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goes from the analyte-recognition element 
interaction [4]. The transformation leads to 
more easily measured and quantified signals. 
Nowadays, few commonly used biosensors such 
as glucose biosensor are in every-day use all over 
the world. The development of novel biosensors 
for easy, fast and cheap detection of various 
types of biomarkers for cancer, oxidative stress 
or metabolical disorders, can significantly 
enhance the treatment successes and the 
survival rates. From these reasons, we suggested 
a technical concept of 3D printed biosensor with 
polydimethylsiloxane (PDMS) chip, utilizing 
the fluorescence detection, which is one of the 
most sensitive, to serve as a universal platform 
for detection of various types of biomarkers. 
Proposed biosensor was particularly designed 
to work in coupling with quantum dots-based 
labeling, which offers exceptional quantum 
yields. Various recognition biomolecules 
can be easily labeled by quantum dots, thus 
high specifity and boosted sensitivity can be 
achieved.   
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1.  Introduction
A biosensor is an analytical device, which 
can be easily employed for detection of broad 
spectra of analytes, including molecules, 
bacteria, viruses, etc. [1]. The development of 
biosensors provides an accurate, sensitive and 
specific detection, together with portability 
and the ability to furnish continuous real 
time signals of analytes levels in various 
matrixes. According to the definition, firmly 
established in the analytical field “biosensor” is 
a detection system that relies on a biomolecule 
for molecular recognition and a transducer to 
produce an observable output [2]. Molecular 
recognition element (e. g. antibodies, nucleic 
acids, receptor proteins, whole cells or bacteria) 
is fundamental component that interacts 
with the studied analyte [3]. Currently, very 
promising recognition elements are produced 
as a result of driven recombination in biological 
engineering. The transducers can work in 
different ways, such as physicochemical, optical, 
piezoelectric, electrochemical, etc.). Their role 
is the transformation of obtained signal, which 

There is a rapidly growing interest in low-cost, fast and sensitive biosensors. In particular, 
direct determination of important metabolites, serving as biomarkers of various pathological 
states can significantly enhance the treatment successes. In our study, we introduce a technical 
concept of a 3D printed biosensor, which employs polydimethylsiloxane chip with volume of 
50 µL as an inert and optically clear reservoir for recognition element and fluorescence detec-
tion. By using a 3D printing technology, low production cost and high crafting reproducibility 
were achieved. Due to a presence of controlled electromagnet, the biosensor can be utilized 
for a broad spectrum of applications, based on paramagnetic nano- or microscaled materials.
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2. results and Discussion
2.1. PDMS chip

PDMS belongs to a group of polymeric orga-
nosilicon compounds, commonly referred to as 
silicones. PDMS is optically clear, inert, non-to-
xic and non-inflammable and these attributes 
makes PDMS ideal material for large scale of 
applications, such as production of contact 
lenses and other medical devices, heat-resistant 
tiles and it is also used as antifoaming agent in 
food [5]. In our case, beneficial attributes of 
PDMS made us to decide to utilize this material 
for preparation of chip with reservoir where the 
interactions between analyte and recognition 
element are carried out. In particular, inertness 
and optical clearness are fundamental for fluo-
rescence-based biosensors. PDMS chip was pro-
duced in 3D printed pattern (Fig. 1a, b), which 
was smoothed for creating of chips without 
surface imperfections (Fig. 1c, d). 3D printed 
patterns are cheap and their manufacturing 
is highly reproducible, thus their utilization 
offers few advantages, such as possibility of 
low-cost, large-scale production of chips with 
identical attributes.

Resulting volume of reservoir in chip was 
50 µL and comprised an input connected with 
reservoir and an output for waste (Fig. 2). Both, 
the input and the output were tightly connected 
with syringe needles, to avoid an unwanted 
leakage of sample.

2.2. Construction of fluidic device
As it is shown in a schematic drawing in Fig. 

3A, the entire biosensor contained following 
3D printed parts: holder for PDMS chip (3), 
emission (9) and excitation (10) filters, input 
(4) and output syringes (5) and part for pre-
ssing the PDMS in the holder (1). Other parts 
were purchased and were as follows: emissi-
on bandpass filter (λ = 550(55) nm) (8) and 
shortpass excitation filter (λ = 425 nm) (7), 
UV-Vis optical fibers with diameter of 3 mm 
(6) and electromagnet (11). In the case of exci-
tation part, there is a slot for high-power LED 
(λ = 400 nm) as an excitation source. In emi-
ssion part, the biosensor was connected with 
a control unit Arduino, which was linked to a 

LED driver and UV-Vis photodiode with pho-
tomultiplier. As system was designed to be 
flow-through, the leakage of analyzed liquid 
forms a large problem. Hence the PDMS chip 
with syringe needles was pressed between the 
holder and the pressing part by using four M3 
screws. Such seal allowed for washing of the 
chip during the load tests without observable 
leakage. The electromagnet can be employed 
for both - immobilization of paramagnetic par-
ticles during magnetic separation or stirring of 
samples with paramagnetic materials, and is 
controllable through the control unit. 

As is mentioned above, biosensor is designed 
particularly for manipulation with paramag-
netic nano-, microscaled materials. Due to 

Figure 2: Schematic illustration of polydime-
thylsiloxane chip with (a) input, (b) output and 
(c) reservoir with volume of 50 µL.
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Figure 1: Photography of the patterns used for 
chip fabrication. The patterns (a, b) were manu-
factured by using 3-D printing, using acryloni-
trile butadiene styrene (ABS) and (c, d) PDMS 
chips.
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communication between electromagnet and 
control unit, paramagnets can be easily immo-
bilized or stirred, in dependence on application. 
Thus, the device can be employed for a broad 
spectrum of applications, such as particle-based 
immunoassays [6], magnetic separation of low-
-mass compounds [7], direct isolation of viral 
particles [8] or study of complex paramagne-
tic nanostructures, comprising fluorescence 
labels [9].

3. Experimental Section 
3.1. Fabrication of 3D-printed 
biosensor device

The platforms for PDMS chip, excitation, emi-
ssion filters and optical fibres were manufactu-
red by using 3D-printing technology (acryloni-
trile butadiene styrene - ABS as the production 
material) by using 3D printer PROFI3DMAKER 
(Aroya, Straznice, Czech Republic).

3.2. Preparation PDMS chip
PDMS chip was fabricated in the pattern, 

made from ABS to produce the resulting 
structure with reservoir with the volume 
of 50  µL. Prior to use in biosensor, PDMS (Syl-
gard 184, Dow Corning, Midland, MI, USA) was 
evacuated to remove the unwanted air bubbles, 
which can interfere with optical light paths. For 
one chip 2 mL of PDMS and 100 uL of curing 
agent were mixed. Resulting mixture was fur-
ther evacuated, filled into 3D printed pattern 
and left at 25 oC.

3.3. Detection system parts
As excitation source was employed power 

LED (λ = 400 nm, optical power 200 mW) 
(Roithner LaserTechnik, Vienna, Austria). 
Emission bandpass filter (λ = 550 ± 55 nm) 
and excitation shortpass filter (λ = 425 nm) 
were purchased from Semrock (Rochester, NY, 
USA). Optical fibers (UV-Vis transparent, core 
fiber diameter 1960 µm, numerical apparatus 
0.5) were obtained from Edmund optics 

(Barrington, NJ, USA). The system 
was driven by the control unit 
Arduino linked to the LED driver. 
Evaluation of signal from UV-Vis 
photodiode S3991-01 (Hamamatsu 
Photonics, Hamamatsu, Japan) was 
done by multifunction two channels 
amplifier board (Digi board, Sglux, 
Berlin, Germany).
 

4. Conclusions
Biosensors can serve as promising 

tools for fast, cheap and sensitive 
analyses of broad spectrum of ana-
lytes. There exists many technical 

concepts and ways how to design and fabricate 
diverse platforms. 3D printing in combination 
with non-toxic, inert materials offers a lot of 
advantages, such as low production costs, bio-
compatibility, significant reproducibility and 
fast crafting time. Moreover, in conjunction 
with fluorescence detection, high sensitivity 
can be achieved.   
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Figure 3: (A) The schematic drawing of individual parts emplo-
yed for biosensor, where 1 stays for pressing part, 2 for PDMS 
chip, 3 for PDMS holder, 4 for input, 5 for output, 6 for optical 
fibers, 7 for shortpass excitation filter, 8 for bandpass emission 
filter, 9 for emission filter platform and 10 for excitation filter 
platform, (B) the assembled biosensor ready-to-use
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