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wynB o

T7 pET
T. maritima  o-
BL21-CodonPlus
DE3 -RIL aguA
o-
1
1.1
1.1.1 T. maritima
ATCC43589 E. coli JM109
JM109 DE3 Promega  Wisconsin W1
USA pET-28a +  pET-20b E. coli BL21
DE3 BL21-CodonPlus DE3 -RIL Novagen

1.1.2 Xho I Neo I T4 DNA
Pyrobest DNA
Rapid Affinity Purification Kit Novagen
K IPTG 4-
O- -D- B-1 4-
Sigma QIAprep Spin Plasmid
Miniprep Kit  QIAquick Gel Extraction Kit
Qiagen
1.2
1.2.1 LB
TB SOC
Amp 50 ~ 100
pg/mL Kna 30 pg/mL Cam
60 pg/mL 11
T. maritima

0.5¢
NaCl 28 g MgSO, 7H,0 3.5 g MgCl, 6H,0 2.7 ¢
KCl1 0.33 ¢ NH,Cl 0.25 g CaCl, 0.0855 g

resazurin - lmg

0.1¢g 6 10 15 mlL pH
7.0
Na,S 0.5 ¢/L. 100 mL

T. maritima 0.5%
80C
8h
1.2.2 DNA DNA
DNA
11
DNA
Qiagen
1.2.3 PCR aguA Gen-
Bank  aguA N 5'-
CCGTTCCATGGACTACAGGATGTGC-3'
Neo 1 C 5’-CCGCTCGAGCG-
GATATATCTTTCTTCCCTT-3' Xho |
PCR
95C Smin Pyrobest DNA
94°C 50s 62°C 1.5 min 72C
3 min 35 72°C 10 min
1.2.4 PCR
pET-28a + Neo L Xho 1 T4
pET-28a + -aguA
pET-28a + -aguA aguA  Neo |
Xho 1 pET-20b
pET-20b-aguA
1.2.5 DNA Sanger
1.2.6
pET-28a + -aguA BL21-CodonPlus
DE3 -RIL Kna Cam LB
37°C 500p.L
100 mL. Kna Cam LB 37°C
ODg, 0.7~0.8 IPTG
Tmmol/L aguA
IPTG
Immol/L 5h aguA
1.2.7 a 10
12 o 4-0-
2% 4-0- -D-
0.05 mg/mL -1 4- 55C
16 h 50°C 15
-20C
-
4-0-MeGlcA
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Sigma Inc. °
10min
620nm 2
a- 2.1 aguA
1 pmol a- 1 6 PCR 2 kb
aguA
a- pH pET-28a + -aguA  Sanger
pH pH 40 PCR 10
min pH pH4.5 8.0 100 mmol/L
Tris- pH8.5 9.0 100 mmol/L Tris-HCI
pH 5.7 Tris-
Smin
55°C 65°C 75°C 85C 95C
1 h pH 5.7 Tris-
1 DNA
1.2.8 Fig.1 Agarose gel electrophoresis of DNA
1 pET-28 + -aguA 1 A-EcoT141 digeast DNA marker 2 pET-20b/Neo | Xho I 3
E . coli BIL21-CodonPlus DE3 -RIL pET-20b-aguA/Neo |~ Xho I 4 pET-28a + /Neo I Xhol 5
1% 0.5% 1% NaCl pET-28a + -aguA/Ncol Xhol 6 PCR amplified fragments
0.003% Kna 0.006% Cam 2.2
37°C 200r/min 2 1 3
1% 4 250 mL Kna pET-20b-aguA ~ Neo | Xho |
Cam LB 1L 37C 5 pET-28a + -aguA
220 r/min ODg, 0.6 ~0.8 IPTG Neo I Xho |
0.8 mmol/L 4h4C 5000xg PCR
20 min 1 aguA pET-20b
2 pET-28a +
Smmol/L. 20mmol/L Hris-HC1 pH 7.9 SHis. ot GHis, Yol
French Pressure Thermo S AT"L;OIT maritimg DNA AT/C;’I
9600 x g 20 min 70°C p;:—kzb()b l R "E;zi;(”
20min  9600x g 30 min Amg o agud Ko
3 Ni** 0.45ym
Novagen 1.6cm x | Xhol . Neol digest
2em 60mmol/L 20mmol/L h e
Tris-HCl pH 7.9 Tmol/L 6His. y701
20 mmol/L. Tris-HC1 pH 7.9 0.5
mL/min 1 mL pET-28a(+)-aguA
3 SDS- 7.3kb
PAGE na”
1.2.9 SDS-PAGE 12%
R250 2
FR200 Fig.2 Construction of plasmid pET-20b-aguA
1.2.10 Bradford and pET-28a + -aguA
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2.3 aguA 2.4 BL21-CodonPlus DE3 -RIL/pET-28a
pET-20b-aguA pET-28a + - + -aguA
aguA JM109 DE3 BI21 DE3 BL.21-CodonPlus
BL21-CodonPlus DE3 -RIL IPTG DE3 -RIL/ pET-28a + -aguA
SDS- LB
PAGE 12% 4 1~2h
3 aguA 0Dy, 5h
pET-20b OD
pET-28a + IB 1
JM109 DE3 BL21 DE3 TB
pET28a + -aguA BL21-CodonPlus 77
DE3 -RIL o
5 -
72kD sat
1 T. Maritima 83}
5 10 0 2T
1 -
AguA 0 . .
20% aguA pET-28a + 0 > 10
4 BIL21-CodonPlus DE3 -RIL/
pET-28a + -aguA
kD ! 2 3 4 6 7 8 Fig.4  Growth curve of recombinant BL.21-CodonPlus
94— DE3 -RIL/ pET-28a + -aguA
66.2— — ——
43.0— 5 == Sa
—_— - =& IPTG 5h
31.0— = B j \"
- s 35
20.1—
14.0— -
OD gy 0.815
’ S PACE 3.05 5.20 6.66
Fig.3 SDS-polyacrylamide gel 12%  of a-glucuronidase ’ ’ '
after i . IPTG 5h
after induced expression
1 molecular mass markers 2 E. coli BL21-CodonPlus DE3 - 5b IPTG ODgy  0.815
RIL/pET-28a + 3 E.coli IM109 DE3 /pET-28a + - 0Dy 3.05
aguA 4 E. coli BI21 DE3 /pET-28a + -aguA 5 E. coli
BL21-CodonPlus DE3 -RIL/pET-28a + -aguA 6 purified
di 7 E. coli BIL21-CodonPl DE3 -RIL/pTrc99A-
o uct; E. coli Biozll Cod nPlO ODE;S RIL / pET 201 . e 07230
aguA . coli -CodonPlus - pET-20b-aguA 2 0Dy, 0.7~0.8
IPTG
1 o
Table 1 Analysis of a-glucuronidase from engineered strain 2.5
IPTG BI.21-CodonPlus DE3 -
Expressed BI21-CodonPlus DE3 BI21-CodonPlus DE3 Wll‘d RIL / pET-ZSa + - 70°C
product -RII/ pET-28a + -RII/ pET-28a + -aguA  strain
20min 0.45 pm
Enzyme activity 0.0 9.3 21 Poly-His SDS-PAGE
/ u/mg 90 %
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w® kD 1 2 3 4 5 6
£ 97.4—

S 66.2—
=

= 43.0—
3

2 31.0—
3

A ' ) - . 20.1—

2 4 6 8
Induction time/h 14.0—— —o—
5

Fig.5 The optimum induction conditions of the expression of the recombinant enzyme

A effect of induction duration on the synthesis of a-glucuronidase B effect of induction time on the synthesis of a-glucuronidase

2
Table 2 Effect of induction time on the synthesis of a-glucuronidase
No. ODgp® ODgo" Enzyme activity/ w/mL Specific activity/ u/mg
1 0.714 1.030 1.192 9.3
2 1.249 3.285 1.147 3.2
3 1.76 3.46 1.071 2.9
4 2.115 3.075 0.811 2.6
5 2.71 5.18 0.833 1.5
6 3.925 5.15 0.852 1.6

a cell density before induction b cell density in the end of induction

R 4 s

97.4— 3

662— -

= 5.1 55.1%
43.0— &
- 2.6
31.0— a-
1 7-a b ¢ pH
20.1—
6.0 85C 85C

14.0 — s 1h 70% NaCl  o-
6 o SDS-PAGE NaCl 0.2
Fig. 6 SDS-polyacrylamide gel 12% of thermostable mol/L. 7-d

a-glucuronidase purification steps T maritima o
1 molecular mass markers 2 crude extract of E. coli BL21-CodonPlus
DE3 -RIL/ pET-28a + 3 crude extract of E. coli BL21-Condon
Plus DE3 -RIL/pET-28a + -aguA 4 crude extract of E. coli BI21-
CodonPlus DE3 -RIL/ pET-28a + -aguA after heat precipitation 5

immobilized metal affinity chromatography

3 o-
Table 3 Purification of thermostable a-glucuronidase from engineered Strain
Step Total protein/mg Specific activity/ u/mg Total activity/u Recovery/ % Purification fold
Crude extract 123.1 4.9 610.8 100 1
Heat treatment 39.7 11.5 455.8 74.6 2.3
Immobilized metal affinity 13.5 24.9 336.2 55.1 5.1
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£ 2 £ o
g < o 40 @
2 Z £ 20
3 '&—) 45 5‘5 6‘5 7‘5 8‘5 9‘5 160 Z 00 0‘.2 0.‘4 0.‘6 0‘.8
T7/°C NaCl/(mol/L)
7 a- pH a b ¢ NaCl d
Fig.7 The optimal pH a the optimal temperature b and thermostability ¢
of expressed a-glucuronidase and inhibiting effect from NaCl d
AGA AGG AUA CCC
3 14 15
pET-20b-
aguA BIL21-CodonPlus DE3 -RIL
pET-20b
T. maritima a-
T7 Thermotoga a-
10
pET-28a +
BL21-CodonPlus DE3 -RIL
a- TB BL.21-CodonPlus
20% 1L 90% DE3 -RIL/pET-28a + -aguA
40mg 13.5mg 6.63
aguA pl7-7 10L
3.3mg ' AguA
a-
pET-28a 16
+ -aguA E. coli
IM109 DE3  BI21 DE3 - o
AguA 70°C 20min
BIL21-CodonPlus DE3 -RIL 90%
pET-28a + -aguA 74.6%
a-
AGG AGA AUA CCC
9.4%  AGG AGA  agud REFERENCES
85% BL21-CodonPlus DE3 - 1 Sunna A Autranikian G. Xylanolytic enzymes from fungi and bacte-
RIL ria. Critical Review in Biotechology 1997 17 1 39 -67
AGA AGG 2 Xue YM Mao ZG Liu HL et al.
AUA CUA CCC Advances in the studies on o-glucuronidase. Forestry Chemistry and
. Industry 2002 22 4 75-79
tRNA argU tRNA ileY tRNA .
3 Xue YM Shao WL Mao ZG . The
leuW tRNA AGA/AGG AUA CUA xylan-degrading enzymes system from microorganism. Biotechnology
aguA BL21-CodonPlus 2003 131 36-38
DE3 -RIL aguA
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encoding a-glucuronidase an enzyme with a novel primary structure

Expression and Purification of Thermostable o-Glucuronidase from

Thermotoga maritima

XUE Ye-Min  MAO Zhong-Gui  SHAO Wei-Lan"
The Key Laboratory of Industrial Biotechnology ~Ministry of Education  Southern Yangtze Univercity ~Wuxi 214036  China

Abstract  The xylanolytic enzymes found in Thermotoga maritima showed extremely high thermostability and considerable po-
tential in industrial application. Yet expression level of the genes encoding these enzymes was very low. The a-glucuronidase
gene aguA from T. maritima ATCC 43589 was cloned and expressed in several E. coli strains with different vector. The a-glu-
curonidase was overexpressed in E. coli BI21-CodonPlus DE3 -RIL with plasmid pET-28a +  and made up about 20% of
the total proteins present in the intracellular soluble fraction. The results proved the assumption that rare codons for arginine

AGA/AGG  and isoleucine AUA affect the expression of aguA gene from hyperthermophilic bacterium T'. maritima in E.
coli . Purification procedure included two steps heat treatment and immobilized metal affinity chromatography and over 13.5mg
of pure enzyme was obrained from 1L of induced culture. The purified enzyme showed a single band on SDS polyacrylamide gel
electrophoresis with a purification of 5.1 fold and a yield of 55.1% . The optimum activity of recombinant a-glucuronidase was
found at pH 6.0 and 85°C the enzyme retained 70% of its activity after 1 h of incubation at 85°C . The induction conditions for
expression of recombinant strain B[21-CodonPlus DE3 -RIL/ pET-28a-aguA were studied on induction time and duration by
IPTG. The results showed that the activity of thermostable a-glucuronidase reach the maximum in 5-hour after inducted at the ex-

ponential phase ODgy of 0.7 ~0.8

Key words Thermotoga maritima  a-glucuronidase gene overexpression recombinant enzyme purification —characterization
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