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Screening of Butanol-Tolerant Escherichia coli Strain by Global Transcription
Machinery Engineering and Its Characterization

SI Haiming'*, HAN Ruizhi'?, XU Guochao'?, DONG Jinjun'?*, NI Ye™?
(1. Key Laboratory of Industrial Biotechnology,Jiangnan University, Wuxi 214122 ,China;2. School of
Biotechnology , Jiangnan University , Wuxi 214122, China )

Abstract. In this study,we employed a fast and efficient approach, Global Transcription Machinery
Engineering (gTME ) ,to improve the butanol tolerance of Escherichia coli. The results show that one
mutant . coli IM109/pHACM®™ harboring rpoD) mutant B8 could tolerate 2% (v/v) butanol. Further
studies showed that the mutant B8 also exhibited high tolerance to other organic solvents such as 3%
(v/v) isopropanol, 8% (v/v) ethanol,4% (v/v) cyclohexane and 0.3%(v/v) toluene. To further reveal
the tolerance mechanism of the mutant,we investigated the physiological characteristics of both E.
coli JIM109/pHACM™ and the mutant BS8. The results show that the intracellular butanol
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concentration of mutant B8 was 55% lower and has improved acid tolerance compared with WT. In

addition,Mg*" was proved to have a beneficial effect on the butanol tolerance of B8 mutant. Our

study provides experimental data and theoretical basis for constructing OST bacteria for industrial

applications.

Keywords: FEscherichia coli,butanol,organic solvent tolerance,global transcription machinery

engineering
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Fig. 3 Butanol tolerance assay of mutant B8

05

—m— B8
—o— X

04

OD(\(y(l

I} & /h

4 FTERE R E.coli JM109/pHACM™ #0 32 25 #% B8 7E &
MO 2% TETHEKER
Fig. 4 Growth curve of WT and mutant B8 in 2%

butanol

2.4 B8 3t HAMFHAF MG ZHE

ZE7AEBE B8 X T EER B T by iy 2, R
TR 12 5 78 MRS A R A A L R B A R
(AT 2 P, FRATT 38 ae ) 5% % R b R 0 7 v AR R T
(A ML 70 A UE B B R (R 5 00 32 1, 5 SR LI S
SR MR B8 WS T L BE PO bE | H R 1 S5 K
ZARF B 9 M 3% 8% 4% F1 0.3% ., i % BE B
PRAEARFR 50 1909 5 T 1 3% LB 1% 3 e Fil
0.15% W 2 g f5 1k A= 4, SR WIFRATT O 28 4R 45 1) 58
AR KR AL RE UG it 52 T B, % H Al AT LV 57 A9 T A2
WA WY b 4 v, 10 T 32 5 A8 Rk T R A2 AL ) 5

Xt FCAU I (4 5 32 ML A A 3L SERT A BTk
B, K AT B R 5 T B A2 AR OGN X 2B 5 T
B [F) A 5t 4 S 52 AT, 30X ) T 32 B R A A
[ F) P A A P A AR R P B9 TR AT 2R

20
E222 B3
B 0] [
15
a L
g 10
05 |
0.0 1 2 3 4 5
ST R 0%
(a)
20
B2 B3
B 0
Q@
o

45 6 7 8 9 10
LIEFHERI L %
(b)

0.0 1 2 3 4 5 6
W BB %
(©)
2.0
23 BY
1.6 == XJ i
1.2

OD660

08 t

04

0.0 0.10 —0.I5 020 025 030 035 040

HZRR T E0%
(d
5 REKBSWNRTE.ZE. RSK.RENHZ 4
Fig. 5 Solvent tolerance of mutant B8 towards isobutanol,
ethanol, cyclohexane and toluene

2.5 E.coli JM109/pHACM™" #1232 3 B #% B8 ff /4
T EE KRR B E

ik — LR S bk B8 TR A7 PR AR 1 R
JFRATTHE B T X IR BR E.coli IM109/pHACM™ FiI

BELRE JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.3 2019



B A Ak B RS DA K R T BE AT KW AT B AR

SR X

o
Ay

ZEAERE B8 TEAR B/ 41 0.8% 7F T i AN T
Pt ot i o B A8 Ak, FRATTABE, 7E 37 CHiF: 1.5 h
J& B8 M PN T BERY BT A ECH 1.29 we/mg, WA
TXF BRI PR 2.86 weg/mg. T T BERE S E ik 20 i g
HE AL AS AR 4 7 R EL A A R it HL
CINVRT 3781 oA A R TS 1 o S e S il PN
e, SEEGAE BRI AR R B8 X T BEAT B 4T (4K
TEIRE 7, 3K 2 58 A8 Mo T I EL AT A R T A2 1 1 i
Wz —,
2.6 E.coli JM109/pHACM™" #1325 & #% B8 Xt R
[E pH it 52 B Lk %5

0 M 23 77 A R B i e ok HCAE A1 AT BILIE R
JE 700 Hol ) AL b 7 AR ATP Y R B 23 7 A
KA HY, 4IHE 26 X 2 HHERR A4 DL 4 5 i
AR, S50 4 M A K PR 1Y pH 23R AIK . (R 3k
T30 52 B 5 T BE TR ik A 2€ 72 R B8 7E AN IA] pH T 1Y
A KNG DR — 25 UL B8 T T A7 Mk 4R A s
P i 6 FF R BR pH 3.5 B B8 B bk A28 28 #k B8
A SE A2 BRI Ah 72 A pH 2R5E T B8 A K
ARGUER I 4T X BB AR . pH 4 5 B, B8 1 ODggo
KRBT 1.8, RUILEMRME A1 T 248 bk BS 4 K 1%
OLRGF, HE—25 3 B B8 BEAE B 4T 1 3E S AE AR
7332 v i AR L PR L AR B AR A

20 r

B g
1.6 | B g
_ 1.2
o
S 08 |
04 +

3.0 3.5 4.0 4.5 5.0
pH

Bl 6 REHkBSEARE pH THAEKIFR
Fig. 6 Growth of mutant B8 underdifferent pHs

SE Wk

2.7 Mgt B HR 52 14 B 2 i

W & Mg Be 5 32 = Pputida %47 Bl
VR T 32 A8 7, FORFRATIN E T Mgk KM kT i
SRR B8 T A2 M (52 w45 2R LI 7 575 Bk B8
UG B B AR TE R B 80 0.5% T B 1 R, Mg> i i
TS R = PR AR TR 3Z . fEEE IR 10 h 5, %
AE KK B8 [ ODego o AN M550 T 1Y 2.45 25 &2
2.81, Mg nl L 55 4 a2 1 (9 B 701 19 i 22 0% LPS
A T A T 40 B 2 43 1] B B T, (AR
200 Jt 471 S %) T IR A, DTG SE A R B HR BT A B
LTS 700 0T 240 i 1 e 1122231

—&- B8, Mg™(-)

[ = B8, Mg ()

;;;;;

0 > s 6 g 10
I [El/h
B 7 Mg»%t =Tk B8 3t B E A 214 %
Fig. 7 Effect of Mg>* on butanol tolerance of B8 and
WTstrains

MR

KIGFFEAE R —Fh T & TRE Kk, 5%
o oy FERAE AR G R ER A R T Tl
I 4 Jr B S AL A TR Ok 07 3k T T T A2 1 A R AR
Ry — P PR AT R T S A R e A BRI G
PO T AL, AR SR AL 9 AR 4 R i ST o
()5 35 0 e AR A T — MR BE WS T 32 (R B 40 8k 2% T I8
(1)K B FF 1A 28 A8 kR B8, IF XS BRTE AR E.coli JM109/
pHACM™ FIZEAE bk B8 5 T Bt iid 52 AH 3¢ (4 M ot 14 17
THRIE IR T ORI AT BT B 32 M B v 1 D
K, ASHIESE A R o S2E W DA R 1 T e 32 1 4
BT S S 4R RN R e B A

[ 1] SIKKEMA J,DE BONT J A M,POOLMAN B. Mechanisms of membranetoxicity of hydrocarbons[J]. Microbiological Reviews,

1995,59:201-222.

[2 ] LI Xin,LI Zhigang,SHI Zhongping. Effect of carbon/nitrogen ratio on butanol fermentation performances in two periods[J].
Journal of Food Science and Biotechnology,2014,33(11):1168-1175.(in Chinese)

LRSSt HRLZIR 2019 £ 3BEEIH




RESEA RCH ARTICLE Sl Haiming, et al: Screening of Butanol-Tolerant Escherichia coli Strain by Global
Transcription Machinery Engineering and lts Characterization

[3]BRUNO T J,WOLK A ,NAYDICH A. Composition-explicit distillation curves for mixtures of gasoline with four-carbon alcohols
(butanols)[J]. Energy Fuels,2009,23.2295-2306.

[4 ] WANG Yun,NI Ye,SUN Zhihao,et al. Production of biobutanol from corn stover hydrolyzate by Clostridium saccharobutylicum
[J]. Journal of Food Science and Biotechnology,2012,31(9):904-911.(in Chinese)

[ 5] THORMANN K,FEUSTEL L,LORENZ K, et al. Control of butanol formation in Clostridium acetobutylicum by transcriptional
activation[J]. Journal of Bacteriology,2002,184(7):1966-1973.

[6 ] SCOTCHER M C,RUDOLPH F B,BENNETT G N. Expression of abrB310 and SinR,and effects of decreased abrB310
expression on the transition from acidogenesis to solventogenesis,in Clostridium acetobutylicum ATCC 824[J]. Applied and
Environmental Microbiology ,2005,71(4):1987-1995.

[ 7] DURRE P. New insights and novel developments in clostridial acetone/butanol/ isopropanol fermentation[J]. Applied Micro—
biology and Biotechnology, 1998 ,49:639-648.

[ 8 ] ATSUMI S,CANN A F,CONNOR M R, et al. Metabolic engineering of Escherichia coli for 1-butanol production[J]. Metabolic
Engineering,2008,10:305-311.

[9]SHID J,WANG C L,WANG K M. Genome shuffling to improve thermotolerance, ethanol tolerance and ethanol productivity of
Saccharomyces cerevisiae[J]. Journal of Industrial Microbiology and Biotechnology,2009,36(1):139-147.

[10] BAJWA P K,SHIREEN T,D'AOUST F,et al. Mutants of the pentose-fermenting yeast Pichia stipitis with improved tolerance to
inhibitors in hardwood spent sulfite liquor[J]. Biotechnology and Bioengineering,2009,104(5) :892-900.

[11] ALPER H,STEPHANOPOULOS G. Global transcription machinery engineering:a new approach for improving cellular
phenotype[J]. Metabolic Engineering,2007,9(3):258-267.

[12] ZHANG H,CHONG H,CHING C B, et al. Engineering global transcription factor cyclic AMP receptor protein of Escherichia
coli for improved 1-butanol tolerance[J]. Applied Microbiology and Biotechnology,2012,94(4).1107-1117.

[13] HONG S H,LEE J,WOOD T K. Engineering global regulator Hha of Escherichia coli to control biofilm dispersal[J]. Microbial
Biotechnology,2010,3(6):717-728.

[14] LIU H,YAN M, LAI C,et al. gTME for improved xylose fermentation of Saccharomyces cerevisiae [J]. Applied Biochemistry
and Biotechnology ,2010,160(2) :574-582.

[15] BURGESS R R,ANTHONY L. How sigma docks to RNA polymerase and what sigma does[J]. Current Opinion in Micro—
biology ,2001,4:126-131.

[16] GRUBER T M,GROSS C A. Multiple sigma subunits and the partitioning of bacterial transcription space[J]. Annual Review
of Microbiology,2003,57.:441-466.

[17] ALPER H,MOXLEY J,NEVOIGT E,et al. Engineering yeast transcriptionmachinery for improved ethanol tolerance and
production[J]. Science ,2006,314:1565-1568.

[18] BUI le M,LEE J Y,GERALDI A, et al. Improved n-butanol tolerance in Escherichia coli by controlling membrane related
functions[J]. Journal of Biotechnology,2015,204.33-44.

[19] REYES L H,ABDELAAL A S,KAO K C. Genetic determinants for n-butanol tolerance in evolved Escherichia coli mutants:
cross adaptation and antagonistic pleiotropy betweenn-butanol and other stressors[J]. Applied and Environmental Microbiology,
2013,79(17) :5313-5320.

[20] FERNANDES P,FERREIRA B S,CABRAL J M. Solvent tolerance in bacteria:role of efflux pumps and cross-resistance with
antibiotics[J]. International Journal of Antimicrobial Agents,2003,22(3).211-216.

[21] FU F,CHENG V W, WU Y et al. Comparative proteomic and metabolomic analysis of Staphylococcus warneri SG1 cultured in
the presence and absence of butanol[J]. Journal of Proteome Research,2013,12(10):4478-4489.

[22] WEBER F J,DE BONT J A. Adaptation mechanisms of microorganisms to the toxic effects of organic solvents on membranes[J].
Biochimica et Biophysica Acta—Reviews on Biomembranes, 1996,1286(3):225-245.

[23] NIELSEN D R,LEONARD E,YOON S H, et al. Engineering alternative butanol production platforms in heterologous bacteria[J].
Metabolic Engineering,2009,11(4-5) :262-273.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.3 2019



