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Expression, Characterization and Application of Thermostable
B-glucuronidase from Thermotoga maritima
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Abstract: The gene of B-glucuronidase from Thermotoga maritima was cloned into the plasmid pHsh, and expressed in Escherichia
coli JIM109. The recombinant protein was purified to homogeneity by a simple step, heat treatment. The recombinant enzyme had a
molecular mass of 65.9 kD. The optimal activity of B-glucuronidase was found at pH 5.0 and 80°C. The purified enzyme was stable
over a pH range from 5.8 to 8.2 and had a half life of 2 h at 80°C. The kinetic experiments at 80°C with p-nitrophenyl-B- glucuronide
as substrate gave a K, and Vi of 0.18 mmol/L and 312 u per mg of protein. The purified enzyme could transform glycyrrhizin to
glycyrrhetinic acid.
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(Glycyrrhetinic acid, GA), Hi#, T, HUHH
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2 (Glycyrrhetinic acid monoglucuronide, GAMG), H:
BHEE N REREEY 1000 15, A7 n] BE2x L BRH R HEH
BELAA P P Y A IR B, -7 M R G
A H R A BT R R R A R IR R T RO,
A [a) A U A e e A e b T — e 22 R T
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ORI AT AR A — B o

YE S 25 4 b 4 A AR ), AT 2 B 1
Pl A RGP I 2EEE | SN R AN BB R, R
T P 7 T 5 R0 P o ) T i SR . AR
CATEVF 2 WMEY R IR B-H 4 bR R i, Jf H.
A S 2T AR T T R RS, BT
C 48 A AR E TR - BRI R I O AN 22, AT A
#1 & (Thermotoga maritima)f& — 4 K 7E 55~90°C
(AT JES J L T RRESEE o 7™ IR AR M AN B ) o T A A
BT 72 11 B 2 T R il LA AR MO [
SR FH 2 DAL T8 A9 Al AR X Y A7 A T 1) B - ) 2680 TS 1R
Tl AT R ORI Gk B — o W T 5t ARBiESE
K™ JAFE pHsh P Dk gk AU XA B
LT 1) P-4 250 WE I R I E 1 7 = A 23k, WiF 9T LN
P T YORS E 2 A TR R 14 e Ak A A Ry
PEEAT T RIE0T5E
1 MR
1.1 ##l
V1.1 AR

Y HAHI B Thermotoga maritime 14 [ 35 [ B #h
Wi oL, 45 8 ATCC43589, K W FF
Escherichia coli IM109 4 F Promega (Wisconsin, WI,
USA), UKL pHsh S A S5 2 40 IF R A7 .
1.1.2 =257

PR T4 DNA 3% HeiF DNA RS A 3 %4
7/ I /N1 NG i v 1 R o 1 v e i g )
H Qiagen 2\ r], HHRIFREAEER, XT A KO8 9 - B- i
EIPERERR AT YW A Sigma 2w o H E R ERBR HE 5L
A EigRIR B 2R RA A

Journals.im.ac.cn

1.2 A%
1.2.1  BFFRBERIFTFRF

KIGH R FRAE LB B e kE, mfz{b ] SOC Ki
IRl AL TN S A AT ES R0 pg/mL)
) LB Kr gk, By WScwk[12].

TE B S 78 R 2% 1T T TV AT AR R TR B R O
NaCl 28 g/L, MgSO, + 6H,0 3.5 g/L, MgCl, + 6H,0
2.7 g/L, KCI 0.33 g, NH,4CI 0.25 g/L, CaCl, 0.0855
g/L, AIEEPETEN 5.0 g/L, 4578 57(Reaszurin) 1 mL/L,
Na,S 0.5 g/L, FBEal2 0.5 g/L, WEfEK; 0.5 g/L, K,HPO,
(100 mmol/L)10 mL/L, X B & 7 3 = & & k¢
(Bis-Tris pH 7.2, 1 mol/L) 20 mL/L, & IC %
(1000 x ) 1 mL/L. & IC2 (1000 x )i /r: ¥ HCI 1

mL; Na,;EDTA(tetrasodium)0.5 g/L; FeCl; 2.0 g/L;
H;BO; 0.05 g/L; ZnCl, 0.05 g/L; CuCl, - 2H,0 0.03

g/L; MnCl, - 4H,0 0.05 g/L; (NH4);Mo00, 0.05 g/L;
AIKSO, * 2H,0 0.05 g/L. 4%+ 100 mL #5672 A
HA) LI R, 0 2 R K

T. maritima B#EFD SRR TS EHE 0.5%
LR AERD T UG IR A BE SR 5L P, 80°C W E KGR
8 ho BIFP T REIMPASM T I RAERAE
1.2.2 HAHE

JLINZ] DNA 425, DNA § A HI E /K i F 34 12,
DNA F B0 E, B Sl g, DL )
FIRCB AL TR S BOCER[12]. BURLRY 4, B
FHEBE S B DNA 54145 I8 Qiagen 13057 G0l
fEM AT .
1.2.3 B - a2 4 2 IR n9 1 2

R A48 T G ARG T 5 LR A P 4 b A B ) TMI1062
PO IE X514 1 RS 2, 519 1(5-3Y):
cceccatggtaagaccgcaacgaaac NG Neo I )47 &5 Al
RIS T . 514 2(5'-3"): cccaagettattaaacctcactccacagt-
cttc N Hind I EFDIAL A, A T A TR,
RS AHBRAF G K. FHs¥, LLT. maritima @&
HJE R 41 DNA R #id, PCR 9 5S40k 95°C S min,
Jil TaKaRa EX Taq DNA A 94°C 30 s, 52°C
1 min, 72°C 1.5 min, {35 ¥K; 72°C f&if 10 min,
PCR 4451 J5, FLUKA I K PCR 740 DA [Tl
Ja#lifk, F Nco I 0 Hind T BV, We4h, LOE 4 H
155 Nco 1 1 Hind IIT XUV 2014 pHsh K A Btk
GOF %, BAXKBIFE IMI09 # @ 5 B-
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glucuronidase F& & A Bt 1 )5 4% £ ik 2 A& pHsh-bg .
1.2.4 - AT B TR I AT T S 12 26 A L I 1119 26 24

VAL T i T A R AR AR TR IM109, Hk
B HEA S A Z T HEERPUEN LB 537K
30°C 5555 2 ODgg0 0.6~0.8, %% A 42°C #4HiFA T 8 h,
B0, WORRTER, ARSI B~ 4 0 T R il DX A A
TR FRIBTE O
1.2.5  FHHT 57 B2

AL AR pHsh-bg 1 KIFE
IM109 ) LB PR EMEM T 5 A A N E &R0
PE LB AR R 5 . 30°C 555 % ODgo 4 0.6~0.8,
BN 42°C WA 8 he

AL L BB OBUEER A 50 mmol/L
A9 Tris-HCl 28 M B 5, 45 =41 aF{L (French
Pressure, Thermo)B{FE4jifL, 13 000 g B0 15 min,
B R T 75°C FHUEFE 1 h )5, 13 000 g 5.0 15 min,
W R SRR
1.2.6 B P&

[B- ) 25 TR T RO P OO0 R T 430 B v,
S 2 it DA JYC 10 Wi 2R 1 I - B- 4 %6 i T 2 1T (PNPG)
TR RS SR B (PNP) Y 2t RN AR ZR R 100 pL, Py
£ 5 uL 20 mmol/L JIEH), 50 mmol/L fY bk M4 4 — i
R 2% MR, 10 uL # BERR R . [V 10 min, SRS
JA 600 uL 1 mol/L 4 Na,CO; £ 1| S v I ., 18
405 nm Kb LG RAE

— A R SRR N AE T, 1 min Py
A=A 1 umol XAl FE 28 iy 4 i o R G Al SR 9
PRUERT 4R . & 1 vk Bradford 704 .
1.2.7  FLFERIFENE 707

eIl S N TR I AE . FE 45~95°C LRI, &
B 5°C, 4390 5E WG o DARERG femi o 100%, T35
AFRE il 17

feid 2 v pH: 7E pH 3.8~8.2 YL N £§b% pH 0.4
W72 BTG, 22 P2 50 mmol/L BRMEAEZE — H iR A
PR . DATES o m ol 100%, SRR XS 1

TR R FEARXTRSE 1) pH T, il AE S
T E T R A ) R [0, 00 AR X TS, DA PR
T(4°C TRAD)IBEREIG TE R 100%, 5 i A T
FEE

pH &M METEARFRY pH A50F T PRI AR R Y
BFR, P43 500 D0 4% P il 0 vk, 5 A DR L g 1) 8 0%

L, TR E . B AR

fiff (1 3h F1 2 S B0 2 . ISR A9 pNPG
RIRY), ERiE R AMT, WEME . RH
Eadie-Hofstee /EEI:, 1158 122580
1.2.8 U707

P20 mg/mL Y H FERR B EL S BRSO
AR 70°C, K RiEFIR] 30 h, K2R AE R ZE ko pH
6.2 RIS S A — PP iR S A 28 PR

RO (3 (HPLC): X2 AGILENTI100,
I3 HiAE M Eclipse XDB-C18, FishA A: 0.017%Wi R,
WAl B: NG BREEVEN: 2N 38%~50%, 3 min;
50%~52%, 7 min; 85%~90%, 10 min, #Fi 30°C, Wik
1 mL/min, #FFERE 10 pL A K 254 nm!"), HEIER
BB W A AIH B YRR T B L A EC A 20 mg/mL

2 HR

2.1 JR¥RFRIERRLAIAIE

P T. maritima [# 89 3E R 20 DNA A1 7 B-
AP R LA B PCR 748, R PRGN 25 S 56
B, £ 1.6 kb fflir A7 — SRARSE P 144, 548 19 p-
A7) 75 Y T T TS IR Iy ) R/ N — B, B P B AR
Sealr, BABHPriE PCR ¥ M4 h e & e 5L 5 |
Bz, PCR 7 wu e 2 %2k IA pHsh , Mgt E 4l
JEORE o FH RR a4 P U0l X B A SR A T S e, EEA
R BEDE Neo 1 #1 Hind 1T AU HI75 3 6 4543 51 Ky
1.6 kb 1 2.3 kb 4547 . [RIIL, )25 UF 52 B~ 46 A 1
T T DR 2 4 A\ A A
22 B-EEMBBRBEEEAMIAEDHRER
ik

20 5Ok pHsh-bg H1B0RE pHsh 73 51|54 46 K i
IM109, 30°C 1535 % ODgy 0.6~0.8, 55 A 42°C #4
W5 8 h, WHEREIKALIETT SDS-PAGE(4) 2 %
IR R 10%), 5 st i e e R LI 1. A
LK B 1% 1 RT DL B A EE AL JT0ORE 6 R TR AR
rFit 65.9 kD AbAGEA A 1 RIAA, Rk
b S PR 35%, WG IXF) 3.8 w/mL, H g v i1 B- 74
2 WIS TR T 5 R e o PR BORE. pHsh 78 R A i
SCELT MR

B IORE F B B R L%, 75°C IALEE 1 h, B L
5 W SDS-PAGE failll, %5 3R & 4 g2 P Ab 25
Bl R B Uk — . 2ifbZ5 R IL%E 1. & 1 7]
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M, g b PR S, AL RS KR R
FO TR Tt M 2 55 21 294 u/mg.
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1 B-BEMEREREEL 1L IIIZR SDS-PAGE FiE

Fig. 1 SDS-PAGE of B-glucuronidase in purification steps

M: protein marker; 1: crude extract of E. coli IM109/pHsh;
2: crude extract of E. coli JIM109 /pHsh-bg; 3: proteins remained
after a heat treatment of 10 min; 4: the enzyme purified by a heat
treatment of 1 h

x1 EHEB-AEEMIRERL

Table 1 Purification of the recombinant p-glucuronidase

NI IRY, 4
HHFEWRIR . S5 R 6.

from E. coli
Ste Total Total protein Specific Purification
P activity (u) (mg) activity (u/mg) (fold)
Crude 947 69 14 1
extract
Heat 1762 6 294 21
treatment

2.3 EAMAIEF IR
X 2 - ] 2 T TR il 2

K fE 0.18 mmol/L, V. fH 4 312 u/mg.
2.5 K=o

i HPLC 23 A AR ™ 1y, 5 LA B R B £
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F1 0025 Wl 2 P B 5%
(K 2~5) 25 3R B, &% i pH M 5.0, M pH
3.8~5.0 il B TT 5, 16 pH 3.8 7247 FEA B A W,
IMAE pH 5.0 B3k F 5, M pH 5.0~8.2 FiG /22212
FEARK . IZEEEY pH R M2 7E  pH B AIE T R
FE o X FEEE R FRATIAE LA A 0L e R R A R
1) pH (EARRIR T 5.0, 188 Y fcidi R 80°C,
HEFAFRETE R 80°C fIR 1 h BETE S AR HFFAE 70%,
PR EMEAR L. h3E 2 AT, Co™", Ni*', EDTA Xf
it () T35 1 T AT B 352, He?', SDS, Zn*', Cu® %}
WA R MR . LY, MnY, s, Mg,
Triton-X100 X} {5 A % WAL 2 E M . LL(pNPG)
WIEYINE, 76 80°C, pH 5.0 &4, Hah iS5

B~ H 4 M T TR Tk P ) A0

100 [~

80 |
60 |
40

20 -

Relative activity (%)

0 1 1 1 1
3.8 4.8 5.8 6.8 7.8
pH

& 2 B-glucuronidase &i& /& [ pH
Fig. 2 The optimum pH for B-glucuronidase activity
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3 PB-glucuronidase pH 72 E 1%
Fig. 3 The pH stability of B-glucuronidase
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Fig. 4 The optimum temperature for f-glucuronidase activity
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B 5 p-glucuronidase YR EF2E M
Fig. 5 The thermal stability of p-glucuronidase
The purified enzyme was pre-incubated for various time at
75°C(#), 80°C(H) and 85°C(A)
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£2 £RBETFRIINFIFIB-glucuronidase & 1E B F2 0T
Table 2 Effect of metal ions and inhibitors on the activity
of B-glucuronidase

Metal ions and surfactants ~ f-glucuronidase (relative activity, %)

Control 100
Hg** 2
SDS 5
Zn** 51
Cu* 53
Co* 83
NiZ* 88

EDTA 92
Li* 124
Mn* 131
N 138
Mg** 141

Triton-X100 198

Various ion reagents were used at | mmol/L, EDTA (1 mmol/L), SDS
(0.1%, W/V) and Triton-X100 (0.05%, V/V). The activity without a
reagent was taken as 100%. Values shown are the mean of duplicate
experiments, and the variation about the mean was below 5%

? mAU 1 2
3000
2500
2000

1500

1000
500 ﬂ
0 M A A

0 25 5 75 10 125 15
t{min)

1?15 min
mAU 1

3000
2500
2000
1500

Ll

¢ mAU

9004
8004
7004
6001
5004
4004
300
2001
1004

° ,Mwu

0 25 5 75 10 125 15 175
f (min)

e HEMBEERHEXBWEM(@), REEY(D)
FNEGEE AL (c)
Fig. 6 Chromatograms of standard (a), substrate (b)and
enzymatic reaction mixture (c)
1: glycyrrhizic acid ammonium; 2: glycyrrhetinic acid

3 itk

) 3 3 B s T P AP S TR SRR R A, =K
T R IR— L, — B AR S .
WAL D T. maritima & — > W AR i =5 T 09 IR A B4
W, A RKAE 55°C~90°C T IK Al P14, AR bty i 44
P Tl 1) TR VR o (L VA R P A K A R R T
2, A0 % B AR, ANIE A Tl kA ™. RSN &
HEAR, ¥ T. maritima 114 B- 2 Bl 1 R 5 I8 3 1o
BB W BARAE KB FF 1R S 3R IR, R K
FIASL T 28 2 Je 2200 Tolb Ak 1 FH 28 SE k. EAS B 5E
RIRATR A TASLI =& HA 3 ERPE
PO A pHsh /E M B HAK, ZRBBAZEH K
o™ Jas, ff—A3an sh Mgl +, it
PP T DA 8 F kAN IR A, Py DLAE 5 S AR
LR R IR B B P T E AL 5 T 50, Wi
WA 0 R &y O, L T ARR R RRAE Tl Ak i
AN RGOS S R AR A i 0 S IR R
IR IS, X TCEELE Tl b P B B R
Pk Fna s & X,

S 65 H R P T AT AR TRT - 2 O TS R T 1) A T
PP, N 4 TR A IR B S B B 28 75°C By b
MG, TG Gt (T 65 12 A 2 g0k v {5 20 B 4l
FEIR B K —, XK BRIk 1T E 4Ll 0 alifb 20
PR 7 BF AR R R AR T i B 00 T i A B AR, SR
ZH T KR b AL P2 B BE e 1 Bl 8 PAah 3
22 J5 ) 2 T S S R B, FRATTHE DN AT R
B R T A R, SRS T A RIAE Y
PR BR 15 B T B R T A 1 e 401
FERJETEFIR T, PAbBE AT DL 2o o AR 2 i i R AR
WU ARG IR . X X BB A B IR AT B
— 25 T figp it P ) S AL, A R T A A s
B AR A, i — R e T

A FEIA T YO RS P S DR 2 AR B R
WA A REE AT T RIS . R
AL IR 24 - 7 IS IR AR A A A o B A
FRIE M H R R, (HRFEARRCR MR
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