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choline oxidase immobilized in polypyrrole-polyvinylsulfonate film
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Abstract

In this paper, a novel amperometric choline biosensor with
immobilization of choline oxidase on electrochemically
polymerized polypyrrole-polyvinylsulphonate (PPy-PVS) film
has been accomplished via the entrapment technique. The
effects of pH and temperature were investigated and optimum
parameters were found tobe 9.0and 60 °C, respectively.There are
two linear parts in the region between 1.0 X 1077-1.0 X 107 M
(R2=10.997) and 1.0X107°-1.0X 103 M (R?=0.986). The
storage stability and operation stability of the enzyme electrode
were also studied.
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Introduction

Choline is an amino alcohol with a very important function
in the human organism. Choline can be found in several dif-
ferent fields as a main component in many plants and animal
organs, e.g. bile, brain, egg yolks, hops, belladonna, stro-
phantus, as an essential nutrient in human breast milk, or as
a constituent of different biological fluids, e.g. amniotic liquid
and blood. Choline is a hydrolytic product of acetylcholine
(acetylcholine esterase) and phosphatidylcholine (phospho-
lipase D). Phosphatidylcholine (PC) is a major component of
cellular plasma membrane (Serradilla et al. 2003).

Choline deficiency can affect memory and easily cause
liver dysfunction or cancer. Abnormal choline metabolism
has been implicated in a number of neurodegenerative
disorders such as Alzheimer’s and Parkinson’s diseases
(Zhanxia et al. 2010, Michel et al. 2006, Zeisel 2004).

Thus, choline detection and determination is a basic
problem for food and clinical analyses. Generally, analyti-
cal methods used up to date are based on determination of
hydrogen peroxide liberated as a result of the enzymatic
oxidation of choline by choline oxidase (ChO) (Langer et al.
2004).

ChO
Choline+20, —> Betaine+2H,0,

Instrumental techniques and analytical procedures
applied (e.g., HPLC, GC, spectrophotometry, chemilumines-
cence) are well known (Marazuela and Moreno-Bondi 1998,
Tsafack et al. 2000); however, most of them are expensive and
time-consuming. Conducting polymer sensors and particu-
larly polyaniline-based biosensors of a more general use have
also been reported (Trojanowicz et al. 1997, Hoa et al. 1992);
e.g., for potentiometric analysis (Karyakin et al. 1996), elec-
trochemical studies (Erdogdu and Karagozler 1997, Iwuoha
etal. 1997), and some applications such as pesticide determi-
nation with immobilized cholinesterase (Ivanov et al. 2002).

In this paper, we report the immobilization of choline
oxidase onto Ppy-Pvs film via an entrapment procedure
for determination of choline. Effects of the immobilization
process on kinetic parameters, storage, and operation stabil-
ity of the enzyme were investigated. The optimum working
conditions with respect to the substrate concentrations, the
pH, and temperature were investigated.

Material and methods

Equipment and reagents

The electrochemical studies were carried out using Epsilon
EC electrochemical analyzer using a three-electrode cell.
The working electrode was a Pt plate (0.5 cm?). The auxil-
iary and the reference electrodes were Pt wire and Ag/AgCl
electrode (3 M KCl), respectively. The pH values of the buf-
fer solutions are measured with an ORION Model 720A pH/
ion meter. Temperature control was achieved with Grant LT
DGG thermostat.

Choline oxidase (EC 1.1.3.17, purified from the Alcaligenes
species, activity of 12.03 unit/ml) and choline were 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.
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Figure 1. Growth of PPy-PVS films in aqueous solution of 0.1 M pyrrole
and 25% Na-PVS at a scan rate 100 mV s~! versus Ag/AgCl (saturated).

Preparation of choline biosensor

The surface of the Pt plate electrode was cleaned (Gros et al.
2000). It was covered with polypyrrole by the electropoly-
merization of pyrrole (Chaubey et al. 2000). Immobilization
of choline oxidase was carried out by the physical entrap-
ment technique. The Pt plate electrode was immersed in a
10mL solution of 0.1M pyrrole and 2.5 mL (25%) of sodium
polyvinylsulphonate and 1 mL of choline oxidase (12.03
mg mL™!). 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 100 mV/s (vs Ag/AgCl electrode (3 M KCl)) and 4 cycles
(Figure 1). After entrapping the choline oxidase onto the
Ppy-Pvs film, the electrode was rinsed with deionized water
to remove the unreacted pyrrole monomer and free choline
oxidase. Immobilized enzyme electrode was kept in a refrig-
erator at the 4 ‘C in phosphate buffer when not in use.

Amperometric measurements

The Pt/Ppy-Pvs electrode was immersed into the phosphate
buffer (0.1 M) of pH 9.0. The solution contained 0.1 M sodium
perchlorate as a supporting electrolyte. The electrode was

10.00 - $
8.00

6.00

Current, Ai (L)

4.00 A ¥

0 0.2 04 0.6 0.8
Potential, V
Figure 2. The effect of potential on the response of the Pt/Ppy-Pvs

electrode to hydrogen peroxide (in the phosphate buffer (pH 9.0)
containing 5.0 X 10~ M hydrogen peroxide).
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Figure 3. The effect of pH on the response of the biosensor (at 25 °C, 5.0
X1075 M choline at 0.3 V operating potential).

brought to equilibrium by keeping it at 0.3 V (vs. Ag/AgCl
electrode (3 M KCI)). Steady-state current (i,) was recorded.
Choline was added to the cell from stock solution and the
system was stirred. The currents (i,) obtained at 0.3 V were
recorded. The current values (Ai =i, -i,) were plotted against
the choline concentration in order to determine the working
range of the electrode.

Results and discussion

In this study, we prepared a new choline biosensor with the
entrapment of choline oxidase on polypyrrole-polyvinylsul-
phonate (PPy-Pvs) composite film. The parameters affecting
the performance of the biosensor were investigated.

The determination of working potential

After preparing Pt/Ppy-Pvs electrodes, the hydrogen per-
oxide oxidation was carried out at different potentials (0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7 V). Current differences of H,0, (0.1
mM) in different potentials (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 V)
were measured by using Pt/PPy-Pvs electrode and plotted
against potential in Figure 2. When Figure 2 is examined, it is
seen that oxidation currents of H,0, are too low and close to
each other at 0.1 V and 0.2 V. Potential increases from 0.3 V
to the increasing currents. At higher potentials, interferences
were caused by exogenous substances present in body fluids
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Figure 4. The effect of temperature on the response of the biosensor
(at pH 9.0, 5.0 X 1075 M choline at 0.3 V operating potential).
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Figure 5. The effect of choline concentration on the response of the
biosensor (at 0.1 M pH 9.0 phosphate buffer, 25 °C, 0.3V operating
potential).

(e.g., ascorbic acid) (Zhang et al. 2007). Therefore 0.3 V was
used as working potential.

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. The pH
values of the buffer solutions varied between 6.0 and 10. The
measurements were performed at a constant choline con-
centration of 5.0 X 10~% M. Figure 3 shows that the maximum
response was obtained at pH 9.0. For the choline biosensor,
pH values different than 9.0 were employed in the literature
(pH 7.4; 8.0) (Serradilla et al. 2003, Langer et al. 2004). This
was attributed to the fact that the used polymer and the type
of immobilization were different.

The effect of temperature

The amperometric response of the prepared biosensor was
investigated at different temperatures using constant cho-
line concentration of 5.0 X 107> M (Figure 4). As seen from
the figure, the current difference increases with temperature
up to 60 °C and decreases afterwards. The highest current
difference was obtained at 60 °C. The enzyme was thought to be
denaturized after this temperature. The study was carried out
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Figure 6. The calibration curve of choline biosensor (at 0.1 M, pH 9.0
phosphate buffer, 25 °C).
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Figure 7. The calibration curve of choline biosensor (at 0,1 M, pH 9.0
phosphate buffer, 25 °C).

at 25 ‘C due to the difficulties involved in working at 60 “C. For
the choline biosensor, temperature values different than 60 ‘C
were employed in the literature (37, 30 “C) (Serradilla et al. 2003,
Langer et al. 2004). This was attributed to the fact that the used
polymer and the type of immobilization were different.

Substrate concentration and calibration curves

In order to determine the linear working range of the choline
biosensor, the current values obtained for solutions contain-
ing 1.0 X 1077-1.0 X 103 M choline were recorded (Figure
5). There are two linear parts in the region up to 1.0 X 1073
M ranging between 1.0X1077-1.0X10% M (R%=0.997)
(Figure 6) and 1.0 X 107°-1.0 X 107 M (R?>=0.986) (Figure
7). The graph for the lower concentration range is given in
Figure 6. It has been shown that the linearity of this graph
is highly satisfactory and it can be used for the quantitative
determination of choline. The low detection limit of the bio-
sensor was found to be 1.0 X 10~ M and the response time
of the biosensor was 200 s. The KM(app) constant, a specific
parameter of enzymes, was found out through the use of 1/
[choline])-1/Ai graph (Lineweaver-Burke plot, Figure 8).
Kyi(app) andI__ values were found to be 5.58 X 10* mM and
0.4648 UA/min, respectively. The K\sapp) value that shows
the affinity of the biosensor was 5.58 X 10~* mM and the val-
ues cited in the literature were 0.4 mM, 2.32 mM, and 0.083
mM (Langer et al. 2004, Giilce et al. 2003, Shi et al. 2006).
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Figure 8. Lineweaver-Burk Plot.
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Figure 9. Operational stability of the biosensor (in the phosphate buffer
(pH 7.5), in operating potential 0.3V, 25 °C).

Since the enzymatic reactions take place through a carrier
medium, the affinity of the enzyme towards the substrate is
not the same in every carrier media. Therefore it is normal
that Kyiapp) values differ.

The operational stability of the choline 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. The relative standard deviation obtained
after19 measurements at a constant choline concentration
of 5.0 X 10~° M was found to be 6% (Figure 9).

The storage stabilization of the enzyme electrode

The response of the enzyme electrode prepared under
optimum conditions was measured for a period of 42 days
at constant choline concentration (5.0 X 107> M). Results of
nine measurements during this period are plotted in Figure
10. There was no noticeable decrease in the response during
the first seven days. There was a rapid decrease in current
values between the seventh and tenth days and there was
not a significant change after the thirty-fifth day. The elec-
trode showed 35% of the initial amperometric response at
the end of the forty-second day. This indicates that the bio-
sensor can be used for quite a long time. The properties and
the optimum working conditions of the biosensor prepared
are summarized in Table I.
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Figure 10. Storage stability of the biosensor (in the phosphate buffer
(pH 7.5), in operating potential 0.3V, 25 °C).

Interference effect
A few common substances found in serum were studied
for any interfering effect on the analysis of choline. Known
concentration of uric acid, ascorbic acid, glucose, parac-
etamol (acetaminophen), alanine, sistein, sistin, and dop-
amine were added to 1.0 X 10 M choline solutions and
results are presented in Table II. When Table IT is examined,
it can be seen that interference effects of paracatemol and
uric acid were the most. These interferences can almost be
removed by dilution of solution in cell.

In conclusion, the choline biosensor prepared in this study:

o Is useable in a large concentration range (1.0 X 1077
-4.0X10%M (R?>= 0.997) and 1.0 X 10° -1.0 X 10°* M
(R2=0.986).

« Has a very low detection limit (1.0 X 107 M).

e Has an acceptable response time for a biosensor
(200 s).

« Gives good reproducible results (the relative standard
deviation is 6% after 19 measurements, the standard
deviation obtained).

o Has satisfactory storage stabilization (gives 35% of the
initial amperometric response at the end of the forty-
second day).

¢ The Km(aap) and Imax(aap) values of choline oxidase
enzyme immobilized in polypyrrole-polyvinylsulpho-
nate (Ppy-Pvs) composite film were 5.58 X 10~* mM and
0.4648 p.A/min, respectively.

¢ Is easy to prepare and highly cost-effective.

Table I. The properties and the optimum working conditions of the biosensor.

Optimum conditions and characteristics

Parameters

Response time 200 second
Temperature 60 °C

pH 9.0

Working range
Detection limit
Storage stabilization

1.0X 107" M

1.0 X1077-1.0 X 10°M (R®= 0.997) and 1.0 X 1075 - 1.0 X 10-3M (R?>= 0.986)

The electrode maintains % 35 of the initial amperometric response at the end of the

forty-second day.

Operational stability

The relative standard deviation obtained after 19 measurements at a constant choline

concentration of 5.0 X 10~>M was found to be 6%.

Km,,,., and Imax,,, for Choline Oxidase enzyme

(aap)

5.58X10"* mM and 0.4648 UA/min
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Table II. Interfering effects of substances and the removal of interfering
effects were investigated.

Interfering Concentration, Choline Interferences
substances mM concentration, mM %

Uric acid 0.3 0.1 10.36
Ascorbic acid 0.1 0.1 4.74
paracetamol 0.1 0.1 7.92
Sistein 0.1 0.1 2.29
Glucose 5.0 0.1 3.89
Alanine 0.5 0.1 0.44
Sistin 0.065 0.1 3.72
Dopamine 0.001 0.1 2.34
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