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Advances in construction of acetic acid tolerance Escherichia coli
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Abstract: Acetic acid is a promising carbon source, as a common by-product in microbial fermentation. It
widely exists in non-food fermentation feedstock media such as lignin-cellulose hydrolysates. However,
high concentrations of acetic acid or acetate in media inhibit cell growth, biomass, yield and productivity.
It is significant to transform acetic acid into value-added chemicals efficiently through engineered strains
with improved acetic acid tolerance. This paper reviews the state-of-the-art progresses in the strategies of
improving Escherichia coli acetic acid tolerance via metabolic engineering, adaptive laboratory evolution,
global transcription machine engineering and CRISPR traceable genome engineering. Furthermore, we
summarize the acetic acid tolerance response mechanisms in E. coli, including acetic acid assimilation
metabolism, amino acid-dependent metabolism, ion transport system regulation, and cell membrane
component modification in E. coli. Finally, we discuss the application of improved acetic acid tolerance
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strains and the future direction in this field.
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1} 52 A0 o ph 22 DR P [ s il ) 52 2 3R Y, BT
T 52 P4 P O 5 TR ) e 38 08 8 o ok T 52 B ) 3 B4
R\ R,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4252 A 2 A

Microbiol. China

®1 ERWZMHXBITEREE

Table 1 Methods for constructing acetic acid-tolerance E. coli

[ 78 7 1 R o8 2504 F A 225 30k
Strain Method Stress Phenotype References
. coli JW3973 metA"T metAN""’ 1.8 g/L acetic acid, M9 Greater cell density [9]

. coli JW3973 metEY30% RACC. TIOCL COSAKTISE) 1 7 9/] acetate, M9

A(evgA—ptsP—yciW—ackA—

typA—yobF—rfe)

E
E
E. coli W,
E. coli K-12
E

. coli IM109 pPMV24-uvr4
E. coli MG1655  IdhA::pssA
E. coli CL3 GM(AxyIFGH, AldhA,
PpfiB::pdczn—adhBzy,), ALE
E. coli DH5a GREACE (PQ-lib, ALE) 1.0 g/L acetate, LB

E. coli ATCC8739 ALE
E. coli DH5a Acrp gTME, crp

E. coli DH50 Acrp gTME, crp

15 g/L acetate, M9
5.2 g/L acetic acid shock

1.8 g/L acetate, MOPS
10—40 g/L acetate, AM1

15 g/L acetate, M9

Acetic acid (final pH 5.35)

18.5% increase of specific growth rate [10]
Signifcantly higher growth rates [18]
10.2—-17.5 fold increase of the survival [11]

rates
21% increase of specific growth rate  [19]

Obtain an acetate tolerant strain MS04 [12]

8-fold increase of ODggo in mutant [20]
ARS cells

7.1 g/L acetate defined medium 25% increase of growth rate in mutant [13]
MEC136
5-fold increase of growth rate in the [21]
variant A2

Obtain an acetate tolerant strain ACM1 [22]

E. coli K-12 SCALES 1.75 g/L acetate, MOPS Enriched high fitness genes for [23]
acetate tolerance

E. coli K-12 TRMR 16 g/L acetate, MOPS 50% increase of growth rate in the [24]
variant

E. coli MG1655 CREATE 10 g/L acetate, M9 Enriched high fitness genes for acetate [17]
(fis, fadR, rho, and fnr)

BGgxk4P4 iCREATE 30 g/L acetate, HM Still grew in reconstruction strain [25]

Note: GM: Gene manipulation; GREACE: Genome replication engineering assisted continuous evolution; gTME: Global transcription
machinery engineering; SCALES: Scalar analysis of library enrichments; TRMR: Trackable multiplex recombineering; CREATE:
CRISPR enabled trackable genome engineering; iCREATE: Iterative CRISPR enabled trackable genome engineering.
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TRIAR (1) RN 32 R BE ), RIS TRk E. coli
MS04 7E 10 g/L ZRRENSAMFT , SAUINCIRENAH
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W P= LR 6 5 WLAE, X Bl b K o8 ] s sk 2>
50% (ICso)t, TEHK E. coli MSO04 Y Z FREN#M ik
FER 40 /L, TXT R PRIL R 10 g/L. Rajaraman
LB F I AF T ATCC8739 BRETELL 2.9 g/L Z1R
R ME— BRI 1 BE SRR N R TE  EiEA, ARAS

T 3 MRCTRIAT s2 AR E R, HAELL 7.1 g/L LR
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£, AR R D iR A AR AT B A T T

Luan %P5 i GREACE 4k T HLEI3E 1 5 4
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TFFFERSEHS , Basak 2P 4 R s pLes T
R RS orp st A, I8 T LR 32
PETEBR ACM1, Chen 25V FH 4 Jr i Lo 172
7R T Ok A W 4R 8T A BR R (Deinococcus
radiodurans)¥ 4 JRy P A F TrrE 58748 SO FFFE4L
FIRFFETR, 754 0.7 g/L ZREN LB K537
S 2] LRI Z MR ALS, X AR LI
WK pH BRRM: . 4R SIS TR JRE Hr
R B 2 Jay it S IR, e AT e G RRITN 2 R 5
FERR AT 2256 RN IR 2, SEE 2 Ry 7K ok
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Figure 1 The different mechanisms of acetic acid tolerance in E. coli

e A SRRIFMEIGHE Y, B ZUERKBRRSE ', ¢ BTSRG0T D AN BB i E AR
Tk, AERMEFEIIREIR. acs: D LRERET A G I0EE; icIR: ADINE] L BERREL LRI T5 fadR: 4F% DNA 254
FRER T3 GABA: FHEIR-y-AIE TR metE: DRI AR T IEAG; metd . iDL A RRIEFBEEL NG acp: i
WOR/ICHERR: B THBE N sap: S ZRR/BEHTR . HRMEZHE; SFA: WHIRITIR; TUFA: SGUAERIARIIRR ;
pssA: FTHBEIRTE 22 Z IR T

Note: A: Acetic acid assimilation metabolism®'**; B: Amino acid dependent metabolismt' I C: Iontransport system regulation R
D: Cell membrane component modification'**”’. Overexpression/knockout gene in blueltalic and red italic. acs: Encoding acetyl-CoA
synthetase; ic/R: Encoding DNA-binding transcriptional repressor; fadR: DNA-binding transcriptional dual regulator; GABA:
y-aminobutyric acid; metE: Encoding homocysteine transmethylase; metA4: Encoding homoserine O-succinyltransferase; actp: Encoding
acetate/glycolate: cation symporter; satp: Encoding acetate/succinate: H' symporter; SFA: Saturated fatty acids; TUFA: Trans unsaturated
fatty acids; pssA4: Encoding phosphatidylserine synthase.
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28 o JE I K A TR KA & R 3 1 26— 1 R

B, R T T 2 ek 1 24 i P b i 7 PR 2 R A 5
Tt AR Ak O 20 RS ) T B v AR PESESR A 2
MR AR e, G Xt SRR i HHt J1 (B 1D). 7E
E. coli K-12 CSHI 1, ZERWRFEIEINZE 2.5%107° g/L
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TR o AT B 40 B S v S AN AR U7 R (trans
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Z R A i (phosphatidylserine synthase, PSSA)id & ik
AN T WA Sk IR £ 5 (phosphoethanolamine,
PE)W & i, A5 KIGAF I SRR TN 2 VE bk 5 thoh,
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K SZ ML AT I F AR 22, 72 PR FHIE 9T E
WU T 90 . 7E LRI 32 Pk TRIAR A B 1T, A T
FERIGAT B R T 52 PR T R A SE AR A A D A
A2 M F IR Bt 52 M 2 22 S D s il 1) R 2 3
BRI AEAE H 5 09 )m BRAE 4 R i SpLas TRER )
H IR H AR e B 42 Jry i sk DR 1, iR BN 22 BE PR 45
Tl AR P R A T AT S A, R A T B S R4 AE Y
SRy B, (R TR Rz — BT
CRISPR AJ 36 5 56 R 41 T AR (48 K K 46 J T %8
SRR A3 BT 04 SRV (EUR T R R 2 TR A
TFBERAR G L 5 k2. I, a2tk —
PRI 38 B3 B AT Ak B S R A T AR R E R R JHE AR
Ry —SUTR PR BB GE KART 2 O PR/ L TR EL, # &
ERCRIH R o BN, FERUEY) R A 7 Bl AR
Hh 30 A 1 W AT R 8 EL A B TR R, AT LA
#) 100 g/L LRI W5 K AR B R R TR 11
Gluconacetobacter ™ ¢ 1€ BE K & N #2 R &
(quorum sensing, QS), MEAHELT QS A LAMEGTRK
R RN 2R T 2P0 i TR T B LA
PR IE UL, W iz W T A e
I, HEKHFFE QS REh FH FHREHEE T2
RN 52 LA Ko O R 1) e AL e — T A 281 7
[F) st i & FRATT AT DA — 259248 B SR v KA1
KIGHF T BRI 52 Tk
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