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PCR

EAEE FHL, HEW, &

( , 362021)
( Error-Prone PCR) (Klebsiella pneumoniae)
> . 0 s 96
, gldA-74, 2.73 . gldA-
74 , gldA- 74 (A96AT) ,
. Ni ) )
Kn 0. 58 mmol* L' 0.63 mmol* L', NAD Kn 0.74 mmol+ L' 0.77
mmol® L~1, pH 11.5 12.5, 65 C 55 C.
0 554" .903 © A
(Glycerol Dehydrogenase, GDH) (Dihydroxyacetone,
DHA). , GDH 3 L | NAD*
GDH"™ (EC1.1. 1. 6), , Aerobacter aerogenes, Escherichia coli, Bacillus sub-
stilis  Cellulomonas sp. . 2 NADP" GDH(ECI.1.1.72 ECI.1.1.56),
B3 GDH,
GDH'™ .GDH DHA 3 , )
[5]
2 2 2 (
), s . PCR
e PCR GDH
1
1.1
E. coli BL21 (DE3)( pET-32¢ldA) , pET-32a( + ) ,
1.2
LB . T4DNA dNTPs, rTaq T aKaRa
Omega , I Amersco ,
1.3
1.3.1 HhamkARREAREME (1) . Primer I 5" -CGTCGGATCCTACATGCG
20081228
(195F), , . E mail: fangbs@ hqu. edu. cn.

(973) (2006A A 020103) : (20676048)
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CACTTATTTGAG-3);Primer I1(5-AATGCTCGAGCGAATTAACGCGCCAGCCAC-3).

(2) PCR . 20 KL 1 x Taq DNA 0.2 mmol* L™ ' dATP
dGTP,1 mmol* L' ' dCTP  dTTP,6. 0~ 8. 5mmol* L™' Mg™ ,0.3~ 0. 8 mmol* L' Mn™, 1
mmol * L™ ' Primer I Primer II, DNA pET-32gldA 50 ng. ,Mg™* Mn™

(3) .94 C, 5min;94 C, 1 min; 62 C, 1.5 min; 72 C, 1. 5 min; 30 ;72 C, 15
min. 0. 8% PCR PCR

, -20°7C
(4) . PCR ., BamH FXho I ,
pET-32a( + ) , E. coli BL21(DE3), .
1.3.2 RERGHRALEZ (1) " , 0
( 6.0g° L ", 3.0g° L', 10.0g* L', 18.4g+ L™, 00.1
mmol* L™, IPTG 1.O0mmol* L™ ', 75.0mg* L', 10.0g* L"),
75 mg e+ L LB
(2) . ., Hind I Pst I ,
0. 8%
1.4
75 mg ¢ L' LB , 30 C
(D) 0.4 2¢°L"', 30°C 5h
1.5
[ 8] . GDH , [ NAD'
NADH.NADH 340 nm , , GDH
1.5 mL ( 30mmol * L”'(NH4)2504,0.2 mol * L™ ,2 mmol* L'NAD, 1
Umol * L 'Fe(NH4) 2(S04)2,0. 1 mol * L™ ,pH=12.0), 45T ,
, 340 nm ( 6 s , 1
min) , GDH (z). : , 1 Emol
1 . Bradford |9|,
1.6
) pH )
1.7
151 SDS- PAGE( - ):
12% , G-250
2
2.1
Mg*  Mn™* , Taq DNA :
, , ) Mg2+ M nZ ,
) , Mg2+ , M n2*
PCR, 1 . l(a) ,1~6 M g™ 6.0,6.5,7.0,7.5,8.0,8. Smmol* L ';
1(b) ,1~6 Mn™ 0.3,0.4,0.5,0.6,0.7,0. 8mmol * L™ .
1 ,MgCh 7.0~ 8.5 mmol * L™ PCR

PCR 1~ 3 \ MgCh 7.0 mmol * L~/
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PCR . M gCla , Mn*
0.5 mmol* L™ ".

1100 bp

(a) Mg*
1 PCR
Fig. 1 Errorprone PCR conducted with different ion concentration
2.2
PCR s PCR, BamH [ -Xho
I , pET-32a(+ ) : E. coli BL21( DE3)
. 5000 )
2.2.1 R E A E. coli BL21( DE3) 0 , 31 ¢C
12 h, . ., NAD®
NADH. NA DH , \ 0
\ 0 (1o 0 \
() (b)
2 0
Fig.2 The screening result in safranin O plates
2.2.2 REMGER LB ( 75mg-*L"' ) . 30
C D 0.4 , 2¢°L ':30 C 5h
. 96 , pH ,
gldA-74, 2.202 mkat * L™ ".
sl ( 0.805 mkat * L"), 2.73
t s 0.062 mkat *
L', 35.7
223 REMREBEMERLER LB ,
Hind [II , 6 987 bp ; Hind IV Pst T
, g1dA-74 Pst | , DNA \

4 SQO%,()][)E%)?P.C]]“]G Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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s 3 .03 1,2 Hind III Hind II¥Pst
pET-32g1dA-74
2.2.4 #AEELF AT MBI R

, . , PCR ,
, pH gldA-74 1
(964 A T). 322 I( ) F( ).
2.3
pET-32a(+ ) His6-T agged , ,
) N Rrx-T agTM,
s M 1 2 1 2 3 M
’ i 54 ku
8 000 bp
pET-32a( + ) , 6 000 bp
20.4ku, 000
GDH 34 ku''. 1500 bp
54 ku, 4 .4 :1,2,3
3 4
1 1 m 2 Fig. 3 Enzyme digestion Fig. 4 Purification
P .0 1 : of expression vector of evolved emzyme
n 1 , 24.1%, 2.1.
1 GDH
Tab.1 Purification of evolved GDH
m/mg z,/Hkat Oge L o/ mkat * g ' 0/ % n
20.35 22.788 0. 93 1.120 100 1.0
His Trap™ HP 2.34 5.484 0. 12 2.344 24.1 2.1
2.4
2.4.1 BEEFNFHEHLE 1/V  1/S  Lineweaver Burk \
5 . , Kuo( ) 0.58mmol* L' Ku(NAD) 0.74 mmol *
L' Vax( ) 0.75mmol * (L* min) ', Vux (NAD)  0.96 mmol * (L * min) '; K

() 0.63mmol*L ", Ku(NAD) 0.77mmol* L™, Vax( ) 3.69 mmol* (L * min) ',
Vi (NAD)  4.75 mmol* (L * min) .

2.4.2 RiIERBILE , 6 . 6 ,
10 6 [
9 L
8 - ST
T s -
g \_o 4 NAD
E or :
= 5
= °r - 3 ’
S £
vor E
3 Lol
2 [
1L
1L
0 4] 1 1 | I
-3 2 0 2 4 6
S'/L.mmol™ S/L-mmol™

(a) GDH
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12 - L4
1.2 -
. -l NAD
e =
£
£ E os|
- -
£ £
£ E 06
B L
04
02
0 L 1 1 1 L L 1 1 1
-2 -1 0 1 2 3 4 5 6 7 8
§!/L.mmol”™! §Y/L.mmol ™
(b) GDH
5 Lineweaver Burk
Fig.5 Enzyme kinetic parameters of the Lineweaver Burk double reciprocal graph
65 C, GDH . , , ;
70 C 20% . 6 , 55 C,
10 C. 50~60°T , 80%
2.4.3 ®if pH {E89b & 45 C, pH , ,
7 . 7 , pH pH
11.0 , ; pH 10~ 12 ,GDH 70% .
7 , pH 12.5 , pH pH
10~ 13, 70% . pH 7 :
20% , GDH
100 100
go | UMk GDH 80
60 | 60 -
= 41 GDII £
0 0 iz Go
20 20
0 I L I I | 0
30 40 50 60 70 80 7 8 0 11 12 13 14
e pH
6 7 pH
Fig.6 Effect of reaction temperature on the activity Fig.7  the effect of reaction pH on the specific

of recombinant GDH and evolved GDH

PCR

( 1322F),

mmol s 1,

5 000

pH

0.63 mmol* L', Ku(NAD)

PCR

2.73

activity of recombinant GDH and evolved GDH

GDH

2

?

96

gldA-74.

0.74 mmol* L'

:Km(

0. 77 mmol * L"),

)

0. 58
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pH 11.5 12.5, 65 C 55 C. , gldA-
74 , pH
(D) )
3D (2
s , DHA 1,3-PD
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Directed Evolution of Glycerol Dehydrogenase
by Error Prone PCR

LI Z+jun, FANG Barshan,
YANG Zhong-i, LIU Jia

(Key Laboratory of Industrial Biotechnology Fujian Province, Huagiao University, Quanzhou 362021, China)

Abstract: The GDH enzyme gene from K lebsiella p neumoniae w as repeatedly amplified by two sequential error-prone
polymerase chain reaction ( PCR), and the gene library was built. The mutant can catalyze safranin O to show colors, and
on the base of this property, the gldA-74 mutant was obtained by high throughput screening method using active agar
plates in combination with 96-well microplates. T he activity of the gldA-74 mutant was showed 2.73 fold of that of the
parent recombinase. Gene analysis of the gldA-74 mutant indicated that the mutant enzyme had a point mutation ( A964T)
which resulted in an amino acid being replaced. T hen, the highly expressed productions of recombinase GDH and evolved
GDH were purified by NeENTA and the enzymatic properties were determined. T he results showed that the K,, of GDH
increased from 0. 58 mmol®* L' to 0. 63 mmol* L™ ', and the K., of NAD increased as well, from 0. 71 mmol® L™ ' to
0.77 mmol® L='. Theoptimum pH of mutant enzyme also increased from 11.5 to 12.5 while the optimum temperature
decreased from 65 C to 55 C.

Keywords: glycerol dehydrogenase; K lebsiella p neumoniae ; directed evolution; error-prone polymerase chain reaction



