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Como consecuencia de la reciente reorganizacion
del Consejo Superior de Investigaciones Cientificas que
ha originado la desaparicién del Instituto de Microbio-
logia «Jaime Ferran», cesa de publicarse «Microbiolo-
gia Espafiola».

El Equipo editorial, al despedirse, quiere hacer cons-
tar su agradecimiento a los lectores, muy especial-
mente, y a todos cuantos con su colaboracion en las
diferentes tareas, asesoramiento, organizacién, redac-
cion, imprenta, han permitido la publicacién de la
revista que, después de treinta y nueve anos de existen-
cia, cierra con este volumen su coleccion.



THERMOSTABLE URATE OXIDASE FROM OBLIGATE
THERMOPHILIC BACTERIA. 1. ESTIMATION USING THE
URIC ACID CLEARING ZONE (U.C.Z)) NEW TECHNIQUE

M. S. AMMAR, S. H. ELWAN and M. A. MEKI
Botany Department, Faculty of Science, Al-Azhar University, Cairo (Egypt)

(Aceptado: 19 de diciembre de 1985)

SUMMARY

An investigation was carried out in a trial to estimate activity of
themostable urate oxidase produced by an obligate thermophilic
bacterium (Bacillus - stearothermophilus, S-90 L.N.) isolated from
Lake Nasser at Aswan. A new technique uric acid clearing zone
(U.C.Z)) has been introduced and found sufficient for the purpose.
The U.C.Z. technique was standardized to be useful for determining
uricase(s) activities in terms of international units (I.U.). Optimal
factors affecting the uricolytic activity in the U.C.Z. assay plates
were: incubation temperature, 55 °C; borate buffer (0.05 M), pH 8.8;
uric acid, 0.1 %; incubation period, 24; agar-agar, 2%. The standard
curves proved useful in estimating all uricolytic activity data which
indicates the scientific practical importance of the new U.C.Z.
technique.

RESUMEN

Se ha estudiado la actividad de la urato-oxidasa producida por
Bacillus stearothermophilus, S-90 L.N. aislado del lago Naser, en
Asudn, con una nueva técnica que consiste en la medida de zonas
de transparencia del 4cido urico. La técnica, que se ha mostrado util
para este propdsito, se ha normalizado expresandose los resultados
en unidades internacionales. Los parametros 6ptimos fueron: tem-
peratura de incubacién, 55 °C; tampon de borato, 0,05 M, pH 8.8;
acido urico, 01 %; periodo de incubacion, 24 h, y agar, 2 %.

Microbiol. Espan., 39 (1-4), 3, 1986.
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INTRODUCTION

Most of assay procedures of urate '

oxidase (Ec. 1.7.3.3.) are based upon
the determination of unexhausted uric
acid after allowing uricase oxidase to
react with a certain amount of uric
acid in the reaction mixture. Among
these procedures are: the colorimetric
(3-10), the spectrophotometric (5-6),
the automated (12), the bromometric
(8), the liquid chromatographic (9)
and the fluorometric (4) methods.

Since urate oxidase from thermo-
philic bacteria is lacking, it was plan-
ned to investigate their estimation,
production and activity.

The work in this paper was direc-
ted to establish a new technique «The
so called uric acid clearing zone,
U.C.Z» for the estimation of urate
oxidase produced by obligate ther-
mophilic bacteria.

MATERIALS AND METHODS

Bacteria used

Nine obligate thermophilic strains
previously isolated (2) from Lake Nas-
ser (L. N.) water at Aswan were used.

Microbiological media

a) Growth medium. Nutrient agar
medium as described in the Manual
of Microbiological Methods (7) was
used.

b) Screening medium. Dox’s sugar-
free uric acid agar medium was used
for the detection of uricolytic activi-
ties. It consisted of (% w/v): NaNO;,
0.2; K,HPO,, 0.1; MgSO,-7H,0, 0.05;
KCl, 0.05; FeSO,-7H,0, 0.01; agar-
agar, 2.0. All were dissolved in tap
water, adjusted to a final pH of 7.4
and then autoclaved for 15 min at 1.5
atm. Sterile uric acid powder was pre-
pared according to Bachrach (1) and

mixed with the sterile molten agar
medium at a final concentration of
0.2 % (w/v) to obtain a uniform uric
acid suspensiéon. The medium was
then poured ascepfically into the ste-
rile petri dishes.

¢) Production medium. Dox’s yeast
extract-uric acid liquid medium was
used. Its composition is similar to the
screening medium but contained yeast
extract (0.1 %) and uric acid was ad-
ded (0.1 %, w/v) in the form of emul-
sion.

Preparation of uric acid emulsion

A known weight of uric acid pow-
der was preparaed in the form of a
paste by the careful addition of glyce-
rol drop by drop with continuous
grinding (for 30 min) in a morter.
The paste was then emulsified in a
known volumen of distilled water by
the aid of cell homogenizer. The re-
sulted homogeneous milky emulsion
was sterilized and added as required
into the production medium.

Preparation of bacterial inoculum

The bacterial growth onto sterile
nutrient agar plates previously incu-
bated at 60 °C for 48 h was transfe-
rred into a known volume of physio-
logical saline solution (0.85 %) to get
a heavy suspension. One ml of this
suspension (1.0664 X 10" cells/ml) was
used as a stock inoculum. It was sto-
red —when necessary— in the refri-
gerator.

Determination of the most potent uri-
colytic bacterial strain

A comparative study for the pro-
duction of both extracellular and in-
tracellular uricase(s) in relation to dif-
ferent incubation temperatures by the
most potent two strains was carried
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out. Fifty ml of the production me-
dium were transferred into conical
flasks (250 ml capacity), autoclaved
at 1.5 atm. for 15 min and inoculated
with a standard inoculum of the bac-
terial suspension. The flasks were then
incubated in a shaker at 150 rpm for
72 h at different incubation tempera-
tures. Six conical flasks were used for
each incubation temperature. The pro-
duced cells were collected by centri-
fugation, whereas the supernatants
were collected in a sterile conical flasks
and then allowed to pass through a
sterile sintered glass funnel-Gs to ob-
tain the cell free filtrate containing
the extracellular enzyme. The collec-
ted cells were washed 3 times with
borate buffer (0.05 M) at pH 8.8, dis-
pensed in a porcelian morter con-
taining caorse-sand (B.D.H.) and a
known volume of borate buffer (0.05
M) at pH 8.8 was added. The whole
mixture was exposed to a process of
freezing and thawing, grinded at room
temperature for 1 h, homogenized in
an electric homogenizer and centri-
fuged to obtain the cell fee clear su-
pernatant containing the endocellu-
lar enzyme.

Determination of uricase activity

The urate oxidase (EC. 1.7.3.3) acti-
vity was determined by applying the
new U.C.Z. technique. To prepare the
digestive mixture of the assay, 0.15 g

uric acd (B.D.H.) was grinded in few -

drops of glycerol for 30 min, the ob-
tained paste was emulsified into 100
ml borate-borax buffer (0.05 M.) ad-
justed at pH 8.8, agar-agar (2 g) was
added, the mixture was boiled in wa-
ter bath and sterilized at 1.5 atm for
15 min. About 20 ml aliquots of the
sterile hot buffered uric acid agar mix-
ture were introduced aseptically into
each sterile petri-dish of the same size.

Cups were made in each plate using
a sterile cork borer (10 mm diameter).
Equal amounts (0.1 ml) of the enzy-
me solution were put in each cup to
be assayed. Plates were transported
cautiously to be incubated at the requi-
red temperature for the required pe-
riod. The appearance of distinct clea-
ring zones surrounding the cups in-
dicated the uricolytic activity. Diame-
ters of clear zones were measured and
means were calculated.

Factors affecting the precision of the
U.C.Z. technique

In all cases, were used plates of
the same diameter containing equal
amounts of the assay agar (2 %), uric
acid (0.15 %), cups of the same number
(4) and size (10 mm), equal amounts
(0.1 ml) of the enzyme per each cup
and incubation temperature (55 °C)
for 12 h or 24 h at the end of which,
diameters of clearing zones were
measured and means were calcula-
ted. The investigated factors were: dif-
ferent buffers (at 0.1 M) applied at
different pH-values, borate buffer
strength (M) at pH 8.8 different incu-
bation temperatures, different uric acid
concentrations, different incubation
periods and different agar-agar con-
centrations.

Construction of a standard curve for as-
saying uricase activity and determina-
tion of uricase units

A stock solution of the crude urica-
se in borate buffer of pH 8.8 (0.05 M)
was prepared from the cell free intra-
cellular uricase preparation produ-
ced by Bacillus stearothermophilus, S-
90 L.N. at 55°C under static condi-
tions. The protein content was deter-
mined according to Warburg and
Christian (11). Down concentrations
(mg protein) of the stock crude enzy-
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me were prepared. 0.1 ml of each con-
centration was transferred into each
cup in the assay plates which was
then incubated at 55°C for 12 h and
also for 24 h periods at the end of
which mean diameters of clearing
zones (mm) were calculated and their
corresponding enzyme activities in
terms of enzyme units (I.U.) expres-
sed as (log values) were then determi-
ned. Log values of 1. U. were plotted
against mean diameter of clearing
zones (in mm). One I U. (international
unit) is defined as the amount of mg
protein of uricase enzyme which decom-
pose one M of uric acid in 1 min under
the specified conditions of the assay. For
the determination of uricase unit
(ILU.), a known amount of uric acid
introduced into the assay agar plates
were allowed to be digested by a
known amount of uricase (mg pro-
teint) under the specified conditions
of the U.C.Z. technique.

RESULTS AND DISCUSSION

The nine thermophilic bacterial iso-
lates investigated in the present work
exhibited a maximum growth tempe-

Table 1.

raturerangeof 65+1—79+1°Canda
minimum of 50 °C on nutrient agar
medium.

Studying the ability of the 9 bacte-
rial strains to produce uricase(s) un-
der both mesal (37 °C) and thermal
(55-75°C) incubation temperatures
resulted in the fact that only 5 strains
(Bacillus stearothermophilus numbers,
89, 90, 93, 96 and 97 are uricolytic
and capable of attacking uric acid
under thermophilic conditions (i.e.
55°C or above) but not under meso-
philic conditions (i.e. 37 °C). The only
two strains which exhibited uricolytic
activities at 70°C were num-
bers 90 L.N. and 93 L.N. Therefore,
an attempt to determine the most po-
tent strain was carried out by allo-
wing both strains to grow in the pro-
duction medium under shaking con-
dition at different incubation tempe-
rature (table 1). In all cases, B. stearo-
thermophilus, S-90 L.N. was superior
to strain number 93 L.N. In addition,
the endocellular uricase proved hig-
her in biosynthesis than the extrace-
llular one under all incubation tem-
peratures (table 1). Consequently, B

Determination of the most potent uricolytic obligate thermophilic bacterial isolates. Uricase pro-

duction was performed in relation to different incubation temperatures in Dox x-yeast extract uric acid liquid
(0.2%) medium by the most potent two bacterial strains under shaking conditions for 72 h. Enzyme activity was
determined by the U.C.Z. technique at 55 °C for 24 h

Incubation temperature ( °C)

Bacterial 37 45

55 65 70

strain

Enzyme activityEnzyme activity|

[Enzyme activity[Enzyme activityfEnzyme activity

Exo- | Endo-| Exo-

Endo-

Exo- | Endo- | Exo- | Endo | Exo- | Endo-

enzymelenzymelenzymejenzyme

enzymelenzymelenzymegnzymelenzymelenzyme

B, stearothermo-

philus, 90 LN 0.00 000 60.32 138.19 158.67 1072.73 3895 10727 3023 64.64
B. stearothermo-,
philus, 93 LN.  0.00 0.00 4791 4791 126.03 26332 3894 6464 0.00 0.00
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stearothermophilus, S-90 LN. was the
organism of choice and its endocellu-
lar uricase was determinated under
both mesophilic and thermophilic in-
cubation conditions by U. C. Z. tech-
nique. Results in figure I indicated

tructed representing mean diameter
of clearing zones (mm) obtained from
the U.C.Z. plates against uricase acti-
vities (in terms of 1.U., log values). A
linear relationship was obtained co-
vering the concentrarion range of

Figure 1.

U.C.Z. assay of B. stearothermophilus, S-90 L.N. endocellular uricase(s)

produced ar 37 °C and 55 °C during 72 h incubation

the inability of S-90 L.N. to produce
uricase at 37 °C because of its failure
to grow at this mesophilic temperatu-
re, whereas the same strain succee-
ded to do so at 55 °C (figure 1) which
provides an evidence for the obligate
thermophilic nature of the bacterium
under investigation.

In this paper, the U.C.Z. technique
was fully standardized to be useful
for determining uricase activities in
terms of I. U. Different factors affec-
ting the activities of uricase in the
U.C.Z. assay plates were studied. The
optima were: borate buffer at pH 8.8
and 0.05 M. incubation temperature
setted at 55 °C, uric acid concentra-
tion in the assay plates of 0.1 %, incu-
bation period of 42 h and agar-agar
of 2 %.

Making use of these optimal con-
ditions, standard curves were cons-

48.03-2401.54 1.U. corresponding to
mean diameter of clearing zones of
10-19.1 mm after 12 h (figure 2) and
11-28 mm after 24 h (figure 3) respecti-
vely. The constructed standard cur-
ves (figures 2-3) proved very useful in
determining all uricolytic activity da-

20

Mean dam. of clearing zones (mm )

18 20 22 24 26
Enzyme aclivity ( 1.U,log- scale }

Figure 2. Showing a standard curve of uricase
after 12 h incubation ar 55°C in the UC.Z.
assay plates
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zones (Mm )

learne
>

Mean d:icm ¢

Te 18 20 2 % 28 30 3R 34

Enzyme activity {1+ srale )

Figure 3. Showing a standard curve of uricase
after 24 h incubation ar 55 °C in the U.C.Z.
assay plates

ta (in terms of . U.) as recorded in the
present work.

In conclusion, the new U.C.Z. tech-
nique contributed-to a great extent in

expressing all uricolytic actitivity da-

ta in terms of I. U. Therefore, this
technique might be considered of both
scientific and practical significance
especially in the field of microbial
uricase(s) in general and those of ther-
mophilic nature in particular.
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THERMOSTABLE URATE OXIDASE FROM OBLIGATE
THERMOPHILICI BACTERIA. II. THE CONSTITUTIVE
PRODUCTION OF URATE OXIDASE BY
BACILLUS STEAROTHERMOPHILUS

M. S. AMMAR, S. H. ELWAN and M. A. MEKI
Botany Department, Faculty of Sicience, Al-Azhar University, Cairo (Egipt)

(Aceptado: 19 de diciembre de 1985)

SUMMARY

A thermostable uricase was produced constitutively by the obli-
gate thermophile Bacillus stearothermophilus, S-90 LN. Optimal fac-
tors controlling the enzyme production under static conditions
were: uric acid concentrations, 0.1 % (w/v); Mn**, Co**, Zn** and
Ca** increased the production to 1.82, 1.74, 1.51 and 1.35 folds if
supplied at 1, 1, 5 and 1 ug/ml respectively; Mg** exerted no effect at
10 pg/ml concentration, whereas Cu** and Fe** exerted inhibition
at all concentrations used (i.e. 1-50 pg/ml); glucose (1 %, w/v), pep-
tone (0.2 %, w/v) were the best C and N sources; L-methionine, the
best amino acid; incubation period, 72 h at 55 °C. Under these con-
ditions, uricase yield reached 1072.73 I,U, Data idicated that a -
amylase biosynthesis has a nullifying effect against uricase produc-
tion at 55 °C and therefore, it was concluded that there was a relation
between uricase biosynthesis and a -amylase suppression by the
same investigated strain.

RESUMEN

El Bacillus stearothermophilus S-90 L.N., termofilo obligado, pro-
duce una uricasa constitutiva termoestable. Los factores para su
optima produccion en condiciones estéticas son: concentracion de
acido urico, 0,1 % (p/v); los cationes Mn**,Co**,Zn** yCa** incre-
mentaron la produccion en 1,82, 1,74, 1,51 y 1,35 veces cuando se
afiadieron 1 pg/ml, 1 pg/ml, 5 pg/ml y 1 pg/ml, respectivamente;
Mg no tuvo efecto a una concentacién de 10 pg/ml, mientras que
Cu** yFe** inhibieron a todas las concentraciones usadas (1-50 pg/
ml). La glucosa (1 % p/v) y la peptona (0,2 % p/v) fueron las mejores
fuentes de C y N; la L-metionina, el mejor aminoacido; el periodo

Microbiol. Espan., 39 (I-4), 9, 1986.
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de incubacidn, 72 h a 55 °C. Bajo estas condiciones, el rendimiento
alcanzaba 1.072,73 Ul La biosintesis de la a-amilasa presentaba un
efecto anulador de la produccion de uricasa a 55 °C, indicando una
relacion entre la sintesis de la uricasa y la supresion de la a-amilasa

en la estirpe estudiada.

INTRODUCTION

Apart from scientific interest, mi-
crobial urate oxidase have been re-
cently applied in the treatment of
children from hyperuricemia (8) and
patients with primary goat (6-7) and
an increasing attention has been di-
rected toward using intracellular uri-
case enzyme for industrial, analytical
and medical purposes. Many investi-
gators stated that uricase enzyme may
be applicable to the analysis of se-
rum or urinary uric acid, others be-
lieved that the purified enzyme would
have practical importance in chemo-
therapy.

The standardization of the intro-
duced U. C. Z. technique (1) facilita-

ted the study performed purposely

for controlling the factors and/or con-
ditions affecting the production of a
high yield of the endocellular ther-
mostable uricase by the obligate ther-
mophilic bacterium, Bacillus stearot-
hermophilus, S-90 L. N. which is the
main purpose of the present paper.

MATERIAL AND METHODS

Bacterium used

Bacillus stearothermophilus, S-90 L.
N., the most potent uricolytic obligate
thermophile previously studied by
Ammar et al. (1) was used.

Microbiological methods
All microbiological methods —unless

otherwise stated— were performed
according to Ammar et al. (1).

Uricase determination

The urate oxidase (E.C. 1.7.3.3)
activity was determined according
to the U.C.Z. technique at 55°C for
24 h previously described by Ammar
et al (1).

Factors affecting the production of the
endocellular uricase by Bacillus
stearothermophilus S-90 L.N. under
static conditions

The following factors were investi-
gated for their effect on uricase pro-
duction: different uric acid concen-
trations, certain heavy metallic ions
at different concentrations, different
carbon sources supplied at equimole-
cular weights of the C-skeleton loca-
ted in 20 g sucrose, different nitrogen
sources supplied at an equivalent
amount of the nitrogen content of 2.0 g
NaNO,, different amino acids sup-
plied at a N, level equivalent to that
located in 2.0 g of Na NO, different
glucose concentrations and different
incubation periods respectively.

In all cases, 50 ml aliquots of the
production medium were dispensed
in flasks of 250 ml. Six flasks were
preppared for each treatment. Auto-
claving was carried out at 1.5 atm. for
15 min. Each flask was inoculated
with 1 ml of a standard bacterial sus-
pesion (1.0664 X 10 cells/ml). Incu-
bation at 55°C was carried out
—unless otherwise stated— for 72. Ex-
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traction of the endocellular enzyme
and assaying for its activity using the
U.C.Z. assay plates (1) was carried out
at 55 °C for 24 h.

RESULTS AND DISCUSSION

Since substrates other than uric acid
were of relatively similar (and pro-
bably higher) inducive effect on uri-
case formation by Bacillus stearother
mophilus, S-90 L.N., purified uric acid
was introduced into the production
medium at various concentrations
(table 1) in an attempt to determine
the threshold concentration of uric
acid. The best concentration required
for a maximum introduction of en-
docellular uricase was 100 mg uric
acid/100 ml (i.e. 0.1 %, w/v) at the end
of 72 h incubation at 55°C (table I).
However, concentrations higher than
0,3 % exerted complete inhibition
against uricase production. Similarly,
0.1 % uric acid was recorded (9, 17,
21) for a maximum uricase produc-
tion by Candida tropicalis, Streptomy-
ces sp. and Streptomyces albogriseolus,
whereas 0,03 % (15) was recorded for
C. utilis, 0.06% (22) for yeast cells;
0.08 % (16) for Hyphomycetes, 0.2 % (4)

Table 1.

for Preadomonas sp., 0.5 % (13, 18) for.
Nocardia sp. and Micrococcus luteus
and 1% (3) for B. fastidiosus res-
pectively.

The effect of 7 different metallic
ions applied at different concentra-

_ tions (pg/ml) on the endocellular uri-

case production are shown in table 2.
Mn** exerted an obvious stimulating
effect at all concentrations used with
a maximum increase of 1.82 folds at
1 yg/ml concentration. This was fo-
llowed by Co** (at 1 ug/ml) causing
an increase of 1.74 —folds, followed
by Zn** (5 yg/ml) with an increase of
1.51— folds and Ca** (1 pug/ml) with
1.35-folds respectively. However, both
Cu** and Fe*"* exhibited clear inhi-
bitory effects at all concentrations
used (table 2). In comparison with ot-
her findings, K* and Mg*" induced
uricase formation by Streptomyces
sp. (20), Mg** induced uricase of Can-
dida tropicalis (15) and Fe** stimula-
ted the formation of Brevibacterium
vitarumen var. uricum uricase (14) res-
pectively. On the other hand, , Anon (2)
stated that the uricase of Micrococcus
luteus was inhibited by Co**, Mn**
and NO;5 but stimulated by Mg**.
However Bongaerts et al. (5) reported

Effect of different uric acid concentrations on the endocellular uricase production by B. stearo-

thermiophilus, S-90 L.N. Incubation was carried out at 55°C for three consequtive incubation periods
namely: 24, 48 and 72 h respectively

Uric acid concentrations

Enzyme yield (I. U.) at the end of an incubation

production period of:

me/100 m! 24 h 48 h 72h

25 72.52 158.67 166.15

50 204.4 263.32 295.45
100 158.67 339.23 339.23
150 44.72 44,72 50.18
200 138.19 178.03 178.03
300 0.00 30.23 50.18
400 ~0.00 0.00 0.00
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Table 2.  Effect of different ions at different concentrations (ug/ml) on the production of the endocellular
uricase by B. stearothermophilus, S-90 L.N. Incubation was carried out at 55°C for 72 h

Ions Enzyme yield (I.U.) in the presence of different concentrations of:
concentrat.

pg/ml Mn++ C0++ Zn++ Ca++ Mg++ Cu++ Fe++
None 19520 195.20 195.20 195.20 195.20 195.20 195.20

1 355.21 339.23 141.41 263.32 126.04 155.06 95.61

5 309.38 158.67 295.45 158.67 127.49 144.71 107.27

10 229.34 158.67 131.97 151.53 195.20 83.27 107.27

50 229.34 155.06 52.54 138.19 128.97 107.27 83.27

that the uricase enzyme was partially in-
hibited in the presence of various cations
and the inhibiting effect decreased in the
order of Zn** Ni**, Co**, Cu**,
Cd**, Cd**, Cr**, Mn**, Pb** and
Fe** respectively. No inhibiton was
exerted by Hg**, Fe**, Ca*'* and
Mg™* at the 10~ M level. Compari-
son of the present results with those
of other workers is largely improper.
This is because the present uricase is
unique in being obtained from an
obligate thermophile and present re-
sults should be taken as contribution
to knowledge because of their non-
classic origin.

Since higher concentrations of uric
acid (>0.3 %) exerted clear inhibi-
tory effects against uricase produc-
tion by Bacillus stearothermophilus,
S-90 L.N. (table 1). Other C sources
were introduced in place of uric acid
into the production medium (devoid
of uric acid or any other C source, ta-
ble 3). Amazingly, in the complete
absence of uric acid, glucose induced
the constitutive biosynthesis of urica-
se more than uric acid 16.3-folds, fo-
llowed by mannose, sucrose, lactose,
maltose, glycerol, xylose, fructose and
galactose which caused 9.77, 7.6, 5.9,
4.6, 2.8, 2.13, 1.6 and 1.0 increasing
folds of the control respectively.

Interestingly, the only C source
which failed to induce the biosynthe-
sis of uricase is starch (table 3) alt-
hough the same strain is amy-
lolytc (1). Somehow, a-amylase (in-
duced by starch) could be correlated
with uricase inhibition, this needs
further work to elucidate the corre-
lation.

Although peptone was found to be
the best nitrogen source for uricase
production (table 3), yet, in recent
years, it has been replaced in culture
media well defined for physiological
studies by materials of known com-
position.

The fact that methionine was the
best amino acid used as the sole ni-
trogen source for uricase production
(table 3), is in accordance with that re-
ported by Zaki (23) that the sulphur
amino acids (e.g. cystine and methio-
nine) were detected at the high growth
temperature (i.e. at 50 °C) of Aspergi-
llus fumigatus, S-31. This also was si-
milar to that recorded by Fries (10)
who found that a strain of Coprinus
fimetarius having a temperature opti-
ma for growth between 35°C and
44 °C if supplemented with methioni-
ne or to a lesser extent with homo-
cysteine.

Glucose was used as the best car-
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Table 3. Effect of different sources of carbon, nitrogen and amino acids on the endocellular uricase produc-
tion by B. stearothermophilus, S-90 L.N.

g)z;rztén Uncz;-slej-yleld Nitrogen source Ur1ce;.56.y1eld Amino acids Unca;'sayleld
Control 30.23 None 0.00  Peptone (control) 631.67
Glycerol 83.27 Sodium nitrate 229.34  L-glutamic acid 30.23
Glucose 490.33 Potassium nitrate 380.62  L-aspartic acid 30.23
Sucrose 229.34 Peptone 631.67  L-glycine 50.18
Maltose 138.19 Protease-peptone 29545  L-serine 295.45
Xylose 64.64 L-asparagine 380.62  L-eyistine 64.64
Galactose 30.23 Ammonium sulphate 4472  L-asparagine 178.03
Lactose 178.03 Ammonium chloride 64.64  L-methionie 813.75
Fructose 50.18 Casein 107.27  Dl-valine 83.27
Mannose 295.45 Yeast extract 380.62  L-arginine 295.45
Starch 0.00 L-trptophane 107.27
L-alanine 138.19
L-leucine 229.34
D-phenyalanine 83.27

bon source for uricase production
(table 4) at the level of 1 % (w/v). This
has a special economical value, since
other workers (9, 15, 20-22) recorded
3 % glucose for the inductive produc-
tion of uricase (s) by Candida utilis,
Alcaligenes faecalis and different Strep-
tomyces spp. Further, Fukumoto et
al. (11) recorded 5 % glucose for ma-
ximum production of yeast uricase.
In a comparative study concerning

Table 4.  Effect of various glucose concentrations
and different incubation periods on the intracellu-
lar uricase production by B. stearothermophilus,

S-90 L.N.
Glucose | Uricase| Incubation | Uricase
concentrat. | yield period yield
%, W/v LU h LU
0.1 64.64 12 0.00
0.5 178.03 24 123.17
1.0 956.07 48 29545
20 380.62 72 1072.73
4.0 0.00 96 229.34
6.0 0.00 120 3895

the effect of different incubation pe-
riods on uricase production (at 55 °C)
by S-90 L.N., data recorded (in table
4) indicated that after 72 h incuba-
tion period, the highest uricase yield
(1072.73 1.U.) was recorded. Similarly,
Kano (12) recorded 3 d for maximum
production of Candida albicans uri-
case. However, data in the literature
gave no fixed optimum time for the
production of uricase (s) by all mi-
croorganisms.
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SUMMARY

The regulatory roles of certain factors on the production of a
thermostable uricase from an obligate thermophilic bacterium
(Bacillus stearothermophilus, S-90 L.N.) were as follows: Vitamins
separately supplied failed to promote uricase production with the
exception of thiamine at 10 ppm, optimal inoculum size was 2 ml of
1.0664 X 10" cell/ml) per 50 ml production medium, optimun inocu-
lum age was 48 h, yeast extract exerted an obvious stimulatory effect
at the level of 0.1 % (w/v/), tris HCI buffer (out of 7 buffers used) was
the most effective one at pH 8.0 and 0.1 M., incubation temperature
was 55 °C, urate oxidase biosynthesis parallel growth (fresh and dry
weights a maximum yield (L.U.) after 72 h under static condi-
tions. Agitation conditions (160 rpm) played an important role in
increasing the yield (16.2-folds) within a relatively short period (27 h)
if compared to the longer (72 h) incubation period (2.04 folds) under
the same conditions. Therefore, it was suggested to establish ther-
mophilic production processes —for the present thermostable uri-
case— under large scale fermentation.

RESUMEN

Los efectos reguladores de ciertos factores sobre la produccion
de una uricasa termoestable del Bacillus stearothermophilus S-90
L.M., termdfilo obligado, eran los siguientes: las vitaminas dismi
nuian la produccion de uricasa con la excepcion de la tiamina, a 10
ppm; el tamafio 6ptimo del indculo era de 2 ml (1,0664 X 10"
células/ml) por 50 ml de medio; la edad 6ptima del indculo, 48 h; el
extracto de levadura ejercia un efecto estimulador claro a una con-
centracion de 0,1 % (p/v); de los siete tampones utilizados, el tris-
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HCl se mostraba el mas efectivoa pH 8,0y a0,1 M de concentracidn;
la temperatura de incubacidn, 55°C; la biosintesis de la urato-
oxidasa mostraba un desarrollo paralelo al crecimiento (pesos
fresco y seco) con un maximo rendimiento después de 72 h, en con-
diciones estaticas. Las condiciones de agitacion (160 rpm) tenian
importancia en el aumento del rendimiento (16,2 veces) dentro de
un periodo relativamente corto (27 h) si se comparaba con el mayor
(72 h) periodo de incubacién (2,04 veces) en las mismas condicio-
nes. Consecuentemente, se sugiere el establecimiento de procesos
de produccion termoéfilos para la obtencion de esta uricasa termoes-
table en fermentaciones a gran escala.

INTRODUCTION

Although reports in the literature
regarding the production of micro-
bial uricase (s) included almost groups
of the microbial world e.g. Candida
utilis (19), Aspergillus flavus (11, 21),
Bacillus fastidiosus (6), Streptomyces
cyanogenus (23) and very recently S.
albogriseolus (12) yet, no endeavour-
whatsoever-has been given to ther-
mophilic uricase (s) in general and
those of obligate thermophilic bacte-
ria in particular. Therefore, it is hoped
that the work in this paper will provide
some lacking information in this area.
This is obviously shown by finding
out a new source of thermostable uri-
case —for the first time— from B. stea-
rothermophilus, S-90 LN., an obligate
thermophilic bacterium previously
isolated from High Dam Lake water.
This paper has also revealed certain
fundamentals previously lacking regar-
ding both the relatively high yield of
thermophilic uricase (s) and their pos-
sible production under large scale ther-
mophilic fermentation conditions.

MATERIALS AND METHODS

Bacterium used

Bacillus stearothermophilus, S-90 LN.
previously investigated (3-4) for its
uricolytic activity was used.

Procedures used

All  microbiological procedures
—unless otherwise stated— as well as
urate oxidase (E.C. 1.7.3.3)) determi-
nation were performed according to
Ammar et al. (3-4).

Production medium used

The production medium (3) pre-
viously optimized for the production
of the highest yield of thermostable
endocellular uricase (4) was used as
the basic medium in this investiga-
tion. Different modifications were
made in relation to uricase yield.

Vitamins

Different concentrations of the wa-
ter soluble vitamins were singly sup-
plied to the medium devoid of yeast
extract or any other vitamin source.

The media were inoculated equally
with a standard inoculum (1 ml/50
ml) and then incubated at 55°C for
72 h at the end of which, extraction
of the endocellular uricase was made
and enzyme yield (I.U.) was deter-
mined.

Inoculum (size and age)

Different inocula sizes (ml) were
introduced into the production me-
dium in a way to keep the final volu-
me of the production medium cons-
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tant (i.e. 50 ml). The best inoculum
age (h) was also determined.

Buffers

Different buffers at their pH ran-
ges were used e.g. citrate buffer (5.8-
6.2), citrate-phosphate (5.8-7.2), phos-
phate (5.8-8.0), veronal (6.8-8.2), the
organic buffer HEPES (N-2 Hydroxy
ethyl peperazine-N-2-ethane sulfonic
acid) at the pH range of (6.8-8.2) at
different strengths namely 0.05, 0.1,
0.2 and 0.4 M. respectively, tris-HCL
buffer (hydroximethyl amino ethane-
HC1) buffer (7.2-9.0) and borate buf-
fer (7.6-9.2) respectively. All the cons-
tituents of the production medium
were dissolved in the buffer solutions
(0.1 M). Six flasks (250 ml capacity)
each receiving 48 ml of the buffered
medium at the desired pH were used,
autoclaved at 1 atm for 25 min, ino-
culated with 2 ml bacterial suspen-
sion and then incubated at 55 °C for
72 h. In a further experiment, the
effect of strength (M) of tris-HC1 buf-
fer (the best buffer) on uricase pro-
duction was carried out. The consti-
tuents of the production medium were
dissolved in tris-HC1 buffer (pH 8.0)
at different molar concentrations.

Yeast extract

Yeast extract (Oxoid) was supplied
into the production medium at diffe-
rent concentrations (w/v, %).

Thermal incubation temperatur

The influence of growth tempera-
ture on uricase production was ca-
rried out at relatively wide range of
incubation temperatures e.g. 37-80 °C.

Cell production

The relation between the growth of
Bacillus stearothermophilus, S-90 L.N.

(in terms of both cell fresh and dry
weights) and uricase yield at the end
of different incubation periods was
carried out.

Agitation speed

Different incubation speeds (rpm)
were used to determine their effect on
uricase production.

RESULTS AND DISCUSSION

Although many individual vita-
mins were required for the growth
and subsequently enzyme (s) produc-
tion by most thermophiles (7-10), yet,
supplying vitamins individually at
different concentrations failed to in-
crease uricase productivity (table 1).
In contrast, they exhibited, a relati-
vely and occasionally a complete in
hibition except thiamine at the con-
centration of 10 ppm with resulted in
a stimulatory effect regarding the uri-
case production. This was in agree-
ment with the observation of Ki-
da (18) who found that the addition
of vitamins to the medium of Brevi-
bacterium vitarumen containing ade-
nine recovered growth retardation,
but the effect of these vitamins on the
recovery of uricase production was
little.

The best inoculum size was found
to be 2 ml of bacterial suspension
(i.e. X 10664 X 10" cells/ml) 50 ml pro-
duction medium (table 2). However,
the optimum inoculum age was rea-
ched after 48 h (table 2).

The optimum pH for uricase pro-
duction varied greatly with the diffe-
rence of the kind of buffer used e.g.
pH 8.0 was recorded for tris-HC1 and
borate buffers and pH 7.2 for citrate-
phosphate, phosphate and veronal
buffers respectively (table 3). This be-
haviour, however, is in correspon-
dence with the general behaviour of
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Table 1.

Effect of supplying certain vitamins at different concentrations (ppmy) to the production medium

devoid of yeast extract on the production of endocellular uricase by B. stearothermophilus, S-90 L.N. In-
cubation was carried out at 55 °C for 72 h. Enzyme activity was determined by the U.C.Z. technique at

55°C after 24 h
Vitamin Uricase yield (I. U.) due to the incorporation of:

concentration T . . .
ppm NiCOinic | Tpjamine | Pantothenic | Bioin | Riboflavin | V2™
0.00 1072.73 1072.73 1072.73 1072.73 1072.73 1072.73

10 631.67 1381.93 490.33 631.67 490.33 490.33

50 107.27 229.34 107.27 631.67 380.62 380.62

100 107.27 0.00 107.27 380.62 0.00 30234

200 89.23 0.00 64.64 0.00 0.00 0.00

Table 2.  Effect of different inocula (sizes and ages)
on the endocellular uricase production by B. stea-
rothermophilus; S-90 L.N.

Inoculum | Uricase | Inoculum | Uricase
size yield age yield
ml (*) 1.U. LU.

1.0 1072.73 12 427.06

20 1447.07 24 562.97

30 1024.45 36 759.43

4.0 913.04 48 1907.61

5.0 832.70 72 1907.61

(*) Each ml contained 1.0664 X 10** cells.

most enzyme biosynthesis and/or
production (5).

The fact that tris-HCI buffer was
found to be more effective at 0.1 M
for the production of the present ther-
mophilic uricase when the pH was
8.0 indicates that the slightly alkaline
pH is the most favourable one for the
enzyme biosynthesis. This was in con-
trast to that previously reported (12)
that Streptomyces albogriseolus uricase
prefers the neutral pH of phosphate
buffer i.e. pH 7.0. However, that phos-
phate buffer resulted in no good pro-
duction similar to that of tris-HCI
under the same incubation condi-
tions is in full accordance with that
reported by Aharonowitz and De-
main (1) who stated that the inorga-

nic phosphate has a drastic effect on
the biosynthesis of enzymes and ot-
her metabolites:

The introduction of yeast extract at
the level of 0.1 % (w/v) was essential
for both growth and uricase produc-
tion (table 4). This is in accordance
with the claim that yeast extract was
found to promote the growth of many
microorganisms especially at higher
and elevated temperatures (8-9, 17, 25).
For more evidence, El-Shahed (12)
reported that yeast extract has no ef-
fect at all regarding the production of
the mesophilic uricase of Streptomy-
ces albogriseolus under mesophilic in-
cubation conditions i.e. 30 °C.

That the optimal incubation tem-
perature suitable for the highest pro-
duction of the present uricase is 55 °C
(table 4) is in complete accordance
with the general behaviour of typical
thermophiles, since 55 °C is conside-
red to be an optimal one for the
growth of many thermophiles (2, 13-
16, 20, 22, 24, 27).

Determination of the growth curve
of the producing bacterium in rela-
tion to uricase productivity at 55°C
resulted in a continuous increase of
the enzyme corresponding to the in-
crease of culture age till it reached up
to 72 h (table 4) where the maximum



