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Cloning and characterization of a thermostable urate oxidase
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Abstract: In order to characterize a thermostable urate oxidase (Uox) from Microbacterium sp. strain ZZJ4-1, we cloned
its gene (uox). The open reading frame of uox contained 894 base pairs and encoded a protein with 297 amino acids.
Alignment of gene sequences indicated there was no obvious identity with the most reported uox and that 72% identity was

found with uox from Arthrobacter globiformis. We inserted the gene into the plasmid pET-15b to construct an expression
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vector pET-15b-uox and got it induced expression in Escherichia coli BL21 (DE3). After the purification of the

recombinant Uox by the His'Bind column, we studied some properties of it. It was composed of subunits with a molecular

mass of about 35 kDa. The optimal temperature and pH was 30 ‘C and pH 7.5. It was stable below 65 ‘C and from pH 8.5 to
11.0. The K,, value was 0.22 mmol/L with the uric acid as the substrate. Ag*, Zn**, Cu** and SDS could totally inhibit its
activity while Tween 20, Tween 80 and Triton X-100 had a slight promotion effect. The thermal stability of this enzyme

was the most excellent among the reported recombinant Uox. Based on this property, it would be very useful in the

application.
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Table 1 Primers for uox cloning

LHetaE Primer sequence (5'-3")
name
Primer 1 CTCGGCSARAACCAGTA
Primer 2 AGGTCVACCAGGAAGT
Primer 3 GGTCATTGCGGTTGTAGCG
Primer4 CCGTGTTCTTCTGCGTGTCG
Primer 5 CGTGCTCGTTGTTGCCCTC
Primer 6 CCGACACGCAGAAGAACAC
Primer 7 TACACGACGCTGCCCGAGAC
Primer §  GGCGCTACAACCGCAATG
Primer 9  GCTCGGCATATGACCAACATCATTCTG
Primer 10 AATGGATCCTCAGCAGAAGCCTGCG
1.4 7%

1.4.1 uox EHERK R

A GenBank HEH uox HILRSEFAITT
Primer 1 F1 Primer 2, LLFEKE ZZJ4-1 BB R 2N
MR #EAT PCR, § 45040 94 CHUEME 5 min;
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% 0.5mmol/L, 22.5 Cif523KiA 18 hy BL.OIAE
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| WS EHETE, A I0RE S B Ol s, HE
SR . H BV RR 3 His'Bind Resin iR 453
fraifk,
143 FEAWRENE
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Fig. 1 A multiple alignment of Uox from different microorganisms. Uox from strain ZZJ4-1 was aligned with those
from A. globiformis™™, A. flavus"™, C. utilis"* and Bacillus sp. TB-90""\. The light grey areas indicate low conserved
sequences, the dark grey areas indicate high conserved sequences. The asterisks indicate the putative uric acid binding
site of Uox from stain ZZJ4-1.
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Kl 8,1l 1E pH 8.5~11.0 BYZ% il Th A B if-A AR k]zg Mo A
B
234 FHERN BN SIF 45 —| —
LA Lineweaver-Burk 1E R R 15 8 4 Uox LA
PO -
PRIR FEHIH K o 0.22 mmol/L, M3 L 1% Fi4y

?i‘ﬁ‘%/ﬂ\: Keat ﬂ‘:’ 2.2/s,

25 —| —

18 —

4 =28 Uox #y SDS-PAGE 7} #fr
Fig. 4 SDS-PAGE analysis of recombinant Uox.
M: marker; A: purified recombinant Uox.
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Fig. 2 Predicted tetramer structure of Uox. Temperature (C)
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P Fig. 5 Effects of temperature on recombinant Uox
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Fig. 3 Identification of expression vector pET-15b-uox
by enzyme digestion. M: marker; A: pET-15b-uox; B: Bl 6 =E4H Uox RIMATRE
pET-15b-uox digested with Nde I and BamH I . Fig. 6 Thermal stability of recombinant Uox.
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Fig. 7 Effects of pH on recombinant Uox activity. pH
3.0-6.0: 0.1 mol/L citrate buffer; pH 6.0—8.5: 0.1 mol/L
phosphate buffer; pH 8.5-9.5: 0.1 mol/L borate buffer;
pH 9.5-11.0: 0.1 mol/L borax-NaOH buffer.
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Fig. 8 pH stability of recombinant Uox. pH 3.0—6.0:
0.1 mol/L citrate buffer; pH 6.0-8.0: 0.1 mol/L
phosphate buffer; pH 8.0-9.0: 0.1 mol/L borate buffer;
pH 9.5—11.0: 0.1 mol/L borax-NaOH buffer.

2.3.5 ARLEY) N BTE KR

HiFE 9 nl %0, YR H 1 mmol/L i) Ag”.
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F1 Triton X-100 XFEFEA —& e HEH, M
SDS Wi JL-F-58 KT s NaNs; FlgmE Y

1,10-3E 20k . EDTA e MM i B 1% .
2.4 FEH Uox FNRAESHY 4R LA
e d 4 Uox 1 Zhou ™ i 4 J5 i1 I

SERIAE 3. 40 BRT AEIREEAHEISN, W HAl
PERTIA 26 5 o E2H WS VRS T i, A
M pH 7.5 /N T 5B 8.5, pH K2 5 L 6l DU A
JEEGI) 7.0~10.0 25K 8.5~11.0, K Fl Kea /N T
JE ., W2 Cu™t, Zn® I 1,10-3E% MRS 2% 53

100.098.397.797.095.9 947 o o

Residual activity (%)

CK Mn* Li* Ba**Mg* Ca® Fe** Agt Zn** Cu®
Metalion
9 FREIEEEFIEH Uox BISM

Fig. 9 Effects of metal ions on recombinant Uox.

#2 FREUEMRIIES Uox RIF M

Table 2 Effects of chemicals on recombinant Uox

Chemicals Lot . R.es.idual
concentration activity (%)
CK = 100.0
Tween 20 1.0% 107.6
Tween 80 1.0% 107.9
Triton X-100 1.0% 109.2
SDS 0.5% 1.1
NaNj; 20.0 mmol/L 88.1
1,10-phenanthroline  10.0 mmol/L 80.1
EDTA 20.0 mmol/L 89.3
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#z3 FEEEFIELE Uox BITERR LLEL
Table 3 Properties of native Uox and recombinant
Uox

Provert Native Recombinant

perty Uox Uox
Optimal temperature (‘C) 30.0 30.0
Residual activity after
30 min at 70 C (%) (2l (i
Optimal pH 8.5 7.5
pH stability 7.0-10.0 8.5-11.0
K., (mmol/L) 0.3 0.2
Koot (/3) 3.0 22

F*4 FREMEHUVx TUEMREMHES
Table 4 Effects of different chemicals on native
Uox and recombinant Uox

Residual activity (%)

Chemicals
Native Uox  Recombinant Uox
Cu™ 98.9 0.2
Zn** 100.7 0.5
1,10-phenanthroline 1.2 80.1

3 itk

O (T AR ZZ14-1 119 Uox [ JRBRZS & 1
A5 A globiformis! %) Uox W07 f5—3, If
5 H A A PR IR B Uox AL AT 58 i 1Y ] R
PEUZIT200 (5] 1) bk 2Z34-1 . A. globiformis™ |
A. flavus"H C. urilis"*O 1) Uox 78X 8 A FIIX
5 B & B[RV, 5 Bacillus sp. TB-90Mf¥) Uox
HiEkZES (B 1), Koyama Z IR IX S A J5
KBRS, I XS B IS PR T X
W, B SEEAYR BB TS SLA
H-X-H-X-F # [ . Suzuki % U 42 38
A. globiformis 1] Uox 4 &5+, (BT 5 P AR %
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GESBLHY A, flavus™ ) Uox THEIR &R ES 1,
ifii Yamamoto 20438 Bacillus sp. TB-90 (]
Uox NEFizgs G0, WA 46, Wik
Z734-1 ¥ Uox & A %45 &L H-D-H-S-F, H#%
1L10-3EZ Bk ZUIN ] , 02l 5 4 B T o

M R A T A RIA IS, R B
A3k 36.7 U/mL, WK ZZJ4-1 G B G
1.0 U/mL 4275 1 35 £, S 41 b s AR
PEGE, X —I S PAE Yamamoto 2571 Zhu
22Ol F 20 Feah BT b, T e SR T 4 i e 2
TR SRR 2540, (ARG, 5
Zhu “ PO A TR, AT S A B2
& pH WAS/N, X AT REARZH 2 RN 15 o AR
P 1,10-FE 2 obowt Jer il R o0 20 s o) 7 25 5,
0 L S R A S R T,
ZEEE VIR

RIFRIRA Uox X 45 F 43 8 B3 F 14 SN A
BRI Z S, Suwzuki M HEHE T KA
Arthrobacter J& . Bacillus J&F Candida J&1) Uox
TR &R E TR, H Arthrobacter
J&F Candida J&W Uox SAHFFE (BEAHAL, JLT-
B B o A, T Bacillus J& WA R 40%
WIS 3 Arthrobacter J& 1) Uox FIAMESE HIMEY
REMEE B 752 2], Candida J&HIRI4T 649% i
I, T Bacillus J& )58 2 ARZ 52w, 2R+
il W Candida J&EW) Uox FIAWEFR K
i, Bacillus J&WA2ZBHMIVE], T Arthrobacter
B ;A JLF5e 2 Bacillus J&
Ml Candida J& %) Uox ,AHJL-T- N5 Arthrobacter
Ja& I FNAS T 5 1) il

AWFFE R L BEAE 65 CALPE 30 min J5{751#



SKHSHE FAMMTEIRE 22J4-1 BRI RER S S E AR ER EA LR

B 92.2%MiEYE, 70 CREFRIGREE 77.9%,
FL $ M T A R AE W R IR Y Uox A EE AT
g 12151200 L H T EL AR SIAY Uox Fhviase vk
AR, Lotfy 252°YE Bacillus thermocatenulatus
R B Uox 78 75 CALHE 45 min J5 1314 8
100% 135 1, #£ 80 ‘CAbFE 45 min JFI-EH 70%
G, HCRRR ZZ14-1 1Y Uox & & P4y,
RIS A 1k AR GE R DRI (A R 245 51,
LR TEAN I DR

T 12 T 2 T v A R AR R R A I AR E
PR, AAE ARG ARG YT RN E th 27 R4

A 5o
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