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ABSTRACT

The uricase was purified to homogeneity from Penicillium brevicompactum grown on
solid state fermentation. Different purification steps including ammonium sulfate fractionation
followed by separation on DEAE-Spheadex A50 and Sephadex-G75 column were applied to the
crude culture filtrate to obtain a pure enzyme. The enzyme was purified 64.59 fold and shoed a
final specific activity of 3920 U/mg protein with 51.7 % yield. SDS-PAGE of the purified
enzyme revealed it was one peptide chain with molecular weight of 43 kDa. Line Weaver-Burk
analysis showed a km value of 0.5 mM and Vmax of 909 IU. Maximum enzyme activity was
found at pH 9 and 30°C. The purified enzyme showed maximum stability over a wide rang of pH
between 6-10and up to temperature of 70°C. The enzyme activity was stimulated greatly in
presence Fe, Na, Ca, and Cu ions and inhibited greatly by addition of EDTA and KCN. The pure
enzyme proved to be rich in methionine, glutamic acid and glycine

INTRODUCTION

Uricase or urate oxidase (urate: oxygen
oxidoreductase, EC 1.7.3.3) is an enzyme that
catalyze the oxidation of uric acid to allantoin
and plays an important role in purine
metabolism (I). Uricase is widely found in
animals, plants, fungi, yeasts and bacteria (2).
Higher primates (apes and humans) lake
functional uricase and excrete uric acid as the
end product of purine degradation (3,4). In
human increased level of blood uric acid over
the normal value lead to a group of diseases,

such as gout, chronic renal failure, some.

organic acidemias and Lesch-Nyhan syndrome
(5, 6). Uricase is used as a diagnostic reagent in
medicine and clinical biochemistry, where it is
implicated in the determination of uric acid in
biological fluids (7} and in commercial
formulations of hair coloring (8). Uricase was
originally isolated from mammalian organisms
and recently interest was concentrated on
several microbial sources which have been
proposed for this clinical indication. But only
one microbial uricase isolated and purified
from Aspergillus flavus has actually been used
commercially under trade mark of the
uricozyme (9). The microbial enzyme is
inducible and therefore, the presence of uric
acid or some other inducer in the medium is
necessary for enzyme production (7). The
present work was aimed to produce, purify

thermally stable and highly active extracellular
uricase from Penicillium brevicompactum
using a new waste-fungus combination
(Banana skin) and characterizing its kinetic
properties.

MATERIAL AND METHODS
Microorganism, Media and cultivation

A fungal strain of Penicillium
brevicompactum used in this study was
maintained on Potato-Dextrose-Agar slant
medium. The slants were grown at 30°C for 7
days and stored at 4°C.

Enzyme production

The highest Penicillium
brevicompactum uricase productivity was
achieved on using an optimized modified
fermentation medium containing (g/l): uric acid
1.0; K2HPO4 4.0; MgSO4 0.5; NaCl 0.2;
FeSO4 0.01, sucrose 20.0, and banana waste
8.0 (10). The contents of 250 ml Erlenmeyer
flask, were mixed thoroughly and autoclaved at
121°C for 20 min. SSF was carried at 30°C
with substrate initial moisture content of 64%
for 4 days using 0.5ml spore suspension
(6x107spores/ml) as inoculum.

Extraction of crude enzyme

At the end of incubation period, the
flasks were centrifuged at 8000 rpm for 45 min
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at 4°C. The clear supernatant was considered as
a source of enzyme and was analyzed for its
protein content and uricase activity.

Enzyme assay

‘Uricase activity was measured at 30°C
by following the decrease in the absorbance of
uric acid at 293 nm (7). One unit of uricase
enzyme was equal to the amount of enzyme
which converts 1 umol of uric acid to allantoin
per min at 30 °C. The protetn was determined

(11).

For determination of kinetic parameters,
substrate concentrations of 5-100 mM were
used and the data collected were treated with
the Line weaver—Burk plot. Thermal stability
of Penicillium brevicompactum uricase was
evaluated by heating the purified uricase for 30
min tn closed vials at scheduled temperatures

(20-90°C) and then cooled to room
termperature. For the pH stability
measurements,  samples  of  Penicillium

brevicompactum uricase were dissolved at
room temnperature in a buffer containing 0.05
M sodium acetate (pH 3-6),0.05 M potassium
phosphate (pH 7),or 0.05 M sodium borate (pH
8-11). After 2 h of incubation, the enzyme
activity was evaluated.

Purification of Uricase

Penicillium brevicompactum uricase

was purified according to the method of Ma et-

al, (2) with some modifications. All
purification steps were carried out at 4°C.
Finely powdered ammonium sulfate was added
to the culture supernatant up to 75% saturation.
The mixture was allowed to precipitate for 3 h
at 4°C, the precipitate was collected by
centrifugation (8,000 rpm for 30 min at 4°C)
and re-suspended in 0.05 M borate buffer (pH
9) and dialyzed overnight against the same
buffer. The sample was loaded onto a DEAE-
Sephadex AS0 anion exchange column and
eluted with 0.2 M borate buffer (pH 9)
containing 0.0 - 0.5 M NaClI gradient at a flow
rate of 0.5 ml/min. The most active fractions
were pooled out, dialyzed, concentrated and
applied to a Sephadex-G75 gel (filtration
column. The column was eluted with 0.1M
borate buffer (pH 9) at a flow rate of lml/min,
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The active fractions were pooled, concentrated
and lyophilized for further studies.

Molecular weight determination

Sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out (12) in 3 mm slab gel
of 6% acrylamide in Tris borate buffer pH 7.1
containing 0.1% SDS. Gels were stained with
0.1% Coomassie brilliant blue R-250 and
destained.

Amino acid analysis

The amino acid composition was
determined in the acid hydrolysate of the
purified uricase using a Beckmann Amino Acid
Analyzer (Modell 119 GK) according to the
method described by Speckmann et al. (13).

RESULTS

The partial purification of Penicillium
brevicompactum uricase was affected by 75%
ammonium  sulfate as precipitant. The
supernatant possessed a very minor uricase
activity and most of the activity was
concentraled in the precipitate. Results given in
Table 1 indicates that the specific activity of
ammonium sulfate fraction was 274.71 U/mg
protein compared with that of the crude extract
60.69 U/mg protein, while the total protein
decreased from 1218 mg to 195.75 mg. This
step was associated with activity preservation
of 72.75% and purification factor of 4.53 folds.
The dialyzed ammonium sulfate fraction was
applied to DEAE Sephadex A50 column. Fig 1
shows the complete profile of the DEAE-
Shadex A50 anion exchange step. It was found
that the ammonium sulfate fraction contained
different protein molecules, only one of them
had uricase activity. It seems that the uricase
was firmly bound to the gel since it was eluted
at high concentration (0.0-0.5M) of NaCl.
Table 1 also shows that the uricase was
enriched after the DEAE Sephadex ASOQ
column and the specific activity became
1148.65 U/mg protein with purification factor
18.93. The protein was reduced by 96.96%.
Further purification was conducted on the
second DEAE Sephadex G75 gel filtration
column. Fig. 2 reveals that this purification
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step gave only one peak corresponding to
uricase was raised up to 3920 U/mg protein
with a purification factor of 64.59 fold and
51.7% yield. On the other hand the protein
reduced by 99.20%. On using SDS-PAGE the
final fraction showed that the purified uricase
gave only one band indicating high purty of
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the purified enzyme. On using different
standard proteins with known molecular
weights, it was found that the apparent
molecular weight of P.brevicompactum uricase
was 43 kDa (Fig.3).

Table 1. Purification of extracellular Penicillium brevicompactum uricase

Purification | Total Activity | Protein Total Total Specific |Purificati | Yield
steps volume | (U/ml) (mg/ml) | activity Iprotein (mg) activity | onfold | %
(Unit) (U/mg)
Crude extract | 8§40 88 1.45 73920 1218 60.69 1.00 | 100
Ammonium 225 239 0.87 53775 195.75 274.711 4.53 |7275
§ sulfate (75%)
DEAE- 100 425 037 42500 v 1148.65 18.93 {57.49
1 Sephadex A50
Sephadex G75 65 588 0.15 38220 9.75 3920 64.59 |S51.7
; 0.5 D 100.000
. e
l T 70.00
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Fig. 1. First DEAE- Sephadex A50 anion exchange column chromatography of P. brevicompactum

uricase.
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Fig. 2. Sephadex-G75 gel filtration column chromatography of P. brevicompactum uricase.
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Fig. 3:SDS-PAGE of P. brevicompactum uricase.

The enzyme kinetic studies indicated
that the enzyme activity depends on substrate
concentration (Fig. 4). When the relation
‘between the enzyme activity and the substrate
concentration was treated by Line Weave-Burk
analysis (Fig.5), it was found that the apparent
Km and Vmax were 0.5 Mm and 909 U
respectively. The effect of pH on the stability
and activity of P. brevicompactum uricase is
indicated. (Fig. 6a}. P. brevicompactum uricase
was showed that it is maximally activated at
pH 9. (Fig 6b) revealed that the uricase was
mostly stable over a broad pH range of 6 to 9.
The reaction rate of P .brevicompactum uricase
was measured at various temperatures (15-
70°C). Maximum activity was obtained at 30°C
(Fig. 7a). At higher temperature the enzyme
activity decreased sharply. The thermal
stability of P. brevicompactum uricase was

monitored by measuring its activity over a

~ wide range of temperature (20-90°C). Fig 7b
shows that P. brevicompactum uricase retained
100% of its activity at temperature up to 70°C,
indicating that the enzyme is thermally stable
for a wide rang of uses and different
application.
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Fig. 4. Effect of substrate concentration onm P.

brevicompactum uricase activity
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had high quantities of tyrosine, alanine and
serine while contains low amount of arginine

o0~ and lysine.

SZD{ Table 2. Effect of some metal ions and
g 10 chemicals on P. brevicompactum
3 &Dl uricase activity.
£ 11)] Metal ions (1mM) and son  Uricase activity
E 40 chemical reagents U/ml
3 20| (SmM)
=W Control 845

10 FeCl3 927

0 : . : ; : . . . MnCl2 820

0 1B D D 0 D €& BV L BaCl2 670
Tenperature € CuS0O4 899

Fig. 7a. Effect of incubation temperature on K CaCl2 901
brevicompactum uricase activity. HgCl2 289
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Fig. 7b. Thermai stability of P. brevicompactum uricase,

The effect of different metal ions
(1mM) namely CaCl2, CoCl2, MgCl2, Bacl2,
InCl2, FeCl2, MnCl2, NaCl, KCl, HgCl2
,CuS04 and some chemical reagents (5SmM) as
KCN, DDTEDTA, mercaptoethanol and
cysteine on P. brevicompactum uricase activity
was determined. Table 2. showed that P.
brevicompactum uricase activity was strongly
activated obtained in presence of FeCl3, NaCl,
CaCl2, CuSO4, DDT, mercaptoethanol and
cysteine respectively while the other reagents
inhibited the uricase activity by different
degrees. The amino acid contents of purified
P.brevicompactum uricase is shown in Table 3.
The purified enzyme proved to be rich in
methionine, giutamic acid and glycine. Also it

Table 3. Amino acid composition (mole %)
of the purified P. brevicompactum

uricase,
Amino acids Mole %
Aspartic 6.9
Threonine 9.3
Serine 15
Glutamic 23
Proline 2.9
Glycine 21
Alanine 19
Valine 9.5
Methionine 24
Isoleucine 4.2
Leucine 5.5
Tyrosine 15
Phenylalanine 39
Histidine 7.1
Lysine 32
Arginine 1.6
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DISCUSSION

Purification of P. brevicompactum uricase
was achieved by using 75% ammnonium
sulfate saturation, DEAE Sephadex AS50 ion
exchange and Sephadex G75 gel filtration
column respectively. The specific activity
increased from 60.69 to 3920 U/mg protein
from the crude extract and the final preparation
respectively. The final preparation was
examined using SDS-PAGE, which revealed
that the purified uricase contained one protein
band with molecular weight of 43 KDa. It has
been reported that the native uricase purified
from Microbacterium sp. strain ZZJ4-1 and
Candida. Utilis composed of one subunit with
34 kDa (2). Also Saeed et al (9) revealed that
Pseudomonas aeruginosa uricase had a single
subunit with molecular weight of 64 KkDa.
Moreover, Uricases purified from liver of pig,
mouse and baboon composed of 4 subunits
with molecular weight of 32-33 kDa for each
subunit (I4).

Line Weaver-Burk plot showed that, the
Km and Vmax values of P .brevicompactum
uricase were 3.5 mM and 909 IU respectively,
indicating high affinity of the purified uricase
to its substrate. Uricase from different
microorganisms ~ has  different  substrate
affinities and probably plays different roles in
the enzyme activity. Ma et al, (2) reported that
Microbacterium sp. strain
value of 0.31 mM. Bacillus thermocatenulatus
uricase was found to have a km value of (.25
mM (17).

Maximum P . brevicompactum uricase
activity and stability obtained when it was
incubated with optimum substrate
concentration at PH 9. A similar pH values for
from Microbacterium sp. strain ZZJ4-1 (2),
Candida utilis (15) and caprin kidney (8)
uricases. Huang & Wu (18) reported that both
wild-type and mutant Bacillus subtilis uricase
have 100% activity at a pH value from 6 to 10.
Highest P .brevicompactum uricase activity
was obtained at 30°C and the enzyme was
thermally stable up to 70°C at which the
enzyme retained 100% of its activity. These
results agreed with uricase isolated from
Bacillus fastidiosus (16). Ma et al. (2) and

Z7J4-1 had Km.
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Lotfy (17) reported that wuricase from
Microbacterium Sp and Bacillus
thermocatenulatus retained about 100% of
initial activity after heat treatment at 70°C for
30min and 75°C for 45min respectively. On the
other hand, both wild-type and mutant Bacillus
subtilis uricase retained 45-60 % of activity at

70°C (18).

Salts of FeCl3, NaCl, CaCl2 & CuS04 and
some chemical reagents as DDT, cysteine &
mercaptoethanol increased P .brevicompactum
uricase activity significantly, while HgCl2,
EDTA and KCN inhibited the enzyme activity
greatly. These results agreed with those
obtained by Ma et al, (2) who reported that,
uricase activity of Microbacterium sp. strain
ZZJ4-1 had increased greatly in presence of Fe.
Also it has been indicated that metal ions like
Na, Ca & Cu strongly enhanced the activity of
Pseudomonas aeruginosa uricase by 182.2,
236 & 275 % respectively(9). Bacillus
Jastidiosus uricase was inhibited by Zn, Co and
cyanide (I6). The activity of uricase isolated
from poultry manure had greatly inhibited by
Zn and Cu while it less inhibited in presence of
Mg and Mn (19). The quality of P.
brevicompactum uricase was assessed for its
amino acid contents. The purified enzyme was
rich in methionine, glutamic acid and glycine.
Relatively higher amount of tyrosine, alanine
and serine were present.

REFERENCES

1.Wu X, Wakamiya M, Vaishnay S, Geske R,
Montgomery C, Jones P, Bradley A and
Caskey T (1994). Hyperuricemia and urate
nephropathy in urate oxidase deficient mice.
Proceedings in Natural Academy Science of
USA 91, 742-746.

2Ma X H, Kai L, Zhou X L, Jia X M, Li X
and Guo K P (2008). Purification and
characterization of a thermostable uricase

from Microbacterium sp. strain ZZJ4-1.
World J Microbiol Biotechnol. 24:401-406.

3.Friedman T B, Polanco G E, Appold J C
and Mayle J E (1985). On the loss of
uricolytic activityd uring primate evalution.
I. Silencing of urate oxidase in a hominoid



Zag. Vet. ].

" ancestor. Comparative Biochemistry and
Physiology 81B, 653-659.

4.Yeldandi A V, Wang X, Alvares K, Kumar
S, Rao M S and Reddy J K (1990). Human
urate oxidase gene: colning and partial
sequence analysis reveal a stop codon within
the fifth exon. Biochemical and Biophysical
Research Communications 171, 641-6435.

5.Lee CC, WuRA, Giggs RG, CookMDM
and Caskey T (1988). Generation of cDNA
probes directed by amino acids sequence:

cloning of urate oxidase. Science 293, 1288—
1201,

6.Burtic, CA and Ashwood - ER (1994).
Textbook of Clinical Chemistry, 2n d edn.
WB Saunders Co. Philadelphia

7.Adamek V, kralova B, Suchova M,
Valentova O and Demnerova K (1989).
Purification of microbial uricase. Journal of
Chromatography 497, 268-275.

8.Rajoka M I, Khalil UR, Rehman KU,
Tabish T and Zia, M A (2006). Purification
and characterization of caprine kidney
uricase, possessing novel kinetic and

thermodynamic properties. World Journal of
Microbiol. & Biotech., 22: 289-291

9.Saeed H M, Abd El Fattah Y R, Gohar Y M
and El-Baz M A (2004). Purification and
characterization of

Pseudomonase aeruginosa urate oxidase
enzyme. Polish J Microbiol.53 (1):45-52.

10. Abd El Fattah M G and Abo-Hamed N A
(2002). Bioconversion of poultry waste I —
Factors influencing the assay and
productivity of crude uricase by three
uricolytic ~ filamentous  fungi.  Acta
Microbiologica andImmunologica
Hungarica 49(4), 445-454.

Lowry O H, Rosenbrough N J, Farr A L
and Randall R J (1951). Protein
measurement with the Folin reagent. J. Biol.
Chem. 193: 265-267.

11.

extracellular .

12,

13.

4.

15.

16.

17.

18.

19.

167

Stegemann  H, Burgermeister W,
Francksen H and Krogerrecklenfort E
(1987). Gel electrophoresis and isoelectric
focusing with the apparatus PANTA -
PHOR. Laboratary manuscript Inst
Biochem. BBA, Messeweg. 11, D-3300
Braunchweia.

Speckmann, DH, Stein W H and Moor S
(1958). Automatic recording apparatus for
use in the chromatography of amino acids.
Anal. Chem. 30: 1190-1206.

Brenard, K, Wu X W, Lee C C, Muzny D
M and Cask C T (1989). Urate oxidase:
primary structure and evaluation-ary
complication. Proc. Natl. Acad. Sci. USA
86: 9412-9416.

Chen Z, Wang Z, He X, Guo X, Li W and
Zhang B (2008). Uricase production by a
recombinant Hansenula polymorpha strain
harboring Candida utilis uricase gene.

Appl Microbiol Biotechnol.79 (4):545-54.

Bongaerts, G P, Uitzetter J, Brouns R and
Vogels G D (1978). Uricase of Bacillus
fastidiosus. Properties and regulation of
synthesis.  Biochim  Biophys  Acta
527(2):348-58.

Lotfy W A (2008). Production of a
thermostable uricase by a novel Bacillus
thermocatenulatus  strain.  Bioresource
technology 99 (4):99-702.

Huang, SH and Wu TK (2004). Modified
colorimetric assay for uricase activity and
a screen for mutant Bacillus subtilis

uricase genes following StEP mutagenesis.
Eur. J. Biochem. 271,517-523.

Patterson P H and Kim W K (2003).
Effect of minerals on activity of microbial
uricase to reduce ammonia volatilization in

poultry manure. Poultry Science 82:223-
231.



Ashraf A. Elbessoumy 168

i) GeaLll
piSlua gy o paluiial) shab (e B 1 pall Janiall S8 5 gall g M1 e g5 g AL
o o) daal Lyl
A i) Raals - sl A4S Ay pall La S pn

A8 0 5k 3 il o (e 4l a8 5315 1S 0 81 pall Jasall s 31 Akl A glaa
aiadlh a8 Calda e Adiall Al b et A5 alasinly dle ) ) ag lld g & 51 (e 5 el
Glelw EDbaaly 2% £ 5,0 ya da 0 aie iy a g sa¥! il 94V o slany 2 3591 J slas dallas
 DEAE-) (5501 Joll Ll e gile g )€ Aasad g0 J gl Adalae c2anal (558 all 2l Ales 2ag
Al Jase IS 08 5128 (Sephadex-G75) g it 3 gae Aol g9 Adadlas o3 o3 (Sephadex AS0
Aol o La sl a3 oy 330 el e (5 55a% A o) 3 YD 58 5 amy 03 9651.7 Zpaliili 3 0 64.59
ol sl A e S Juaill ( SDS/PAGE) ahaiciad e adf aa g e g G5k
D55 G gadl g g 3391 ASalins Al 3 i e (50 43000 Fuiall 405 O 25 O sl Sly ol
3133 2 339 Bl o Baa g e o 351l Aescalil) bl 38 5 e aalag a0 Dl ) aa g e
gss Km gl da gy iyl ARyl ddaid g A8l 2da Al o 2l g Jelaill Bale 3 5Bl
bl gl el A il dul pnaie g cAdpsany 9096 sbud Vmax Oy dse e 0.5
5o Aapd dead o o8 il a5 1 sl s 3 Jead gae I Al ja i 5 20 T Ll 3y o 33Y)
o deadll o8 4l a8 (9) s BV s gl O O Al )l e el 5 20 Ve s
aalh gl O a5 48BN ALY il 3 iy LIS 00 A jo I Adlia) (42T (e g2l
s AN ZOLY Gl e g 3T LSS 8 AL gale 53l ) ) ghaet p gl g @ g3 guall 5 Gulaill
O sfialial duneY) pmbleatfl laa e S G a3 e of ol 085 10a e ilitgd o<
Aaae Y dalaia Cilial go i Al LIl 4 jlie Gaadal) 5 dlialislall aea





