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In this study, a new uric acid biosensor was constructed based on ferrocene containing polymer poly
(vinylferrocene) (PVF), carboxylated multiwalled carbon nanotubes (c-MWCNT) and gelatin (GEL)
modified glassy carbon electrode (GCE). Uricase enzyme (UOX) was immobilized covalently through
N-ethyl-N'-(3-dimethyaminopropyl) carbodiimide (EDC) and N-hydroxyl succinimide (NHS) chemistry
onto c-MWCNT/GEL/PVF/GCE. The c-MWCNT/GEL/PVF composite was characterized by scanning
electron microscopy, cyclic voltammetry and electrochemical impedance spectroscopy. Various experi-

Keywords: mental parameters such as pH, applied potential, enzyme loading, PVF and c-MWCNT concentration
Amperometry were investigated in detail. Under the optimal conditions the dynamic linear range of uric acid was
gj;g:;slgr 20x1077M—-71x10"*M (R=0.9993) with the detection limit low to 2.3 x 10-8 M. With good
Poly(vinylferrocene) selectivity and sensitivity, the biosensor was successfully applied to determine the uric acid in human
Mediator serum. The results of the biosensor were in good agreement with those obtained from standard method.

Carboxylated multiwalled carbon nanotube Therefore, the presented biosensor could be a good promise for practical applications in real samples.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The rapid, accurate, reliable and inexpensive detection of uric
acid in human biological fluids is of great importance in the
diagnosis and treatment of several disorders such as gout [1],
renal disease [2]| and Lesch-Nyhan syndrome [3]. The normal level
of uric acid in serum is between 240 and 520 uM [4]. Elevated
levels of uric acid in serum are known as hyperuricemia and
hyperuricemia has been found to be associated with hypertension
[5], metabolic syndrome [6] and cardiovascular disease [7]. Many
techniques such as, fluorescence [8], spectrophotometry [9], HPLC-
mass spectrometry [10], ion chromatography [11], colorimetry
[12], chemiluminescence [13], electrochemistry [14] and electro-
chemical biosensors [15] have been reported for uric acid detec-
tion. Among these techniques, amperometric biosensors provide
advantages such as high selectivity and sensitivity, direct mea-
surement, low cost and rapid response [16].

Carbon nanotubes (CNTs) are interesting type of the carbon
derivatives offering unique geometrical, mechanical, electronic and
chemical properties. CNTs have been extensively researched for
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sensing applications including fabrication of biosensors because of
excellent electrical properties, high surface-to-volume ratio, and high
chemical stability. Moreover, CNTs can be used for promoting
electron-transfer between the electroactive species and electrode
[17]. However, the major challenge for the preparation of CNTs-
modified electrodes is the homogeneous dispersion of CNTs since the
CNTs form large bundles due to strong van der Waals interactions
[18]. Several methods have been investigated to get homogenous
dispersion of CNTs [18,19]. Gelatin is a protein obtained from
collogens by partial hydrolysis. Because of its many merits, such as
its biological origin, biodegradability, nontoxicity, biocompatibility,
film forming ability and commercial availability at low cost gelatin
has been widely used in food and pharmaceuticals industry [20].
Gelatin also serves as a matrix for the assembly of biomolecules,
nanoparticles and other substances [21]. Gelatin was used as an
dispersive agent to obtain stable MWCNT dispersions [22,23]. Zheng
and Zheng reported that the CNTs-gelatin dispersion was found to be
stable for at least two weeks. This good stability was attributed to the
immobilization of the non-polar amino acid chain of the gelatin in
the side wall of CNTs through hydrophobic-hydrophobic interactions
[23]. In this study, gelatin is selected to suspense CNTs owing to its
favourable properties mentioned above.

Poly(vinylferrocene) is a conducting redox polymer that con-
tains localized sites that may be oxidized and reduced. PVF is
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widely used as a fundamental system for modeling modified
electrode polymer/electrolyte interfaces due to its simple electro-
chemistry (a reversible one electron process), high stability and the
ease of coating of thin film using a variety of methods [24]. PVF was
reported as a redox mediator for the oxidation of enzymatically
produced hydrogen peroxide [25]. The use of PVF as an immobiliza-
tion matrix for enzymes such as cholesterol oxidase, creatinase,
sarcosine oxidase and urease has been reported in biosensor
applications [25-27]. In these biosensors the oxidized form of the
polymer (PVF') was used to bind/immobilize negatively charged
enzymes electrostatically above the isoelectric point of the enzymes.
The use of PVF as a redox mediator in carbon paste electrodes was
also reported [28,29]. In our previous work [26] we have immobi-
lized creatinase and sarcosine oxidase electrostatically onto PVF™
coated Pt electrode to construct an amperometric creatine biosensor.
However, the storage stability of this biosensor was not satisfactory
due to the weak interaction between the polymer matrix and
enzymes. In order to achieve an increased lifetime stability of
enzyme electrode, covalent linking of the enzymes on transducer
is an efficient method of immobilization [30].

This article describes the fabrication of the uric acid biosensor
based on carboxylated multiwalled carbon nanotubes, redox
polymer PVF and covalently linked uricase. In previous articles,
[Fe(CN)s]>~ [31], 5-methylphenazinium (MP) and 1-methoxy-5-
methylphenazinium (MMP) [32] were reported to work as an
electron acceptor for UOx in place of O-. In this article, ferrocene
containing polymer PVF was used as an useful electron acceptor
for UOx. The experimental conditions and the performance para-
meters of the uric acid biosensor were studied. The successful

PVF

c-MWCNT

GCE

application of the purposed biosensor for uric acid biosensing in
real samples was also described.

2. Experimental
2.1. Equipment and reagents

The electrochemical studies were carried out using IVIUM
electrochemical analyzer (Ivium Technologies, Netherlands) con-
nected to a three-electrode cell stand (Bioanalytical Systems, Inc.,
USA). The working electrode was a modified glassy carbon electrode
(BAS MF 2012). The counter and the reference electrodes were a
Pt wire (BAS MW 1034) and Ag/AgCl electrode (BAS MF 2052)
(Bioanalytical Systems, Inc., USA), respectively. Scanning electron
microscopic (SEM) images were recorded on Carl Zeiss AG, EVO™ 50
Series. The pH values of the buffer solutions were measured with
ORION Model 720 A pH/ion meter and ORION combined pH elec-
trode (Thermo Scientific, USA).

Uricase (E.C.3.5.3.3. from Arthrobacter globiformis sp. with a specific
activity of 18 Units/mg solid), uric acid, N-ethyl-N'-(3-dimethyamino-
propyl) carbodiimide, N-hydroxyl succinimide, gelatin (type A, porcine
skin, analytical grade, G-2500), potassium hexacyanoferrate (III),
potassium hexacyanoferrate (II) trihydrate, vinylferrocene and ascorbic
acid were supplied from Sigma — Aldrich. Sodium monohydrogenpho-
sphate, sodium dihydrogenphosphate and glucose were from Fluka.
Carboxylated multiwalled carbon nanotubes (outer diameter <8 nm
and length 10— 30 pm) were from Cheaptubes Inc. (Brattleboro, USA).
All other chemicals were obtained from Merck. All aqueous solutions

NHS l DA:XD

Scheme 1. The stepwise fabrication process of the biosensor .
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were prepared with double distilled water. Standard solution of uric
acid was prepared by dissolving uric acid in 4% Li,CO3 aqueous
solution [33]. The standard uric acid solutions were prepared freshly
every day and immediately wrapped with aluminium foil to prevent
biomolecule degradation. PVF was prepared by the chemical poly-
merization of vinylferrocene [34].

2.2. Preparation of uric acid biosensor

Before modification, the bare glassy carbon electrode was firstly
polished with 0.05 pm alumina slurry, and then rinsed thoroughly
with double distilled water, followed by ultrasonication in ethanol and
double distilled water for 5 min respectively. After these pretreat-
ments, the cleaned GCE was dried in air. 25.0 mg of gelatin was
dissolved in 5.0 mL of double distilled water by magnetic stirring after
which it was sonicated for 1h in order to get a clear solution.
Carboxylated multiwalled carbon nanotubes were dispersed into
gelatin solution by stirring at room temperature and the resulting
mixture was ultrasonicated for 2 h, until a homogenous black disper-
sion containing 0.5 mgmL™' ¢-MWCNT was obtained. 10 L PVF
solution in methylene chloride (2 mgmL~') was dropped onto the
surface of the GCE and dried. 10 pL c-MWCNT/GEL solution was
dropped onto the PVF coated surface of GCE and dried. Uricase
solution (0.18 Units puL~ ') prepared in 0.05 M pH 8.0 phosphate buffer
solution (PBS) was immobilized onto c-MWCNT/GEL/PVF/GCE using
EDC—NHS chemistry. 10pL of 50 mM EDC-200 mM NHS in
0.05 M pH 8.0 PBS was dropped on the surface and left to dry. Finally,
8 uL of UOx solution was dropped on the top of the electrode and left
to dry for 1 h. The biosensor was immersed in 0.05 M PBS (pH 8.0) to
wash out the unbound components from the electrode surface. The
modified electrodes were kept at +4 °C when not in use. The stepwise
fabrication process of the biosensor is shown in Scheme 1.

Signal A = SE1
Phata Mo, = 2323

Dabe 11 Apr 2014 —
Time :15:00:32

2.3. Electrochemical measurements

Electron transfer properties of the electrodes were examined by
cylic voltammetry (CV) and electrochemical impedance spectroscopy
(EIS). The CVs of GCE and modified electrodes were recorded between
(0)V—(+1.00)V. EIS measurements were performed at the frequency
range of 10° Hz—0.05 Hz with 10 mV amplitude under open circuit
potential (Eocp) conditions in 5.0 mM Fe(CN)2 /4~ solution containing
0.10 M KCl. All other amperometric measurements were performed in
phosphate buffer solution (PBS) (0.05M pH 8.0). All measurements
were carried out at room temperature.

3. Results and discussion

3.1. Morphologies and electrochemical characteristics of modified
electrodes

The surface morphology of modified GCEs was investigated by
SEM. Fig. 1 presents the typical SEM images of (a) PVF, (b) c-MWCNT/
GEL/PVF (c) UOx/c-MWCNT/GEL/PVF modified GCE surface.

Image a shows the microporous structure of PVF film. Image b
shows that the c-MWCNTs dispersed in gelatin are uniformly
embedded in the microporous structure of PVF. The porous
morphology of the resulting composite is suitable for the immo-
bilization of enzymes. The surface of UOx/c-MWCNT/GEL/PVF
modified GCE surface (image c) shows a heterogenous morphology
revealing the successful immobilization of UOx in the c-MWCNT/
GEL/PVF matrix.

EIS can provide useful information on the impedance changes on
the electrode surface during fabrication process. Fig. 2 shows the
Nyquist plots of the EIS of (a) PVF/GCE, (b) bare GCE (c) c-MWCNT/
GEL/PVF/GCE in 5.0 mM Fe(CN)2~ /4~ solution containing 0.10 M KCI.
The Nyquist plot of impedance spectra includes a semicircle portion

EHT = 20.00 kv
WD = 8.0mm
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Phato No. = 2331

Dato 11 Apr 2014 [—
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Fig. 1. SEM images of (a) PVF, (b) c-MWCNT/GEL/PVF and (c) UOx/c-MWCNT/GEL/PVF modified GCE surface.
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Fig. 2. The Nyquist curves of (a) PVF/GCE (b) bare GCE (c) c-MWCNT/GEL/PVF/GCE
in 5.0 mM Fe(CN)2 /4~ containing 0.10 M KCl solution.

and a linear portion. The semicircle portion at high frequencies
corresponds to the electron transfer limited process, and the linear
portion at low frequencies corresponds to the diffusion process. The
diameter of the semicircles is equal to the electron transfer resistance
at the electrode surface (R.) [35]. It can be seen from the Fig. 2 that a
well-defined semicircle curve was obtained with the bare GCE (curve
b). After the electrode was modified with PVF (curve a), the diameter
of the semicircle increased suggesting that a layer of PVF was formed
on the electrode surface and this layer blocked the diffusion of the
redox probe to the electrode surface. After c-MWCNT/GEL composite
was covered onto the PVF/GCE, the diameter of the semicircle
decreased (curve c), compared with the bare GCE and PVF/GCE. This
result may be ascribed to the good conductivity of carboxylated
multiwalled carbon nanotubes.

Fig. 3a shows the cyclic voltamogram of PVF coated GCE. PVF/GCE
exhibited redox activity due to the coated polymer. The oxidation
peak of PVF appears at about +0.49 V versus Ag/AgCl corresponding
to a reverse reduction peak of PVF* with a peak potential of +0.40 V
versus Ag/AgCl. It is clear from the figure that the reduction peak is
broader and less intense than the oxidation peak. It was reported that
neutral PVF polymer takes counter ions into its structure when
oxidized and swells. Deswelling occurs upon the reduction of the
oxidized polymer as the counter ions are expelled from the structure.
The nonidentical swelling and deswelling kinetics of the polymer is
the main reason for asymmetry of the anodic and cathodic peaks [36].

Fig. 3b shows the cyclic voltammogram of UOx/c-MWCNT/GEL/
PVF/GCE in an 0.05 M pH 8.0 phosphate buffer solution containing
0.10 M KCI without (curve B) and with (curve A) 0.1 mM uric acid
solution at scan rate 100 mV s~ '. It could be seen that with the
addition of 0.1 mM of uric acid, the oxidation peak current was
increased, which showed the catalytic properties of modified
electrode towards the oxidation of uric acid.

Oxygen is the natural electron acceptor for UOx, therefore
investigations in the absence and presence of oxygen were per-
formed to determine the mediator effect of PVF (Fig. 4). The removal
of oxygen from the solution has no significant effect on the
sensitivity of the biosensor when compared with the amperometric
response in the presence of oxygen. Hence, it can be concluded that
PVF acts as an electron transfer mediator instead of oxygen. It was
reported that oxidase-based devices are subject to errors resulting
from fluctuations in oxygen tension and the stoichiometric limita-
tion of oxygen since these devices use oxygen as the physiological
electron acceptor [37]. Therefore the following experiments were
performed under N, atmosphere. It can be concluded that UOx/c-
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Fig. 3. (a) Cyclic voltammogram of PVF/GCE at 50 mVs~ ', in 0.05 M pH 8.0 phos-
phate buffer solution containing 0.10 M KCl (b) cyclic voltammogram of UOx/
c-MWCNT/GEL/PVF/GCE in an 0.05 M pH 8.0 phosphate buffer solution containing
0.10 M KCl without (curve B) and with (curve A) 0.1 mM uric acid solution at scan
rate 100 mV s~
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Fig. 4. Current-time response of the UOx/c-MWCNT/GEL/PVF/GCE to successive

injection of uric acid into a stirred solution of (a) O, saturated (b) N, saturated
0.05 M pH 8.0 phosphate buffer at +0.50 V.
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Scheme 2. The proposed scheme of biosensor response .

MW(CNT/GEL/PVF/GCE provides good performance for uric acid
monitoring in oxygen-challenged systems. It was reported that
UOx catalyzed oxidation of uric acid may proceed with an ordered
mechanism [38]. In this mechanism uric acid and oxygen are bound
to UOX to give a trimolecular transitory complex which is dissociated
to give the products. In this work we assumed that PVF may work as
an electron acceptor instead of dissolved oxygen in the same
mechanism. According to the proposed scheme of biosensor action
(Scheme 2) PVF* accepts electrons from the reduced enzyme and
PVF is produced. Then PVF is oxidized on the surface of the electrode
at +0.50 V versus Ag/AgCl reference electrode. In order to investi-
gate the effect of direct oxidation of uric acid the response of
c-MWCNT/GEL/PVF/GCE and UOx/c-MWCNT/GEL/PVF/GCE to uric
acid were determined. The sensitivity of UOx/c-MWCNT/GEL/PVF/
GCE was found to be two times higher than c-MWCNT/GEL/PVE/
GCE. Thus we can conclude that the direct oxidation of uric acid has
a contribution to the response of the biosensor.

The electrochemical reactions involved in the response of UOx/
c-MWCNT/GEL/PVF/GCE are given below:

. . UOXlOXi .
Uric acid+2H,0 = Allantoin+2C0,+2H™
UOX red) + 2PVF+ - UOX o) -+ 2PVF

Electrode (+0.50 V)
S

2PVF 2PVF*

3.2. Optimization of experimental parameters

The effect of PVF concentration on the response of the biosen-
sor was investigated. PVF concentration was varied between
1mgmL~! and 3mgmL~!. The response of the biosensor
increased with the polymer concentration up to a value corre-
sponding to 2 mg mL~! and then the response current decreased
with increasing PVF concentration. This decrease can be attributed
to the low diffusion rate of the substrate in the thicker polymer
films. The concentration of PVF was kept constant at 2 mg mL~"
for all the experiments. The effect of c-MWCNT concentration on
the biosensor response was also investigated. The concentration of
the c-MWCNT solution ranging from 0.5 mg mL~! to 2 mg mL~!
used for the construction of the uric acid biosensor and optimum
current response was achieved for 0.5 mg mL~! c-MWCNT. The
decrease in the response current of the biosensor at higher
c-MWCNT concentrations could be due to an increase in the
diffusion barrier. Therefore, 0.5 mg mL~ ' c-MWCNT concentration
was used for further experiments.

To investigate the effect of the enzyme amount on the biosen-
sor response different enzyme loadings were used in the biosensor
construction. Four different biosensors were prepared with the
UOx loadings varying between 1.1 —-2.2 U and the amperometric
responses of the biosensors in 0.05 M phosphate buffer solution
containing 0.01 mM uric acid were measured. The current differ-
ence increased gradually from 1.1 to 1.4 U and then decreased
afterwards. As the maximum current difference was achieved with
1.4 U, this enzyme loading was used for further experiments. The
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Fig. 5. The effect of buffer pH on the response of UOx/c-MWCNT/GEL/PVF/GCE in
0.05 M phosphate buffer containing 0.01 mM uric acid at +0.50 V.

current decrease at higher enzyme loadings may be attributed to
the blocking of the electrode surface by the large amount of
immobilized protein.

pH of supporting electrolyte is an important parameter affect-
ing the amperometric response of the biosensor. Fig. 5 presents
the pH dependence of the amperometric response of 0.01 mM uric
acid in the pH range 6.0-8.5. The current differences (Ai) obtained
by the substraction of the background current from the biosensor
response. It can be seen that the response current increases with
increasing pH value from 6.0 to 8.0, and then decreases as pH
increases further. At low pH, the increase in amperometric
response with an increasing pH was attributed to the increase of
the enzyme activity. As the maximum current difference was
achieved at pH 8.0, this pH was considered as the optimized pH
for the purposed biosensor. This optimum pH is 0.5 unit less basic
than the optimum pH range (8.5-9.2) reported for the free uricase
[39]. Such a shift in optimum pH may be attributed to that the
microenvironment of the enzyme has been changed by the
immobilization, leading to a change of physicochemical character-
istics of the enzyme [40].

The influence of applied potential on the response of the
biosensor was estimated in 0.05 M pH 8.0 phosphate buffer solu-
tion with 0.01 mM uric acid in the range of +0.30V to +0.60 V.
The response current increased as the applied potential shifted
from +030V to +0.60V. Although the highest response was
achieved at applied potential of +0.60V, we have selected the
value of +0.50V for further experiments to minimize the effect of
interferences.

3.3. Analytical performance of the biosensor
The current response of the UOx/c-MWCNT/GEL/PVF/GCE to

uric acid was investigated in N, saturated 0.05 M pH 8.0 phosphate
buffer solution. The amperometric responses at the biosensor for
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the standard deviation for three independent measurements. Inset:Typical
current-time response of the biosensor to successive injection of uric acid into a
stirred solution of N, saturated 0.05 M pH 8.0 phosphate buffer at +0.50 V.

successive addition of different concentrations of uric acid are
presented in Fig. 6 (inset). Upon an aliquot of uric acid was added
to the buffer solution, the biosensor responded rapidly to the
change of uric acid concentration and reached 95% of steady-state
current approximately within 40 s, which was faster than that of
330s reported at a polypyrrole modified electrode [41], 2 min
reported at self-assembled monolayer of 2-aminoethanethiolate
on gold electrode [31], 150 s reported at 1,4-benzoquinone modified
carbon paste electrode [29]. Response times faster than 40 s were
also reported for uric acid biosensors [42,43]. Fig. 6 shows the curve
corresponding to the uric acid biosensor. The response of the uric
acid biosensor was linear in the range 2.0x1077-71x 104 M
with a correlation coefficient of 0.9993. The detection limit of the
biosensor was calculated as 2.3 x 10~ 8 M from the linear regression
method. The linear range of the biosensor is wider than many of
those reported in the literature [44-46].

The apparent Michaelis-Menten constant (K3;P), a reflection of
enzymatic affinity, can be calculated by use of the Lineweaver-
Burk equation:

1 1 +K§,‘[’p

1
= X=
Iss  Imax

imax C

where ig is the steady-state current after addition of substrate,
imax 1S the maximum current measured under saturated substrate
conditions, and C is the bulk concentration of the substrate [47].
The lower KifP value means that the immobilized uricase pos-
sesses higher affinity to uric acid. The K value was calculated to
be 0.37 mM which is lower than that for most previous uric acid
biosensors [41,44,46] indicating increased affinity of uricase
towards uric acid after immobilization.

The repeatability of the UOx/c-MWCNT/GEL/PVF/GCE responses
to uric acid was tested by running five sequential calibration curves
in the range 0.01 to 0.14 mM. A relative standard deviation (R.S.D.)
value of 3.4% was obtained for five successive calibration curves,
which indicated a good repeatability of the measurements. Good
repeatability of the biosensor may be explained by the fact that the
c-MWCNT/GEL/PVF provide a biocompatible microenvironment to
maintain the activity of the enzyme. Moreover, the covalent inter-
action between c-MWCNT and UOx with EDC-NHS is strong and
little amount enzyme leaked out from the electrode surface. Long-
term storage stability of biosensors is one of the most important
factor in case of their commercial use. In this work long—term
stability of UOx/c-MWCNT/GEL/PVF/GCE prepared under optimum
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Fig. 7. Interference study by successive additions of (a) 0.05 mM uric acid (UA),

(b) 0.01 mM ascorbic acid (AA), (c) 0.4 mM glucose (G), (d) 0.01 mM creatinine (C),

(e) 0.5 mM urea (U), (f) 0.004 mM metioninine (M), (g) 0.001 mM aspartic acid (AS)

in 0.05 M phosphate buffer solution (pH 8.0) at an applied potential of +0.50 V (vs
Ag/AgCl).

conditions was investigated by measuring the biosensor response to
0.01 mM uric acid for five weeks. When not in use, the electrode
was stored at 4 'C under dry condition. After storage of 10 days the
biosensor showed 70% of its original sensitivity. The biosensor
showed approximately 50% of its original response after five weeks.
The decrease in the response current of the biosensor can be
attributed to the time dependent loss of enzyme bioactivity.

To evaluate the selectivity of the biosensor, the influence of some
possible interfering substances, such as ascorbic acid, glucose, metio-
ninine, aspartic acid, urea and creatinine was investigated. Ampero-
metric response of the biosensor to successive additions of 0.05 mM
uric acid and different concentrations of ascorbic acid (0.01 mM),
glucose (0.4 mM), creatinine (0.01 mM), urea (0.5 mM), metioninine
(0.004 mM), aspartic acid (0.001 mM) into a stirred solution of
0.05 M pH 8.0 phosphate buffer solution were determined (Fig. 7).
Metioninine, aspartic acid and creatinine, which showed no obser-
vable change in current were regarded to exhibit no significant effect
on the biosensor response. Compared with the response current
change of biosensor to uric acid, the relative response current change
was approximately 11% for ascorbic acid, 4% for glucose and 2% for
urea. When the same analysis was repeated with 10 fold diluted
interference concentrations the interference effect of ascorbic acid
and glucose decreased to negligable levels. This result demostrates
the reliability of the presented biosensor in the determination of uric
acid concentration in the presence of interfering species by sample
dilution.

A comparison of detection limit, linear range, response time
and stability for the presented biosensor with other uric acid
biosensors is presented in Table 1. It can be seen that the
presented biosensor has favourable analytical performance.

3.4. Analysis of real samples

In order to investigate the possible application of this new
biosensor in clinical analysis, the modified electrode was tested in
real human serum and the results were compared with those
obtained by reference method as shown in Table 2.

Enzymatic colour test for the quantitative determination of uric
acid in human serum samples was used as reference method. In this
technique uric acid is converted by uricase to allontoin and hydrogen
peroxide. The trinder reaction is used to measure H,0,. The formed
H,0, reacts with N,N-bis(4-sulfobutyl)-3,5-dimethyaniline, disodium
salt and 4-aminophenazone in the presence of peroxidase to produce
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Table 1
Characteristics of various amperometric uric acid biosensors.

Immobilization matrix/ Immobilization =~ Working potential Detection limit Linear range Stability Response  Repeatability pH Ref.

technique time (RSD)

Prussian blue nanoparticles, c-MWCNT,  +0.40 V vs Ag/AgCl 5uM 0.005—-0.8 mM 37% loss after 4s 4.6% 75 [42]
polyaniline, gold composite/ chitosan— 7 months
glutaraldehyde crosslinking

RF sputtered NiO thin film deposited on - 0.11 mM 0.05-1.0 mM About 4 months 5s - 7.0 [43]
platinum coated glass substrate/
physical adsorption

Polyaniline-polypyrrole film/ +0.40V vsAg/AgCl 1.0x107°M  25x107°-85x10"°M 20% loss after 70s 4% 9.0 [44]
glutaraldehyte cross-linking 4 weeks

Tetracyanoquinodimethane modified +0.34Vvs Ag/AgCl 19 x107’M  1x107%1x10"*M 13% loss after 70s <1.5% 8.6 [45]
carbon paste/entrapment 4 months

MW(CNT-gold nanoparticle composite/ +0.40 V vs Ag/AgCl 0.01 mM 0.01-0.8 mM 45% loss after 7s <56+06% 75 [46]
carbodiimide linkage 4 months

SAM of 3-aminopropyltriethoxysilane on +0.26 V vs Ag/AgCl 0.037 mM 0.05-0.58 mM 15.18% loss after 40-50s 2.5%-51% 74 [48]
ITO/Bis[sulfosuccinimidyl] suberate 50 days
cross-linking

Cellulose acetate deposited screen- +0.50 V vs Ag/AgCl 0.015 mM 0.015-0.25 mM No decrease over  180's - 9.2 [49]
printed carbon electrode pre-modified the 7-day study
with cobalt phthalocyanine period

Chitosan/Prussian blue prefunctionalized +0.2V vs. SCE 1.8x 1077 5x1075M 20% loss after 5-10s 6.8% 7.0 [50]
indium-tin oxide/ Langmuir-Blodgett —-115x1073>M 2 weeks
technique

ZnO nanoparticles modified MWCNT/ +0.32 vs SCE 2.0 mM 5.0 uM—-1mM 11% loss after — 1.3% 6.8 [51]
electrostatic binding 160 days

Iron oxide nanoparticles-chitosangraft-  +0.40 V vs Ag/AgCl o1 pM 0.1 800 pM 10% loss after 1s 1.58% 7.5 [52]
polyaniline composite film/covalent 100 days
immobilization

PVF-c-MWCNT-GEL composite film/ +0.50 V vs Ag/AgCl 23 x 1078 M 20x1077-71x10"* M 30%loss after 40s 3.4% 8.0 This
covalent immobilization 10 days work

Table 2
Comparison of uric acid content in serum samples using the purposed biosensor
and enzymatic colour test.

Serum Reference method Proposed method

sample concentration (mg/dL) concentration (mg/dL) +s
Sample 1 4.9 50+04

Sample 2 3.6 3.7+0.2

Sample 3 4.1 43+04

s is the standard deviation of 3 experimental values

a chromophore which is read biochromatically at 660/800 nm. The
amount of dye formed is proportional to the uric acid concentration
in the sample [53].

Serum samples were 150 times diluted. Dilution procedure is
important to minimize the interference effects of substances
which would come from serum. Standard addition method was
used to determine the uric acid concentration in serum sample. In
this method, additions of standard uric acid solution were made to
several portions of the serum sample, and a multiple addition
calibration curve was obtained. The concentration of the uric acid
in serum sample was calculated from the calibration curve. Results
are in good agreement and show that the presented uric acid
biosensor can be used for uric acid determination in serum
samples. The accuracy of the method was checked by t-test. The
t value is 2.07 for UOx/c-MWCNT/GEL/PVF/GCE at 95% confidence
level, for which tgisic is 4.30. It can be concluded that there is no
difference between the results of two methods at a confidence
level of 95%.

4. Conclusions

In this study, a novel amperometric uric acid biosensor based
on mediator containing polymer poly(vinylferrocene), carboxylated

multiwalled carbon nanotubes and covalently linked uricase was
successfully developed to detect uric acid in human serum samples.
The resulting biosensor exhibited a good analytical performance for
the amperometric detection of uric acid, and showed wide linear
range, low detection limit and good reproducibility. This favourable
analytical performance can be attributed to the following aspects:
¢c-MWCNT/GEL/PVF composite provides a biocompatible microen-
vironment to maintain the activity of the enzyme. The formation of
covalent bond between c-MWCNT and enzyme through EDC-NHS
chemistry prevents the leaking of the enzyme. The redox polymer
PVF acts as a mediator instead of O,. Moreover, c-MWCNTSs provides
a conduction pathway to accelerate electron transfer due to their
excellent conductivity. The proposed strategy can be extended for
the development of other enzyme-based biosensors.
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