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Improvement of butanol production by Escherichiacolivia Tn5
transposon mediated mutagenesis
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Abstract: For engineering an efficient butanol-producing Escherichia coli strain, many efforts have been paid on the
known genes or pathways based on currentknowledge. However, many genes in the genome could also contribute to butanol
production in an unexpected way. In this work, we used Tn5 transposon to construct a mutant library including 1 196 strains
in a previously engineered butanol-producing E. coli strain. To screen the strains with improved titer of butanol production, we
developed a high-throughput method for pyruvate detection based on dinitrophenylhydrazine reaction using 96-well
microplate reader, because pyruvate is the precursor of butanol and its concentration is inversely correlated with butanol in
the fermentation broth. Using this method, we successfully screened three mutants with increased butanol titer. The insertion
sites of Tn35 transposon was in the ORFs of pykA, tdk, and cadC by inverse PCR and sequencing. These found genes would
be efficient targets for further strain improvement. And the genome scanning strategy described here will be helpful for other

microbial cell factory construction.
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Table 1 The HPLC analysis results of mutants
Strains EB216 EB216-Tn5-17# EB216-Tn5-304# EB216-Tn5-599#
Glucose consumed (g/L) 6.61£1.02 7.64+0.62 7.15+0.47 9.00+1.46
Pyruvate (g/L)* 0.90+0.15 0.880.10 0.42+0.03 0.31+0.07
yruvate (& (0.78+0.02) (0.75+0.01) (0.34+0.01) (0.30£0.03)
Butanol (g/L) 1.08+0.06 1.39£0.25 1.6120.11 1.70£0.02
Butanol yield (W/W, %) 16 18 23 19
ODgoo 0.75+0.04 0.920.00 0.93+0.03 1.1840.03

*: the numbers in bracket are pyruvate concentrations detected by 2,4-dinitrophenylhydrazine reaction.
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Table 2 Identification of the transposon insertion sites
Genes pykA cadC tdk
. Pyruvate kinase II cadBA operon transcriptional . Thyml(?n?e .
Function (glycolysis) activator (lysine metabolism) kinase/deoxyuridine kinase
Eyeoly J (DNA synthesis)
= Sal 1 KANR Sal 1
KAN 2 RP-1 " KAN 2 FP-1
ATG ™. . TAA
. Self-ligation .~
B
bp M 5994 bp M 17# 3044#
4500 4500
3 000 3 000
2000 2
1200
1200 800
800 500

2 FIAKBE PCRHAITREMBETE

Fig. 2 Identification of insertion sites by reverse PCR. (A) Reverse PCR. (B) Reverse PCR of self-ligation. M: Maker III.

3 tdk

DNA

[15] Mg2+

DNA 4

[161
hns

tdk IS

tdk (17]

tdk

cadC

cad cadBA

cadBA

[18-19]
cadC
cadC

[20]

(pH 4.5-4.8)

[21]

cadC

cjb@im.ac.cn



1718 ISSN 1000-3061 CN 11-

1998/Q Chin J Biotech December 25,2015 Vol.31 No.12

pykA A
(PEP)
ATP pykF
pykF
pykA 2] Tn5
PYKA
pykA
PYKA
PYkA
PYkA
PYKA
Tn5
23]
TnS

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

REFERENCES

[1] Green EM. Fermentative production of butanol-the
industrial perspective. Curr Opin Biotechnol, 2011,
22(3): 337-343.

[2] Jones DT, Woods DR. Acetone-butanol fermentation
revisited. Microbiol Rev, 1986, 50(4): 484-524.

[3] Atsumi S, Cann AF, Connor MR, et al. Metabolic
engineering of Escherichia coli for 1-butanol
production. Metab Eng, 2008, 10(6): 305-311.

[4] Bond-Watts BB, Bellerose RJ, Chang MCY.
Enzyme mechanism as a kinetic control element for
designing synthetic biofuel pathways. Nat Chem
Biol, 2011, 7(4): 222-227.

[5] Shen CR, Lan EI, Dekishima Y, et al. Driving
forces enable high-titer anaerobic 1-butanol

synthesis in Escherichia coli. Appl Environ
Microbiol, 2011, 77(9): 2905-2915.

[6] Dellomonaco C, Clomburg JM, Miller EN, et al.
Engineered reversal of the B-oxidation cycle for the
synthesis of fuels and chemicals. Nature, 2011,
476(7360): 355-359.

[7] Xue C, Zhao J, Zhao JB, et al. High-titer n-butanol
production by Clostridium acetobutylicum JB200 in
fed-batch fermentation with intermittent gas
stripping. Biotechnol Bioeng, 2012, 109(11):
2746-2756.

[8] Wen M, Bond-Watts BB, Chang MCY. Production
of advanced biofuels in engineered E. coli. Curr
Opin Chem Biol, 2013, 17(3): 472-479.

[9] Branduardi P, de Ferra F, Longo V, et al. Microbial
n-butanol  production from  Clostridia to
non-Clostridial hosts. Eng Life Sci, 2014, 14(1):
16-26.

[10] Choi YJ, Lee JM, Jang YS, et al. Metabolic
engineering of microorganisms for the production
of higher alcohols. mBio, 2014, 5(5): e01524—14.

[11] Goryshin 1Y, Jendrisak J, Hoffman LM, et al.
Insertional

transposon mutagenesis by

electroporation of released Tn5 transposition



ik F/ARE Tns BEFNSRBRSXETE T BEEFKE 1719

[12]

[13]

[14]

[15]

[16]

[17]

complexes. Nat Biotechnol, 2000, 18(1): 97-100.
Reznikoff WS. Transposon Tn5. Annu Rev Genet,
2008, 42: 269-286.

Sambrook J, Fritsch EF, Maniatis T. Molecular
Cloning: A Laboratory Manual. 2nd ed. New York:
Cold Spring Harbor Laboratory Press, 1989:
119-123.

Eze LC, Echetebu CO. Some properties of aspartate
and alanine aminotransferases from
trichodermaviride. J Gen Microbiol, 1980, 120(2):
523-527.

Segura-Penia D, Lichter J, Trani M, et al.
Quaternary structure change as a mechanism for the
regulation of thymidine kinase 1-like enzymes.
Structure, 2007, 15(12): 1555-1566.

Sandrini MPB, Clausen AR, Munch-Petersen B, et
al. Thymidine kinase diversity in bacteria. Nucleos
Nucleot Nucl Acides, 2006, 25(9/11): 1153—-1158.
LaCroix RA, Sandberg TE, O'Brien EJ, et al. Use
of adaptive laboratory evolution to discover key
mutations enabling rapid growth of Escherichia coli
K-12 MG1655 on glucose minimal medium. Appl
Environ Microbiol, 2015, 81(1): 17-30.

[18]

[19]

(20]

(21]

[22]

(23]

Kiiper C, Jung K. CadC-mediated activation of the
cadBA promoter in Escherichia coli. J Mol
Microbiol Biotechnol, 2005, 10(1): 26-39.

Rhee JE, Kim KS, Choi SH. CadC activates
pH-dependent expression of the Vibrio vulnificus
cadBA operon at a distance through direct binding
to an upstream region. J Bacteriol, 2005, 187(22):
7870-7875.

Lee YH, Kim BH, Kim JH, et al. CadC has a global
translational
Salmonella enterica Typhimurium. J
Bacteriol, 2007, 189(6): 2417-2425.

Harden MM, He A, Creamer K, et al. Acid-adapted
strains of Escherichia coli K-12 obtained by
experimental evolution. Appl Environ Microbiol,
2015, 81(6): 1932—-1941.

Ponce E, Flores N, Martinez A, et al. Cloning of the
two pyruvate kinase isoenzyme structural genes

effect during acid adaptation in

serovar

from Escherichia coli: the relative roles of these
enzymes in pyruvate biosynthesis. J Bacteriol,
1995, 177(19): 5719-5722.

Miller WJ, Capy P. Mobile Genetic Elements. New
Jersey: Humana Press, 2004: 83-96.

(AICT%0 ARHETT)

cjb@im.ac.cn



