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Abstract: D - lactate dehydrogenase was expressed in recombinant Escherichia coli BL21 ( DE3) , the expression
conditions and bioconversion medium were optimized for the production of PLA with whole- cell transformation.
Single factor experiments and orthogonal experiments were used to optimize induction conditions and the
transformation conditions with the engineered whole - cells transformation. The optimized induction condition for
D-Idh expression was IPTG 0.2mmol/L and inducing for 4h at 25°C and OD,,, 1.2, the optimized batch reaction
conditions in phosphate buffer (pH7.0) were:8g/L PPA,20g/L glucose,20g/L (dry cell weight) ,1% Tween-80,
37°C,200r/min for 0.5h with PLA production of 4.91g/L and conversion ratio of 56%.Based on the above optimized
conditions, fed-batch fermentation was conducted by intermittent feed PPA and glucose. After 6h transformation,
the final PLA concentration reached 17.23g/L with the conversion ratio of 54% . Results showed that PPA was
efficiently transformed into PLA through engineered E.coli BL21( DE3)/pET28a-D-/dh.This study not only showed
a good industrial application prospect, but also laid a foundation for metabolic engineering of E. coli for the
production of PLA.
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AR SEZLIR wT LA 508 o 40, 935 £ U5 ME S0 40 78, 40
Listeria monocytogenes . Enterococcus Jaecalis
Staphylococcus  aureus . Escherichia coli, Providencia
stuartii . Klebsiella oxytoca , ' £ F1 55 I8 , U0 Aspergillus
ochraceus . Penicillium roqueforti . Penicillium citrinu %5
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11 BRI
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PUR S SR7 SUICIE RS S 5 T2 RS
1.1.2  BEF AR R.  Lactobacillus plantarum subsp.
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Lr>(CGMCC) ;pMD19-T Simple Vector 5 H 549
INE)(RIE) 3 E.coli DH5, E.coli JM109, E.coli BL21
(DE3) ,pET-28a( + ) 39 5256 % LR
113 FEAUAF PCR P YL Kk RGE TR
LUK R GE BERONIR RS 36 [E Bio—RAD 2\ 5 iy it
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BamH 1 Jig VI {57 f5, T U#HF 514 (P2: 5 — CCCAAGC
TTTTAATCAAACTTAACTTGTG-3") B| A Hind 1II [
VI &, PCR 331545 2] K BE 2 996bp 1) DNA H B,
HEFE A vE P Jiok. pMD19-T Simple Vector 15410852
= E.coli IM109, i 3 BH 4 7€ B, 2 900 Fy %6 UF J5 /H
BamH 1 1 Hind 11 XLEF] , 2 32 28 48 ) g U] b 35 1
LREFRIKNFORL pET-28a( + ) , 15 2 5 20 J5T R fiir 44
pET28a— D — Idh, ¥ 122 55 40 J5i i 7 AL [ 2 &5 E. coli
BL21(DE3) , EH T4 H 7% PCR KiE/a 644 E.coli
BL21(DE3)/pET28a—D—Idh.

VGGG B 40 E. coli BL21 ( DE3)/pET28a—D
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12 1% W Fh i B PP 22575 100mL LB ¥ 4 B 73 5t
(% SOmg/L RARFE ) WY FEMi = ,37°C 2001/ min H
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WAL ] pH7.0 B R 4 22 phl Ui 2 I, EH & T
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TR P 565 S R E B SR E 55 S0 P35
S A A AU A AR IR LR I B2, EEZH KA AT
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it 4 FFE 3 KV IERR T LRI 5 5 R 3k 41
(1D,
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Table 1 Factors and levels of orthogonal experimental design
=
K FRRE O ESAWE AR BT
(C) (mmol/L) (h) (ODgy )
-1 20 0.1 4 0.4
25 0.2 6 0.8
30 0.4 8 1.2
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PRI SE I o DL AR Bl SR Al 7% Ak 25 5 - pHO.S , i g 1 =
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TER IS T 2 AR 240 R 8 T A 7
T S0mL FEAL, TR+ 20/ L, 25 PN R 12 07 45
AU U 535 9 8,208/ L. S3I4E 0.0.5h #5i 0.4¢
IRNERPREN , 76 1.1.5 .2 4h B30 0.2g BN BAPR Y,
RE IR
1.5 SHEEEEEN

RN R PR A 2L T R 2 W A D B —
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subsp.plantarum ( CGMCC ; 1.2437 ) F, @ Bt &= i ik (A
(D-Idh) w5 332 P4 FBR, E.coli BI21 (DE3)/
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Fig.1 The analysis of D-lactate
dehydrogenase protein by SDS-PAGE
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Fig.2 The bioconversion effect of

native strains and recombinant strains

2.2 1§—r*1¢17|:1t
22.1 PRI A R SEFLIR I 2R Y PTG

Vol.36,N0.09,2015

W SRy 0.2mmol/ L B, 28 3L 2L R 7= i ik B T 2.7g/L
(E3A) ., MaBEE SR ok, R 2L -
BB N R EARFE EWREARE BEE k A T AN
FEEE YR B, 215 5 R S 0.8mmol/L B, PR 25
BEAEXF 0.2mmol/L 55 FI B BEAK T 19% , Ui B 555
Fole B A A, o B 4H B AR R R A o
222 FREEXTEGROREZLR R SRR
JER 25C BT, RAEFLIR - im ik BN Hm KR (K 3B) . s
75 IR, BARTRIR T g — 2 8w (2 X E 4 B
m%m&z#‘&ﬁ B 5 BT A e BE 1) o T TR v, 2
75 SRLEE A 35°C B 2RI F= 1 A 25°C 1) 54%
Lﬁé}wﬁ%%%mﬁgﬁﬁzﬂ PR AL TG PR R
M, SR 25 CRIRE 5 A A T 2R IR A A k.
223  FHREHIN GRS A B
FRFHLAAL A F) F 2L R S R ik, 17 Fl
BB IRAG , AL 4G U5 B HLSE i 5 20 R i 1 1
B R IEREZL IR 4 R UL 3C, Y KB S BT AL 0Dy, K
0.8 B}, 7L AR A% 1.83g/L,
224 FFEFEIXTG RORFLZLR R 55 S0 (]
i 4] R B S R SE LR 45 SR WL B 3D BTN,
Fﬁ% 75 S ) A B, AR R AR T — B R
e, 0SS TR AR ) oh J5, 2RI 1Y = I 4R
Trfé%o R R AT BB 2 bl 25 355 5 B ) A 3N, 4 41 it
FEATE M TT 4R T 4
225 IEzEfifh TEACSDEGEE R IR 2., R 2ZEEE
ZBH TS SRR S RHL A S A, B S
{JmT“XTZIKJiZLEaE’JAEEE’HILJFE% T 5 5 B [A] X+
FEMRAR R, OCR FH B A BB S Rl E& N B S
/E'J;‘Z 25°C iF FHI M 0.2mmol/L 555 B} (8] 4h |55
SHIHLA R AR U BE ODgy ik 51 1.2 B3NS 557, &
SIS UE R AR B FLIR PP iR ] 5.0g/L,

R2OERSRAIRE

Table 2 Results of orthogonal experimentals

#R OSSN ER BT HAE

KRS R e ) EEAL FLER
(C)  (mmol/L) ~ (h)  (ODg) (g/L)
1 -1 -1 -1 -1 241
2 -1 0 0 0 2.61
3 -1 1 1 1 2.47
4 0 -1 0 1 421
5 0 0 1 -1 4.10
6 0 1 -1 0 3.96
7 1 -1 1 0 354
8 1 0 -1 1 3.78
9 1 1 0 -1 2.59
k2497 3387 3383  3.033
k,  4.090 3497 3137 3370
ky 3303 3007 3370 3.487
R 1593 0490 0246 0454

23 =YREUEEHRL
7(“ AERY S AR, B 58T A A A AR
feid RN L LR BRI N 2R . SR LI 4, B
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— AR B 7 B 2R TRV PSR L A I A B A A e
TR ) P, AR TR W N R )
SR B o v T HE 23 A VR 4 it 5 A8 56 B VR, X koA
YA I s A e

150 20155 55 094A

IRILFLIR (/L)

FRILFLR (/L)

/L)

o

LI

i
il
®

FRIEFLR (/L)

IRILFLER(g/L)

—_ —_ [ S (S8
=] (o) o W
L L L ]

=
W
1

0.0

Tt

55 60 65 70 15 80
pH

H

HH

w
1
H

[\
L

27 32 37 42
iwE%(C)
3.0+

2.0
1.5
1.0 1
0.5
0.0

4 6 10 12

8
I (/L)

B — —F—

1.4 4
0.0 T

5 10 20 25

15
HAT (/L)
K4 AR fe

Fig4  Optimization of bioconversion conditions
T A pH XRIEFURR A 7™ 15 5
B . FEAL IR BE X R IEFURR A 7 I R 5
C e JR MR BE RS A IEFURR A 7 I R 5
Do Az My 0 LR A = I R
6.0 +

4.8 1 —— I —= _I_
3.6

2.4 1

0.0

0.0 0.5 1.0 1.5 2.0
It §1-80(%)

K5 kil ~80 e & MR I FLIR 15

Fig5 Effect of Tween—80 on PLA production



TR

@ésﬂﬁl’&l

2.4 R¥WmmsELFEEIBREK

8 I AT HEAS IR ) AT DL S e AL AR v iy
JEAm G, AR T A . AE RN IUHET 1h, 587N
B PR A PR L AL R L ZLRR (B 6) o Fa)S , IR %1k
WG J1IB W R K%, 4 6h I AL RIS W g N, e 4R Rzl
T JiE ol 17.23g/ L, A 77580 2.87 g/ L/ b AR AR )
54% ., S5F.WR W Lactobacillus sp. SKOO7 , L. plantarum
CRL 778, L.plantarum 1081 {1 Lt , A WF 5% 245 1)
ZH IR G T 4 2 i 5 Ak S R AR ZR T B, 7 ) B 1 4k
A6, AT B O, A R SRR R . B — 7, X
AR A R A s (] g, AT B ] Y 2 E AH R
AR LA MR AL 3 . ok B AR FLAT 7R B L
P It SRy NADH A% 481 750 1) it S, 7e S Ab 2
B R Ao B v, 75 Z 4 E NADH i92 Y5, i S 4H W 4%
AR B ] 45 4 J IR 22— T BE S Fl I PN ik = 5 TR P 5
#d . Shuhuai Yo' 238065k [ SO ER B D-FLER B
SRS PN AR PR 5 U A T O R N T LA 2
RELZLIR ™ aE o AW IY B UK B 2H R AT B 42 4 il
iE T A AR FLIR AU AT ST, 5 Wanmeng Mu' ™™ 3%
ifiz fH Lactobacillus sp.SKO07 38 it 1% 38 F A0 4L Al
Py n SR s K W Ay R R LR (17.38¢/L) = im
T, b H G A % 51.1% 43 Fr 2 . {H Fll Zhaojuan
Zhan'"! H i FH %t 4t 3 70 4T B ( Bacillus coagulans
SDM) 4= 21 Jifg A= 7= 2R B FLIER (77 & 37.3¢/L, b %
70% ) AHLL , PP B A7 FIL A Fridh— 204 . AT
PP SR DL T A I 58—, KIGA B
VE R AN IR FE R 2R 35 1 18 35, A% 7 s G i, BORIRAE
BB, B R A5 TaT B, AR 1 R B 0 A5 R 5 A R X R
B AF B A T AT TR R, A3 Ao P9 R T TR
PRI T . BT, SR AL R N
FEFER BV, I AT BE & & R R RO &L
BERLER , AR LR Tk A IR A= = $ A1 T Higs
WA o
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Fig.6 Time course of PLA production in
fed—batch fermentation with intermittent PPA feeding
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W, LAZR PSR B2 44 R R4 , 16 S UL 0 55 S 2 A R Ak
FAFF, REFLER 77 B ik F 17.23g/L, 5% 46 53K 5
54% ., Lactobacillus sp.SKO07 """ 4= 41 iy %% 4. 55 TH I
g r= i Ay 1.12g/ 1, 5 AL 323K 3] 56% |, Ty 38 o 35 7
A A6 28 B 2L IR 7 i ik B 2.30g/L, B Ak SR AL K
46% . [F]E PN AP BRAT HZ B AH L, A4S SCOR L 2L 7 B
R AL 2R AR IR B T 3 i K, it — 2 AR TR
&R R A& IR IR LR A T Bl
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