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ABSTRACT 

 

In this paper, a novel amperometric epinephrine (adrenaline) biosensor with immobilization of laccase on 
polypyrrole–polyvinylsulphonate (PPy-PVS) film has been a complished. Laccase enzyme were immobilized on 
PPy-PVS film by cross-linking with glutaraldehyde. Determination of epinephrine (EP) was carried out by the 
reduction of enzymatically produced epinephrinequinone at - 0.220 V vs. Ag/AgCl. The effects of pH and 
temperature were investigated. There are two linear parts in the region between 0.1 - 1.0 µM and 1.0 - 10.0 µM. The 
storage stability and operation stability of the enzyme electrode were also studied. Interference effects were 
investigated on response of the biosensor. 
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1. INTRODUCTION 
 

Epinephrine (EP) is an important catecholamine 
neurotransmitter in the mammalian central nervous system 
[1]. Epinephrine is a potent agonist of cardiac α and β- 
receptors, which are biosynthesized in the adrenergic 
medulla and sympathetic nerve terminals, and secreted by 
the suprarenal gland, along with norepinephrine [2]. 
Although a large portion of plasma epinephrine arises 
from the adrenal medulla, several investigations have 
suggested that local cardiac epinephrine (adrenaline) 
storage and synthesis play important roles in regulating 
cardiac function [3], for example, restoring the cardiac 
rhythm in cardiac patients [4]. Many life phenomena are 
related to the concentration of EP in blood. Medically, EP 
has also been used as a common emergency healthcare 
medicine [5]. Thus, epinephrine determinations can be 
very useful for physiological studies.  
 

Usually, the determination of EP is carried out by using 
liquid chromatography (LC) [6, 7], visible 
spectrophotometry [8] and fluorimetric flow injection [9]. 
EP is an electroactive molecule, its electrochemical 
behaviors have been studied [10-12] and some methods 
have also been reported for its electrochemical 
determination [13-15]. However, these methods suffer 
from complicated pretreatments. An amperometric 
biosensor based on an enzyme, laccase, has been 
considered to be a promising method because of its 
effectiveness and simplicity [16–18]. Laccase (EC 
1.10.3.1, p-benzenediol: oxygen oxidoreductase) belongs 
to a family of multicopper oxidases that catalyze the 
oxidation of a range of inorganic and aromatic compounds 
(particularly phenols) with the concomitant reduction of 
molecular oxygen to water [18, 19–21]. 
 
In this study, we report a new laccase based amperometric 
biosensor for determination of EP which is prepared by 
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immobilization of laccase onto a PPy-PVS film cross-
linking with glutaraldehyde. The determination of 
epinephrine is performed by the reduction of 
enzymatically generated epinephrinequinone. The 
optimum working conditions of biosensor with respect to 
the substrate concentration, the pH and temperature were 
investigated. The storage stability and operation stability 
of the biosensor were also investigated. 
 

2. EXPERIMENTAL 

 

2.1. Equipment and Reagents 

 
The electrochemical studies were carried out using CHI 
1230B electrochemical analyzer using a three-electrode 
cell. The working electrode was a platinum (Pt) plate (0.5 
cm2). The auxiliary and the reference electrodes were Pt 
wire and Ag/AgCl electrode (3 M KCl), respectively. The 
pH values of the buffer solutions are measured with an 
ORION Model 720A pH/ion meter. Temperature control 
was achieved with Grant GD 120 thermostat. Laccase (EC 
1.10.3.1, purified from the Rhus Vernicifera, activity of 
990 unit/mL)  was purchased from Sigma. Epinephrine 
was purchased from Sigma. Pyrrole and sodium 
polyvinylsulphonate (PVS) were supplied by Fluka and 
from Aldrich, respectively. All other chemicals were 
obtained from Sigma. All the solutions were prepared with 
the use of distilled water. 
 

2.2. Preparation of Epinephrine Biosensor 

 
The surface of the Pt plate electrode was cleaned [22]. It 
was covered with polypyrrole by the 
electropolymerization of pyrrole [23]. Immobilization of 
laccase was carried out by cross-linking with 
glutaraldehyde. The Pt plate electrode was immersed in a 
10 mL solution of 0.1 M pyrrole and 2.5 mL (25%) of 
sodium polyvinylsulphonate. The solution was purged 
with argon in order to remove the oxygen. The 
electropolymerization of pyrrole was performed upon the 
electrode surface by the cyclic voltammetric scans 
between -1.0 and + 2.0 V at a scan rate of 50 mV/s (vs 
Ag/AgCl electrode (3 M KCl)) and 2 cycles. After 
electropolymerization onto the PPy-PVS film, the 
electrode was rinsed with deionized water to remove the 
unreacted pyrrole monomer. 50 µL of laccase enzyme 
(990 Unit/mL), 1 mg of bovine serum albumin, 30 µL of 
0.1 M phosphate buffer (prepared at pH 5.0 and pH 8.0) 
and 20 µL of 2.5% glutaraldehyde were dropped upon 
PPy-PVS film. The electrode was dried at room 
temperature and washed with 0.1 M phosphate buffer 
solution (prepared at pH 5.0 and pH 8.0) several times in 
order to remove the non-immobilized enzyme and 
glutaraldehyde. Immobilized enzyme electrode was kept 
in a refrigerator at the 4 °C in phosphate buffer when not 
in use. 
 

 

 

 

2.3. Amperometric Measurements 

 
The Pt/PPy-PVS electrode was immersed into the 0.1 M 
phosphate buffer (prepared at pH 5.0 and pH 8.0). The 
solution contained 0.1 M potassium chloride as a 
supporting electrolyte. The electrode was brought to 
equilibrium by keeping it at – 0.220 V (vs. Ag/AgCl 
electrode (3 M KCl)). Steady-state current (ia) was 
recorded. Epinephrine was added to the cell from stock 
solution and the system was stirred. The currents (ib) 
obtained at – 0.220 V were recorded. The current values 
(∆i=ib-ia) were plotted against the epinephrine 
concentration in order to determine the working range of 
the electrode. 
 

3. RESULTS AND DISCUSSION 

 

In this study, we prepared a new epinephrine biosensor 
with cross-linking with glutaraldehyde of laccase on PPy-
PVS film. The parameters affecting the performance of 
the biosensor were investigated. The determination of EP 
is performed by the reduction of enzymatically generated 
epinephrinequinone. 
 

 
Fig. 1. Reaction scheme for epinephrine determination. 
 
 
Figure 1 shows a scheme of the enzymatic processes 
between epinephrine (adrenaline) and laccase. Laccase 
catalyses the oxidation of epinephrine to 
epinephrinequinone Then, the epinephrinequinone are 
reduced on the electrode surface at potential of – 0.220 V. 
The resulting cathodic currents correlate directly with the 
concentration of each epinephrine in the sample solution. 
 
3.1. The Determination of Working Potential 

 
After the Pt/PPy-PVS electrode was prepared, different 
concentrations of epinephrine solution (0.05 mM, 0.1 mM, 
0.5 mM, 1 mM ) was added to the solution which contains 
50 µL enzyme, 0.1 M phosphate buffer. DPV 
measurements of enzymatically produced 
epinephrinequinone was obtained (Figure 2). When Figure 
2 is examined, it is seen that epinephrinequinone was 
reduced at nearly -0.220 V. -0.220 V was taken a working 
potential in the following studies.  
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Fig. 2. DPV measurements of  (a) PPy-PVS film in phosphate buffer, pH 7.0; in the presence of different concentrations of EP 
in 50 µL enzyme in phosphate buffer, pH 7.0 (b) 0.05 mM EP, (c) 0.1 mM EP, (d)  0.5 mM EP, (e)  1 mM EP. 
 
 
3.2. Effect of Amount of Glutaraldehyde on the 

Response of Biosensor  

 
In the construction of the biosensor, one of the suitable 
enzyme immobilization methods is cross-linking using 
glutaraldehyde [24]. To improve the performance of the 
biosensor, various factors influencing the response of the 
sensor, such as amount of glutaraldehyde, were 
investigated. Different amounts of glutaraldehyde 
solutions (10, 20, 30 µL for glutaraldehyde 2.5% 
glutaraldehyde solution) were used for immobilization of 
laccase. The results demonstrated that the activity of the 
cross-linking system increased when the amount of 
glutaraldehyde was increased from 10 to 20 µL (Figure 3). 

But when the glutaraldehyde amount was increased 20 to 
30 µL, activity of the cross-linking system decreased.  
These results were explained by the amount of 
immobilized laccase. When the concentration of 
glutaraldehyde was low, the amount of immobilized 
protein was low [25]. For this reason, the current response 
of the epinephrine biosensor was decreased when the low 
glutaraldehyde concentration was used. But if the 
concentration of glutaraldehyde was higher, the 
immobilization film was thicker, causing a higher 
diffusion barrier [25]. In this study, 20 µL of 
glutaraldehyde, which was observed to give maximum 
activity with reasonable mechanical stability, was selected 
in the further characterization experiments. 
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Fig. 3. The effect of glutaraldehyde amounts on the response of the biosensor (at 25 °C, 

at – 0.220 V operating potential). 
 
3.3. The Effect of pH on Amperometric Response of 

Biosensors 
 
Buffers solutions (0.1 M phosphate buffer) at various pH 
values were tested to investigate the effect of pH on 
amperometric response of biosensors. The pH values of 
the buffer solutions varied between 3.0 and 9.0. The 
measurements were performed at solutions containing 
0.1µM – 0.1 mM EP. Furthermore, apparent Km(app), 
Imax(app) values obtained at different pH are given in Table 
1. From Table 1, it was seen that the most suitable 

decreasing Km(app), increasing Imax(app) values were 
obtained from phosphate buffer. Km value for an enzyme 
shows the affinity of enzyme to a substrate. For EP 
biosensor; there are two optimum pH values, 5.0 and 8.0. 
There are pH values different than 5.0 and 8.0 like pH 7.0; 
6.5 in literature [18, 26]. The difference in pH values was 
attributed to the fact that the used polymer and the type of 
immobilization were different. Because, the changings in 
environment of enzyme active site can cause different 
interactions between enzyme and immobilization 
materials [27-29]. 

 
Table 1. Km(app), Imax(app) values obtained at different pH 

pH Range 

(phosphate buffer, 25 oC) 
Km(app)Value (µM) Imax(app)Value(µA) 

3 0.052 25.84 

4 0.085 14.24 

5 0.015 24.94 

6 0.082 20.41 

7 0.042 21.23 

8 0.011 18.66 

9 0.089 14.84 

 
3.4. The Effect of Temperature 

 
The amperometric response of the prepared biosensor was 
investigated at different temperatures using constant EP 
concentration of 10.0 µM (Figure 4). Epinephrine 
biosensor had two optimum pH values, 5.0 and 8.0. 
Temperature studies were made in both two pH values. In 
Figure 4, it was seen that optimum temperature for both 

pH values is 30oC. No response was observed in 
temperatures above 45oC. For the EP biosensor, 
temperature values different than   30°C were employed in 
the literature 55oC [30]. This was attributed to the fact that 
the used polymer and the type of immobilization were 
different. The study was carried out at 25°C due to the 
facilities. 
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Fig. 4. The effect of temperature on the response of the biosensor ( 10.0 µM EP at –0.220V operating potential, phosphate 
buffer). 
 
 
3.5. Substrate Concentration and Calibration Curves 

 

In order to determine the linear working range of the EP 
biosensor, the current values obtained for solutions 
containing 0.1 µM - 0.1 mM EP at pH 5.0 and pH 8.0 
were recorded (Figure 5). There are two linear parts in the 
region between 0.1- 1.0µM (R2= 0.998) (Figure 6 (a)) and 
1.0 – 10.0 µM (R2= 0.995) (Figure 6 (b)) at pH 5.0. The 
graph for the lower concentration range is given in Figure 
6 (a). It has been shown that the linearity of this graph is 
highly satisfactory and it can be used for the quantitative 
determination of EP. The low detection limit of the 

biosensor was found to be 0.01 µM and the response time 
of the biosensor was 200 s. There is linear part in the 
region between 0.1-1.0 µM at pH 8.0. The Km(app)constant, 
a specific parameter of enzymes, was found out through 
the use of 1/[EP]- 1/∆i graph (Lineweaver - Burke plot). 
Km(app) and Imax values were found to be 0.027 µM and 
27.3 µA at pH 5.0, respectively. Km(app) and Imax values 
were found to be 0.039 µM and 19.61 µA at pH 8.0, 
respectively. Following studies was made at pH 5.0 
because that Km(app) value was low and there was large 
concentration range at pH 5.0 

 

 
Fig. 5. The effect of EP concentration  on the response of the biosensor (at 0.1 M phoshate 

buffer, 25oC, -0.220 V operating potential). 
 



6 GU J Sci, 28(1):1-9 (2015)/ Fatma ARSLAN, Selma DURMUŞ, Özlem ÇOLAK, Halit ARSLAN 

 
(a)                                                                                                    (b) 

Fig. 6. The calibration curve of EP biosensor (a) 0.1- 1.0µM EP (b) 1.0  – 10.0 µM 
EP (at 0.1 M, pH 5.0 phoshate buffer, 25 oC). 

 
3.6. The Operational Stability of the Epinephrine Biosensor 

 
In order to test the operational stability of the enzyme electrode prepared, the current changes obtained after subsequent usage 
were plotted against the number of measurements. Operational stability of biosensor was studied for pH 5.0 . When Figure VII 
is examined, it is seen that operational stability is very good. The relative standard deviations obtained after 31 measurements 
at a constant epinephrine concentration of 5.0 µM were found to be 5.08 %.  
 
 

 
Fig. 7. Operational stability of the biosensor in pH 5.0 phosphate buffer, at a – 0.220 V 

operating potential, 25 °C 
 

 

3.7. The Storage Stabilization of the Enzyme Electrode 
 
The response of the enzyme electrode prepared under optimum conditions was measured for a period of 10 days at constant 
epinephrine concentration (5.0 µM). Results of nine measurements during this period are plotted in Figure 8. There was no 
change in the response during the first four days. But then the answer was a slight reduction in the response. The electrode 
showed 80.9% of the initial amperometric response at the end of ten day.  
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Fig. 8. Storage stabilization of the biosensor in pH 5.0 phosphate buffer, at a – 0.220 V 

operating potential, 25 °C 

 
 
3.8. Interference Effect 

 
The effect of several possible interfering substances (uric 
acid, ascorbic acid, dopamine, norepinephrine) on the 
epinephrine biosensor was investigated at – 0.220 V 
versus Ag/AgCl electrode in 0.1 M phosphate buffer 

solution (at pH 5.0). The concentration interferants were 
determined by 1000 times diluated. The influence of the 
interfering compound, reported in Table 2 as deviation of 
response percentage for a epinephrine concentration of 1 
µM. Table 2 shows that uric acid, ascorbic acid and 
dopamine had no effect. 

 
 
Table 2. Interference effects on response of the biosensor. 

Interfering 

substances 

Concentration 

(mM) 

Epinephrine concentration 

(mM) 

Interferences 

% 

Uric acid 
1.0x10-3 1.0x10-3 - 

Ascorbic acid 
1.0x10-3 1.0x10-3 - 

Dopamine 
1.0x10-3 1.0x10-3 - 

Norepinephrine 
1.0x10-3 1.0x10-3 0.32 

 
3.9. Determination of Epinephrine in Sample Taken 

from Droxan 

 
The determination of epinephrine in the epinephrine 
sample taken from droxan was performed on enzyme 
electrode utilizing a calibration method. The current 
response was determined in the 9.0 mL 0.10 M pH 5.0 
phosphate buffer and 1.0 mL of 0.1 M potassium chloride 
solution, containing sample of 50 µ L (0.40 µM). 
Epinephrine amount in sample was determined from 
calibration graph as 0.39 µM ± 0.02 µM. The data points 
obtained with the enzyme electrode were the averages of 
the three measurements.  
The results obtained with the biosensors showed a good 
correlation with those obtained by the reference method 

and allowed us to ascertain the practical applicability of 
the proposed biosensor. 
 

4. CONCLUSION 
 
Epinephrine biosensor prepared in this study is useable in 
a large concentration range 0.1- 1.0 µM (R2:0.998) and 
1.0-10.0 µM (R2:0.995). It has a very low detection limit 
(0.01 µM) and an acceptable response time for a biosensor 
(200 s). Epinephrine biosensor gives perfect reproducible 
results at pH 5 after 31 measurements with 5.08 % relative 
standard deviation. Also, it has good storage stabilization 
gives 80.9% of the initial amperometric response at the 
end of the 10th day. Epinephrine biosensor had two 
optimum pH values, 5 and 8. Optimum temperature at pH 
5.0 and pH 8.0 was found to be 30 °C. The Km(app) and 
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Imax(app) values (at pH 5) of laccase enzyme 
immobilized in PPy-PVS were 0.027 µM and 27.30 µA, 

respectively. Epinephrine biosensor prepared in this study 
is easy to prepare and is highly cost-effective. 

 
 
Table 3.  Optimum conditions  and characteristics for epinephrine sensor 

Parameters Optimum conditions and characteristics 

Response time 200 second 

Working potential - 0.220 V 

Temperature  30 °C 

pH  5.0 or 8.0 

Working range 0.1-1µM, 1-10 µM (pH 5.0) 

Detection limit 0.01 µM (pH 5.0) 

Storage stabilization 
Retained 80.9% of the initial amperometric response  
at the end of ten day (pH 5.0) 

Operational stability 
Retained 89.9% of the initial amperometric response  
at the end of 31 measurement (pH 5.0) 

Km(app) and Imax(app) 0.027 µM, 27.3 µA (pH 5.0) 

 
 

CONFLICT OF INTEREST 

 
No conflict of interest was declared by the authors.  
 
 
REFERENCES  

 
1. Hernandez, P., Sanchez, O., Paton, F., Hernandez, L., 
“Cyclic voltammetry determination of epinephrine with a 
carbon fiber ultramicroelectrode”, Talanta, 46:985–991, 
(1998). 
 
2. Felix, E.S., Yamashita, M., Angnes, L., “Epinephrine 
quantification in pharmaceutical formulations utilizing 
plant tissue biosensors”, Biosens. Bioelectron., 21:2283–
2289, (2006). 
 
3. Kawada, T., Yamasaki, T., Akiyama, T., Sato, T., 
Shishido, M., Sugimachi, M., Inagaki, M., Alexander, J., 
Sunagawa, K., “Liquid chromatographic determination of 
myocardial interstitial epinephrine”, J. Chromatogr. B, 
714:375–378, (1998). 
 
4. Mataveli,  L.R.V., Antunes, J.N., Brigagao, M.R.P.L., 
Magalhaes, C.S., Wisniewski, C., Luccas, P.O., 
“Evaluation of a simple and low cost potentiometric 

biosensor for pharmaceutical and in vivo adrenaline 
determination”, Biosens. Bioelectron., 26(2):798-802, 
(2010). 
 
5. Deftereos, T.N., Calokerinos, A.C., Efstathiou, C.E., 
“Flow injection chemiluminometric determination of 
epinephrine, norepinephrine, dopamine and L-dopa”, 
Analyst, 118:627–632, (1993). 
 
6. Blandini, F., Melzi d'Eril, G.V., Sances, G., Lucarelli, 
C., Herborg, C., “Simultaneous assay of platelet and 
plasma catecholamines by HPLC with coulometric 
detection”, Chromatographia, 36: 164-166, (1993). 
 
7. Cooper, B.R., Wightman, R.M., Jorgenson, J.W., 
“Quantitation of epinephrine and norepinephrine secretion 
from individual adrenal medullary cells by microcolumn 
high-performance liquid chromatography”, J. 

Chromatogr. B, 653:25-34, (1994). 
 
8. Shaikh, S.M.T., Manjunatha, D.H., Harikrishna, K., 
Ramesh, K.C., Kumar, R.S., Seetharamappa , J., 
“Diazocoupling reaction for the spectrophotometric 
determination of physiologically active catecholamines in 
bulk and pharmaceutical preparations”,  Journal of 
Analytical Chemistry, 63:637-642, (2008). 



 GU J Sci, 28(1):1-9 (2015)/ Fatma ARSLAN, Selma DURMUŞ, Özlem ÇOLAK, Halit ARSLAN 9 

9. Kojlo, A., Martinez, C.J., “Spectrofluorimetric flow 
injection determination of adrenaline with an iodine solid-
phase reactor”, Anal. Chim. Acta, 308:334-338, (1995). 
 
10. Sucheta, A., Rusling, F.J., “Effect of background 
charge on estimating diffusion coefficients by 
chronocoulometry at glassy carbon electrodes”, 
Electroanalysis, 3:735-739, (1991). 
 
11. Xizun, W., Linjing, M., Wenzhi, Z., “Impedance of 
the electrochemical oxidation of epinephrine on a glassy 
carbon electrode”, J. Electroanal. Chem., 352:295-300, 
(1993). 
 
12. Ciolkowski, E.L., Maness, K.M., Cahill, P.S., 
Wightman, R.M., Evans, D.H., Fosset, B., Amatore, C., 
“Disproportionation during electrooxidation of 
catecholamines at carbon-fiber microelectrodes”, Anal. 
Chem., 66:3611-3617, (1994). 
 
13. Schenk, J.O., Miller, E., Adams, R.N., 
“Electrochemical techniques for the study of brain 
chemistry”, J. Chem. Educ., 60:311-314, (1983). 
 
14. Hasebe, Y., Hirano, T., Uchiyama, S., “Determination 
of catecholamines and uric acid in biological fluids 
without pretreatment, using chemically amplified 
biosensors”, Sensors and Actuators B, 24:94-97, (1995). 
 
15. Ni., J-A., Ju, H-X., Chena, H-Y., Leech, D., 
“Amperometric determination of epinephrine with an 
osmium complex and Nafion double-layer membrane 
modified electrode”, Analytica Chimica Acta, 378:151-
157, (1999). 
 
16. Ferry, Y., Leech, D., “Amperometric Detection of 
Catecholamine Neurotransmitters Using Electrocatalytic 
Substrate Recycling at a Laccase ”, Electroanalysis, 
17(2):113-119, (2005). 
 
17. Vianello, F., Ragusa, S., Cambria, M.T., Rigo, A., “A 
high sensitivity amperometric biosensor using laccase as 
biorecognition element ”, Biosensors and Bioelectronics, 
21:2155–2160, (2006). 
 
18. Brondania, D., Scheeren, C.W., Dupont, J., Vieiraa, 
I.C., “Biosensor based on platinum nanoparticles 
dispersed in ionic liquid and laccase for determination of 
adrenaline”, Sensors and Actuators B, 140:252–259, 
(2009). 
 
19. Mayer, A.M., Staples, R.C., “Laccase: new functions 
for an old enzyme”, Phytochemistry, 60:551–565, (2002). 
 
20. Durán, N., Rosa, M.A., Annibale, A.D., Gianfreda, L., 
“Applications of laccases and tyrosinases 
(phenoloxidases) immobilized on different supports: a 
review”, Enzyme Microb. Technol., 31:907–931, (2002). 

21. Xu, F., “Oxidation of phenols, anilines, and 
benzenethiols by fungal laccases: correlation between 
activity and redox potentials as well as halide inhibition”, 
Biochemistry, 35:7608–7614, (1996). 
 
22. Gros, P., Durliat, H., Comtat, M., “Use of polypyrrole 
film containing Fe(CN)6

3− as pseudo-reference electrode: 
application for amperometric biosensors”, Electrochim. 
Acta., 46:643-650, (2000). 
 
23. Chaubey, A., Gerard, M., Singhal, M., Singh, V.S., 
Malhotra, B.D. “Immobilization of lactate dehydrogenase 
on electrochemically prepared polypyrrole–
polyvinylsulphonate composite films for application to 
lactate biosensors”, Electrochim Acta., 46:723-729, 
(2000). 
 
24. Gouda, M.D., Kumar, M.A., Thakur, M.S., Karanth, 
N.G., “Enhancement of operational stability of an enzyme 
biosensor for glucose and sucrose using protein based 
stabilizing agents”, Biosens. Biolectron., 17:503-507, 
(2002). 
 
25. Tan, X.C., Zhang, J.L., Tan, S.W., Zhao, D.D., Huang, 
Z.W., Mi, Y., Huang, Z.Y., “Amperometric hydrogen 
peroxide biosensor based on immobilization of 
hemoglobin on a glassy carbon electrode modified with 
Fe3O4/chitosan core-shell microspheres”, Sensors, 9: 
6185-6199, (2009). 
 
26. Leite, O.D., Fatibello-Filho, O., Barbosab, A.M. 
“Determination of catecholamines in pharmaceutical 
formulations using a biosensor modified with a crude 
extract of fungi laccase (Pleurotus ostreatus)”, J. Braz. 
Chem. Soc., 14(2): 297-303, (2003). 
 
27. Aynacı, E., Sarı, N., Tümtürk, H., “Immobilization of 
β-galactosidase on novel polymers having schiff bases”, 
Artif. Cell Blood Sub., 39:259-266, (2011).  
 
28. Arslan, F., Ustabaş, S. and Arslan, H. “An 
amperometric biosensor for glucose determination 
prepared from glucose oxidase immobilized in 
polyaniline-polyvinylsulfonate film”, Sensors,  11:8152-
8163, (2011). 
 
29. Özdemir, M., Arslan, F., Arslan, H. “An amperometric 
biosensor for choline determination prepared from choline 
oxidase immobilized in polypyrrole-polyvinylsulfonate 
film”, Artificial Cells, Blood Substitutes, and 

Biotechnology, 40: 280–284, (2012). 
 
30. Huanga, J., Fanga, H., Liua, C., Gua, E., Jianga, D., 
“A novel fiber optic biosensor for the determination of 
adrenaline based on immobilized laccase catalysis”, 
Analytical Letters, 41: 1430–1442, (2008).

 
 


