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Abstract

Uric acid oxidase is a group of enzymes that oxidise uric acid to allantoin. It is commonly found in
plants, animals and microorganisms, but is not found in humans or apes. Nowadays, the incidence
of gout and other diseases is increasing, and the study of uric acid oxidase has attracted much at-
tention. In this study, a strain of uric acid oxidase-producing bacteria, No. 2YHBJ-3, was obtained
by enrichment culture and screening and purification of samples from Chaika Salt Lake in Qinghai
Province. After16S rRNA identification, the strain was identified as Bacillus. The optimum fer-
mentation time was 48 h, the enzyme activity was 0.0085 U/mL, the optimum pH was 6.6, and the
optimum temperature was 20°C; the enzyme was able to maintain 50% relative activity in the
temperature range of 15°C~50°C and pH 5.0~8.0; Mg2+ and Fe?* significantly increased its enzyme
activity, while Cu2+ and SDS showed strong inhibition. This indicates that this strain of Bacillus sp.
is potentially valuable for the development of uric acid oxidase, which can provide enzymatic re-
sources for subsequent pharmaceutical development.
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1. 51§

JREZ (uric acid, UA)TE AN FZEDL ARSI AL 1] BB N RAEEACEANIE S, WEE, g
— R B RN BRI IN2] e AR SRER K AT - 5, (56 e PR R B o 4k e I, e i g
EIEE “ =" ZJEH “FUmE" [3]. @RS SFECER. SR, Sk, &8 AESEE,
B A6 X e R ST T, RRIRIER 25 R R R A5 BE e bl

A I AR b B PR IR 1 2 ZEVR T 7 10143 3l o 2 P e PR 98 245 DA% T BT R0 M IR PRT Y6 97 A 7 T [4] o
A B ORI, PR XS R AEBIVE R, E 3k AN L A PR AR R BR/K S I DAk, )
TERRRAERE N E 22, HRZHAWEEIRKENERS]. Ja& AMUAT ARRK R IRIR/KE, H
RIVER/IN, RIE AT i R 2 B2 IR o A ) e AR P VR 97 (R 254 20 DO AS 2 B2 5 1)
WD PRIRER A SN PRIR SR HEM ;B B PRERERTE e 7 R RERER[6]. R R A A Bl 2 A 70 384 in R R 54
AN 53 i PRI 6 1) =7 1m), PRIR AT ] R R 8 A 20 e s e B LU PR K 5~10 5 1 R 3 22 12 Tk
AAAR[7], PRIk PR IR S A BE 3 o PR TR HE MR 2 i K 2 26 77 TSR B 3%

H SR LK 2 B IR N IR R IR B SE AL, (AR RO R KA R T B 2R 7 B A BURIR
FULBRIEEA 8]0 DRI 51 NS PRIER A A T 2k DR Rl oh AR N A v PR 1) — /N B 432[ 9] [10]. £ 20
20 50 A A SN R R A AL B VR 9 AR AE R T Im PR 1 1], T HL R AU Bl A Ao I PR 7K ~F- 1)
WHAJTE12]. BT IREREABERT LB W A 1905 4E[13], EHNEZ 1994 ST HFH([14] [15]%A
FE SO R P D A W R BR AL B RN, A4 A I PR R AL B A G o SRR AL E N+ 2L
P2, TEIG RS WA s IR AE B a7 B EAAAEE T 2 N AT 5, PRI 4R 2 AR 0 IR IR
AT AR DA 5 1) AR FE AN T I N[ 16]. 5 B AT BT B R IR PR IR B 2R 25 1 A Bl = 2K 0 B4R 7
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Sk B AR E  PURNERIT A [17]. AR K2 A A RN SEIEM, sl B8 A, S,
W SRR A AN R SOV[18]0 PRIHEEL 4 o0 T PRI SE AL Bl O T AR B I

AT FURS TR 7% R BRI 30 DX A PE RN R 14T 7385, 2 sl ) v sh R 228 1 R I IR AR K
FEIREI[19], FRERIIA BN IE 0 R B RIR AR ST AL 7 — B ERORIF . LARIRE D e — el i 126 7 PR IR
SN R PR, E o ] PR TR A 98 VS Gl 2 420 5 0 Rk R 2 P[] P41 g i 9 5 058 ) O A0 PR AR 3
PURED AR BE0E 1 RL A2, ASHIT FURT %G B 1 BT PR R AL AL Bl A Bl P S At 7 WP R 7T, 70O
R P R IR A A Bl S 24 4 (3t PR A0 A T b B L

2. HREH*E
2.1. SCIG#H}

2.1.1. THEREEKR

SR SR [ RS 25 R IR T RZ 99°02/ 1645 36°18'~45" 2 [A)) 1)
2.1.2. HEFEZIT

JRERFERERE 953 (g/L): MgSO47H,0 0.5, NaCl 30, K,HPO,3H,0 0.5, pH 7.5, KH,PO, 0.5, B¢LEE
W1, 0 3%Ba i [ fA RS 77 5, PRI 2.

FEIRER A B IRE B 7R (/L) pH 7.5, |EAR S, JRER 3, &ALl 2, BRI 3, BilE 30,

7R ER BB R B R 97 (g/L): JRIR 1.5, KH,PO, 1, NaCl30, AEHE 20, MgSO,7H,O 1, EEEEREL
Y1, ®AM 10, FeS0,0.01, pH 7.5,

WA AR BN 2% (pH 4.0~8.0), Gly-NaOH 25 (pH 8.0~10.0), PBS Z&/Hifi(pH 7.6), 0.6 mmol/L
TR — JRER M 4 (pH 8.5) AT EC A4 1 [ 7= 3 b 4k

22. A&

2.2.1. FEEREE S WEREHRRY FIE

¥ 1 g BN 100 ml PAPRER N ME— BRI JRIERIG 7R 5, 25°C R 8 3 7% 6~7 h 5, ¥
B 107, 107, 107, 107 107 1%, RAMEAREEL 200 pL A0 51 LA SR BRAE A ME—BRIE K P BR 4k
GREFE, HEKHEMA, REAM. Al 5502 R ARG IR, Wi o i B oMb
ST B R BV, Pk SRR T e 2.

2.2.2. EHREK, RERFEARE R AR SMEERER T

R PR B K B IR JE 7 25°C, 180 v/min fRH TR, RFIAING 12 h BEATHURE . ODgoo R I 14 5,
ODg0 7 FRIR 6 A o 0T 1S A MRl FRO S PRGN U8 SROBERTT S RO - 1 umol JRIRTE 1 miin I i fg?
FI B S B 0 s, Bk A ST

Rt (U/ml) = {(%2 11 A290 — ML A290) * V I ¥  FRe (545} /12.6 %V

2.2.3. FEEGEIFK 16S rRNA EEIFRLEE

FRAE DNA $REGAF G2 HL 2YHBI-3 (4N LR 4L, 8 @51
(27F:5’-AGAGTTTGATCCTGGCTCAG-3’ Al 1492R:5’-GGTTACCTTGTTACGACTT-3") LA b4 14 41 5 1)
16S TRNA. PCR #5641 FASYEAE 94°C o4 NHF4E 4 min; A2 30s, £ 94°CHAM T IBKIREN
55°C, ¥FLE35 s WA 90 s, FE 72°CHKAF NHET: BT 32 MEIS; WSTE 72°C AT T AT E M,
24 10 min. FPHIBEAT BRARWE BRI Rk S50, H#25T IEAAR) PCR 3Gk =y, W78 R b
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GenBank (http://www.ncbi.nlm.nih.gov/genbank), #R#E3R1G 17515 BLAST ¥ FE 4l 16S rRNA JE[A
FEIHEAT IO, IR MEGA 7.1 HEHT RG34 .

2.2.4. MR

W BRI R I TR N B R R VRS ER 5 AT B0, WA R 50 ml BS.OE, AN 30 ml pH N
7.6 1] PBS 2, UKIE T A AL 30 min JEES.O, TRE LIEVREDIOAHEE, T S48k .

1) i B0 R I A A Bl 3 12 1 S W)

KB 5 AE 0°C~60°C 264 T (5 5'CAH—MBEEE) 5IRER RS 30 min, FIVEAKIAZE, FIH %M
BTN [ LS AR (B R =X, T [R]), @i B SE8 22 T H B H PR IER AL B AR G P I 22 T

2) pH XJ R & SE A T PR A 52 e

FERGE IR E R, KASE K pH (pH 4 3.0 3.61 4.0, 4.6. 5.0 5.6, 7.0, 7.6. 8.0. 8.6, 9.0,
9.6, 10.0)% 1 N IRERAABE G, —2H 950 H =APAT k.

3) X R R A A AR S 1 () 5

FEOE pH 2P h NN E B /g, 0 5I7E 15°C. 20°C. 25°C FARHE 20~180 min & il & B, AR
B 20 min H— AR, PRUE 0 min FIPE VAT REZ, 5 5040 =ANEE T IS H0E b . — 4 sest i = />F
AT AR

4) pH % R B S8 A0 Bl A 14 ) 52 e

16 ACHE FBBERE T AR pH 224 (pH 3.0~10.0)F1 43 FI4LFE 12 h A1 24 he (5 0.6 > pH N—
AR L) E B, X A AL B, — 2 S B = AP AT A

5) )& BT LA 32 1

HEAS 5] 1) 46 B o - AUAS [E 4 AR I B S AR Z o LGS IR S RV S 0 vt HE(100%) . BE2H
SIS E 3 AT

3. 458
3.1. FREBEANFESEE

M W25 2R ) L o 2 B A 3 PRI P Ik, 38 1 37 B P % A 7 LA LU 20 0 F P B
Pk th LOAE B R R S5 2YHBI-3, B ik 2% W BB a0 ] 1 iR - 915 RS IR, B35 717 0.0085 U/mL.
£ PCR HER B UK SES6, #7125 #I H K/ 1500 bp, £ 16S rRNA M, 55 %0¥E 2 vb it 2 3k 4T R R v B
X5, Bk 2YHBI-3 1R BR EACBESE IR 7 514K 5N 1459 bp, SRS 45 AR - 55 Bacillus simplex K1524507
AR A 100%, RGEEAA ILIE 2, MEIH o] LLE H 2YHBI-3 55 Bacillus simplex T — 3, %W 2YHBJ-3
N J& T 2T B (Bacillus) & -

. :
mlm"lw,;'

(A)
Figure 1. Pure bacterial diagram (A) and transparent circle plate (B)

1. ShEE(A) K IERR B FAR(B)
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Bacillus simplex strain BF9 K1524507.1
Brevibacterium frigoritolerans strain WTB119 MK734310.1
Brevibacterium frigoritolerans strain QT-16 MT065702.1
Brevibacterium frigoritolerans strain TS28 MN710450.1
Bacillus sp. (in: Bacteria) strain 2 MN498033.1
Brevibacterium frigoritolerans strain YC-5 KY753313.1
Bacillus huizhouensis strain WJB41 KU877639.1
Bacillus sp. -AE-21 KT922017.1
Lysinibacillus sp. KN10 KR072668.1
Brevibacterium sp. TDE2 KJ150708.1
Bacillus simplex strain265XG8 KF818647.1
Bacillus sp.QW18 KF737366.1
Bacillus spT4(2013) KC465359.1
Bacillus simplex strain KLD15 MT3421

A 2YHBJ3
Brevibacterium frigoritolerans strain ATK4AL301 MW467544.1

A
0.50

Figure 2. Phylogenetic tree of strain 2YHBJ-3 was constructed based on the homology of 16S

rRNA sequence
2. £TF 16S rIRNA £RFFFIELRMEMZE K 2YHBI-3 B R G LR

3.2. IR K R FRERFE R 2 Hhik E

SEER AR 3 WoR, Wk 2YHBI-3 KRR R, BMRAEKAE 0h B 12 h KBNS, (HIRR7
R PSR, 12 h Bl 24 h A KRG, A ERER N, 24 h J5 A KIS, EHE 48 h G AW e
T TF2%, 75 48 h J5 WoR JRERVE AR FE(0D290)#a T F3 o 75 IR BR 73 il 1T W /N 5L 2 IS 31(0~12 h, 36~48 h)
PR EAA R

3.0 = OD,5, -e ODgop -3.0
2.5 L2 5
g 2.04 20 3
e 8
i 1.5- 1.5 =
]
] &
= 1.0 F1.0
0.5- L 0.5
0.0+ T T T T 0.0
0 12 24 36 48 60 72

i [ (h)
Figure 3. Growth and uric acid degradation curves of 2YHBIJ-3 strain
3. Btk 2YHBJ-3 £ K8 RIRERFEAR 2 Lk
3.3. RAPISMEBEEETEN E
AR A8 S0 7 V25 DN 45 B ] B ML N B SO A PR P, 4351 48 h T A BRI %R i i () 4), I TR B A
IR P R A SI 56 P BT e J S S 56

zinl
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Figure 4. Extracellular and intracellular crude enzyme activity of
2YHBIJ-3
4. EI¥k 2YHBI-3 BRI K Mas BB iE 14

3.4. REAESHOBRF M REE
34.1. ZBERMBERZERE pH ME

WRIGSCITT i, R BRRE T AN A AR E R RO, 0 ) foc i S SR E 2 s KB EL T ANIA] pH

FAET, MBI RIE RN pH, 228, Wl 5 frs.

1204 120+
100 1004
3 =
< 80+ S 80
i i
& 604 & 604
£24 7
= 40- = 404
204 204
[
ol 1 ) 1 1 1 1 o ] L) L) L) L) I )
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i B (C) pH
(A) B)

Figure 5. Effects of temperature (A) and pH (B) on the activity of strain 2YHBJ-3
5. iREE(A)F pH (B)XE#K 2YHBI-3 BEEMERNT

WiE s frs, WEAEN 0°C B2 20°C R e, JREREG AR BEEPE A 0% EFHZE 100%, 4T
FH&#, 16 20°C~50 CHEAXTEPEZ D TR, S0°CIE X BRg M SR R FE, BEAERW, 45RRIIZIKR
AAEE I S SR N 20°C . 7E pH N 3.0 & 6.6 YA, iZEHEE LR 100%, 24 pH i 6.6 5,
AR BTG T . SRIR 25 SRR B & pH K 6.6+
3.4.2. pH W% KR EHZ AN E

A FE B XTI, ASE pH FWEE 12 h M1 24 h J5EEE, 53] pH-AHABHE M2 . ANER
BN ARUR AL EE 20~180 min, & 20 min W — RGN, ARIMEEE - ABXSBRIEPE 2R (] 6).
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Figure 6. Effects of temperature (A) and pH (B) on the stability of strain 2YHBJ-3
6. BE(A)X pH (B)XE ¥k 2YHBI-3 B 2 E RIS

SEREIR, WE 6(A), % pH FIEE 12 h (BEHESET 24 he W 6(B), &R TS 100 min
R 60% LA ERIAHRENE, P94 S50 3R AR I8 B — @ 1iE M .

3.4.3. ERBETFAIMFIFINEEERMEE

225- 120+
200- 7Ny
< 1751 g < 1907 -
< 3 = :
s 1909 500 sz 807
g 1257 0 i I
= 100] p g £ oeq B B
= % 707 = 0 Foy HH HH
10¢ 100U AV EAE I
= ™07 1000 N = o B
so{ Y 1) 1000 .00 51 i
5 [] 1 a0y »f B ok
L0 . it I
Ao & & s & & L s A & g 0 . = y
AT ELE - R CK EDTA SDS PSMF DTT
(A) B)

Figure 7. Effects of metal ions (A) and inhibitors (B) on the stability of strain 2YHBJ-3
7. ERETF(A)KAMFIFI(B)XI Btk 2YHBI-3 HEEGIE M HIFZM0

Wi 7 Bk, K\ Co®'s P>, Zn>'s AP S8 T G B E /N, Cul W EEa T, Mg> Fe2'.
Fe''. Ca?'s Ni¥'. Ba?'. Mn®" S HLH RBum /e, Hrh Me® S M SR . 7EHHIF rh B 4
BIFIEER L T HHIPCR, b SDS RCR AT .

4. 1

RRREAEE AR A, KA. B BERE. SN L% — LN L Eh Y A R R A B
TEAE[20]. AR, AWk R BR AL BEE W T FE 8, (e R B G Rhk %, Bhbe, Qi
BARLREEE N, RN SRR ELE N B EOR YR . SRR AR LE 1T R W LR T T LA B A iy, 3
B 5 2 7 R SRR ) SR B A AT T 15 AR B R 2 S0 B — B O 1] ASHIF S0 M 25 2R Lt
A B A B — Wk SRR MR 2YHBI-3, S REEE IR RIS BEm A, A% T4 bk IR BRREE /14 0.0085
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U/mL, S5iE4ESREREKLE, S MK, 4 16S r RNA ZERFFHIXT, 2YHBI-3 N Bacillus
JEBE R, S A Z B I BGOSR E N 20°C, B pH N 6.6, ST I HEPEIA BT b 0 1 15 20 A 72 R R it
BRIAR R [21] [224RGE TR LA, BRI SOE IR R, J8 T HiREg, 7€ 25°C MRERNFRE . &i& pH A
6.6, KT HATFRUH[23], EH[24], S SCHARS 07T RIR MBI IE pH A 8 /i« REBURIREML
BEAERR VRIS FEONRRE, 2YHBI-3 BRI T 3h00ASE, (H)E TP erg. 7R R 2R seierh, i
i, BFIEGERK, BEEE MR, FFAEE MR . AR, B ROEIRE R KR EK, {HE 37°C
JBLE, AOREE 60% LA EiEtE, woAfESRMEE 25 F KA Al 72 pH A 3.0~10.0 FFRIE 143 5l i
H 12h. 24h, & pH FiEHE 12 h FIEEIEE T 24 he 0@ pH T 24 h 088 60% LA EiEPE. WZH R
VIR AT — @A BRE s R4 8 & T L AWHI R 20w, Mg PRdE B AW R, X5 e
VESE N ISR IE B AR A — e B, o i ] £ FH 55 P 2 0 85 7 S kU008 Cu® Rl SDS. Cu* St
REHRBREG) B AMEIER, 5B [22]5 Nt 7T R 2 AT kI Uox IS5 R —8. A5t
X% BRI P PR A A BEEEAT WD 78, ARG 5 SR 5T B — M, RN 24 #h P55 R R e A
W SRR T 2%,
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