£ o T R % #® REE %/ IR R AR T MRS
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn September 25, 2016, 32(9): 1212-1223
DOI: 10.13345/j.cjb.150541 ©2016 Chin J Biotech, All rights reserved

Tk H K

REE Y LM BEAS BERS BET THE°

300457

N =

300308

5 5 5 o o = . , 2016, 32(9): 1212-1223.
Song GT, Jiang XL, Chen WJ, et al. Construction and optimization of microbial cell factories for producing Cis, ciS-muconic
acid. Chin J Biotech, 2016, 32(9): 1212-1223.

B OE ORJA-BERREEZGFEMFE, BAT, EWESERR,R-FRRTHEZ SHAEAK, CREN TR
IRBAMRIEEZFFAL, BEREE, MEBRBERLES I, RATRAEI LA Z, MEaAA
MEAMERAA, BERTARETEZFFEALOFA IR ZIAMNGKE, AAREFR T A AMEN >
ZRAFF R TR R WI060 &, o6 IR, IA-#5 B4 3 NN RAE (aroZ. aroY. catA), JFEA|A 3 A
TR 3% E 6920 A B sh T #AT AR, RIIMET 27 IR )R- EBR TA2H, F269RETA2H MA30 497~
TRE 1T gL, AT —FRZJMM-HBEBRIEAGE TG0, ARLABATH IBMERTRE, 4658
Fihik ik, 2EMBIHE, R HLB] TR R-H BT 12543 8%4) K MAT B MA30-G2. A 5 L A8
AT AN B2, MA30-G2 690, )IR-45 BB 5 342 T 11.5 g/L. AFFR R AR Ao 518 & 5 £ A0 45 4
849 8 AL T IR, IR -HE B BR 49 £ B, FIBT AL E A A A F S a) A h| R T T2 A4S,

CORJR-KE BB, AARdE, AMATE, AR EH T, ARASH I, HEETHE

Received: December 21, 2015; Accepted: January 15, 2016
Supported by: Key Technology R&D Program of Tianjin Municipal Science and Technology Commission (No. 14ZCZDSY00066),
Research Equipment Program of Chinese Academy of Sciences (No. YZ201153).
Corresponding author: Qinhong Wang. Tel/Fax: +86-22-84861950; E-mail: wang_gh@tib.cas.cn
(No. 14ZCZDSY00066) (No. YZ201153)



REHE F/7/~InIR-tREARI OEESHL 1213

Construction and optimization of microbial cell factoriesfor
producing cis, cissmuconic acid

Guotian Song™?, Xiaolong Jiang?, Wujiu Chen?, Yanfeng Peng?, Fuping Lu?,
and Qinhong Wang?

1 College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China
2 CAS Key Laboratory of Systems Microbial Biotechnology, Tianjin Institute of Industrial Biotechnology, Chinese Academy of Science,
Tianjin 300308, China

Abstract: cis, cissmuconic acid (MA) is an important platform chemical. Now, majority of reported engineered strains
are genetically instable, the exogenous genes are expressed under the control of expensive inducer and the components
of their fermentation medium are complex, thus large-scale microbial production of MA is limited due to the lack of
suitable strains. Hence, it is still necessary to construct novel high-performance strain that is genetically stable, no
induction and grows in simple inorganic fermentation medium. In this study, after 3 exogenous genes (aroZ, aroyY, catA)
for biosynthesis of MA were integrated into previously constructed 3-hydroshikimate producing Escherichia coli WJ060
strain and combinatorially regulated with 3 constitutive promoters with different strengths, 27 engineered strains were
constructed. The best engineered strain, E. coli MA30 could produce 1.7 g/L MA in the simple inorganic fermentation
medium without induction. To further enhance the production capacity of MA, the mutant library of E. coli MA30 was
constructed by genome replication engineering and screened via high-throughput assay. After two-round screening, the
new strain, E. coli MA30-G2 with improved production of MA was obtained, and the titer of MA increased more than
8%. Under the condition of 5 L fed-batch fermentation, E. coli MA30-G2 could produce about 11.5 g/L MA.
Combinatorial regulation and high-throughput screening provide important reference to microbial production of other

bio-based chemicals.

Keywords: cis, cismuconic acid, combinatorial regulation, Escherichia coli, constitutive promoters, genome replication

engineering, high throughput screening
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Fig. 1 ciscismuconic acid biosynthetic pathway in engineered E. coli. E4P: erythrose 4-phosphate; PEP:
phosphoenolpyruvate; DAHP:  3-deoxy-D-arabino-heptulosonate-7-phosphate; DHQ:  3-dehydroquinate; DHS:
3-dehydroshikimate; PCA: protocatechuic acid; CA: catechol; MA: cis,cisSmuconic acid; aroZ: 3-dehydroshikimate
dehydratase gene; aroY: protocatechuate decarboxylase gene; catA: 1,2-dioxygenase gene; aroE:
3-dehydroshikimate dehydrogenase gene; aroF™™": DAHP synthase mutant (with tyrosine feedback-inhibition resistance™);
tktA: transketolase gene; pky: pyruvate kinase gene; pgi: phosphoglucose isomerase gene; galP: galactose permease gene;
olkA: glucose kinase gene; pts: phosphotransferase system genes. Solid-line arrows, endogenous pathways; dotted-line
arrows, exogenous (synthetic) pathways.

catechol
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Tablel Strainsand plasmidsused in thisstudy
Strains Relative characteristics Sources
WJ060 3-hydroshikimate producing strain Lab collection
MA13 WIJ060 |dhA::P1-aroZ-T7-Pl-aroY-T7-P1-catA-T7 This study
MA14 WIJ060 |dhA::P1-aroZ-T7-Pl-aroY-T7-P2-catA-T7 This study
MA15 WIJ060 |dhA::P1-aroZ-T7-P1-aroY-T7-P3-catA-T7 This study
MA16 WIJ060 |dhA::P1-aroZ-T7-P2-aroY-T7-P1-catA-T7 This study
MA17 WIJ060 IdhA::P1-aroZ-T7-P2-aroY-T7-P2-catA-T7 This study
MAI18 WJ060 IdhA::P1-aroZ-T7-P2-aroY-T7-P3-catA-T7 This study
MA19 WJ060 IdhA::P1-aroZ-T7-P3-aroY-T7-P1-catA-T7 This study
MA20 WIJ060 IdhA::P1-aroZ-T7-P3-aroY-T7-P2-catA-T7 This study
MA21 WIJ060 |dhA::P1-aroZ-T7-P3-aroY-T7-P3-catA-T7 This study
MA22 WIJ060 |dhA::P2-aroZ-T7-P1l-aroY-T7-P1-catA-T7 This study
MA23 WI060 |dhA::P2-aroZ-T7-P1-aroY-T7-P2-catA-T7 This study
MA24 WIJ060 |dhA::P2-aroZ-T7-P1-aroY-T7-P3-catA-T7 This study
MA25 WIJ060 IdhA::P2-aroz-T7-P2-aroY-T7-P1-catA-T7 This study
MA26 WIJ060 IdhA::P2-aroz-T7-P2-aroY-T7-P2-catA-T7 This study
MA27 WIJ060 IdhA::P2-aroZ-T7-P2-aroY-T7-P3-catA-T7 This study
MA28 WIJ060 IdhA::P2-aroZ-T7-P3-aroY-T7-P1-catA-T7 This study
MA29 WIJ060 |dhA::P2-aroZ-T7-P3-aroY-T7-P2-catA-T7 This study
MA30 WIJ060 |dhA::P2-aroZ-T7-P3-aroY-T7-P3-catA-T7 This study
MA31 WIJ060 |dhA::P3-aroZ-T7-P1-aroY-T7-P1-catA-T7 This study
MA32 WI060 |dhA::P3-aroZ-T7-P1-aroY-T7-P2-catA-T7 This study
MA33 WJ060 IdhA::P3-aroZ-T7-P1-aroY-T7-P3-catA-T7 This study
MA34 WJ060 IdhA::P3-aroZ-T7-P2-aroY-T7-P1-catA-T7 This study
MA35 WIJ060 IdhA:: P3-aroZ-T7-P2-aroY-T7-P2-catA-T7 This study
MA36 WIJ060 IdhA::P3-aroZ-T7-P2-aroY-T7-P3-catA-T7 This study
MA37 WIJ060 |dhA::P3-aroZ-T7-P3-aroY-T7-P1-catA-T7 This study
MA38 WIJ060 |dhA::P3-aroZ-T7-P3-aroY-T7-P2-catA-T7 This study
MA39 WI060 |dhA::P3-aroZ-T7-P3-aroY-T7-P3-catA-T7 This study
Plasmids

pKDS8.243 aroz, aroY, Cm"® [7]
p4-P76A PL25-P76A, Spe® [14]
pEASY-cat-sacB-ap Kan®, cat, sacB [23]
pKD46-dnaQ Amp®, containing dnaQ mutant; dnaQ from ['®! Lab collection

® 010-64807509 K cjb@im.ac.cn
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2xTaq PCR MasterMix DNA marker
Biomed 3- (DHS)
Sigma (PCA)
Aldrich (CA)
s - (MA)

Aldrich

113
LB (g/L) 5
10 10 ( LB 1.5%

) (g/L) KH,PO,4 3.5
K,HPO43H,0 6.5 MgSO4 0.12 (NH4),HPO,
3.5 CaCl;0.011 0.005

1 mL (g/L)
FeCl;-:6H,0 0.16 CoCl,-6H,0 0.02 CuSO4-5H,0
0.015 ZnCl, 0.02 Na;Mo0O42H,0 0.02 H;BO;

0.05 10 mL
(g 5
10 10 10
(g/L) K HPO43H,0 7.5 MgSO47H,0 2
(NH4)2S04 1.6 FeSO47H,O 0.077 5 2
1 1 mL
(g/L) MnSO4H,O 0.004 5

Na,S040.02 ZnSO40.006 4 CoCly 6H,0 0.004
CuS04:5H,0 0.000 6

12 7%
121

(P1: 5'-TTATCTCTGGCGGTGTTG

ACAAGAGATAACAACGTTGATATAATTGAGC
CCTTTTGGTGCGTCAGTCAGTTTAAACCAGG
AAACAGCT-3'" P2:5-TTATCTCTGGCGGTGT

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

TGACAAGAGATAACAACGTTGATATAATTGA
GCCTGAGGTGGCTTATTATTCGTTTAAACCA
GGAAACAGCT-3" P3: 5'-TTATCTCTGGCGG

TGTTGACAAGAGATAACAACGTTGATATAAT
TGAGCCCGTATTGTTAGCATGTACGTTTAAA
CCAGGAAACAGCT-3)*"  aroz T7

1)
pEASY-cat-sacB-ap
ldhA-cat-sacB-s/ldhA-cat-sacB-a

40 bp 1dhA-cat-sacB-

ldhA DNA 2)
pKD8.243 IdhA-Pl-aroZ-s
IdhA-P2-aroZ-s 1dhA-P3-aroZ-s/ldhA-T7-aroZ-a
40 bp

1dhA-P1/2/3-aroZ-T7-1dhA DNA

[dhA
2A
40 bp
aroZ-T7-cat-sacB-1dhA aroZ-T7-P1/2/3-aroY-T7-
IdhA aroY-T7-cat-sacB-IdhA  aroY-T7-
P1/2/3-catA-T7-1dhA DNA
2
122 MA
3- WJ060
[dhA 3
3 (aroZ
aroY catA) 27 MA
MA13-MA39 2B
123 MA
MA 260 nm
0.2g/L 0.4¢g/L 0.6g/L 0.8¢g/L
1g/lL MA
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260 nm MA y X
MA 3

*2 KAWMRETANSIY
Table2 Primersused in thisstudy

Primer names Primer sequences (5 —3")
IdhA-cat-sacB-s TAAAATATTTTTAGTAGCTTAAATGTGATTCAACATCACTGTGACGGAAGATCACTTC
1dhA-cat-sacB-a ATCTGAATCAGCTCCCCTGGAATGCAGGGGAGCGGCAAGAATCAAAGGGAAAACTGTCC
1dhA-Pl-aroZ-s TAAAATATTTTTAGTAGCTTAAATGTGATTCAACATCACTITATCTCTGGCGGTGTTGACA

AGAGATAACAACGTTGATATAATTGAGCCCTTTTGGTGCGTCAGTCAGTTTAAACCAGGA
AACAGCTATGCTGCGCTCTATCGCC

1dhA-P2-aroZ-s TAAAATATTTTTAGTAGCTTAAATGTGATTCAACATCACTTTATCTCTGGCGGTGTTGACA
AGAGATAACAACGTTGATATAATTGAGCCACTGGCTCGTAATTTATTGTTTAAACCAGGA
AACAGCTATGCTGCGCTCTATCGCC

1dhA-P3-aroZ-s TAAAATATTTTTAGTAGCTTAAATGTGATTCAACATCACTTITATCTCTGGCGGTGTTGACA
AGAGATAACAACGTTGATATAATTGAGCCCGTATTGTTAGCATGTACGTTTAAACCAGGA
AACAGCTATGCTGCGCTCTATCGCC

1dhA-T7-aroZ-a ATCTGAATCAGCTCCCCTGGAATGCAGGGGAGCGGCAAGACAAAAAACCCCTCAAGACC
CGTTTAGAGGCCCCAAGGGGTTATGCTACTAACAATACTGCATCGC

aroZ-T7-cat-sacB-s ~ GCGATGCAGTATTGTTAGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTT
TTTTGGTGACGGAAGATCACTTC

aroZ-T7-P1-aroY-s GCGATGCAGTATTGTTAGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTT
TTTTGTTATCTCTGGCGGTGTTGACAAGAGATAACAACGTTGATATAATTGAGCCCTTTTG
GTGCGTCAGTCAGTTTAAACCAGGAAACAGCTATGACCGCACCGATTCAG

aroZ-T7-P2-aroY-s GCGATGCAGTATTGTTAGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTT
TTTTGTTATCTCTGGCGGTGTTGACAAGAGATAACAACGTTGATATAATTGAGCCACTGG
CTCGTAATTTATTGTTTAAACCAGGAAACAGCTATGACCGCACCGATTCAG

aroZ-T7-P3-aroY-s GCGATGCAGTATTGTTAGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTT
TTTTGTTATCTCTGGCGGTGTTGACAAGAGATAACAACGTTGATATAATTGAGCCCGTATT
GTTAGCATGTACGTTTAAACCAGGAAACAGCTATGACCGCACCGATTCAG

1dhA-T7-aroY-a ATCTGAATCAGCTCCCCTGGAATGCAGGGGAGCGGCAAGACAAAAAACCCCTCAAGACC
CGTTTAGAGGCCCCAAGGGGTTATGCTATTATTTTGCGCTACCCTG

aroY-T7-cat-sacB-s =~ CAGGGTAGCGCAAAATAATAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGT
TTTTTGGTGACGGAAGATCACTTC

aroY-T7-P1-catA-s CAGGGTAGCGCAAAATAATAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGT
TTTTTGTTATCTCTGGCGGTGTTGACAAGAGATAACAACGTTGATATAATTGAGCCCTTTT
GGTGCGTCAGTCAGTTTAAACCAGGAAACAGCTATGGAAGTTAAAATATTC

aroY-T7-P2-catA-s CAGGGTAGCGCAAAATAATAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGT
TTTTTGTTATCTCTGGCGGTGTTGACAAGAGATAACAACGTTGATATAATTGAGCCACTG
GCTCGTAATTTATTGTTTAAACCAGGAAACAGCTATGGAAGTTAAAATATTC

aroY-T7-P3catA-s CAGGGTAGCGCAAAATAATAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGT
TTTTTGTTATCTCTGGCGGTGTTGACAAGAGATAACAACGTTGATATAATTGAGCCCGTAT
TGTTAGCATGTACGTTTAAACCAGGAAACAGCTATGGAAGTTAAAATATTC

1dhA-T7-catA-a ATCTGAATCAGCTCCCCTGGAATGCAGGGGAGCGGCAAGACAAAAAACCCCTCAAGACC
CGTTTAGAGGCCCCAAGGGGTTATGCTACCACGTCTAGCGGTGTAA

The underlined is the sequence of synthetic promoter corresponding to the primer name.

® 010-64807509 K cjb@im.ac.cn
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Fig. 2 Schematic diagram of the integration and
combination regulation of recombination fragment. (A)
Schematic diagram of the integration of recombination
fragment. (B) Schematic diagram of combination
regulation. ap: homology arm; P: synthetic promoter;
T7: T7 terminator; |dhA: lactate dehydrogenase gene;
cat-sacB: chloramphenicol selective marker gene and
suicide gene sacB for counter-selection.

124 MA
dnaQ
el MA30 pKD46-dnaQ
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30 C 4 12h
MA30
96 37 C
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96 260 nm
125
MA -80 C
3mL LB 30C
200 r/min 12 h ODggo
ODg0=0.4 10 mL
(100 mL ) 2%
37 °C 220 r/min 24 h
MA
MA
MA
-80 C
3mLLB
30 'C 200 r/min 12h 3 mL
200 mL 1L )
37 °C 250 r/min 12h 200 mL
1.8L SL
37°C pH6.5 40%
pH
1 g/L 6 h 6 h
DHS PCA CA
MA
1.2.6
DHS PCA CA MA
ImL 12 000 r/min
10 min
VWD Innoval Cig (4.6 mmx
250 mm 5 pm) A =1000 1
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( 80%) B ( 20%) 0.8 mL/min
30 C 210 nm
260 nm 3
3 DHS PCA
CA MA HPLC
OD600
2 HERET
21 MA T B9HE
MA
3-
WJ060
ATCC8739 aroeE aroF
tktA
galP/glkA PTS pyk  pgi
3-
3g/L( 1) 3-
WJI060
IdhA 3
3
(aroZ aroY catA) 27 MA
W1J060
3 MA
MA (E. coli
MAZ21 E. coli MA27 E. coli MA30) catA
P3
MA 3 (E. coli MA13
E. coli MA22 E. coli MA31)  aroY catA
P1
DHS PCA CA
catA MA
E. coli MA30 1.7 g/L
DHS aroZ
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P2 PCA
aroY catA
P3 PCA CA MA
3 P3
3 E. coli MA39
E. coli MA30
MA39 MA
27 MA
(E. coli MA21 E. coli MA27
E. coli MA30)
MA (E. coli MA13 E. coli
MA22 E. coli MA31)
MA MA

0.067 g/L

E. coli

MA

MA30
22 MA SBENERERET
MA

MA
HPLC

MA 260 nm
MA
260 nm
y MA X
y=2.703 2x+4.406 8
R* 0.9905 ( 4
MA

23 MA @RI 8k
231 MA

E. coli MA30
dnaQ
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Fig.

3 MA production of strains with synthetic promoters

of different strengths which express aroZ, aroY and catA.
DHS: 3-dehydroshikimate; PCA: protocatechuic acid; CA:
catechol; MA: Cis, ¢iS-muconic acid.
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Fig. 4 Standard curve of cis, cis-muconic acid by UV
detection.
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Fig. 5 The value of UV absorbance at 260 nm of MA mutants. (A) The value of UV absorbance of MA30 mutants
(Solid black line: the value of UV absorbance of MA30). (B) The value of UV absorbance of MA30-G1 mutants
(Solid black line: the value of UV absorbance of MA30-G1).
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Fig. 6 The increase titer of cis, cis-muconic acid 6.7 MA ODgo0
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