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Abstract

An electrochemical device that serves as a model biosensor and contains yeast Saccharomyces cerevisiae as the active bio-
logical element was developed. Different configurations of the electrochemical cells were assembled and tested. Stainless
steel was used in the electrochemical cell composition process and the surface of this metal electrode was modified with
a thin layer of WO; if necessary. The yeast Saccharomyces cerevisiae was adhered to the working electrode. The result-
ing model biosensor was then used to monitor the response to a 10% CH;OH. For detection of biological activity, the
electrochemical impedance spectroscopy (EIS) method was applied with a portable potentiostat/galvanostat, where the
Bode and the Nyquist plots were interpreted. The stability of the device was beforehand determined by measuring the
open circuit potential (OCP). The topography of the electrodes was inspected using the techniques of scanning electron
microscopy and optical microscopy. The investigated model biosensor serves as a case study for the development of more

complex biosensors that utilize living cells as the active layer.
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1. Introduction

A biosensor represents an analytical device that
combines a biological element and a physical transmitter
to generate a measurable signal proportional to the con-
centration of the analyte.>* The quality of the informa-
tion provided by the biosensor depends on the type of an-
alyte solution, the active biological component, the design
of the biosensor and the properties of the physical trans-
ducer.?® Biosensors can be classified according to the meth-
od of physico-chemical conversion or according to the
type of biologically active element. Based on the transduc-
er, biosensors are classified into electrochemical, optical
and mechanical biosensors.* Active biological components
can generally include unicellular organisms, enzymes, an-
tibodies, cells, organelles or tissues.?

The aim of this study was to develop an electrochem-
ical cell that is transferable and connectable to smart-
phones, computers, servers, etc., while remaining highly
specific, responsive and repeatable.

The presented electrochemical cell is a part of a bio-
sensor and it is designed as a three-electrode electrochem-
ical system. At the working electrode (WE) the process is

monitored, the reference electrode (RE) has a constant po-
tential that does not change during the process while the
counter electrode (CE) provides the current required to
detect the electrochemical cell response.®’

In an electrochemical cell intended for use in biosen-
sorics, a biological component capable of recognizing and
quantifying specific stimuli or pulses is applied to the
working electrode.® Electrodes for biosensors can be re-
used from other electrochemical systems and can incorpo-
rate different materials, with focus on non-toxic metals
and metal oxides.>!? As a biological component, the Sac-
charomyces cerevisiae yeast was used, which has many ad-
vantageous properties that make it useful for biosensing:
the robustness of the cells, the ease of maintenance, and
the rate of the cell production.!!"!2 Yeast Saccharomyces
cerevisiae represents a single-celled eukaryotic organism
used primarily in the food industry in the preparation of
bakery products and alcoholic beverages.!* Yeast Saccha-
romyces cerevisiae are chemoorganotrophic and anaerobic
organisms classified in the kingdom of fungi, the phylum
Ascomycota, the class Saccharomycetes, the order Saccha-
romycetales and the family Saccharomycetaceae.' Saccha-
romyces cerevisiae can exist in two different forms, the hap-
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loid or the diploid form.!> A yeast cell possesses typical
properties of a single-nucleus eukaryotic cell and charac-
teristic organelles such as vacuoles and lipid droplets.'®
Yeast cells are usually spherical to slightly spherical and
occasionally ellipsoidal to cylindrical in shape.!” Yeasts,
unlike certain other biological components, do not require
sophisticated sterile techniques or complex media and are
also economically advantageous.!?

The electrochemical impedance spectroscopy (EIS)
method was used for detection. With the EIS technique
the frequency response of the electric current was meas-
ured and thus provided data on the yeast adhesive layer on
the electrode surfaces. EIS represents a non-destructive
method with which one can quantify certain parameters
and simultaneously trace several electrochemical process-
es.!® The measurement comprises the real (electric resist-
ance) and the imaginary (capacitance) component of the
impedance response of an electrochemical system.!® Elec-
trochemical impedance spectroscopy has been widely
used in the production and optimization of biosensors,?%2!
as this method allows characterization of the biological
component attached to the sensor and the analyte present
in the sample. Because biosensors generate a rapid re-
sponse, they can be used to monitor molecular events in
real time.?

To determine cell mortality, the method of staining
cells with methylene blue was applied. When cells are
stained with methylene blue, dead cells remain blue while
living cells reduce methylene blue and become colorless
due to the reaction.?® In the current study a model biosen-
sor containing yeast Saccharomyces cerevisiae as the active
biological element was developed and tested using electro-
chemical impedance spectroscopy as well as scanning
electron microscopy and optical microscopy.

2. Experimental

Various procedures for composition of electrochem-
ical cells have been tested. In the process of assembling the
electrochemical cell, stainless steel type SS316 (manufac-
turer TBJ Industries, Germany) was used and in some ex-
periments, the surface of the metal electrode was modified
with a thin layer of WO;. Yeasts Saccharomyces cerevisiae
were applied to the working electrode as a biological com-
ponent. Using a model biosensor, the yeasts response to a
10% CH;OH solution when changing various parameters
was monitored.

Model electrochemical devices that used different
working electrodes and utilized different dimensions were
assembled and tested. The electrodes were manufactured in
two different dimensions (figure 1): dimension of electrode
20 mm x 2 mm where the active component was applied to
5 mm x 2 mm (figure 1a) and dimension of electrode 20
mm x 5 mm where the active component was applied to 5
mm x 5 mm (figure 1b). The position of electrodes was al-

ways side-by-side and from left to right placing the refer-
ence (RE), the counter (CE) and finally the working elec-
trode (WE) which we marked the RCW configuration.
0.050 mm thick stainless steel and stainless steel covered
with a thin layer of WO; was used. The electrochemical cell
consisted of three electrodes, where the biological compo-
nent or yeast Saccharomyces cerevisiae was applied to the
working electrode (WE). Electrodes were insulated on fixa-
tion side. The system was closed with glass.
Biosensor device manufacturing process:

« Production of electrodes with dimension 20 mm x 2
mm for small electrochemical cell and dimension 20
mm x 5 mm for large electrochemical cell. Elec-
trodes were cut from a 0.050 mm thick stainless steel
foil and from a 0.050 mm thick stainless steel foil
covered with a thin layer of WO;;

« Application of a biological component on the work-
ing electrode (WE) by spin coater at the coating
speed of 2000 rpm for 10 s.

o Placement and fixation of electrodes on the glass
support in the RCW configuration described previ-
ously.

o System closure with small glass slide.

a)

CE RE WE

. - ACTIVE BIOLOGICAL COMPONENT

. - ELECTRODE

Figure 1: In figure 1a, large electrochemical cell with three elec-
trodes in reference-counter-working (RCW) side-by-side configu-
ration is presented. Dimension of electrode is 20 mm x 5 mm,
where the active biological component is applied to 5 mm x 5 mm.
In figure 1b a small electrochemical cell with three electrodes in
RCW side-by-side configuration is depicted. Dimension of elec-
trode is 20 mm x 2 mm, where the active biological component is
applied to 5 mm x 2 mm. An actual assembled device, with biolog-
ical component is presented on lower right part of the figure, with
active surface area of each individual electrode being 5 mm x 2 mm.
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Two solutions were prepared for the measurements:
0.9% NaCl solution (saline) and 10% CH3;OH in 0.9% Na-
ClI solution. The solution was injected into the system.
For evaluation of electrochemical cells electrochemical
impedance spectroscopy method (EIS) was used.

The measurements were carried out with a PalmS-
ens4 potentiostat/galvanostat. The frequency range for EIS
tests was 10 mHz to 100 kHz, the recording range of the
electrical current measurement range was between 1 nA
and 10 mA, the amplitude potential was 20 mV, and the
number of measured frequency points was 61 = 10/dec.

Electrochemical impedance spectroscopy was used
to obtain the data on the events on the surface of the elec-
trode and the applied layers, and the Bode and Nyquist
plots were interpreted as a result.

The stability of the device and the prepared layers
was previously determined by measuring the potential of
the open circuit (OCP), in which the potential difference
between the reference electrode (RE) and the working
electrode (WE) is measured.

Biosensor device connection and testing procedure:

+ Connection of the biosensor device to the potentio-
stat/galvanostat.

» Addition of 0.9% NaCl solution. The solution was
applied with syringe onto top of the open device, af-
ter which the device was sealed with clamps to pre-
vent movement of individual components. After ad-
dition of solution, the device was for approximately
5 min to ensure that all of the electrodes were sufhi-
ciently soaked.

o Open Circuit Potential measurement (OCP). The
time of the measurement was 30 s.

o Measurement of electrochemical impedance spec-
troscopy (EIS). The expected duration of the meas-
urement was 2 min and 12 s, and the time was com-
monly prolonged up to 3 min.

« Addition of 0.9% NaCl solution with 10% CH;OH.
The measurements were carried out after exposure to
methanol as a toxic component. A paper tissue was
placed under electrochemical cell and a 1 mL syringe
fitted with needle that was filled with investigating
solution was carefully stuck onto side of device in
such way, that it did not touch biological component.
After positioning of the needle, the content of the sy-
ringe was dumped into the electrochemical cell, en-
suring that the device was excessively soaked with
new solution. This rinsing process was repeated at
least three times. Electrochemical cells were rinsed
with 0.9% NaCl core solution with added CH;O0H to
prevent loss of electrolyte and change of conductive
properties.

o+ Excess liquid was removed with paper tissue and de-
vice was then left connected to potentiostat/galva-
nostat in idle mode for 60-90 s for the methanol to
have effect on the cells before open circuit potential
(OCP) measurement was carried out.

o Open circuit potential measurement (OCP). The
time of the measurement was 30 s.

o Measurement of electrochemical impedance spec-
troscopy (EIS). The expected duration of the meas-
urement was 2 min and 12 s, where the time was
commonly prolonged to up to 3 min to enable assem-
bled cell to achieve stable open circuit potential equi-
librium, with potential drift being less than 0.2 mV/s.
The morphology of the electrodes was additionally

verified by the technique of scanning electron microscopy
(SEM) and by classical microscopy, where the number of
living yeast cells of the species Saccharomyces cerevisiae on
the surface of the electrodes was examined. To determine
cell mortality, the method of staining cells with methylene
blue was used. When cells are stained with methylene blue,
dead cells remain blue stained and living cells reduce
methylene blue and become colorless due to the reaction.?
For methylene blue dye testing, 50 mL of both original
0.9% NaCl blank solution and 50 mL of 0.9 % NaCl and 10
% CH3;0H solution were modified by adding 0.5 mL of
methylene blue dye solution that was prepared from 0.1 g
of powdered methylene blue in 50 mL of demineralized
water. Cells were first exposed to the dyed saline and after-
wards to the dyed 10% CH;OH solution. The duration of
exposure to dyed saline and in dyed methanol was approx-
imately 60-90 s, similar to the undyed devices that were
used in electrochemical measurements (OCP, EIS). For
technique of scanning electron microscopy (SEM), Zeiss
ULTRA plus field emission microscope (accelerating volt-
age 0.02 to 30 kV and 100,000x magnification) was used.
The configuration of the microscope enables quality anal-
ysis of practically all solid nonvolatile samples. For optical
microscopy Olympus SZX16 microscope and 120x magni-
fication was used.

3. Results and Discussion

Model electrochemical cells of different dimensions
described previously in experimental section were assem-
bled and tested.

3. 1. Electrochemical Impedance
Spectroscopy (EIS)

a) Biosensor with stainless steel working electrode

The impedance response of the biosensor with yeast
cells attached to stainless steel in the absence and presence
of CH;0H as a toxic component was measured.

In the graphs, EIS Nyquist plots (Figures 2a and 2b),
representing the response in complex units are represent-
ed. A 0.9% sodium chloride (NaCl) solution was first add-
ed to the system followed by a solution consisting of 0.9%
sodium chloride (NaCl) and 10% methanol (CH;OH).
With the addition of NaCl solution to the system, the
charge transfer and then the diffusion process are shown
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on the plots. The capacitance (imaginary part of imped-
ance) and the resistance (real part of impedance) increased
with the frequency drop.

In the Nyquist diagram of the large electrochemical
cell (Figure 2a), the solution resistance (Rg), the capaci-
tance of the electric double layer (Cy)), and the charge
transfer resistance (R.) are detected in kinetic controlled
process of the EIS spectrum and are displayed as semi-cir-
cle pattern. Mass transfer-controlled process of the EIS
spectrum describes the diffusion as a linear behavior.

In the Nyquist diagram of the small electrochemical
cell (Figure 2b), the solution resistance (Rg), the capaci-
tance of the electric double layer (Cy), the charge transfer
resistance (R.) and the Warburg impedance (Z,,), which
describes the process of transferring ions through layers
and is presented in the Nyquist diagram as a linear behav-
ior with a gradient of 45° are detected. The semi-circle is
smaller, confirming a higher conductivity and a smaller
charge transfer resistance (Ry).

The Bode plots presented in the supplementary in-
formation (Figures 1S and 2S) consist of two spectra si-
multaneously (impedance spectrum and phase spectrum),
where the dependence of impedance (Z) and phase angle
on frequency is shown. In the impedance spectrum, the
activity on the working electrode is determined according
to the slopes of the line, and on the phase spectrum the
activity is determined according to a phase angle. In the
Bode plot, as in the Nyquist plot, it appears that the resist-
ance and capacitance decreased with the addition of 10%
CH;OH solution.

In the Bode diagram of large electrochemical cell
(Figure 1S), with the addition of NaCl solution, the solu-
tion resistance (R) with gradient of 0 in impedance spec-
trum, then the capacitance of the electric double layer
(Cq) with gradient of -1, which occurs at the phase
boundary between the electrode and the electrolyte, the
charge transfer resistance with gradient of 0 (R.,), which
occurs due to the electrochemical reaction or charge trans-
fer between the electrolyte and the metal, and the diffusion
with gradient of 0.5 (Warburg impedance) were detected.
With the addition of 10% CH3;OH solution, a similar solu-
tion resistance (R;), lower capacitance of the electric dou-
ble layer (Cg4) and more pronounced diffusion were ob-
served. Negative phases are lower than usual, it can be
concluded that the charge transfer resistance (R.,) is high.

The Bode plot of the small electrochemical cell is
represented in the supplementary information as Figure
2S. With the impedance spectrum curve in the direction of
frequency decay, ,non-ideal® capacitor (CPU) which de-
scribes the capacitance of the electric double layer (Cy)
and has a gradient of about -1 is represented. In the phase
spectrum, negative phase angle of 80° corresponds to a ca-
pacitance of the electric double layer. At lower frequencies,
diffusion (Z,,) is observed, which is shown in the imped-
ance spectrum with a gradient of -0.5 and in the phase
spectrum with a negative phase angle of 45°.

Nyquist plots and Bode plots show that the addition
of 10% CH;OH solution decreased the resistance and ca-
pacitance in comparison to addition of NaCl solution to
the system, indicating that the electrode surface was re-
leased and, consequently, that CH;OH caused the death of
Saccharomyces cerevisiae cells.
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Figure 2: Nyquist diagrams of the EIS measurement on a larger bi-
osensor (Figure 2a) and on a smaller biosensor (Figure 2b) using a
working electrode of stainless steel are depicted, where the red
curve shows the measurement of a 0.9% NaCl solution added to the
system and the blue curve shows the measurement of a 0.9% NaCl
solution with 10% CH;OH added to the system.

b) Biosensor with stainless steel coated with thin layer
of trioxotungsten working electrode

As with the stainless steel working electrode biosen-
sor, the EIS measurements were repeated for the WO;-coat-
ed stainless steel working electrode biosensor of various
sizes. 0.9% sodium chloride (NaCl) solution was injected
to the system first, followed by 10% methanol (CH;OH)
solution. The capacitance (imaginary part of impedance)
and the resistance (real part of impedance) increased with
frequency drop.
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The diagram shows resistance response due to pro-
cess of the charge transfer in the electrolyte and then the
additional resistance response due to the diffusion layer.
With the addition of 10% CH;OH solution, the resistance
and the capacitance response are both decreased, suggest-
ing a change on the electrode surface.

In the case of the biosensor with a larger working
electrode dimension (20 mm x 5 mm) represented in Fig-
ure 3a, the Nyquist plot shows a decrease in the resistance
and the capacitance with the addition of CH;0OH com-
pared to the measurement where NaCl solution was add-
ed. Kinetic controlled process describes the solution resist-
ance (R;), and the charge transfer resistance (R.), where
the charge transfer resistance (R, is more profound in
comparison to electrochemical cells without WOj; coat.
Mass transfer-controlled process of the EIS spectrum de-
scribes diffusion (Z,,) as linear behavior. In the case of the
biosensor with a smaller working electrode dimension
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Figure 3: Nyquist diagram of the EIS measurement of a larger (Fig-
ure 3a) and smaller (Figure 3b) biosensor using a working electrode
of stainless steel coated with a thin layer of WO;, where the red
curve represents the measurement of 0.9% NaCl solution added to
the system and the blue curve represent the measurement of 0.9%
NaCl solution with 10% CH;OH added to the system.

(5 mm x 2 mm), the Nyquist diagram (Figure 3b) shows a
decrease in resistance with the addition of CH;0H en-
riched solution compared to the measurement where only
NaCl solution was added. The capacitance (imaginary part
of the impedance) did not change significantly in the
Nyquist plot, but the change is visible in the Bode diagram,
where it is slightly lower with the addition of CH;OH solu-
tion than with the addition of NaCl solution.

In the Bode plot of the biosensor with larger elec-
trodes dimension (20 mm x 5 mm), as in the Nyquist dia-
gram, it is seen that the resistance and capacitance de-
creased with the addition of 10% CH;OH solution. In the
Bode diagram (Figure 3S) with the addition of NaCl solu-
tion and then the addition of CH;OH solution, at higher
frequencies the solution resistance (R;), the charge transfer
resistance (R.;) and the capacitance of the electric double
layer (Cgq;) formed at the phase boundary between the elec-
trode are represented. At lower frequencies Warburg im-
pedance (Z,,) is shown.

In the Bode diagram of the biosensor with smaller
electrodes dimension (20 mm x 2 mm) (Figure 4S), the
solution resistance, then the capacitance of the electric
double layer (Cy)) and the charge transfer resistance (Ry),
and diffusion as Warburg impedance (Z,,) are observed at
higher frequencies with the addition of NaCl solution and
with addition of CH;OH solution. The charge transfer re-
sistance is more pronounced in regular NaCl solution
compared to the addition of CH;OH enriched solution,
again most likely due to the cells fully blocking the elec-
trode surface when no methanol is present. Additionally,
resistance in general due to electron transfer is higher
compared to electrodes that are not coated with the WO,
layer.

The electric equivalent circuit and the fitted imped-
ance spectrum of the large electrochemical cell with the
stainless steel working electrode is presented in the supple-
mentary information as Figure 5S and Figure 6S, and the
electric equivalent circuit and the fitted impedance spec-
trum of the large electrochemical cell with the stainless
steel covered with WO; working electrode is presented in
the supplementary information as Figure 7S and Figure
8S.

The limit of detection (LOD) for each electrochemi-
cal cell was estimated by performing measurements at the
six different concentrations of the CH;OH: 0.0%, 0.1%,
0.5%, 1.0%, 5.0% and 10.0% of percent by volume and then
comparing obtained data. The blank solution consisted of
0,9% NaCl solution (saline). The minimum reference total
impedance (Z) value for LOD was established at approxi-
mately A = 3 kQ for 2 measurements at selected concentra-
tion and at lowest frequency (10%° Hz). This is a value that
can be determined with sufficient repeatability and repre-
sent 30 % error at lower impedance (10* ) and 3 % error
at higher impedance (10° Q). In order to accurately deter-
mine measurement during individual error, 5 measure-
ment points, closest to lowest frequency were taken for sta-
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tistical comparison. The LOD for stainless steel working
electrode was estimated at about 5.0%v/v CH;OH for small
surface and 1.0%v/v CH3;0H for large surface. The LOD
electrochemical cells with stainless steel covered with thin
layer of WO; working electrode was determined as low as
1.0%v/v CH;0H for small device and as low as 0.5%v/v
CH,;0H for large device. It must be noted, that for large
electrode covered with WO; there were minor issues in de-
tecting signals at higher concentrations, suggesting that
there is a limit in concentration response. This suggests that
it might be possible to increase LOD on the expense of
range of concentrations. The data presented in Tablel was
recorded at the frequency of 10 Hz, while the graphs for
estimate of LOD (Figures 9S-12S) along with Nyquist dia-
grams of LOD estimate measurements (Figures 13S-16S)
are presented in supplementary information.

Table 1: Impedance of the large electrochemical cell with the stain-
less steel working electrode (S1), the small electrochemical cell with
stainless steel working electrode (S2), the large electrochemical cell
with the stainless steel electrode covered with WO; working elec-
trode (W1) and the small electrochemical cell with the stainless
steel electrode covered with WO; working electrode (W2) meas-
ured at percent by volume concentrations: 0.0, 0.1, 0.5, 1.0, 5.0, 10,0.

S1 S2 w1 w2

Concentration (%) Impedance (Q)

0.0 104.95 105.31 104.60 104.48

0.1 104.97 105.32 104.52 104.45

0.5 104.98 105.31 104.43 104.42

1.0 10474 1050 10t 104

5.0 1_04.71 105.17 104.28 1_04.31
10.0 104.42 55.16 104.27 104.26
3. 2. SEM Analysis

The morphology of steel electrodes (Figure 4a) and
steel electrodes coated with a layer of WO, (Figure 4b) was

observed by the scanning electron microscopy (SEM)
technique at 100,000x magnification. On uncoated stain-
less steel surface shown in Figure 4a, it can be seen small
crystals and slightly uneven surface, which is due to steel
being prepared as ‘hot-rolled’ steel along with possible ar-
tefacts that could be made during production or handling
of steel foil. This type of steel foil is known for its defects on
surface compared to ‘cold-rolled’ steel and defects in form
of crystals can be observed on photomicrography. As
shown in Figure 4b, the stainless steel electrodes coated
with a thin layer of WO; are more porous than stainless
steel electrodes (Figure 4a). This mesoporous surface is
formed during sintering process of WO, thin film prepara-
tion, and is due to fast heating and drying of thin film sol-
gel WO; precursor. This phenomena is well investigated
and has been described in different literature.® Due to po-
rous structure of WO; thin film, it has much higher rough-
ness compared non-coated steel foil and because of this,
yeast can more easily adhere onto surface. This data is in
accordance with observations during preparation of devic-
es, where WO; coated steel foil had better adhesion of
yeast compared to non-coated steel foil.

3. 3. Optical Microscopy

The number of living cells of the yeast Saccharomyces
cerevisiae on the surface of the electrodes was observed by
optical microscopy. Methylene blue was used to check cell
mortality, where dead cells remain blue stained and living
cells reduce methylene blue and become colorless due to
the reaction. With the addition of 0.9% NaCl solution,
yeast cells remained colorless (Figure 5a). With the addi-
tion of 10% CH3;OH solution, the cells were blue stained
(Figure 5b). By staining the cells with methylene blue dye
it was additionally proven, that methanol causes the death
of Saccharomyces cerevisiae yeast cells. It can be noticed
that with a larger group of yeasts (top left in figure 5b),

10000 KX

Figure 4: a) the SEM analysis (morphology) of stainless steel is presented. b) the SEM analysis (morphology) of stainless steel covered with a thin

film of WO; is presented.
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Figure 5: Microphotographs of the steel working electrode with adhered yeasts on covered with electrolyte carrier with methylene blue dye added
along with 0.9% NaCl (a) and along with 10% CH3;OH and 0.9% NaCl (b). Both microphotographs are shown using 120x magnification

staining can be observed after the addition of 10% CH;OH
solution.

4, Conclusions

Electrochemical impedance spectroscopy (EIS) was
used to obtain data on the yeast layer of Saccharomyces cer-
evisiae adhered on the electrode surface. The Nyquist dia-
grams of the investigated electrochemical cells show that the
addition of 0.9% NaCl solution with 10% CH3;OH decreased
both the resistance and capacitance, suggesting that the
electrode surface is released, and consequently it can be
concluded, that methanol causes the death and desorption
of yeast cells Saccharomyces cerevisiae. It was shown that all
investigated electrochemical cells are effective in the detec-
tion of methanol in aqueous solutions. Large electrochemi-
cal cells where the active component is applied to a greater
surface area (5 mm x 5 mm) and stainless steel electro-
chemical cells coated with a layer of WO; were found more
effective. In the case of 0.050 mm thick electrochemical cells
covered with a layer of WO, several times lower capaci-
tance and resistance was observed than in the case of stain-
less steel electrochemical cells. Moreover WO; coated elec-
trodes have lower conductivity compared to plain stainless
steel electrodes and the yeast cells are better adhered onto
the surface of the electrodes coated with WO, due to greater
porosity of surface. Using the method of staining cells with
methylene blue it was shown that methanol causes the death
of yeast cells Saccharomyces cerevisiae.

It was demonstrated that all investigated electro-
chemical biosensors are effective in detecting methanol in
aqueous solutions and that they are applicable using less
expensive portable potentiostat/galvanostat instruments.
Therefore, this opens a new approach in the biosensors de-
velopment where the key is to assemble an inexpensive

and disposable electrochemical system, which can be used
to detect harmful compounds. In the future, certain other
toxins could be detected with yeast cells using our model
of electrochemical biosensor assembly. Additionally, other
biologically active components, such as enzymes, antibod-
ies, or organ cells could be applied. Last but not least, low
cost biosensors based on the presented approach, that
would use simplified potentiostat/galvanostat, could be
applied on large scale for environmental monitoring or
even for medical diagnostics.
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Razvili smo elektrokemijsko celico, ki sluzi kot modelni biosenzor, ter kot aktivno biolosko komponento vsebuje glive
kvasovke Saccharomyces cerevisiae. Testirali smo razlicne postopke sestave elektrokemijskih celic, kjer smo uporabili
nerjavno jeklo, povrsina kovinske elektrode pa je bila po potrebi modificirana s tanko plastjo volframovega trioksida
(WOs3). Na delovno elektrodo smo adherirali kvasovke Saccharomyces cerevisiae. Z modelnim biosenzorjem smo nato
spremljali odziv na 10 % raztopino metanola pri razlicnih dimenzijah elektrod in modifikacijah povrsine. Za detekcijo
smo uporabili metodo elektrokemijske impedanc¢ne spektroskopije (EIS), s katero smo merili frekven¢no odzivnost el-
ektri¢nega toka in s tem pridobili podatke o adherirani plasti kvasovk na povrsinah elektrod, kot rezultat pa smo inter-
pretirali Bodejeve in Nyquistove diagrame. Topografijo in sestavo elektrod smo dodatno preverjali s tehnikama vrsti¢ne
elektronske mikroskopije in klasi¢ne opti¢cne mikroskopije. Predstavljeni biosenzor sluzi kot vzor¢ni primer za razvoj
kompleksnejsih biosenzorjev, ki kot aktivno plast uporabljajo Zive celice.
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