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D L- Lactobacillus sp. MD-1
FEscherichia coli FM]J144 ldh
Native-PAGE D- D-LDH ldhD  ORF
331 Vi ~ Dige NADH Ry ~ Ei
D-IDH D D-HicDH NADH ldhD
ldhD  D-HicDH 49.33%
42% D-
MD-1 D-
Q78 A 0001-6209 2004 04-0491-05
E . coli FMJ144  Jean Delcour
L- 1
D- Table 1 Bacterial strains and plasmids used in this study
Strain or plasmid Characteristic s * Source or reference
D- L- Lactobacillus sp.  Wild-tape strain This study
1 MD-1
LDH NADH Escherichia coli
FMJ144 Aldh pfl  Cam’ trpR his-29 Am
LDH pro-2 ary-427 deoB arc tsx IN 2
D L- 1, rmD-rrmE  lacY
NADH LDH L- TC1 suoE hsdAS5 thiA  lac-proAB F’ 3
traD36  ProAB* lacl! lacZ AM15
D- D L- , .
DE3 F~ ompT hsdSp ri mp  gal dem Noveeon
Lactobacillus sp. MD-1 48°C  200g/L A srlereeA 306 Tnl0 TR 8
72h Plasmid DE3
JDCO Em" IdhZ 4
140g/LL D- ) mone .
pLZD308 Em" pJDCY with a 3.11 BamH | This study
ldh D L- fragment from L. MD-1
100% pET-28a Kan" Novegon
I- I- Em" Ap" and Cm" indicate resistance to erythromycin ampicillin and chlor-
amphenicol respectively.
ldh 1, D-
1.2
Lactobacill . MD-1 ldhD
CHODACLIE =P 1.2.1 MRS 5 1B
ldhD .
W M9 7 Lactobacillus sp. MD-
D .
1 MRS 48C 16h E. coli TGl
1 LB FMJ144 LB M9
1.1 0.4% 0.2%
) Em Cm 250
1 pIDCY
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50pg/ml. IPTG 0. 1lmmol/L 1.7 Native-PAGE
1.3 DNA 6

DNA 6 1.8
7 DNA TaKaRa DNA
1.4 Artemis v5 DNA-
Lactobacillus sp. MD-1 DNA mand.0  ClustalX1.8 NCBI
BamH | 2 ~ 6kb
BamH | pJDC9 CIAP 1.9
pJDCY Lactobacillus sp. MD-1 DNA
pJDCO 5'-AAAGCTAGC
E . coli FM]J144 Lactobacillus sp. MD-1 GTGAAATTAATTGTTTATAATGTTCG-3' Nhe 1
DNA 5"-AAAAAGCTTTTAGTCAAC-
1.5 TAGATCGGCTG-3’ Hind Il
FMJ144 ORF 94°C 45s 53°C 45s 72C
Imin 30s 30
ldh 1.10 SDS-PAGE
FMJ144 LDH 7
FMJ144
FMJ144 E . coli FMJ144 2
Em M9 2.1 Lactobacillus sp. MD-1
37C 144h
E. coli 200000
FMJ144 E. coli FMJ144
M9 37°C
1.6 168h 60
M9 Em Cm LB 37°C
37°C 48h 168h 8
0.5mol/L 2.2
14000r/min 30min
' NADH LDH 1 1
6 U 8 LDH H
25°C pH7.0 Imin 1ymol NADH 1.108U/mg E . coli FMJ144/pJDC9
1 12
2 5 10F \
37°C 30min 5 os | SHS
2 g o6 b

Table 2 The reaction system analyzing the type of lactate dehydrogenase % 0s

System Th‘(’)f‘“‘:::j‘f““ ;ﬁz‘; NADH  Phosphate buffer & 0l
Concentration - 5g/L. 42g/1. 0.5mol/L N AL NN =

Volume/pL. 100 100 100 700 A B C D Saip]: G H o
HPLC SBA-40C 1
Fig.1 Analysis of LDH activity

A. Blank B~ H. Postive clones 1. Control.
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H 2%~3% H ldhD 1320bp 331
Lactobacillus sp. MD-1 36.6kD pl
H H 5.21 IdhD 144 GTG
1138 TAA
LDH D L- GGAGGAA
L- H LDH 7 AGGA
D 2 8 E . coli
pJDC9 Bacillus subtilis 7 ~ 9bp
BamH [ H *° IdhD SD  TATAGTA L. planta-
BamH | 3.4kb rum 16S tRNA EMBL M58827 3’ 3'-
pLZD3081 UUCCUC-5’ Lacto-
' 2 3 45 rr o ¥4 s bacillus sp. MD-1 L. plantarum
~L-LDH— = - - 9 5 )
35 TGGTTTG -10 TATAGTA
T— D B 16nt dhD dhD 3
2 -PAGE A.D L- B.L- AAACGGGAT-

Fig.2  Native-PAGE of LDH stained for activity on D/L lactate A.

AGGGTCAAAAATTATTTTTGACCCT ATCCCGTTT

' -7 . o ldhD ldh D
i b Syt
extracts from Lactobacillus sp. MD-1 1.49 pg 4 4'. Crude extracts 1 L. delbrueckii X60220
from E. coli FMJ144/pJDC9 2.1pg 5 5'. Crude extracts from posi- L. helveticus X66723 1dhD L.
tive clone H 2.87ug . casei M26929 D-HicDH
2.3 D- Lactobacillus sp. MD-1  1dhD
plLZD3081 MD-1 DNA 46.52% 47.56% 49.33%
2 ORF G  ORF L 2.4 D-
200310107150.4 GenBank Accession No. ldh D GenBank Acce-
AY496011 ORF G -1- ssion No. AAR85484 GenBank
GALT ORF L D-LDH [dhD L. delbrueckii A38094 L. helveticus
3 Lactobacillus sp. MD-1 P30901 L. plantarum NP-785580

-35

-10

AGAACGTGGGTGAACCCAAAGATE! 3CCGGCGTTCTTTTTGGTATAGTAGCGTTAAA
AGCAGGGATGGGAAAAGCAGGCTTAATGACTGGTCTTAGCAATCGTTATTGAGCTAAAAA
RBS
GGCCCCATCCGGGAGGARTTTCCAGTGAAATTAATTGTTTATAATGTTCGGGATGATGAA
vV K L I VvV Y N V R D D E

TCATTGAACAACTTAAAGACGATGGCTGAAGGCGGTAAGCCAGCCGATCTAGTTGACTAA
s L NNL K T MAUEG G K P A DL V D *

Terminator
TTATTTTTGACCCTATCCCETTTCAGCAGTTCTGCTATTAATTTATTTTARATG
TCGTAATCGCTGTCGGACATTGATTCAACGTTTCCAAGCAGGTAGCCGTTACCAACCTGT

3 LdhD

Fig.3  Nucleotide sequence and deduced amino acid sequence of D-LDH
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D-LDH L. caset DELBC D-Hic-
DH  ClustalX1.8 D-LDH
R, ~ Ey Vig ~ Dy
Vig ~ Dy NADH
GXGXXG 17-20
Dy
NADH NADPH®" Ry ~ Eyq
""" D-LDH D-hydroxyisoca-
proate dehydrogenase D-HicDH
D-LDH  D-HicDH NADH
h Lactobacillus sp. MD-1 ~ D-LDH
D-LDH
D-HicDH  Blast Lac-
tobacillus sp. MD-1 ~ D-LDH
D-LDH 36%
38% 39% D-HicDH
42 % Lactobacillus sp. MD-1 ~ D-LDH
Lactobacillus sp. MD-1  D-
D-
2.5 D-LDH
PCR ldhD  ORF ldhD
pLOD3081 IPTG E . coli DE3
D-LDH
4  SDS-PAGE E . coli DE3
40kD
His-tag 3kD
37kD
D A B c
974—
662 —
30— = 4 oD
31.0—
20.1—
44—
4 E. coli DE3 D-LDH SDS-PAGE

Fig.4 SDS-PAGE analysis of D-LDH expression in E. coli DE3
A. Marker B. DE3/pET-28a + 2. 90pg C. DE3/pLOD3081
3.69ug .

44
E . coli DE3
1.84U/mg E . coli DE3 pET-
28a + 50
45mg/mL SBA-40C -
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Cloning and Expression of D-Lactate Dehydrogenase Gene in Lactobacillus sp. MD-1

LI Jian' TANG Yun' LIANG Feng-Lai' MA Jian-Fang’ LIU Ru-Lin'"
! Life College NanKai University ~Tianjin 300071 China
2 Tianjin NanKai Guard Group Limited Corporation Tianjin 300071 China

Abstract It was constructed that a genomic DNA library from Lactobacillus sp. MD-1 yielding D L-lactic acid and the
gene encoding D-lactate dehydrogenase IdhD was cloned from a library of Lactobacillus sp. MD-1 DNA by complemen-
tation for growth under anaerobic of an Escherichia coli that is lactate dehydrogenase and pyruvate-formate lyase double
defective mutant. D-lactate dehydrogenase D-LDH activity was demonstrated by Native-PAGE. The nucleotide sequence
of ldhD encodes a protein of 331 amino acids with a predicted molecular mass of 36.6kD. The IdhD gene showed 36 %
38% 39% and 42% amino acid identity with D- - -lactate dehydrogenases of L. delbrueckii L. helveticus L . plan-
tarum and D-hydroxyisocaproate dehydrogenase D-HicDH of Lactobacillus casei . Two highly homologous regions Ry; ~
E,; and V,i; ~ Dy5s  with several conserved residues has been identified. R,, ~ E,;; was a active site and V,,; ~ Dy is
NADH-binding site. D-LDH shows no similarity to L-lactate dehydrogenase but highly identical to hydroxyacid dehydro-
genase D-HicDH .

Key words Lactobacillus sp. MD-1 D-lactate dehydrogenase Cloning Expression
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