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Uric-acid-utilizing soil bacteria were isolated, and 16s rRNA sequence was studied for strain identification. The most
prominent uricase-producing bacterium was identified as Comamonas sp BT UA. Crude enzyme was extracted,
freeze-dried and its Km and Vmax were determined as 40 μM and 0.047 μM min−1ml−1 using Line-weaver Burke plot.
An activity of 80 U/mg of total protein was observed when cultured at 37°C for 84 h at pH 7. The purified enzyme was
used to measure uric acid by spectrophotometric method and electrochemical biosensor. In the biosensing system the
enzyme was immobilized on the platinum electrode with a biodegradable glutaraldehyde-crosslinked gelatin film
having a swelling percentage of 109±3.08, and response was observed by amperometry applying fixed potential. The
electrochemical process as obtained by the anodic peak current and scan rate relationship was further configured by
electrochemical impedance spectroscopy (EIS). The polymer matrix on the working electrode gave capacitive
response for the electrode–electrolyte interaction. The sensitivity of the biosensor was measured as 6.93 μAμM−1
with a sensor affinity [Km(app)] of 50 μM and 95% reproducibility after 50 measurements. The spectrophotometric
method could be used in the range of 6–1000 μM, whereas the biosensor generated linear response in the 1.5–
1000 μM range with a response time of 24 s and limit of detection of 0.56 μM. Uric acid was estimated in human
blood samples by the biosensor and satisfactory results were obtained.
[Ghosh T and Sarkar P 2014 Isolation of a novel uric-acid-degrading microbe Comamonas sp. BT UA and rapid biosensing of uric acid from
extracted uricase enzyme. J. Biosci. 39 805–819] DOI 10.1007/s12038-014-9476-2

1.

Introduction

Uricase (EC 1.7.3.3) is an oxidoreductase enzyme that catalyses the oxidation of uric acid to allantoin in the degradation pathway. The enzyme is found in mammals, insects,
plants, fungi, yeast and bacteria (Wallrath and Friedman
1991; Yamamoto et al. 1996; Montalbini et al. 1997). Many
uricase-producing microorganisms such as Bacillus subtilis,
Pseudomonas aeruginosa, Gliomastix gueg and Candida
utilis have already been studied with respect to their ability
to produce uricase enzyme (Huang and Wu 2004; Yasser
et al. 2005; Chen et al. 2008). Humans and other
higher primates are unable to produce uricase (Schiavon
et al. 2000) and are prone to disorders associated with uric
acid. Absence of uricase in humans is the result of two
Keywords.

mutations in the gene coding sequence causing premature
termination of the translation process (Saeed et al. 2004).
Uric acid is the metabolic end product of purine derivatives
in humans. Excessive production of uric acid may lead to
gout, hyperuricaemia and kidney disorder. Monitoring uric
acid level in blood and urine is essential for diagnosis of the
above diseases. Uric acid estimation by different analytical
methods such as colorimetry (Domagk and Schlicke 1968),
mass fragmentography (Gosta 1979), radiochemical-HPLC
method (Michael and Michael 1989), chemiluminiscence (Liu
et al. 1995; Lv et al. 2002; He et al. 2005; Chu et al. 2012),
fluorescent sol-gel method (Martinez-Pérez et al. 2003), enzyme electrode (Akyilmaz et al. 2003; Zhang et al. 2004) and
commercial uric acid kits (BioAssay Systems 2007) are available. Among all these clinical approaches, colorimetric
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method employing uricase and peroxidase is simple, sensitive
and specific (Zhou et al. 2005). However, the method is
expensive since two costly enzymes are used in the assay
procedure. Different biosensing procedures were developed
by immobilizing uricase with polyaniline (Uchiyama and
Sakamoto 1997; Kan et al. 2004; Arora et al. 2007),
polyaniline-polypyrrole film (Arslan 2008), polypyrrole
nanoelectrode (Yang et al. 2009), ZnO nanorods (Zhang
et al. 2004) and ZnO nano-flakes (Syed Usman Ali et al.
2012) on electrode surface. Many enzyme-less sensing systems were also reported for uric acid determination based on
nontronite-coated screen-printed electrode (Zen et al. 2002),
poly(p-toluene sulfonic acid)-modified electrode (Wang et al.
2006), poly(p-aminobenzene sulfonic acid)-modified glassy
carbon electrode (Tang et al. 2009), graphene modified graphite electrode (Malledesha et al. 2012) and glassy carbon electrode modified with graphene and poly(acridine red) (Li et al.
2012). However, these systems were inherently complicated,
and utilized expensive reagents and substrates. In our research
work, we attempted to check if any low cost, e.g. microbial,
source could be used instead of the costly enzyme uricase with
the same biosensor developed. We present a procedure for
production of low-cost, highly stable uricase enzyme from
a novel microbial source and also a new, sensitive and
low-cost electrochemical uric acid biosensor. Microorganisms that can utilize uric acid as a sole source of
nitrogen and carbon were isolated from poultry soil
and their uricase production abilities were analysed.
Some physicochemical parameters (such as carbon, nitrogen, phosphate sources and pH, etc.) were studied to
optimize uricase productivity. The extracted uricase from
the microorganism was used to construct a amperometric
biosensor to estimate uric acid in micro-molar concentration. The working electrode of the biosensor was
modified by immobilizing enzyme on glutaraldehydecrosslinked gelatin film. The modified electrode was
characterized by electrochemical impedance spectroscopy
(EIS) (Brett and Brett 1993; Krause 2003).
Gelatin is a macromolecule derived from collagen degradation. Gelatin inherently has a polyampholytic property
due to presence of both positively charged (arginine, lysine,
histidine) and negatively charged (glutamic acid and
aspartic acid) amino acids (Bigi et al. 2001). The unique
sequence of glycine, proline and 4-hydroxyproline is suitable for hydrogel formation by crosslinking with small
molecules containing reactive functional groups. Gelatin
can be crosslinked with other chemicals such as Glyoxal,
epoxides, isocyanates, formaldehydes, etc., but glutaraldehyde is most widely used for its efficiency as collagenous
materials stabilizer. Glutaraldehyde is easily available and is
inexpensive. At a temperature around 40°C gelatin aqueous
solutions are in sol state and thermoreversible gelling is
possible on cooling at 37°C. Gelling undergoes a
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conformational transition and partial recovery of collagen
triple-helix structure. In this process, glutaraldehyde
crosslinks the free amino groups of lysine or hydroxylysine
during gel formation. At neutral to slightly alkaline pH,
crosslinking is favoured by nucleophilic addition [ε-NH2
groups to the carbonyl groups (C=O) of aldehyde] and
protonation of –OH yields the conjugated Schiff bases
(Farris et al. 2010)].

2.

Experimental
2.1

Reagents

Uricase (EC1.7.3.3) from Candida utilis and horseradish
peroxidase (EC 1.11.1.7) were purchased from Sigma
(UK), and phosphotungstic acid, phenol and 4aminoantipyrine were purchased from EMerck (Germany).
Uric acid (UA), boric acid, borax, sodium chloride (NaCl),
glutaraldehyde (25 Wt %) and other chemicals were procured from Sigma, UK. Gelatin TypeA from porcine skin
(Bloom 90-110) was used. 18.2 MΩ Milli-Q (Millipore
India Private Limited) water was used for preparing buffer
and culture media. GeNeiTM SDS-PAGE kit (106168) was
supplied by Bangalore Genei, India. Human serum samples were collected from Megacity Nursing Home Pvt.
Ltd. (Kolkata ) from healthy volunteers. The ethical guideline by Indian Council of Medical Research (ICMR, New
Delhi, 2006) has been followed. The usual serum uric acid
level ranges from 2 to 7.5 mg dL−1(150 to 450μM) in a
healthy adult human. The samples were tested to measure
uric acid using biosensor to prove its sensitivity and
functionality.

2.2

Primary screening of bacteria for uric acid
degradation

Poultry soils are commonly considered to be rich in uric
acid since birds are uricotelic organisms. Poultry soil
was collected from East Midnapur (West Bengal, India)
and bacterial strains were isolated. Uric acid degradation
was screened by inoculation of bacteria (by making dots
with the inoculation loop) on nutrient agar plates as well
as Basal Trace (BT) agar plates containing uric acid as
the sole source of carbon and nitrogen. The agar plates
were incubated at 37°C for 72 h. The preliminary
screening was performed by monitoring the appearance
of clear zones around the colonies of bacteria indicating
zones of uric acid utilization (Yazdi et al. 2006). The
strains forming bigger zones in a shorter time were
selected for uricase production.

Microbial degradation and biosensing of uric acid
The following compositions (w/v) of growth media were
used:
Enrichment medium: 0.8 % Uric acid; 0.2 % K2HPO4;
0.05% KH2PO4; 0.01% MgSO4, 7H2O; 0.01% NaCl;
0.01% CaCl2; pH 7.5.
Basal-trace (BT) medium: 0.3% uric acid; 0.2%
K 2 HPO 4 ; 0.05%KH 2 PO 4 ; 0.01% MgSO 4 , 7H 2 O;
0.01% NaCl; 0.01% CaCl2; pH 7.0 and 1.0% (v/v) trace
element solution containing 5.0% FeSO4, 7H2O; 5.0%
CuSO4, 7H2O.
Nutrient agar-uric acid (NA-UA) medium: Peptone: 5.0;
beef extract: 3.0; NaCl: 2.0; Agar: 18.0; Uric acid: 3.0
all in g/L of Milli Q (18.2 MΩ) water and the pH was
adjusted to 7.0.

2.3

Uricase extraction, purification and assay

During aerobic batch culture, a 4 mL suspension was withdrawn and centrifuged (Hermle Z 32HK, Germany) at
10,000 rpm for 10 min at 4°C. The pellet was discarded
and supernatant was dialysed for separation of unutilized
salts of the primary growth media. Enzyme activity was
measured by standard spectrophotometry method (Zhou
et al. 2005) by quantitatively determining the amount of
quinoneimine formed in the uric acid-uricase catalysis in a
reaction mixture with peroxidase, 4-aminoantipyrine (4AAP) and phenol. The enzyme purification processes were
performed with 0.1 M sodium borate buffer at pH 8.5 at 4°C.
For salting out the proteins from the extract, solid ammonium sulphate was added to the enzyme solution and the
precipitate of the fractions from 30% to 80% saturation
was collected by centrifugation (10,000 rpm, 40 min, 4°C).
The enzyme was then dissolved in a 500 μL buffer, dialysed
against 0.01 M sodium borate buffer until the ammonium
sulphate was removed. The purified enzyme was collected
for further studies. The total protein content at each step was
determined by Bradford method (Bradford 1976) using BSA
as standard. SDS-PAGE (10%) was performed to determine
the molecular weight of enzyme with reference to Candida
uricase (Sigma) and molecular weight marker. Extracted
crude enzyme was subsequently lyophilized in a freeze drier
(ScanVac, CoolSafe, Germany) and stored at –20°C until
further use.
In the analytical procedure, a mixture of 0.60 ml sodium
borate buffer (0.1 M SB, pH 8.5) containing 2 mM uric acid,
0.15 mL 4-AAP (30 mM), 0.10 mL phenol (1.5% w/v) and
0.05 mL peroxidase (15 U/mL) was prepared. Crude enzyme
solution (0.10 mL) was added to the mixture and the change
in optical density was measured against a blank for 2 min at
540 nm using spectrophotometer (Helios γ UVG-094737,
Thermospectronic, UK). Uricase enzyme activity was
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measured in terms of international units (IU) per mg of
protein. One unit of enzyme is defined as the amount of
enzyme that produces 1.0 μmol of H2O2 per minute under
the standard assay conditions (Zhou et al. 2005).
2.4

Factors affecting uricase production

The production of uricase in the bacteria depends on several
factors. Thus, the effects of most important factors such as
sources of carbon, nitrogen, phosphate, amino acids and
vitamins were studied.

i)

Carbon source: The BT medium was supplemented
separately by 0.35% (w/v) of dextrose, fructose and
sucrose and the effects studied.
ii) Nitrogen source: Uric acid was excluded from BT
medium and supplemented by 0.3% (w/v) salts of
nitrogen such as NaNO3, (NH4)2SO4 ( inorganic )
and peptone (organic) as a sole source of nitrogen.
iii) Phosphate source: Different phosphate source such as
K2HPO4, KH2PO4, Na2HPO4, K3PO4 were supplemented with the fermentation medium at a concentration (0.25% w/v) equivalent to the concentration of the
basal phosphate source (0.2% K 2 HPO 4 + 0.05%
KH2PO4).
iv) Amino acids: The BT medium was supplemented by
0.05% (w/v) of cysteine, glycine, glutamic acid,
aspartic acid and phenylalanine separately.
v) Vitamins: The BT medium was supplemented by
0.02% (w/v) of ascorbic acid and yeast extract
separately.
vi) Initial pH of the medium: The microbes were cultured
in different pH media. The initial pH was adjusted to
5.2, 6.2, 7.0, 7.5, 8.0 and 8.5 to determine the optimum
pH for uricase activity.
To determine the effect of each factor, 0.3% (w/v) uric
acid was used for induction of uricase and all the cultures
were incubated Aerobic batch culture and consumption of
uric acid at 37°C.
2.5

Aerobic batch culture and consumption of uric acid

Aerobic batch cultivation was performed by inoculating harvested cells from a pre-culture with an optical density (O.D.) of
1.0–1.2 in 50 mL BT medium in a shake flask (250 mL) and
incubated at 37°C in a homogeneous shaking condition (120
rpm). The biomass of the culture and uric acid consumption
was determined by measuring optical density at 600 nm
(OD600) and 720 nm (OD720) in UV-Vis spectrophotometer
(Helios γ UVG-094737, Thermospectronic, UK) at a regular
time interval (Zhou et al. 2005).
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Uric acid was measured every 3 h interval. In this
procedure, 3 mL of culture was taken out aseptically and
1mL of 0.6 N NaOH was added, mixed well and centrifuged (Hermle Z 32HK, Germany) at 5000 rpm for 5 min at
room temperature. The cell pellet was discarded and 1ml of
saturated phosphotungstic acid was added to the supernatant. The phosphotungstic acid instantly formed a blue
colored complex due to reduction. The mixture was then
allowed to stand for 15 min at room temperature in a closed
container as aeration could decolorize the complex. The
reduction of phosphotungstic acid in alkaline reaction mixture was monitored at room temperature at 720 nm
(Buchanan et al. 1966) and uric acid concentration was
measured against standards.
2.6

Identification of the strain

The strain BT UA was subjected to 16s rRNA genome
sequencing (Sambrook and Russell 2001) using an automated DNA sequencer (MEGA BACE 1000, GE
Healthcare, USA). The ~1.5 kb region was sequenced by
internal sequencing primers (16SEQ4F, 16SEQ3F,
INS16SREV, 16SEQ2R, 16SEQ4R). The 16s rRNA sequence was evaluated by nucleotide BLAST and the bacterium was classified according to similarity to sequences
in the Gene Bank database.
2.7

Construction of biosensor

The Comamonas sp BT UA uricase could be applied in the
construction of uric acid biosensor. Uric acid is catalytically
oxidized by uricase enzyme in presence of excess oxygen.
Thus, uric acid could be estimated electrochemically
through amperometric response due to this oxidation reaction at applied oxidation potential (figure 1). In the threeelectrode sensory system, we used a platinum working
electrode, platinum counter and Ag/AgCl as reference electrode. Lyophilized BT UA uricase was immobilized on
working electrode using gelatin and glutaradehyde. The
reaction was scanned by varying potential using cyclic
voltammetry (CV).

and Ou 2005; Farris et al. 2010; Banerjee and Sarkar 2011).
In this process, gelatin film was allowed to crosslink in
presence of glutaraldehyde. The crosslinked film provide
suitable surface with protruding aldehyde groups (–CHO)
for uricase binding. The uricase was then allowed to bind at
room temperature (27°C). The modified Pt/gelatin/uricase
electrode was characterized by EIS and preserved at 4°C
until further use.
2.7.2 Measurement procedure: Voltametric experiments were
performed with a AUTOLAB potentiostat/galvanostat
(Ecochemie B.V. Netherlands) electrochemical analyser
(PGSTAT 12). The terminals of the working (WE), reference
(RE) and counter (CE) electrodes of the Autolab analyzer
were connected to the respective terminals of the sensor via
standard connectors and experiments were conducted and
monitored by GPES 4.9 software installed on a computer
interfaced with the Autolab analyser.
In the cyclic voltammetry (CV) the applied potential is
varied (at fixed scan rate) and the forward sweep gives rise
to oxidation current whereas backward sweep gives reduction current of the redox analyte. At a particular potential
anodic peak becomes the highest. The voltage at which
maximum oxidative current generated in the forward sweep
is the oxidation peak potential. Oxidation potential was
determined from the CV using 5–50 μM of uric acid in
0.1 M SB buffer (pH 8.5) between the potential ranges from
0.25V to 1.0V with an optimum scan rate of 50 mV per
second at 27°C. Amperometry was performed at the oxidation potential obtained from the CV for different concentrations of uric acid (1.5 to 50 μM). The response was
corrected by deducting the response for blank (without uric
acid) and calibration curve was constructed. Similar procedure was carried out using commercial uricase (Sigma EC
1.7.3.3) as a reference. The experiments were conducted to
inspect how the sensor worked with uricase enzyme for uric
acid detection in human blood serum. For this purpose,
blood serums were collected from laboratory personnel
and all the techniques, e.g. spectrophotometric analysis with
pure and crude enzyme, biosensing with crude enzyme
were conducted.
3.

2.7.1 Electrode preparation and immobilization of enzyme:
The working electrode was polished with active alumina
(0.05 micron) and washed three times with Milli-Q (18.2 M
Ω) water. The electrode surface was then cleaned with
ethanol in a sonicator bath for 10 min. Crude enzyme
powder was dissolved in 0.1 M SB buffer (pH 8.5) and
the freshly prepared BT UA uricase (0.5 U/mL) was
immobilized on the square Pt-working electrode surface
(1.1 cm × 1.1 cm) through cross linking with the help of
2.5% glutaraldehyde on 20% (v/w) gelatin matrix (Yang
J. Biosci. 39(5), December 2014

3.1

Results

Isolation of the strain and uric acid utilization studies

Six strains of bacteria isolated from poultry soil could
utilize uric acid in growth medium (NA-UA). These strains
were called as BT UA, BT Y, BT 102, BT 201, BT 202
and BT 302. The formation of zones of clearance
(figure 2a, inset) in uric acid agar plates indicated utilization of uric acid. The strain BT UA formed the biggest
zone at a faster rate and was thus selected for further study.

Microbial degradation and biosensing of uric acid
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Figure 1. Schematic diagram of experimental set up of biosensor and plausible reaction mechanism on electrode surface (WE= Working
electrode; RE= Reference electrode and CE= Counter electrode). Uric acid was oxidized to allatoin and hydrogen peroxide (H2O2). The
H2O2 then reduced to water by accepting electron from electrode surface.

Carbon sources (alternative to uric acid) like fructose supplement gave higher uricase activity than glucose and
sucrose. Investigating the effects of various nitrogen
sources, NH4+ was revealed to have an inhibitory effect
on uricase production. Activity of uricase changed with
individual phosphate supplements. Results (figure 2b)
showed that the combination of 0.2% K2HPO4 (w/v) and
0.05% KH2PO4 (w/v) could be the optimum for better
uricase production. Maximum enzyme activity thus could
be obtained using uric acid as the only nitrogen and carbon
source, whereas K2HPO4 and KH2PO4 might be required
as phosphate source. Among five different amino acid
supplements, only phenylalanine (figure 2b) exhibited half
of uricase activity than that given by uric acid supplement.
Ascorbic acid showed similar effect on uricase production
compared to phenylalanine and combined phosphate
sources. The initial pH of the medium had a considerable
effect on the uricase activity (figure 2b, inset). The activity
of uricase reached a maximum for initial pH of 7.0. Thus
pH 7.0 was used as the optimum pH for the strain BT UA
for all experiments.

3.2

Time course of uric acid consumption and uricase
production

Consumption of uric acid (figure 2c) was very high at initial
growth phases. Uric acid concentration decreased with increasing biomass with an average doubling time 52.67 min
in BT medium. The strain BT UA consumed about 86% uric
acid after 9 h and utilized 99% after 33 h. Uricase production
increased with increasing biomass of the culture. The highest
uricase activity (figure 2d) was obtained from mid-log phase
of growth kinetics and it was sustained up to 80th h postincubation. The strain was found to be produce extracellular
uricase, and so it was very easy to extract from suspension
culture.
3.3

Identification of strain

The strain BT UA was gram-negative, betaproteobacteria.
Colonies on agar (NB-UA) plate were translucent and moist.
The pigment of the colonies varied from white to pale
J. Biosci. 39(5), December 2014
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Figure 2. Uric acid degradation by the poultry isolates BT UA. (a) Area of uric acid utilization increases with incubation at 37°C for 72 h
on NA-UA medium. [Inset: Six pure isolated strains BT UA, BT Y, BT 302, BT 102, Bt 201, BT 202, showing formation of clear zones
around bacterial colonies]. (b) Effect of different nutrient sources on uric acid degradation rate represented as the rate of uricase reaction
[Inset: Effect of photon concentration on uricase reaction rate]. (c) Time course of cell growth with uric acid consumption, uric acid
degraded very rapidly within 9 h and it declined to 99% at 33 h of growth of BT UA. (d) Uricase activity with growing biomass of the strain
BT UA at 37°C in BT medium with uric acid. The results are mean ± SD of three sets of experiments.

yellow. The basic morphology was determined as slender
bacilli by scanning electron microscopy (figure 3a). BT UA
was classified as genera Comamonas, having 99% maximum
identity and 100% query coverage. The nucleotide BLAST
results (figure 3b) described scores of 16s rRNA sequence of
BT UA strain in comparison to similar strains. The gene
sequence of the identified strain was submitted to National
Center for Biotechnology Information (NCBI) and GenBank
(USA), and an accession number was obtained (GU265556).
The strain was submitted at the Microbial Culture Collection
of National Institute for Interdisciplinary Science and
J. Biosci. 39(5), December 2014

Technology (NIICC, NIIST-Kerala, India), which conferred
an identity number BT UA NII 1116. The new isolate was
phylogenetically compared with similar strains (figure 3c).
The branching pattern was generated by the neighbourjoining method (MEGA4 Genome sequencing software;
based on 1000 replications, bootstrap percentages above
50% are shown). The strain showed maximum uricase activity when induced at optimum conditions. The activity of
the crude enzyme was determined for different uric acid
concentrations (10–1000 μM). The Km and Vmax values
were evaluated from Line-Weaver and Burk plot

Microbial degradation and biosensing of uric acid
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Figure 3. Identification and uricase estimation of BT UA strain. (a) SEM images showing morphology of BT UA strain and basic
information from NCBI GenBank [Inset showing diplobacilli nature of BT UA strain], (b) NCBI nucleotide BLAST results of 16s rRNA
sequences. (c) Phylogenetic tree of BT UA strain showing relativeness with similar species. The branching pattern was generated by the
neighbour-joining method (MEGA4 Genome sequencing software; based on 1000 replications, bootstrap percentages above 50% are
shown), (d) The double reciprocal plot (Line Weaver-Burk Plot) showing enzyme reaction kinetics [Inset: SDS-PAGE for purified uricase
from BT UA (lane 1) showing about 35 kDa protein comparable with Sigma EC 1.7.3.3 (Candida utilis) uricase (lane 2). The inset table
showing purification of uricase produced by Comamonas sp. BT UA. The 70% cut gave rise to highest specific activity.

(LineWeaver and Burk 1934) and found to be 40.63 μM and
0.047 μM min−1 mL−1 of reaction mixture, respectively
(figure 3d). The uricase activity of the salt free pure uricase
in SB buffer (pH 8.5) after 70% cut was 80 U mg−1. A
prominent protein band was found with purified BT UAuricase on 10% polyacrylamide gel (figure 3d, inset). Sigma
EC 1.7.3.3 (Candida utilis) uricase was run for reference
molecular weight as well as subunit marker for uricase

enzyme. Uricase activity obtained for BT UA strain was
found comparatively high (table 1).

3.4

Storage stability

Enzyme extract was stored at 4°C and activity was measured using spectrophotometer (Helios γ UVG-094737,

Table 1. List of bacteria with uricase activities reported in the literature
Bacterial species
Arthobacter globiformis
Proteus vulgaris
Saccharopolyspora sp
Streptomyces graminofaciens
Pseudomonas aeruginosa
Bacillus thermocatenulatus
Microbacterium sp
Pseudomonas aeruginosa
Comamonas sp BT UA

Uricase activity
22 U/mg
8.7 U/mg
0.21 U/mL
8 U/mg
7.1 U/mL
1.25 U/mL
1.0 U/mL
40 U/mL
80 U/mg

References
Nobutoshi et al. 2000
Azab et al. 2005
Azab et al. 2005
Azab et al. 2005
Yasser et al. 2005
Zhou et al. 2005
Khucharoenphaisa and Sinma 2011
Anderson and Vijayakumar 2011
Present work
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Thermospectronic, UK) at regular intervals over the year. An
encouraging result of 95% activity retention was obtained up
to one year. Thus, the enzyme could be stored and used
conveniently for measurement of uric acid samples.

3.5

Characterization by electrochemical impedance
spectroscopy (EIS)

The Nyquist and Bode plots were obtained from the EIS
frequency scanning of bare Pt, Pt/Gelatin and Pt/Gelatin/
Uricase electrodes in 30 mM K 3 [Fe(CN) 6 ] containing
0.1 M KCl solution. The scanning frequency was set from

1 Hz to 1 MHz with modulation amplitude of 0.01V.
Figure 4A shows the Nyquist plot for the bare Pt, Pt/
Gelatin and Pt/Gelatin/Uricase electrodes. The real and
imaginary parts of the impedance were calculated using
frequency response analyser (FRA 4.9.006) system software
supported with potentiostat/galvanostat PGSTAT 12
(AUTOLAB, Ecochemie B.V. Netherlands). The obtained
complex plane plots Z′′ against real component of impedance (−Z′′ vs. Z′) were fitted with equivalent circuit model.
The best fit analysis was obtained by NOVA 1.9.16
(AUTOLAB; FRA compatible software). The equivalent
circuit was fitted as [R(C[R(Q[RW])])] for all the above
electrodes (figure 4A inset). Here, R referes as resistance of

Figure 4. EIS studies of modified electrode. (A) Nyquist plot of Pt electrode at different stages of modification within the frequency range
100 kHz to 1 Hz. [(a)Pt bare, (b) Pt/Gelatin, (c) Pt/Gelatin/Uricase]; Inset showing equivalent circuit model and Nyquist plot within the
frequency range 1 MHz to 1 Hz. (B) and (C) were the Bode plots. (B) Bode modulus showing characteristic regions like Rs, Cdl, Rct and
Zw when plotted against frequency in logarithmic scale. (C) Bode phase showing prominent phase shift from higher to lower frequency for
Pt/Gelatin/Uricase modified electrode. Inset showing phase shifting from near 45o to above 90o due to gelatin film corresponds to
supercapacitive behaviour.
J. Biosci. 39(5), December 2014
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three kinds i.e. the solution resistance (Rs), the coating
resistance (Rc) and the charge transfer resistance (Rct).
CPE referes to constant phase element (Q) and W is the
Warburg impedance (Zw) (Lisdat and Schäfer 2008). The
semicircle within the frequency range 1 MHz to 100 kHz, the
bulk resistance (Rs) was dominant which was almost absent
in case of bare Pt electrode. The gelatin film gave rise to an
insulating nature to the electrode with a prominent double
layer capacitance (Cdl) of 2.68 μF and coating resistance
(Rc) of 72.58 Ω due to gelatin coating (Kraus 2003). In the
Bode plot ( Z vs. Log10 f), the total impedance Z around the
higher frequency range represented the solution resistance
whereas the straight line region with a slope of −1 referred to
the double layer capacitance (figure 4B). At the lower frequency range, the Rct and Zw were not so prominent, but
showed their existence when scanned at very low frequency
range (1 Hz to 10 mHz). Another important observation was
the phase shift after the gelatin coating on the Pt electrode
that led to the phase angle above 90o (figure 4C inset)
corresponding to the supercapacitive nature of gelatin
(Choudhury et al. 2008; Ying Chen et al. 2013). The second
semicircle within the frequency range 100 kHz to 1 Hz
(figure 4A) was due to the interfacial resistance which was
actually a combination of charge transfer resistance (Rct)
and the Warburg impedance (W). The Warburg impedance
reflected the influence of the mass transport of the
electroactive species on the total impedance of the electrochemical cell and become prominent at lower frequencies
(1 Hz to10 mHz). The Rct could be calculated from the
semicircle obtained in the Nyquist plot. The Rct value increased from 4.99 Ω (bare Pt) to 9.53 Ω (Pt/Gelatin) due to
the formation of gelatin film on to the electrode surface. The
value was further increased to 21.03 Ω (Pt/Gelatin/Uricase)
due to crosslinking of enzyme on the gelatin surface. The
presence of Warburg impedance (Zw) actually depicted the
diffusion limited process. The Warburg coefficient was calculated as 0.83 ohm s−0.5 from the x-intercept of regression
line fitted at the diffusion limited part.
3.6

Electrochemical sensing of uric acid

The optimum potential for amperometric measurement of the
proposed biosensor was determined by performing CV studies. The measurements were carried out from 0.25 V to 1.0 V
at a scan rate 50 mV/s. The isoelectric pH of gelatin type A
was 8.5. The total charge of the gelatin matrix was neutral
(total of positive charges being same as all negative charges
in amino acids) in the reaction buffer and the activity of
uricase enzyme at pH 8.5 was the highest. The swelling of
modified gelatin film was 109±3.08% when allowed to
equilibrate in reaction buffer. The redox peak could be
considered as a result of oxidation of uric acid present in
the analyte solution since uricase is highly specific to uric
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acid. The distinct oxidation peak appeared at 0.517V generating a current of 380.4 μA for 50 μM of uric acid. Proportional increase in anodic peak current was obtained with
increased uric acid concentrations (figure 5a). To establish
the relationship between the anodic peak current and the
scan rate, CV was run at different scan rates (20 to
100 mV s−1) in presence of substrate (uric acid, 50 μM).
The anodic peak current was found proportional to the
square root of the scan rate in the above range. The linear
equation was obtained as Ipa = (1.01±0.015) v1/2 − (2.11±
0.086), with the correlation coefficient of 0.992, where Ipa
stands for anodic peak current expressed in μA. This indicated that oxidation process of uric acid on Pt/gelatin/uricase
transducer was a diffusion controlled process. The same had
been confirmed by the experimental results obtained by EIS
(figure 5b). The effect of uric acid on the Pt/Gelatin/Uricase
transducer was studied at a frequency range 100 kHz to 1Hz
in 30mM K3[Fe(CN)6] containing 0.1M KCl and 0.1M SB
buffer solution (1:1 v/v). The Rct value increased at the rate
of 0.067±0.0023 Ω μM−1 uric acid (value ± SD of five
consecutive tests). The Rs value remained same (12.75 Ω)
for all the sets which depicted the solution resistance
remained unaffected during experiment in presence of uric
acid.
3.7

Amperometric determination of uric acid

The amperometric measurement was carried out for different
concentrations of uric acid at a constant potential of 0.517 V.
The responses using modified Pt/gelatin/uricase electrode for
different concentrations of uric acid in the range of 1.5–
50 μM are shown in figure 5c. A linear response was
obtained in amperometry for the above-mentioned range of
concentrations with a correlation coefficient of 0.991. The
sensitivity of Pt/gelatin/uricase biosensor was calculated as
6.93 μA μM−1 at a signal-to-noise ratio 3. The time of
response was observed to be only 24 s. The same experiments were repeated with commercial uricase (Candida
utilis uricase, recombinant, expressed in Escherichia coli;
Sigma EC 1.7.3.3) to compare performances. The sensitivity
of BT UA uricase was much higher, as could be observed
from standard curve (figure 5c). This difference of sensitivity
was due to variable substrate affinity (Km) of uricase extracted from different microbial sources. As the electrode preparation protocol and amount of immobilized uricase were
same for both the cases (uricase from Candida utilis and
Comamonas sp. BT UA), the only difference was the quality
of the enzyme. The substrate affinity might vary from species to species. Similar results (i.e. different Km values) have
been reported by Zhou et al. for five different uricase producing bacterial strains (Zhou et al. 2005). The limits of
detection (three times the standard deviation at zero UA
conc./slope) (Banerjee et al. 2013) were determined for both
J. Biosci. 39(5), December 2014
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Figure 5. Construction of uric acid biosensor using BT UA uricase. (a) Cyclic voltammogram with increasing uric acid concentrations (5,
10, 15, 20, 30, 40 and 50 μM) in 0.1M SB buffer, pH 8.5 against blank at the potential range 0.25 to 1.0V with a scan rate of 0.05 V/s. The
anodic peak current was increased with increased uric acid concentration. (b) EIS: Effect of uric acid on the total impedance of Pt/Gelatin/
Uricase biosensing system. (Inset: Simple Randle’s circuit with Warburg impedance). (c) Standard curve of uric acid as a function of
response current was represented for BT UA uricase and Candida utilis (Sigma) uricase. BT UA system showed higher sensitivity at similar
conditions, [Inset: Line Weaver-Burk Plot of emzyme electrode kinetics. Response maxima [imax] and sensor affinity [K’m(app)] was
calculated from the intercepts of Y-axis and X-axis respectively.]

experiments, i.e. BT UA extracted enzyme (0.56μM) and
Candida uricase (1.77 μM). Since the electrode responses
were due to kinetic reactions, the apparent Michaelis-Menten
constant [K’m(app)] was calculated (figure 5c, inset). The
J. Biosci. 39(5), December 2014

Michaelis-Menten constant (Km) for free uricase was compared with that of immobilized enzyme [K’m(app)]. The
K’m(app) was defined as the enzyme (immobilized form)
affinity towards uric acid, i.e. the concentration of uric acid
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needed to achieve half maximum response for biosensor.
The imax parameter was defined as the maximum response
current generated per micromole of uric acid. The maximum
current response imax and K’m(app) were calculated from the
intercept and slope of the plot 1/current vs. 1/[S]. The imax
and K’m(app) were calculated as 238 μA and 50 μM respectively. The affinity towards the substrate was found to be
10 μM lower in immobilized enzyme than free one. The Pt/
gelatin/uricase sensor was tested for reproducibility of response for 10 μM uric acid up to a total of 50 measurements
and 95% of initial response could be retrieved on the 50th
measurement.
3.8

Interference study

Different interfering agents which might be present in human
serum such as glucose, ascorbic acid (AA), urea, xanthine,
etc., were added at various times in a dynamic amperometric
study to see if there was any response. Figure 6 depicts that
there was significant response when uric acid (UA) was
added to the electrolyte solution in comparison to other
interfering substances. In another set of experiments, the
possible interfering agents were used in several folds concentration of uric acid (10 μM) at an applied potential
0.517 V and amperometric response ratio (i.e. ratio of response current due to the interfering agent to that due to uric
acid) was calculated and presented in table 2. It could be
seen that interference due to the presence of the agents stated
above was negligible. It might be noted that various interfering agents would give different interferences provided
these were used in same concentrations. In our study, we
had tried to find the concentrations of these agents for which
the interference could be tolerable (2–10%). For example,
500 μM of glucose, i.e. 50 times the concentration of uric
acid (10 μM), did not give any noticeable interference
whereas 50μM of ascorbic acid and xanthine i.e. 5 times

the uric acid concentration gave similar interferences. Thus,
we have reported these concentrations giving similar tolerable interferences. The reasons for these agents giving interferences might be as follows: (i) Xanthine has a structural
resemblance with uric acid and ascorbic acid is an electrochemically active compound; (ii) both vitamin B12 and
bilirubin are electro-active substances (Vilakazi and
Nyokong 2000, Coleman 2006). It should be noted that
bilirubin and vitamin B12 showed highest interferences.
3.9

Performance of uricase sensing systems

The BT UA uricase was used for uric acid estimation in
comparison to phosphotungstic acid reduction method. The
enzyme was also used as a substitute of the commercial kit
enzyme in spectrophotometric analysis of uric acid. The
uricase-HRP spectrophotometic method showed a linear
range 6–1000 μM. The phosphotungstic acid reduction
method (spectrophotometric observation) could be used only
above 50 μM uric acid. The Pt/gelatin/uricase biosensor,
however, showed highest sensitivity amongst all these
methods and was responsive even for 1.5 μM of uric acid
with a linear response range of 1.5–1000 μM (figure 7).
3.10

Real sample analysis

The performance of the developed biosensing system using
BT UA uricase was tested for uric acid estimation in human
blood samples. The blood samples were collected from
diagnostic clinic and stored immediately in vials containing
anticoagulant ethylene diamine tetra-acetic acid (EDTA).
The blood plasma was separated from the EDTA-blood by
centrifuging at 3400g for 10 min followed by 10 times
dilution in 0.1 M SB buffer (pH 8.5), and 500 μL was used
for uric acid estimation using Pt/gelatin/uricase biosensor.
The sensing system also proved useful in uric acid estimation in human serum samples (table 3).
4.

Figure 6. Interference study of the Pt/gelatin/uricase biosensing
system. Effect of AA, urea, glucose, xanthine on response current
was shown in presence of UA.
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Discussion

Uricase enzyme plays an important role in purine metabolism and can be used in diagnostic laboratories for uric acid
estimation. The enzyme was found to be inducible and the
presence of uric acid in the medium is necessary for enzyme
formation (Azab et al. 2005). In this work, six bacterial
strains were isolated and these strains could utilize uric
acid as the sole source of carbon and nitrogen and could
convert uric acid to a soluble product. Lookwood and
Garrison (1968) reported that several microorganisms could
utilize uric acid as their sole source of nitrogen or satisfy
their nitrogen and carbon requirements through the production of uricase. This activity could be detected as clear zones
J. Biosci. 39(5), December 2014
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Table 2. Interference study of Pt/gelatin/uricase biosensor with
different concentrations of interfering agents in presence of 10 μM
uric acid
Interfering agents
Glucose
Ascorbic Acid (AA)
Urea
Xanthine
Vitamin B12
Bilirubin

CInterfering agent/
CUric acid*
50
5
50
5
1
2

IInterfering agent/
IUric acid†
0.054 ±0.034
0.043 ±0.047
0.056 ±0.015
0.108 ±0.069
0.03±0.079
0.019 ±0.092

The results are mean ± SD of four sets of experiments.
*CInterfering agent/CUric acid is the concentration of interfering agent
applied per unit concentration of uric acid.
†IInterfering agent/IUric acid is the current response obtained per unit
response current of uric acid.

accompanying the growth of microorganisms in solid agar.
Consumption of uric acid from BT growth media was estimated from the capability of the strain to synthesize uricase
enzyme for uric acid degradation. BT medium was primarily
a salt medium and uric acid was the only source of nitrogen
and carbon. The strains had to switch on uricase synthesis
mechanism to survive and grow. It could be seen from
figure 2b that different nutrient sources led to variation of
oxidation rates by uricase. The induction of uricase by the
bacteria was dependent on nutrients. The supplemented nutrient affected differently on uricase induction and this was
reflected in the variation of the oxidation reaction rate. Uric

acid supplement showed highest uricase activity. The identification was confirmed by 16s rRNA analysis, which is
considered as a powerful tool for deducing phylogenetic and
evolutionary relationships among bacteria, archaebacteria
and eukaryotic organisms. The strain Comamonas sp BTUA
was identified as novel strain that could utilize uric acid at
faster rate than other isolates. The consumption of uric acid
by this bacterium was about 99% in 33 h at 37°C. Most of
the microbial uricase from Microbacterium ZZJ4-1, Proteus
vulgaris 1753, P. vulgaris B317-C, Streptomyces
graminofaciens, Streptomyces albidoflavus and Streptomyces cyanogenus (Yokoyama et al. 1988; Azab et al. 2005;
Zhou et al. 2005; Kai et al. 2008) was intracellular, and cell
disruption was necessary to obtain the enzyme. However, in
some microbial resources such as Bacillus fastidiosus and
Pseudomonas aeruginosa (Saeed et al. 2004), extracellular
uricase has been found without cell disruption. The strain
Comamonas sp BT UA also produced extracellular uricase
after induced with uric acid. The specific enzyme activity of
the purified form was very satisfactory (80 U/mg protein).
It might be concluded from the experimental results that
uric acid played main role in the uricase induction for BT
UA strain whereas ascorbic acid might induce non-specifically. The purified enzyme showed a single protein band in
SDS-PAGE with 35 kDa. Uricase from different sources
may have different molecular mass. The Comamonas sp
BT UA uricase was applied for the construction of biosensor. The successful immobilization of the uricase on gelatin
film was investigated by EIS results. The capacitive nature
of gelatin film was also confirmed. Uricase binding gave
rise an increased charge transfer resistance (Rct) that was
probably for the insulating nature of most of the proteins.

Figure 7. Measurement of uric acid at micro molar level by three different methods. Amperometric biosensor using BT UA crude uricase
could measure in a wide range (1.5–1000 μM). Spectrophotometry method using BT UA uricase was responsive above 6 μM and
spectrophotometry through reduction of phosphotungstic acid could not be used below 50 μM.
J. Biosci. 39(5), December 2014
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Table 3. Uric acid levels in blood serum samples measured by clinic (spectrophotometry) and Pt/gelatin/uricase biosensor
Estimated†

Analyte

Clinical Report*

Spike

Expected

Laboratory personnel
blood plasma
I
II
III
IV
V

(μ mole/L)

(μM)

(μM)

(μM)

137
116
115
125
140

10
20
10
20
10

147
136
125
145
150

145.50
137.40
126.64
146.76
148.78

Recovery
(%)

±
±
±
±
±

0.16
0.12
0.13
0.17
0.19

98.97
101.02
101.31
101.21
99.18

The estimated values are mean ± SD of five sets of experiments.
Spectrophotometric method.
†
Dilution factor =10.
*

The Michaelis-Menten constant (Km) for free uricase was
lower than immobilized enzyme [K’m(app)]. This indicated
that the affinity towards the substrate was somewhat decreased by about 10 μM due to immobilization within the
gelatin film. However, the enzyme gave a reasonably prominent anodic peak in CV, and this resulted better response
than commercial enzyme in uric acid biosensing. The biosensor using uricase enzyme followed a diffusion controlled
mechanism with very low limit of detection and higher
sensitivity of 6.93μA μM−1. The effect of uric acid on the
total impedance of the sensing system was more conductive
than resistive in behaviour. The increase in the Rs and Rct
might be due to the formation of allantoin in the solution.
The sensor was very stable (50 measurements) fast (response time 24 s) and showed insignificant interference in
presence of common constituents in blood such as glucose,
ascorbic acid, etc. Biosensing of uric acid spiked blood
serum gave satisfactory results. There might be some limitations of the sensor technique described in this study. The
working electrode area and diffusion-limited process might
hinder response at high concentrations (>1 mM) due to
limited enzyme immobilization and restricted flow of analyte to the working electrode surface. Although the interference study was carried out with concentrations of the
interfering agents much above the usual concentrations in
blood serum (except glucose), direct measurement with
serum may give some undesired response due to response
from glucose. However, this could be overcome by using
diluted serum sample (and hence lowering the glucose
concentration) to avoid interference without sacrificing response of UA (since detection range is very wide, 1.5 μM
to 1 mM). The use of the crude enzyme in standard spectrophotometric analysis underscored the common estimation
procedure by phosphotungstic acid. The two major findings
of this research have been the isolation of Comamonas sp
BT UA for the production of uricase by substituting the
costly commercial enzyme and the construction of highly

sensitive, stable and interference-free biosensor for uric
acid.
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