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Abstract: High-efficient conversion of glycerol to L-lactate is beneficial for the development of both oil hydrolysis
industry and biodegradable materials manufacturing industry. In order to construct an L-lactate producer, we first cloned a
coding region of gene BcoaLDH encoding an L-lactate dehydrogenase from Bacillus coagulans CICIM B1821 and the
promoter sequence (Pigna) of the D-lactate dehydrogenase (LdhA) from Escherichia coli CICIM B0013. Then we assembled
these two DNA fragments in vitro and yielded an expression cassette, Pigha-BCOALDH. Then, the cassette was
chromosomally integrated into an IdhA mutant strain, Escherichia coli CICIM B0013-080C, by replacing 1ldD encoding an
FMN-dependent L-lactate dehydrogenase. An L-lactate higher-producer strain, designated as E. coli B0013-090B,
possessing genotype of [ldD::P\gha-BcoaLDH, Aack-pta Apps ApfIB Adld ApoxB AadhE AfrdA and AldhA, was generated.
Under the optimal condition, 132.4 g/L L-lactate was accumulated by B0013-090B with the lactate productivity of

4.90 g/L-h and the yield of 93.7% in 27 h from glycerol. The optical purity of L-lactate in broth is above 99.95%.

Keywords: L-lactate, glycerol, L-lactate dehydrogenase, pathway engineering, Escherichia coli
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Table 1 Strains, plasmids and primers in this study

Relevant characteristics Source or
reference
Strains
c o AL AL 1408 W R ). AL S04 AGTAE, iy
E. coli CICIM B0013 Wild type CICIM-CU
E. coli CICIM B0013-070 B0013, Aack-pta, Apps, ApflB, Adld, ApoxB, AadhE, AfrdA CICIM-CU
E. coli CICIM B0013-080C B0013-070, AldhA This study
E. coli CICIM B0013-090B B0013-080C, AlldD:: Pigha-BcoaLDH-dif This study
Bacillus coagulans A facultative thermophile which is the source of L-lactate dehydrogenase v~
CICIM B1821 gene BcoaLDH
Plasmids
pSK Vector used for subcloning, Ap CICIM-CU
pSK-BcoalDH il;‘tr)cloning vector containing L-lactate dehydrogenase gene (BcoaLDH), This study
pSK-difGM Subcloning vector containing difGm gene, Gm" CICIM-CU
pSK-BcoaL DH- difGm Ssgcali(;giﬁlgnglgcxpg?étﬂ}ﬁng L-lactate dehydrogenase gene (BcoaLDH) This study
pUC19 Vector used for subcloning, Ap" CICIM-CU
pUC-ldhA Subcloning vector containing D-lactate dehydrogenase gene (IdhA), Ap" This study
Subcloning vector containing the promoter of D-lactate dehydrogenase
pUC-Pygna- BcoaLDH-difGm  gene, L-lactate dehydrogenase gene (BcoaLDH) and difGm gene, Ap’, This study
Gm'
PMD 18T-simple Vector used for subcloning, Ap" Takara
pMD-11dD::Pygoa- Subcloning vector containing part sequence of 1ldD gene harboring the .
Bcoal. DH-difGm promoter of D-lac_tate dehydrogenase gene, L-lactate dehydrogenase gene This study
(BcoaLDH) and difGm gene, Ap’, Gm"
Primers Sequence and restriction endonuclease sites This study
BcoaLDH1 5'-CCCGGATCCGGGCTTGCAAAACTGCTTTCATA-3' BamH I This study
BcoaLDH2 5'-GCCGAATTCCCGGGCTTCCGGCAACACACAGAGA-3'EcoR | This study
1dhA1 5'-GGGCAGCCCGAGCGTCATCAG-3' This study
1dhA2 5'-CTTGAATTCAAGCTTGCTGCCGGAAATCATCATTTTTT-3' EcoRI  This study
RldhAl 5'-GGAAGATCTTCCGCGAGTTTCATAAGACTT-3' Bgl Il This study
RldhA2 5'-CGGAATTCCGAACGAACTGGTTTA-3' EcoR | This study
11dD1 5'-CCAAGCTTATGATTATTTCCGCAGCCA-3' HindIII This study
11dD2 5'-GCAGGCAACTCTTTACCCAGCCC-3' This study

Ap": Ampicillin resistance; Gm': Gentamycin resistance.
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P A5 B 0 (CICIM-CU |, http://cicim-cu.
jiangnan.edu.cn),
1.2 EFE

LB 3953, whnsifs 2% B kR 5%
B RmEREFRIEY . MO BEFRILE 0.1% 1
MgSO, £E (1 mol/L) A1 0.1% Ay s T & £F
W M9 REFRILIEARAMAEE (BT 15.11 ¢
Na,HPO, 12H,0, 3 g KH,PO,, 1 g NH,CI, 0.5 g
NaCl., i ICR B AT (FF): 2400 g
FeCl;-6H,0 , 0300 g CoCly6H,0 , 0.150 g
CuCl,2H,0 , 0300 g ZnClL , 0300 g
Na,MO42H,0 , 0.075 g H;BO; , 0495 g
MnCl,-4H,0). LB #5323 M9 3% 5% 3k H
121 CZEVKHE 20 min, i 0 R 8 WK
0.22 pm [ FCFLIE IR T B BR T o

HHS ARG AS R & A T E
1.3 HHEHXKBHES L-IEBREREENWE

Z B SCHR[12], XK JEF B. coagulans CICIM
B1821 11 L-ZL MR i S il 25 44 BE R A 7 v, % P
SERERY L-ZLIR M UG o e A K I D-ZLRR MG
AMFIRASEE R IS B Tl AR RIA A
KIGAFEIER AR NdD FEEpE (& 1), PCR
P 1R Pfu DNA A5 . PCR “#afifb R
HRZE 5w DNA Skl g BRI N b
DNA F B i#E#ZS% 5\ F] (TaKaRa) 177 b
UL . BURLIY 43 B 27 Qiagen BTk 25300 &
7= i A A5, AR AR BROSCER[12]3 17, &
DR 5 5 0Pk TR s s MW B e BESCRR [ 1313204 7
14 AEXW

Ff Pl SR ] LB AR 3R 5L, 37 “Cf
EIFRA

PATR VR HE IR A LB K FR 3 250 mL — A
Hi3%e 50 mL K53E3E, 37 'C. 200 r/min H5FF
12 h FHF RIS el R ek 52 5k
141 ARNREET BEEAE KRR

BCERFEEWR 1| mL, WIEJCH &M T EL
WAL A (8 000 r/min, 5 min), YRS AR
MO Hikk, R B L B FR AL, HEF S HIE ODeoo
N 0.05. KREALK KA 250 mL =A%
50 mL BrFRdk, HERPEFE I ELUREE S o/L.
FERNS , /3 94E 30 °C .34 °C .37 °C .40 'C .42 C
145 TEAET 200 r/min FEREEF7 . BRI E
RARA RSN B2 WIREKEAREY. 512
B s 3 A PATIALS, e S5 RECEME
142 REERYBREEREKFED DT

KM ERBEARAK T, 37 'CL 200 r/min
AR FRER 11 h (AL TR ECE RIS
), PFAFEIETEREA; 2 BI7E 30 'C L 34 C
37 °C. 40 °C. 42 CHI45 C%AMFF 150 r/min %
PREE SR . AN E 50 /L Al H i Aok
75 g/L WYBKIRES (HTIH% pH), HEEkHRE
22 ho B2 hilE AR . HIhisFE R R FLRR Tk
FE . BASEOE 3 AT, D g5 R BCE
¥IH.

143 REEEPIRAKELR

FhFH555 20 LB FA 37 Cf B IR i
J&i , HRRVE T LB AR 5L 200 r/min, 37 C
FEIRSRG SR . WAREIAR)S , F M9 iR i &
FRE R E WER IR L. 500 mL = ff P 0 2
150 mL & B33, 37 ‘C44%FF 200 v/min 5537
10 h, 1ER G HF R BERERR, Hefhith
5%,

REET RN 7 LBk R mERE, WIhns
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Wit 3 L, fEAKE (121 °C, 20 min), HiHH
TR TR S A3 AR, 42 b S 2k BER T
10% , GRS AR s BARSCI0 SR i e o R L
TR FH WG B B B iR, S B K TR
37°C, FAMILEEEH DO EAMET 30%, R
ZUKIPETT pH A 7.0 HIARIEZ] ODegoo fHZ 30
BPEE N K e BRI B o K T 7 FR I BOR T K I I
BE 42 °C, RBEAE T, dE R E E R i
600 r/min, i# KX FE4ERE 3 L/min, 25% ) Ca(OH),
P4 pH R 7.0,
1.5 ShA=*
151 PHEERNE

W 0.5 mL &R T H2ZEZI B E T,
0.5 mL ¥ K 1 mol/L ARG & Bk rhad i)
CaCO; 2FRIE R, KB FKERBNIHZE. L)
KAZEE, T 600 nm AW E ODgoo B 1.0 ODgoo
ST 0.38 g/L AT,
1.5.2 HMHEWE . BFLERFE YR E

o e B R OM sl R &
(FG0100-1KT; Sigma-Aldrich, Inc.,
USA).,

e ORI R EL R K IR AR A
5 mmol/L H,SO4 MRALALPENS , BL.OM B, &
10% =R LIRUTVE , TR E L, FIFRZ 0.45 um
ALUE R IR S, T s AR AT o A
dionex p680, Shodex RSpak KC-811; ¥ : 50 °C;
WEAH: 0.01 mol/L HsPO4 0.8 mL/min; A&l %5 .
dionex UVD170U; A& : 210 nm.
153 FLEOGFEAERNE

o R VR £ 1R D FLIR 1) e sl LAY
#%: Dionex p680, Astec CLC-L; H:if: 24 C;

St. Louis,

http://journals.im.ac.cn/cjben

WA : 5 mmol/L CuSO, 1 mL/min; K% .
Dionex UVD170U; A&l K: . 254 nm,
154 ZLERBSESE R E

PARFERI T M9 K5 5% 2, 76 37 °C . 200 r/min
K:5% 11 ho H GEMED 4 B 5 85 R UL G4
WS, H GEMED 4IEFLIRIE AN (LDH)
ST P B0 ) bk e s A R &,
34 °C. 37 ‘CH142 C%MF T 1 LDH % Jj. LDH
TG 1AL (U) € LK 7E 25 °C L pH 7.5 554
T, BAENEAL 1 pmol TR 2 FLIRFFG 1Y
Bttt o R P 25 1 7 it A Bradford b LT
I o LR Mo S L T 4 Ay L Rl 8 174 7L o i
M EYE S E A SR IE, FA0R Ulng.

2 HREH

21 L-EAESrEME
2.1.1  IdhA 2 EIMER

PLRBAFFR B0013 Hefafk DNA kit
1dhA1 1 1dhA1 S5 |#7, FIH] PCR 744 3k45 1 3L
MR = ML (IdhA), ¥tk PCR ¥ 5efEA
pUCI9 1) EcoR T fii si ., 4K 15 5 41 Jix ki
pUC-IdhA. I Pst T D] 25 bR 400 bp 19 H
BItH T4 DNA ZRERG KM RmANE, B
difGm A Bri% 4, A3 HLL kL pUC-IdhA:
Gmdif, F] EcoR T BV s A ik, A5 ZLIR N
AL R B 751, 1dhA'-dif-Gm-dif-1dhA, EJ .
IdhA::Gmdif, K i MR 7 51 % b A E. coli
B0013-070, FEZEFEMERE SR bR IR 1 41k
o FEARE PRI FR AL ARAR, e h kB
PRICTH R TR . SRk DNA, Al PCR
ISUE H WL RAE . AR5 T 1dhA L% AR
(28745 Fk B0013-080C, T I £ebFos .
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2.1.2 BcoalLDH Z:FEMEAFRE K 11D ZEE K
]S

iz Ffl PCR £ AR Y 443K 451 BcoaLDH JE[H H
Bt valE A pBlueScript SK(-)AY BamH I #1 EcoR |
7 5, 3RA5 4 ikl pSK-BcoaLDH ., 2R i ¥
difGm J BtrifE AE 4 ik pSK-BcoaLDH
Smal fi s . #k4% & 41 Jii ki pSK-BcoaLDH-
difGm.

L E. coli CICIM B0013 ZfifAk DNA Jyf
B, §H% (514 1dhA1 1 1dhA2) 3R IdhA LA
(4 I Bl R A 25 e X B, 94 B 1dhA
TR LR A pUCT9 (4 Sma I v 5 35 &
gl ik pUC-IdhA’. DAEEZH SR pUC-IdhA At
Mo s 438 (514 RldhA1 F1 R1dhA2) 352k 1k
pUC-IdhA’, 352 BamH [ #1 EcoR I )45
# BcoaLDH-difGm F Btif %, 3RA5 5 41 5k
pUC-Pigna-BcoaLDH-difGm ., 1% #4H F k{05 T
294 bp 1 IdhA E:K 5 2l 741 B 170 bp 1Y
BcoaL.DH & [K () 45 #4 3L 1 51

i FMN A5l L-2L e 0 S0l 2 ] 1 45
FFE DR 11D JEH, #4i% % A BcoalDH JEH # 4

11dD1

1 IdhA BzhF&E#k BcoaLDH ERE B & B s FHI5
Fig. 1

Bcoal. DH Pos

TEEH WY A Ery BAREER % #a] DA A28
S L-FLER 53 A T 15N T R A it 34 422 ) BEL by
MR L-FLRR G g g A, Bk PCR 47
¥ (5% 1dD1 1 11dD2) #£45 1dD JLH F B, If
Bz B B Ti e AL TERE R A pMD18T-simple )
EcoRV i ;5 415 EE 41 i ki pMD-IldD. 2R J5 #%
Pigna-BcoaLDH-difGm F Bt oe [ A H 4 Jit ki
pMD-IIdD ) BamH I A1 EcoR I fi &5, $f5 4
Bk pMD-11dD::Pigna-BcoaL DH-difGm., Ziifk 761k
A5 £ 11dD::Pigna-BcoaLDH-difGm F B¢, %
LA E ¥R B0013-080C , 1 1 4k 15 T 41 1 bk

B0013-090B (B0013, Aack-pta, Apps, ApfIB, Adld,
ApoxB, AadhE, AfrdA, AldhA, AlldD::Pigha-

BcoaLDH-dif) (K 1), P& BEFRE&0, MERIH:
WP AR R R EEPERRIC

2.2 Tk 090B A K4H1E

FLIR A it 72 5 WA A K B A A B3
IR, T iE T FLRR I & A ™ i
X —op s, MR LR A s
R R el e L-FLAR A R R A B B
PR 2 S H T S Ak L-FLRR 4

dif Gm dif 11dD2

HESHEXBITHEFEE LE 1D E2EBIE S F5
Sketch map of BcoaLDH gene expressed under the downstream of IdhA promoter. The genetic screening

marker of difGm gene was cloned into the upstream of IdhA promoter. Then the mutant cassette was placed between the

two homologous arms of 1ldD gene.
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TESIA T REIRTE Y L-FLIR R &L 5 i )
BT T KIAAFEE A D-2LER I S0 5L R 3))
TR T L-FLIRB SR &, P8 T EHE
090B. B JCHE 30 C~45 C4A N HIAR#E 090B
() f5c i R A A K TRLEE , S5 RN 2A PR, FE
37 CTRIMEM AR R, HiEs: 37 C
FR IR EE A T AL R B FoE TR

A B ST S, B RE 090B [ SEAS B #E 070
Fo@ A KRB 34 CHO S — WS AL A
HAE ., ATREM DR, 78 D-FLRM ARG BOR
RABHWTIIE R, 37 CA&M FREME AR L-
FLIR I A BRGEE S AEXTAR (B 2B), A BT
BRAERH B L-2LIR A6 O B A AR K Pl s P
BRI Te 4. X0 A PEANALEAT frdt— 092 o
23 AEMEEERALXBEEENT L-3
ER B9 & X

S5HMAE S D-FLRR M FEARRL, i ki
PG L-FLIR 04 I 3o A R A 5 38 A it 4
SATFHAE A R A AT 0, AR
(RFFTE SR 25 3 SO MO 7E 7 BR B B 4k 2 A KT

Biomass (g/L)

20

¢ (h)

o]

Percentage of specific

AT AR LA ERR . Bk, 5T
FC R B R R XS L-FLERA BRI . A
Kl 3 i, 42 CHAIFT, WAL K Z 3R IR
PR, T L-FLRRAR R AR A 42 C
ARG T AT, SIA T B IEEM)
L-FLIER I EU8 I , TR 090B 7F 42 CAF R £
TR IRbERE . R RE 42 CHEFRIREE
Ry T TR B B ) i Ve B

WAL, X & R b LR 1 27 4 Y 43 A S
N, H L-FURRPDGA LS T 99.9% . AT,
[dhA 5 [5] 1) & B A 0BT T D-ZLRR 1 & & A%
24 TRIZTEHEEM L-FLERBINES
BEERA

£ 7 L REEREY, daifasE KB Bl 37 C
Big%, R YIE U BLE ] 42 "CREFR . WNIEl 4
iR, KBE27 h, LR L-FLER 132.4 g/L, 7R
WEJE 4.90 g/(L-h). H L-FLRRM G F 4l T ik 5
99.95% . IRALAE A BR B Be H il 2 2LER 19 15
B 93.7% o MIEIT HIME] L-ZLER Y Rk
1.

100 F z
00 C_1090B
r 4070
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2
E 50
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= A
a
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34 37

Temperature (°C)
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2 AEEEET E. coli BO013-090B B4 K45 F #0 FLER it SUBGE M
Fig. 2 Growth and L-LDH activity of B0013-090B under different temperatures. (A) Cell growth. (B) L-LDH activity.
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24 F ~45°C <4-50°C

201
1.6
12 |

Biomass (g/L)

0.8 |
04 |

0.0

12 14 16 18 20 22

¢ (h)

24

[ -m-37°C —0-40°C -4 42°C
L —0-45°C -e-50°C

L-lactate (g/L)

0 1 1 1 1 1 ]
12 14 16 18 20 22 24

¢ (h)

3 AREBFERMBAELZEEET E. coliB0013-090B F{k £FR RNFLERE X
Fig. 3 Biomass accumulation and L-lactate production of E. coli BO013-090B during the fermentation phase under
different temperature. (A) Cell growth. (B) L-lactate accumulation.
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Fig. 4 Cell growth and L-lactate production of E. coli
B0013-090B using temperature-switched fermentation
process. The arrow indicates the time when the culture
was switched from the aerobic cultivation at 34 °C to the
microaerobic production phase at 42 °C. o: glycerol; m:
L-lactate; ®: acetate; A: succinate; a: pyruvate; A: cell

mass.
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G AR FE AR L- 2L A5, &
P 10 FEE 1) 1 T S A R E ALY L- LR R A
KRR (EH2E Tl A AR ), i g it
L-ZLRIW A A B 35T L-ZLER 0 U1 %
SRR T AN AR K B B e A GE 2P 05
K b & T 32 v i T B R 1 A T R A, = 2
il L-FLRR A R (B 4).

T AR 22 I X B AL 2 B2 it 5 1A A1 IR e 1B
T B A K AT TR Ik A B D-FLER AR
2 [E Rice K% 1) Mazumdar 5538 20 X5 K #F 0 H
AR AR e SR A D-FLIR & W 3E ik fx
{1%) BELUBT L R 2 T R Tk IR B B D-ZLAR 1Y
2 KA VR TR AR AR 2 7030 o
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Hag Tl . ERTIIEn) D-ZLIR )
PRI LA I, 32 5 | AREIRE Y L-FLIR I A
IR R B Ml AR ™ 2o A v IR B R X — R
PR, H IS il T L- LR A - R 5 &
B T2l g U 5630, SEl T L-FLIRTE LR
EH: f5 i 2 4 B 5 Ak 4 4l BE A R T 19
Gl MERTFR L-FLIR )" WAk 090B, TET
AR AL ZLIR & By T R B T IR0
PERE, XEBEHRFLUT =8, H—, 51AK
LR it S0 16 76 1E 5 0 15 3500 8 R TS LIk
AR TR S TEEM A, H =, Wk 090B
TE 2 M A= 4 B B A AN 58 BT 39 P TR AR 11
2, AERER Y 5 R B L-2L R M S e A K By
B I A 1) 23R 90k 7 R o B 1) v A AL T
ke, A BT R BRI BL L-FLER I A M S
PER PR S h A FLBR AP G . H =, KRR
SR, IARE R Z B T AR . R &

SR E R L-FLAR, PRIE T HIhE] L-7LRR
AR

fiilt, 9¢E Rice K% Mazumdar 54 T
TER ACHR T H A& B L-FL0R 4 B 20 K A
TRESE BT BB ot 7 T —Jy ik L-
FLIR - A A G R, o5 — Ty iRk T oRIEF
445 BRTE Streptococcus bovis 4 L-FL i & 3 ,
AT L-2LRra . FA AT mBR mgs &
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