each of these parameters. And thus we obtained
the point plots where we defined the clusters
for each tested parameter by median interval.



Finally we counted values of hits inside the median
interval for all tested parameters and from these we
obtained final constant which height represents the
intensity of interaction between FMT and cisplatin.

CONCLUSION

In our interaction study we found that studied
Fragments 2, 4, 7, 8, 16, 18, 20, 21, 22 a 23 had sig-
nificantly higher intensity of interaction with cispla-
tin. Our determined results were in good agreement
with the fact that these FMTs had the most different
structures according the structure cognition compa-
rison. According obtained data our developed high
throughput method is valuable tool for such kind of
analysis.
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ABSTRACT

Herein we present a complex multi-approach
analysis of antioxidant activity of less common
fruists (Honeysuckles) ‘Altaj” LKL — 2, LKL —
21, ‘Bakcarskaja’. The aim of our study was to
demonstrate the suitability of HPLC — ED tech-
nique with gradient elution for determination
of nine phenols as specific antioxidant capacity
(Specific-AC), same technique for determina-
tion of total electrochemical signal as total area
of chromatogram obtained as overall antioxi-
dant capacity (Overall-AC) and spectrophoto-
metric method as DPPH test for estimation of
relative antioxidant capacity (relative-AC) in ed-
ible honeysuckle. We evaluated the correlation
between the Specific-AC and Overral-AC with
regression correlation coefficient R?= 0.7194.

INTRODUCTION

Antioxidants are wide group of compounds
with have health beneficial effects because of
their ability to protect cells against the effects
of free radicals. Studies of these substances
increase because of connection between their
uptake in nutrition and reduction of occurrence
of cancer or cardiovascular diseases [1]. They
display antimutagenic, anticarcinogenic and
antiinflammatory properties. In general, berry
crop had the greatest antioxidant capacity, their
high antioxidant capacity, in agreement with the
literature [2], [3], [4], is likely due to the high
content of phenolic acids and flavonoids such
as anthocyanins [5]. The edible honeysuckle re-
present a lesser — known berry crop originated

from territory of Russia, rich in antioxidants,
especially there was determine a high value of
ascorbic acid and polyphenolic compounds —
phenolic acids and flavonoids [6] [7]. Our work
was focused on elaboration of specific, overall
and relative antioxidant capacity of 4 selected
perspective genotypes of edible honeysuckle
coupled with determination of nine polypheno-
lic compounds (Specific-AC) and total oxidized
compound by HPLC — ED method and total
electrochemical signal (Overall-AC) and Rela-
tive-AC by spectrophotometric determination
using DPPH test.

2. MATERIAL AND METHODS
Chemicals and pH measurements

Standards of target phenolic compounds for
HPLC-ED analysis (Sigma — Aldrich Fluka Co.
St. Louis. MO, USA) were used. Liquid nitro-
gen was purchased from Messer technogas s.r.o,
(Czech Rep.), methanol (>99.9%; v/v), formic
acid acetic acid and 96 % ecthanol for HPLC
from Dr. Kulich Pharma Czech Republic. 2,2 —
diphenyl — 1- picrylhydrazyl DPPH, acetonitril
for HPLC (Sigma Aldrich, Chemical Corp., St.
Louis, USA). HPLC-grade methanol (>99.9%;
v/v) from Merck (Dortmund, Germany) was
used. Reduced (GSH) and oxidized (GSSG)
glutathione, and trifluoroacetic acid (TFA)
were purchased from Sigma-Aldrich (St. Louis,
USA). Other chemicals were purchased from
Sigma-Aldrich (St. Louis, USA) unless noted
otherwise.
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Samples

For experiment the 4 genotypes of honey-
suckles were used ‘Altaj” LKL — 2, LKL — 21,
‘Bak¢arskaja’. All samples had the same origin,
the trial plots of Mendel University of Agricul-
ture and Forestry in Brno are situated in Zabcice.
From fruits representative samples were taken
and weighted 10 g. Further, they were transferred
to mortar, and liquid nitrogen was addad in 4
°C and samples were homogenised by 10 ml 99
% methanol. The homogenate was transferred
to test tube and under the same conditions they
were grinding for 30 min. The next step was
sonification and centrifugation of samples (Ep-
pendorf 5804R, Germany) for 30 min at 16 400
rpm. Supernatants were filtered through a mem-
brane filter (0.45 pm), (Metachem, Torrance, Ca,
USA). 500 pl of each filtrate was diluted by 500
pl methanol.

HPLC-ED system

The instrument for HPLC-UV analysis con-
sisted of solvent delivery pump (Model 582 ESA
Inc., Chelmsford, MA, USA), chromatographic
column Phenomenex Gemini C18 (150 x 4.6;
3 um particles, Phenomenex, USA), UV-VIS
detector (Model 528, ESA, USA) and twelve-
channel CoulArray electrochemical detector
(Model 5600A, ESA, USA). The sample (20 pl)
was injected using autosampler (Model 542,
ESA, USA). The data obtained were treated by
Coularray data station (ESA, USA). The experi-
ments were carried out at room temperature. Mo-
bile phase consists of A: citric acid (75 mM) a
B: Acetonitrile with ammonium acetate (25mM).
Flow rate was 1 ml min"'. Chromatographic col-
umn was thermostated to 35°C. Compounds were
eluted by following linear increasing gradient:
0,1 min (5% B), 0,01 — 4 min (6 %B), 4 — 20
min (25 % B), 20 — 30 min (100% B), 30 — 36
min (100% B), 36 — 38 min (5% B), 38 — 45
min (5% B). Electrochemical detection was car-
ried out at 600 mV. Time of one analysis was 45
minutes.

Spectrometric
determination of antioxidant activity

For spectrophotometric determination of sam-
ples was used an automated VIS spectrophoto-
meter (BS 200, Mindray, China). Reagents and
samples were stored in a cooled carrousel at 4 °C
and automatically pipetted into plastic cuvettes
(Mindray, China). Changes in absorbance were
measured for 21 min at 16-second intervals from
mixing of reagents at below mentioned wave-
lengths and optical trace 5 mm. Cuvettes were
incubated at 37°C. Absorbance was measured at
wavelength 734 nm.

RESULTS AND DISCUSSION

Berry fruit species displayed high level of
antioxidant compounds, especially flavonoids
and phenolic acids [8]. Because there exists di-
rect relation between antioxidant activity and
ability of compounds to be easily electroche-
mically oxidized (to give signal in electroche-
mical detection), selective and very sensitive
electrochemical detection coupled with high
performance liquid chromatography (HPLC-
-ED) make possible separated more analysed
compounds simultaneously, thus so it is ideal
analytical tool for solution of this issue [7].
Results are expressed as a percentage value of
sum of determined values.

Determination of polyphenolic compounds
as specific antioxidant capacity

To the determine of specific antioxidant ca-
pacity, the content of nine polyphenolic com-
pound was detected: gallic acid, catalposide,
rutin, resveratrol, quercitrin, chlorogenic acid,
quercetin, diosmin and salicylic acid. On the
basis of HPLC profile it is evident that in all
examine samples chlorogenic acid represented
the major antioxidant. Derivatives of hydroxy-
benzoic acid are presented in berries in form of
its esters with the most different structures of
gallic acid and salicylic acid. From this group
of antioxidants gallic acid predominated in all
analysed samples. From group of antioxidants
with flavonoid skeleton was the most presented
quercitrin, in genotypes ‘Altaj” "Bakcarskaja’
and LKL —21 was also measured the significant
amount of Trans — resveratrol. Generally, the
highest content of gallic acid, catalposide, ru-
tine and resveratrol was measured in Kléov’
s genotypes of Lonicera kamtschatica (LKL —
2 and LKL —21).

Determination of complex electrochemical
profile as overall antioxidant capacity

The conditions during the electrochemical de-
tection in coulometric detection by Coularray
detector can simulate the effective conditions
for the oxidation of active compounds very
realistically. The overall antioxidant capacity
which also can be called as total antioxidant
capacity (TAC) determined by HPLC-ED Cou-
laray might be thus expressed as total current
represented by peak area in Coulombs (mC,
prC), which is expressed as electric current per
time [9]. Overall final area of individual peaks
of detected phenolic acids and flavonoids were
summarized, accounted area expressed the
total antioxidant of active components in ana-
lysed samples. The LKL2 genotype shows the
highest overall antioxidant capacity than other
genotypes. Despite the fact the method of elect-
roanalytical detection is less applied for detec-
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tion of biological value of fruit, the sensitivity and
selectivity of these procedures is higher in comparis-
on with utilisation of conventional method [10], [11].

Determination of relative antioxidant activity

The relative antioxidant activity was spectrometri-
cally measured using DPPH free radical test, which
is the basis of a common antioxidant assay. This test
is the most nonspecific next to these which were
mentioned above. The method is based on the reac-
tion between DPPH (2,2-diphenyl-1-picrylhydrazyl)
and antioxidant molecule, which occurs in the sam-
ple. The change of absorbance can be thus monito-
red due to change of structure of DPPH. The yield
of the reaction can be dependent on the matrix of
sample which can differ rapidly. For that reason we
called this approach as Relative-AC. In our test the
best Relative-AC parameters were exhibited by Altaj
tightly followed by LKL 2 with LKL 21 an almost
50% decreased values was monitored in Bakarskaja
in comparison to Altaj.

CONCLUSION

On our work we presented that determination of
antioxidant activity has many aspects and for com-
plex determination of its parameter it is necessary
to use more valuable approaches. Electrochemical
detection is one of most selective and sensitive app-
roach for this purpose and in our set up of Overal-
-AC and Specific-AC we were able to determine
the real influence of polyphanols on the TAC. On
the other hand, these methods need to be correlated
to the commonly used method such as DPPH test
which can serve as Relative-AC marker. We found
that the highest parrameters of Specific-AC+Ove-
rall-AC+Relative-AC was found as LKL-2 (300%),
LKL-1 (265%), Altaj (230%) and Bakarskaja (145%)
(Fig. 1). Thus we can recommend the LKL-2 as an-
tioxidant most valuable less common Honeysucle
from rest which have been tested.

Figure 1.: Comparison of valueas obtained from de-
termination of Relative-AC, Overall-AC and Speci-
fic-AC for 'L — K1 - 21", "Bakcarskaja’, ‘Altaj” and 'L
— K1 -2" as percentage values and as sums of these
values.
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ABSTRACT

Pesticides are chemical substances which are used for preventing losses on culture plants, stocks
of food, and feed. An excessive use of pesticides and other contaminants lead to an enormous bur-
den for all components of biosphere in the final stage. Negative consequences of pesticide exposure
(contamination of surface water, damage of ecosystems, and perishing of bees, and accumulation
in the life systems etc.) led to an effort to reduce their use.

Tebuconazole ((RS)-1-p-chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl)-pentan-
-3-ol; Fig. 1) is a broad-spectrum triazole fungicide used to control many plant diseases by inhibi-
ting the biosynthesis of ergosterol to prevent fungal mycelium development. It displays an outstan-
ding curative and protective efficacy to control numerous pathogens in various cereals, fruits, and
vegetable crops [1]. Tebuconazole belongs to toxicants for the aquatic organisms as it might induce
along-term adverse effect on the aquatic environment. Some literature also showed that it can exist
in the environment for a long period of time [2]. After application, tebuconazole can subsequently
cause risks for soil ecosystems, groundwater and surface water [3]. Common application of this
fungicide leads to its accumulation in soils. Tebuconazole may react also with essential elements in
soil (by this way can cause a variation in its stability, toxicity, etc.), such as copper [4], and/or with
hazardous metals such as cadmium [5]. Copper and tebuconazole together create a few different
complexes at room temperature.

The voltammetric behavior of tebuconazole was studied with help the newly developed mercury
meniscus-modified copper solid amalgam electrode (inner diameter 1.5 mm). Differential pulse
voltammetry (DPV) and cyclic voltammetry (CV) were applied for these purposes. The reaction
mechanism was investigated using CV and elimination voltammetry with linear scan (EVLS).
The optimum conditions for DPV determination of tebuconazole were found in Britton-Robinson
buffer/methanol (1:1, v/v) of pH 6.3, initial potential and accumulation potential E _ =+400 mV vs.
Ag/AgCl/3M KCl, scan rate 20 mV.s™. Applying the prolonged accumulation time (60 s), the limit
of detection 2.107 mol.L"! was achieved. The applicability of the developed method was verified on
the analysis of the real soil solution sample.

Figure 1.: Structure of fungicide tebuconazole
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The electrochemical methods (electrochemi-
cal impedance spectroscopy (EIS), patch clamp
techniques, voltammetric techniques, etc.) be-
long to relatively frequently used in elucidation
of transporting processes across the phospholi-
pid membranes. The elucidation of such proce-
sses presents the first step of affecting of these
processes (e.g., increasing or decreasing of the
total amount of some specified ion (metal) in
the cell by phytoremediation [1]). Because the
real biological membranes are very complica-
ted (integrated or partly integrated proteins, ion
channels, etc.), they were replaced in our expe-
riments by model phospholipid (PL) membranes
which were composed of simple phospholipids
(1,2-dipalmitoyl-sn-glycero-3-phosphocholine,
1,2-dipalmitoyl-sn-glycero-3-phosphoethanola-
mine, or mixture of phospholipids obtained from
soybeans (commercial name Azolectin)). There
are some different possibilities of formation of
artificial (model) membranes for simulation of
transporting processes, e.g., the form of vesicu-
les, formation of SPLBs on the surfaces of solid
materials, on the metallic substrates (mercury
[2], gold, solid amalgams [3,4]). Such layers
can be prepared in the form of a self-supporting
membrane too (e.g., by filling a small micro-ho-
les in a plate [5], etc.). Our team has dealt with
formation and investigation of SPLBs on porous
polycarbonate membranes [6-13] and on agar or
agarose substrates [14].

Instead of ion channels and similar real trans-
porters we have brought our attention to the uti-
lization of ionophores (e.g., calcimycin, valino-
mycin) and low molecular weight organic acids
(LMWOA) for transport of charged as well as
uncharged species (ions and their complexes)
across the model biological membranes.

The compositions and the structures of
these species have been investigated using
electrospray ionization mass spectroscopy [15].
Similar information about qualitative and first
of all about quantitative composition of extra-
cellular and intracellular solutions have been
gathered using voltammetric tecniques (DC vol-
tametry, differential pulse voltammetry (DPV),
cyclic voltammetry) and ion selective electrode.
The stability of tested membranes have been
characterized by electrochemical impedance

spectroscopy (EIS).

We concentrated on investigation of transport-
ing processes of heavy metal ions: cadmium,
lead and copper which play very important role
in environment. They form complexes with
LMWOAs which are encountered mainly as im-
portant root exudates, influencing processes in
the rhizosphere and influence solubility, mobili-
zation and uptake by plant [16].
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ABSTRACT

Understanding and characterization of colloidal nanoparticles is very important for their uses in
the research and technology. Colloidal silver solutions have many interesting properties such as
surface plasmon resonance. Plasmons are optical effects observed for silver, gold, and copper and
the other nanoparticles. The value of the wavelength of this effect depends on the particle size and
shape as well as on the properties of solvent or absorbent presented. As sample there were used
nanoparticles of silver, which were dispersed in aqueous solution. The fluorescence, size and zeta-
potential of two samples each with different date of preparation were measured. The colloidal solu-
tions were investigated by means of fluorescence spectroscopy, dynamic light scattering, electron

microscopy, and electrophoretic light scattering for zetapotential evaluation.

INTRODUCTION

In the last decades, nanoparticles have be-
come very popular, especially particles of silver.
Thanks to its extraordinary properties, these co-
lloids are currently widely used. They are used
as an antimicrobial agent, for catalysis or as are-
al-time optical sensor. The optical sensors made
from silver use the surface plasmon resonance
effect. Kildeby [1] writes that sensitivity of the
sensor increases up to silver molar concentrati-
on 102" mol'l". The wavelength of plasmons is
directly proportional to the size, shape of the
particle, solvent and absorbent [1], [2]. This con-
tribution is focused on the characterization of
nanoparticles, on their size mainly.

MATERIAL AND
EXPERIMENTAL METHODS

The silver nanoparticles dispersed in aqueous
solutions were studied. The colloidal solution
was prepared by reduction of AgNO, in ammo-
nia solution with the help of glucose [3]. Two
identical solutions were obtained with different
dates of preparations. The time difference was
about three weeks (500hrs).

Figure 1: 3D fluorescence spectrum meas-
ured at 15/02/ 2012 where (a) is sample dated
in 15/02/2012. and (b) from older sample dated
24/01/2012
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The samples were investigated by fluorescen-
ce spectroscopy (measured on Thermo Scien-
tific Lumina Fluorescence Spectrometer), dy-
namic light scattering (DLS), electrophoretic
light scattering (both two foregoing items by
instrument: Zetasizer Malvern), and transmi-
ssion electron microscopy (TEM). The 3D flu-
orescence spectra are on Fig. 1.

The DLS method is based on diffusion of light
on particles moving by Brownian motion. This
technique is used to measure the size of small
particles in colloid solutions. It enables to me-
asure a hydrodynamic diameter (Fig. 2) of the
nanoparticles, which is higher then the real size
[4]. The second alternative method for determi-
ning the size is TEM (Fig. 2). The zetapoten-
tial of the nanoparticles was characterized via
electrophoretic light scattering. The zetapoten-
tial describes the surface electron potential of
the particles [S]. The zetapotential measurement
is on Fig. 3.

RESULTS AND DISCUSSION

Just a simple visual comparison (by eyes) of
the fresh and old samples revealed a distinct
difference in colour of the samples. The diffe-
rence was quantified by spectral measurement
(Fig. 1). The first sample was brown with green
reflection and the second one was violet with
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green reflection. That means that there were par-
ticles of different size in the samples.

Figure 2: Measured size distribution of silver na-
noparticles. Fresh sample: (a) and (c). Old sample:

(b) and (d). Real size (TEM) distribution: (a) and

(b). Hydrodynamic size (DLS) distribution: (c)
and (d)

3

(@ v)

Intensity (%]
Y

200 ' 400 ' 600 ' 80.0 ' 1000
Size [nm]

AN

10
Size [nm]

VAN

Slze [nm]

T200 | 400 | 600 | 800 oo
Size [nm)

24

Intensity [%]
13

"
=

Intensity [%]

The results of the fluorescence measurements,
using a xenon lamp, are given on Fig. 1. There
can be seen that the dispersion match to the ab-
sorption. The maximum of the fresher sample
was about 660 nm, which corresponds to the ab-
sorptions of dark brown-yellow colour. The se-
cond, older sample had maximum about 480 nm.
This wavelength match absorption of the blue
light. There were not observed plasmons that can
be due to the weak source of light.

Figure 3: Spectra of zetapotential (a) was
measured from fresh and (b) from old sample.
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The size was measured by two methods. The
first used method was image analysis using
images attained from electron microscope
(TEM). The size distributions of fresh and old
samples are on Fig. 2. The main nanoparticles
diameter of the older sample is smaller than in
younger one. This is caused by fact that some of
the images were not suitable for image analysis
because they show lot of big particles even in
size of 200 nm. These big particles reveal vi-
sible the multiple twin effect [6]. These large
particles are likely formed during ageing of the
sample.

The second size method was DLS detecting
the hydrodynamic radius. Results are shown in
Fig 2 (c) and (d). This method is fast and suffi-
ciently correct. The particles in younger sample
were smaller and occurred primarily in the size
of 80 nm. Nanoparticles in the older sample
had a size of 180 nm. DLS method captured
also large nanoparticles around 180 nm, so di-
ffers from the method of evaluating the TEM
images.

This technique was complemented by measu-
rements of zetapotential.

The zetapotential of particles was measured
on the same instrument as the DLS. The results
are shown in Fig. 3 (a) and (b). There is a noti-
ceable shift in potential between the samples.
The zetapotential does not depends on age of
the nanoparticles.

CONCLUSION

The contribution presents the experimental
measurements and simple characterization of
the silver nanoparticles. The methods DLS,
TEM, fluorescence spectroscopy and electro-
phoretic light scattering for zetapotential eva-
luation were used. The experimental study
of the optical properties of the nanoparticles
brings important information on the relation
between size and optical properties during
ageing of the samples. The difference between
silver nanoparticle sizes measured by means of
DLS technique and TEM image analysis sho-
wed that the thickness of the surface shell is im-
portant value, which must be studied in more
details. The electrophoretic light scattering me-
thod reveals the zetapotential independence on
size, which changes during ageing of the silver
nanoparticles.
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ABSTRACT

The corrosion behavior plays an important role in determining of biomedical implants feasibi-
lity. In this study nitrogen doped amorphous carbon (a-C:N) films were deposited on silicon and
medical CoCrMo alloy substrates by vacuum arc discharge technique using different deposition
conditions from graphite target. Potentiodynamic polarization tests and electrochemical impedan-
ce spectroscopy were employed to assess the corrosion performances of the films at room tempera-
ture in 0.89 wt. % NaCl solution. The influence of substrate bias on the electrochemical corrosion

behavior was investigated.

INTRODUCTION

Nitrogen doped diamond-like carbon (a-C:N)
thin films are promising candidates for coating
of standard medical metal alloys (Ti6Al4V, Co-
CrMo). Due to their excellent wear resistance,
coefficient of friction, hardness, chemical inert-
ness and biocompatible nature they can meet the
requirements of suppressing the harmful release
of ions, wear debris formation, and undesirable
biological reactions with the surrounding tissue
[1-4]. The properties that directly influence the
corrosion behavior of DLC films are sp*/sp® ra-
tio, film structure, porosity, adhesion to substra-
te, surface roughness and electrical conductivi-
ty. The sp*/sp® ratio is affected by the deposition
conditions and varied also with used deposition
method [5,6]. The application of substrate bias is
frequently used to control the energy around 100
eV allowing the formation of the highest number
of sp® bonds in the film [7, §]. In this study, the
influence of substrate bias on the electrochemi-
cal corrosion behavior and hardness was investi-
gated.

EXPERIMENTAL

The a-C:N thin films were deposited on cy-
lindrical CoCrMo samples in a vacuum system
UVNIPA-1-001 described previously [9]. Mi-
rror polished silicon substrates and cylindri-
cal CoCrMo samples were used for deposition
of the coatings. The substrates were cleaned
for 10 min. with Ar ions prior to the depositi-
on cycle. The sputtering frequency of the arc
source pulses was 3 Hz and the total number of
sputtering pulses 1.5k for Si and 3k for CoCrMo
samples. Background pressure was 10* Pa and
working pressure was maintained at around 1 Pa
according to gas flow. Argon to nitrogen

(Ar:N) gas flow ratio was set up to 40:40 sccm.
The temperature was kept below 150 °C. Nega-
tive substrate bias from 0 to -2.5 kV was applied
during deposition process to change the incident
ions energy. Potentiodynamic polarization tests
and electrochemical impedance spectroscopy
were employed to assess the corrosion perfor-
mances of the films using Autolab Potenciostat
Galvanostat at room temperature in 0.89 wt. %
NacCl solution with Ag/AgCl reference electrode
(RE). The samples were tested immediately
after immersion with scan rate 80 mV/s. The
structural properties of a-C:N films were stu-
died by Raman spectroscopy with 632.8 nm
He—Ne laser. The acquired Raman spectra were
fitted with a Gaussian line to illustrate the D and
G peak positions, G peak full width at half ma-
ximum (FWHM) and I /I ratio.

RESULTS AND DISCUSSION

Potentiodynamic polarization tests

Fig. 1a) shows the dependence of E_on sub-
strate bias applied during deposition. It can be
seen that the line is almost similar to the G peak
position dependence. The highest value of E_
can be observed for the sample dep051ted with
negative bias -0.6 kV and with further increa-
sing of U_ the corrosion potential shifts to lower
values. We can see that, the highest value of E__
occurs within the higher G peak position, where
the lower sp*/sp? ratio, higher number of graphi-
tic rings per cluster and higher domain size can
be expected.

Figure 1.: a) Dependence of Raman G peak po-
sition and E__vs. RE (Reference Electrode) of
a-C:N dep0s1ted with different substrate bias, b)
polarization curves of uncoated and a-C:N coated
CoCrMo deposited with different substrate bias
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Fig. 1b) shows the polarization curves of un-
coated and a-C:N coated CoCrMo substrates
deposited with different substrate biases. The
potential region of the a-C:N coated samples
( E,, = =472 mV) was shifted towards more
positive values compared to uncoated samples
(E,, = —392.4 mV), ie., showed more noble
corrosion potentials (a shift of approximately
350 mV). Besides, it can be seen from the figures
that the range of current density for protecting
film formation is smaller for coated substrates
than for uncoated. The samples in the corrosion
behavior with lower current density and higher
potential indicate better corrosion resistance evi-
denced by a shift of the whole polarization curve
towards the region of lower current density and
higher potential [10].

In the Fig. 2 we can see the SEM images of a-
-C:N layer deposited on CoCrMo after potenti-
odynamic polarization tests. After destructive
corrosion tests, all of the coatings seemed to
have less or more noticeable amount of surface
pits. The SEM micrographs in Fig. 3 show sha-
llow wide pits with vertical grain attack (left)
and corrosion products (right). It is known that
the pits initiate at defects, surface compositional
heterogeneities and porosities because these im-
perfections degrade the cross-linking structure
of the film. The increased surface roughness of
CoCrMo substrates can contribute to degradati-
on of corrosion resistance of the protection films
because of a larger exposed surface area to the
electrolyte during the corrosion testing.

Figure 2.: SEM images of corroded areas on a-
-C:N layer deposited on CoCrMo, shallow wide
pits with vertical grain attack (left) and corrosion
products (right)

ELECTROCHEMICAL IMPEDANCE

SPECTROSCOPY

The best equivalent circuits for EIS spectra of
clear CoCrMo substrate is in the Fig.3 left, for
the substrate covered with a-C:N layer it is the
one on the right. These equivalent circuits are

assembled of following components: resistance
of used electrolyte — Rs, capacitance of a-C:N
layer — C , porosity resistance R , which is con-
tributed to the electrolyte ions flux through the
thin film, doublelayer capacitance — C,, attri-
buted to interface substrate/layer and polariza-
tion resistance R .

Figure 3.:: Equivalent circuits for EIS spect-
ra of clear CoCrMo substrate (left) and for the
substrate covered with a-C:N layer (right)

High value of R , causes corrosion processes
slowdown and increases the corrosion resistan-
ce. Impedance and phase-frequency dependen-
ce are in Bode diagrams in Fig.4. We can see,
the values of impedance by covered substrates
are higher than by non-covered in the lower and
midd frequencies and lower by high frequen-
cies. Polarization resistance by non-covered
substrate was R = 3.03 MQ. The value of po-
larization resistance for covered substrates va-
ried from 4.4 to 20 MQ. In Bode diagram (Fig.4
right) we can observe higher phase shift for
substrates with a-C:N layers than for non-co-
vered substrates in the range of midd and high
frequencies. We can assume that, the corrosion
resistance of a-C:N covered CoCrMo substrates
was improved [11].

Figure 4.: Dependence of impedance Z (left)
and phase shift (right) on frequency for substra-
tes with and without a-C:N layer

5
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CONCLUSIONS

Diamond like carbon thin films were de-
posited on medical grade CoCrMo alloys by
arc discharge method with different substrate
biasing. The corrosion potential of the a-C:N
coated samples was shifted towards more posi-
tive values and the range of current density was
smaller compared to uncoated samples. This
indicates that the tendency towards corrosion
for coated samples has become weaker. The
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highest value offE__ for CoCrMo substrate was
measured on the coating deposited with substra-
te bias around -0.6 kV. The shift of E__to more
positive values was approximately 350 mV. All
of the coatings after polarization tests seemed to
have less or more noticeable surface degradati-
on. SEM micrographs showed a small amount of
surface localized shallow wide pits with vertical
grain attack and surface solid products which
usually agglomerate around the defects or pores.

Using EIS, we found suitable equivalent elect-
rical circuit for analyzed system substrate/layer.
The value of polarization resistance for covered
substrates varied from 4.4 to 20 MQ. For non co-
vered substrate it was only 3 MQ. The increase
of polarization resistance causes electrochemi-
cal corrosion speed slowdown and increases
corrosion resistance.
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ABSTRACT

Copper(Il) complex systems containing 3,5-di, 4-, or 5-chlorosalicylic acids (X-ClsalH) with
different copper(Il) salts (copper acetate (Cu(ac),) or copper sulphate (CuSO,)) in presence of
2,6-pyridinedimethanol (pydime) were studied by EPR spectroscopy in water/methanol solutions.
The rather rare, ,,reversed* Cu(II) EPR spectra were obtained and analysed.

INTRODUCTION

According to Jahn-Teller theorem [1], the
copper(1l) complexes can not be rigorously oc-
tahedral and the highest symmetry compatible
with this theorem represents tetragonal struc-
ture. The tetragonal distortion of the octahe-
dron (either elongation or compression) is the
most simple way of the octahedral degeneracy
decreasing [2]. EPR spectroscopy is a useful
tool for the assignment of the stereochemistry
of such complexes via analysis of the opposite
g-parameter patterns arising from these two
mentioned distortions [3]. Hathaway and Billing
[4] attributed the following relation of g-values
evaluated from the EPR spectra: i) (g 1”8 )

for elongation and ii) (g, > ¢ I ) for compres-
sion.

MATERIAL AND METHODS

The samples for EPR experiment were pre-
pared immediately before measurements by
mixing Cu(ac), or CuSO, with 3,5-di, 4-, or
S-chlorosalicylic acids (X-ClsalH) and with
2,6-pyridinedimethanol (pydime) in water/
methanol solvent. The resulting solution was
then carefully homogenized and filled into
quartz capillaries. In this case, the sets of sam-
ples for EPR measurement were obtained and
the Cu(II) EPR spectra were recorded on Bruker
EMX X-band EPR spectrometer at room tem-
perature and at 98 K. Detailed information on
EPR experiments, interpretations, processing
(WinEPR) [5] and simulations (SimFonia) [6] of
EPR spectra are summarised in Refs. [7, 8].

RESULTS AND DISCUSSION

For illustration, the experimental “reversed”
axially symmetric Cu(Il) EPR spectra of sys-
tems [CuSO,(aq) + 2 (X-ClsalH(solv)) + 4
pydime(solv)], where X = 3,5-di, 4-, or 5-, which
were measured in the frozen water/methanol so-
lution at 98 K are shown in Figure 1. In all cases,
the EPR spectra are characterised with unre-

solved perpendicular and well-resolved parallel
copper hyperfine splitting of 63,65Cu isotopes
(I = 3/2). Neither parallel nor perpendicular su-
perhyperfine splitting of 14N isotope (I = 1) was
resolved in the Cu(Il) EPR spectra.

Figure 1. Experimental first derivative ,,rever-
sed” axially symmetric Cu(ll) EPR spectra of
copper(Il) complex systems: [Cu(ac)2(aq) + 2
(X-ClsalH(solv)) + 4 pydime(solv)], where X =
3,5-di, 4-, or 5-, measured in frozen water/metha-
nol solutions at 98 K
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The spin Hamiltonian parameters evaluated
from the experimental “reversed” Cu(Il) EPR
spectra were refined by the computer simulati-
ons. The values of both g-factors (g , =2.21 and
g = 2.01) remain constant for 3,5- di, 4-, and 5-
cLlorosalicylic acids. All the Cu(IT) EPR spect-
ra showed the rare, “reversed” axial symmetry
with the relations (g,> gl) indicating the dis-
torted compressed octahedral geometry of the
copper ion [3] in these complex systems. Like-
wise, the parallel copper hyperfine splitting (A||
= 16.8 mT) values remain constant for investi-
gated X-ClsalH. The above spin Hamiltonian
parameter values are in a good accordance with
those published for similar ,reversed* axially
symmetric Cu(II) EPR spectra of copper(Il)
complexes, see elsewhere [4, 9-11]. However,
when ligand (pydime) was not present in the re-
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action mixture, the “regular” Cu(Il) EPR spect-
ra (data not shown) with axial symmetry were
observed in the frozen solutions at 98 K. In this
case, the relations in g-values

(g” > g,) indicates the distorted elongated octa-
hedral geometry of central copper atom and that
the unpaired electron on copper ion is localised
on the d »- » orbital [4].

Figure 2 illustrates the experimental Cu(II)
EPR spectra of the same copper(Il) complex
systems, but recorded in the water/methanol
solutions at room temperature. Unfortunately,
the hyperfine structure of copper resonance line
(quartet) due to *°Cu isotopes (I = 3/2) was not
resolved, which is probably caused by simulta-
neous influence of the exchange interaction and
the Jahn-Teller effect [1]. Therefore, only wide,
asymmetric “reversed pseudosinglet” (geff ~
2.15, ABpp = 14.5 mT) was seen in such Cu(II)
EPR spectra.

Figure 2. Experimental first derivative Cu-
(I) EPR spectra (,,reversed pseudosinglet™) of
copper(Il) complex systems: [Cu(ac),(aq) + 2
(X-ClsalH(solv)) + 4 pydime(solv)], where X =
3,5-di, 4-, or 5-, measured in water/methanol so-
lutions at room temperature
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Also here, when ligand (pydime) was not pre-
sent in the reaction mixture the “regular pseudo-
singlet” was observed in the experimental Cu(II)
EPR spectra (data not shown) measured in the
water/methanol solutions at room temperature.

The spectral features of all the Cu(Il) EPR
spectra of these copper complex systems [Cu(ac),
(aq) or CuSO,+ 2 (X-ClsalH(solv)) + 4 pydime(-
solv)], where X = 3,5-di, 4-, or 5-, are very si-
milar, which can indicate that for all X-ClsalHs
the dominant complexes have similar structure
of the first order coordination sphere around the
copper atom.

In this contribution, we presented the original,
preliminary results arising from the present state
of the study of the above mentioned copper(II)
complex systems by EPR spectroscopy. Further
experiments in this topic are in the progress.

CONCLUSION

The rather rare, ,reversed® Cu(Il) EPR
spectra were obtained in the water/methanol
solutions of the copper(Il) complex systems
containing 3,5-di, 4-, and 5-chlorosalicylic
acids, different copper(Il) salts and the ligand
(2,6-pyridinedimethanol) at both temperatures.
In the case of the ,,reversed* axially symmetric
Cu(II) EPR spectra, the unusual relation of g-
-values (g , > g,) can be due to a compressed te-
tragonal distor%ion of the octahedron geometry.
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ABSTRACT

In recent days the synthetically grown diamond layers are very progressive materials for various
fields of technology. Thin diamond layers can be prepared using hot filament chemical vapour
deposition (HF CVD) method. During the deposition and growth process in the reactor contain
boron atoms are present as doping gas, boron doped diamond (BDD) can be produced. In this con-
tribution were BBD layers analysed, which were identically grown with different concentration of
boron. The resulting BBDs were analysed using Scanning Electron Microscopy (SEM) and Raman

spectroscopy to determine properties of samples [1].

INTRODUCTION

The chemical vapour deposition
(CVD) involves a gas phase chemical
reaction occurring above a solid sur-
face, which causes deposition onto that
surface. Hot filament CVD (HF CVD)
method is used for the growth of dia-
mond thin films under low pressures,
and is also the most popular method.
The used hot filaments are heated up
to 2 000 °C to activate the H, and CH,
gases. The diamond film is then depo-
sited onto a substrate, which is located
about 10 mm under the filaments on
molybdenum holder. The pressure in
the chamber is up to 3 kPa and rotary
pump is used for chamber evacuati-
on. The HF CVD method is relatively
cheap modification and diamond thin
films can be relative easily produced.
However, there is another method
to produce diamond thin films, e.g.,
MW CVD (Microwave CVD), which
uses microwaves to activate gases.
It is cleaner as a HF CVD, but MW
CVD reactor is more expensive [2].
Before starting the growth process,
the substrate surface must be prepared
for the growth. This step is described
as a diamond seeding layer process
or also nucleation [3]. Diamond thin
films prepared with CVD are used in
electrochemistry, mainly for trace me-
tal detection. They have a high sensi-
tivity.

EXPERIMANTAL DETAILS

The diamond thin films were prepared by Hot Filament
CVD. The nucleation process was initiated using dia-
mond powder in ultrasonic bath in demineralised water
after 15 minutes. Before nucleation, samples were clea-
ned in ultrasonic bath in acetone and next they were rin-
sed in ultrasonic bath in demineralised water. Diamond
thin films were prepared on SiO, thin layer (about 150 nm
thick), which was prepared on Si substrate.

Table 1: Gas flow and B/C ratio

CH H H,+TMB
Sample (sccAm) (sécm) (sécm) B/C (ppm)
A 6 250 50 1667
B 6 100 200 6667
C 6 50 250 8333
D 6 0 300 10000

Using the hot filament CVD method the filaments in
the reactor reach almost 2 000 °C and the substrate tem-
perature is usually in the range from 600 °C to 800 °C.
Samples were prepared at different gas flows of TMB
(Trimethylboron), which is the source for B and B/C ratio
is amount of TMB to CH, (ppm). In Tab. 1 gas flows du-
ring deposition are shown. All samples were prepared at
3 kPa in vacuum chamber and the time of the deposition
was 120 minutes.

RESULTS AND DISCUSSION

SEM is first analytical methods, which was used to de-
termine morphology of surfaces. SEM pictures of samp-
les A and D shown, that surfaces are evenly covered with
diamond structured. In figures is not observed significant
difference between samples A and D, whose are growths
with different concentration of boron. However, in sam-
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ple A, which was growth in less concentration of
boron, is observed some smaller diamond crystal.  REFERENCES
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The Fig. 2 shows the Raman spectra, which
were obtained at room temperature using a He-
-Ne laser with wavelength of 632 nm. The dia-
mond peak at 1333 cm™ decreases with an inc-
reased B/C ratio [4]. Raman broad band centred
at 1 225 cm™ are for boron. Peak at 925 cm™ are
characteristic for Si. For high boron concentrati-
on the peak at 1 580 cm™ characteristic for micro-
-graphite is less visible [5].

Figure 2.: Raman spectra of samples with dif-
ferent B/C ratio
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CONCLUSION

In this contribution we compared a series of
diamond thin film samples produced by HF CVD
method prepared with different boron concent-
rations. Characterizations by SEM, and Raman
spectroscopy methods were carried out. Boron
doped diamond thin films can be produced and
they will be used in other areas of science and
industry, for example, now they are used in elect-
rochemistry [1].
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ABSTRACT

Electrochemistry of nucleic acids and protein represent booming fields because of their relations
to genomics and proteomics, requiring new simple and inexpensive methods for parallel analysis
of nucleic acids and proteins. Recent development in these fields will be briefly reviewed. Until
very recently, poly- and oligosaccharides were considered as electroinactive species and electro-
chemical methods were little used in their analysis. Our recent studies show that these compounds
can be conveniently analyzed by electrochemical methods.

INTRODUCTION

In 1930 first paper on the ability of proteins
to catalyze hydrogen evolution producing po-
larographic pre-sodium wave was published by
Heyrovsky and Babicka [1]. This wave was, ho-
wever, considered of little use in protein analysis
because it was poorly developed and appeared
too close to the background discharge. First
papers on polarography of nucleic acids (NAs)
were published about 30 years afterwards [2]. At
present electrochemistry of NAs is a booming
field because electrochemical detection appears
as an interesting alternative for optical detection
in sensors and detectors for DNA hybridization
and DNA damage [3-5].

NUCLEIC ACIDS

Nucleic acids (NAs) are electroactive species
yielding reduction and oxidation signals at mer-
cury and oxidation signals at carbon electrodes
due to redox processes involving the NA bases
[5]. Electroactivity of NAs was discovered >50
years ago [2,4]. In the same time it was shown
that reduction signals at Hg electrodes reflect
changes in DNA structure [2,5] and that damage
to DNA [6] can be detected electrochemically. In
the 1980’s first electroactive labels were introdu-
ced in NAs and first DNA-modified electrodes
were invented [5]. The boom of NA electroche-
mistry started in 1990. In recent years roughly
700 papers per year have been published [4,5].
At present any nucleotide sequence as well as
point mutations/single nucleotide polymorphi-
sms can be easily electrochemically detected
[5]. Mostly PCR amplified DNA is used for the
analysis. Detection of specific sequences in eu-
karyotic DNAs in biological matrices (without
PCR amplification) still represents a challenge.
Based on specific engineering of the electrode
surface using ternary thiol layers recently a sig-
nificant progress has been made allowing detec-
tion of specific sequences in undiluted blood and
urine [7].

PROTEINS

It has been shown that using the constant cu-
rrent chronopotentiometric stripping (CPS) and
hanging mercury drop electrode (HMDE) or
solid amalgam electrodes (SAEs) peptides and
proteins produce well-developed electroca-
talytic peaks (peak H) which, similarly to the
polarographic presodium wave, are due to the
catalytic hydrogen evolution reaction (CHER)
[8-12]. Peak H differs from the previously stu-
died polarographic and voltammetric signals
of proteins (i) by different polarization of the
mercury electrodes (ii) by its ability to detect
proteins down to nanomolar and subnanomolar
concentrations and (iii) by its high sensitivity to
changes in protein structures [8,10,12] and re-
dox states [9]. Using thiol-modified Hg electro-
des changes in protein structure at the electrode
surface can be well controlled [12]. Peak H was
applied for recognition of changes in protein
structures due to single amino acid exchange
in mutated proteins such as tumor suppressor
protein p53 [13]. Picomoles of the protein were
sufficient for the analysis. Miniaturized solid
amalgam chips were developed for parallel pro-
tein sensing [14].

CARBOHYDRATES

We have shown that sulfated polysaccharides
(PS) produce electrocatalytic peak H [15] and
that electroactive labels, based on complexes of
six-valent osmium with different nitrogenous
ligands [Os(VI)L], can be introduced in other
PSs [16] and in ribose residues at the 3’-end of
RNA molecules [17], yielding different redox
couples at HMDE, SAEs and carbon electrodes.
Some [Os(VI)L] complexes produce at HMDE
and SAEs specific peak Cat allowing detection
of carbohydrates at picomolar level [16,18]. This
peak, similarly to peak H, is due to CHER but
appears at less negative potentials than peak H.
It has been shown shown that specific glycosy-
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lation patterns of proteins are associated with
states of health and disease. Glycan analysis in
glycoproteins is therefore increasingly applied in
biomedical research, clinical practice, pharmacy,
biotechnology, etc. Reliable, simple and inexpen-
sive methodologies for the analysis of carbohyd-
rates and particularly glycans in glycoconjugates
are therefore sought. It appears that electroche-
mical methods will soon find use in the analysis
of glycans in glycoproteins.

CONCLUSION

For several decades electrochemistry of bio-
macromolecules was limited to proteins. At
present a large amount of literature on electro-
chemistry of DNA and RNA [3-5] as well as on
electroactivity of non-protein components of
conjugated proteins is available. We can witness
growing interest in electrochemical responses
of amino acid residues in proteins, not limited
to a small group of conjugated proteins yielding
reversible electrochemistry [8,13]. Particularly
CPS responses at bare and thiol/modified Hg
electrodes (due to CHER) attract attention be-
cause of their excellent sensitivity to changes in
protein structures. Recently reported electroac-
tivity of the adducts of Os(VI)L complexes with
poly- and oligosaccharides [16-18] gives promise
for wider application of electrochemistry in car-
bohydrate research and especially in analysis of
glycoproteins and possibly in glycomics.
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ABSTRACT

The acidity function is a thermodynamic quantitative measure of acid strength for non-aqueous
and concentrated aqueous Brensted acids. The methods of their constructions proposed by the
author and some further applications are summarized in this contribution.

INTRODUCTION AND THEORY

The acidity function is a thermodynamic
quantitative measure of acid strength for non-
-aqueous and concentrated aqueous Brensted
acids, with acid strength being defined as the
extent to which the acid protonates a base of
known basicity [1]. The concept of acidity func-
tion was introduced by Hammett and Deyrup
[2] who denoted it A. In this concept the acidi-
ty function represents an extrapolation of pH
scale to media exhibiting non-ideal behavior of
components of the protonating or deprotonating
medium and substrate. Definition of the acidity
function is based on the equilibrium constant of
the dissociation process

K, =2 .
' a,.  [BH']

H

_[BIH"] K4,
= 0

aga,.+ [BI[H* fefa+
Ka s [ _]x Bl
[BH*] Fap+
M
Taking the logarithms we obtain after modi-
fication

Sgp+

[BH']
[B]

pK, =log —loga, —log fé =log/I+H

B

ff = ogl+H
2

where the symbol / denotes the measurab-
le concentration ratio (obviously UV-VIS
spectroscopy determinate) of the protonated to
the non- protonated forms, and the symbol H
denotes the acidity function. Using Eq. (2) and
a series of structurally similar indicators (with
constant ratio f/f,. at a given concentration of
acid) it is possible to construct the dependence
of H function on the acid concentration. A di-
fficulty consists in that the A function depends
on the type of acid, their concentration and the

[eH7]
’ch = log & —logag+ —loglf

EH

indicator [3]. Several authors tried to remedy
this fault by introduction of a general acidity
function [4,5].

The whole measurements are only applied to
acid-base equilibrium processes, but kinetic
measurements are also carried out, in non-ideal
media of concentrated acids and bases. In this
case, it is common to plot logarithm of the ob-
servable rate constants against a suitable acidity
function. Troubles are encountered, if one must
work with media whose acidity functions are
unknown. Therefore, several years ago, Johnson
and coworkers suggested the concept of kinetic
acidity function [6-8].

The electrochemical acidity function repre-
sents an interesting approach for the description
of non-ideal media properties [9]. A liquid junc-
tion-free reference potential was realized at a
dropping mercury electrode, using the standard
potential of the metallocene redox couple. This
approach is particularly suitable for determina-
tion of acidity functions that are seamlessly an-
chored to aqueous standard buffers.

METHODS OF CONSTRUCTION

OF ACIDITY FUNCTIONS

The construction of H function [10] utili-
zes equation (2), while two conditions must be
fulfilled. The first conditions means a constant
ratio of the activity coefficients f,/f, ... Hence,
a series of structurally similar compounds are
generally used as indicators. Weak bases, with
pK, differences of two consecutive indicators
less than 1, are used for acid media. They are ty-
pically represented by substituted anilines (e.g.
acidity function H ), but amides (acidity func-
tion /,) or other substances can also be used.
The acidity function must follow the pH scale.
Hence, the second condition is that the pK, value
of at least one indicator (usually the most basic
one) must be determined within the range of pH.
For the difference in pK, of the particular acid
concentrations the equation (3) is valid.

pK —pK: =log I'"' —log I'
(3)
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The dependence of log 7 on the concentrations
¢,..q for every indicator is represented by a slight-
ly bent curve. The shape of this dependence is
for all indicators and within the range of concen-
trations ¢, approximately similar. However, the
curves are mutually shifted along the log / axis
by the increment which corresponds to the diffe-
rence in pK_ (equation (3)).

A construction of the acidity function means
shifting the curves along the log / axis to overlap
as much as possible and, simultaneously, to con-
tinue the curve of the most basic indicator (“an-
choring” on the pH scale). For such purposes, se-
veral numerical models have been proposed. One
of them used the differences in the integral area
bellow the curves [11], later on, another, more ge-
neral and effective algorithm based on iterative
smoothing was developed [12]. This method was
used for the construction of acidity function H
of perchloric acid and was further extended by
so-called “interconnected acidity function in
the same medium and two indicator types. The
proposed methods of the acidity function con-
struction were also used for the redefinition of
so-called “kinetic acidity function” according to
the equation (4).

log £,

cat

=log k,,,— H

4

The acidity function constructed in this way

was further used for the study of reaction mecha-
nisms in strong acid media [15,16].
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ABSTRACT

Boron doped diamond (BDD) electrodes perform for electrochemical determination of biologi-
cal material such as dopamine (DA) uric acid (UA) and ascorbic acid (AA). The advances of BDD
electrodes are possibility surface termination including hydrogen-termination and oxygen termi-
nation. Hydrogen terminated BDD electrodes should be an effective analytical tool, especially for
determining low concentrations of DA and AA. In this paper we investigated properties of BDD as
a substrate for detection of biological molecules.

Deposition process was divided into two
INTRODUCTION steps: the first step was 30 mip seeding With
Carbon substrates such as glassy carbon, hano-powder of diamond (Sigma Aldrich,
carbon paste [1], carbon fiber, impreg-nated cr.ystals <10 nm) diluted in water in ultraso-
eraphite [2], diamond-like carbon (DLC) [3], Ni¢ bath, the second step was growth of NCD
boron-doped diamond (BDD), carbon nanotu- thin 1ayer for 2 hour. The areas which act as
bes [4], pyrolyzed photoresist [5]’ but also gOld, WOI'kll’lg eleptrod;s were Qeﬁned to be about
platinum and others seems to be a good choice X3 Mm by isolation paste in 10x20 mm area.
for measurement. Diamond electrodes are pro- . L
mising electrodes for high stability, chemical Electrochemical determination
inertness, wide potential window and low bac- _ All stock solutions were prepared from ana-
keround current. Combining the superior pr- lytical grade chemicals in 18 MQcm deioni-
operties of BDD electrodes with the merits of Z¢d Water. A three-electrode arrangement was
biosensors, such as specificity, sensitivity, and Used in all experiments. As a reference, Ag/
fast response, amperometric biosensors based A&Cl (0.3 M KC) electrode and as a counter

on BDD electrodes have attracted the interests clectrode, a platinpm plate 10x10 mm2 were
of many researchers. used. In all experiments we have used Mcll-

vaine buffer composed of Na,HPO, citric acid

MATERIAL AND METHODS and deionized of water Wlth pH = 5. Before
Boron doped diamond thin film each measurement the electrode was cleaned

Polycrystalline BDD films 200-280 nm thick 0¥ 30 cycles of CV (from ESTART =-1.5 V to
(Fig. 1) were produced in the double bias enhan- ESTOP = 1.5V, scan rate was 100 mVs~1) in
ced HF CVD reactor with sheet resistivity ~ 100 PUYI¢ Mecllvainovom solution (MCH) Wlthout
Q/sq. As a substrate, highly conductive (0.008- Presence DA or AA. Voltametric experiments
0.024 Qcm) N (100) type silicon substrate was Were performed with an electrochemical po-
used with ~ 200nm wet SiO, oxide. Throughout tenciostat/galvanostat PGSTAT128N (Metro-
the deposition, gas flows in reaction chamber M AutolabB.V.) controlled by a PC.
were controlled to be 1 % CH, in H, and try-
methylboroq (TMB) in the range of 0-200 sccm RESULTS AND DISCUSSION
(corresponding to 0-10 000 ppm of B/C), Tab 1. Tpe oxidation peak for DA was found at 460
The total pressure in the reactor was 3; 000 Pa 4 5 v (n=10), the reduction peak at 85+ 0.18
and temperature was set to around 700 °C. mV (n=10). The anodic peak current increased

Tat. & Compoalion of woeess oes. m‘ linearity R? = 0.996 with the square root of the
(e o, T 7, [ T o= 2T . ! .
ST = N~ potential sweep rate for DA, published elsevi-

ol NG il M il ] mﬁ*&tﬁg er. The current density (Fig. 2) and FWHM

I I el A wf% = (Fig. 3) of all types of electrodes with diffe-

I N N N e == rent B/C ratio from 667 to 10 000 ppm clearly

T T e e [on|  ——— show tendency, highly doped BDD with more

than 6 000 ppm gives better results.
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All characteristic parameters of BDD electrodes
were summarized in Tab. 1. Detection limits LOD
for 10 000 ppm B/C ratio with highest sensitivity of
1.88 uM and 7.66 pA.M.cm-2 DA calculated from
calibration curves of reduction peak (Fig 4) and
for AA 0.34 uM and 11.0 pA.M.cm-2 (Fig. 5). All
electrodes were measured in extremely wide range
of DA (1-300 pM) and AA (10-2300 pM). High
stability and linear response of hydrogenated BDD
electrodes was observed for 6 000 and 10 000 ppm
reduction peaks.

Possible explanation of the detection DA on hyd-
rogenated surfaces BDD is that, valence band edge
at hydrogen terminated diamond electrode lies at
a greater energy than the aqueous H+/H2 couple,
this would result in hydrogen terminated diamond
always being in accumulation when in an aqueous
electrolyte.

P
ik ¥

oty

Bezem
Figure 2: Cument density of dlecrodes from  Figure 3: FWHM of electrodes from CV
CV measurements with presence of 0.1 mM DA measurements with presence of 0.1 mM DA
in MCIL for 150 mV

line) sweep rates 38 3 i MCI, for 150 mV sweep rate asa function

function of B/C ratio. of B/C ratio

)
)
o FEBBERIES

s
Figure 4: Current density of reduction peak  Figure §: Cumrent density of reduction peak
for 10000 ppm B/C ratio BDD and for 10000 ppm BC ratio BDD and
calibration curve from SWV measurements  calibration curve from SWV measurements
with presence of 1-300 uM DA. with presence of 10-2300 M AA.

Thus any applied potential would by
dropped across the Helmholtz layer and re-
versible electrochemical behavior observed
for simple redox couple. Indeed an accumu-
lation of holes at hydrogen terminated dia-
mond surfaces exposed to the atmosphere
has been used to explain surface conducti-
vity of the material [6].

CONCLUSION

In conclusion, several functional BDD
electrodes have been used for determining
various bio-analytes over the past decade or
so. We have compared different measure-
ments in presence of biological molecules
DA and AA with various BDD electrodes.
Excellent properties of BDD substrates,
these BDD bsed amperometric biosensors
exhibited good performances in terms of
high sensitivity, selectivity, reproducibility
and long-term stability. BDD electrodes are
interesting candidates for the construction
of next generation of biosensors or the di-
rect electrochemical detection of biomole-
cules.
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ABSTRACT

The antineoplastic alkaloid ellipticine is a prodrug, whose pharmacological efficiency is depen-
dent on its cytochrome P450 (CY P)- and/or peroxidase-mediated activation in target tissues. This
compound was found to induce expression of cytochrome b,, CYP1A1, 1A2 and 3A proteins de-
termined electrochemically (Western blotting) and their enzymatic activities in livers, lungs and
kidneys of rats treated (i.p.) with ellipticine. In addition, induction of these proteins resulted in an
increase in ellipticine oxidation to 7-hydroxy-, 9-hydroxy-, 13-hydroxy- and 12-hydroxyellipticine,
the metabolites that are both detoxication products (7-hydroxy-, 9-hydroxyellipticine) and meta-
bolites responsible for generation elliptiicne-derived DNA adducts (12-hydroxy- and 13-hydroxy-
ellipticine). The results demonstrate that by inducing CYP1A1/2, 3A and cytochrome b, ellipticine
increases its own metabolism leading both to an activation of this drug to reactive species forming
DNA adducts and to detoxication metabolites, thereby modulating its own pharmacological and/

or genotoxic potential.

INTRODUCTION

Ellipticine  (5,11-dimethyl-6H-pyrido[4,3-b]
carbazole) and its derivatives are efficient anti-
cancer compounds that function through multi-
ple mechanisms participating in cell cycle arrest
and initiation of apoptosis (for a summary see [1-
6]). Ellipticine was found (i) to arrest cell cycle
progression due to modulation of levels of cyc-
1inB1 and Cdc2, and phosphorylation of Cdc2 in
human mammary adenocarcinoma MCF-7 cells,
(i1) to initiate apoptosis due to formation of to-
xic free radicals, the stimulation of the Fas/Fas
ligand system and the modulation of proteins of
a Bcl-2 family in several tumor cell lines, (iii)
to induce the mitochondrion-dependent apopto-
tic processes (for a summary see [3,4,7]). These
effects and ellipticine-induced cell cycle arrest
resulted from multiple DNA damage. The pre-
dominant mechanisms of ellipticine biological
effects were supposed to be (i) intercalation into
DNA [5,6] and (ii) its action as an inhibitor of
topoisomerase II [3-6]. Nevertheless, it was also
shown that this antitumor agent forms covalent
DNA adducts after its enzymatic activation with
cytochromes P450 (CYP) and peroxidases [1-

4,7-11], which suggests another DNA-damaging
mechanism of ellipticine effects.

Of'the CYP enzymes investigated, human CY-
P3A4 and rat CYP3A1 are the most active en-
zymes oxidizing ellipticine to 13-hydroxy- and
12-hydroxyellipticine, the reactive metabolites
that dissociate to ellipticine-13-ylium and ellip-
ticine-12-ylium which bind to DNA [3,7,8,10],
while the CYPIA isoforms preferentially form
the other ellipticine metabolites, 9-hydroxy- and
7-hydroxyellipticine, which are the detoxication
products. Recently we have found that cytoch-
rome b, alters the ratio of ellipticine metabolites
formed by CYPIAI, 1A2 and 3A4. While the
amounts of the detoxication metabolites (7-hyd-
roxy- and 9-hydroxyellipticine) were either
decreased or not changed with added cytochro-
me bs, 12-hydroxy-, 13-hydroxyellipticine and
ellipticine M?-oxide increased considerably. The
change in amounts of metabolites resulted in
an increased formation of covalent ellipticine-
-DNA adducts, one of the DNA-damaging me-
chanisms of ellipticine antitumor action [10,11].

Because of the important role of cytochrome
b, and CYPIA and 3A enzymes in ellipticine
metabolism, expression levels of their proteins
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are crucial for antitumor, cytostatic and/or geno-
toxic activities of this drug in individual tissues.

Recently we found that ellipticine as a ligand of
aryl hydrocarbon receptor (AHR) [12] is a strong
inducer of CYP1A1 and 1A2 in rats in vivo [13]
and in several cancer cell lines in vitro [14,15]. In
addition, levels of cytochrome b, are increased by
ellipticine in liver of rats treated with this drug
[11]. Moreover, ellipticine also induces expre-
ssion of CYP344 mRNA and P450 3A4 protein
in several cancer cell lines [14,15]. However, in
contrast to induction of CYP1A by ellipticine in
vivo and mechanisms of this induction have al-
ready been investigated, the effect of ellipticine
on expression of CYP3A and cytochrome by in
vivo remains to be investigated.

Therefore, the Western-blotting-electrochemi-
cal method was used in this work to evaluate the
effect of ellipticine on expression of not only of
CYP1A1/2, but also of CYP3A and cytochrome
b, proteins in rats in vivo. Real-time (RT) poly-
merase chain reaction (PCR) was employed to
estimated expression levels of mRNA for these
proteins.

MATERIAL AND METHODS

Animal Experiments

The study was conducted in accordance with
the Regulations for the Care and Use of Labora-
tory Animals (311/1997, Ministry of Agriculture,
Czech Republic), which is in compliance with
Declaration of Helsinki. Male and female Wistar
rats (~100 g) were treated with a single dose of 4
or 40 mg/kg body weight (n=3) of ellipticine by
intraperitoneal injection as described previously
[13]. Microsomes were isolated from the livers,
kidneys and lungs of rats as described [1].

Electrochemical determination of CYP protein
levels in microsomes of rat liver, kidney and
lung

Immunoquantitation of rat liver, kidney and
lung microsomal cytochrome b, and CYPs (CY-
P1A1, 1A2, and 3A) was done by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electropho-
resis. Samples containing 75 pg microsomal
proteins were subjected to electrophoresis on
SDS/10% polyacrylamide gels [16,17]. After mi-
gration, proteins were transferred onto a nitroce-
Ilulose membrane and incubated with 5% non-fat
milk to block non-specific binding. The mem-
branes were then exposed to specific rabbit po-
lyclonal anti-cytochrome b, (1:750, AbCam, MA,
USA), anti-CYPIAIL (1:1000, Millipore, MA,
USA) and anti-CYP3A4 (1:5000, AbD Serotec,
Oxford, UK) antibodies overnight at 4 °C. The
antigen-antibody complex was visualized with
an alkaline phosphatase-conjugated rabbit anti-

-chicken IgG antibody and 5-bromo-4-chlo-
ro-3-indolylphosphate/nitrobluetetrazolium
as chromogenic substrate [16,17]. Antibody
against glyceraldehyde phosphate dehydroge-
nase (GAPDH) (1:750, Millipore, MA, USA)
was used as loading control.

CYPI1A and 3A enzyme activity assays

The rat liver, kidney and lung microsomal
samples were characterized for CYPIA activ-
ity using 7-ethoxyresorufin O-deethylation
(EROD), CYPIA2 activity using 7-methoxy-
resorufin O-demethylation (MROD) [18], for
the oxidation of Sudan I (a marker substrate for
CYP1A1) [16.17] and for 6-B-hydroxylation of
progesterone (a marker for CYP3A) [19].

CYP1A and 3A mRNA contents in rat livers,
kidneys and lungs

The mRNA contents of CYP1A and 3A in rat
liver, kidney and lung were carried out as de-
scribed previously [13].

Oxidation of ellipticine

Oxidation of ellipticine by liver, kidney and
lung microsomes of rats either unttretaed (con-
trol) or treated with ellipticine was determined
as described previously [7,10,11].

RESULTS AND DISCUSSION

Using electrochemical determination (Wes-
tern blot analysis with antibodies raised against
CYPI1AL, 3A4 and cytochrome b,), the effects
of exposure of rats to ellipticine on protein
levels of these proteins were analyzed. Rats
treated i.p. with 4 and 40 mg/kg body weight
were used as a model. An induction potential
of ellipticine to increase expression of mRNAs
and proteins of CYPIA1 and 1A2 in hepatic,
renal and pulmonaru microsomes found previ-
ously [13] was fully confirmed in the present
work. A significant dose-dependent increase
in CYP1AL and 1A2 protein expression due to
ellipticine correlated with expression of their
mRNAs and their enzymatic activities (EROD
for CYP1A1/2, MROD for CYP1A2 and oxida-
tion of Sudan I for CYP1AL).

Besides CYPIAl and 1A2, expression of
CY3A and cytochrome b, proteins was also
increased with treating rats with ellipticine. A
dose-dependent increase in levels of CYP3A
protein and a marker activity of the CYP3A en-
zymes, progesterone 6-fB-hydroxylation were
produced in the studied organs of rats treated
with ellipticine. Likewise, the increase in levels
of cytochrome b, was dose-dependent. Further
studies that would explain the mechanisms of
the CYP3A and cytochrome b, induction by
ellipticine, we plan to perform, will be direc-
ted on relevance of individual receptors such as



AHR, CAR and PXR on ellipticine potential to
induce CYP3A and cytochrome b..

We compared oxidation of ellipticine incuba-
ted with microsomes from the livers, kidneys
and lungs of treated and control rats. Besides an
increase in oxidation of ellipticine to 9-hydro-
xyellipticine and 7-hydroxyellipticine, up to a
2-fold increase in formation of 13-hydroxy- and
12-hydroxyellipticine was found. These results
corresponds to induction of both CYP1A1/2 and
CYP3A and cytochrome b, by treatment of rats
with ellipticine.

CONCLUSION

Utilizing the Western-blotting-electrochemi-
cal method, expression of CYPIA, 3A and cy-
tochrome b, proteins was found to be induced by
treating rats with ellipticine. Such an increase
resulted in an increase in their marker activities
as well as in ellipticine own oxidation.
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—lontové analyzy zastoupena produkty firmy Metrohm AG, (

- elektrochemie a elsktroanalytiky zastoupens firmou

Metrohm Autalab !|

- aplikované iontovd analyzy v primyslu zZastoupend firmou t.':l'!
Applikon. i

MNase pfistroje jsou  Sirces lf:?j
wyudivany v oblastech chemického
prumyslu, petrochemie, farmace,
potravinarstvi, analyzy wody a vzduchu a v meposledni
fadé ve vBdé a wzkumu,

Online pristup ke stovkam aplikaci

Jen o nejlepdi fedeni je dest dobré pro Vase
aplikacel

Kvalifikované poradensod, divénshodny servis a nejwysai
kvalita nam umozml ziskat vedouci postaveni na trhu.
Odbornici po celém svété se snazi zajistit, aby tomu tak
byla i nadéle,
Aplikace jsou sefazeny do nasledujicich kategoril:
*Pramysl: Automolbilowy, biochemicky, opalva. .
*Metody: titrace, iontova chromatografie a dalsi
“Standardy jako jsou ASTM, 150, DIN,.
“Validacni pokyny pro Metrohm zafizeni

— — *Aplikacni  literatura: Metrohm  aplikacni  bBulletiny,

- pozramky, €lanky, monagrafie a technické postery
Metrohm Quality Service®
Spolehlivé vysledky méfeni po celow dobu Fivotnosti Vaseho plistroje

Bzz ohledu na to zda provadite amalyzu wvody s
piistropem &850 Professional IC, prkovou analyzu s VA,
analyzu ldzni se systémy Processlab nebo urfujete
obsah vody v lecmvech s pouintim Karl Fischerowy

titrace - Metrohm Quality Service™ zajist, Ze se :
miZete na 100% spolehnout na Vade vysledky, 2 10 p0 e -
calou debu Zivotncst Vateho plistroje. lm :

=T -



edesa

...dodavatel laboratorni techniky a sluzeb...

Automaticky spektrofotometr BS-200 mindr ay

= 8 fixnich vinovych délek: 340, 405, 450, 510,
546, 578, 630, 670 nm
= vykon 200 fotometrickych testl za hodinu
= automatické fedéni abnormalnich vzorku
= metody méfeni: endpoint,
kinetika,
fixni ¢as (jedno i dvoureagencni)
= automatické omyvani davkovacich jehel
= 40 chlazenych pozic na reagencie
= vzorkovy kruh se 40-ti pozicemi

Reagencie pro prutokovou cytometrii

jedno-, dvoj- a trojbarevné reagencie (MultiMix™) (',
Lyzaéni roztoky na erytrocyty UtiLyse, EasylLyse D& KO
IntraStain pro nitrobunécny vyzkum

QIFIKIT pro nepfimou kvantifikaci

Telomere PNA Kit

ApopTest pro kvantifikaci apoptotickych bunék

Produkty STARLAB

= vynikajici TipOne 3piCky pro pipety - univerzalné pouzitelné
= robotické Spicky pro automatické pipetovaci stanice

= tfepacky a dalSi drobné laboratorni pfistroje

= systémy uskladnéni vzorku: stojanky, krabicky, boxy

= jednorazové laboratorni rukavice MICROFLEX

SPOLEHLIVA RESENi PRO VASI LABORATOR www.medesa.cz
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« Elektronicka pipeta Eppendorf Xplorer®

» Eppendorf zkumavka Safe-Lock

Eppendorf a New Brunswick

produkty

S nami do Vasich laboratofi vstoupi: spolehlivost, preciznost,
ergonometrie a ekologicky pristup

e Manualni pipety » Hlubokomrazici boxy « CO, inkubatory

o Elektronické pipety » Centrifugy » Trepacky

o Davkovace » Vakuové koncentratory o Mikromanipulatory

o Byrety » Thermomixery « Mikroinjektory

o Automatické pipetovaci » PCR pfistroje a spotrebni » Mikrokapilary
stanice material » Elektroporatory

o Pipetovaci $picky, » Fotometry » Elektroporaéni kyvety
LoRetention » Eppendorf zkumavky a » KomUrky pro bunécnou fuzi

o Zkumavky Safe-Lock, desticky » Fermentory / bioreaktory
LoBind® « Kyvety

o Combitips » epServices

o Kalibra¢ni software

eppendorf

Eppendorf Czech & Slovakia s.r.o. - Kolovratskéa 1476 - 251 01 Riany u Prahy
Tel / Fax: +420 323 605 454 - E-mail: eppendorf@eppendorf.cz - Internet: www.eppendorf.cz



PROTILATKY NA VYZKOUSENI ZDARMA!

Jak to funguje? Objednate sinejmensi dostupné baleni protilatky z nabidky
Sigma-Aldrich obvyklym zpisobem a vyzkouSite siprotilitku ve Vasi aplikaci.
Pokud protilatka nebude ve Vasi aplikaci fungovat, napi§te o tom kratkou e-
mailovou zpriavu na adresu CzeTechSV@sial.com a obdrZte kredit ve 100%
hodnoté zakoupené protilatky. Kredit miZete pouZit k ahradé nikupu
jakéhokoliv zboZi z nabidky Sigma-Aldrich.

Pfi ndkupu 2 a vice protilatek dostanete navic slevu 20%. Sta¢i jen poslat poptavku
na adresu CzeTechSV@sial.com nebo udélat poptavku po internetu a do poznamky
dat text “Sleva 20% - 2 protilatky”.

Je z &eho vybirat, v nabidce mame nyni vice neZ

55 000 protilatek! g

K vyhledani protilatek pouZijte software Your Favorite Gene, ktery je umistén zde
www.sigmaaldrich.com/yfg

Sta¢i pak zadat symbol genu, ktery studujete (napt. EGFR), a zobrazi se Vam
vSechny produkty se vztahem k tomuto genu véetné protilatek. K dispozici jsou
krom¢ protilatek také napf. proteiny, shRNA klony, siRNA, esiRNA, konstrukty pro
knockout vsech lidskych genti na bazi ZFN technologie, databaze malych
bioaktivnich molekul ...

To v3e a navic zobrazeni proteini v signdlni kaskadg, zobrazeni interakei s ostatnimi
proteiny, &i reference tykajici se napf. expresniho profilu, ziskate jednim kliknutim.

Sigma-Aldrich spol.sr.o.  Ceska republika Tel.: +420 246 003 200 Fax: +420 246 003 291
Slovensko Tel.: +421 02/55571 562 Fax: +421 02/555 71 564

SIGMA-ALDRICH®
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. FeSeni pro vasi laboratof

THERMO Scientific, divize laboratorni techniky
ARCTIKO - CLST - ERLAB - EVERMED - HMC Europe
LANCER - RUSKINN - SYNBIOSIS - SYNGENE - TECNIPLAST

CENTRIFUGY,
ULTRACENTRIFUGY

® multifunkéni centrifugy

® vysokootackové centrifugy

© velkokapacitni centrifugy

© Ultracentrifugy

e mikrocentrifugy a malé centrifugy
® zkumavky pro centrifugaci

MIKRODESTICKOVA
INSTRUMENTACE

® spektrofotometry, fotometry

o fluorometry, luminometry

® davkovace, promyvacky

® automatické pipetovaci satnice

© magnetické purifikatory KingFisher ©

GEL-IMAGING a ANALYZA

® gelova dokumentace a analyza

® chemiluminiscence, fluorescence
e software pro 1D i 2D analyzu

® transiluminatory

o elektroforézy, zdroje pro elfo

POCITACKY KOLONIT

® automatické pocitacky kolonii

® poloautoamické pocitacky kolonii
® analyzatoru inhibi¢nich zén

MYCKY

© laboratorni my¢ky
 velkokapacitni mycky

© mycky pro chovné boxy

KONCENTRATORY VZORKU

© vakuové centrifugacni koncentratory
e stolni lyofilizatory

® velkoobjemové lyofilizatory

® vakuové susarny

PRIPRAVA CISTE VODY

e reverzni osmoéza, deionizaéni systémy
® kompaktni laboratorni systémy

® poloprovozni systémy

AUTOKLAVY
e stolni laboratorni autoklavy
® velkoobjemové laboratorni autoklavy

BUNECNA MEDIA a SERA
© média - klasicka, s riznym obsahem séra
® bioprocesing kontajnery

BIOHAZARDY, IZOLATORY
LAMINARNI BOXY

® biohazard boxy

® lamindrni boxy

® biohazardy t.lll a izolatory

® boxy pro laboratorni zvifata

® bezodtahové digestoie

e dekontaminaéni systémy

INKUBATORY,
TERMOSTATY

® C0O,, CO,/0, inkubatory

e termostaty do 80°C, 300°C
® tiepaci termostaty

® chlazené termostaty

® anaerobni boxy

® Mikroaerofilni boxy

® horkovzdu$né sterilizatory
® klimatické a rastové boxy
® systémy pro monitoring teploty

MRAZICi A CHLADICi BOXY,

KRYO BOXY

® mrazici boxy do -86°C a-150°C

® fizené zamrazovani LN,-180°C

e skladovaci boxy LN,-180°C

® mrazici boxy -5°C az -40°C

® chladici boxy 0°C az +15°C

® transportni boxy

© vyrobniky ledu, Sokové zmrazovace

CHOV LABORATORNICH
ZVIRAT

© |VC individudIné ventilované boxy
® chovné nadoby, pfislusenstvi

® ochranné a prestylaci boxy

® komplexni projekty

PIPETY a PLAST

® pipety Finnpipette a Matrix

® kompletni sortiment $pi¢ek

® spotiebni plast Nalgene, Nunc
o stripy a desticky

® steppery, davkovace

® pipetovaci nastavce

SERVIS

® zarucni servis

® pozarucni servis
 validace pfistroja

® ekologické likvidace

www.trigon-plus.cz

TRIGON PLUS spol. s r. 0., Cestlice, Zapadni 93, 251 01 Ri¢any u Prahy, CR
telefon: +420 272 680 190, fax: +420 272 680 914, e-mail: mail@trigon-plus.cz, www.trigon-plus.cz



clonmnestar

peptide services

ZAKAZKOVA SYNTEZA PEPTIDU

« Produkt v zavislosti na sekvenci a mnozstvi v ¢istoté od 70 do 98 %

« Kvalitativni analyza (MALDI-TOFESI)

« Kvantitativni analyza (HPLC)

« Purifikace peptidu pomoci HPLC

» Moznost modifikace peptidu (fosforylace, biotinylace, acetylace,
znaceni izotopem, FAM)

» Moznost konjugace peptidu na proteiny KLH (BSA) pres glutaraldehyd
nebo cystein (vhodné pro pfipravu protilatek)

« Dodaci Ihtty do 3 tydnu

ZAKAZKOVA VYROBA
PROTILATEK

+ Syntéza peptidu a nasledna konjugace na nosic (KLH, BSA)

« Produkce polyklondlnich protilatek v kralicich

« Testovani protilatek

« Afinitni purifikace az 50 ml séra

+Vzorek 5 -10 mg peptid zdarma pfilozeného k zésilce protilatky
« Standardni dodani za 10-12 tydnu

Clonestar Tel.: 549213475
Peptide Services s. r. o. GSM: 775266 192,775 266 191 www.clonestar.cz
Krizikova 70,612 00 Brno E-mail: brno@clonestar.cz
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praqolab

laboratorni pristroje a zafizeni

®* hmotnostni spektrometrie
® separacni techniky

® elementdrni analyza

® atomova spektroskopie

® UV-VIS spektrometrie

* reologie

Thermo

SCIENTIFIC

® analyza povrch
*® elektrochemie
® [aboratorni informatika
® spotrebni material
® |laboratorni vybaveni
® servis
www.pragolab.eu
pragolab@pragolab.cz
Nad Krocinkou 55, 190 00 Praha

Jamborova 25, 615 00 Brno
Drienfiova 34, 821 00 Bratislava



AMANEKO

Laboratorni pfistroje a technika =

autoklavy a parni sterilizatory,
osmometry, hustoméry, :’ B I N D E R
refraktometry a polarimetry, Best conditions for your success
centrifugy, i
mikrovinné pece, m »
laboratorni pece, "A"]
laboratorni nabytek,
digestofe a bezpecnostni skfiné,
laminarni boxy, ®
michagky, trepatky, Alfa Aesar
homogenizétory,dispe rgétory, A Johnson Matthey Company
mikroskopy, bodotavky,
mlyny, sitovacky,

mrazici boxy, dewarovy nadoby, f/ COIe'Parmer

my&ky, dezinfektory Delivering Solutions You Trust
pipety a davkovace kapalin,

spektrofotometry,

kolorimetry, turbidimetry,

susarny, inkubatory,

@
testovaci komory, {I L M VAC

teploméry, vihkoméry, tlakoméry,

topné desky,

vzorkovace, @
vahy a predvazky, w=
vakuové odparky a pumpy, = N 0 0 & T R | Em

viskozimetry, rheometry

vodni |azné a termostaty,

ultrazvukové 1azné a homogenizatory, R ( ’TM
zdroje Cisté vody, vw

chemikalie Supplier Partnerships for Customer Solutions

Maneko, spol. s . o. 233 335 638-9

Na Piskach 71 WWW. m a n e ko . cz 233 336 579

160 00 Praha 6 Fax: 233332656
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laboratorni technika do Vasi laboratofe

ILABO spol. s. r. o.

dodavatel laboratorni pfistrojové techniky
-FRITSCH ( ptiprava vzorku, granulometrie)
-GERHARDT ( analyza¢ni pfistroje)
-JULABO ( termostaty, kryostaty)
-BANDELIN ( ultrazvukové pftistroje)
-Kruss (opticke ptistroje)

-BINDER (su$arny, inkubatory)
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