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JohEE,

TEE VA N AEAE 2 R0 ) B A, 2440
JiL i A2 8 S0 SRR (pHL L T BE LA R 30 2 ) AR
AR, LA B — S 1 A iR AR AT DL O O
Tk — ZR G S e 1 O 245 81 45 98 7 R O B R Y A =
AT 5 24 i R B S b 3 1y S0 SRR S Y A8 Ak . R
=2 QB T A (B an R AT i), RS DI REAN ] 7326
FEA 8", Cpx. Psp. Res KUK Bae FLFhJE S
Bamie, WHRHGE R, XS A AR v Dl i
U T 5 DA R SN R B AR, DA 5 440 i 5 4
Hb3T SN AU (RS,

KGR EA AR BT =IHE . 54E
THFEFRA, B T A H AR BRI
Z—o Zhang FF A4 Jaks AL T AR 78 %
NG TTZ 69% (V) ki K FF s
Okochi &5 i XJ 4 Jay & s M5 F IO WESE . K
cyad (adenylate cyclase)J [F i) ai bk AE % 12 = 41 i
SR N T3 O N E N R = N O 1 i e
cAMP RYSEM, Sk T i —2 T i 4 AN 57 2 ]
PYVE FILER I ELA i Rl sz M, A58 DAt
JEJI R ARt K, i AN [ BE T A 344
M, TES5 T BRI RN AR, TR
g T TR S IO B S HEZH 43 43 | A T R
ISR, B S AN ML R T 32 R A4, 2210
T 1000 7 240 el 3 TR K 1A A e R i R T 52 1 4
R A

1 AR

L1 BvRAER

E. coli IM109 (DE3)NASEIG 2 AR5 ; kL
pQE8OL-Kan 4 H Qiagen GmbH 7\ F](Hilden,

Germany),

1.2 FESFAEYFERN SR

SR 9t it PCR i B e FH Y DNA 2R
4 SYBR® Premix Ex Taq II (Tli RNaseH Plus)
(2xConc.) ., F1#E DNA 4§ PrimerSTAR® L) &
BRI TR B RGE A A R A, — 5
W% 4% Exnase 11 W F R 5 i MR AR M) RHE A BR
ONFE], BIEHREE S DNA [EIMGRH& . TR/ il
# AR & LA K PCR 7 alifb il &l B H i HEsy
AWy TR BR S v, oAb ek i 3R] Sy el 7
Bratio 519 d M ELRAE YR A R A R AR, S
PRI e Pl 35 1h B8 & AR I BOR () AT IR w4 it

LB 3535 [ RHE B 0.5%, JBE8E (1 15 1.0%,
NaCl 1.0%, 1x10° Pa K 20 min .
1.3 ZHEE PCR

cDNA il % : ¥ RIEIE I E. coli IM109
FERE 1% (V)RR R 2 30 mL fifif LB W
fREFEIE, F 37 °C. 120 t/min B3 5 ODgoo 2
0.8 B, [IFERH SIS [ B (0.2%-0.8%,
V/VY T, 428535 90 min 5, "W 2 mL,
F 5510xg RO 2 min, BH FiER R ILIE
A, HE1T RNA Byl o il — 27 cDNA G
(¥ ) aOR & (R ER A TR IR A R &
ORI Y ¢cDNA

PR PCR: LBk cDNA MHitk, L
qPCR-rcsB-F/R . qPCR-cpxR-F/R . qPCR-baeR-F/R |
qPCR-pspA-F/R . qPCR-rpoE-F/R NE|W)(FE 1), kK
FHl SYBR® Green 1 #8526 (R AW TRA
FR/NF]), SYBR®Green I 58U DNA 454 )5 & Hi
9ot IR PCR J AR B EE DNA 5
SYBR"Green I 454 K& H 7GR, i Al LIk
B H BB A THES E R E R, RNIERS
MR G i B
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F1. KBHAI5Y

Table 1. Primers used in this study
Primers Primer sequences (5'—3')
qPCR-resB-F ATCAAGTACATCAAGCGCCA
qPCR-resB-R GCTTTCCGGGGTAAATTTCTTC
qPCR-cpxR-F GCGCGGCAGTGAACTTGATCG
qPCR-cpxR-R ACGCTGTGCCGGGAAATTCG
qPCR-baeR-F ACGCTGTGCCGGGAAATTCG
qPCR-baeR-R GCAACGGCGCAAAATGGTTTT
qPCR-pspA-F GCAGGAAAAAGCCGAACTGG
qPCR-pspA-R GTGTTTCGCTCAATTTGTTTTCCAG
qPCR-rpoE-F ACATGGCTGTATCGGATTGCTG
qPCR-rpoE-R CGGAAAACTATCTGTCTCA

CACCATCACCATCACGGATCCATG
GTGAAAAAAGCGATAGTGACA
CAAGCTCAGCTAATTAAGCTTTTA
CTGCCCCAAACTACTGCAA
CACCATCACCATCACGGATCCATG
CGTAAATTAACTGCACTGTTTG
CAAGCTCAGCTAATTAAGCTTTTAT
TCAGCAGTTGCAGGCATT

pQESOL-nlpE-F

pQESOL-nlpE-R

pQES8OL-spy-F

pQESOL-spy-R

1.4 pQESOL-nipE F1 pQESOL-spy 21 FkL fth

PL E. coli IM109 J& K ZH R #ihR, 4351 LA
pQE-nilpE-F # pQE-nipE-R .pQE-spy-F #l pQE-spy-R
MHIY @ AR PCR B 4R45 2 AN JEDH A B,
KNSR 711 bp F1 486 bp, PCR FEF: 95 °C
5min; 98°C 10s, 55°C 15s, 72°C 1 min, 30/
PEFR; 72 °C 10 min, 16 °C 30 s,

pQESOL-nipE

g 5252 bp

{85 BamH 1 F1 Hind YIL 19 ol B2 41 44 P ) il o)
pQESOL #R AR 17 W g VI L& PEAb, W) &5 1Fh
37 °C i) 6-8 h.

¥ PCR 9 14717 [R) 5 1 nipE 1 spy FEPH
Bt 5313 BamH 1 1 Hind 11T 3 BRI 4 LR
V15 1 pQESOL kM4 o) — 4 vi P Mg 4 He 1Ak
F (P L TMERE A MR BR A W) )i 2, ) At kE
pQESOL-nlpE 1 pQESOL-spy (& 1), — L vikkik
AR FR A 50200 ng Zet:Ak pQESOL, 20-200 ng
WA, 2 uL 5xCE 1II Buffer, 1 pL Exnase Il
BEARRE T 37 °C ¥ 30 min, Ff S0 58 UG
BT UK A S min, b 2E A o
WG N E. coli IM109 27541/, FFIRMTE S A
RHREE R M EMAF-Hr . K HIE L RV PCR W15 56
RSP AR BHPE B T, K bt i) BE 5% Ak -
Ik .

1.5 nipE F spy JH BRI 2

I3 WL spy-K-F/R Fl nlpE-K-F/R 5|91, DL
Ki pKD13 SRR 4147 A [FE 1Y FRT-Kan-FRT
FBL(ZY 1450 bp), 183 L 28 & AT [ U
FRT-Kan-FRT F B A pKD46 ) E. coli
IM109 J&3Z 25, S F E. coli IM109 A
Y1 F o K B0 UE AR I 0 BH A B 21 i BB A2 i R

BamH 1

Hind 111

pQESOL-spy
5027 bp

1. EHFH pQESOL-nilpE 1 pQESOL-spy 7~ = [

Figure 1.
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Scheme of recombinant plasmids pQE8OL-n/pE and pQE80L-spy.
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S22 20 M R T A v o A U A AL, IR
K pCP20 HUEE A28 A, 30 °C i i
iR, ML 42 °C mEkEEFE 10 h DUHBR R
pCP20,

1.6 E. coli IM109/pQESOL-nipE Fl E. coli IM109/
pQESOL-spy M%7 it 324 Fr

1.6.1 EHAWREBREXSN: HIRGELNE
HETE IR 1% (V/ V)RR 42 2 30 mL Bl LB
WARREFRIET, F 37 °C. 120 t/min BEHIAE
ODgoo B3k 0.6 B, USIMZHEE K 0.2 mmol/L )
IPTG, T30 °Cif5355% 6 h, 7E4 °C. 8801xg
0 10 min TR, LEMP R b T
MERE 15 min GRS 1s, [EI8K 3s, 500 W), BEHRME
47 SDS-PAGE 438 [ R AR L

1.6.2 EAWE N2 M E . 4w A
A pQESOL ) E. coli IM109 (W M4 515 S
K 5%(0.2 mmol/L IPTG) & ODeoo i5E]M 0.8 B, ¥
0.8% (V/V)IE T EEIMAZI 4 MLRE A=W, 30 °C.

120 r/min 3557 10 ho F[A1EERE 2 h BUREE 500t
JEFETE ODgoo BRI R AR Iy A= R DL

1.6.3 EZEMN MATH 2047 : KA1 URS & k)
Ak & W) 1 (microbial adhesion to hydrocarbons ,

MATH) ¥ ] 5 41 i 2 i K AR AR U0, A4 &
EH TR A2 P R B R AR S B R BT
¥k E. coli IM109/pQESOL FIH Ak E. coli
IM109/pQE8OL-nipE. E. coli IM109/pQE80L-spy
ZEEREFE SR F5(0.2 mmol/L IPTG) 6 h, 7E 4 °C,

8801xg Z51F T .0 10 min YA A BRI EUES
F3, 0.1 mol/L WYBERRH 2% vhil (pH 6.0)& 7%
A, EHIWIL ODsoo fEH 0.8-0.9 (A0), WK
4.8 mL W5 0.8 mL M A RA, EliE
15 min, 43)2 5 BOKARE S E H ODyo [E (A1),

REBE AR A (D)5

Kl (adhesion, %) = (AO ~-Al

jxlOO% ~3(1)

2 ERMEHR

21 KBHTFET BEE NN E BRI EE

o PR M R R W R AR E . —, 2
PRUEH A B E W AR RS R 25 BEETT
AR B AR BR SR AR A W A S TR 40 A
e FiEAe . WAEY T LU RS b i 5 5248
b, FEIGEA AR, 5SS e % .
FEMIZRIK, RN R EY)EIIRE . A0 3 E
i3 A B RRAL R E S A T o, HEg
R Z TG S FimAe . Horb, B &
AR AL AR Y B R IR A0S S 16 3 R ¢
HAZ OB E A, 2H R e (5
SR =[RS PIPAE i L E e
JZAFTE T 2 R BAE T, IR EE,
Py ANmERE b, TR A R A LA LR G i Bl b R R
e

TE RS AT TR PP 5 A A TR A0 s g 2
w45, 479~ Bae (bacterial adaptative response) .
Cpx (conjugative plasmid expression). Psp (phage
shock protein). Rcs (regulator of colanic acid capsule
synthesis)Fll 8" JRAE7, 18 A LI A HLIEF]
pH. il BE AR AL SE )RR, A0 2 7 ] o s ) AR
R zrfr eI ER, XL E MR REE
SV RSN B K A K f 8° 455N AR 1
RseA, WEES 11 o HEAANMLT 5 RNA RAT A A A
M, BB RIER RS, SERANE S Tk
JIma R, FERIARFEE R, XA i b i A
WS, Psp ML i&4E F B pspABCDE #:4\
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TR e A IR0 BT 30 Iy 5, AT 445 4 L )
EFAR AR, BRI Z AN, WA 4 R 2 i
12 Cpx 1 Bae TEXF PR A8 REUS M FNd by 1 T R
P T AR E AR, T A B ST A A
WU IR AR AL, AR {5 B R SO A%
O, TEfE CpxR E R KN T 7454 B 1L A
JA BT IX SR A1, S BHXE a 3 OR G A s
T8 211 5 P SR 2 52 30 PR S 0 i A SR I, )
DLBGE Res W RGN, S dniaxiyid:
FIPCENS aTIE W, KBTI AR R
73 07 AR A5 A 4 240 B B R 04 56 R M )y T 473 0
G EEM A,

T ER A0 I P e R R (4 ke 2 87 B A1
ST T IS, VT A M PN R L R T
SERAR R S| A] LLBKTE Bae Al Cpx w2,
Pk Bk < BE T DAE S 0E Psp 1 8" R&GE, i
H R T RREGE TS Res, 8. Bae fl Cpx
FaM . RO TR AR B S A
AT DUIE o S A s A8, DT R 4R DG R 1Y)
ik, N T E R E T T T AR A 2
PR — T B S I ELE A R R T N A s AR
KGR RNE ], AT g DL ) i
i SO R R R S, BRI R N
A ILBOR AR T s S AT ALY R A B 3 4 IR
Rk o AMIAS R e BE O T BRI E. coli
IM109, 175t 5E # PCR M 4 s 72 41
Gy SO R TR Rk AR . B2 BoR TRE
FH TR (0.2%.0.4% ., 0.8%) A = , cpxR (Cpx)
Fl baeR (Bae) & K i iK1t 4 A AHXTHE 5 T 1.0,
1.5.8.3f5H11.1.1.4.3.3 1% ;rpoE (8") . pspA (Psp).
resB (Res) Rt B R B # BB/, H rpoE Bl
T P i SRR AT S B0 RN ME R XS T TR
A, PR LAY O o e ) IR i 4% Cpx A

actamicro@im.ac.cn

—0—resB
—0—cpxR
| ——baeR

02 03 04 05 06 07 08
n-Butanol/% (V/V)

El 2. AETERET E. coli IM109 [£ 1 [ ZiREH

KB RERE R RIAKFE

Figure 2. Expression level analysis of key functional

components in the stress response pathway of E. coli

JM109 under different butanol concentrations. 2 4¢T

means fold change of expression levels of genes.

Bae 239 % — b I0E DA T BE B 47 M G2 A T BELS
MApAT AR T), UHETER S T ERIE T .
Hit, ¥ExE Cpx Ml Bae AW 4, it Rk
FIRE BRI L2 2R G0 H G EE L R (nipE R spy) DA K
HMIEES T cAMP 120 T /K 1 23 M S R 5T 1
BERGGIERINZPER R
2.2 nipE Fl spy BRIk @R K AL Rt 32 2
KE

Cpx W& R4 F L Re 2 A 40 M IR
AL, HET PR S T A DG BE R 1 FE %, I
AT A A AR ARG 4R 5 Snyder )
FPTAE 240 FRORY B 38 ik R i, SRR £ 11 NIpE
(new lipoprotein E)AJ LSk 4 i RS 710 4 i A
oA, 77 A — VS5 AT Cpx N&&
o BIRAGETEZ G . B 2R VLRV 52
FReP, NIpE 3 S 30 H A g ek KO,
YEHR Cpx B R EEHIGES, NIpE SN
FHAMWFE R EZE LT L, Spy (spheroplast protein Y)
Gty — A B o AR, ZESN R ) R 2 A
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T, S R A R A SR AR N B A Y T
W&, MRS EONTSEeE. Rk
W, spy BRI A — B baeR 1w B[R]
45457741, BaeR fEfg 1L 454 p 9 H R spy.
mdtA . acrD F ycaC &Y, H— )M,
Yamamoto 538 1f WAEE & SRS & AR T, Y
FE [ CpxR BB A% 4% spy LR FRE, &4
AN ) 4 JE B TPk Rutherford 4538 i i %
20T, AN TEEEIT, spy BIFRAKFEE
2 YR A Spy /A Cpx Fl Bae N2
IR A E B 1, AEIERNA AE  J) AR kLA
B B R T8y A T AR E RN, T
P S5 A AL 0 1) 8 5 1 ) 2 A S % 4 e B2 1)
BEIR, Z5F NIpE F1 Spy X 41 B 1155 ) 80
FAL AR, AW R L 1 = RS 2 AR
1R, T sk A A 55 40 76 e ) R 28 i 4%
XF 18 3 A HLIES T 2 1

2.2.1 nipE M spy B3 KK 1506 nipE 1 spy
5 pQESOL Fik#kikittk, JF4E AfE FWRIGE
HEIE E. coli IM109/pQESOL-nlpE #1 E. coli
IM109/pQE8OL-spy. &l 3 i./n T 3 A nipE Fl spy (K
INYRIR 711 bp 1 486 bp)T NI & R BAA

(A bp M 1 2

(B) bp

pQESOL I, @i SDS-PAGE K:1iF NIpE #1 Spy &
HIRIE (A 3), 70T =K/ HI2k 25.84 kDa
#118.19 kDa,

2.2.2  nipE Flspy B R iRk - 38 10 H1 5 0K PCR
315 FRT-Kan-FRT i B A 545 pKD46 BT i
E. coli IM109 J&ZZ4MEr . R HEET Y
spy-C-F/R, nlpE-C-F/R 73 %) e 4k 547 14 7%
PCR BiE, IN#45 E. coli IM109-AnlpE::Kan F
E. coli IM109-Aspy::Kan % [F4fi A Bt (£ 1500 bp)
(K 4-A); HJE¥ Bk pCP20 R E. coli
IM109-AnlpE::Kan il E. coli IM109-Aspy::Kan H1,
I 42 °C miRAL S, FIHSIY spy-C-F/R,
nlpE-C-F/R ¥ ¥4 3R BR Kan 519 FRT &£ F Bt
(K2 250 bp) (K 4-B), i 4k45 nipE F spy 1
MERTEERE E. coli IM109 (AnlpE)FI E. coli IM109
(Aspy). SDS-PAGE 43-#7 ] A1, 1E NIpE (25.84 kDa)
F1 Spy (18.19 kDa)iyxf v & Jo & 1 5%, Ktk
nlpE F1 spy 152 1 @Br (Kl 4-C).

2.2.3 nipE Fl spy BHWEMZHERAE: 7ESMET
I 0.8% (V/V) T BERIZAT T, WD bk g A= 4R
Bl P 5-A B R TEAL 10 h )5, mBREE
E. coli IM109 (AnlpE)A E. coli IM109 (Aspy)i)

M1 2 3 45 6 7 6 M kDa

3. nipE 0 spy MR EFRIRERIE
Cloning and heterogenous expression of nlpE and spy. M: marker; A: amplification of nlpE and spy.
Lane 1: nlpE; lane 2: spy; B: colony PCR of recombinant strains. Lanes 1-3: E. coli IM109/pQESOL-nlpE; lanes
4-7: E. coli IM109/pQE8OL-spy; C: SDS-PAGE of recombinant strains. Lanes 1-6: supernatant and precipitant of
E. coli IM109/pQE8OL-spy, E. coli IM109/pQESOL-nlpE and E. coli IM109.

Figure 3.
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(A) bp B) bp M 1

1900 000
1450 b 2
1000 P 1500
750 1000
= 750

500

250

kDa

e —116.0
—66.2

4. nipE 70 spy B E R R R EHFRIEWIUE
Figure 4. Deletion of nlpE and spy from E. coli IM109 and verification of protein expression. M: marker; A:
verification of inserted fragments FRT-Kan-FRT. Lane 1: AnlpE, lane 2: Aspy; B: elimination of Kan resistance

gene. Lane 1: AnlpE, lane 2: Aspy; C: SDS-PAGE of recombinant strains. lanes 1-6: supernatant and precipitant of
E. coli IM109 (Aspy), E. coli IM109 (AnlpE) and E. coli IM109.

A 4]

1.3 ¢
1.2 +
1.1+
1.0 -
09+
0.8
0.7

OD(:(]()

t/h

—0-E. coli IM109/pQE8OL
—o—L. coli IM109/pQE8OL-nipE
—A—F. coli JM]O9/pQE80L-spy

2 4 6 8§ 10
t/h

El 5. 0.8% (VV)TEGRE T nipE 70 spy SR EFR(A)FIE HE #R(B) A E K h £k

Figure 5.

Growth profiles of nlpE and spy knockout (A) and over-expressed strains (B) in the presence of 0.8%

(V/V) n-butanol. Error bars indicate standard error of triplicate.

ODgoo I35 1.219 1 1.174, XFBEZ ODgoo M 1.331,
PR BT 8.41%F1 11.80%; nipE Fl spy
()RR S 2 R AR T RTAR Y T R 2 M 1] 5-B 46
REIR E. coli IM109/pQES80L-spy 7£ 0.8% (V/V)H
TEEARFE 10 h 5, AR A AR HER DL S S R
i ﬁ%ﬁ#ﬁﬁzﬂ E. coli IM109/pQESOL , % & ODgoo
R[5k 1.475, HRTBEZH(ODgoo 1.301) 55 13.37%, 1
B Spy Y3k 354 1] T4 i TR AT T B T A2 1

M E. coli IM109/pQE8OL-nipE HikkHZ: ODgoo
1198, HXFIRAIAE 7.92%, NIpE (3 7235 )

actamicro@im.ac.cn

PREARTE T BEIE ) N AL TAIX AR K # . SIS
REH], TEANFE TSI ST, Spy Rik&
e, BUEBERIL) CpxR Fl BaeR BE B A3 %L
BEVFZ MR MRS M R 55 s U7 kA, BiFgE
'S Spy mUFIAE AT IR ESRNITFL 2 5%
Bk, HBNE TR TR E DY S —
JiTI, NIpE 24l MEE 1, Al 2 5 s
FNEEE I MR F A, Hidik NIpE GE
OGN it AcrD, TolC F1 MdtABC %4424
PIAMHEAE R0k, DA 4 oy B b R T 245 DA B 4
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J& B FHitE". SR, AcrAB-TolC AMIEEEAS
JEAEREILCUN T B A HER R, Ik, id ik NIpE
XTHET E. coli T BEIMN 32 M AT DT -

2.3 SMEWRID cAMP X} nipE 1 spy BB T
TR 52 R R W)

MY Sz B AN, BAME S E e
HZKRE G G, SR AR b B iR
ML (adenylate cyclase, AC)iEfL ATP i 2= Hf
FRTMIA K cAMP. cAMP A4 58 A5 38 i s
PKA (cAMP AP B P13 ) fof 0 400 b 85 11 ol PR
Ak, DTS A L0 2 S o cAMP e XA
MR R A K AT 5'-AMP T 9GP, HAR U A &
girp Cpx FG¢ 208 40 M N IE | 1Y 2H 22 R L ity
CpxA LA KA T 400 i Jo i) o )92 341 49 26 11 CpxR 21
T B A S AR A R L AR

A, AR 22 Gl o AN cAMP 28X H 4l
PR T B 32 PE A R o
He# Il 5-B FIE] 6-A ATAL, ZEUSHIT cAMP 7,
SEIG2H AN HEZH PR ) A 4 R DR B A R AR X
(A) 2071
1.6 -
§ 12 F
0.8

—o—F. coli IM109/p
—A—E coli JM109/p

0 2 4 6 8
t/h

E&OL-nipE
ESOL -Spy

10

oL coli IM109/p §E80L

6.
Figure 6.

TGN cAMP (18] 5-BRULARA &R, Rtk
E. coli IM109/pQESOL-nipE . E. coli IM109/pQESOL-
spy FIX BETATY) ODgoo fEH1 1.188. 1.455 1 1.309
A3t K 3] 1.676.1.817 Fil 1.565. EALE kK E. coli
IM109/pQESOL-nipE FHEFETRIN cAMP 544 H
A H T BETR B R T R S, HEN AT RE R N
BRI NIpE 7E3IT cAMP 1954, X
Cpx FE SN &E RAEIEARIER . HAFEK E.
coli IM109/pQESOL-spy [FIFEFRILH T B 451 T
M 2, cAMP E R LN 25 A5 5> FHE 5 cAMP
receptor protein (CRPYEE G, S 5MNITFL
TR FEAG IR, CRP Y A 2 BOE R T BE 2515
SIS 8° RN Cpx JEJI R R4, TR AZ A 3G
SEPH A s DT B o A0 ML T 324

N T iE— L HHIE Cpx 1 Bae [k ) N 22 i@ a2
HAFRNFOE I F55, FRATES: T Cpx &‘%iﬁ?x
Y epxR FEFT Bae B &R #2 H ) baeR
T 3 ST A E B PCR S KO 5452 ,\%1_
AR ZE R UNE 6-B FR, A cAMP J5 , 7£ NIpE

7
cpxR
61 bacR

24AACT

NIpE NIpE+ Spy  Spy+

Strains

SNIERAN cAMP X ELEE R T B2 314 R F2 00

Effect of exogenous addition of cAMP on the n-butanol tolerance of recombinant strains. A: effects of

exogenous addition of 5 mmol/L cAMP on the n-butanol tolerance of overexpression strains. Error bars indicate
standard error of triplicate. B: transcriptional level analysis of regulators in overexpression strains by RT-PCR. C,
NIpE and Spy: E. coli IM109 and strains overexpression of NIpE and Spy; +: exogenous addition of 5 mmol/L
cAMP; 2724°T means fold change of expression level of gene.
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Figure 7.

Effect of different solvents on the growth of E. coli JM109/pQESOL-nlpE and E. coli

IM109/pQE8OL-spy. A: 0.6% (V/V) butyl acetate; B: 0.6% (V/V) cyclohexane; C: 0.1% (V/V) toluene; D: 0.6% (V/V)
tetrahydrofuran. Error bars indicate standard error of triplicate.
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Table 2.

Adhension of recombinant strains toward different organic solvents by MATH

Solvents E. coli IM109/pQE8OL

E. coli IM109/pQESOL-nlpE

E. coli IM109/pQE80L-spy

27.55%=+1.56%
33.76%=*1.24%
15.49%+1.24%
35.80%=+7.99%

Butanol
Butyl acetate
Toluene

Cyclohexane

31.59%*1.24%
39.76%=4.85%1
11.59%+2.33%|
17.54%3.01%)

8.48%+1.32%)
26.22%%5.94%|
7.65%+0.86% |
11.71%+6.81%]

The values in the table are the adhesion rate.
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Improving n-butanol tolerance of Escherichia coli based on
membrane stress response pathways
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Abstract: [Objective] To improve n-butanol tolerance of Escherichia coli by screening and engineering the signal
transduction pathways thinvolved in solvent stress response. [Methods] Under butanol stress, expression of
response regulator in membrane signal transduction pathways of E. coli was determined and analyzed using
RT-PCR. Key regulating components of stress response pathway were deleted and over-expressed in E. coli through
red-homologous recombination and one-step clone. Solvent tolerance and membrane hydrophobicity analysis of the
deleted and over-expressed strains were conducted against six different organic solvents. [Results] Expression level
of cpxR and baeR in two-component stress response pathways Cpx and Bae was increased by 8.3 and 3.3 folds,
respectively, after n-butanol (0.8%, V/V) treatment for 10 h. Under the solvent stress of tetrahydrofuran (0.6%,
V/V), toluene (0.1%, V/V) and cyclohexane (0.6%, V/V) for 10 h, the ODgy of recombinant E. coli
IM109/pQE80L-spy and E. coli IM109/pQE80L-n/pE were increased by 0.13—0.17 and 0.05-0.13, respectively,
compared with the control (AODgyo of 0.02—0.04). Organic solvent tolerance of E. coli was improved. [Conclusion]
Two component stress response pathways, Bae and Cpx, participate in the response of butanol stress.
Overexpression of Spy could effectively improve organic solvent tolerance of E. coli. This study provides

theoretical guidance for elucidating the mechanisms of microbial organic solvents tolerance.
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(R RBET)

Supported by the National Natural Science Foundation of China (21276112, 21506073), by the Jiangsu Science Fund for
Distinguished Young Scholars (BK20150003), by the Six Talent Peaks Project of Jiangsu Province (2015-SWYY-008) and by
the Research Cooperation Project of Jiangsu Province (BY2015019-19)

"Corresponding author. Tel: +86-510-85329265; E-mail: yni@jiangnan.edu.cn

Received: 22 February 2017; Revised: 10 May 2017; Published online: 25 May 2017

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



