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REH 3AKE did. yciA Fo ydil B Af 4R K £73] T 40 H Ak WXJ03-03, T8 THUAMKFTIRAS S F
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Effect of short-chain thioesterase deficiency on P(3HB-co-LA)
biosynthesis in Escherichia coli
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Abstract:  Polyhydroxyalkanoates (PHAs) have obtained much attention in biomaterial fields due to their similar
physicochemical properties to those of the petroleum-derived plastics. Poly(3-hydroxybutyrate-co-lactate) [P(3HB-co-LA)] is
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one member of the PHAs family, and has better toughness and transparency compared to existing polylactic acid (PLA) and
poly[(R)-3-hydroxybutyrate] [P(3HB)]. First, we confirmed the one-step biosynthesis of P(LA-co-3HB) with the lactate
fraction of 23.8 mol% by introducing P(3HB-co-LA) production module into Escherichia coli MG1655. Then, the lactate
fraction was increased to 37.2 mol% in the dld deficient strain WXJ01-03. The genes encoding the thioesterases, ydil and yciA,
were further knocked out, and the lactate fraction in the P(3HB-co-LA) was improved to 42.3 mol% and 41.1 mol%
respectively. Strain WXJ03-03 with dld, ydil and yciA deficient was used for the production of the LA-enriched polymer, and
the lactate fraction was improved to 46.1 mol%. Notably, the lactate fraction in P(3HB-co-LA) from xylose was remarkably
higher than from glucose, indicating xylose as a potent carbon source for P(3HB-co-LA) production. Therefore, the deficiency
of thioesterase may be considered as an effective strategy to improve the lactate fraction in P(3HB-co-LA) in xylose

fermentation.

Keywords: polyhydroxyalkanoates, P(3HB-co-LA), Escherichia coli, xylose fermentation, thioesterase
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H B — e R TN FLER AL R, SRIG7ESD
JRILIH pete VEF T AL LML A, FLIES G
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Fig. 1 Biosynthesis of P(3HB-co-LA) by genetically engineered E. coli.
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1 wB5K® MG1655 1y U5 1 s G S I ydlil 1 yeiA i 7
. X A FRT 7 s/ kan & EACES, 20 345 dhois 1
L1 ERHRA ke MG1655AdId Aydil Fil MG1655AdId AyciA,

ARBRTEPUHSIERRIALILE 1 BEE o b 1 522 MG1655A1d Ayl #5956 -

PRPTHEI 5P I3 2. B 3 T yCiA 375 B i 1k MG 1655Ad1d AyciA
1.2 EHFERE Aydil, Jf¥ MG1655Adld. MG1655Adld Aydil .

JiG B AN M B B TN BB ARG A-red AL RSE MG1655AdId AyciA Fl MG1655AdId Aydil AyciA
G 1 PCR W) — ki BRI AT I . E 4 3l 4y & S5 WXJ0L . WXJ02 . WXJ021 A
WU R PR MG1655AdId 19 & Al 43l E. coli wxJ03.,

F 1 BEBRFBRN
Table 1 Strains and plasmids

Strains and plasmids Description Source
Plasmids

pTrc99a Cloning vector, trc promoter, Amp® Our laboratory
pBAD-Ptrc Cloning vector, trc promoter, ChI® Our laboratory
pTrc99aABC pTrc99a containing phaA, phaB and phaCm gene, trc promoter, Amp® Our laboratory
pBAD-Ptrc-pcty, pBAD33-Ptrc containing pcty, gene, trc promoter, AmpR Our laboratory
Strains

MG1655 Wild-type Our laboratory
WXJo1 MG1655Adld Our laboratory
WXJ02 MG1655Adld Aydil This study
WXJ021 MG1655Adld AyciA This study
WXJ03 MG1655Adld AyciA Aydil This study
MG1655-03 MG1655 carrying pTrc99aABC and pBAD-Ptrc-pcty, This study
WXJ01-03 WXJ01 carrying pTrc99aABC and pBAD-Ptrc-pcty, This study
WXJ02-03 WXJ02 carrying pTrc99aABC and pBAD-Ptrc-pcty, This study
WXJ021-03 WXJ021 carrying pTrc99aABC and pBAD-Ptrc-pcty, This study
WXJ03-03 WXJ03 carrying pTrc99aABC and pBAD-Ptrc-pcty, This study

®2 XHEFASIY

Table 2 Primers used in this study

Primer name Primer sequence(5'-3") Size (bp)

yciA-KO-F AAATCATAGTAGCATCGCGCCTGTGATTTTCCTTTTAAGTCGGTTTTACCCGT 70
CTTGAGCGATTGTGTAG

yciA-KO-R AAATTCAGTAAGCAGAAAGTCAAAAGCCTCCGACCGGAGGCTTTTGACTAG 70
ATGTAACGCACTGAGAAGC

ydil-KO-F GAAGGCACGGGGGTACGCCATCCTGTGCAGGCTTTACTGGAGATTATTAAC 70
GTCTTGAGCGATTGTGTAG

ydil-KO-R TGCAGATAATGACCAAAAGCAATATGCGTCACACTTTTCTGGTGACAACGGA 70
TGTAACGCACTGAGAAGC

yciA-jd-F ATGGTCGAAGCTGAATCTGGCCTGG 25

yciA-jd-R CGCGCATTAAGCCGTAATCAGCCGC 25

ydil-jd-F CTGTACCGAAGTTACCGCCTTGCCG 25

ydil-jd-R ATTAAGTCAGGATCAATGCACGCCC 25

&: 010-64807509 B<: cjb@im.ac.cn
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1.3 BEHRESEFRAE

LB 554k BIASMEEHRIY 5 9, HEEK
10 g FI4fL4A 10 g,

TR A TR SR L MO B35 L vh R I A B
B 10 g/L, BERHEEHU) 2 g/L, NapHPO,-12H,0
15.1 g/L, KH,PO,3.0 g/L, NaCl 0.5 g/L, NH,CI
1.0 g/L, MgS0O,-7H,0 0.5 g/L, CaCl, 0.011 g/L,
1% (W/V) 4E4E2 B10.2 mL/L,

TR TR 37 Bk - MO 5 3 5k v S T AR B30 4
20 g/L, BERHEEY) 2 g/L, NayHPO4-12H,0 15.1 g/L,
KH,PO, 3.0 g/L, NaCl 0.5 g/L, NH4CI 1.0 g/L,
MgS0,-7H,0 0.5 g/L, CaCl, 0.011 g/L, 1% (W/V)
4% B10.2 mL/L,

— MR RO KRR I B A
100 mg/L A FH B 2 M 34 mo/L EEEM 3 mL
LB B4, 78 37 CH;% 12 h,

TSR R HERN S 50 mL
&4 100 mo/L MR E R E M 34 mg/L WEER
) GR35 5 b 30 CHEFE 12 h,

KRR M RMTHEMAISH
100 mg/L &N 75 8 £ M 34 mo/L S5 R R B
Federp, 30 CH;F% 60 h,

1.4 SHAE
141 R, ILBRMZBROH

AT GE P BB Ay e 5 B A e a) 49y 40 LR R0
L, Zeadid 0 RN AL U8 A 5 A AR
J7 ) LC-20A FERGRAR GG TR, fAiEAh
HPX-87X, i #h4HN 5 mmol/L H,SO,, #:ili A
65 C, Wiy 0.6 mL/min,

142 REY RS 531

A FE A B RGP B S A T AL 3

T EEERAL RN AR AT VR TR AT
(215 mg) WEARFIA 1.5 mL &5 F1 1.5 mL
PRI (F1 15%M8iR . 85%H X, 1 g/L KH R
BCiil i) £ 100 CFEafk 4 ho SRR IMA
0.75 mL K& FIKRG AR, RIRGHE .08
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JEA U I U8 5 SEA T SO A I . AR SR
FH 5 GC-2014 RIS A28 2 SO £k B Al
v, LLmaiE n A, fR, S8R
R, PERERY N AOC-20S 1Y [ Bk b kERs . HARRR
ok B SeAE 54 CHEEE 4 min, SRJ5LL 5 “C/min
AR TR 2 80 °'C, DL 10 C/min WA FHEZE
125 °C, FLL 30 C/min (HCRTHE 2 180 C, fx
J&i LA 20 °C/min 3 5FH 22 220 C IR R 5 min,

2 HERSAM

2.1 TIEEMSRAREMKEE

ARG, g FKik P(BHB-co-LA) Ak
i B B RO B B A KA, Wk 1 R,
AIE R IBFFE 51 A 3HB-CoA A RUUris i) B-Hi
Wi % i (phaA) (kR H %' /R Wil [ & Ralstonia
eutropha) FIZ. [ Z 1 CoA k5 (phaB) (kA
% /R W38 [C T Ralstonia eutropha), 49146 M
i R4S J5 B PHA & 88§ (phaCm) (Ok A 22581
HiiE Pseudomonas fluorescens strain 2P24) DA
LA LA-CoA Firifs i ZZ K INTR CoA FLFs il
(pcte) Gk EI NIRRT Clostridium propionicum)®,
ok ewk Bl A LB, X FE— &G R
P(3HB-co-LA) HYFEA , DAY SR Fe AT s AF M IS %
A, AR P(3HB-co-LA) L BR4 > & B it
Ak 96.8 mol%, it T LAKIGHFE1E N K&
AN T R AR B Y, HARRFSY# Taguchi 250
WA SRR, TR ERENE, K E
IR PAETE—FP T DLFEff LA-CoA W, ffiz ik
CoA HFH A mFLER, FFEAK T LA LA-CoA K-,
A5 KT # A A P(3HB-co-LA) HFLER4H 4
T AR, (HEARBE LR AT

R WSS & B P22, R FF T A TN A
i il T 1 5 Pl A QB I A2 Y I S Bl A SIS e [l A
HA AR, B2 T EAR AR I —FhRE 2 1
P S A AR A B B A0 B A AR RIS, K
WtF AR R BE RS RN 2RIR 2, R T REZHH AR
AT Z W YRR S, B LAAR X F0 000 55 7 1 ik
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X FEAARRBEIL GRS A P EAR A PR . Lin
A RIG AP P ST T — DN LR F Y
REFCTRWER, 1546 B R i 2 Aok
VR EEAE A, T B7 1B 1% b ) A o i it e
Wi, B8 T KIAT I P IR (8 —FioRE G Bt I 1
ARG ILRRR , SRl DU A T R A A 5 4R
Fo YciA & RIGFF R N IR R RS EE , Gonzalez
A TOLiE S PR A TR ARG I A5 L SRR R X T
VU g s IR e A A BT BEARAE T, X 2k
W A B RERE . Ydil XTIz
Mt CoA By HAT B i35 1oL,

SRR P(3HB-co-LA) HFLER 44 B
(1, 1 SErE FER D-ZLIR A RESEE (did) ek
¥ B R WXI01, B7 11 % I I SL AR & N s Y
SRIGIE WXJI0L B AR A&k 12 3 B ydil A
yCIA, A B AR WXJ02 (1 2) FT WXJ021(/A 3),
FE WXJ02 B BRI SEAE T REBR yeiA, JRA5 s i
¥k WXJ03 ( 4). £ 2-4 v, kil C YRR LU
& i B B br 5 R R B AR GE 2 5 TE 5 iR AT
PCR #4551, I Be /MKy 1011 bp, 999 bp
1999 bp, MFFriBRILFE B kan SEFEH )G, A
B R/ 2538 in % 2 180 bp.

bp

2 000

1 000
750

1011 bp

2 ydil EERPFREE PCR ¥k 8k E
Fig. 2 Colonies PCR validation of the ydil knockout. M:
DL 2000 marker, C: WXJ01, 1-2: WXJ02.
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bp

2000

1 000
750

3 yciA EEmFRE % PCR I iE Bk [E
Fig. 3 Colonies PCR validation of the yciA knockout.
M: DL 2000 marker, C: WXJ01, 1-5: WXJ021.

bp

2000

1 000
750

999 bp

4 FREEEGXALPRE & PCR G iE Bk E

Fig. 4 Colonies PCR validation of the MG1655Adld
Aydil AyciA. M: DL 2000 marker, C: WXJ02, 1-5:
WXJ03.

2.2 TRESEE R KRR AKHE A B2

¥ pTrc99aABC F1 pBAD-Ptrc-pety, AT ki f%
A A RS B 40 MG1655 ., WXJ01 ., WXJ02 .
WXJ021 Fl WXJ03 Hr, FR45 09 2 2 B AR KR i 24
5 MG1655-03 . WXJ01-03 . WXJ02-03 .
WXJ021-03 1 WXJ03-03, # ik 4 kg
— PRI RF RS, BERE] MO ks
FEHp R EE, U0 0.1 mmol/L IPTG i 3 i ki
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Fiko K60 h JERIEREW A IE L. BT AR
BESE— PO LB ARk R, TR — Pl R Bk
W, R ARAE T RFEE MR, A TE
W A e AT ) P9 LR (G B R 1200 [ e A
%k FARE & B4 7= P(3HB-co-LA) ., HAAKZE R L
Kl 5 FE 6.

Kl 5A FIREMRIAERARD, MAEKEHL
MK OD fHkFE, 5 FhE 4l mR bR AT I
W22 5], BLBHE did DL AR EREE LR yeiA
1 ydil {9 55 A X TR AR 118 A= 4K 3k s 71 T 57200
Kl 5B R Rn & B FE ORS00 FE S O,
MG1655-03, WXJ01-03, WXJ02-0, WXJ021-03
F1 WXJ03-03 H 2H bk A A 4351 R 2.2 /L
40g/L. 45¢g/L. 4.6 g/L fi1 4.5 g/L, W] dld 3
PRI 1) ke 2 AT ATE A 52 W) bk A B T4 s b R
WEAOUSFERE, A G il O R e 2K )5 0E— 250/ T #E
i, PTRED MBI did S S FRAR T K &
ABEAC S LR B v 38 2:F 9 B PR i4E A\ TCA IR,

A 300
20.0
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e WXIHOS
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Time (h)
C 20 4 MG1655-03

—A— WXJ01-03
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=
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Time (h)
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o A Py i Y5 ) PR 2R A5 2142 55 . 1] B5C /R & e
FEP LRI S h L, MR AFF IR did B,
Pk WXJ01-03, WXJ02-03, WXJ021-03, WXJ03-03
(LR & B i LB AE U AR MG1655-03 (LR &
Wi 0.5 g/L) &, Bk did RN R AL A
23l D-FLERIN SR A A SO BARR ,  ATTRG Jin 1
WHIFLIR TR R o 1A o % ik 1 6 5k X1 1) A
WXJ01-03 [{FLER /K F-7E 36 h ikElH = (K1 5C), #it

R A B BELAS T4 FLIBEATG A SRk 3L
Mg, WIS T KT rh LR & f R, 51 5D 3R
IR SRR, 5 PP E2H AR Y
LIRS RS, KRR LR IGAAL
T EIHES, A na i, RS R e R
¥IHE 0.9 g/l 24,

K 6 Fon 5 RO A B bR B A7 5 U
KA BRASTEREG DTS L BIE L. &R
PR R A Y S WA T R LA B Ak, R
YR ELRRA oA TR T, HrhEg

B 300 —e— MG1655-03
25.0 + A—WXJ01-03
—_ —e— WXJ02-03
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= 10.0 | %
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Fig. 5 The growth and metabolism of different recombinant strains in xylose.
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Fig. 6 The production of P(3HB-co-LA) of different
recombinant strains in xylose.

AR WXJ01-03 WFLIR &% i H 37.2 mol%, b
MG1655-03 R FLIER i (23.8 mol%) $25
T 56%, UL did By AT U K AT AR A L
e oy, dEmA R A Y h IR A 4
Nduko % 7VF| F A B % % 42 7% P(3HB-co-LA)
BF, RBERK did JE DR A B 2 B Rk LAAH [R] A FE A
AT DUE SR R A R AW, did A S )
FIHAREA: 7 AL E R G W A S .

TE WXJ01-03 [ LA |, 43 5 ik — 255k 2 ydil
H1 yciA 1531 5 4 7 #k WXJ02-03 1 WXJ021-03,
AT R B B SRS F LR 5 53 42.3 mol%
1 41.1 mol%, HHXT T B A Bk 5k B 5 B 7Y TR AR
WXJ01-03 43 FI4E 5 T 14%F1 10%, 47 Fh 7 ik
EEER GRS, EA R WXJI03-03 HYFLER & ik
3 T A 46.1 mol%, b WXJ01-03 ks T
24%, LB A BB bk MG1655-03 T Mk AE PR I RS
PP IR S i T 94%. 10 FH AL AR T A
BRI I/ T B P LI A A IR AR, T 2
HuE LR Y P(3HB-co-LA) HY-& M7 Il , i H.
WU g g S % J5, X R VE R SR INBH B . Ydil AN
YCiA H X AR Wi e A HAA BRI
fifg,  SCHP A A S 1] 422 I B R b T LB A
A BE HLA B fRAE L (X F 3HB-CoA J& & A 1EH
Har At . WA RKBHFEEANRED
3HB-COA 7K V-3 &5 T LA-CoA 7K1 B i 43
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3HB-CoA i i Fg B A, LT RETE B R G IRy
AR AN SRR, LR Y Y
3HB By &% & o i K Wy G ER A o A RE T
3HB-CoA.

2.3 TRESEBER KR KB EINE A B2

Shy L 3 Tt T Tt gl 2 BT oA A1) P A [ itk T ) A T
250, AW IR [RIRE Y B 4 TR R AR AR R A 251 R
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Fig. 7 The growth and metabolism of different recombinant strains in glucose.
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