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A chitosan-glutaraldehyde crosslinked uricase was immobilized onto Prussian blue nanoparticles
(PBNPs) absorbed onto carboxylated multiwalled carbon nanotube (c-MWCNT) and polyaniline (PANI)
layer, electrochemically deposited on the surface of Au electrode. The nanohybrid-uricase electrode
was characterized by scanning electron microscopic (SEM), Fourier transform infrared spectroscopy
(FTIR) and cyclic voltammetry. An amperometric uric acid biosensor was fabricated using uricase/c-
MWCNT/PBNPs/Au electrode as working electrode, Ag/AgCl as standard and Pt wire as auxiliary electrode

ﬁer‘)i/cv‘ia\i:ril(j;: connected through a potentiostat. The biosensor showed optimum response within 4s at pH 7.5 and
Uricase 40°C, when operated at 0.4V vs. Ag/AgCl. The linear working range for uric acid was 0.005-0.8 mM, with

a detection limit of 5 WM. The sensor was evaluated with 96% recovery of added uric acid in sera and 4.6
and 5.4% within and between batch of coefficient of variation respectively and a good correlation (r=0.99)
with standard enzymic colorimetric method. This sensor measured uric acid in real serum samples. The
sensor lost only 37% of its initial activity after its 400 uses over a period of 7 months, when stored at 4°C.

Prussian blue nanoparticles
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1. Introduction

Uric acid is the excreted end product of purine catabolism in
primates, birds and some other animals. In most mammals and
many other vertebrates, uric acid is further degraded to allantoin
by the action of uricase or urate oxidase. A healthy adult human
excretes uric acid at a rate of 0.6 g/24 h; the excreted product arises
in part from turnover of the purine nucleotide of nucleic acid [1].
The normal level of uric acid in serum is between 0.13 mM and
0.46 mM (2.18-7.7 mgdl~1) [2,3]. An increase in level of uric acid
in serum leads to gout, arthritis [4], cardiovascular diseases [5] and
neurological diseases [6]. Consequently, uric acid determination is
of paramount importance in the diagnosis and medical manage-
ment of diseases caused by disorder of purine metabolism. Various
methods such as colorimetric [7], electrochemical [8], high perfor-
mance liquid chromatography (HPLC) [9,10], chemiluminescence
[11] and fluorescence methods [12] have been reported for the
measurement of uric acid. However, these methods have certain
drawbacks such as time-consuming, labor-intensive, expert han-
dling, pretreatment of sample and also oxidation of certain amounts
of uric acid during the processing [7]. Biosensing methods are
considered better for routine analysis, because of their simplicity,
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quick response time, ease of procedure, higher specificity and sen-
sitivity.

A number of uricase biosensors have been reported based on
luminol-copolymer [13], poly(2-aminophenol) [14], NiO thin film
[15]. However these supports (film/membranes) had few draw-
backs such as poor stability, reusability and slow electron transfer.
Some uric acid biosensor based on ZnO nanotube arrays [16],
ZnO nanowires [17], multiwalled carbon nanotube-gold nanopar-
ticle composite [18] biosensors have been reported but these
also suffered from limited electron communication, complexity of
immobilization and stability of enzyme.

Nanoparticles modified electrode present unusual advantages
in electroanalysis such as catalysis, enhancement of electron
transport and high effective surface area [19-21]. The composite
based on integration of carbon nanotubes (CNTs) and some other
materials to possess properties of individual components with a
synergistic effect have also gained interest. Materials for such pur-
poses include conducting polymer [22,23], redox mediators [24],
metal and metal oxide nanoparticles [25,26]. The Prussian blue
nanoparticles (PBNPs) are efficient redox mediator for selective
detection of hydrogen peroxide in the presence of oxygen and other
interferents and has been applied in the construction of a large
number of enzyme-based biosensors [27-29]. Chitosan has been
found to be an interesting biopolymer for immobilization of desired
biomolecules, because of excellent film forming ability, high per-
meability, mechanical strength, non toxicity, biocompatibility and
low cost [30]. Carbon nanotubes (CNTs) possess many unique
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properties such as good electrical conductivity, strong adsorp-
tive ability and excellent bioconsistency and thus have ability to
promote the electron transfer of hydrogen peroxide. Polyaniline
(PANI), a conducting polymer, has become the most attractive one
in formation of CNTs based composite, because of its superior
transducing ability and good environmental stability. PANI/CNT
composites synthesized chemically or electrochemically and have
improved the electrical conductivity, electrochemical capacitance
and electrocatalytic properties of polymers.

In this report, a uric acid biosensor was constructed by
immobilizing uricase in crosslinked chitosan network through glu-
taraldehyde, onto PBNPs/c-MWCNT/PANI/Au modified electrode.
The resulted uric acid biosensor was employed to measure uric acid
in human serum and evaluated.

2. Materials and methods
2.1. Reagents

Uric acid, Sephadex G-100, distilled aniline and glutraldehyde
(25%) from Sigma (Aldrich). Potassium ferricyanide (K3[Fe(CN)s]),
ferrous sulfate (Fe,(SO4)3), polyvinylpyrollidone (PVP) and chi-
tosan were from SRL, Mumbai were used. Carboxylated multi-
walled carbon nanotubes (functionalized MWCNT) (12 walls,
length: 15-30 wm, purity: 90%, metal content: nil) from Intelligent
Materials Pvt. Ltd., Panchkula (Haryana) India were used. The kit for
enzymatic colorimetric determination of uric acid was from Transa-
sia Bio-medicals Ltd. (Solan, HP). Gold wire (1.5cm x 0.05cm)
(23 carat) was purchased from local market. All other chemicals
were of analytical reagent (AR) grade. Double distilled water was
used throughout the experiments. Fresh serum samples of healthy
individuals were collected from Hospital of Pt. BDS University of
Health & Medical Science, Rohtak and stored at —20 °C until use.

2.2. Apparatus

All electrochemical experiments were performed on an Auto-
lab PGSTAT 30 electrochemical workstation (Eco Chemie BV, The
Netherlands) with the GPES 4.9 software. A modified gold electrode
of 1.0mm diameter, a KCl-saturated Ag/AgCl electrode and a Pt
electrode served as the working, reference and counter electrodes
respectively, in the electrochemical experiments. All potentials
were measured with respect to the reference electrode. The FTIR
spectra in FTIR spectrophotometer (Thermo Scientific, USA) were
recorded. Scanning electron microscopic (SEM) (Model Joel JSM-
6510, Japan) images were taken at Dept. of Chemistry, M.D.U.
Rohtak. All experiments were carried out at room temperature.

2.3. Preparation of uricase

Uricase was prepared by dissolving 3.0 mg of reagent1 of kit for
enzymic colorimetric method for uric acid (consisting of uricase,
buffer and chromogen) in 1 ml of 20 mM sodium phosphate buffer
(pH 7.0) and loading on a Sephadex G-100 column (24 cm x 1cm)
equilibrated with 20 mM sodium phosphate buffer (pH 7.0). The
column was run in the same buffer at a flow rate of 0.5 ml/min. The
fractions (each of 2 ml) were collected after passing the void vol-
ume and tested for protein using Lowry method. All the fractions
showing the presence of protein were pooled and treated as puri-
fied enzyme. The enzyme was tested for activity of uricase as given
below.

2.4. Assay of free uricase

The assay of free uricase was carried out as described [31] with
slight modification and based on decrease in A,g3 due to uric acid.

The reaction mixture contained 3.0 ml of 50 mM Tris-HCl buffer
(pH 8.5) and 0.1 ml of 10 mM uric acid and 50 pl (1.6 mg/ml) of
uricase. The blank contained 3.05 ml of buffer and 0.1 ml uric acid.
The decrease in Ay93 was read in a UV spectrophotometer for 4 min
at an interval of 1 min. The activity of enzyme was calculated as
follows:

(AAzg3 /min in test solution — blank) x test volume

it activity —
Unitactivity 12.6 x volume of enzyme

where 12.6 is extinction coefficient of uric acid, AA is change
in absorbance at 293nm; test volume=3.0ml; volume of
enzyme =0.1 ml. One enzyme unit is defined as amount of enzyme
required to convert 1.0 wmol of uric acid into allantoin per min per
ml at pH 8.8 at 25°C.

2.5. Preparation of PBNPs/c-MWCNT/PANI/Au electrode

2.5.1. Electropolymerization of PANI onto Au electrode and
construction of c-MWCNT/PANI/Au electrode

Prior to the surface modification, the Au electrode was cleaned
with piranha solution (H,S04:H,0, inratio 3:1) for 20 min and then
rinsed thoroughly with distilled water. Prior to electrodeposition,
Auelectrode was polished with alumina slurry. The electrochemical
polymerization of 50 pl aniline mixed with 10ml of 1N HCI onto
Au electrode (working electrode) was carried out through cyclic
voltammetry by applying 10 polymerization cycles at 0.0-1.5V as
described [32]. One gram c-MWCNT was suspended in 1 ml mixture
of concentrated H,SO4 and HNOs in 3:1 ratio and ultrasonicated for
24 h to get a finely dispersed black colored solution of c-MWCNT.
The polyaniline (PANI) modified electrode was dipped into the
c-MWCNT solution for 12 h. The resulting c-MWCNT/PANI/Au elec-
trode was washed thoroughly with distilled water to remove
unbound matter and kept in dry petri plate at 4°C.

2.5.2. Electrodeposition of PBNPs onto the c-MWCNT/PANI/Au
electrode

The electrodeposition of PVP protected PBNPs onto the c-
MWCNT/PANI/Au electrode was carried out as follow. A mixture
was prepared by adding K3[Fe(CN)g] solution into a solution of
Fe,(S04)3 containing PVP, to achieve a final concentration of 1 mM
for K3[Fe(CN)g]+0.5mM for Fe;(SO4)3 +10mM PVP with 0.1 M
KCl and 0.01 M HCI [33,34]. PBNPs/c-MWCNT/PANI modified Au
electrode was constructed by electrodeposition in the resulting
solution by potential cycling between 0.0 and 1.5V (vs. Ag/AgCl)
for 10 cycles at a scan rate of 0.1V s~1. The PBNPs/c-MWCNT/PANI
modified Au electrode was rinsed with double distilled water and
dried in air.

2.5.3. Preparation of enzyme electrode
(uricase/PBNPs/c-MWCNT/PANI/Au)

One microliter of uricase was mixed with 1 ml of chitosan solu-
tion (1%), followed by addition of 1 ml of 2.5% glutaraldehyde. The
mixture was hand-mixed completely. The enzyme electrode was
constructed by coating the resulting solution (100 ul) onto the
modified electrode, and allowing it to be left for 24 h at 4°C [35].
The hybrid electrode was stored at 4 °C when not in use.

2.6. Response measurement of uricase/PBNPs/c-MWCNT/PANI/Au
electrode and its optimization

Cyclic voltammetric studies were carried out using a three-
electrode system comprising of uricase/PBNPs/c-MWCNT/PANI/Au
electrode as working electrode, Ag/AgCl as a reference elec-
trode and Pt wire as auxiliary electrode. To discern the role
of individual components, cyclic voltammograms (CV) of bare
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gold electrode, PANI/Au electrode, c-MWCNT/PANI/Au elec-
trode, PBNPs/cMWCNT/PANI/Au electrode and uricase/PBNPs/c-
MWCNT/PANI/Au electrode were recorded in 50mM Tris-HCl
buffer pH 8.5 containing 10 mM uric acid at a potential range of 0V
to+1.5V s~ 1. To measure the response of working electrode/sensor,
the three electrode system was immersed into 15ml of 50 mM
Tris—HCI buffer (pH 8.5) and the reaction was started by adding
0.1 ml uric acid (10 mM), which was oxidized to allantoin produc-
ing an electroactive H,0,. Formation of hydrogen peroxide was
detected by its oxidation to generate electrons i.e. current at the
electrode. The flow of electron i.e. current was measured in mA
at 0.6V. The following electrochemical reactions occur during the
response measurement.

Uricase

Uricacid + O, — Allantoin + CO5 + H,0,

High potential

H,0, — 2HT + 0y +2e~

_ PBNPs/c-MWCNT/PANI
—

2e Gold electrode

Amperometric response of the working electrode was optimized
by studying analytic and kinetic properties like determination of
optimum pH, temperature and response time. To determine opti-
mum pH, pH of reaction buffer was varied from pH 5.0 to 10.0 using
different buffer each at a final conc. to 50 mM as follow. Sodium suc-
cinate in pH range 4.0-5.5, sodium phosphate in pH range 5.5-6.5
and Tris-HCI buffer in range pH 7.0-9.0. Similarly, the optimum
temperature was studied by incubating the reaction mixture from
20°C to 50°C at an interval of 5°C. Optimum response time was
studied by measuring current at different time scales ranging from
2 s to 12s. The effect of substrate concentration was studied at dif-
ferent uric acid concentration ranging from 0.005 mM to 0.8 mM at
potential cycling between 0.0 and 1.5V (vs. Ag/AgCl) for 10 cycles
at a scan rate of 0.1Vs~!, The amperometric response was also
measured in the presence of potential interfering compounds such
as glucose, urea, ascorbic acid, pyruvate, bilirubin, cholesterol, KCI,
Nacl, CaCl,, MgCl,, CaSO4 and ZnSOy4.

2.7. Evaluation

The following criteria were studied to evaluate the performance
of this biosensor e.g. linearity, analytical recovery, detection limit,
precision and correlation with standard method.

2.8. Serum uric acid determination by
uricase/PBNPs/c-MWCNT/PANI/Au electrode

The procedure for serum uric acid determination was the same
as that described for response measurement of the electrode,
except that uric acid was replaced by serum. The uric acid concen-
tration was extrapolated from the standard plot, between different
uric acid concentrations vs. respective current (LA). Results were
evaluated using different statistical parameters and correlation
with standard enzymic colorimetric method.

2.9. Reusability and storage stability of
uricase/PBNPs/c-MWCNT/PANI/Au electrode

To reuse the working electrode, it was washed by dipping it in
a series of test tubes containing 2 ml of reaction buffer. The long-
term storage and stability of the biosensor was investigated over
7-months, when uricase/PBNPs/c-MWCNT/PANI/Au electrode was
stored in a refrigerator at 4°C.
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Fig.1. FTIR spectra of (i) c-MWCNT/PANI and (ii) uricase/PBNPs/c-MWCNT/PANI/Au
electrode.

3. Results and discussion

3.1. Characterization of uricase/PBNPs/MWCNT/PANI/Au
electrode by FTIR and SEM

Fig. 1 displayed the FTIR spectra of (i) c-MWCNT/PANI and
(ii) uricase/PBNPs/c-MWCNT/PANI/Au. Curve i shows the peak
of C-O bond of free -COOH groups present at 1294.99 and
1343.93cm~! and C-N bonds of c-MWCNT immobilized on PANI
at 1045.63 and 1164.13cm™!. It reveals that the -COOH group
at one end of c-MWCNT gets attached to -NH, groups of PANI
through -CO-NH- bonds, while it is free at another end [36].
The uricase/PBNPs/MWCNT/PANI/Au electrode (curve ii) showed
characteristic peaks at 1550 and 1640cm~! attributed to the
primary and secondary amide linkages of enzyme molecules.
Peaks at 1615-1700cm~! confirmed the presence of C=N
bond. The SEM images of the surfaces of the bare Au elec-
trode, c-MWCNT/PANI/Au electrode and uricase immobilized onto
PBNPs/c-MWCNTs/PANI/Au electrode are shown in Fig. 2A, Band C,
respectively, which confirm the stepwise immobilization of PANI,
c-MWCNT, PBNPs and uricase onto the Au electrode.

The fabrication of the uricase biosensor based on PBNPs
electrodeposited onto c-MWCNT/PANI modified Au electrode is
summarized in Scheme 1. Firstly PANI was electrodeposited on to
Au electrode with free -NH; group at their end, which gets linked
to -COOH groups of c-MWCNT through amide bond (-CO-NH).
Then, PBNPs are electrochemically deposited on the surface of
PANI/MWCNT with the diameter nanoscaled. These PBNPs have
negative charge [37] and when protected by polyvinylpyrrolidone
(PVP) act as steric stabilization substances for the nucleation and
growth of PBNPs [38]. Enzyme, when treated with glutaralde-
hyde and chitosan solution leads to formation of covalent bond
(C=N). This pretreated enzyme when applied on to PBNPs/c-
MW(CNT/PANI/Au electrode, there occurs electrostatic interaction
between negatively charged PB nanoparticles and positively
charged chitosan.

Fig. 3A shows comparative cyclic voltammograms of (a) PANI
modified Au electrode (b) c-MWCNT-PANI modified Au electrode
(c) PBNPs/c-MWCNT/PANI modified Au electrode immersed in
50 mM of Tris-HCl buffer solution pH 8.5 at 50 mV s~!. The cyclic
voltammogram of PANI modified Au electrode exhibited a low
background current with two redox peaks for oxidation of ani-
line to radical cation and then to radical dication [39]. In Fig. 3A
(b) and (c), a couple of stable and well-defined redox peaks were
observed and the formal potential was calculated at around 300 mV
(vs. Ag/AgCl) which is comparable to earlier reports (250 mV) [40].
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L

Fig. 2. SEM image of (A) bare electrode, (B) electrode modified with c-MWCNT and PAN1, c-MW, and (C) enzyme immobilized onto c-MWCNT, PAN1 and PBNPs modified

Au electrode.

Obviously, these redox peaks were attributed to the reversible
electrochemistry of PB. However, the background current and
redox peak currents of PBNPs/c-MWCNT/PANI modified Au elec-
trode were much higher than those of the c-MWCNT/PANI modified
Au electrode. The increasing currents were due to the presence

|
NH., NH=- CO -
—_— —_—
NH - NH-CO -!
Au Electrode
i i
1
+ (N -N= c-@-c =n{
H H

W Caoxylated MWCHT fil chitosan

. Prussian blue nanoparticles [ Enzyme

of c-MWNT, which provided a three-dimensional electroconduc-
tive network and had a large surface to volume ratio. So, c-MWNT
played an important role in improving the redox of PBNPs and
accelerating the electron transfer between the PBNPs and the Au
electrode [41].

B Aniline

GBI Glutaraldehyrae

Scheme 1. Representation of uricase immobilized onto modified Au electrode (Uricase/PBNPs/c-MWCNT/PANI/Au).
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3.2. Response towards uric acid at the
uricase/PBNPs/MWCNT/PANI/Au electrode

To evaluate the catalytic activity of wuricase at the
PBNPs/MWCNT/PANI/Au electrode, the modified electrode
was characterized by a cyclic voltammogram in the presence
of uric acid in the potential range, 0V to +1.5V. Fig. 3B shows
cyclic voltammograms of PBNPs/MWCNT/PANI/Au electrode in an
unstirred 0.1 M KClI solution (20 ml) and 0.1 M Tris-HCI buffer, pH
8.5 (5 ml) without (curve a) and with (curve b) uric acid solution
at scan rate 100 mVs~!. It could be seen that with the addition
of 10mM of uric acid, the oxidation peak current was increased
while reduction current suppressed, which showed the catalytic
properties of modified electrode towards the oxidation of uric
acid.

3.3. Optimization of uric acid biosensor

Cyclic voltammetric peak height of the modified electrode
consisting immobilized enzyme depends strongly on the type of
supporting electrolyte. Among different electrolytes, tested such
as HCl (1N) and KCI (1N), only KCI gave well-defined reduction
peak and hence used in the subsequent amperometric studies.
The optimum pH of the biosensor/immobilized uricase was 7.5,
which is slightly lower than that of free enzyme (pH 8.0), enzyme
bound to polyethylene terephthalate (PET) membrane (8.5) [42]
but higher than that of PANI/MWCNT/ITO electrode (7.0) [43]. The
decrease in optimum pH after immobilization might be either due
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Fig.3. Cyclicvoltammograms of (A)(a) PANI modified gold electrode, (b) c-MWCNT-
PANI modified electrode, and (c) PBNPs/c-MWCNT/PANI modified electrode and (B)
Uricase/PBNPs/c-MWCNT/PANI/Au electrode (a) without and (b) with 10 mM uric
acid.

to the presence of negatively charged matrix in surroundings (c-
MWOCNT) or alerted conformation of enzyme after immobilization.
The change in optimum pH of the immobilized uricase towards
the neutral side makes it more efficient in quantitative deter-
mination of uric acid in biological fluids like serum (pH 7.4), as
there will be no need to pre-treat the samples to adjust their pH
to electrode optimal range. The optimum temperature of biosen-
sor/immobilized uricase was 40 °C, which is higher than that of free
enzyme (30°C). Polyaniline (PANI) being a good thermal insulator
for enzymes might have provided the microenvironment to pro-
tect the enzyme from environmental and thermal variations, which
favors the repeated use of PANI-enzyme electrode [44,45]. The opti-
mum response of the present electrode was observed within 4s.
A fast response of present biosensor might be due to improved
electronic and ionic transport capacity of CHIT/c-MWCNT/PBNPs
nanocomposite film, as c-MWCNT provided a three-dimensional
electro-conductive network, which extended throughout the ion-
conductive matrix of CHIT [46] and that the PBNPs obtained larger
catalytic specific surface area and c-MWCNT could facilitate the
electron transport of PBNPs [47]. Also, there might be a syner-
gistic catalytic effect between PBNPs and c-MWCNT towards the
reduction of H,0,.

The response of the present electrode system in relation to the
change in uric acid concentration was found linear in the range of
0.005-0.8 mM (Fig. 4) with an apparent K, value of 0.058 mM. The
decrease in K, value for uric acid after immobilization indicated
increased affinity of immobilized enzyme towards its substrate.
This K, value was lower than that of polyaniline-polypyrrole film
modified platinum electrode (1.57 mM) [48], self-assembled mono-
layer on Au electrode (0.90 mM) [49] and polyaniline (7.83 mM)
[50].

The effect of biological components on the response of the
biosensor was evaluated by exposing the biosensor to some poten-
tial interferents in the reaction buffer at pH 7.5. The decrease in the
current was calculated as uric acid concentrations equivalence (i.e.
the concentration of uric acid that can produce the same decrease as
the interferents). Negligible interference was observed with ascor-
bic acid, urea, cholesterol, EDTA, Lactic acid, glucose and pyruvate
(Table 1), while no interference was observed with bilirubin, KCI,
Nacl, CaCl,, MgCl,, CaSO4 and ZnSO4.

3.4. Evaluation of the biosensor

There was a linear relationship between current and uric acid
concentration ranging from 0.005 to 0.8 mM in reaction mixture
(Fig. 5). The detection limit of the present electrode system was
5 WM (S/N =3).The percentage recovery of added uric acid in serum

Current {pA)
imax (mA)

20 0 20 40 60
1/Uric acid (mM)

0 02 0.4 06 08 1 1.2
Uric acid concentration (mM)
Fig. 4. Effect of substrate concentration on PBNPs/c-MWCNT/PANI modified Au

electrode. Inset: Lineweaver-Burk plot. Error bars represent the standard deviation
for three independent measurements.
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Table 1
Effect of interferents on the amperometric response of uricase bound PBNPs/c-
MWCNT/PANI modified Au electrode.

Compound added Concentration (physiological % Relative response?
conc. in serum)
None - 100.00 + 0.01
Ascorbic acid 3.40mM 88.40 + 0.64
Urea 0.10g/1 92.10 + 0.51
Cholesterol 2.00g/1 84.70 + 0.35
EDTA 2.00mM 79.33 + 0.57
Lactic acid 0.50 mM 91.60 + 0.72
Glucose 0.90¢g/1 89.45 + 0.36
Pyruvate 0.01¢g/1 93.90 &+ 0.30
2 The values are mean of 3 replications.
0.400
0.300
0.200
a
0.100
<
€ 0
-0.100
-0.200 {7 :
]
-0.300
-0.400 T T T T T T T T T T T T T
0 0.250 0.500 0.750 1.000 1.250 1.500 1.750
E/V

Fig. 5. Cyclic voltammograms recorded at different concentration of uric acid from
(a) 0.005mM, (b) 0.02mM, (c) 0.04 mM, (d) 0.06 mM, (e) 0.08 mM, (f) 0.1 mM, (g)
0.2mM, (h) 0.4mM, (i) 0.6 mM, and (j) 0.8 mM (scan rate: 100mVs-1).

(10 mg/l and 20 mg/l) was 95%+0.4 and 97%+0.4 (mean=S. D;
n=06), respectively, in the reaction mixture showing the efficiency
of the biosensor. The within and between batch coefficient of vari-
ation (CV) for uric acid determination in serum by the present
biosensor were 4.6% and 5.4% respectively indicating the repro-
ducibility and reliability of the method. The accuracy of the present
method was tested by comparing uric acid values in 11 serum
samples by the present method (y) with those obtained by kit
for enzymic colorimetric method (x). The values obtained by both
methods showed good correlation with r=0.99 with regression
equation, y=0.984x — 0.119 (Fig. 6). These results indicate the bet-
ter analytical performance of the present biosensor in biological
samples as compared to earlier biosensors [45].

9.
b
& o r=10.99
£ y = 1.0007x + 0.0467
> 7] R? = 0.9981
-}
5 %
23
\E,‘.:_ 51
T o
c E 44
[
(%)
2 3
=]
£ o
S
[
o1 . . . . . . :
1 2 3 4 5 6 7 8

Serum uric acid (mg/dl) by enzymic colourimetric method

Fig. 6. Correlation between serum uric acid values determined by standard col-
orimetric method employing free enzyme (x-axis) and the present by biosensor
employing uricase/PBNPs/c-MWCNT/PANI/Au electrode method (y-axis). Error bars
represent the standard deviation for three independent measurements.
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Fig. 7. Effect of storage at 4°C on the response of three similar uricase/PBNPs/c-
MWCNT/PANI/Au electrodes.

3.5. Reusability and storage stability of
uricase/PBNPs/c-MWCNT/PANI/Au electrode

Uricase/c-MWCNT/PBNPs/Au electrode storage stability was
tested by measuring activity of biosensor every week over 7
months. The uricase/PBNPs/c-MWCNT/PANI/Au electrode showed
practically 15% of their initial activity, after their regular use for
400x over a period of 4 months when stored at 4°C. Thereafter
a gradual but low decrease in its response was observed up to
7 months (Fig. 7). The enzyme electrode was constructed thrice
and effect of storage at 4°C was studied on the response of these
three similarly constructed electrodes. The results showed prac-
tically no variation in storage stability of the three electrodes. The
better shelf-life of present uricase/PBNPs/c-MWCNT/PANI/Au elec-
trode over previously reported sensors may be attributed to the

Table 2
A comparison of present uric acid biosensor with earlier reported amperometric biosensors.
Properties Zhang et al. [38] Ceteetal. [51] Aroraetal. [52] Arslan. [48] Bhambietal. [43] Chauhan and Present
Pundir [18]
Support for ZnO nanorods PPy PANI PPy & PANI  PANI/MWCNT AuNPs/MWCNT PBNPs/c-MWCNT/PANI
immobilization
Method of Crosslinking Crosslinking Glutaraldehyde Entrapment Covalent Covalent Crosslinking & adsorption
immobilization coupling
Linearity (mM) 0.005-1 0.005-1 0.01-0.6 0.002-0.08  0.005-0.6 0.01-0.8 0.005-0.8
Detection limit (M) 2 5 10 5 10 5
Response time (Sec) ND 330 60 70 8 7 4
Stability (days) 20 35 126 28 90 120 210

PPy: polypyrrole; PBNPs: Prussian blue nanoparticles; PANI: polyaniline; c-MWCNT: carboxylated multiwalled carbon nanotubes; ND: not detected.
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presence of carbon nanotubes with a large surface area and strong
affinity to bind with the enzyme.

A comparison of analytical and kinetic properties of present uric
acid biosensor with those of earlier uric acid biosensors is given in
Table 2.

4. Conclusion

A uric acid biosensor was constructed employing chitosan
glutaraldehyde cross-linked uricase immobilized on PBNPs/c-
MWCNT/PANI hybrid nanocomposites modified Au electrode. This
uricase/c-MWCNT/PBNPs/Au electrode showed improved perfor-
mance in terms of response time (4s), detection limit (5 pwM)
(S/N=3), reusability (more than 400x) and stability (7 months).
The PBNPs/MWCNT/PANI nanohybrid film can be potentially used
for improved performance of other amperometric biosensor also.
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