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Abstract: [Objective] In previous study, we constructed a metabolic pathway to synthesize
poly(3-hydroxypropionate) (P3HP) from glycerol. But two main issues, the reducibility imbalance
and plasmid loss, still remained. In order to increase the yield of P3HP, we must solve those prob-
lems. [Methods] The 1,3-propanediol (1,3-PDO) dehydrogenase gene was cloned from Klebsiella
pneumoniae and a P3HP and 1,3-PDO co-product strains was built to solve the reducibility imbal-
ance in cell. The genes encoding glycerol dehydrogenase and its reactivatase were inserted into the
Escherichia coli chromosome by suicide vector-mediated homologous recombination to improve the
stability of plasmid. [Results] After optimization of fermentation condition, our recombinant strain
produced 2.7 g/L P3HP, two times higher than the previous report, and 2.4 g/L 1,3-PDO was also ob-
tained at the same time. [Conclusion] The production of P3HP by recombinant Escherichia coli from
glycerol was improved and has great potential in various industrial applications.
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Figure 1 The biosynthetic pathway of poly(3-hydroxypropionate) from glycerol in the recombinant Escherichia coli
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Table 1 Strains, plasmids and primers used in this study

Strains, plasmids and primers Characteristics and genotypes Resources
Strains
E. coli BL21
E. coli X7213
E. coli BL21(A) prpR dhaB123 gdrAB This study
E. coli BL21(B) E. coli BL21 pWQ02 pWQO04 [7]
Plasmids
pET21a Amp
pWQO02 Amp pET21a pdup phaC [7]
pET21a(A) Amp pWQO02 dhaT This study
pWQO04 Cm dhaB123  gdrAB [7]
pRE112 Cm
Roy Curtiss
pRE112(A) Cm BL21  prpR This study
pRE112(B) Cm dhaB123  gdrAB pRE112(A) prpR This study
Sequences (5'—3") Number
Gene amplified
prpR-up-5’ CAGAGCTCGGTGACCTACATCCACAAG ZG-268
prpR-up-3’ GTACCGGTACCGATCGTTCTAGACAGTTGACTGCAACAAACGGATGC ZG-269
prpR-down-5’ TCTAGAACGATCGGTACCGGTACGCTGTTTCTCGATGAG ZG-270
prpR-down-3’ ATCTGCGCTAGCGCTGCATTCGGCAGTTCAG ZG-271
seq-dhaB-5’ CGTGGTTCAGCCCGACAC 7G-143
ID-prpR-3’ CATGCCCGATGCGTAAGTTTATCG 7G-272
dhaT-5' CAGTAAGCTTAAGGAGATATAATGAGCTATCGTATGTTTGATTATC ZG-440
dhaT-3' ACGTCTCGAGTCAGAATGCCTGGCGGAAAATCGCG ZG-441
T7-term GCTAGTTATTGCTCAGCGG ZG-141

Note: All primers were synthesized by Shanghai Generay Biotech Co., Ltd.

1.2 X5 NaCl 10.0 pH 7.0
IPTG (g/L) 20 (NH4)2SO04 3
By, 3 KH,PO41.5 KC11.9 1
1 FeSO47H,0 0.138 1 mL/L
DNA Marker DNA T4 DNA B;0.045 pH?7.0
TaKaRa (g/L)  (NH4)sMo070,4-4H,0
OMEGA OMEGA DNA 0.37 H3;BO42.47 MnCl,-4H,0 1.58 ZnSO,4 7H,0
0.29 CuS0O4-5H,0 0.25
1.3 EFEMEFREG 25 mg/L
LB (g/L) 10.0 5.0 (Chloramphenicol Cm) 100 mg/L
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Sac 1
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151 ZE—R=E4A: E. coli X7213/pRE112(B)
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1.5 mL 2
500 pL
100 pL 50 uL 1% DAP
37°C 12h
107'-107* 30 pL
37 °C PCR

152 FEREH:

LB 37°C 15h
10'-107¢ 20 pL 10%
37°C 12 h
10%
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500 mL 1%

100 mg/L 34 mg/L 37°C
200 r/min ODeoo 0.6—1.0 IPTG
(Isopropyl B-D-1-Thiogalactopyranoside) 0.03 g/L

Bs 30 °C 72 h
P3HP 1,3-PDO
1.7 KEEEHMHALN
12 h
1.6
3¢/l
( )
(NH4)2S04 1.6
IPTG 0.025 0.050 0.100
0.300 0.500 mmol/L 5 IPTG
1.6 IPTG
1.8 A%
1.8.1 HEREDEHNE:
600 nm
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0.6—-1.0 Cary 50 UV-Vis
600 nm As00
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55 °C 0.5 mmol/L PCR .
. Note: The primer of this reaction is ZG-440 and ZG-141. M:
H,80, 0.5 mL/min DNA marker; 1-5: PCR amplification of the monoclonal.
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Figure 3 Construction of recombination E. coli BL21 by
homologous recombination
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Figure 4 Identification of homologous recombination
mutant by PCR
7ZG-143  7ZG-272.M DNA marker 1-13
PCR

Note: The primer of this reaction is ZG-143 and ZG-272. M:
DNA marker; 1-13: PCR amplification of the monoclonal.
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Figure 5 Effect of different glucose concentration on the P3HP production
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Figure 6 Effect of different nitrogen sources on the P3HP production
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Figure 7 Effect of different IPTG concentration on the production
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