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Microbial production of poly (glycolate-co-lactate-co-3-
hydroxybutyrate) from glucose and xylose by Escherichia coli
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Abstract: Escherichia coli was metabolically engineered to produce poly(glycolate-co-lactate-co-3-hydroxybutyrate) using
glucose and xylose as carbon sources. The combinatorial biosynthetic route was constructed by the overexpression of a series
of enzymes including D-tagatose 3-epimerase, L-fuculokinase, L-fuculose-phosphate aldolase, aldehyde dehydrogenase,
propionyl-CoA transferase, B-ketothiolase, acetoacetyl-CoA reductase, and polyhydroxyalkanoate synthase. Overexpression of
polyhydroxyalkanoate granule associated protein significantly improved biopolymer synthesis, and the recombinant strain
reached 3.73 g/L cell dry weight with 38.72% (W/W) biopolymer content. A co-culture engineering strategy was developed to
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produce biopolymer from a mixture of glucose and xylose, achieving 4.01 g/L cell dry weight containing 21.54% (W/W)
biopolymer. The results of this work offer an approach for simultaneously utilizing glucose and xylose and indicate the
potential for future biopolymer production from lignocellulosic biomass.
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Tablel Srainsand plasmidsused in thisstudy

Name Description Reference
Strains
K12 (DE3) Wild type [20]
K12 AxylB AglcD K12 (DE3) AxylB AglcD [20]
K12 AxylB AglcD AldhA K12 (DE3) AxylB AglcD AldhA This study
K12 AxylB AglcD Apts K12 (DE3) AxylB AglcD Apts This study
K12 AxylB AglcD AxylA K12 (DE3) AxylB AglcD AxylA This study
PGA21 K12 AxylB AglcD containing pET-pct-CAB and pGAx3 This study
PGA22 K12 AxylB AglcD containing pET-pct-PCAB and pGAx3 This study
PGA23 K12 AxylB AglcD AldhA containing pET-pct-PCAB and pGAx3 This study
PGA24 K12 AxylB AglcD Apts containing pGAx3 This study
PGA25 K12 AxylB AglcD AxylA containing pET-pct-PCAB This study
Plasmids
pKD13 Template plasmid with Kan® gene and FL P recognition target Yale CGSC
pKD46 A-Red recombinase expression helper plasmid, Amp® Yale CGSC
pCP20 FL P recombinase helper plasmid, Amp®, CmR® Yale CGSC
pGAX3 dte, fucA, fucK, and aldA expression plasmid, Spec? [20]
pET-pct-CAB pct, phaC, phaA, and phaB expression plasmid, AmpR [18]
pET-pct-PCAB pct, phaP, phaC, phaA, and phaB expression plasmid, Amp® This study

TR (MOPS, C;H1sNO,4S), 0.5 g/L NaCl, 0.24 g/L
MgSO,, 0.002 g/L NapM0O,, 1 mL/L i It RE
o R LR R LTS « 3.6 g/L FeCly-4H,0, 5g/L
CaCl,-2H,0, 1.3 g/L MnCl,-2H,0, 0.38 g/L
CuCl,-2H,0, 0.5 g/L CoCl,-6H,0, 0.94 g/L
ZnCl, , 0.03 g/L H3BOs, 0.4 g/L Na,EDTA-2H.0,
1.01 g/L thiamine-HCI
13 EFERXF

Pusion High-Fidelity DNA B4 . B il
WYIEGF T4 DNA #3551 F New England
Biolabs 24 Al ; Uk #2 B £ F1 DNA [E1ficiat 5]
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http://journals.im.ac.cn/cjbcn

WORLZE & E LN phaPl B 551 R4 7 % S 11
b, BER2FH G T8 F 22 AR TR A
Hl5E . N T4 phaPl 4 A 2 Fk: pET-pet-
CAB!"8f Pst T 1 Not T i 5, #4975 kL pET-pet-
PCAB, &1 T7 Jagh T &1 pct. phaP1, phaC.
phaA #il phaB %X (& 1),

T7
lac | # pet

s

ROP phaP1
T7
pPET-pct-PCARB |
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Fig. 1 Schematic map of pET-pct-PCAB.
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i) K12 AxylB AglcD sz 84t , WA & A RIR
FHEN LB AR, 30 CHiF: 24 h, PReprapitsr
7% PCR 1 DNA W74, MBBISARIER
B B TN T R -l R e R il R G B I pts 2R 5%
BIYENS

W TR pCP20 F AL 3 Fak AR, WA
HHEBEEMN LB M, 30 CH;3% 24 h, HEREIB
BHRPUE; PR R R TCPL R LB AR, 42 C
3% 24 h, FE5 pCP20 Jiiki; #x Wik B #k i
ik, EHRERAEAER. FIIEEMATHE
FPUVERY T BR EAT VK PCR il DNA 7 %58
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Table2 Oligonucleotidesused in this study

Primer Sequence (5'-3')

ptsF  TCGAACCGCCAGGCTAGACTTTAGTTCCA
CAACACTAAACCTATAAGTTGGGGAAATA
CAGTGTAGGCTGGAGCTGCTTCG

ptsR  AAAAATGGCGCCGATGGGCGCCATTTTTC
ACTGCGGCAAGAATTACTTCTTGATGCGGA
TATTCCGGGGATCCGTCGACC

xylAF ATGCAAGCCTATTTTGACCAGCTCGATCGC
GTTCGTTATGAAGGCTCAAAATCCTCAAA
CGTGTAGGCTGGAGCTGCTTCG

xylAR CGGTGGTGAAACCGCCTGCTTTGAGAATT
TCATACATCACCAGCGCATTCTCTTCCACA
CATTCCGGGGATCCGTCGACC

IdhAF TATTTTTAGTAGCTTAAATGTGATTCAACAT
CACTGGAGAAAGTCTTATGGTGTAGGCTG
GAGCTGCTTCG

|IdhAR CTCCCCTGGAATGCAGGGGAGCGGCAAGA
TTAAACCAGTTCGTTCGGGCAATTCCGGG
GATCCGTCGACC
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PRAFIR AN pts B ZEAER K12 AxylB AglcD
Apts,
1.5.2 K12 AxylB AglcD AxylA g%
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it 3[R xyl A B REBR -5 pts B i B R FH TR B 64
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Bk pET-pet-CABIEHI& A AW 4 ik 2 Bl
ASCIE R (9 ok pGAX3PILELALH] E. coli K12
AxylB AglcD v, #EEH 4 PGA21. Jii ki
pET-pct-PCAB #il pGAx3 1454k %] E. coli K12
AxylB AglcD H, #4354 F PGA22. Jii ki
pET-pct-PCAB #il pGAx3 1454k %] E. coli K12
AxylB AglcD AldhA w1, #EEE 4 1R PGA23.

MR AEE P HCH Rl PGA21. PGA22 Fi
PGA23, #:fh#| LB i3 skrh 37 CHiFR 12 h fE
R . 3 FIEE A AL 2% (VIV) Ry R RS
R EAH 25 mL MMYE+5 g/l ABER: 35 31
250 mL FE N, 37 ‘CHE3% 18 h 5, WS 2 b
BRI 20 g/L, W IPTG i S IEN KL, 4k
LR 54 h,

1.6.2 REEFR

ik pGAx3 Hi 4 {LE] E. coli K12 AxylB
AglcD Apts H, #4138 2H & PGA24. itk pET-pct-
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o, R E LR PGA25,

MHAEE U R PGA24 Fll PGA25, 4%
FhE LB 533t 37 ‘CHEF: 12 h 1E W3 . LA
1% (VIV) R93ERhi— %4280 54 25 mL MMY E+
5 g/L AK¥E+20 o/L #iZ MG IR 50 250 mL
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th, 37 CHiFE 12h J5, N IPTG i LK Kk,
Ak2L 3557 60 h,
17 SHAE
PR SR 45 R )5, 8000 r/min 250> 10 min ik
RWEIR, RIFREETFKEER. B.O, LEER
FETDRG B0 B IR I o0 o A5 B A0 20 B AE i s
KT KA T2 EE, WE4ETE (Cell dry
weight, CDW),
B 50 mg A 45 T4 FERfLE S, A 2mL
LW (FA 2 olL KRR . 3% (VIV) WELER 1)
G a H R IR) A2 mL &4, s .
100 CHEgfb/N; 4 he BEE=ERE, MA 1 mL
KEFK, OGRS, WESE. A
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Fig. 2 P(GA-LA-3HB) biosynthetic pathway from glucose and xylose.
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Fig. 3 P(GA-LA-3HB) production by E. coli PGA22 or PGA23 grown in shake flasks. (A) CDW and PHA content of
PGA22. (B) PHA monomer content of PGA22. (C) CDW and PHA content of PGA23. (D) PHA monomer content of

PGA23.
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Fig. 4 The construction of a coculture system to simultaneously utilize glucose and xylose. (A) K12 AxylB AglcD Apts.
(B) PGA24. (C) K12 AxylB AglcD AxylA. (D) PGA24 and PGA25 coculture.
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dte, fucK, fucA, aldA, fifSHEH# PGA24
T WA R AR B 260 T, B e RHAR
WA CEIR , BEJS TR A A 4% (&1 4B). 1
AR AL L DY) xyl A Bl 2R B SRR K12 AxylB
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TR A SE A IR b, HBR A T A b AT AR K
(K 4C), ARG WA R pet, phaA, phaB.,
phaC, #J# i 2H & PGA25. 7E4i Z B FI A BHE &
Yrvh, PGA24 1 S FIHIARE, PGA25 HREH] FI 4
ZiWE, ¥ PGA24 il PGA25 R G H4L1E 3%, Wihax
U5 AT LA R B AE (18] 4D).
HATIR L HE 37 5 50 P(GA-LA-3HB) 4
Sy, ¥ PGA24 Hl PGA25 TR & HL R 55 7E & A 7
APERABEN MMYE 538389, /45T 4.01g/L
FI4Ei T8, S 21.54 wt%f) P(2.81 mol%
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Fg. 5 Converson of glucose-xylose mixture to P(GA-LA-3HB)
using an E. coli-E. coli coculture strategy. (A) CDW and
PHA content. (B) PHA monomer content.
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