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Abstract

A new amperometric biosensor was developed for determining
hypoxanthine in fish meat. Xanthine oxidase with pyrrole and
polyvinylsulphonate was immobilized on the surface of a
platinum electrode by electropolymerization. The determination
of xanthine-hypoxanthine was performed by means of oxida-
tion of uric acid liberated during the enzyme reaction on the
surface of the enzyme electrode at + 0.30V (SCE). The effects of
pH, substrate concentration, and temperature on the response
of the xanthine-hypoxanthine biosensor were investigated. The
linear working range of the enzyme electrode was 1.0 X 10~7
—1.0%x 1073 M of the hypoxanthine concentration, and the
detection limit was 1.0 X 10~7M. The apparent Km(app) andl_ . of
the immobilized xanthine oxidase were found to be 0.0154 mM
and 1.203 pA/mM, respectively. The best pH and temperature
value for xanthine oxidase were selected as 7.75 and 25°C,
respectively. The sensor was used for the determination of
hypoxhantine in fish meat. Results show that the fish degraded
very rapidly after seven days and the hypoxanthine amount was
found to increase over days of storage.
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Introduction

The development of a sensor for xanthine (X) and hypoxan-
thine (Hx) is of medical and biological importance (Cubuk¢u
et al. 2007, Zen et al. 2002, Mello et al. 2002, Arslan et al.
2006a), because the levels of these compounds are generally
used in the food industry as an index for evaluating meat or
fish freshness (Venugopal 2002). The level of hypoxanthine
in fish muscle either alone, or in conjunction with the levels
of other ATP metabolites, is used as an indicator of qual-
ity (Roberts et al. 1991, Yano et al. 1995). Hx accumulates
mostly in the animal muscle; therefore, a close correla-
tion between the nucleotide catabolism and the foodstuff
loss of quality can be established (Agiii et al. 2006). Thus,
the Hx levels are used as an index of fish and meat fresh-
ness in the food industry. Methods like chromatography

and spectrophotometry are utilized for the detection of X
and Hx (Pei and Li 2000, Sarker et al. 1999). However, since
these methods are costly and laborious, alternative systems
like amperometric biosensors have been developed for this
particular application. These electroanalytical methods are
based on the direct oxidation of Hx or its complexes at the
electrode surface (Hu et al. 1999, Househam et al. 1987,
Hu et al. 2000). In these systems, the level of X and Hx is
monitored electrochemically: by following H,O, and/or
uric acid oxidation or O, consumption produced by the xan-
thine oxidase-catalyzed reaction, depending on the charge
of applied potential (Venugopal 2002).

Hypoxanthine + O, - Xanthine + H,0,

Xanthine + O, - Uric acid + H,0,

Conducting polymers have recently been used as elec-
troactive materials in electrochemical biosensors by virtue
of their flexibility in chemical structure and redox character-
istics (Lu et al. 1995, Kumar and Chen 2008, Verghese et al.
1998); among the conducting polymers, polypyrole (PPy) has
been widely investigated because of its facile polymerization,
ease of membrane formation, high conductivity, and chemi-
cal stability. Various approaches to hybridize PPy with other
materials have been attempted so as to endow the parent PPy
with increased mechanical strength for desired applications
such as functional electrodes, electrochromic devices and
sensors, etc. (Palmisano et al. 1997, Ramanathan et al. 1995,
chaubey et al. 2000). The PPy-PVS (polypyrrole-polyvinyl-
sulphonate) composite membrane has been shown to play a
unique role as a charge-controllable membrane in which the
fixed charges are controlled electrochemically by an internal
electronic state (Shimidzu et al. 1988).

In this study, uric acid and hydrogen peroxide, produced
by catalyzing the oxidation of Hx, are oxidized electro-
chemically at the same time and cause interference in the
reactions. In order to prevent this interference, methylene
blue is added to an oxygen-free working atmosphere for
getting electrons from xanthine oxidase and preventing the
production of hydrogen peroxide (Salaris et al. 1991). As a
result, xanthine oxidase is immobilized with the entrapment
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method; after that, uric acid is formed and is oxidized at
optimum working conditions. The optimum working condi-
tions were investigated.

Materials and methods

Equipments and reagents
Electrochemical studies were carried out using a BAS 100
B/W electrochemical analyzer and a three-electrode cell.
The working electrode was a Pt plate (0.5 cm?). The auxiliary
and the reference electrodes were a Pt wire and saturated
calomel electrode (SCE), respectively. The pH values of the
buffer solutions were measured with a ORION Model 720A
pH/ion-meter. Temperature control was achieved with a
Grant W14 thermostat. In these experiments, Scanning Elec-
tron Microscope JEOL Model 6360 instrument was used.
Xanthine oxidase (100 unit.mL~!) and hypoxanthine were
purchased from Sigma. Pyrrole and polyvinylsulphonate
were supplied from Fluka and Aldrich, respectively, and all
other chemicals were obtained from Sigma. All the solutions
were prepared using bi-distilled water.

Preparation of polypyrrole-polyvinylsulphonate
(PPy-PVS) composite film

PPy-PVS films were synthesized from an aqueous solution
of pre-distilled pyrrole (0.1M) (Aldrich) and the sodium salt
of polyvinylsulphonate (25% by weight) (Aldrich) using an
electrochemical analyzer with a three-electrode cell (BAS
100 B/W). A Pt plate electrode was used as the working elec-
trode, Pt as the counter electrode, and SCE as the reference
electrode. The electrochemical growth of PPy-PVS compos-
ite film was carried out by cycling between —1.0 and 2.0 V
versus SCE at the scan rate of 50 mV/s (Chaubey et al. 2000,
Ottero and Olazabal 1996).

Immobilization of XOD on polypyrrole-
polyvinylsulphonate (PPy-PVS) composite film

The surface of the Pt electrode cleaned according to Gros
et al. (2000) was covered with xanthine oxidase and poly-
pyrrole-polyvinylsulphonate by electropolymerization of
PPy-PVS. The enzyme, polypyrrole, and polyvinylsulpho-
nate were immobilized by the entrapment method. The
electropolymerization was carried out with a cyclic potential
scan between- 1.0 and + 2.0 V. The PPy-PVS XOD electrode
obtained was rinsed carefully with the corresponding buffer.
The XOD enzyme electrode was stored at 4°C in phosphate
buffer (pH = 7.75).

Procedure

In order to determine whether the enzyme electrode is sen-
sitive to hypoxanthine, an aqueous buffer solution contain-
ing 0.1 M phosphate and 0.1 M sodium perchlorate at a pH
of 7.75 was added to the cell. Argon gas was passed through
from the solution for ten minutes and a steady-state back-
ground current was allowed to decay at a constant value
at+0.30 V. Then the aliquots hypoxanthine stock solution
was added to the cell using a micropipette, and argon gas
was again passed through for five minutes and stirred for five
minutes. The response of the biosensor against xanthine was

measured after two to three minutes following the applica-
tion of a constant potential of + 0.30 V (vs SCE). The cell was
treated with argon gas for five minutes prior to each addi-
tion of hypoxanthine into the cell. The current values against
hypoxanthine concentration were plotted to determine the
working range of the electrode.

Preparation of fish extract
Fish samples were purchased from a local market. The deter-
mination of Hx in fish meat can be accomplished by the rec-
ommended procedure (Watanabe et al. 1987). Three to five g
of fish sample was homogenized in ca. 15 mL distilled water.
The homogeneous solution was then filtered through a mem-
brane filter for the extraction of Hx, and then distilled water
was added to the filtrate, producing a total volume of 100 mL
of sample solution (Hu et al. 2000). Amperometric measure-
ments in sample solutions were performed after transferring
the corresponding analytical solution to the electrochemical
cell with a potential of 0.3 V versus Ag/AgCl.

Determination of Hx involved three successive additions
of samples, which included a known amount of Hx in turn.

Results and discussion

Scanning Electron Microscopy (SEM) of Pt/ PPy-PVS-XOD
electrode

SEM picture of Pt/ polypyrrole-polyvinylsulphonate-xan-
thine oxidase film was investigated. It was observed that the
SEM picture of Pt/ polypyrrole-polyvinylsulphonate-xan-
thine oxidase has a different shape (Figure 2). This picture,
compared with the SEM picture of Pt/polypyrrole-polyvi-
nylsulphonate, shows that the cauliflower-like structure has
considerably changed (Figure 1). This state was attributed
to the interaction with xanthine oxidase of the polypyrrole
structures.

Effect of pH on the activity of the Pt/PPy-PVS-XOD
electrode

The effect of pH on the electrode response was investigated
by using phosphate buffer systems (0.1 M) between pH 6.0
and 9.0. The effect of solution pH on the xanthine response
at the proposed biosensor is shown in Figure 3. The ampero-
metric response is enhanced by increasing solution pH
in the range of pH 7.0 to 7.75 at a constant hypoxanthine
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Figure 1. The SEM of the Pt/PPy-PVS electrode.
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Figure 2. The SEM of the Pt/PPy-PVS-XOD electrode.

concentration of 1.0 X 10~* M. The graph shows that the
best pH for xanthine oxidase is 7.75. In xanthine determina-
tion with biosensors, pH values other than 7.75 have been
employed in the literature (pH 7.0, 7.4, and 8.0). This situa-
tion was attributed to the fact that the used polymer and the
type of immobilization were different (Arslan et al. 2006a,
McKenna and Brajter 1987, Kiling et al. 1998, Arslan et al.
2006b).

Therefore, pH 7.75 is selected by considering both the
sensitivity and the stability of the biosensor and conse-
quently further studies have been performed at pH 7.75.

Effect of temperature on the activity of the
Pt/PPy-PVS-XOD electrode

The amperometric response of the enzyme electrode to
1.0 X 10* M hypoxanthine was measured at different
temperatures varying from 25 to 60 °C (Figure 4). The
highest current difference was obtained at 50 °C. The cur-
rent difference increases with temperatures up to 55 °C
and decreases afterwards. This decrease can be attributed
to the thermal deactivation of the enzyme at the higher
temperatures. Moreover, thermal stability of the enzyme
at 25, 30, and 35 °C was shown in the literature and it
was found that the enzyme was more stable at 25 °C com-
pared to other temperatures. Hence this value was used
in all subsequent experiments (Erden et al. 2006, Kirgoz
et al. 2004).

0.6 -

pH

Figure 3. The effect of pH on the activity of the Pt/PPy-PVS-XOD
electrode.
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Figure 4. The effect of temperature on the activity of the Pt/PPy-PVS-
XOD electrode.

Analytical characteristic

The value of the Michaelis-Menten kinetic parameter (Km),
which shows the enzyme-substrate kinetics, was determined
by the analysis of the slope of enzymatic reaction. Vmax is
the maximum rate for enzymatic reaction. The effect of the
substrate concentration on the reaction rate, catalyzed by
immobilized xanthine oxidase, was studied using varying ini-
tial concentration (1 X 1077 — 1 X 1073 M ) of Hx (Figure 5).
A linearity for the biosensor was obtained in the concentra-
tion range between 1,1x107* — 7,0x10™* M (R?>=0.972) Hx.
The graph for the lower concentration range is given in Fig-
ure 6 (Michaelis-Menten plot). It has been shown that the
linearity of this graph is highly satisfactory and it can be used
for the quantitative determination of hypoxanthine. The
linear working range of the enzyme electrode was 1.0x10~7
- 1.0x107% M of hypoxanthine concentration and the low
detection limit of the biosensor prepared was found to
be 1 X107 M. The K, constant, a specific parameter of
enzymes, was computed by using the 1/[hypoxanthine] ~!/Ai
graph given in Figure 7. (Lineweaver-Burk plot). K o (app) and
V.. Values were found to be 0,0154 mM and 1,203 uA/mM,
respectively. The K o app) value that shows the affinity of the
biosensor was 0,0154 mM and the values cited in the litera-
ture were 1.33 mM, 7mM, 1.11 mM, and 0.04 mM (Arslan et al.
20063, Pei and Li 2000, Kiling et al, 1998, Adeloju et al. 1996).
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 K values differ (Arslan et al. 2996a, Cete et al. 2007).
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Figure 5. The calibration curve of the Pt/PPy-PVS-XOD electrode.
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Figure 6. The effect of hypoxanthine concentration upon the
amperometric response of the Pt/PPy-PVS-XOD electrode (Michealis-
Menten plot).

Storage Stabilization of Pt/PPy-PVS-XOD electrode

The response of the enzyme electrode prepared under opti-
mum conditions was measured for a period of 30 days at the
constant hypoxanthine concentration (1.0 X 10~* M). The
results of seven measurements during this period are plot-
ted in Figure 8.

There was no noticeable decrease in the response dur-
ing the first six days but there was a rapid decrease in cur-
rent values between seventh and tenth day. The electrode
showed 49% of the initial amperometric response at the
end of the thirtieth day, as can be seen in Figure 5. This
indicated that the biosensor prepared can be used for a
week.

3.6. Reproducibility of the Pt/PPy-PVS-XOD electrode
In order to test the reproducibility of the enzyme electrode
prepared, the current changes obtained after subsequent

400 A

y = 12834 x + 830661 ¢
R?= 0972

0.30v

1/AiQA™)
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Figure 7. The effect of hypoxanthine concentration upon the
amperometric response of the Pt/PPy-PVS-XOD electrode (Line-
weaver-Burk plot).
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Figure 8. The storage stability of the Pt/PPy-PVS-XOD electrode.

usage were plotted against the number of measurements.
The relative standard deviation obtained after 20 measure-
ments at a constant hypoxanthine concentration of 1 X 10~4
M was found as 26%, as shown in Figure 9.

Sample application

The hypoxanthine (Hx) levels in meat and marine products
are important as a food quality control index. The developed
sensor was used to measure the Hx in the sample. The results
showed that hypoxanthine amount increased over days of
storage, as given in Figure 8. The increase of the hypoxanthine
amount was formed by degrading of the purin nucleotide.
The hypoxanthine amount was determined by the standard
addition method. There was an increase in current values
between the first and seventh days. The concentrations of
hypoxanthine were found in the first day as 3,125.107% M, in
the second day as 1,053.102 M, in the fifth day as 1,11.1072
M, and finally in the seventh day as 1,54.10~2 M. When the
fish resulted in degradation, the Hx amount increased in fish
meat.

Conclusion

A biosensor for the determination of Hx has been developed
based on polypyrrole-polyvinylsulphonate. The biosen-
sor has a very low detection limit (1 X 10~M). It is easy to
prepare and highly cost-effective. The biosensor provides a
simple and rapid method for the determination of Hx in fish
meat.
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Figure 9. The measure number of the Pt/PPy-PVS-XOD electrode.
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