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L-3LEi SRR E R IG5 4
F 8 B B RRX KT Ak

(EFREEMPEER, KB 300071)

M OE MHET—HD.LARMANE( Loaobacillus sp. )MD-1 FREECE., AALREESEANFNEE RS
BRBEHY Escherichia coli FMI144 fE 1 £ @i BN S E RN A MK IEREE (L), BREFISFEY %
HERALATC ARGFEB TREN MEEMREANNEAR, MNAS TR 3.4k, REARENEST
ZHIRHRIETERAERT BTHERELT. AL NBOEARA 3 T ES, K Glyl3 ~ AspS0 {R5F
X% & NADH M55 &0 /2, Asp73 ~ LlelO0 1 Asnl23 ~ Argl 54 {RSF X REEAIEFE SR 00, % ldhl M H AT W WhL
ERMABHEERTFIEUERE A ETREVHUERR 6. 1% BERFHNHAMEREMA N 68.9% 2

e LABMBEIMER,

XA A (Lactobacilus sp. )MD-1, L-ELEIR AR R, %, Sheg s in

hEFHES 093 ARKEFERE A

imESS B AT ARZSEE 20
Rig. L-ABKE™REESYESTTRERER M
ERMHNFROREA. D-FLERAESHT LA
THYWBERB AR ARG NIRY. B
W, B FAE R D- AL LI BERT B
FBTR",

ARS8 (LDH) R Ll NADH N3 M, s
Bot e ni L, Ak LDH B BE SR
I XERS. ~ D, L-ABMYAITETHFEE LA
DA #F HH NADH ) LDH, 5 L e 4 1% L-
AMA D-FLRE. fEERED 8% DL-AL BN I
B ( Lactobacillus sp. )MD-1,BE7E 48°C & 200¢/L #i &
BOARBPREE KL M, 72 hmEAE

CERE 1000-3061 (2004 )05-0725-05

140g/LLLE, MIRFEAHEN D-ABREABEN
(ldhD) 8K W R B #F B e L-FL B (i
EHFAREATRR 100% ), B Al BLRER S L3
BRrEg, RZ, WRME -8R SREE ()t
OMAEEAESEN D-FLEE.

ACIMIE T Lactobacillus sp. MD-1 B ¥k ) IdhL
P30, R X IRl B A5 6 T H B — R AW 1T
THIES,

1 M¥ 57

1.1 E&5RE
AN EEARERILE 1, B pIDCY. B
¥ E. coli FMJ144 i Jean Delcour 2 ¥ 8188 |

- %1 HERMER
Table 1  Bacterial strains and plasmids used in this study
Strain or plasmid Characteristic( s} Source or reference
Lactobacillus . sp. MD-1 Wild-type strain this study
E. coli
FMJi44 Aldh pfl : : Cam” trpR his-29( Am} pro-2 ary-421 deoB arc tsx IN(rmD-rmE) lacY 2
TG1 suoE hsdAS thiA ( lac proAB) F' (traD36) ProAB* lacl® lacZAMI13 3
Plasmid
pIDCY Em'; dhZ 4
pLZD3083 Em'; pJDCY with a 3.11 BamH [ fragment from strain MD-1 this study

Em', Ap‘ and Cm' indicate resistance to erythromycin, ampicillin, and chioramphenicol, respectively

W B E A - 2004-03-08 , # 8] B #1 :2004-05-31,
« EilfEE.
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1.2 EHFEMEREHD

Lactobacillus sp. MD-1. 38T MRS 54,
48CHE # 16h, E. coli: TGl Fi LB 3 5 & § 5F,
FMJ144 il LB 53570 MO B B (B %M 0.4% A1
BMEAKBEY 0. 2% ) 8%, 4B % (Em) HEXR
(Cm) T{F 7 B 2 914 250pg/mL ., 50ug/mL, PTG #
WeEH 0. 1pmol/L,

1.3 DNA RREE &t

EHEA DNA B KA E WCEks]; mRiE
Bh 8 W3 6].

1.4 BEERXENHHAR

¥ Lactobacillus sp. MD-1 # X B 4H DNA H
BamH 1 ASEEML, BRI 2 ~ 6kb HFEF LR
Bt ;A BemH [ B§ ¥ pIDCY, CIAP LB L, B i
pIDCY; ¥ 2@ vk MD-1 [ 3EH 4 DNA k BRI L8488
b pIDCO; M BB R LB E. coli FMJ144 8,
32| Lactobacillus sp. MD-1 (93 P4 DNA JCEE,
1.5 B %

E. coli FMJ144 230N Mt = 8§ (LDH) M7 B
HNmMEn R TR AREFHTAEELEK, W
R HEAMBEESMER (LM EHREREA E.
coli FMI144 P R X AL BRI S 8 (LDH), E. coli
FMIMA B ERAXHTHREAK, A& &
FMJ144 ) X FPAFHE, S LS5 1L B E . coli FMJ144 &
MERESEOASR(En) MO BFHFETFRE, R
HARMT 37°CH 7 168h LI FHYE Sk, REMH
HmEwEH R, TR SN, FRASE E.
coli FMI144 H#EITE R ; WA # GRS RN R
18 S0 6 B 1 1 B S Y A h
1.6 IMEESREAEAMES

FEOEHEBYHHE . OFMAEREERN D Mo
BEEFRED ITCHEESN 8h,. REHELWE
B O Smol/L MBS EN B ITHEk, OBF
T B < SR PR YJO2-10 48 S I 4 K 1 L 1 A
B, H: 40 F Bl 5 o 3 3 400W, T 4EHE 8] Ss, [BI R 15s,
10K, @14 000/min F L 30min, H b ¥ BB &
HERY. OEASENERBREMNE"

1.7 ARBESHNBEERRIERB TN

1.7.1 MR IABEESI: 5 WK 5]. B
B HE X (n): 1€ 25C . pH7.0 & BT, Imin E 1k
lpmol NADH MBS R My 1| 867,

1.7.2 HMBAMIER SO 3l REIEZRF
SR A 100pL EARAEE. 1. 5mg B R,
12.6mg NADHEL & 2.9mL pH7.0 B 8% KR 28 ob 3.

@25C K 30min, D SBA4OC HEH-HBED
ERESHRMERPRE WA RY &, AT
SrHECEMHEGRBETHIRBEEABNE
R, SBAAC HEM-AMAMEERITNER:

HARALBEEARL, UBEREERAT LA

BB AR LA + O, + H,0 R

M + H,0, B8 Lo, , K Lo, mESMBIA
ES5ge-BafkEMmEmiEsS .59 LIRS
SHTER .
1.8 FARMESHH

DNA £ ¥ & th TaKaRa 24 52 K. DNA 5
4387 kK F Artemis v5, 3 B B FF 7 4+ #7 & il Dnaman
4.0 F Clustal X 1.8 LXK NCBI #36 $ 8 FE M3k £,
1.9 RAFH

LN R E R, T B LTSI E#E
1 5'-gegeg calatgitgactetaaaacgte-3', T S8 5'-geg

Ndel

ggatcc ttaaagitgatecatge-3' o 3 & F: 94°C 455, 56C

BumH [

455,72°C 905,30 T B,

2 R 544
2.1 Lactobacillus sp. MD-1 I BB SMERNSE
-3

LI E. coli FM]J144 {E75 £ .pIDCY fE& K, B
THAE20 A TEHENOERAXE. RHARE
B BELAFRREA E. coli FMI144 1 %
BEATYH M FRET 37CREL I 1680,
FREAGTRER 60 MR, HRHETRY
RESHOABEANEEENW LB FH EITCRES
3% 168h, EFS R 2 -FREETEEE b A oo

2.2 MHMEEMEE

ERAGRRERAEESY.URERERD.
NADH X388 W £ LDH iSHE( W E 1), SREMH,
FHYESCRE b Rl ¢ A 8138 A9 LDH 1§ §%, 18 #2051 A
6.4u/mg( protein) 1 4. 64u/mg( protein) , H 8§ #9 H FE
5% MD-1 9 LDH B15 JLE MR T E. cofi
FMJ144/pIDC9 ()3 H ORI BETE {8 b # ¢
0.6% ~0.7% ,REAMHIE EE Db M c WEARKNER
AR MD-1 NI BRB SR ER, HEELR
EaHEY AR RA AREM NADH M #HRE
WP RN, ME IDHMA R (RE 2), ERE
B PHAE Sl o FIEE Bk MD-1 B9 BN ¥ b e M Bk
BHOEMNMEY LK., BOIHMG SR  AF LI
R SRS, uERA TP R c MEHFE DR
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Ak MD-1 89 ldhl , A REM IDHR T L &, #
e 19 B i) FH P T R AT BB 4 PR W AR AT (B 2).
FOHZERMETRE ¢ $,pIDCO Y BamH I i SHBAH
Fo/MYy% 3.3kb B PEME MD-1 REHF B B ESA
J L iy 2 4 pLZD3083,

Specific activity/(u/mg)
&

000000
Yz

a b c d e

H1 ARREMEES T
Fig.1 Analysis of LDH activity
a: blank; b and c: postive clones; d: Lactobacillus sp.
MD-1; e: control ( E. coli FMJ144/p]DC9}

2 EAFERARITEE
Fig.2 Analysis of recombinant plasmid by BamH I digestion
1: positive clone c¢; 2: E. coli FMJ144/p]DC9;
3: MHind]l DNA marker

£2 FANERMNABRKENENHONE
Table 2 The type of lactate dehydrogenase in positive clones

E. coli FMI144

Sample Blank MD-1 Cloneb  Clone ¢
fpDCY
L-lactic acid
(] 39 4] 43
/(mg/mL)

2.3 L-AEBBERBEERNAFTSH

# pLZD3083 P H Bk MD-1 ZEFE 4 DNA $i A K
B FE #0020 5 R MR G R (R AT 4 A
87 2 A~ FF LR EE4EZE ORF P Al ORF L, H ORF
PREMNEAERE - KMEHEK,ORF L&D L-
IDH, % ldhl BB HE B F A (TEXABRESH
200410018706.7, GenBank Accession No. AY566287)
ME 3 fin. AW X, Wk MD-1 8 ldhl K/ 2
# 1260bp; JF B R EHELR 4 0Y 316 R M, WIS M
BERYFRA N 33.84kD, pl {H 2K 5.37, dhL DA
172 fiL B9 ATG KR E T, KL 1119 7 A9 TAA

WA LEBT . BEEH T LirA R s 2B
RG0S GCCAGA, ML TRBFER F LIFME 6
A Z KB PO GGAGA BIBIFR BN AWM
BEER 7 1M#E. 5 E. coli fl Bacillus subtilis H E
ELHBEER 7~9bp M —F"Y, 4L WK
SD #£ GGGAGA 1 L. plantarum 165 rRNA (EMBL F¥
|5, M58827)3 % A9 3'-UUCCUC-5' B EH ¥+, M1
HiA] LA i B B #k MD-1 A BR L AF B (L. planta-
um)ERKERBEHELLRBRE" . 7 S RERD
K f — 1T #HM A - 35 X TIGGTGA, 1 # W &
- 10X TATAAT #85 24m, LR BT HRL BE 3
To Wbl B 3 SMAER B X P E R R M M XH
¥4 AAAATTATTTTGACTGAAAAGTCCGGACAAAGAA-
TIIT, W T ldhl WM BIHER AL F K &5
W AMBAE AG = — 41.73kcal/mol . #E 8 69 22 1f T
HE - THREK, B %R nRNA f5, £ mRNA
3 ¥nAETE MR ERR A R 454, AT RNA R & 88
WBE I RES . EXLETREOEEFIINT I
H6~8 4 THRE TRER, BXBEIETHF
MM RNA RS A X R 6~8 1 U, B
RNARGBBBEEERNGES. XAREK I mE
IE THEW R E MD-1 B9 IdhL B2 IE F - A K
F Rho BHEMBIE FHKLTFY . 3 3LHE MD-
1. TEAAFE (L. casei) FREAITE (L. helvetic-
us) AMMEATHE (L. plantarum) MBP R KIFFE (L.
reuteri ) ) ldhL B H BRIF T AT LA, S5 R R A B #k
MD-1 #) IdhL %5 F fh B Bk 1dhl B HH RAHE K 56% .
57.23% .64.12%F1 60.24% , MR HEBAK

ATTAAATAATCTGAATCAGCCAGATTGG TCTAGATACCAATTGAGCAATCCGCAGACGOC 60
-35
CTCACAGCGTATECTCATCOCTTCTAATCAAATTATTATGATGCGATITRTGAMATCAA 120
-10 RBS

LT
CTAAAACGTCAAAAAGTAGCATTAATCGGTGAOGGCGCGG TAGGTTCTTCATACGCCTTT 240
LKRQEKVYALTIGDSGAVYGSSYAF

TLQKTTEKDGMWDQL *
ACGCTTCAAAAGACCACT: 'AAAGACGGCATGGATCAACTTYAATGAATCATCTAAACAGAT 1140

cARERES) FHPICO00CCATTTTTTATIGEGTA 1200

CAGCACATGAAGOGTTCAACCAAACAATTATTAAAACGTTGAAAACCAGCAACTAATTIC 1260

H3 L WETRFIIREMNEERFIIETRFID
Fig.3 Nucleotide sequence and deduced amino acid sequence

of idhl (GenBank Accession No. AY566287)

2.4 D-FAEEEERERERFTSH

HRYE IdhL HE W () & BB FF 5] Al GenBank i
FReFLAT o T L FLAT B8 ML MRFLAT B R B AR IR SLHF
B L-LDH 89 & 388 7 5| FH 8 {F Clustal X 1.8 FEAT 1
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SHE 4), #£PR X8, L IDHE 3 MRETF X, A
Glyl3 ~ Asp50 X . Asp70 ~ Deul00 X 1 Asnl23 ~
Argl54 X, H v Glyl3 ~ AspS0 [X B BLE Y Glyl3-
Xaa-Gly-Xaa-Xaa-Gly-(19Xaa )-Asp50 45 #3 , X 4> gt &
A5 B BT & #K# NADH &9 LDH fF £ B MRSFF
5 ,Asp50 B EMBERE T L-LDH KM Fi 8 2
NADH T A& NADPH, {0%F AspS0 K4ERE, W L-
LDH 165 2l NADPH %8 ", Asp70 ~ lleul00
K FE 51 L5 3 (active site loop ) Ala-Xaa-Gln-
Cys-Pro, GIn85 SRR B AE IR BIIR Y, Arg91l HEM

Asn123 ~ Argl54 K Aspl50-Xaa-Xaa-Argl54 5B
BTRAERMME FERELE" Y, WHEH
His178 . Asp150.Thi231 , Asp179 F1 Ala220 4R F
EMRESSHNELRE" ., Bl RAE
# MD-1 %) L-LDH 5 TR 3F & 5% LA AR
AP H KA EMN L-LDH # 2 31 R
65.33% .55.56% . 68.89% T 63.17%, & & (L A
68.89% , 3 HE & MD-1 i ldhl SHAAFEKNHE
PIEBRRIUY 64.12% B E BB, B, Btk
MD-1 4 ldhl EEBE—AF 0 - EEER,

REREREIBHRAEY, ERYREAS.

—MASITDKDHQKVILVGDGAVGSSYAYAMYLQGIAQEIGIVDIFKDKTKGDAIDLSNALP 59
—MA——REEKPRKVILVGDGAVGSTFAFSMYQQGIAEELGI IDTAKEHVEGDAIDLADATP 57
—MS—SMPNHQKVVLVGDGAVGSSYAFAMAQQGIAEEFY IVDVVKDRTKGDALDLEHAQA 57
MLT-———LKRQKVAL IGDGAVGSSYAFAMMQQGLGEEFYIVDVVKERTVGDALDLEDAQV 56
—IS———— KNHQKVV LVGDGQVGSAYAYALVQQGLAEELA IVNLSKEQAEGDALDLEDATY 55
sk dkzkkk ¥dok: [k ek, % &:i: ki KKk Lk

scacoR

FTSPKKIYSAEYSDAKDADLYVITAGAPQKPGETREDLVNKNLKI LKSIVDPIVDSGFNG 119
WTSPKNI YAADYPDCKDADLYVITAGAPQKPGETRLDLYNKNLKI LSSIVEPYVESGFEG 117
FTAPKKIYSGEYSDCKDADLYVITAGAPQKPGESRLDLVNKNLNILSSIVKPYYDSGFDG 117
FTSPKHVYSGDYKDCQDADLA 11 TAGAPQKPGETRLDLVNKNLKIMKAL ITPLYDSGFKG 116
FTAPKQVYQADHHACADADLYVVICAGAAQKPGETRLDLVGKNLEIMKQITKS IMATGFDG 115
ik cE D] . Wcak, ck dokk Rkoleek s dofololok dokk ¥, ¥ L otk X

oe0CTH

IFLVAANPYDILTYATWKLSGFPKNRYVGSGTSLDTARFRQSTAEMVNVDARSVHAYIMG 179
IFLVVANPYDILTHATWRMSGFPKDRY LGSGTSLDTGRLQKY IGKMENVDPSSVNAYMLG 177
IFLVAANPYDILTYATWKFSGFPKDRV IGSGTSLDSSRLRVALGKQFNVDPRSVYDAYIMG 177
IIVVAANPYDILTYAAQKFSGFPKDRYFGSGTSLDSARLRYALGKKLNLNPQSIDAYILG 176
I LLLATN PVDVLTYAVQK ISGLPASRVISSGTSLDSARLR IALMU(LGVSPLDI SANVMA 175
*:: b 2o o 34 - O34 sk | ek, | dedeidokdk | %o P - -

oo gE

EHGDTEFPYWSHANIGGVTIAEWVKAHPEIKEDKLVKMFEDVRDAAYEIIKLKGATFYGI 239
EHGDTEFPAWSYNNYAGVKVADWVKAH-NMPESKLEDIHQEVKDMAYDI INKKGATFYGI 236
EHGDSEFAAYSTAT IGTRPVRDVAKEQ-—GYSDEDLAKLEDGVRNKAYDIINLKGATFYGL 236
EHGDSEFAAYSAARVGGEPFLDYAKRA-GLSDDDLATIEDQVRHKAYEIINRKGATFYGY 235
EHGDSEFMYSSATVGGKPLLQ I CEEQ—G I SNDELLKIEDDVRHKAYETINRKGFTAYGY 234
seadeneak s ek | 1k . . T H Te. % A 3 dk ok Mok &k Kk

I -N I - -

ATALARISKAILNDENAVLPLSVYMDGQYGLNDIYIGTPAVINRNGIQNILEIPLTDHEE 299
GTASAMIAKAILNDEHRYLPLSYPMDGEYGLHDLHIGTPAVYGRKGLEQVIEMPLSDKEQ 296
GTALMRISKAILRDENAYLPVGAYMDGQYGLNDIYIGTPAVIGGTGLKQI IESPLSADEL 296
ATCLMRESRAILHDENT ILPYGAPMNGEYGLNDVY IGSPAVVNGSGLAKVIEVPLNDKEK 2395
ATCLMRITRAILRDENAYLPYGAY IDGEYGIKDNYLGTPAVINASGISKVIEVPLNERES 294
.., Ao ok, sok: iwek: | rododi; ook Dok, ko Dok EEk *

o anoh

ESMQKSASQLKKVLTPAFAKNDIETRQ———— 326

ELMTASADQLKKVMDKAFKETGVKVRQ———— 323

KKMQDCAATLKKVLNDGLAELENK———-———7 320

AAMKASAETLQKTTKDGMDQL ————————— 316

EAMTKSAEALKKI ATI)GHTKVGLVNYL 1IK—— 323
* _*k %k .a

B 4 %%@ﬁﬁuuziﬁ(ﬂ’c}ﬁ Clustal X 1.8 43#7)
Fig.4 Comparison {Clustal X 1.8) of amino acid sequence on L-LDH
a: L. casei (AAA25245); b: L. helveticus{ CABO3618); ¢: L. plantarum{CAAS0277);
d: Lactobacillus sp. MD-1; ¢: L. reuteri (AALD3944); * identical amine acid

oac g

[ 3] Thleny Fersin, Dominique Garmyn, Nathalie Bernard et al. Lacto-
us plantarum IdhL gene: overexpression and deletion. J Bacten-
of, 1994, 176(3) :596 - 601
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Cloning and Function Analysis of L-lactate Dehydrogénase Gene
from Lactobacillus sp. MD-1

Ll Jian TANG Yun LIANG Feng-lai ZHANG Xin-Ping LIU Ru-Lin*
( Life College, Nankai University , Tianjin 300071, China )

Abstract It was constructed that a genomic DNA library from Lactobacillus sp. MD-1 yielding I, L-lactic acid. The gene en-
coding L-lactate dehydrogenase { L-LDH) was cloned from the genomic library of strain MD-1 by complementation in E. coli
FMJ144 which was lactate dehydrogenase and pyruvate-formate lyase double defective mutant. The nucleotide sequence of the
ldhl gene predicted a protein of 316 amino acid starting with ATG. The putative molecular weight of the L-LDH amino acid se-
quence was 33.84kD. A putative typical promoter {( — 35 and - 10 boxes) had heen observed in the 5" nencoding region. An
tho-independent transcriptional terminator has been observed in the 3’ nonceding region. Three highly conserved regions ( Glyl3
~ AspS50, Asp73 ~ HeulQ0 and Asnl23 - ArglS4) with several conserved residues had been identified. Glyl3 ~ AspS0 was
NADH-binding site domain. Asp73 ~ lleul00 and Asnl23 ~ Argl54 were reported to be the active site domains. The IdhL and
the L-LDH of Lactobacillus sp. MD-1 showed the low identity and similarity with other Lactobacilli, and the highest percentage
were 61.9% and 68.9% respectively. All the above indicated this gene is a novel [dhL.

Key words Lactobacillus sp. MD-1, L-lactate dehydrogenase gene, complementation, function analysis
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