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Studies on Bacterial Uricase

(IL) Extraction of Uricase from Bacterial Cells and
Some Properties of Crude Enzymes

Junnosuke Kida, Masahiro Kunihisa and Setsuko Shiraishi

(Ono Pharmaceutial Co. Ltd., Higashinari, Osaka)

It has been reported in a previous paper that two bacteria, Micrococcus varians
and Brevibacterium vitarumen var. uricum were isolated as uricase producers, and
some conditions of the enzyme production were investigated. In this paper an
uricase (an endoenzyme) extraction method and some general characteristics of
crude bacterial uricase were investigated.

As ultrasonic extraction is difficult to apply for industrial purpose, other extrac-
tion methods were tested. For strain Micrococcus varians a freezing and thawing
method using dry-ice followed by extraction with phosphate buffer solution showed
a 607 yield. The best yield was obtained with a phosphate buffer of pH 8.0~9.0
for 24 hours at 25°C.

Strain Brevibacterium vitarumen var. uricum was found to have the ability to
accumulate uricase in the broth when cells were incubated in the basal medium
added with 0.1~1.0% nonionic surfactant. Among 10 nonionic surfactants tested,
Nikkol-R-2020 (a condensation product of polyoxyethylene octylphenol and formal-
dehyde), polyoxyethylenelaurate and Nikkol HCO-60 (polyoxyethylene castor oil
derivative) were found to be most effective. Induced external production of uricase
by nonionic surfactant required a carbon source added to the medium, and only carbon
sources capable to support the bacterial growth was found to be effective.

Some properties of the crude uricase preparations were examined. The crude
uricase was obtained either by using (NH,),SO, between 0.2-0.6 saturation (Micro-
coccus varians) or acetone precipitation with acetone (Brevibacterium vitarumen
var. uricum.).

The optimum pH for activity was found to be 8.5-8.8 with either enzyme and
it had optimum stability at 9.0 (Micrococcus varians) and 8.0 (Brevibacterium

vitarumen var. uricum) respectively. Both enzymes showed similar behavior to
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inhibitors. KCN, PCMB and hydroxylamine inhibited them seriously but EDTA
and heavy metal ions had only minor effects. Reducing agents such as cysteine and

ascorbate stimulate the enzyme reaction.

o B

#0:0) uricase ORISR N. crassa® S HEBHIEDE ETHEHON TN A0S, BEENEEROMIICBEE
WRERF Bz, Lo L C OF R TRBSAEICES TR, BIERY CHE Ui uricase LR Micro-
coccus varians X178 Brevibacteriwm vitarumen var. wricum 0T, BMEOMBEREL, FI4T
S ZEF A EEEEESEN TS 2 AR, ThdEA 4 VIEREEEREHD 5 & HEHRIC uricase &
BT ADEHEL, TORBIONTHEARE L, EREEERAZHVCEEABROMBIEL, 14 VHE
ETEFEMEHIANT saccharase AHii L7 T LN TV 310, —RICEENREROMEH & UTRCF
FXNTOD. LiraICIE4 4 v HREEE N REENBEROMBER M ST, 7o, Streptokin-
ase A:fERHc Polyoxyethylene monolaurate A¥EiNT 5 &, HMhOWRERBEIBART 29 L OWREND 3.

o ¥ TR B SN uricase DF4L DIEE L S, B uricase® IZHANTZ, =0
ATHE LT3,

KIPETIL, C OB uricase O ER LUHBEEDOO L DHOHERIC OO TRET 5.

B A E

1) SEREEIEE Micrococcus varians 3 XS Brevibacterium vitarumen var. uricum ZHER L,
B I BTHOICHE U7 B TS - 7o, BB E—EKSE LRSI AR & Lie.

?) WEERORE

1) ES474RCEDEMME G5k 5g ZUBICAN, FI4 T4 AEMATHRESE S, ABTE
CEBERr L ARETH I EHEKE U TRIgSE S, O )
¥fE% 8 @RS, DT M/15 borate buffer £0ml %
EIN LT 26°C IK— W@ 5. fiticBW» 2 buffer ©
pH % 4~9& L, 24E:Ri%k & P4885[ 25°C T,
uricase JEMEARITE LcER % Fig. 1 iKRd (FUEDE,
pH |2 8.5 K% T 2). Ko pH8~9T1HKE
TRADEHTHS.

IR 0. 2 BEFIICTS B & 5 TR T V& =7 4%
%, HEET 27B% celite-cornstarch (1:1) ZJ&E)
MCANTPET 5. PRIZS DICHRT Y E=Y 0% O.lr
WL, 0.6 fafEiTER CraBHE RV TED 5.
ST % M/30 phosphate buffer (pH 8.5) THIR

0.5t

o4t

o
o
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L, MEEREE L. pH

(2) 384 A YMREEEEERODSTE uricase Fig. 1. Effect of pH on the extraction with
EEREREHID 10k 4 A v E IR Nikkol R-2020 % dry-ice.
0.1% Nz, B 1g/100ml AEM LT, 25°C 16K 50g of wet cell was freezed using dry-ice

in the moter, crushed and thawed. 50ml

FiREREEd 2. D% 3000rpm T304 fHELMTEEL, of buffer solution was added and kept at
FBEAEDT I~ 4EBOBI T PV EMA, BE 25°C over night. Then ‘the extract was
#h#y%4 M/30 phosphate buffer (pH 8.5) ICiEf#E L, centrifuged and uricase activity was meas-
REE AR L TR S, EBEAEDTHEBERRE LT ured. Activity represents the decrease of
e 0O.D. at 290mu when uric acid solution
- was incubated with uricase at 25°C for

) BEIEUOHE AP EE U TH . 20min.
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1) BEOHH

B LD uricase ZHIL T 27DICHEA DHEERS IR, —ROBRETIE 10~15%, BDELETIE
15%. lysozyme JLEEEETIZ 16% ULBEREMEE T, 7 b VEEREKI O T 2 5L TRERIEIE
sz, LU FSA T4 R5ROEBRIREI X T, Micrococcus varians X0 invivo @ uricase [E#
DII60% DIEMDSIE S 417z, T, Brevibacterium vitarumen var, uricum > 5 @ uricase i IC#HiRD X
HICIEA A v EEREEERE RO TEEAT uricase ZEUHE L.

(1) F5A474 Rk ZERERE  Micrecoccus varians RO BERHMHOER T v FTOBZEBEEB LT
HiEE% Table 1 IR,

Table 1. Preparation of crude enzyme of Micrucoccus varians.

Ammonium sulfate (15.2 g per 100 ml extract) was added to the extract and was filtered with
celite-cornstarch (1 : 1) as a filter aid. Moreover, ammonium sulfate (28.2 g per 100ml extract)
was added and was filtered again. Precipition was dissolved by M/30 phosphate buffer (pH 8.5)
and uricase aciivity was measured.

Treatment Vc('glgl € Specific activity latz(\lllnaiigvny
Crude extract 70 1.74 29.05
(NH.,).SO, fractionated precipitation
with 0.2—0.6 saturation 15 9.83 20.24

Teble 2. Screening test of non-ionic surfactants.
0.19% various non-ionic surfactants were added to 100 ml medium in 500 ml meyer flasks re-
spectively. Then 1g wet cell was inoculated and incubated under shaking condition at 25°C {for
16 hr. Cultured broths were centrifuged and both endo- and exo- uricase activity was measured.

Growth dry (u[rfi]%c/alsgo i} iﬁih)
Surfactants name H.L.B. matter ’

(mg/ml) Endo- Exo-
*Nikkol BC-15-TX 12.5 6.4 1.45 1.82
*Nikkol BC-30-TX 16.0 7.0 4.67 2.13
*Nikkol BL-25 16.5 7.2 2.02 1.55
*#*Nikkol HCO-50 13.4 7.2 4.67 1.43
#kNikkol HCO-60 14.1 6.6 4,64 4.10
Rk Nikkol MYL-10 12.6 6.0 3.55 4.94
5*Nikkol MYS-25 15.2 7.0 4, 44 1.66
#Nikkol MYS-45 17.9 6.8 3.69 1.97
¢*Nikkol PBC-33 10.6 6.0 1.82 1.77
8 Nikkol PBC-34 16.4 6.2 2.45 1.86
8#Nikkol PBC-44 12.9 7.0 2.83 2.04
*Nikkol R~-2020 20.4 7.2 4,14 6.13
$Nikkol TL~10 16.9 7.4 4. 47 3.35
#*Nikkol TP-10 15.9 6.6 4.32 2.88
*10Nikkol TS-10 14.9 6.8 4,19 2.36
Control 8.2 4. 40 1.21

*Polyoxyethylene cethylalcohol ether #$Polyoxyethylene laurylalcohol ether

¥#*Polyoxyethylene castor oil derivatives *+4¥kPolyoxyethylene laurate

Polyoxyethylene stearate

s%Polyoxypropylene polyoxyethylene cetylalcohol ether

*Condensation product of polyoxyethylene octyl phenol form aldehyde
8#Polyoxyethylene sorbitan monolaurate 9%¥Polyoxyethylene sorbitan monopalmitate
10%Pgolyoxyethylene sorbitan monostearate
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2) BEEEFICK M BEEEEXNCEEANOEROEEERS . £ ORRIEA 4 v HREEERIC
OAEMR SN, FHIEHFCEEERHEZRNT 28, 52REULOBBENLETHL L, TH
EBICMERRROEHE RO G USEE R E R ICER LI & 2@ k.

a. EMEEMHFOR Y —=v/ HH#H 100ml % 500ml FEH7 7 R AN, FEEREEUH 0.1% %
WinLTREd 2. DF¥ICEK 1g 2EF L, 25°C TI6HMIRET 2. SO0 L, BERBIU LBROBE
EMEERE L. 2 0fR Table 2 1CRY & 5 I8FEA &V HERTEEERICO A EEHIN OB REFIRBR O N,
4+ VHEFEERME LTI Sodium lauryl sulfate, Cetyl pyridinium chloride, Benzalkonium chloride 7
BIZOOTHE Lioh, WEnd R BRonth -7, A 2 VIHEREEEHIO 5 BT, Nikkol R-2020

DEEOBLERMELRL, fic Nikkol MYL-10, Nikkol HCO-60 7% & & BIFEHERER L 7.

PITFiz Nikkol R-2020 ZfRW\TH R A MO ~ER IR 24 O&BLRE L.

b. HAEMEOEE H#uz Nikkol R-2020 0.1% %740 L, Penicillin, Streptomycin, Fradiomycin, Baci-
tracin, Polymyxin %% ZHFEM L CEA 18/100 ml #EMABE L, 256°C T 20WflREREE Lic. BRI
Table 3 D&V T Penicillin, Bacitracin, Streptomycin, Fradiomycin [ZREBRICHER LCBE CTHOHRB R LU
uricase DEEFEAHMNE] L7-. Polymyxin [35F 2 H T HIcHifls 2 23 uricase OERL T L731». Polymyxin,
Fradiomycin, Streptomycin T3 HB DA LIEAIC uricase FROHENT 5.

c. REFOEE Nikkol R-2020 % 0.1%MNA /M TREFEEAICEAT, §1BMATER pH %
7.4 1T L, 25°C T 20MAIRGEH RO L LB uricase JEHERIE L. BEAEERRTANT

Table 3. Effect of some antibiotics.
Various antibiotics were added to the medium containing 0.1% Nikkol R-2020. Then 1g
of wet cell per 100 ml medium was inoculated. It was incubated at 25°C under shaking condition
for 20 hrs and exo-uricase activity was measured.

Antibiotics Polymy=xin |Fradiomycin| Bacitracin Penicillin | Streptomycin | Control
u/ml mcg/ml u/ml u/ml mcg/ml
Cocentration
10| 1w 1] 110 | 1] 10
Growth (mg/ml) 4.4 | 4.6 8.0 | 2.6 2.6 2.6 — |2.2 2.2 1.9 5.5
Uricase activity v _
(u/100ml) 2.12 |1 2.33 | 1.54 | 1.00 | 0.02'1 O 0 0.04 | 1.16 0.85 2.30

Table 4. Effect of various carbon sources.
1% of various sources were added to the medium containing 0.19 Nikkol R-2020. After
inoculating 1 g of wet cell, it was incubated at 25°C under shaking condition for 16 hrs. Then,
cultured broth was centrifuged and exo-uricase activity was measured.

Carbon sources (Dry celle!:t)e‘i;;tglt mg/m:l) L(}fxlriftsse}l%((:)ur;ll;y
Glucose 7.2 2.43
Mannitol 3.0 1.07
Ethanol 1.0 0.80
Methanol 4.6 0.04
Glycerine 1.4 1.03
Scrbitol 1.6 0.91
Na-malonate 1.2 0
NH;-maleate 1.8 0
NH,-malate 1.0 0
Na-acetate 0.8 0.09
Na-succinate 1.2 0.22
Na-citrate 0.8 0.25
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1g/100ml T#% 7z (Table 4). £ 2 — ZEHIC BN TERE D IEMEE /-,

V=Y b=, Yy vy

DEE T 32—V ERFBBICAOICBE SERIITEONID, A&/ =, TE)—LBL UHBEEA R

BEICE~OERIIRIZR Sk - 7z,
2) EBEOME

(1) @ pH pH 38.0~5.0 i3 acetate buffer, pH 6.0~7.0 i3 phosphate buffer, pH 8.0~11.0 izt
borate buffer XU Na:COs ZBNT, & pH ICFE L -BERET 265°C T30S L, BESRiEMEZEH]
ELtc. < O#E Brevibacterium vitarumen var. uricum & Micrococcus varians L hEBE SN HEBEER,

L HICfERRE pH 8.5~8.8 KhEicas 2 ¢ &
bro7z (Fig. 2).

(2) ZE pH LEREREBEOHET pH 5~10
IR U B RIA IR 256°C T24RERIME Lok,
BRI D pH % 8.6 iR L, BERRELS
BE L. ZORE 7LAY BT BT OED
PH T&ZETH 25, pH 5.0 HIFTIRERIC
%iE L7 (Fig. 3).

{3) BEEFIEE M/15 borate buffer (pH
8.5) TWIR L 7o HlBERIRIK % 256°C~60°C D&
BET200 M uric acid & RS X CTEBIRE ST
N ZDFER 30°C~40°C ORI TREELLE,
TNLUEORETRIEZORESR N (Fig.
4).

(4) HEIEEREOBEGRE —EBOBMRAK
% 20, 30, 40, 50, 60°C OLREICHKEL, B
ROREICH T BRIER LB & OBRETH~N
#ER, Fig. b5 IKIRT & 51T Micrococcus varians
D b OREEESR B L U Brevibacterium vitarumen
var. wricum I» 5 OMEEERE & 20C DT Cit®E
ETH, 50C IEOBEEICHLTIZ 1 BT
90~100% 4k¥E L 7-.

(5) BERVEMMZEX B IORENORE TS
B, Fv—rEE, BEE BiRErnLos
AT T 2 B R OEEOZELIC DV THRE
Uiz, THHBEERIRIC Table 5 ICRITRIEE
ERBEDICEBEEMZ, 25C T 0HMHEKESE
U7k, REEZINZ T24MEG XS REDOES
BEREL. ZO%E Table 5 T5RT XS
KON ciiZELicERIIFRE SN, PCMB. &
XU hydroxylamine i3 80~90% iz Xxh 3.
FESBERICBOTIE Cu, Mn, Fe igo0e
Ptk A, Cu iCk-THICHMEIN.
uricase 2R L LTHOSNTL 28, 4 4
VRESESBNEMESINS. Cysteine Xk
¥ ascorbic acid T3 iClE EIEMIZEE 34170,

® X
0.5}
[ J
X
04t g y
®
b 4
031 .
>02 * M vorions
= * B, vitorumen
S A var. uricum
O.1
q [ ]
4 5 6 7 8 9 10

Fig. 2. pH optimum of crude enzyme.

Crude uricase preparation was dissolved in
buffer solutions of various pH, and was kept
at 256°C for 30min. Then pH was corrected
to 8.5 and uricase activity was measured.

0.5+ B viforumen
var, uricum

04

0.3r
2
=
202

O.1F

4 5 6 7 8 9 10
pH
Fig. 3. pH stability of crude enzyme.

Crude uricase preparation was dissolved in
buffer solution of various pH, and was kept
at 25°C for 24hrs. Then pH was corrected to
8.5 and uricase activity was measured,

B 0By s © OB uricase® KT 2 KIMEH OB L MIBET 2 &, »Z0OHRENESNE. K
ascorbic acid QIEESHE uricase DBPAIIZED SNANC L. EHBLBHEICH LT LB uricase 1€
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0.5t
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(1) 2c°¢
L o (2) 30°C
04 . BOH W& TTTtmeweeno_ 20 3y30¢
# ol N— T ¥ (3) (4)40%
> (2852
» 03r z 60 pat 4 (7150¢
S . B I T x (5) (B)GOCC
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o] ® 20 —— M.vorions
dF N ey X, T B.vit v
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i 1 L i

20 ?]_C;mp;jure 5((%) €0 70 Fig. 5. Temperature stability of crude enzyme.
After keeping the crude enzyme prepara-

tion at various temperature the sample were
took up from time to time. And was cooled

in ice water immediately. Then uricase ac-

tivity was measured.

Fig. 4. Crude uricase preparation was disolved
in M/15 borate buffer (pH 8.5) and uric
acid was added. Mixture was kept at
various temperature for 20 min and cooled
by ice water immediately.

Table 5. Effect of some inhibitors on the crude enzyme.

Various inhibitors were added to the crude uricase solution with the concentration indicated
at the table. After shaking at 25°C for 30 min, uric acid was added and was kept for 20 min.
Then the decrease of uric acid was measured.

Percent inhibition
Inhibitors Concentration in : Uricase from
system (mol) _ Uricase from Brevibacterium
Micrococcus varians |y qrymen var. uricum

KCN 107* 100 100
Hydroxylamine 107 : 88 79

Ascorbic acid 1073 0*(53) 0*(28)
E.D.T. A. 107* 25 . 37
E.D.T. A. 10°® — 2
CuS0O., 107? 65 57
MnSO; 1073 25 0
FeSO. 107® 6 33

Cysteine 1078 0%(52) 0%(53)
p-Chloromercuric benzoate 1073 59 87
p-Chloromercuric benzoate 107t — 21

* Percent activition

BB LT DRER T ERETH S, Brevibacterium vitarumen var. uricum P 6 OEZOMEIZ N
crassa i 5@ uricase® OFNIHELLL TN E L HITBEONS.

3) Warburg B &5 uricase ERO 0. WY

Uricase |3 uric acid %4k LT H.O. & allantoin LHRT ABETH BH Micrecoccus varians B LT
Brevibacterium vitarumen var. uricum s 515 SN MR L AV TC uric acd BILOEBREITIZ » 7. T73
HHEE L LT uric acid 20, REIC catalase A 72 b D LU uric acid @i D IC xanthine Zjf
Z 73 DICOVT Warburg #iBick D O: BREBZHERIELC. T OREHR Fig. 6 CﬁfR?fJ: 31T Brevibacte-
riwm vitarumen var. uricum i»5OEERIE catalase ZiNZ B A, ERINCENT O: HEBLK2 DO
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M.varians B.vitarumen var. {(4)
120F uricum

100t » 100
80
= = &0
N 32
5 2
Ey £ 40
o >
(@)
o
O

20

OO

Fig. 6. O, uptake of crude enzyme.

(1) Enzyme solution 1 ml+M/15 phosphate buffer 4 mi
(2) Enzyme solution 1ml+0.013M xanthine solution 1 ml+M/15 phosphate buffer 3 ml

(3) Enzyme solution 1ml+0.012M uric acid solution 1 ml+ catalase solution 0.5 ml+M/15
phosphate buffer 2.5 ml

(4) Enzyme solution 1ml+0.012M uric acid solution 1 ml+M/15 phosphate buﬁer 3ml

Every uricase solution has 0.035u/ml. 1mg/ml of catalase solution was used. Enzyme
reaction was acted using warburgs apparatus at 37°C.

. . Uricase
Xanthine Xanthine oxidase Uric acidee__—> ~———=~ — Allantoin
2H,O0+ 0O, ™ 2H,0:
J/ Catalase
Scheme 1 2H,0+ 0,

1700, Scheme 1 2R LTWA., Ld L Microccccus varians Ip o OEERITENTIL, FEB DD
catalase I EN TS EEHLNAB. ‘it xanthine DS H TN STEEEKICE O THRY 511 xanthine
oxidase HPAELTVBEEZ ONEH, COBED O MRBRISHITLTHS., CDTLipD uricase &
Bid-s0 EXBIINZL, F% @ﬁ?ifﬁ%?ﬁ?’ﬁfa‘oé&mhh/

£ -

Brevibacterium vitarumen var. uricum % uricase AZEEREICHEE L, rRERWEEENEZRMNT S &, &
Hirhic uricase A BT 5. A O EERE EHAIZ R LTl 7¥\1ﬁ$h#1/¥3ﬁ'l%§5ﬂ’\‘fjﬁﬁxg COfERIEPERT
TEMERI— T I SN B E T, HLB. ©hikRmEEAEER T 2 IR BT 7 v 2 — v DR
ARy -i?‘r‘EF%Fﬁf%\ EQARI

ke RS AL E DL OVIEIC BT 5 © &3 cytoplasmic grarule” T p-glucuronidase % phosphatase
CONTED SNTV S, FEEEEFEESE A0 LSE2YEENH 5. L L uricase OFRIRE
o, BOXREOBRASEBACEIRHPN TS, TrohiERETEERZA phosphate buffer o1 TEIAZEE
LTS uricase AL, WAICCOBAR, AR EEEN E DML ERET 258, Bilsp
T uricase ZETT 2 LITE D0,

e R TR I A I OB
) DR
T DA

F LT G, HHICAB® uricase A SN B, £ pshiEREEL:
= uricase OERIOTEENIICHERT 2208, HHICHAEDE 28NS 5 & uricase AEBEEINSD.
DHE b X411 TV T, Polymyxin, Fradiomycin, Streptomycin 73 & CIZEDIEE & 1 uricase

qD
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DEEMSHAIL TN S, T o DHAEMEIT uricase DA, SWEPFIZNDTHA S, Lix L uricase 43
e T AERITED S,

BEHMORRBFOBMELL THET 5 & uricase EHOHELT U 5. AKFCEHORBOBEBINTHT, 7
VA=A, TV=y b=, )Y VBECTIEORE & uricase FRENHBIL TV B, ELOREETIZ,
BEFRE L Td uricase LRENEL - 720, RE, uricase 4EFEE HITIED 72D T 3.

D EOHRIDEHRTD uricase BRICIHBICHORE D LETH B E0M B, Lichi->T Brevibacte-
rium vitarumen var. uricum ehHERETEMFE Sdokiic BE4 2 &, BB LT Hioic BRI N
uricase PSIZHUCHWESNB ED LB SNS.

B )

1) Uricase &REE Micrococcus varians 33 XU Brevibacterium vitarumen var., uricum X 1) uricase O
i3 L CHEBER OME 2 MET L.

2) Micrococcus varians In 53 F 5 4 74 RERERIFREEIC & - T uricase & #ith L, Brevibacterium vitaru-
men var. cricum (ZPERETEMEFIZ RO B FETRMMIC uricase 2 EH X €7,

3) FREREEMEFEERICINZ T Brevibacterium vitarumen var. uricum %¥&35 L, uricase ZEEHICE
B2 5AEDORE & uricase AR HEIT 2.

4) HEROEA OHEICDOTRE UciER, BaOBiESs» o OB uricase &1L D DR AMED
51, N. crassa i»s @ uricase & IZELLEDS O,

BOREES, RABBRI2MEELBOY LR, KRKEIYEER TERE BOARBERE, NFESTEER
SHPEE  LFBERER, RREHFTININFESHRICEHBL 7.
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