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Electrochemistry rapid as method for identification influenza
viruses mutation by microarrays

1. Introduction:

Influenza, antiviral drug and mutations of sequence in influenza viruses
(resistance of antiviral drugs) and electrochemical method for detection
mutations in influenza viruses

2. Material and Method:

Designed of experimental and arrays chip
3. Results

4. Conclusion
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1. Introduction:

Influenza is an infectious disease caused by RNA viruses of the family Orthomyxoviridae.

Influenza is considered to be one of the life threatening infectious diseases.

The genome of the influenza virus encodes 8 genes:

Antiviral inhibitors have become an important
alternate means of containing the spread of
influenza. The current antivirals are mainly
against the neuraminidase (such as zanamivir and
oseltamivir) and the protein M 2 (such as
adamantanes).

However, mutations in the influenza viruses induce resistance to
antiviral drug.

DNA Sequence
AAATTT

AATTTT
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1. Introduction:

New molecular techniques are required urgently for the rapid detection of the
mutation in the sequence of influenza viruses

CombiMatrix ElectraSense™




CombiMatrix ElectroSense™: Microarray

MicroArray is a new technology to show the expression of genes.

MicroArray is a hybridization of a nucleic acid sample (target) to a very
large set of oligonucleotide probes inside on the chip.

CustomAurray’

Array Reader Chip



CombiMatrix ElectroSense™: Microarray and hybridization
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Oligonucleotides probes of influenza viruses inside of the chip

U Samples of RNA Influenza viruses
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CombiMatrix ElectroSense™: Electrochemical detection
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- The approach is based on the detection of redox active chemistries (such as horseradish
peroxidase (HRP) and the associated substrate TMB) proximal to specific microarray

electrodes.

- Microarray probes are hybridized to biotin-labeled targets.

- The HRP-streptavidin conjugate binds to biotin, and enzymatic oxidation of the

electron donor substrate then occurs.

- The detection current is generated due to electro-reduction of the HRP reaction
product, and it is measured with the CombiMatrix ElectraSense™ Reader.
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Material and Method
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2. Material and method:

New chip (arrays with 2000 oligonucleotides probes)
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The sequences were used for probe design Genbank®
number (the NIH genetic sequence database) of
genes. A total of 80 oligonucleotide probes were
synthesized and printed onto the CombiMatrix
CustomArrayTM  4x2K microarray support to
generate the prototype chips for the different
influenza viruses

Table 1. The Summary of sequences of the selected specific
microarray probes and number assigned in the microarray.
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2. Material and method:

[Viruses Genes [GenBank
[Seasonal A(HINI) [euraminase [cvorerar
[Parderric AMHIN1) |reuraminidase: GQarrors
IHoN2 neraminidase CY125896.1
i2N8 wramindase HM589207.1
IA(H3N2) neuraminidase GQ203082
IHaNg neuraminidase 104338811
seasoral A(HSN1) | euramindase Cvos3327.1 5 ACCGTTAAAAACAGAAGCC-3'
[HPAI A(HSNL)  |neuraminidase Euz63982.1 5-AGGGAAAATAGTTAAATCAG-Y
N7 vaminidase [Av320079.1 5 CCAGAAAAATTCTGAGGACT-3'
lHon2 wraminidase NC 0049091 5-TACATGAAA GGAGTCCCCAT-3
[Seasonal A(HIN) [hemagghtinine No17161.1 5-AGAGAAAAAATAGATGGGGTA-S
[Parderic AHIN1) |hemagoktinie 1X625498.1 5 ACCCAAAACTCAGCAAATC-3'
IHaN2 emaggltinine Cvi25918.1 5 TGTGTGGAAATACAATGCTG-3
lHaNg emagglatinine HM589205.1 5 ATCAACACAAAATCAGAGGTC-3'
IA(H3N2) emeggltinie 1X844665.1
IHaNg hemagglitinine 10433879.1
seasoral A(HSN1) | hemagoketinie cvos3325.1
[HPAI A(HSN1)  |hemagoktinie Euz63981.1
N7 emagglatinine [Av338450.1
emagghtinine INC_004908.1
[Seasonal A(HLN1) [nucleocapsid protein [cvos7027.1
[Panderic AHINT) |nuckocapsid protein 1X625388.1
HaN2 nuckeocapsid protein Cv125897.1
IHaNg ruckeocapsid protein HM589206.1
IA(H3N2) nuckeocapsid protein cvi138402
NS nuckeocapsid protein 104338801
seasoral A(HSN1) [ruckeocapsid protein cvos3sze.1
[HPAI A(HSN1)  [uckeocapsid protein Eu263985.1
nuckeocapsid protein 4242
IHoN2 Inuckeocapsid protein | AF255743.1
[Seasonal A(HIN) [matrx protein 1 [Cvos7025.1
[Pandeic AHINT) | trix protein 1 1X625390.1
IHaN2 matrx protein 1 Cv125895.1
IHaNg matrx protein 1 HM589208.1
IAHIN2) matrx protein 1 cvi13838.2 B
IHans rotein 1 3368 5 TACAGGAAGCTAAAAAGGGA-
seasoral A(HSN1) |matrix protein 1 cvos3326.1 5_TCCTGTCACCTCTAACTA A3
[HPAI A(HSN1)  |matrix protein 1 Euz63984.1 5 ACTGCAGCGTAAACGTTT T-3
N7 matrix protein 1 Guosatil1 5.CCCACTAAACAGGCATGAA-3'
Hon2 matrix protein 1 1278646.1 5-CAAGAAGCTGAAAAGGGA AA-3
[Seasonal A(HINT) |matrx protein 2 [Cvos7025.1
[Pandenic AHINT) | matrix protein 2 1X625390.1
2N2 matrx potein 2 Cv125895.1
IHoNg rotein 2 HM589208.1
IA(HIN2) matrx protein 2 cvi13838.2
IHans matrx protein 2 104338821
seasonal A(HSN1) [metrix protein 2 cvos3326.1
[HPAI A(HSN1)  |matrix protein 2 [Euz63984.1
matrix protein 2 Guos3tiL1
IHoN2 matrix protein 2 |A1278646.1
[Seasoral AHINI) |polymerase PBL [Cvizs673.1 [5-AAAATG ATGACCAACTCCCAS
[Pandenic AHINT) [polymerase PBL HQ240702.2 5 AGTGGAATGAAAAACAAAATC-3'
IHaN2 polymerase PBL Cv125900.1 5 TGGAATGAGAATAAAAATCCT-3
lHoNg polymerase P HM589203.1 5 GGATAAAGAGGAAAAGGAAAT-3'
IAHIN2) pobymerase PBL Cvi120712 5 TGAATCTTIGGGCAAAAAAAA-Y'
NG polymerase PBL 14338771 5 GATGACTAATTCAAAAGACA-3'
seasoral A(HSN1)  [polymerase PBL F758819.1 5-AGCATIGACACTGAAAACTA-3'
[HPAI A(HSN1)  [polymerase PBL Euz630871 5 AGAAAAAGGTAACACAAAGAA-3'
N7 olymerase PBL [Av320083.1 5 AATTACTGGAGAAAACACCA-3
IHoN2 polymerase PBL NC 0049111 5 AGTAAAAGCATGAAGCTACG-3
[Seasonal AHINI) |polymerase PA [cvizser11 AAACAGACTATICACCATAA.
lPandemic A(HIN1) [pobymerese PA 104338781 TTCACTGGAAAGGAGATGG:
IHaN2 pobymerase PA Cv125923.1 5 AGAAAATTCTTTGGATGGAA-
IHoNg polymerase PA HM589204.1
IA(HIN2) pobymerase PA cvi13858.2
IHaNg polymerase PA 104338781
seasoral A(HSN1)  [polymerase PA Cv053330.1
[HPAI A(HSN1)  [polymerase PA [Euz62086.1
N7 pobymerase PA Avai2418.1
IHoN2 olmerase PA INC_004912.1
[Seasoral A(HINI) |ruckear export protei (nep) |CY125670.1 ATTGAAAAAGTGAGACACAA. 3"
[Pandemic A(HLNI) | nuckear export protei (nep) [HQ240288.2 5-TGGTTAATIGAAAAA,
IHaN2 uclear export protein (rep) [CY125898.1 5 ACGGAAAAAGGCG
IHoNg uckear export protei (nep) [HM589209.1 E
IA(HIN2) Inuckear export protein (nep) [CY103967.1 5 AGAACAGTTAGH
IHaNg uclear export protein (rep) [1Q433883.1 5
seasoral AHSN1) [ruclear export proteh (nep) |CY053329.1 5-ACCTCCACTCCCTCAAAAA-Y
[HPAI A(HSN1)  [ruckear export protein (nep) |CY098618.1 5 GCTGATTGAAAAAGTACGACA-3'
Iuckear export protein (nep) |GU0S3125.1 5-AAGTGCGACAAAGGTTGAAG-
[Hon2 uclear export protein (rep) [F793288.1 5 TGGCTGATIGAAAAAGTGC 3"

Other part of array have probes specific
sequences with one mutations to influenza
subtypes

Table 2. Summary of sequences of the selected specific array probes
with one mutation in the sequence and number assigned in the
microarray.
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2. Material and method:

A(HIN1) Neuroammidase HPAT A(H5N 1) Matrix protein 1
Sequence of gen 1 Sequence of gen 38 ..
W/i0 5'-TCCTCATAATGAAAATTGGG-3' 5'-ACTGCAGCGTAGACGTTITT-3" Other art Of arra h aVe ro bes S eC Ifl C
M S-TCCTCATAATAAAAATTGGG-3'  5-ACTGCAGCGTAAACGTITT-3' p y p p
MM 5-TCCTCATAAAAAAAATTGGG-3'  5-ACTGCAGCGAAAACGTTIT-3' -
MMM |5-TCCTCATAAAAAAAAATGGG-3'  5-ACTGCAGCGAAAAAGTTTT-3' S e u e n Ces W I th O n e tWO th ree an d fO u r
MMMM  [5-TCCTCATAAAAAAAAAAGGG-3' 5-ACTGCAGCGAAAAAATTIT-3' q 1 )
MMMMM |5-TCCTCAAAAAAAAAAAAGGG-3' 5-ACTGCAGCAAAAAAATTTT-3' - -
H2N2 Matrix protein Seasonal A(HIN1) Matrix protein 2 mutatIOnS to I nfl uenza Su btypes
Sequence of gen 33 Sequence of gen 41
wi0 5'-TTAAGAGGGAGATAACATTC-3' 5-TCGCTTTAAATACGGTTIGAA-3"
M S-TTAAAAGGGAGATAACATTC-3'  5-TCGCTTTAAAAACGGTITGAA-3'
MM 5'-TTAAAAGGGAGAAAACATTC-3" 5-TCGCTTTAAAAAAGGTTTGAA-3'
MMM 5'-TTAAAAGGGAGAAAAAATTC-3"  5-TCGCTTAAAAAAAGGTTTGAA-3"
MMMM  |5-TTAAAAGGGAAAAAAAATTC-3"  5-TCGCTTAAAAAAAAGTTTGAA-3'
MMMMM [5'-TTAAAAGAGAAAAAAAATTC-3"  5-TCGCTTAAAAAAAAATTTGAA-3'
A(H3N2) Hemaghitinne Seasonal A(HIN 1) polymerase PB1
Sequence of gen 15 Sequence of gen 51
wio S-TTTTGTTGAACGCAGCAAAG-3'  5-AAGATGATGACCAACTCCCA-3'
M S-TTTTGTTGAAAGCAGCAAAG-3'  5-AAAATGATGACCAACTCCCA-3'
MM 5-TITTGTTGAAAACAGCAAAG-3' 5'-AAAAAGATGACCAACTCCCA-3"
MMM S-TITTGTTGAAAACAGCAAAA-3 5'-AAAAAAATGACCAACTCCCA-3"
MMMM [5-TITTGTTGAAAAAAGCAAAA-3  5-AAAAAAAAGACCAACTCCCA-3'
MMMMM |5-TITTGTTGAAAAAAGAAAAA-3' 5-AAAAAAAAAACCAACTCCCA-3
HPAI A(H5N1) nucleocapsid H2N2 polymerase PA
Sequence of gen 28 Sequence of gen 63
wio 5-ACATATCAGAGAACGAGAGC-3" 5-AGAACATTCTTTGGATGGAA-3'
M 5'-ACATATCAGAAAACGAGAGC-3' 5-AGAAAATTCTITGGATGGAA-3'
MM 5'-AAATATCAGAAAACGAGAGC-3" 5-AAAAAATTCTTITGGATGGAA-3'
MMM 5-AAAAATCAGAAAACGAGAGC-3" 5-AAAAAAATCTTTGGATGGAA-3'
MMMM  [5-AAAAAACAGAAAACGAGAGC-3" 5-AAAAAAATCTTTGGATGAAA-3'
MMMMM [5'-AAAAAAAAGAAAACGAGAGC-3" 5'-AAAAAAATCTTTGGATAAAA-3"

Table 3. Summary of specify sequences of specific probes for different influenza virus with one, two, three and four
mutations within the microarray. Selected viruses were A(H1N1) Neuroaminidase (1) , HPAI A(H5N1) Matrix protein
1 (38), H2N2 Matrix protein 1 (33), Seasonal A(HLN1) Matrix protein 2 (41), A(H3N2) Hemaglutinine (15), Seasonal
A(H1N1) Polymerase PB1 (51), HPAI A(H5N1) Nucleocapsid (28) and H2N2 Polymerase PA (63). W/O — without
mutation, M- one mutations, MM — two mutations, MMM — three mutations and MMMM — four mutations.
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Oligonucleotide complementary targets labeled
on the 3’ end with biotin was obtained from
Metabions International AG (Germany).
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2. Material and method:
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Oligonucleotides probes of influenza viruses inside of the chip

Mix Oligonucleotides 3” biotin complementary
sequences of Influenza viruses

NNA .

The 3’ Biotin Oligonucleotide probes Mix microarrays were hybridized
for 1 h at 40°C in hybridization solution




Electrochemistry rapid as method for identification influenza
viruses mutation by microarrays

Results
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3. Results:
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Figure 1. A)The average signal for probes oligonucleotides family and =+ error standard after hybridization. B)
Image of microarray of influenza:1) the position and intensity signal of 80 normal oligonucleotide probes, 2) 80
oligonucleotides probes with one mutation and 3) 32 oligonucleotides probes with one, two, three and four
mutations in the sequences. All probes have 10 repetitions inside on arrays.

The sensitivity of the CombiMatrix influenza detection system was high and the specificity was 100%. Therefore,
the prototype CombiMatrix influenza microarray system is an effective method for influenza subtype analysis.
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3. Results:
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Figure 2. Signal after hybridization of oligonucleotide probes of Figure 3. Signal after hybridization of oligonucleotide probes
influenza viruses without and/or one mutation in the sequences of of influenza viruses without (W/O) and/or one mutation in the
probes. A) neuraminidase, B) hemagglutinine, C) nucleocapsid sequences of probes. A) matrix protein 2, B) polymerase PB1,
protein and D) matrix protein 1 genes. C) Polymerase PA and D) nuclear export protein (NEP) genes

The results of ours study showed a general decline in the signal when the probes have one
mutation in the sequence
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3. Results:
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A(H1N1) Neuroaminidase (1)

HPAI A(H5N1) Matrix protein 1 (38)
H2N2 Matrix protein 1 (33)

Seasonal A(HLIN1) matrix protein 2 (41)
A(H3N2) hemaglutinine (15)

Seasonal A(H1IN1) polymerase PB1 (51)
HPAI A(H5N1) nucleocapsid (28)

H2N2 polymerase PA (63)

The 8 different specific probes of different influenza virus with one, two, three
and four mutations in the sequence within the microarray showed a decreased in
the signal when increased the number of mutations in the sequences
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4. Conclusion:

- The sensitivity of the CombiMatrix influenza detection system was high and the
specificity was 100%. Therefore, the prototype CombiMatrix influenza microarray
system is an effective method for influenza subtype analysis.

- Clear decreased of signal in electrochemical detection technology show that this
novel electrochemical method can be used with high reliability for the detection of
one mutation in the sequences of influenza virus.

- These results shown that the CombiMatrix ElectroSense™ influenza is novel
method for identification mutations in the sequence of influenza and give us an
approximation of the number of mutations suffered influenza virus, because
influenza viruses display a high mutation rate and complex evolutionary patterns,
Inducing antiviral drug resistance.
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