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Abstract

The uricase (urate oxidase) enzyme was extracted from Pseudomonas aeruginosa and purified by ammonium sulphate
precipitation. The molecular weight of purified uricase was determined by SDS-PAGE electrophoresis using marker proteins
of known molecular weight. The optimum temperature, pH and the effect of various metal ions on uricase activity were
evaluated. The results showed that 70% ammonium sulphate concentration proved high uricase activity by 40.0 U/ml than
other concentration and cell free supernatant. The molecular weight of purified uricase enzyme was estimated to be 33 kDa
by SDS-PAGE profile. The optimum temperature and pH was detected at 35°C and 8.5 for maximum uricase activity. Metal
ions such as Co%, Mn2*, Mg2*, FeZ*, Zn2* and CuZ* were reduced the enzyme activity to 33.17%, 92.18%, 72.47%, 32.73%,
64.32% and 90.10%, whereas CaZ* enhanced uricase activity to 126%.
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INTRODUCTION

Uricase or urate oxidase (urate: oxygen oxidoreductase, EC
1.7.3.3) is an enzyme participating in the purine breakdown pathway,
catalyzing the oxidation of uric acid in the presence of oxygen to
allantoin and hydrogen peroxide [1]. Uricase enzyme is widely
present in most vertebrates but is absent in humans [2]. Higher
primates (apes and humans) lack functional uricase and excrete uric
acid as the end product of purine degradation [3, 4]. The level of uric
acid in blood increases over the normal value, can lead to gout
disease [5]. Gout is characterized by persistent hyperuricemia, which
results in the deposition of monosodium urate monohydrate (MSU)
crystals in the joints and periarticular structures and of uric acid
calculi in the urinary tract [6]. Elevated serum uric acid concentration
has been associated with, a significantly increased cardiovascular
risk [7], idiopathic calcium urate nephrolithiasis [8], and renal failure
[9]- A high level of uric acid was related to leukemia in children [10].
Uricase is useful for enzymatic determination of urate in clinical
analysis by coupling with 4-aminoantipyrine-peroxidase system [11].
Urate oxidase can be also used as protein drug to overcome severe
disorders induced by uric acid accumulation [12].

Many organisms including plants and microorganisms are
able to produce uricase. Uricase has been purified from leaves of
Cicer arietimum L, Vicia faba major L and Triticum aestivum L [13].
Proteus vulgaris (1753 and B-317-C), Streptomyces graminofaciens
and Streptomyces albidoflavus showed inducible uricase activity [14].
Several reports demonstrated that uricase is produced by bacteria
such as Micrococcus and Brevebacterium [15], Bacillus pasteurii [16],
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Proteus mirabilis [17] and E. coli [18]. Uricase was isolated from
Microbacterium sp ZZJ4-1 [19], and the uricolytic activity was
emphasized in Penicillium, Aspergillus, Alternaria and Fusarium spp
[20]. Yeast such as Candida tropicalis effectively induces uricase by
addition of uric acid in growth medium [21]. A study demonstrated
that several fungi such as Deuteromycotina, Zygomycotina,
Ascomycotina, Basidiomycotina and Mastigomycotina have an ability
to produce uricase [22]. Several investigators studied the purification
and characterization of uricase enzyme by microorganisms [23].

The aim of the present study was to investigate the purification
and optimization of uricase for protein structure analysis and to carry
out animal studies in the future for drug development. As per
literature survey this could perhaps be the first report in India.

MATERIALS AND METHODS
Microorganism

The bacterial strain used in this study was previously isolated
from poultry waste and was identified as Pseudomonas aeruginosa
by specific biochemical tests [24]. The P. aeruginosa growth was
optimized for mass level uricase production by using basal media
containing several components such as 10.0g dextrose; 2.0g yeast
extract; 3.0g uric acid and 5.0g NaCl. All ingredients were dissolved
in 1000ml distilled water with 7.0 pH. The dextrose and yeast extract
were used as a carbon and nitrogen source. The organism was
allowed to grown at 35°C temperature for 36 hours incubation to
obtain uricase for further analysis.

Uricase assay

The principle of enzyme measurement was as follows: uricase
could catalyze the oxidation of uric acid into allantoin and H202,
which was then measured by using a reaction system containing 4-
aminoantipyrine, phenol and peroxidase as chromogen. In practical
analysis, 0.1ml enzyme solution was incubated with a mixture of
0.6ml sodium borate buffer (pH 8.5, 0.1M) containing 2mM uric acid,
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0.15ml 4-aminoantipyrine (30mM), 0.1ml phenol (1.5%), 0.05ml
peroxidase (15U/ml) at 37 °C for 20 min [25]. The reaction was
stopped by addition of 1.0ml ethanol, and the absorbance at 540 nm
was read against the blank by a spectrophotometer. One unit of
enzyme was defined as the amount of enzyme that produces
1.0mmol of H202 per minute under the standard assay conditions.

Purification of Uricase

The enzyme purification processes were performed with 0.1
M phosphate buffer at pH 7.0 (buffer A) at 4 °C. Cells from 10.0 | of
media were harvested by centrifugation and washed twice with 50
mM phosphate buffer (pH 7.5), re-suspended in buffer A and
disrupted by ultrasonic oscillation (120 W oscillating for 3 s with 6 s
intervals, repeated 100 times). After the cell debris had been
separated by centrifugation, solid ammonium sulfate was added to
the enzyme solution and the precipitate of the fractions from 30% to
80% saturation was collected by centrifugation (8000 rpm, 40 min,
and 4 °C). The enzyme was then dissolved in a small amount of
buffer (2:1, volume of the buffer/weight of the precipitate), dialyzed
against 0.01 M phosphate buffer until the ammonium sulfate was
removed. The purified enzyme was collected for further studies.

SDS-PAGE protein Electrophoresis

The proteins were separated by SDS-PAGE electrophoresis
and the size of polypeptide chains of given protein can be
determined by comparing its electrophoretic mobility in SDS-PAGE
gel with mobility marker proteins of known molecular weight [26].

Characterization of purified uricase
pH value

To investigate the effect of pH on the activity of uricase, the
enzyme was assayed at different pH; 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0,
9.5 and 10.0 with the intervals of 0.5 and 100Mm buffers were used.
For 6.0-8.0 pH, phosphate buffer was used, and borate buffer was
used for 8.0-10.0 pH.

Temperature

To study the effect of temperature on uricase activity, the
standard enzyme reaction solution was pre-incubated at different
temperatures, 20, 25, 30, 35, 40, 45, 50, 55 and 60 °C for 5 min and
the enzyme solution was then added and incubated for 20 min at the
same temperature to measure its activity.

Metal ions

To study the effect of metal ions on uricase activity, the
different metal ions such as Ca?*, Co?*, Mn?*, Mg2*, FeZ*, Zn?* and
Cu?*were applied into the reaction mixture at 10-3M concentration.

RESULTS AND DISCUSSION

The present study was conducted to obtain the purified form
of uricase and to determine its optimum conditions for maximum
activity. In the first step, the uricase was obtained as a crude extract
from Pseudomonas aeruginosa and then the uricase was purified by
different concentrations of ammonium sulphate (30%, 40%, 50%,
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60%, 70% and 80%). The results presented in Table 1 indicates that,
70% ammonium sulphate concentration with dialysis shown to be
high uricase activity (40.0 U/ml) than 50% and 60% concentration
and cell free supernatant. There is no enzyme activity was noticed
with 30%, 40% and 80%. Similar result was observed from the
recent study that the ammonium sulphate 70% saturation proved to
be high uricolytic activity (146.84 U/ml) comparing with crude uricase
and other concentrations [27]. The previous study also reported that
P. aeruginosa uricase was purified using ammonium sulphate
selective precipitation (70% concentration) and dialysis [28]. A study
reported that the fractions with ammonium sulfate concentrations
from 65% to 80% had the highest uricase enzyme specific activity
[29].

Table 1. Purification of uricase enzyme produced by Pseudomonas aeruginosa

Ammonium sulphate Uricase activity

Concentration (%) U/ml
Crude 11.0

30 0

40 0
50 5.14
60 14.72
70 40.0

80 0

1 M

KDa

- 97

- 66

- 43

" - 31

Fig 1. SDS-PAGE profile of purified uricase

Lane1: Ammonium sulphate precipitate and dialyzed sample: Arrow indicates the
uricase (protein) band.
Lane M: Standard protein molecular weight marker.

The molecular weight of purified uricase was determined by
SDS- poly acrylamide gel electrophoresis (SDS-PAGE) using
standard marker proteins of known molecular weight. The results
given in Figure 1 showed that the molecular weight of uricase was
estimated to be 33 kDa. It was found and reported that the molecular
weight of purified uricase from Pseudomonas aeruginosa was 68.0
kDa for one subunit [28]. A study found that the purified uricase
enzyme by Microbacterium sp. strain ZZJ4-1 showed the molecular
mass was estimated to be 34 kDa by SDS-PAGE [29]. The previous
studies reported that molecular weight of uricase enzyme produced
and purified from Bacillus fastidiosus was 145-150 kDa (30), 34 kDa
uricase from Candida utilis [31] and 60 kDa uricase from Gliomastix
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gueg [27]. The present study was carried out to observe the effect of
different pH (6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 and 10.0) and
temperatures (20 - 60°C) on purified uricase activity. The result
recorded in Figure 2 & 3 shows that the highest uricase activity was
attained at pH 8.5 and 35°C temperature.
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Fig 2. Effect of pH on uricase activity
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Fig 4. Effect of metal ions on uricase activity

The recent study also reported that the maximum activity of
purified uricase produced by Gliomastix gueg was optimized at 35°C
temperature and 9.0 pH [27]. The previous study was observed that
the optimum temperature and pH for uricase activity of
Saccharopolyspora sp. PNR11 was 37°C and 8.5 [32]. The early
study documented that the optimum temperature and pH was 30°C
and 8.5 for purified uricase produced by Microbacterium sp. strain
ZZJ4-1 [29]. This experiment was carried out in order to study the
effect of various metal ions such as Ca?*, Co?, Mn?*, Mg?*, Fe?,
Zn%* and Cu2*on uricase activity. The results illustrated in Figure 4
that Ca?* enhanced the uricase activity to 126%, where as Co?,
Mnzt, Mg?*, Fe?*, Zn2* and Cu?* metal ions reduced the enzyme
activity to 33.17%, 92.18%, 72.47%, 32.73%, 64.32% and 90.10%
respectively. The earlier study reported that metal ions such as Co?*,

Mg2*and FeZ* reduce the enzyme activity and maximum increasing
of uricase activity was indicated in the presence of Ca?* ions [27].
The previous study also reported that the inhibition of uricase activity
was noticed with Co%, Fe?* and Zn?* and enhanced with Cu?* and
Ca?* [28]. The earlier study conducted the effect of metal ions on
uricase activity produced from Microbacterium sp. strain ZZJ4-1 that,
Mn2+, Fe®, Zn2* and Ca?* had no inhibitory activity on uricase
enzyme [29].

CONCLUSION

We demonstrated that the uricase enzyme by Pseudomonas
aeruginosa was purified using 70% ammonium sulphate precipitation
and dialysis. The optimum temperature and pH of purified uricase
was 35°C and 8.5 to get maximum enzyme activity. The metal ions
like Co2+, Mn2+, Mg2+, Fe2+, Zn2+ and Cu2+ reduced the enzyme
activity and the enhanced activity achieved with Ca2+. The purified
uricase enzyme will be investigated for proteomics and animal
studies in the future experiments.
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