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Escherichia coli  #t 47 & ik 7 & A& # b LB AL S8 Tm-LDH. A B & A Z @ id 32, T —F k4
Wik sh o) TEE. BRFMRATR AR, Tm-LDH #9RERIREH 95 C, ik pH 7.0; #hBef 90 CHyF %
#H 2h, £ pHS5.5-8.0 XA &AEZ; SDS-PAGE £ R E T4 FEH 33kDa, 5t F(AAHnE. LREAR
F2 NADH # &4 8 , AR 2+ F % BA 82 49 K, 44 1.7 mmol/L, Vy,y 4 3.8x10* U/mg; 482 F NADH #) K, 44 7.2 mmol/L,
Vi 184 1.1x10° U/mg. Tm-LDH A B £ T7 #4& ¥+ ke E IS ERL, 122 & #%H K pHsh F 135 7 T
REFRIA, REKFIEET 340 mg/L. ZHE 65 CREFMHT, FHEIRZFMHG S0%, FaRFEFHR
T, XML TR, A% NAD BAKANES T A2 AR,

MR b SUBR L AUBE, pHsh #GBAR, #8E NAD B4
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Thermotoga maritima, and expressed in Escherichia coli JM 109. The recombinant protein was purified to homogeneity by
a simple step, heat treatment. The recombinant enzyme had a molecular mass of 33 kDa. The optimal temperature and pH of
Tm-LDH were observed 95 ‘C and 7.0. The purified enzyme had a half-life of 2 h at 90 ‘C, and exhibited better stability
over a pH range from 5.5 to 8.0. The K,, and V., values were 1.7 mmol/L, 3.8x10* U/mg of protein for pyruvate, and
7.2 mmol/L and 1.1x10° U/mg for NADH, respectively. The expression of Tm-LDH in T7 system could not obtain high
efficiency, but it has been soluble over-expression in pHsh system and reached 340 mg/L. The superior stability and
productivity of Tm-LDH will lay the foundation of its industrial-scale fermentation and application in the NAD

regeneration.

Keywords: thermostable lactate dehydrogenase, pHsh expression system, NAD regeneration

6 30%—35% [19-20]
1]
Thermotoga maritima 55-90 C
[21]
[2-6]
80%
(NAD NADH) NAD (Tm-LDH) [22]
NADH Tm-LDH
T7
! 23] Tm-LDH
LDH
G’ pHsh
[10-16] [24]
(LDH) NADH
NADH NADH7!

1 HHE5T®

Wong  Whitesides

NAD el 11 #
111
Thermotoga maritima MSB8
ATCC43589
Escherichia coli IM109 Promega
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(Wisconsin USA) pHsh (
) (Shine E Biotech, Nanjing,
China) [24]
1.1.2
T4 DNA DNA
Qiagen NADH
1.2 A&
121
E. coli LB

(10 pg/mL) LB

(10 pg/mL) TB [25]
SOC T. maritima
T. maritima [26]
1.2.2
T. maritima DNA DNA
DNA
[25]
DNA
Qiagen
1.2.3
T. maritima

(TM1867, Accession No. 897800)

pHsh
1 2 1  5'-catgccatggctaaaata
ggtatcgtaggactcg-3’ Nco I
2 5'-ccgctcgagttaaccge
tggtgttctgg-3’ ( Xho I )
T. maritima DNA PCR

95 °C 5min 98 C 30s 57 C 30s

72 °C 1 min 35 72 C 10 min PCR
PCR
Ncol Xhol
Ncol Xhol pHsh
E. coli IM109 LDH
pHsh-ldh
1.2.4 LDH
E. coli JM109
(Amp) LB
30 C ODgpp  0.6-0.8 42 C
200 r/min 8h
50 mmol/L (pH 7.0)
13 000xg
15 min 80 C 1 h
13 000xg 15 min
( ) NaCl
1.25
NADH
NADH [22] 200 pL
1 mmol/L 1 mmol/L NADH
7.3 ug 50 mmol/L
(pH 7.0)
85 C 5 min
340 nm

[22]
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NADH 1 umol

(22] NADH
Brandford
1.2.6

DEAE-Sepharose FF

60-100 C
5°C (pH 7.0)
100
pH pH 4.5-8.0 0.5
pH 50 mmol/L
100
pH 7.0
70 C 100
pH pH 5.0-8.0
70 C 1h
pH
20 mmol/L
1-20 pL
2 mmol/L  NADH 200 uL
Eadie-Hofstee
100 mmol/L NADH
1-20 pL 2 mmol/L

200 uL
Eadie-Hofstee
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7.3 ug 1 mmol/L

1 mmol/L NADH 1 mmol/L

50 mmol/L

100%

200 pL

M g2+ Lit st Ca¥ 7zn?t

2+
Cu

EDTA

Co*" Mn*" Ni*
SDS  Triton-X100

2 X
21 BRI

T. maritima

DNA

PCR ,

, 0.96 kb

pHsh

Nco [ Xho I
2.3 kb (D

PCR

PCR

0.96 kb

22 FBMEEEREE E. coli PHIRIER

iy
pHsh-Ildh
E. coliIM109 30 C
8h
12%)

33 kDa

pHsh
42
SDS-PAGE(

C

E. coli
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bp 2.3 EHAMGHIEGFIER
8 000 95 C 90 C 2h 95 C
5000 2h 30
3000 65 C
2000 50% ( 3)
(4
1 000 pH 7.0 5.0-7.0
750 ) pH 5.5-8.0
60% ( 6)
1 FARK pHsh-ldh E§Y) R PCRITE R EE
Fig. 1 PCR amplification of ldh and restriction kDa M I 2 3 4
analysis of recombinant plasmid. M: DNA marker; 1:
PCR amplification of gene; 2: fragments of 2.4 kb and 944
0.96 kb produced after a double-enzyme digestion of
pHsh-1dh; 3: a 3.4 kb fragment produced after a single oo — —
enzyme digestion of pHsh-1dh. e =
=
415 — =
28 112 U/mL e
pHsh  E. coli 337 — ’ E
24.4 —
80 C 1h SDS-PAGE
B2 FEgMSEs4E{LI7289 SDS-PAGE Eli%
1 Fig. 2 SDS-PAGE analysis of Tm-LDH in purification
1 steps. M: protein marker; 1: cell-free extract of E. coli
JM109/pHsh; 2: cell-free extract of E. coli IM109/pHsh-1dh;
34.1 mg/mL 2 674 U/mg 3: proteins remained after a heat treatment of 1 h; 4: the
91 183 U/mL purified recombinant LDH protein.

#z1 E.coli PEHABRKREEBRIE L
Table 1 Purification of the recombinant lactate dehydrogenase from E. coli
Specific activity

Step Total activity (U) Total protein (mg) (U/mg) Purification (fold)
Cell-free extract 28112 76.6 367 1.0
Heat treatment 91 183 34.1 2 674 7.2
DEAE-Sepharose FF 87 689 26.8 3272 8.9
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Fig. 3 Optimum temperature for lactate dehydrogenase
activity.

100

Relative activity (%)
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t (min)

B4 Tm-LDH #iREIRREM

Fig. 4 Thermal stability of lactate dehydrogenase. The
purified enzyme was pre-incubated for various time at
65 C ( ),85 C (m),90 C (A)and95 C (><).

100 -
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5 Tm-LDH RY&i&R K pH
Fig. 5 Optimum pH for lactate dehydrogenase activity.
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100
80
601
401
20

Relative activity (%)

pH

6 Tm-LDH B pH f2E 1%
Fig. 6 pH stability of lactate dehydrogenase.

2 Mg*" Li* st ca’ o
SDS  Zn*"
Co’" Mn*" Ni*"
Triton-X100 EDTA
NADH 85 C
pH 7.0 Ko

*2 SRBFRERMFIFIXF Lactate Dehydrogenase
PR AR
Table 2 Effect of metal ions and inhibitors on the
activity of Lactate Dehydrogenase

Metal ions and

Lactate dehydrogenase

surfactants (relative activity, %)
Control 100
Zn** 45
Mgt 104
Lit 105
Ca** 106
St 108
Co* 111
EDTA 113
Mn?* 114
Nit 118
Triton-X100 122
SDS 2
Cu* 106

Various ion reagents were used at 1 mmol/L, EDTA
(1 mmol/L), SDS (0.1%, W/V) and Triton-X100 (0.05%,
VIV). 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%.
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1.7 mmol/L  Viax 3.8x10* U/mg

NADH Kn 7.2 mmol/L  Vpax
1.1x10° U/mg NAD
3 ik
T. maritima Tm-LDH
55 C-90 C
E. coli 80 C
pHsh
Tm-LDH
pHsh
IPTG
Tm-LDH
90 C 2 h
95 ‘C pH7.0
pH
65 C
50% ( 1 600 U/mg )

2,3 NADH

pH
NAD

Tm-LDH

NAD
NAD
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