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Improvement of uricase production from Bacillus subtilis RNZ-79
by solid state fermentation of shrimp shell wastes
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Abstract: Among various strains of Bacillus subtilis, the strain RNZ-79 was selected for this study due to the highest
uricase productivity in solid state cultures containing shrimp shell wastes, highest Vmax (0.42 μM mg−1min−1) and lowest
value of Km (56 μM). Maximum productivity was observed at pH 7.6 and 45◦C with an inducer concentration of 0.4% (w/v)
uric acid and moisture content of 80% (v/w). An inoculum of 7% (v/v) and particle size of 354–500 μm for substrate were
optimal for productivity after 54 h of fermentation. None of the tested carbon and inorganic nitrogen sources had stimulatory
effect on uricase productivity. KH2PO4 at 0.12% (w/v) was the best source of phosphorus. Final uricase productivity was
5.05-fold more than the initial productivity. Enzyme purification increased the specific activity to 25-fold with a recovery of
36%. Furthermore, the purified enzyme showed a molecular mass of 33.7 kDa. Purified uricase was optimally active at pH 8.0
and 40◦C and maximally stable at pH 7.0-10.0 and till 70◦C for 30 min. The half-life (t1/2) at 60, 70, 80, 90 and 100

◦C were
87.0, 56.6, 30.0, 24.2 and 15.6 min, respectively, and the calculated midpoint temperature (Tm) was 66.85◦C. Interestingly,
purified enzyme exhibited a good storage stability for 3 months and none of uric acid analogues were competitive inhibitor,
indicating a high specificity of uricase.

Key words: Bacillus subtilis; enzyme characterization; optimization of production; protein purification; solid state fermen-
tation; uricase.

Abbreviations: CB, corn bran; LSCs, liquid state cultures; LSF, liquid state fermentation; RB, rice bran; SBP, soybean
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Introduction

The purine degradation pathways lead to uric acid as
a common product. Further degradation can result in
different final products, from allantoin to ammonia and
CO2, the latter being the most frequent product. Hu-
mans lack uricase system, the formed uric acid is thus
excreted out of the body through urine (Werner &
Witte 2011). Under unbalanced situations, uric acid is
accumulated in blood over the standard value, leading
to some diseases, like gout, idiopathic calcium urate
nephrolithiasis and renal failure (Nakagawa et al. 2006;
Nanda & Babu 2014). Treatment of such conditions re-
quires the intake of exogenous uricase as a protein drug,
like Rasburicase� .
Uricase or urate oxidoreductase (EC 1.7.3.3) catal-

yses the oxidation of purine ring of uric acid to a well
water-soluble cyclic allantoin. It can be obtained from
different sources, such as animals (Wallrath & Fried-
man 1991), fungi (Yazdi et al. 2006), plants (Montalbini
et al. 1999), yeasts (Adámek et al. 1990) and bacteria
(Yamamoto et al. 1996; Nanda & Babu 2014).
Uricases have furthermore a beneficial use in the

enzymatic evaluation of uric acid concentration in urine
and blood for the diagnosis of gout disease (Kai et al.
2008). The concentration of uric acid can be estimated
by measuring the amount of hydrogen peroxide formed
with the 5-hydroxyisourate as the two end products of
the relevant enzyme-substrate (i.e. uricase – uric acid)
reaction.
Solid state fermentation (SSF) is an alternative

cultivation system for the production of microbial prod-
ucts. It has several advantages over the classical liq-
uid state fermentation (LSF). These include absence
of rigorous control of fermentation parameters, simpler
fermentation media, simple fermentation equipments,
lesser fermentation space, easier aeration, less effluent
generation, higher concentration of products and they
provide conditions closer to natural habitats of microor-
ganisms (Pandey et al. 1999). Fungi have been widely
utilized in SSF for production of enzymes and other
biomaterials, while bacteria have rarely been utilized
in SSF (Lonsane et al. 1992; Pandey et al. 2007).
In the present paper, we report the production of a

promising uricase from Bacillus subtilis strain RNZ-79
under SSF. The RNZ-79 uricase showed high thermal
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stability, pH stability, storage stability and high sub-
strate specificity towards uric acid suggesting its po-
tential for routine clinical application in measuring uric
acid levels in body fluids.

Material and methods

Materials
Shrimp shells were obtained from the Central Laboratory
for Aquaculture Research, present in Abbassa, Sharkia,
Egypt. In the preparation of shrimp shell powder (SSP),
the shells were washed keenly with tap water, dried, milled
and sieved to different diameters for using in conjunction
with uric acid as main carbon and nitrogen source for uri-
case biosynthesis. Sephadex G-75 FF and DEAE-Cellulose
were purchased from Amersham Pharmacia Biotec (Swe-
den). Xanthine-agarose, uric acid and uric acid analoguess
(allopurinol, oxypurinol, xanthine and hypoxanthine) were
from Sigma Chemical Company. Protein standards for SDS-
PAGE were purchased from Invitrogen (Shanghai, China).
Other chemicals employed in this study were of analytical
grade.

Microorganisms and cultivation conditions
Different strains ofB. subtilis from the culture collection of
the Laboratory of Bacteriology, Department of Microbiol-
ogy, Zagazig University, Zagazig, Egypt, were employed for
this study for uricase production by SSF technique. Bacte-
rial identification was confirmed based on the phenotypic
and biochemical characteristics outlined in the Bergey’s
Manual of Systematic Bacteriology. Strains were maintained
in 50% glycerol at –15◦C.

Uricase productivity by selected strains was tested onto
urate clearing medium containing (in g/L): bacteriological
agar, 15; yeast extract, 3; glucose, 2; and uric acid, 2; at pH
7.0. Dishes were then incubated for 72 h at 35◦C. A clear
zone around bacterial growth gave a confirmation of uric
acid degradation.

Medium preparation and cultivation conditions
Solid substrates [rice bran (RB), wheat bran (WB), corn
bran (CB), SSP and soybean powder (SBP)] were sundried,
crushed and used as substrates. Solid state cultures (SSCs)
were prepared in 250 mL Erlenmeyer flasks each contain-
ing 20 g powder of the solid substrate and 25 mL of min-
eral medium. The mineral medium contained (in g/L):
uric acid, 2.0; MgSO4.7H2O, 5; KH2PO4, 0.8; CaCl2, 0.1;
FeSO4 · 7H2O, 0.1; MnSO4 · 7H2O, 0.05; and ZnSO4 · 7H2O,
0.02; with pH adjusted at 7.0. The flasks were then auto-
claved at 121◦C for 30 min, then cooled and inoculated with
1% (v/v) bacterial suspension (3× 108 cells/mL). Screw cap
Erlenmeyer flasks were used to avoid water loss by evapora-
tion. Unless otherwise stated, culture incubation was done
at 40◦C for 72 h.

On the other hand, liquid state cultures (LSCs) were
prepared by suspending 1 g of solid substrate in 50 mL
of mineral medium in 250 mL Erlenmeyer flasks and ster-
ilized at 121◦C for 15 min. Each flask was seeded with
1 mL bacterial suspension (3 × 108 cells/mL) and shake-
incubated at 200 rpm for 72 h at 40◦C.

Enzyme assay and protein measurement
Uricase activity was measured according to Adámek et al.
(1989) by lowering in absorbance at 293 nm. To 2 mL of uric
acid solution containing 10 μg/mL of 0.1 M borate buffer
(pH 8.5) 1 mL of enzyme was added. Incubation was done

for 10 min at 35◦C and terminated by 0.2 mL of 0.1 M KCN
solution. In the blank sample, the KCN solution was added
to the mixture prior the addition of enzyme. Absorbance of
both samples was measured at 293 nm and the difference
of reading was equivalent to the decrease of uric acid con-
centration during reaction. One unit of the uricase activity
is equal to enzyme concentration, which converts 1 μmole
of uric acid to allantoin per min under standard assay con-
ditions. The protein concentration was measured according
to Lowry et al. (1951).

Enzyme extraction
At the end of fermentation period, uricase was extracted
from the fermentation solids by addition of 0.1 M phosphate
buffer at pH 7.0 (buffer A) and keeping the flasks on a ro-
tatory shaker at 150 rpm for 1 h at room temperature. The
suspension was filtered through Whatman No. 1, then cen-
trifuged at 7,000 × g for 10 min. For each 1 g dry substrate
taken, exactly 4 mL enzyme extract was recovered.

Enzyme purification
Uricase was purified after optimizing the major physical
and nutritional factors affecting productivity under SSF.
This was done in four steps including fractional precip-
itation with (NH4)2SO4, anion-exchange chromatography
(DEAE-Cellulose), gel filtration chromatography (Sephadex
G-75 FF) and affinity chromatography (Xanthine-agarose),
respectively. All purification procedures were done at 4◦C.
Exactly, 3.87 L filtrate was recovered from fermented solids,
then solid (NH4)2SO4 was added. The precipitate of 50–
80% (NH4)2SO4 fraction was collected by centrifugation
(7,000 × g for 10 min, 4◦C). Crude enzyme was then dis-
solved in least volume of buffer A, and dialyzed against the
same buffer until complete removal of (NH4)2SO4. The dia-
lyzed enzyme was then applied to DEAE-Cellulose column
(3 × 30 cm2) previously equilibrated with buffer A and then
eluted with buffer A in a linear gradient of 0–1 M KCl (flow
rate: 2 mL/min). Fractions with uricase activity were pooled
and lyophilized. The obtained uricase was subsequently dis-
solved in least volume of buffer A, dialyzed with the same
buffer containing 0.1 M KCl and applied to Sephadex G-
75 column (3 × 50 cm2) equilibrated with the same buffer.
Crude uricase was then eluted with the same buffer (flow
rate: 2 mL/min) and fractions with the highest activity were
pooled and applied to Xanthine-agarose column (1 × 5 cm2)
previously equilibrated with 20 mM phosphate buffer (pH
7.8) with 2 mM 2-mercaptoethanol and 0.5 mM ethylenedi-
aminetetraacetic acid (buffer B) at a flow rate of 10 mL/h.
After enzyme adsorption, the column was washed with 15
mL of buffer B followed by 10 mL of 20 mM KCl in the same
buffer. Enzyme was then eluted specifically with 0.5 mM
uric acid in the same buffer (Alamillo et al. 1991). Active
fractions were lyophilized and then the SDS-PAGE was car-
ried out to determine molecular mass and to ensure homo-
geneity of enzyme. SDS-PAGE was performed as described
by Laemmli (1970), using 5 and 15% (w/v) stacking and
separating gels, respectively.

Biochemical characteristics of purified enzyme
The influence of the pH on uricase activity was studied by
incubating the enzyme in three buffer systems (0.1 M citrate
for pH 5.0–6.0, 0.1 M phosphate for pH 6.0–8.5 and 0.1 M
borate for pH 8.5–13.0) with uric acid as substrate at 35◦C.
The pH stability of the purified uricase was tested at the
same range by pre-incubating enzyme solution for 30 min at
35◦C without substrate. At the end of incubation, remaining
activity was measured at pH 8.0 and 35◦C.
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Table 1. Uricolytic activity of selected strains of B. subtilis in liquid and solid state cultures containing different solid substrates.a

Uricolytic activity (mU/mL)

Strain Wheat bran Rice bran Corn bran Soybean Shrimp shell

LSF SSF LSF SSF LSF SSF LSF SSF LSF SSF

B. subtilis K-22 121 134 99 141 74 181 166 235 182 221
B. subtilis K-42 84 95 72 73 95 110 146 179 131 81
B. subtilis RNZ-79 192 245 176 226 144 209 207 288 204 323
B. subtilis SCI-63 51 83 22 62 57 39 102 143 22 89
B. subtilis WSF-19 65 97 88 116 71 141 139 191 192 217
B. subtilis ZU-50 77 85 33 76 46 66 52 86 95 171

a LSF, liquid state fermentation; SSF, solid state fermentation.

The influence of temperature on uricase activity was
studied by incubating the enzyme preparation in potas-
sium phosphate buffer (0.1 M, pH 8.0) with uric acid as
substrate at various temperatures (20–90◦C). The thermal
stability was determined by subjecting the enzyme to vari-
ous temperatures (60–100◦C) without substrate. After 15 to
60 min, tubes were cooled and residual activity was deter-
mined under optimized conditions. Storage stability at 4◦C
and pH 8.0 was also tested. Uricase was stored for 3 months
in several organic solvents (acetone, acetonitrile, ethanol,
isopropanol, ethyl acetate, dimethylsulfoxide, dimethylfor-
mamide and diethyl ether) at 20% (v/v) concentration and
then the remaining activity was measured at 40◦C and pH
8.0. Uric acid analogues (oxypurinol, allopurinol, xanthine
and hypoxanthine) were tested at 0.1 mM concentration as
alternative substrates for uricase under standard assay con-
ditions applied for uric acid.

Statistical analysis
All experiments were performed in triplicates unless other-
wise specified. The results data were presented as averages
of triplicates ± SDs.

Results and discussion

Uricase is a therapeutic protein used widely to solubilize
urate crystals in gout and hyperuricemia by catalysing
the enzymatic oxidation of uric acid. For this, uricases
from several microorganisms have been isolated. To the
best of our knowledge no single report described uricase
production under the SSF. B. subtilis is a common uri-
case producer (Schultz et al. 2001; Huang & Wu 2004;
Pfrimer et al. 2010) and a producer of biomaterials un-
der SSF (Krishna & Chandrasekaran 1996; Pandey et
al. 1999; Baysal et al. 2003). For this, different strains
of B. subtilis obtained from the culture collection of our
laboratory were selected for this study with the aim to
maximize uricase production by SSF technique.
Uricases of tested strains were of extracellular-type

as there was no enzymatic activity inside bacterial cells
as reflected by cell disruption. Extracellular uricases
were also reported for some bacterial resources, such
as Bacillus fastidiosus (Bongaerts et al. 1978), Pseu-
domonas aeruginosa (Saeed et al. 2004; Abd El Fat-
tah et al. 2005),Microbacterium sp. ZZJ4-1 (Kai et
al. 2008), Bacillus thermocatenulatus (Lotfy 2008) and
Bacillus cereus strain DL3 (Nanda & Babu 2014). How-
ever, uricases of Aspergillus flavus, Neurospora crassa,

Mucor hiemalis (Yazdi et al. 2006), Candida albicans
and Candida utilis (Yokoyama et al. 1988) are intra-
cellular, the cell disruption is thus required for enzyme
extraction.

Substrate and strain selection
Table 1 shows uricase productivity by selected strains
of B. subtilis in both LSCs and SSCs containing sev-
eral nutritional solid substrates (SBP, WB, RB, CB
and SSP). All investigated strains at most treatments
showed higher uricase productivity in SSCs in compari-
son with LSCs. The superiority of SSCs over submerged
types for the production of some enzymes by microor-
ganisms may be due to their growth under conditions
similar to their natural habitats (Pandey et al. 1999,
2007). Figure 1a shows the best enzyme productivities
by the tested strains. Strain RNZ-79 was found to pro-
duce the highest levels of uricase in cultures containing
SSP as a nutritional substrate (thus SSF increased en-
zyme productivity by 1.6-fold). It was followed by strain
K-22 grown in SBP matrix (thus SSF increased enzyme
productivity by 1.4-fold). RB and CB proved to be the
least favourable for uricase production by the tested
strains. This may due to much fibres and lesser miner-
als, carbon and nitrogen content.
Low value of Michaelis-Menten constant Km is

very important for clinical and industrial enzymes; thus
measuring of the uricase Km was especially mentioned
in most reports dealing with this enzyme. To deter-
mine the kinetic parameter Km for uricases produced
from selected strains of B. subtilis, uric acid was used
as substrate. The constant Km was determined from
the intercepts and slopes of the regression lines of the
Lineweaver-Burk plot (Fig. 1b) by determining the en-
zymatic activity at 35◦C. The apparent Kmvalues for
crude uricases from strains K-22, K42, ZU-50, SCI-63,
RNZ-79 and WSF-19 were 101, 383, 186, 121, 56 and
328 μ M, respectively.
The lowest value of Km was determined for uri-

case of strain RNZ-79 (56 μM) and was less than
that reported for Arthrobacter globiformis FERM BP-
360 (75 μM; Suzuki et al. 2004), Bacillus sp. TB-90
(75 μM; Yamamoto et al. 1996), Microbacterium sp.
ZZJ4-1 (310 μM; Kai et al. 2008), B. thermocatenula-
tus (250 μM; Lotfy 2008) and B. fastidious A.T.C.C.
26904 (204 μM; Zhao et al. 2006). But it was higher
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Fig. 1. (a) Urate plate showing the best activity of crude uricases of selected strains of B. subtilis on medium containing 0.2% uric acid
and 1.5% agar with pH adjusted at 7.0 after being incubated at 35◦C for 24 h. Strains RNZ-79, WSF-19 and ZU-50 crude enzymes
produced the highest uricolytic activity in medium containing SSP, while strains K-22, K-42 and SCI-63 produced the highest uricolytic
activity in medium containing SBP as a solid substrate. (b) Lineweaver-Burk plot of uricases produced by tested strains of B. subtilis.
The abscissa and ordinate indicate the reciprocal of substrate concentrations and uricase activity, respectively.

than that observed for the recombinant urate oxidase
of Bacillus sp. TB-90 (14 μM; Hibi et al. 2014). The
strain RNZ-79 was selected for further study due to
the highest uricase productivity (Table 1 and Figure
1a) and the lowest Km value (Fig. 1b).

Profile of enzyme production
There was no detectable intracellular or even extracellu-
lar uricases from the tested strain in absence of enzyme
substrate (uric acid). Thus the uricase of strain RNZ-
79 was a uric-acid-inducible enzyme. Initially 0.2%
(w/v) of uric acid was used in culture media for en-
zyme induction. Inducible uricases were also reported
in LSCs for B. cereus strain DL3 (Nanda & Babu 2014),
M. hiemalis (Yazdi et al. 2006) and B. thermocatenu-
latus (Lotfy 2008) with best concentrations at 0.2, 0.7
and 0.3% (w/v) of uric acid, respectively.
Time course of uricase production by the strain

RNZ-79 in presence of uric acid and SSP was explored
(data not shown). Visual bacterial growth was observed
after 12 h followed by formation of extensive wrinkled
bacterial pellicle on SSP surface characteristic of B. sub-
tilis, which gradually increased in density and wrin-
kling by time. Visual inspection indicated that bacte-
rial cells impregnated the whole substrate within 24 h,
while un-inoculated blanks showed no detectable bac-
terial growth. Uricase productivity was not significant
during the first 24 h of fermentation, thereafter, the
enzyme concentration increased reaching the maximum
after 54 h, then it gradually decreased with longer fer-
mentation periods. This result disagreed with that of
LSCs of P. aeruginosa (36 h; Anderson & Vijayakumar
2011).

Effect of inoculum ratio
Each 1 mL inoculum was adjusted to 3 × 108 cells using
1.0 McFarland standard solution according to McFar-
land nephelometric method (Bailey et al. 1986). Op-
timization of inoculum (Fig. 2a) indicated that maxi-
mal enzyme productivity was obtained at 5–10% (v/v)
(based on the volume of mineral solution), whereas the
enzyme productivity was lower when inocula were be-
yond this range. This may be attributed to the high
moisture content introduced by large inoculum sizes,
while small inocula could not initiate fermentation pro-
cess easily due to few number of cells. In this con-
nection, Nanda & Babu (2014) reported 5% (v/v) in-
oculum for maximum uricase productivity in LSCs of
B. cereus DL3.

Effect of moisture level
Water is used in limited volumes in SSF and it is a basic
parameter for mass transfer of solutes across cell mem-
brane and has desirable effects on the physicochemi-
cal properties of nutritional solids, which in turn af-
fects enzyme productivity. The control of moisture level
could thus be used to control and modify the metabolic
activity of the fermenting microorganism (Lonsane et
al. 1992). The correlation between enzyme productiv-
ity and moisture level of SSP was studied (Fig. 2b). It
was found that, 60–90% (v/w) moisture level resulted
in maximal uricase production after 54 h of fermenta-
tion process and out of this range, there was no fur-
ther uricase productivity. Lower moisture level led to
sparse growth and dry culture resulting in lower uricase
productivity, while high moisture level led to decreased
porosity resulting in an additional barrier for diffusion
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Fig. 2. Effect of inoculum size (a), moisture level (b), initial pH (c), fermenting temperature (d), uric acid concentration (e), soybean
flour concentration (f), phosphorus source (g) and essential minerals (h) on uricase productivity by B. subtilis RNZ-79 under solid
state fermentation.

of bacterial cells into the substrate. Thus, moisture level
of 80% (v/w) was adapted in the following experiments.
In general sense, it has been stated that filamentous
fungi (20–70%) and yeast (60–70%) prefer relatively low
moisture values for enzymes productivity, whereas bac-
teria prefer higher moisture values with solid matrices
(Pandey et al. 1999, 2007).

Effect of substrate particle size
Particle size directly affects porosity and surface area
of the nutritional substrate. It also affects the inter-
change with bacterial growth, mass and heat transfer
during SSF process. In this experiment shrimp shell
was air dried at room temperature, milled and sieved
through American Standard Sieves No. 18, 20, 35, 45,
80, 140 and 170 to get different particle size fractions
(>1000 μm, 1000–841 μm, 841–500 μm, 500-354 μm,

354–177 μm, 177–105 μm and <105 μm, respectively)
of SSP matrix. Best results of uricase productivity were
obtained with substrate particles of 354-500 μm (626
mU/mL), followed by 500-841 μm (586 mU/mL). The
lowest productivity was obtained with substrate par-
ticles lesser than 105 μm (516 mU/mL). With sig-
nificantly smaller size substrate particles, the poros-
ity was less but the surface area was greater so that
bacterial cells could not reach deep into pores and
hence between particles. Visual assessments of bacte-
rial growth showed that bacterial growth was greatly
stimulated and was mainly restricted to culture sur-
face. On the other hand, with extra larger substrate
particle sizes, bacterial growth extended into interpar-
ticle voids with decreased surface growth and enzyme
productivity (Pandey et al. 1999, 2007). The two oppos-
ing factors, increase in porosity and decrease in surface
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area may have been compensated to approach a value
corresponding to optimum bacterial growth and uricase
productivity at particle size of 354–500 μm. Compari-
son of particle size effect with other enzymes produced
by B. subtilis under SSF revealed that the α-amylase
production by B. subtilis was maximally attained with
banana fruit stalk particles of 400 μm (Krishna & Chan-
drasekaran 1996) and rice husk particles of 500 μm
(Baysal et al. 2003).

Effect of pH and temperature
Results presented in Figure 2c clearly show the depen-
dence of uricase productivity on the initial pH of the
fermentation medium. The pH 7.6 was optimal for max-
imal uricase production from B. subtilis RNZ-79. The
optimal uricase productivity near the neutral pH range
may be due to the maximum activity of H+-pumping
ATPase, the balance of the ionic strength of plasma
membrane and the optimum fluxing of ions that in-
fluence the activities of bacterial calmodulin homologs
and adenylate cyclase (Swan et al. 1987). In this con-
nection, pH 7.0 was reported for maximum uricase pro-
duction by LSCs of B. thermocatenulatus (Lotfy 2008),
P. aeruginosa (Anderson & Vijayakumar 2011) and
B. cereus DL3 (Nanda & Babu 2014).
Concerning the effect of incubation temperature

upon uricase productivity (Fig. 2d), 45◦C was optimal
for attaining maximum enzyme production. This re-
sult disagreed with the results of uricase production by
LSCs of P. aeruginosa (35◦C; Anderson & Vijayakumar
2011) and M. hiemalis (30◦C; Yazdi et al. 2006).

Effect of carbon and nitrogen augmentation
Although we used SSP and uric acid as the main C/N
source in this study, we tested the effect of further C/N
augmentation in order to maximize uricase productivity
at the highest levels. Several carbon sources (fructose,
saccharose, lactose, glucose, starch, sodium acetate and
citric acid) were studied at 1% (w/v) and the results
showed that none of them significantly increased uri-
case production of B. subtilis RNZ-79 in comparison
with blank (presence of SSP and uric acid as the sole
carbon source). Thus in all experiments, uric acid was
used as an enzyme inducer and as C/N source along
with SSP, and no additional carbon source was added
as an augment. The effect of uric acid concentration on
uricase productivity was studied. The optimal concen-
tration was found at 0.4% (w/v), while higher concen-
trations of uric acid inhibited the uricase productivity
(Fig. 2e).
The effects of nitrogen source, i.e. beef extract, soy-

bean, peptone, yeast extract, sodium glutamate, casein
and ammonium salts (sulphate, acetate, chloride and
nitrate) on uricase productivity by B. subtilis RNZ-79
were also studied in comparison with blank (presence
of SSP and uric acid as the sole C/N source) at 0.5 %
(w/v) concentration. Results showed (data not shown)
that inorganic nitrogen sources had not a stimulation
effect on uricase production. The possible reason is that
complex nitrogen sources contain several readily avail-

able amino acids that could be metabolized directly by
cells to initiate growth and consequently promoting uri-
case productivity. Among the complex nitrogen sources,
SBP flour was the best source. To determine the op-
timal value of SBP flour, several concentrations (0.2–
2.0%, w/v) were tested. The optimal uricase production
(1,392 mU/mL) was observed at 0.6% (w/v) with 1.1-
fold higher than that of blank (Fig. 2f). In the contrary,
Yazdi et al. (2006) found that, both organic and inor-
ganic nitrogen sources did not enhance the uricase pro-
ductivity of M. hiemalis; furthermore they used 0.7%
(w/v) uric acid as enzyme inducer and nitrogen source.
The maximal enzyme induction level for C. utilis was
obtained at 0.6% (w/v) uric acid in a basal medium con-
taining uric acid as the sole nitrogen source (Liu et al.
1994). However, in the study of Adamek et al. (1990),
uricase induction was better in presence of hypoxan-
thine than of uric acid. In addition, B. cereus DL3 and
C. tropicalis utilized 0.2 and 0.25–0.6% (w/v) of uric
acid for maximum uricase production in LSF (Tanaka
et al. 1977; Nanda & Babu 2014).
The dependence of uricase production on further

nitrogen augmentation and the independence on fur-
ther carbon augmentation may be attributed to the fact
that nitrogen limiting conditions may lead to an over-
all drop in the cell energy pool due to the consumption
of intracellular ATP and GTP via the purine degrada-
tion and salvage pathways (Abd El Fattah et al. 2005).
Another reason comes from the available sequence data
for B. subtilis genome for the potential involvement of
catabolite repression protein during uricase productiv-
ity and that B. subtilis purine degradation operon (puc)
is directly operated by at least three general regulators
including TnrA, a regulatory protein that is involved in
the activation of nitrogen-regulated genes in response
to nitrogen limiting growth conditions (Brandenburg et
al. 2002).

Effect of phosphorus source
Phosphorus belongs to the crucial elements controlling
signal transduction, integral structure, viability and cel-
lular reactions of microbial cells, which in turn affects
enzyme productivity. Data shown in Figure 2g show the
variation of phosphorus sources on uricase production
from tested strain. The maximum enzyme productivity
(1,423 mU/mL) was obtained using 1.2 g/L KH2PO4,
followed by 0.8% g/L K2HPO4. On the other hand, uri-
case productivity was relatively decreased in the pres-
ence of NaH2PO4 and Na2HPO4. Similar result was
obtained for uricase production by LSCs of P. aerugi-
nosa (Abd El Fattah et al. 2005). The preferential use
of potassium dihydrogen phosphate (KH2PO4) could
be explained on the basis of the fact that potassium
as monovalent cation (K+) at lower number of atoms
may be better to enhance membrane depolarization and
cellular transport across bacterial cells.

Effect of minerals
Minerals greatly affect enzyme production as they are
utilized by bacteria in the biosynthesis of metaloen-



Uricase production under solid state fermentation 235

Fig. 3. Elution profile of uricase enzyme on DEAE-cellulose (a), Sephadex G-75 FF (b) and xanthine-agarose (c). The empty curcles
and filled squares represent protein content (A280) and enzyme activity (mU/mL), respectively. The DEAE-cellulose and Sephadex
G-75 columns were eluted with phosphate buffer with a linear gradient of 0-1 M KCl and 0.1 M KCl, respectively, whereas the
xanthine-agarose column was previously equilibrated with phosphate buffer containing 0.5 mM ethylenediaminetetraacetic acid and
2 mM 2-mercaptoethanol (buffer B). After enzyme adsorption, the column was washed with 15 mL of the buffer B followed by 10 mL
of 20 mM KCl in the buffer. Uricase was then eluted with 0.5 mM urate in the same buffer. (d) SDS-PAGE pattern of uricase. Lane M
represents the standard protein markers, while lane 1 represents the purified enzyme after application of 10 μL of 2 mg/mL protein
sample.

zymes. Through this experiment, productivity of the
uricolytic enzyme was tested when some mineral salts
(CaCl2, ZnSO4 ·7H2O, MnSO4 ·7H2O, FeSO4 ·7H2O
and MgSO4 ·7H2O) were added to the fermentation
medium (Fig. 2h). The maximum enzyme productiv-
ity was obtained at 0.9, 0.008, 0.002, 0.002 and 0.005%
(w/v) of MgSO4 ·7H2O (1,632 mU/mL), FeSO4 ·7H2O
(1,463 mU/mL), CaCl2 (1,506 mU/mL), MnSO4 ·7H2O
(1,470 mU/mL) and ZnSO4 ·7H2O (1,520 mU/mL), re-
spectively. Data of MgSO4 ·7H2O are not shown in Fig-
ure 2h due to the difference in the drawing scale. Other
researchers also reported that the addition of magne-

sium sulphate (0.5%) in the fermentation medium en-
hanced the production of urate oxidase by Aspergillus
terreus, Aspergillus flavus, Trichoderma sp. and a mu-
tant B. subtilis (Abdel-Fattah & Abo-Hamed 2002;
Huang & Wu 2004). In the contrary, Yazdi et al. (2006)
reported that tested minerals (Mg2+, Mn2+, Zn2+ and
Fe2+) except Ca2+ had no significant effect on enzyme
production by LSCs of M. hiemalis.

Profile of enzyme purification
As summarized in Table 2 and Figure 3, uricase was
purified in several consecutive steps. In the first step,
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Table 2. Summary of the uricase purification process.a

Purification step TA (U) PC (mg) SA (U/mg) PF R (%)

Extracted filtrate 5873 17215 0.34 1.00 100.00
50–80% (NH4)2SO4 4213 7832 0.54 1.59 71.73
DEAE-cellulose 3683 3213 1.15 3.38 62.71
Sephadex G-75 FF 2963 1389 2.13 6.26 50.45
Xanthine-agarose 2126 247 8.61 25.32 36.20

a TA, total activity; PC, protein content; SA, specific activity, PF, purification folds; R, recovery.

Fig. 4. (a) Profile of pH dependence (full circles) and pH stability (empty circles) of purified uricase. (b) Profile of purified uricase
thermal stability at different temperatures. The Tm value was calculated from the plot shown in the panel (c).

enzyme was extracted from the solid contents of flasks
and then solid (NH4)2SO4 was added. Fractions with
(NH4)2SO4 concentrations from 50–80% had the high-
est specific activity. The final specific activity of uric-
ase reached 25.3-fold with 36.2% recovery as compared
to the initial extracted filtrate. The concentrated ac-
tive fractions from the final elution were subjected to
SDS-PAGE and showed a prominent band at 33.7 kDa
(Fig. 3d), with resemblance to uricases produced by
B. firmus DWD-33 (33.5 kDa; Kotb 2015a), C. utilis
(34 kDa; Koyama et al. 1996) and Microbacterium sp.
strain ZZJ4-1 (34 kDa; Kai et al. 2008), whereas the
uricases from B. fastidious A.T.C.C. 26904 (36 kDa;
Zhao et al. 2006) and P. aeruginosa (54 kDa; Ishikawa
et al. 2004) were different.

Stability and substrate specificity of the purified enzyme
The pH stability of purified enzyme was tested at range
of 5.0–13.0 by incubating enzyme solution for 30 min at
35◦C without substrate. At the end of incubation, the
remaining activity was measured at pH 8.0 (optimal re-
action pH). From the pH stability curve (Fig. 4a), pu-
rified uricase appeared catalytically stable between pH
7.0-10.0 coinciding with that reported for uricases of
Microbacterium sp. ZZJ4-1 (Kai et al. 2008) and B. fir-

mus DWD-33 (Kotb 2015a).
The thermal stability of uricase was evaluated by

pre-incubation without substrate at 60–100◦C for 15–
60 min followed by measuring the residual activity at
40◦C (optimal reaction temperature) under the stan-
dard assay conditions. From thermal stability profile
(Fig. 4b,c), tested uricase appeared catalytically sta-
ble till 70◦C for 30 min and conformational structure
seemed not to be affected at 60◦C for 15 min as the
residual activity was higher than 98% of the original.
The higher the temperature was, the higher the de-
naturation rate of enzyme became as reflected by the
values of half-life (t1/2) at 60, 70, 80, 90 and 100◦C
that were 87.0, 56.6, 30.0, 24.2 and 15.6 min, respec-
tively. From thermal inactivation profile (Fig. 4c), the
calculated midpoint temperature (Tm) value of uricase
was 66.85◦C. Thermostable uricases have advantages
in storage, transportation and in vitro clinical applica-
tions. In view of uricases that have been used in clinical
and diagnostic applications, most of them retained just
50% of their original activity at 60◦C and totally dena-
tured above 65◦C within 20 min (Schiavon et al. 2000).
On the other hand, uricases from Microbacterium sp.
strain ZZJ4-1 (Kai et al. 2008) and B. thermocatenula-
tus (Lotfy 2008) conserved 100% of their enzymatic ac-
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tivity after heat exposure at 70◦C for 30 min and 75◦C
for 45 min, respectively. While, B. firmus DWD-33 uri-
case retained 100% of its initial activity when incubated
at 70◦C for 60 min (Kotb 2015a).
Another issue concerning the practical use of uri-

case is its storage stability. An enzyme preparation
was stored for 3 months at 4◦C in the presence of or-
ganic solvents at 20% (v/v) concentration, then the re-
maining activity was measured at temperature 40◦C
and pH 8.0. The tested uricase showed the best or-
ganic solvent stability with dimethylsulfoxide (112%
of original activity) followed by dimethylformamide
(101%), acetone (99%), acetonitrile (98%), ethyl ac-
etate (96%), isopropanol (96%), ethanol (95%) and
diethyl ether (94%) advocating good activity preser-
vation and biotechnological potential of the current
uricase. The stimulation of uricase activity in pres-
ence of dimethylsulfoxide could be explained on ba-
sis of enhancement of hydrophobic interactions inside
polypeptide chains that may consequently induce bet-
ter conformation for interaction between the active site
residues and substrate (Kotb 2015b). The stabiliza-
tion induced by other organic solvents may be due to
replacement of some water molecules inside the core
structure of uricase with organic solvent molecules; the
enzyme could thus become dehydrated and its qua-
ternary structure conserved. It is often assumed that
enzymes with improved solvent stability also become
more resistant to other denaturants (Hassanein et al.
2011).
Interestingly, uric acid analogues, such as oxypuri-

nol, allopurinol, xanthine and hypoxanthine that may
act as competitive uricase inhibitors due to their struc-
tural resemblance with uric acid, did not affect uricase
activity. This means that none of the above-mentioned
uric acid analogues was a competitive substrate for en-
zyme, indicating thus the high specificity of the enzyme
with respect to uric acid measurement in vitro (Kotb
2015a).

Conclusions
The present work indicates that shrimp shell wastes
which are cheap and abundant can be used as a
substrate for production of value added uricase by
B. subtilis strain RNZ-79. The final uricase produc-
tivity achieved under SSF was 5.05- and 8.0-times
higher than the initial productivity under SSF and
LSF, respectively. The enzyme may be industrially sig-
nificant for the in vitro clinical applications in mea-
surement of uric acid due to its low value of Km,
pH stability, thermostability, long half-life, storage sta-
bility and none of uric acid analogues were found
to be the competitive enzyme inhibitor, indicating
a high uricase specificity. Future studies will be di-
rected for the in vitro application, full characteriza-
tion, gene expression and studying the relationships
between the physiological function and structure of
this uricase. Animal study is also in progress for
evaluation of uricase ability to dissolve uric acid in
vivo.
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