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We present an all-polymer electrochemical microfluidic biosensor using Topas®™ as substrate and a
conductive polymer bilayer as electrode material. The conductive bilayer consists of tosylate doped
poly(3,4-ethylenedioxythiophene) (PEDOT:TsO) and the hydroxymethyl derivative PEDOT-OH:TsO,
which was covalently functionalized with two aptamer probes with affinity to ampicillin or kanamycin
A, respectively. Using electrochemical impedance spectroscopy (EIS) we were able to detect ampicillin
in a concentration range from 100 pM to 1 uM and kanamycin A from 10 nM to 1 mM. The obtained EIS
spectra were fitted with an equivalent circuit model successfully explaining the impedance signal. Real
samples from regular ultra-high temperature treated low-fat milk spiked with ampicillin were
successfully tested to assess the functionality of the sensor with real samples. In conclusion, we have
demonstrated the applicability of the newly developed platform for real time, label-free and selective
impedimetric detection of commonly used antibiotics. Additionally it was possible to detect ampicillin in a
milk sample at a concentration below the allowed maximum residue limit (MRL) in the European Union.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Detection, identification and quantification of pathogens
and chemical agents are crucial for water and environmental
analysis, clinical diagnosis, food safety, and biodefence. The
existing immunological or nucleic acid technologies are mostly
time consuming and require both sophisticated equipment as
well as highly trained personnel, hence increasing the analysis
costs. Another limitation of these techniques lies in their nature,
which only allows the detection of certain types of analytes.

Therefore, new assay technologies are continuously emerging,
and among these, the biosensor technology is the area with
fastest growth (Lazcka et al., 2007). Ideally, the assays used in a
detection system should enable the detection and quantification
of a broad range of different molecules. Furthermore, the techni-
que should provide reliable, real time, on-site, user-friendly, and
inexpensive detection with adequate sensitivity, specificity and
reproducibility.

Label-free biosensors for in situ measurements with high
sensitivity and high specificity are of significant interest for the
development of diagnostic devices (Cosnier, 2003; Gerard et al.,
2002; Liao et al., 2006).
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1.1. Impedimetric biosensors

Impedance spectroscopy is a powerful method to analyse the
complex electrical resistance of a system and it is sensitive to
surface phenomena and changes of bulk properties. Electroche-
mical detection using electrochemical impedance spectroscopy
(EIS) is advantageous because of its label-free and reagentless
character and high sensitivity, as recently reviewed by Pdnke
et al. (2008). Thus impedance detection is particularly suited to
follow binding events in the field of biosensors.

The tools that allow for specific detection (generally referred
to as affinity tools) are highly selective binders of the target.
At present, antibodies of mammals are the best characterised
and most widely used affinity tools, i.e. biological recognition
elements in biosensor platforms. However, antibodies do have
their limitations: they are sensitive to pH changes and can easily
be inactivated (e.g. through elevated temperatures, proteases)
(Binz et al., 2005; Hoogenboom, 2005). Moreover, producing
antibodies is generally difficult and expensive.

1.2. Aptamers as recognition elements

As alternatives to antibodies, aptamers have recently attracted
increasing attention due to their capability to bind a wide range
of targets: nucleic acids, proteins, metal ions and other molecules
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with high affinity and sensitivity (Hong et al., 2012; Song et al.,
2012b).

Aptamers are peptides or oligonucleotides (RNA or single-
stranded DNA; ssDNA) that bind to a specific target molecule. The
aptamers typically fold into a three-dimensional structure, whose
conformation is changing upon ligand binding. Aptamer-like
structures can also be found in nature: riboswitches in bacteria
and eukaryotes control translation depending on ligand binding
(Winkler et al., 2002).

Novel aptamers can be developed using a process called
systematic evolution of ligands by exponential enrichment
(SELEX) (Ellington and Szostak, 1990; Tuerk and Gold, 1990).
It enables the selection of high-affinity nucleic acid sequences
from a random pool of candidates.

The oligonucleotide aptamers can easily be modified with
signal moieties and can be produced at low cost. Up to now, a
variety of assays have been successfully developed for aptamer-
based analysis of biomolecules (Centi et al., 2007; Guo et al.,
2008; Wu et al., 2011; Yan et al., 2010).

Efforts have been made to develop aptamer-based biosensors
(aptasensors) for sandwich assays in recent years. Although these
biosensors could detect the target, the detection limits still need
to be improved (Wang et al., 2007; Zuo et al., 2009).

1.3. Detection of antibiotics

The development of novel detection systems for antibiotics is
of particular importance. The emergence of microorganisms
resistant towards important antibiotics occurs at alarmingly high
rates. Infections with multidrug-resistant pathogens have been
reported for a range of potentially lethal bacteria including
Staphylococcus aureus (Klevens et al., 2007) and Mycobacterium
tuberculosis (Centers for Disease Control and Prevention (CDC),
2006), leaving few or no options for treatment. In the European
Union (EU), it is estimated that 25 000 persons die every year
from infections with antibiotic-resistant micro-organisms (White
et al, 2011). Development of novel antibiotics, however, is
attracting little attention from the pharmaceutical industry,
and for gram-negative pathogens there are few or no late stage
clinical trials of new drugs (Septimus and Kuper, 2009). Besides
their use for treating human infections, antibiotics are also
utilised as growth promoters in agri- and aquaculture (Cabello,
2006; Witte, 1998).

Due to their short generation time, bacteria can quickly evolve
resistance towards all known antibiotics if these are present in
sub-lethal concentrations in the environment (Gullberg et al.,
2011). To minimise the development of resistance towards anti-
biotics, it is, therefore, of critical importance to limit both the use
and the release of antibiotics into the environment.

Detection of different antibiotics, however, is challenging due
to the varied chemical structure of the compounds and the lack of
available simple spectroscopic or electrochemical assays.

Recently, aptamers targeting a range of antibiotics, including
tobramycin (Gonzalez-Fernandez et al., 2011), kanamycin (Song
et al.,, 2011), ampicillin (Song et al., 2012a) and chloramphenicol
(Mehta et al., 2011) have been developed.

1.4. Design of the aptasensor

Polymer-based microfluidic systems meet the requirements of
disposable devices for low sample consumption, cost efficiency,
reliability, and fast response time, which make the systems ideal
for rapid analysis. However, most biosensors for electrochemical
detection involve metallic electrodes (Kerman et al., 2004). To
avoid oxidation or participation in electrochemical reactions,
noble metals such as gold or platinum are usually employed.

These materials have a number of disadvantages, such as high
(and still increasing) market prices or comparably low biocom-
patibility. Apart from that they also require very costly fabrication
methods.

Conductive polymers offer very suitable properties to master
the specialized task of transducing a binding event between
an analyte and a biological probe. They have been used as alterna-
tive to traditional electrode materials because of the additional
advantageous properties of inexpensive electrode fabrication and
easy electrode functionalization (Kiilerich-Pedersen et al., 2011;
Rozlosnik, 2009).

Because of their excellent compatibility with biological samples,
polypyrrole (PPy) and poly(3,4-ethylenedioxythiophene) (PEDOT)
have repeatedly been used for sensors in biological environments
(Balamurugan and Chen, 2007; Bidan et al., 1999; Dubois et al.,
2005; Kiilerich-Pedersen et al., 2011; Sarma et al., 2009; Vidal
et al., 1999; Xie et al., 2009).

Even though pyrrole is the less expensive monomer compared
to 3,4-ethylenedioxythiophene (EDOT), and PPy shows equally
good air stability, PEDOT was used exclusively in this study for its
superior stability in phosphate buffers and for its higher con-
ductivity (Groenendaal et al., 2000; Syritski et al., 2005; Yamato
et al., 1995).

PEDOT can be processed in different ways. Popular polymer-
ization methods are electropolymerization (Kros et al., 2002; Lima
et al., 1998; Shi et al., 2008; Sotzing et al., 1996; Xie et al., 2009;
Yamato et al., 1995) or chemical oxidation polymerization in
liquid (Aasmundtveit et al., 1999; Hansen et al., 2006, 2007a,
2007b; Winther-Jensen and West, 2006) as well as in vapor phase
(Bhattacharyya and Gleason, 2011; Le et al., 2005; Winther-
Jensen and West, 2004). Chemical oxidation is advantageous
because it does not require a conductive substrate.

Micropatterning of conductive polymers is regularly done
using cleanroom-based photolithographic techniques. However,
although such processes are versatile, they are not well-suited for
fabricating inexpensive biosensor platforms due to their costs. As
an alternative, we have recently developed a simple micropat-
terning procedure, which is based on contacting PEDOT thin films
with a micro-structured agarose stamp soaked in a solution of
aqueous hypochlorite and a non-ionic detergent (Hansen et al.,
2007b; Lind et al., 2012). Where contacted, PEDOT is removed and
the underlying substrate exposed. By applying a cyclic-olefin-
copolymer (COC) substrate we were able to fabricate nucleotide-
functionalized PEDOT microelectrodes on a COC background
with a low degree of unspecific binding of DNA, in a simple and
inexpensive manner. This sensor has been used to specifically
detect picomolar concentrations of antibiotics.

2. Materials and methods
2.1. Chemicals

All chemicals were purchased from Sigma-Aldrich (Schnell-
dorf, Germany) if not stated otherwise.

2.1.1. Chip material

The substrate and the top part of the microfluidic chip
were fabricated from Cyclic Olefin Copolymer (COC) Topas® grade
5013 (Tg at 130 °C, TOPAS Advanced Polymers GmbH, Germany).

2.1.2. Electrode material
For the electrodes, the conducting polymer poly(3,4-ethylene-
di-oxy-thio-phene) doped with tosylate (PEDOT:TsO) was used.
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Fig. 1. Schematic drawing of the assembled microfluidic chip with interdigitated
PEDOT:TsO electrodes. Drawing is not to scale.

2.1.3. Antibiotics and aptamers

In this study, we used short high-affinity aptamers against
kanamycin A and ampicillin presented by Song et al. (2011,
2012a, 2012b), respectively. The DNA aptamers were synthesized
by Integrated DNA Technologies (Denmark) as high performance
liquid chromatography (HPLC) purified and lyophilized ssDNA
functionalized with a 5’-amino modified Cg linker. Their sequences
from 5’ to 3’ are:

Ampicillin
Kanamycin A

GCG GGC GGT TGT ATA GCG G
TGG GGG TTG AGG CTA AGC CGA

2.2. Chip fabrication

The all-polymer microfluidic flow system was fabricated from
Topas® polymer using a bilayer composite of PEDOT:TsO and
PEDOT-OH:TsO conducting polymer as electrodes (Fig. 1).

Both the top and the bottom part of the chip were made by
injection moulding using Topas® pellets.

2.2.1. Conducting polymer film deposition

Conductive thin films of PEDOT:TsO were made by spin coat-
ing the reaction solution containing the monomer and thermal
activation according to the following procedure:

About 260 pL Baytron C (40% Fe") tosylate in butanol), 80 pL
butanol, 6 pL pyridine and 8.8 uL EDOT were thoroughly mixed
and spun on a 50.8 mm Topas® 5013 disc with 1000 rpm for 60 s.
Coated polymer discs were then heated to 70 °C for 5 min.
The inhibitor pyridine evaporated and the progress of polymer-
ization was observable by a colour change from yellow to green.
After rinsing the discs with de-ionized water to remove excess
reactants and by-products, they obtained the characteristic blue
colour of PEDOT:TsO. A second polymer layer was applied in
the same way using the monomer ((2,3-dihydrothieno[3,4-b][1,4]-
dioxin-2-yl)methanol) also known as hydroxymethyl-EDOT
or EDOT-OH instead of EDOT. This yielded a PEDOT-OH:TsO
coating of the same thickness, where the hydroxymethyl
group of each monomer provides a possible grafting site for later
functionalization.

2.2.2. Microelectrode preparation

Interdigitated microelectrodes were fabricated by agarose
stamping, as described in detail by Hansen et al. (2007b) and
more recently by Lind et al. (2012).

In short, a stamp was prepared by casting a 10% w/w agarose
gel into a mould with a relief of the electrode design etched in
silicon. After solidification, the stamp was soaked in the etching
solution and applied manually to the PEDOT:TsO/PEDOT-OH:TsO
bilayer.

For etching a 1-1.5% w/v solution of sodium hypochlorite in
water containing 0.1% v/v of the surfactant TritonX100 was used.
The stamping time depends on the thickness of the conductive
polymer layer or bilayer, respectively. To etch through approxi-
mately 200 nm we needed between 45 and 60 s. After stamping,
over-oxidized PEDOT was removed by washing with water.
The conducting polymer layers were re-doped by immersion in
4% wijv Fe" tosylate solution for a few seconds. During this
process, the colour of the polymer changed from dark to light
blue indicating the conversion from a reduced state to a more
conductive oxidized state with higher degree of doping. The
stamp design comprised interdigitated electrodes with a width
of 20 um. The spacing between the single wires was the same as
their width.

2.2.3. Chip assembly

The chip consisted of two parts: the flat Topas® disc with the
microelectrodes and an injection molded Topas® cover disc with
Luer connectors for simple connection to the electronic equip-
ment and exchange of liquids. Both parts were assembled with a
150 pum thick sheet of transfer adhesive (ARcare 90106, Adhesive
Research Ireland). Cavities were cut into the tape by laser ablation
to create microfluidic channels. To ensure homogeneous and tight
sealing around the channels, the assembled discs were pressed
with a force of 500 N at a bonding temperature of 75 °C for 5 min.
Pressure was released after the chip had cooled down to 40 °C.
A schematic drawing of the chip is presented in Fig. 1.

2.2.4. Electrode functionalization

Succinic acid was grafted onto surface hydroxymethyl groups
by filling the channels with 0.1 M 2-(N-morpholino)ethanesulfo-
nic acid (MES) buffer at pH 4.0 with 50 mM of the coupling
agent 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and
succinic anhydride for 30 min.

The new surface carboxylic acid groups were activated with
50 mM EDC and 40 mM NHS (N-hydroxy succinimide) in MES
buffer (0.1 M, pH=4.0) for 5 min. After washing with MES buffer,
the 5'-amino modified aptamer (100 nM in MES) was added to
form a stable amide bond.

After a reaction time of 3 h, the channels were rinsed with
several millilitres of binding buffer (DPBS; Dulbecco’s phosphate
buffered saline, containing 5 mM MgCl,).

To verify the success of the immobilization, the grafting
method was tested with fluorescently labeled DNA. Control
experiments without activation reagents showed that no non-
specifically adsorbed DNA remained after washing. Fluorescence
micrographs are shown in Fig. S1 in the electronic supplementary
information.

2.3. Electrochemical impedance measurements

Electrochemical impedance spectroscopy (EIS) was conducted
on chips with and without immobilized aptamers. A potentiostat
with integrated frequency generator (Zahner IM6, Zahner Elektrik
GmbH, Germany) was connected to the electrodes by spring-
loaded (Pogo Pin) contacts and the impedance of the system was
measured with wide spectrum sweeps in a frequency range from
100 kHz to 200 mHz (logarithmic scale with 10 points per decade
for frequencies < 66 Hz and four points per decade for frequen-
cies > 66 Hz). After the baseline was recorded, the target was
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added in increasing concentrations and the change of the impe-
dance signal monitored.

3. Results and discussion
3.1. Film characterization

As has been reported in previous publications, the conductivity
of both PEDOT:TsO and PEDOT-OH:TsO is, compared to other
conjugated polymers, very high. Surface conductivity values of up
to 700 S/cm have been found for PEDOT:TsO (Hansen et al.,
2007b; Winther-Jensen and West, 2006), while for tosylate doped
hydroxymethyl-PEDOT a value of 83 S/cm has been reported
(Hsiao et al., 2010).

Our findings for PEDOT:TsO were 424 +57.2 S/cm and for
PEDOT-OH:TsO 81+ 10.7 S/cm. The double layer composite
showed a conductance of 275 + 61.2 S/cm. The conductances of
our polymer films are, therefore, within the expected range.

3.2. Micropatterning

After stamping, the actual width of the micro-electrode wires
was determined by optical microscopy. Despite being designed with
a width of 20 pm, the mean width of the wires was measured to be
9.7 +2.2 pm. The large deviation from the original wire size can
be explained by diffusion processes occurring during stamping.
Shortening the exposure time would certainly reduce the effect;
however, then the etching of the desired areas would not be
complete, resulting in residual conductivity between the wires.
Uniform pressure control by automation of the stamping process
would improve the reproducibility significantly.

3.3. Impedimetric characterization of the aptasensor

In this study, we show that the above-described all-polymer
biosensor is a sensitive and selective platform for detection of
different antibiotics. We have chosen already published aptamers
against kanamycin A and ampicillin for our experiments (Song
et al., 2011, 2012a).

The immobilization of the aptamers alone provoked an
increase in the impedance, as was expected due to the increased
charge transfer resistance at the electrode/liquid interface.

Binding of the target molecules to the corresponding aptamer
caused a further increase in the impedance measured at frequen-
cies below 1 Hz. A logarithmic correlation of analyte concentra-
tion and impedance response was found for a broad dynamic
range and both analytes. In the following, the individual apta-
sensors will be discussed in more detail.

Analyte concentrations starting from 10 pM were tested with
ampicillin-aptamer. Fig. 2 shows the relative change of absolute
impedance with increasing concentrations. The first statistically
significant (p < 0.05) signal was observed at 100 pM. Further
increase of analyte concentration showed a fairly linear depen-
dence in the logarithmic plot.

As described above, the patterning of the chips was subject to
uncertainties, which resulted in variation in the width of the
electrodes in the range of several micrometers.

There was a very good correlation between impedance change
and wire size (see Fig. S2 in the electronic supplementary
information), so that a better reproducibility can be expected
from electrodes fabricated with higher accuracy.

With a dissociation constant kp =78.8 nM the kanamycin A
aptamer establishes a weaker bond to its target than the ampi-
cillin aptamer (kp=13.4nM) (Song et al., 2011, 2012a). It is,
therefore, likely that an aptasensor based on this probe would be
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Fig. 2. A typical impedance response for increasing concentrations of ampicillin or
kanamycin, respectively. The empty symbols illustrate the measured baseline
level before the first injection. The green circle represents the obtained impedance
change in the case of 500 mol/L ampicillin in milk sample. The error bars show the
average of the signal noise. (For interpretation of the references to color in this
figure caption, the reader is referred to the web version of this article.)
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Fig. 3. Increase of impedance at a frequency of 356 mHz is shown after addition of
the analyte in different concentrations.

less sensitive. As shown in Fig. 2 our findings verify this pre-
sumption. Typically a concentration of 10 nM was necessary to
obtain a statistically significant increase (p < 0.05) of the impe-
dance modulus. Lower concentrations, starting from 10 pM,
caused little or no effect on the signal. We believe that the
relatively low limit of detection (LOD) and wide dynamic range
of the biosensor is also due to specific device properties and not
exclusively related to affinity of the probes used in this study.
In addition, sensors and assays for Ochratoxin A (OTA) have
shown that using the same aptamer in different assays and sensors
can result in over a 1000-fold differences in LOD (Lauridsen and
Veedu, 2012). The lower detection limit found with the ampicillin
aptamer indicates that a high affinity for target compounds will
facilitate higher devise sensitivity.

Control experiments, where the antibiotics were reacted with
the mismatching aptamers, gave no changes in the impedance
signal compared to the baseline. After that, injecting the matching
antibiotics into the biosensor resulted in the expected increase of
impedance. This shows that the immobilization of the aptamers
on the electrodes did not affect the selectivity of the aptamers
towards their targets.

With the described experimental setup (see Section 2.3) we
were able to obtain one full impedance spectrum in 2:35 min.
Fig. 3 shows the impedance data at a single frequency (356 mHz),
which was taken from the full spectra. As can be seen in the
graph, the impedance change occurs within the sampling time,
i.e. within 2:35 min and stabilizes at a new level. We have also
conducted impedance measurements at a single frequency, where
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CPE, C,

Fig. 4. Equivalent circuit model for fitting the experimental spectra (see descrip-
tion in the text).

the instrument-determined minimum sampling time was ca. 17 s
(data not shown), but also this higher temporal resolution was
insufficient to determine the reaction rate of the target-aptamer
complex formation. However, this shows that the analysis time is
reasonably short for a number of real-life applications.

EU regulation no. 675/92 (as amendment to regulation no. 2377/
90) lays down a maximum residue limit (MRL) for ampicillin of
4 pg/L in milk, which is equivalent to a concentration of 11.45 nM.
Our experiments shown above proved that we were able to detect
much lower concentrations of ampicillin in buffer solution. In order to
prove the reliability of the sensor detecting analytes in real samples, a
10% solution of ultra-high temperature treated (UHT) low fat milk in
DPBS containing 5 mM MgCl, was prepared and spiked with 500 pM
ampicillin. Impedance spectra were measured as before. In these
experiments, we were able to measure an increase of impedance of
0.58 + 8%. These data are in well accordance with the concentration
dependence reported above. We can, therefore, claim that our sensor
is capable of reproducibly detecting an ampicillin concentration in
milk that is far below the MRL set by the EU.

3.4. Equivalent circuit modeling of the EIS results

An equivalent circuit model fitting the electrical properties of
the sensor is shown in Fig. 4. This model was used to simulate
impedance spectra while changing certain parameters to under-
stand the effects observed in our experiments; it satisfactorily fits
the experimental data over the measured frequency range.

In the model, R; is the intrinsic resistance of the electrodes. The
parallel resistance (R,) and the constant phase element (CPE;) with
coefficients P; and n; represent the electrode-solution interface,
where R; is the charge transfer resistance and CPE; the electrical
double layer on the surface. The following Warburg impedance (W;)
indicates the diffusion limited electrochemical processes specified
by the coefficient A,,;. The impedance spectrum includes a semi-
circle portion at high frequencies corresponding to bulk solution
resistance (Rs) and the geometrical capacitance (C;) of the inter-
digitated electrodes. Finally, the capacitance C, is the limiting
capacitance, which reflects the limited solid state diffusion of
charges inside the conducting polymer.

The intrinsic resistance of the electrode (R;), the solution
resistance (R3) and electrode geometrical capacitance (C;) are
not changing during the aptamer-target binding process. The
Warburg coefficient (A,) represents the impedance due to the
diffusion of charges to and from the electrode surface. The
temperature and the viscosity of the solution were constant
during the binding process; however, conformational changes
and rearrangements of the surface bound aptamers during com-
plex formation are likely to alter the electrode surface area
available for charge transfer, influencing A,,;. Modifications of
the electrode surface can inflict changes to the electrolytic double
layer at the electrode/electrolyte interface with its non-ideal
capacitance (reflected as the constant phase element CPE;) and
the reaction rate of the transfer of charges between electrode and
electrolyte (expressed as the charge transfer resistance R,). Both
factors are dependent on the change of the ionic concentration
near the electrode surface, which is influenced by the binding
event of an analyte molecule to an immobilized aptamer. We can,
therefore, assume that both the constant phase element, the
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—— Fitted spectrum

= 150 4
]
<

E 100
N

50

04

0 10 20 30 40 50 60 70

Zre (kQ)

Fig. 5. Nyquist plots from impedance spectra before (M) and after (A) addition of
kanamycin A. In the low frequency region (right side) of the spectra a clear shift
towards higher resistance is visible. The solid red line represents a simulated
spectrum based on the fitting parameters from Table 1. The curve is calculated
from the values after analyte addition. (For interpretation of the references to
color in this figure caption, the reader is referred to the web version of this article.)

Table 1
Comparison of parameters corresponding to elements in the equivalent circuit
model fitted to the spectra shown in Fig. 5.

Parameter Aptamer only (error/%) Kanamycin (error/%) Unit
G 1.59 x 10719 (2.8) 1.58 x 10719 (2.3) F

G, 411x107%(2.3) 4.06 x 1075 (3.0) F

Ry 3.34x 10% (41.3) 3.07 x 10% (46.7) Q

R, 2.51 % 104 (7.8) 2.41 x 10% (9.3) Q

Rs 2.06 x 10* (0.8) 2.16 x 10 (0.8) Q
Am 1.44 x 10* (12.8) 2.13 x 10* (9.0) Q//5
P, 5.75x107° (6.2) 6.80 x 1076 (6.9) 1/Q
m 0.58 (1.9) 0.57 (2.2) -

charge transfer resistance and the Warburg element will be the
most interesting parameters for investigations of target binding
to surface-bound probes. The surface coverage with aptamers
could have an influence on the sensitivity of such a device as
described here, but the size of the antibiotics is much less that
than the aptamers, therefore, it is not likely that steric hindrance
would affect the results.

Impedance spectra recorded at different stages of the experi-
ment were fitted with the “EIS Spectrum Analyser” software.!
An example of the fitted curves is shown together with two
measured spectra represented as a Nyquist plot in Fig. 5. The
curve was calculated from parameters which were fitted to the
impedance data obtained from the kanamycin aptasensor after
the analyte was added. The result indicates a good agreement
with the measured data, especially in the lower frequency range.

A comparison of parameters obtained from fitting the model to
the data recorded before analyte addition and after injection of
kanamycin A at a concentration of 1 mM is made in Table 1.
As expected, only slight changes were observed for the capacitances
Cy and G, as well as the material or solution related resistances R;
and Rs. Elements describing the electrode/liquid interface experi-
enced a larger change. The strongest deviation from the original
value was found for the Warburg coefficient A,,.

4. Conclusion

We have successfully developed the first prototype of an all-
polymer electrochemical biosensor using Topas® as microfluidic

1 AS. Bondarenko and G.A. Ragoisha, http://www.abc.chemistry.bsu.by/vi/
analyser/.
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system and a bilayer of tosylate doped poly(3,4-ethylenediox-
ythiophene) (PEDOT:TsO) and its hydroxymethyl derivative
PEDOT-OH:TsO as electrode material covalently functionalized
with aptamers. The newly developed inexpensive biosensor has
high sensitivity and selectivity for the tested targets, which makes
it a promising platform for detection of analytes from complex
samples by a fast, label-free and reliable method. The device was
tested with real samples from milk, where it was possible to
detect ampicillin in concentrations below the MRL defined in EU
regulation no. 675/92.
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