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An amperometric biosensor was designed using immobilizing 
alcohol oxidase in conducting polymer of poly 4-(2,5-di(thiophen-
2-yl)-1H-pyrrole-1-l) benzenamine matrix via crosslinking with 
glutaraldehyde on platinum electrode. An electrochemical 
technique was used for the polymerization of conducting polymer 
onto the electrode. Carbon nanotubes and gold nanoparticles were 
also added to the biosensing system to observe the effects of 
nanoparticles. The proposed biosensor was characterized and 
optimized in terms of conducting polymer thickness, enzyme 
loading, pH, nanoparticle effects, linear range, repeatability and 
operational stability. The proposed biosensor showed good linear 
range, and repeatability as well as high operational stability. The 
proposed biosensor optimized with the conditions of potassium 
phosphate buffer (50 mM, pH 7), 20 cycles of SNSNH2, 1.5 µL 
AOx (1.56U), 1% glutaraldehyde and –0.7 V applied potential. 
Linear analytical range was obtained between 0.1-5 mM ethanol 
and after 6 hours with 25 measurements pSNSNH2-AOx biosensor 
lost only 7% of its activity. The biosensing system was successfully 
applied to real samples vodka and whisky with good recovery. 
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INTRODUCTION* 
 

 Analytical devices for analyzing, detection, 
quantification or monitoring of specific chemical 
species have gained a great deal of importance 
which resulted in a very hot topic named 
biosensors.1-3 Enzymes, DNA, tissues, bacteria, 
yeast, antibodies, antigens, liposomes, and 
organelles are generated in the biorecognition part 
                                                            
*  

of the biosensors.4 Most of the biological 
molecules have very short life times in solution 
phase; therefore, they have to be fixed in a suitable 
matrix.5 The success of the biosensor, the activity 
of immobilized molecules depends on surface area, 
porosity, hydrophilic character of immobilizing 
matrix, reaction conditions and especially on the 
immobilization method.5-7  
 The analytical power of electrochemical 
techniques and the specificity, selectivity of 
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biological recognition part collaborate in 
electrochemical biosensors. Therefore, they 
provide fast, simple, and low-cost detection for 
biological events. Amperometric detection has 
proven to be very useful for quantification due to 
their good selectivity, sensitivity, rapid response, 
miniature size, and reproducible results.8-11 
 Enzyme electrodes have been shown to be 
extremely useful for monitoring a wide variety of 
substrates of analytical importance in clinical, 
environmental, and food samples.4, 12, 13 Hence, 
enzymes combine the recognition and amplification 
steps, as needed, for many sensing applications.13, 14 
 Alcohol oxidase (AOx; Alcohol:O2 oxidoreduc-
tase, EC 1.1.3.13) is a homooctameric flavoprotein 
and oligomeric enzyme consisting of eight 
identical sub-units, each containing a strongly 
bound cofactor, flavin adenine dinucleotide 
molecule.15-17 Alcohol oxidase catalyzes the 
oxidation of low molecular weight alcohols to their 
corresponding aldehydes, using molecular oxygen 
as the electron acceptor.18-20 Biosensors based on 
alcohol oxidase are easy prepared since alcohol 
oxidase uses only molecular oxygen (O2) as the 
cofactor. O2 is involved in the reaction of oxidation 
of ethanol to acetaldehyde and hydrogen peroxide. 
Therefore, the catalytic reaction can be easily 
followed amperometrically.21, 22  

 

RCH2OH + O2 + AOx → RCHO + H2O2 
 

 Recently, studies on conducting polymers (CPs) 
appeared as a new field of research and development 
in designing biosensors.23,24 The advantage of using 
conducting polymers is that a soluble polymer 
enables a nondestructive analysis of the sample and 
has the ability to transfer electric charge produced by 
the biochemical reaction hence, they serve as the 
immobilizing matrices for biomolecules and provide 
a suitable environment for immobilization.25 
 Due to their large specific surface area and high 
surface free energy, nanoparticles can adsorb 
biomolecules strongly. Importantly, the adsorption of 
such biomolecules onto the surfaces of nanoparticles 
can retain their bioactivity due to the biocompatibility 
of nanoparticles.26,27 Nanoparticles are generally used 
to promote the electron transfer in redox proteins due 
to their electronic and structure properties. Gold 
nanoparticles (AuNPs) have the advantage in 
preparing biosensors since they provide a stable 
immobilization platform where biomolecules retain 
their bioactivity. AuNPs allow direct electron transfer 
between electrode and redox proteins thus; there is no 
need for electron transfer mediators in designing 
biosensors.26-28 Carbon nanotubes (CNTs) have the 
simple chemical composition and atomic bonding 

pattern, and have diversity in structure and properties. 
These unique properties make CNTs extremely 
attractive for electrochemical biosensors.29-32  
 In this work, alcohol oxidase was immobilized 
by crosslinking method in conducting polymer of 
4-(2,5-di(thiophen-2-yl)-1H-pyrrole-1-l) ben-
zenamine (pSNSNH2) matrix on platinum 
electrode (pSNSNH2-AOx). AuNPs effect on CP 
modified biosensor (pSNSNH2-AuNPs-AOx) and 
CNTs effect on CP modified biosensor (pSNSNH2-
CNTs-AOx) were also used to realize nanoparticle 
effect on ethanol biosensing. Schematic 
representation of biosensor preparation was shown 
in Scheme 1. 

 
RESULTS AND DISCUSSION 

 
pH optimization 

 
 pH of the environment is important for the 
enzymes due their fragile nature; they can easily be 
affected from the pH changes. For the pSNSNH2-
AOx biosensor the maximum current response 
towards ethanol was obtained at pH 7 phosphate 
buffer as shown in Fig. 1. For further experiments, 
pH 7 phosphate buffer was used as the optimum 
pH. 

 
Effect of polymer thickness  

on p(SNSNH2)-AOx biosensor 
 

 Since conducting polymers offer different 
chemical structures and functional groups, they can 
be modified according to the need for immobilizing 
biological material. For that matter, cross-linking 
method can be utilized using some functional groups 
like -NH2, -COOH in order to bind protein molecules 
directly to the conducting polymers. This method can 
improve rapidness, sensitivity, and adaptability of 
biosensors in analytical sense. The number of 
voltammetric cycles can control the film thickness, 
and films formed with a very high number of cycles 
are very thick and have a passive electrode. After 15, 
20, and 50 scan of SNSNH2 electropolymerization, 
the biosensor response was checked for 2mM 
ethanol. Scan numbers and the corresponding 
biosensor responses were stated in Fig. 2. When the 
platinum electrode surface was coated with 20 and 50 
scan SNSNH2, nearly same responses were obtained 
(~ 0.50 µA). In order to design easily prepared 
biosensor 20 scan was chosen as optimum. 
Therefore, this number of scan was used in further 
experiments. 
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Scheme 1 – Schematic representation of pSNSNH2-AOx, pSNSNH2-CNTs-AOx and pSNSNH2-AuNPs-AOx biosensors. 
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Fig. 1 – Effect of pH on pSNSNH2-AOx biosensor. 
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Fig. 2 – Effect of polymer thickness on pSNSNH2-AOX biosensor. 
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Effect of enzyme loading on biosensing 
 

 Different amount of alcohol oxidase (0.5-2µL) 
were mixed with 1% glutaraldehyde, spread over 
the pSNSNH2 coated platinum electrode and 
allowed to dry 1 hour. Each enzyme electrodes 
were tested for 1mM ethanol. 1.5 µL (1.56 U, 
0.055 mg protein) was found as optimum enzyme 
amount for ethanol biosensing. For further 
experiments this amount was used for 
immobilizing alcohol oxidase (Fig. 3). 

 
Analytical characterization of the biosensor 

 
 Analytical characterization of the biosensor was 
performed under optimized conditions; pH 7 
phosphate buffer, 20 scans SNSNH2, 1.5 µL 
alcohol oxidase (1.56 U, 0.055 mg protein). 
Dynamic ranges and the equations were obtained 
to characterize the proposed pSNSNH2-AOx 
biosensor analytically at the optimized electrode 
configuration and following conditions; potassium 
phosphate buffer (50 mM, pH 7), 20 cycle 
SNSNH2, 1.5 µL AOx (1.56U), %1 
glutaraldehyde, –0.7 V applied potential. Linear 
analytical range was obtained between 0.1-5 mM 
ethanol with an equation; y=0.1415x+0.1353  
(r2= 0.999). Repeatability of the pSNSNH2-AOx 

biosensor was tested for 2 mM alcohol (n= 4). The 
standard deviation and coefficient of variation 
were calculated as 0.015 mM and 3.1 % 
respectively. Stability of pSNSNH2-AOx biosensor 
was tested for 6 hours and 25 measurements were 
carried out in the presence of 2 mM ethanol at 
operational conditions. pSNSNH2-AOx biosensor 
lost only 7 % of its activity. Moreover at optimized 
conditions 2mM ethanol was added to system 
continuously. Upon addition of ethanol, increase in 
current can be clearly seen from Fig. 4. 
 

Modification of the pSNSNH2-AOx biosensor 
with AuNPs and CNTs 

 
 After deposition of 20 scan SNSNH2 by cyclic 
voltammetry on platinum electrode with 0.5-2µL, 
gold nanoparticles were added onto the electrode. 
Biosensing response was checked against 1 mM 
and 2mM ethanol. Maximum biosensing response 
was obtained when 1µL (10nm, 0.01%Au) was 
added to the electrode (Fig. 5A). Ethanol 
biosensing responses were checked for 1 and 2mM 
ethanol for CNT modified electrodes with different 
amounts of CNT (0.5 µL, 1 µL, 1.5 µL, and 2µL). 
Maximum biosensing response was obtained when 
1.5 CNT was added to biosensor (Fig. 5B). 
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Fig. 3 – Effect of enzyme amount on pSNSNH2-AOX biosensor. 
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Fig. 4 – Continuous addition of 2mM Ethanol to pSNSNH2-AOx biosensing system. 
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Fig. 5 – A) Gold Nanoparticle Effect on pSNSNH2-AOx 1mM ve 2mM ethanol biosensing,  
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Ethanol analysis in commercial samples 
 

 The pSNSNH2-AOx biosensor was used for 
ethanol analysis in vodka and whisky. The data 
were compared with label values. The comparison 
of the results obtained from both systems was 
summarized in Table 1. Clearly, with the proposed 
biosensor very similar results obtained with label 
values. 

 
Table 1 

 
Analysis of ethanol in real samples  

via pSNSNH2-AOx biosensor 
 

 pSNSNH2-AOx  Label Value  

Vodka (%) 39.4 ± 2.69 40 
Viski (%) 41.3 ± 1.80 40  

 
 

EXPERIMENTAL 
 

Reagents 
 

 Alcohol oxidase, (AOx, Pichia pastoris, 28 Unit/ mg 
protein, 37mg protein/ mL) was purchased from Sigma. 
LiClO4, NaClO4, AlCl3, succinyl chloride, benzene-1,4-
diamine propionic acid, nitromethane, iron(III) chloride, 
propylene carbonate, poly(methylmethacrylate), dichloromethane, 
toluene, ethanol were purchased from Sigma. Methanol and 
acetonitrile were purchased from Merck (Darmstadt, 
Germany, www.merck.com). All other chemicals were of 
analytical grade and purchased either from Merck or from 
Sigma. Cetyltrimethylammonium bromide (CTAB), Multiwall 
carbon nanotubes (diameter; 110 –170 nm, length; 5-9 µm) 
and gold nanoparticles (0.01% Au, 10 nm) were purchased 
from Sigma-Aldrich (St. Louis, MO, USA) and used without 
any pre-treatment. 

 
Instrumentation 

 
 Chronoamperometry measurements were carried out with 
a PalmSens Instruments (PalmSens, Houten, The Netherlands). A 
platinum electrode (0.16 cm2, Metrohm, Switzerland) was 
used as a working electrode, an auxiliary electrode and an 
Ag/AgCl (3 M KCl saturated with AgCl as an internal 
solution, Radiometer Analytical) as the reference electrode.  

 
Synthesis of SNSNH2 and p(SNSNH2) 

 
 For the synthesis of the monomer; 4-(2,5-di(thiophen-2-
yl)-1H-pyrrole-1-l) benzenamine (SNSNH2), firstly 1,4-di(2-
thienyl)-1,4-butanedione was obtained via double Friedel–
Crafts reaction in the presence of AlCl3 and CH2Cl2 at 15 ºC. 
In the presence of catalytic amount of propionic acid, toluene 
1,4-di(2-thienyl)-1,4-butanedione and benzene-1,4-diamine 
was refluxed for 4 h (yield 78%) in a round-bottomed flask 
with an argon inlet and magnetic stirrer. Resultant mixture 
was stirred and refluxed for 24 h under argon. After 
evaporation of the toluene, the desired compound as a pale 

yellow powder was obtained by flash column chromatography 
(SiO2 column, elution with dichloromethane).33 

p(SNSNH2) was obtained on the platinum electrode 
(0.16mm2) surface through running 20 cycles by cyclic 
voltammetry. The polymerization was achieved in acetonitrile 
solution containing 5 mg/mL SNSNH2 monomer, 0.1 M 
NaClO4 and 0.1 M LiClO4 at a scan rate of 0.5Vs-1. 

 
Preparation of immobilized alcohol oxidase biosensor 

(pSNSNH2-AOx) 
 

 For the immobilization of alcohol oxidase, proper amounts 
of AOx and 1% glutaraldehyde in 10 µL in potassium 
phosphate buffer solution (50mM, pH 7.0) were spread over 
the surface of platinum electrode which was covered with 
pSNSNH2 and allowed to dry at ambient conditions for nearly 
1 hour. Daily prepared electrodes were used in all 
experimental steps. 
 

Effect of Gold Nanoparticle and Carbon Nanotubes  
on ethanol biosensing 

 
 For the preparation of gold nanoparticle modified ethanol 
biosensors, 10nm gold nanoparticle colloidal solution (0.01% 
Au) was used. After electropolymerization of SNSNH2, 
different electrodes including 0.5-2µL AuNP with 1.5µL AOx 
and 1µL glutaraldehyde were prepared and ethanol biosensing 
responses were checked for 1 and 2mM ethanol.  
 To realize carbon nanotubes effect on ethanol biosensing, 
1.0 mg CNT was dissolved in 1.0 mL CTAB. The use of 
CTAB offers a quick and effective method to disperse carbon 
nanotubes.34 After electropolymerization of SNSNH2, CNT 
was spread over the electrode with different amounts of  
0.5-2µL. After adding glutaraldehyde and alcohol oxidase on 
the surface of electrodes, electrodes allowed drying for 1 hour. 
Ethanol biosensing responses were checked for 1 and 2mM 
ethanol.  

 
Amperometric response measurements 

 
 All experiments were conducted at optimized conditions 
in an electrochemical cell with three electrode configuration, 
containing 10 mL buffer using magnetic stirring with 210 rpm. 
After each measurement the electrode was washed with 
distilled water and kept in buffer. The electrode was initially 
equilibrated in buffer, and then the substrate was added to the 
electrochemical cell. The biosensor responses were registered 
as current (µA) by following the oxygen consumption at  
-0.7 V due to biological activity of the immobilized material. 
After every amperometric response measurements, the enzyme 
or microbial electrode was washed with distilled water and the 
buffer of the electrochemical cell was refreshed. 
 

pH optimization of the biosensors 
 
 Biosensing responses were checked in the pH of the 
potassium phosphate (pH 6.0-7.5, 50 mM) to see the effect of 
pH on the biosensor response. The current density was 
adjusted as 100 % to the maximum response pH, and other 
values were calculated relative to this value. 
 

Effect of AOx amount for biosensors 
 
 Biosensors containing different amount of AOx were 
prepared and their responses were checked to determine the 
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appropriate AOx amount. Different amount of alcohol oxidase 
(0.5- 2µL) were mixed with 1% glutaraldehyde, spread over 
the pSNSNH2 coated platinum electrode and allowed to dry  
1 hour. Each enzyme electrodes (pSNSNH2-AOx) were tested 
for 1mM ethanol. 
 

Effect of electropolymerization time 
 
 Effect of electropolymerization time of the polymer, 
which is directly correlated with the thickness of the polymer 
on the graphite electrode, was determined by preparing 
electrodes with 5, 10, 15, and 20 min of electropolymerization 
(referring to 50, 100, 150 and 200 scan numbers). Charges 
related with the scan number were also calculated. 
 

Analytical characterization of biosensors 
 
 The analytical characteristics of the biosensors in terms of 
linear dynamic ranges and the equations were examined under 
optimized conditions. Calibration curves were plotted for 
current versus substrate concentration (where y is the sensor 
response in terms of current µA and x is the substrate 
concentration in mM). Repeatability of the biosensors was 
estimated by repetitive measurements with their substrates. 
Furthermore, the standard deviation and coefficient of the 
variation were calculated. 

 
CONCLUSIONS 

 
 Conducting polymers have concerned much 
attention due to providing suitable matrices for 
biological materials. Numerous numbers of papers 
on the advantages of using CPs for novel catalytic 
surfaces have been published. The use of 
conducting polymers with particular properties 
with the immobilized biological systems enables to 
develop novel biomicroelectronic devices. In 
future, biosensors based on CPs would be 
gradually more miniaturized due to the flexibility 
of electrodeposition with in micro or nano order. 
Moreover, it can be possible to obtain microbial or 
enzymatic sensors in required scope with the 
appropriate immobilization method.  
 In this work, biosensor design was achieved 
with immobilizing alcohol oxidase on platinum 
electrode via crosslinking with glutaraldehyde. 
Covalent binding of the redox enzyme onto the 
CNT modified polymeric material yielded a 
nanobiocomposite structure. The proposed 
biosensor was characterized and optimized in 
terms of thickness, enzyme loading, pH, AuNPs, 
CNTs, linear range, repeatability and operational 
stability. The biosensor optimized analytically with 
the conditions of potassium phosphate buffer (50 
mM, pH 7), 20 cycle SNSNH2, 1.5 µL AOx 
(1.56U), %1 glutaraldehyde, –0.7 V applied 

potential. Linear analytical range was obtained 
between 0.1-5 mM ethanol and after 6 hours with 
25 measurements pSNSNH2-AOx biosensor lost 
only 7% of its activity. Addition of CNT 
dispersion and AuNP on the electropolymerized 
SNSNH2 provided attractive matrix properties with 
unique and versatile properties for the biomolecule 
immobilization. Proposed system was used as the 
appropriate microenvironment to efficiently 
immobilize the biomolecule on the surface of CP 
containing functional NH2 groups. It can be 
concluded that the combination of CP and AuNP 
cause the immobilized enzyme to have higher 
bioactivity which results fast, stable and sensitive 
responses to the substrate. 
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