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% E:. [¥ %1 KT8 (2-Phenylethanol, 2-PE)Z —#F BLA BORA Ak o) S AFF R A, W2
JRFAEK Atk RRREDHFAMR, BAT, A IRBAESAKRCERRFGEAT®. &0
o & 2| — ¥ AT E (Enterobacter sp.) CGMCC 5087, L+ vAil# i R A BRABRI& 125 %, 2-PE. R ™iZ @
HAERZI AR R E EFHGME, MmN B~ 8. RpoSHA —HETH o BFfES
FEARTHEZRATET, EmA IR a s KPR T 244 LB ¢ 189 HAFEH CGMCC 5087
F rpoS AR ESAPIREME T R, FHIZEETFRIREMAT AN FHE, [Fk] 2A
CRISPR A A % 5 3 K34 rpoS A B , i i i 42 KA A St ZANA Ak, 42 rpoS K B 8k £ 4k ArpoS
527 A A WT @A ZANH R ArpoS(rpoS) /£ & 5-iE /& . Zik . 1K pH Fo AL LIRS T o9 £ KIFIL,
FitAT it Fopr. (4 2] rpoS A F g4k & B E AKX T MAFHE CGMCC 5087 #94 %K. £ 5% NaCl
F2 pH 5.0 Ar8 54 T, rpoS A F 894k % S 2 M ATH CGMCC 5087 4@t %t B 51K, /£ 42 °C &R
ZMT, rpoS AR 695k X F B MATE CGMCC 5087 FE 5t 4069 it M B 5 A 1K, 7 /2 R AR 169 2
PEIEAR . 1 mmol/L Hy0p BACMMA £4F T, rpoS 2 H 4948 K § H AT CGMCC 5087 49 2 i H2E
K, mitAFE T HE rpoS A R ARG A A A AR B35, [ VEMATH CGMCC 5087
¥, RpoS EAkIL S FYIRIFLE A F Y EA TEAER, M LAEFHARTE 694 KT st T IRBE i o9 2 &
A TR, AH#t—F T EMATH CGMCC 5087 494 43 4. ¥4 RpoS £ MAF# CGMCC 5087
B RIR BRI A2 T 094 R AL R B A

S42iR: MAFE CGMCC 5087, ABE&K, rpoS AR, FRELhia

Foundation item: Natural Science Foundation of Shandong Province (ZR2019BC060)

*Corresponding authors: ZHENG Rong: E-mail: zhengrong09@163.com
LIU Lijuan: Tel: 86-532-80662681; E-mail: liulj@qibebt.ac.cn

Received: 18-02-2020; Accepted: 07-04-2020; Published online: 03-08-2020

E&WH: I1RY AR~ F4:(ZR2019BC060)
*@IE1EL: 4. E-mail: zhengrong09@163.com

XA : Tel: 0532-80662681; E-mail: liulj@gibebt.ac.cn
ks HE: 2020-02-18; 3 H#A: 2020-04-07; M4RE A& HE: 2020-08-03



A5 4E rpoS B[ 4 E CGMCC 5087 i [if BR s e b A 2 g

Functions of rpoS gene in response to environmental stress by
Enterobacter sp. CGMCC 5087
BAO Wenzhi' LI Xing? ZHANG Haibo® ZHENG Rong™ LIU Lijuan™

1 College of Life Sciences and Technology, Inner Mongolia Normal University, Hohhot,
Inner Mongolia 010020, China

2 Qingdao Institute of Biomass Energy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao,
Shandong 266100, China

Abstract: [Background] 2-phenylethanol is a high-grade flavoring additive with rosy scent, and widely
used in perfume, cosmetics, food and medicine. At present, the synthesis of 2-phenylethanol by
engineering bacteria has a good prospect. We isolated an Enterobacter sp. CGMCC 5087 that can
synthesize 2-phenylethanol through phenylpyruvate pathway. However, the growth of the bacterium and
2-phenylethanol yield are affected by environmental stress. As a stationary phase Sigma factor and a major
regulator in response to stress, RpoS plays an important role in resistant to environmental stress.
[Objective] In order to elucidate the role of rpoS gene in Enterobacter sp. CGMCC 5087 under various
environmental stresses. [Methods] Using CRISPR gene editing technology to knockout the rpoS gene, and
the complementary strain was constructed by introducing the plasmid containing rpoS gene into ArpoS
strain. The growth of rpoS gene-deficient strain ArpoS, the wild-type strain and complementary strain
ArpoS(rpoS) under high osmotic pressure, high temperature, low pH and oxidative stress environments
was detected and statistically analyzed. [Results] Deletion of rpoS gene significantly reduced the growth
of Enterobacter sp. CGMCC 5087 strain. Under the stress of 5% NaCl and pH 5.0, deletion of rpoS gene
significantly reduced the tolerance of Enterobacter sp. CGMCC 5087. At 42 °C, the deletion of rpoS gene
resulted in a significant decrease in the tolerance of Enterobacter sp. CGMCC 5087 in logarithmic phase,
and increased during the decline phase. Under the condition of 1 mmol/L H,O, oxidation stress, the
deletion of rpoS gene led to the prolongation of the delay period of Enterobacter sp. CGMCC 5087, and
the tolerance of the mutant strain ArpoS was significantly higher than that of the wild type. [Conclusion]
In Enterobacter sp. CGMCC 5087, RpoS plays an important role in resisting to various environmental
stresses, and the response to environmental stresses varies with the different growth periods of bacteria.
The study provides a basis for further understanding of the biological characteristics of Enterobacter sp.
CGMCC 5087 and the mechanism of RpoS in the synthesis of 2-phenylethanol of Enterobacter sp.
CGMCC 5087.

Keywords: Enterobacter sp. CGMCC 5087, gene knockout, rpoS, environmental stresses

7K 2T (2-Phenylethanol, 2-PE)J2&—Ff BA B
BSOS R, Bz T
Pl B RN S 24 40U . U AR IR AR I 2 T
(R SRANWTIG R | 38 T3l A W R W A 7 R L A
B = SIS A Rz e SN, BT, %
AW R BB R B 2 TARE A Y
PR AR G b, e AR X TR B BT A i, T 4 A v
AT LA R SRR R TE 3/ o FRATT 43 B % 31—k
AT LA Sk A R 2 W 1% i AF B (Enterobacter sp.)

CGMCC 50871, Jf4 5 T 2 2 iy LI K S 4
NERER R B KDC4427, B PEm TR
Arol0® | BFFE UL B K T 12K 2 BEF 58 e A 7 v HL
HEEMFEME. BFFE CGMCC 5087 HJiE
i 32 S 2 O R i ) RN R 2 — | R IX
PEARRIIREE WA T 125 P2t XA 20F
FF# CGMCC 5087 j** 2-PE HLA B E X,
FERUEY R IR R, A58 5 R B A it
PR R A9 A LASRAS B AR =90, 100 B R AR B XoF Jily
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38 (AT 27 BE 2 PR TR B JEC 45 200 Jf 1 R 1) E 22
bR . HE R o B RpoS & H R4k A B )i 2 8
IREE 0 AR R 1, S AN TR AT S TR = | IR
JE el gk ARG E IR, RpoS & 2 AH 48 i
RpoS & 1 14 FR 1k 7K V- 52 i 2 HoAth Ak 2 JE R i) =
K, AT B Bl R S 0 A 0 52 B AR P fe — Se R
PEAGAEALE T FE KT P, RpoS T S 2% B
DU . H.0,. Bl . 11k pH S5 ZFPEREEMIE AT 52
P B 5E 2 W1, 7E 75 IO (Vibrio alginolyticus)
1 rpoS FE R ) Bl e mT S e HAE 18% (AL EL) 21
BB %K (2.4 mol/L NaCl). 10 mmol/L H,0, F
42 °C WHiRSEMHE A T A, B AT 22 R
RS FERFRAE F, RpoS XTMMATH 21k i
M RZHN . AT TR CGMCC
5087 A—HRHT T B R LA LR, B T TE
FRIBIFFE S AR, SR T2 TR 7 22 R IR 138 R 1Y)
T 52 1 0 A T

I, ABF57 T CRISPR 4% AR M rpoS i
RIS pE, K% % CGMCC 5087 H RpoS 7£
BB, Ei . K pH DL Ho0, 25 ZFh RS
WP RYER, B RpoS 7EMFTH CGMCC 5087

F 1 WHRFARN

Table 1 Strains and plasmids

M L RS I R A T, LA T g2 TR R ) 45
A )= R B R R AR R I A 7 o 4 O
PEHE LR

1 MBS
1.1 #r#
111 E#k. BRI

S R RIT FH I 04 TR R RN BORAE OG5 B L3R 1,
F 510 i A R AR A IR W 5 50
G, I E B 2,
1.1.2 FERFIFLF

PR BURLE & IR N & . 2xRapid Tag
Master Mix . In-Fusion JG4% v il &, R Rt
PR A A IR A\ BREIE N YING . DNA
Marker, TaKaRa /23 r]; 2xPCR Bestag Master Mix,
Lo LB EYRHEARAE; FIER. RN
F-B-D-FACEFLHEF IPTG, bR TR AR
ocFE] OHOMEZR, i BBl AmAlE A R
L-BufRifAA . HaOq, Bufi7 70 (1) A BR AN A o
AT WA EE T, Varian 24F]; PCR 731X
INBDRSFHIK R SE L B SR 48, Bio-Rad A H] .

[EEEiE ) A

Strains and plasmids

HIEHE

Relevant characteristics

SCHk 5 R R
Reference or
source

Strains
Escherichia coli Trans5a Amp' TransGen
Transba-pTargetr Trans5a transformed with plasmid pTargetr This study
Trans5a-pTargetr-US-DS-rpoS Trans5o, transformed with plasmid pTargetr-US-DS-rpoS This study
Enterobacter sp. CGMCC 5087 Amp' [2]
Enterobacter sp. CGMCC 5087/pCas Enterobacter sp. CGMCC 5087 transformed with plasmid pCas This study
Enterobacter sp. CGMCC 5087/ArpoS Enterobacter sp. CGMCC 5087 deleted rpoS This study

Enterobacter sp.CGMCC5087/ArpoS(rpoS) Enterobacter sp. CGMCC 5087/ArpoS transformed with plasmid pTarget-rpoS This study

Plasmids
pTarget Spc' [14]
pTargetr pTarget plasmid inserted sgRNA This study
pTargetr-DS-US-rpoS pTargetr plasmid inserted homologous arm sequence of rpoS gene This study
pTarget-rpoS pTarget plasmid inserted rpoS This study
pCas Kana' [14]
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Table 2 Primer sequence and amplification target fragment used in this study

EIE7ER S

Primers name

5191751

Primers sequence (5'—3’)

H Y Fr B

Target fragment

pTarget-rpoS-F

TCCTAGGTATAATACTAGTTTCGCACGTCGTGCTTTGCGG pTargetr plasmid

Upstream of rpoS (US)

TTTTAGAGCTAGAAATAGC
pTarget-rpoS-R ACTAGTATTATACCTAGGACTGAGCTAGCTGTCAAG
rpoS-US-F GAGAACTTCTCTTCCTCCGA
rpoS-US-R TTTTTTGACGAAAGGTTGCAAGGTGGCTCCTACCCGTG
rpoS-DS-F CACGGGTAGGAGCCACCTTGCAACCTTTCGTCAAAAAA Downstream of rpoS (DS)
rpoS-DS-R ACATTATCGACCTCCACATT

rpoS-US-DS-EcoR I-F GTCGGTGCTTTTTTTgaattcGAGAACTTCTCTTCCTCCG

US+DS

rpoS-US-DS-EcoR I-R  CAGGTCGACTCTAGAQaattcACATTATCGACCTCCACAT

Fragment carrying rpoS gene and the
flanking regions

rpoS-TEST-F TCTGAGGATTCAGGTGATCA

rpoS-TEST-R AACAATACGCAGGTGCTCAC

rpoS-Spe I-F AGTCCTAGGTATAATactagtATGAGTCAGAATACGCTGA rpoS
rpoS-EcoR I-R CAGGTCGACTCTAGAQaattcTTATTCGCGGAACAGCGCT

T b /NG SRR 51

Note: In the table, the lowercase part represents the sequence of digestion site

113 EHFE

LB WA G775 (g/L): AR I 10.0, EERHR M
5.0, NaCl 10.0. [El{k LB K350 miisks 10.0 g/L
LB W& A RE 7R BBl E I AGE 5 1) HCIL NaCl \H,0,
YENE R R, BRI s BTk A . [ LB
BRI A 2 R 50 pg/mL (1-RFAREE 2 (Kan)
FLHM 2 R (Spe).
1.2 A&
1.2.1 MBRRAIRYHDEE

SgRNA 341 ()% TS ISk [14] B id 19 5
1%, 5% pTarget-rpoS-F Fl pTarget-rpoS-R & 2
Ja 4B 2 ul, Ll pTarget JJoki M ST PCR ¥
5] A sgRNA J¥51], PCR MR FR (50 pl): 514
pTarget-rpoS-F Fil pTarget-rpoS-R £ 2 pL (Fe 438
IRAHCR 0.4 pmol/L), ik pTarget Jivkr 1 ul (f%
2B IR 4380k 20 ng/ul) , 2xPCR Bestaq Master Mix
25 L, ddH,0 20 pL. PCR S )i 2544 : 95 °C 5 min;
95°C30s, 57°C30s, 72°C45s, It 34 fMEI,
DIRE M e v VTR IR RS R/, alifb IR B o
afi b ny kL Dpn | M TH fR S BB 1R B
Trans5a-pTargetr Bz &40 fiH, %k Spe HLrk T4k
37 °C 571 PRHUPH M55 46+ 180 r/min k3% 1%

7% 12 h FEEEBUTRIN 7 I, 55807 A sgRNA 7
S pTargetr Jitki. LIAFFE CGMCC 5087 ik
AR, FHE 14 rpoS-US-F il rpoS-US-R #4TH
PCR ¥4 i rpoS i 392 bp fJRIIE A Bt US,
514 rpoS-DS-F il rpoS-DS-R #E17## PCR §' 4
TR iF 415 bp K/NMW RN A B DS, W PCR Jx
MAKZ (50 pL): 514# rpoS-US-F #il rpoS-US-R
(rpoS-DS-F il rpoS-DS-R)4$- L 2 pL (BB IR 435
9 0.4 pmol/L), FMAHR 1 ub, 2xPCR Bestaq
Master Mix 25 uL, ddH,0 20 uL., PCR S )i 414
95°C5min; 95°C30s, 57°C30s, 72°C30s,

1t 34 MEIF ARHE pTarget Fokiik it 7474 EcoR |
FiEUI4 5 1514 rpoS-US-DS-EcoR I-F F1 rpoS-US-
DS-EcoR I-R. ¥ US #l DS /Bty 1 12 Mgz
JEIAS %} rpoS-US-F F1 rpoS-DS-R 4k&Ly 1
34 MG, PCR MAAZR(BO ub): b FliFh B
Wisi s |45 L 2 pL (B IR 7340k 0.4 umol/L),
PR 1 pl (FeEEJR4PH0CN 20 ng/ul), 2xPCR
Bestaq Master Mix 25 uL, ddH,0 20 uL., PCR S )i/
. 95°C5min; 95°C30s, 57°C30s, 72°C
30 s, k56 ME . BEAEBHEER HLIK FO Y S
FHBR PN VI EcoR | lEYVIAF ) pTargetr 2k {4 fr
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Bt 4T In-Fusion Jo4& il . 78 PCR ¢ 37 °C %
30 min, %Y RO AL ) Transba-
pTargetr-US-DS-rpoS /&840, ¥k Spc Hiitk
AR, PREH AL 180 r/min ki b5
12 h $E ORI 50k, 75 3 f bR 24 pTargetr-US-
DS-rpoS,
1.2.2  rpoS & E HIEL R

¥4 pCas ki AT R CGMCC 5087 A7l
PR N, B0 E BH M v B L A5 B 1 AR A PR
Enterobacter sp. CGMCC 5087/pCas . #k H
Enterobacter sp. CGMCC 5087/pCas FA R {4445 T
5mL LB #4iE55 0, 30 °C. 180 r/min #Ri% 3555,
ODsoo M 0.4 ZEA5HHIIA 10 mmol/L ) L-Brl i {f 1
%S RED M1k 1 h, ODgo N 0.6 £ 4 M
6 000 r/min &§.0> 5 min WAEFIARTTIE, FVKTAH
TCH/KEDE 2 38 , vKHA ) 10% (AL L) A H vk
13k ,6 000 r/min &5.0> 5 min, 4 3§22 )5 F 50 ul
10%M Hyh B B A . B 5 pL @BRJFRL pTargetr-
US-DS-rpoS A 1 mm HLAEFRHL AR (1.8 kV)HE A
Enterobacter sp. CGMCC 5087/pCas & Z A4 i
B, A ImLLB & 1h)5, Ll Kan, Spc AUt
AR T L . 30 °C BEFR ARG X e A T I
# PCR 33 1iF . PCR W& % (20 pL): rpoS-TEST-F
F1 rpoS-TEST-R 544500 0.8 pL (B EE /R E0h
0.4 umol/L), #A R 1A, 2xRapid Taq Master Mix
10 uL, ddH,0 8.4 uL., PCR 2 v 41 : 95 °C 5 min;
95°C30s, 57°C30s, 72°C30s, ik 34 PMEH,
L DR S R 4 1 000 bp B4, A R A
B3 2 040 bp A4 2571 o 45 58T 1 A 0 TR A
23] Kan Hitkry LB ARG, A 0.5 mmol/L
IPTG F 37 °C K53% 20 h J5¥ i LB P4, PRBCA T
oy AL HEE] Kan, Spe $it TR, A& #E Kan
Pt B AR TAE Spe Pl EAAE S I E 2K pTargetr
FRi Yy, PR R R AR LB HIfAE 37 °C.
180 r/min YR58 5% 24 h, F2k pCas JFki .
1.2.3 EiME#K ArpoS(rpoS)RyHIE

5 R P VT Spe | #T EcoR | XU E] 11 i

pTarget # 1Kk F Bt 5 M 51 % rpoS-Spe I-F Fi
rpoS-EcoR I-R ¥4 i} 14 rpoS K - BEitk A 7 4% 7
Veitts, A% Transbo B2 5400, FHMAER L
FHEBUTT R 2B S U N S, P R L AL
I Enterobacter sp. CGMCC 5087/ArpoS Btk H 15 %)
‘H 4ME kK Enterobacter sp. CGMCC 5087/ArpoS(rpoS).
SRS AN A AR ] 1.2.2,
1.2.4 WT.ArpoS #1 ArpoS(rpoS)4E 1€ il £k B 22

Pt i LB VAR RS #5532 50 mL 247 T4~ = £
WP KB, K 37 °C. 180 r/min ¥R F KA
WT. ArpoS Fl ArpoS(rpoS) B i 1:100 Ay Hufl%%
$%) 50 mL LB H', 37 °C. 180 r/min #kizm i
B 2 h B R (A AN JRURE )i 2 O D oo fH -2 1l
AR, SRR ] SPSS 17.0 Hit A5 sr
FEA t K50
1.25 WT.ArpoS #1 ArpoS(rpoS)7E IR Bil T &Y
i

Bc il 5% NaCl iy LB, pH 5.0 i) LB FI&
1 mmol/L H0, ) LB i KE 77 564 500 mL, H#%
WT . ArpoS 1 ArpoS(rpoS)ix 3 Fhi# 7£ & .pH 5.0,
1 mmol/L H,0, 1 42 °C 4 Fhibhif BREE T A A4 KA
oL, BRSO 1:100, AT EAOEER 21K, 1B
EARAE KX EAN (12 h) | B2 E 11 (24 h) FIEEIR (48 h)
HUREIN 7 ODgoo (HIFAE A, 48 5 K £ 4k F SPSS 17.0
A ST FEAS R

2 B4t
2.1 ArpoS #0 ArpoS(rpoS)& £k B2

TSR AT CGMCC 5087 rpoS & K %t #1
BE a5z Ve, 8 CRISPR RPN g4 AR
X} rpoS JEFHEAT T @Bk . LA rpoS-TEST-F FI rpoS-
TEST-R ~514¥, XIMtt i CGMCC 5087 rpoS %k
Rl B2k ArpoS #E1T I PCR JRilE . #7 rpoS &
DI REC SR LSy, 7387 )R/ Bi 2l 1000 bps #7
B AR R R 2 040 bp. &5 41K 1A frs, B4
T %F BR Y 454 K /Nl 2 040 bp, ArpoS K% PCR
R PRI S /N 1000 bp, S BRIE—EL, i
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A bp M I 2 3 B pp
5000 5000
3000
2000 o
1500 s
1000 1 000

500 500
250 250
100 100

1 rpoS ERE &L FRIIE S B pTarget-rpoS X EG1] 36 IE

Figure 1 rpoS gene knockout verification and plasmid pTarget-rpoS double enzyme digestion verification

1 : M: DL5000 DNA Marker. A: 1: rpoS JEHEEFRA B ; 2: rpoS JED miBR oAtk ; 3: BFAETUXIHE, K/Nh 2 040 bp,
B: Jiki pTarget X EFVIJG K/NA 2 118 bp; rpoS FEF K /N 993 bp

Note: M: DL5000 DNA Marker. A: Lane 1 is the unsuccessful knockout strain of rpoS gene deletion; Lane 2 is the successful knockout
strain of rpoS gene; Wild-type control is in lane 3 with a size of 2 040 bp. B: Plasmid ptarget is 2 118 bp after double enzyme digestion

and rpoS gene is 993 bp

W] rpoS EEDK AR LE , 1530 @R kI oA 44
4 ArpoS.,

HAMNTURL pTarget-rpoS %82 J {# ] EcoR |
A1 Spe | FEATACEGYIRE, WKl 1B 7R, rpoS 3
KN 993 bp, pTarget J&i ki WG] 2 5 M
2118 bp, WIEA R S HLE 3, LWFHIEER
W ) K JiRE pTarget-rpoS L L 21 ArpoS Hi45 31 H.
#NEFE ArpoS(rpoS).
2.2 WT. ArpoS. ArpoS(rpoS)4 ¢ h ka5

A I 2 R TR P AR A K B 2 L B AR A
HARKBRIDCR ML T 5T rpoS BRI E R 2
JE X FERRAE R B, R 1.2.4 BRIk R e
I (B BRI A ODgoo {25 WT L ArpoS . ArpoS(rpoS)
AR AR 2). 250 EH], WT 5 EANARTE 20 h
35 e, 1 ArpoS 7 12 h 158 fe s, i Hix
R AR B AT WT 5 ArpoS(rpoS). #EA
FaE WS ArpoS 5 WT & ArpoS(rpoS)HH L, BEiA
R EEN(P<0.01), RUITE LB Rk, milR
rpoS FER X IAFFE CGMCC 5087 1k K mi#i
K, 1 H RpoS FE XA A AT R 4 AR K Ay s i 22
TR TAERRE W52 o [ B R 2 31 R A B b P bk
AP RS TP AR AR, i ArpoS A KB BLAS
FIE > FAS, X AT RESE T OB R IA R G0 BT

G
6L —a—WT
—o—=ArpoS
—a—ArpoS(rpoS)
St s S
4 g
Qg
Sl ‘\‘—'—xﬂ
2t &_
1k
0 Il 1 1 1 Il 1 Il ]

0 6 12 18 24 30 36 42 48 54
t(h)

2 WT. ArpoS. ArpoS(rpoS)& 1<k
Figure 2 Growth curve of WT, ArpoS and ArpoS(rpoS)

2.3 WT. ArpoS. ArpoS(rpoS)¥iiZ fifr il fif =
e
231 WT. ArpoS. ArpoS(rpoS)7E & 8B EINE
THEKER

¥ WT . ArpoS. ArpoS(rpoS)i# 4l T &4 5%
NaCl ) LB £ 35 3L ki 78555, J17E 12, 24, 48 h
S —IFENE ODgoo fE, AT AE WT 5
ArpoS. ArpoS 5 ArpoS(rpoS)H Mk EETE 12, 24,
48 h 475 W2 i % 25 5 (P<0.01) . F L AT AL , B4 rpoS
N Z 5 W FF R CGMCC 5087 H 515 i I 32 Pk
] R AR (8 3)
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4 -
s WWT BArpoS OArpoS(rpoS)
%
ok s
b
24 48
1(h)

B3 WT. ArpoS. ArpoS(rpoS) 5% NaCl g4 K15 R
Figure 3 Growth of WT, ArpoS and ArpoS(rpoS) in 5%
NaCl

e AR ERTE R — A KA g B2 RO
FA*bRETFHARE L7 s WT 5 ArpoS 922 576 WT bR,
ArpoS(rpoS)-5 ArpoS 22 F4E ArpoS(rpoS)_ L A kRiE , 5 JokriE
WFoRIFTLRFE LS *: BREE; . EFNEE; TH
Note: The statistical significant differences of different strains in
the same growth period in this paper have been marked on the top

of the histogram with *; The difference between WT and ArposS is
marked on the top of WT, and the difference between ArpoS(rpoS)

and ArposS is marked on the top of ArpoS(rpoS); If there is no mark,

it means there is no significant difference; *: Significant difference;
**: Extremely significant difference; The same below

2.3.2 WT. ArpoS. ArpoS(rpoS)7 & /RINE T HY
HEKIFR

B WT . ArpoS. ArpoS(rpoS)ix 3 Fiv i #k [q] i
T 42°C. 180 r/min JxH Higr . 4 RUNE 4 FioR,
fE 42 °C Bl 4T, P80 12 h B ArpoS (58
W AT WT Bk ¥ (P<0.05), (HF] 7 3EiR 1]
ArpoS PR & T WT 5 ArpoS(rpoS) ik
B, BEW WT 5 ArpoS G #2 5(P>0.05),
ArpoS(rpoS)5 ArpoS = 5 i % (P<0.01), %45
R, FERRIREET, ArpoS TR A AE K AEXT R 57
B 40, T 7E IR W R 2 R T WT A
ArpoS(rpoS).
2.3.3 WT. ArpoS. ArpoS(rpoS)7Eik pH IRET
B EKIER

AR, RpoS X T KM w M mpt e
wE N AT pH 5.0 4&FF RpoS 71
FFEE CGMCC 5087 M [ 2 i P /R, 4528
€5 @i, 78 pH 5.0 AFREE X B0 12 hiF ArpoS
TR FE RS =5 T WT il ArpoS(rpoS), 1HJG %2
5 (P>0.05); 1EA2E# 24 h 5 ArpoS Y B He B iR

s WT &drpoS © drpoS(rpoS)
| §
35 %

24 48

4 WT. ArpoS. ArpoS(rpoS) 42 °C iR TRIEK
D
Figure 4 Growth of WT, ArpoS and ArpoS(rpoS) at 42 °C

BWT B ArpoS O ArpoS(rpoS)
* % -
* %k

s

I |

12 24 48
t(h)

E 5 WT. ArpoS. ArpoS(rpoS) pH 5.0 IR E H a4 €
&R

Figure 5 Growth of WT, ArpoS and ArpoS(rpoS) in pH
5.0

ODy,
SO—=R Wi

fi.F WT H1 ArpoS(rpoS) (P<0.01); 7EZEIEHA 48 h
it ArpoS 5 WT A T ik B A ik 2 25 5 (P<0.01),,
ArpoS 5 ArpoS(rpoS) 1Y @ W JE A W FH £ 7
(P<0.05), #REH], 7EMK pH AT, Wit
CGMCC 5087 H ] RpoS F Z7E ik AR e W m & 14
PUMHBER, 7EXTEBOS IR B bt A e .
2.3.4 WT.ArpoS. ArpoS(rpoS)7£ 1 mmol/L H,0,
EHTHEKER
A3 SRS T 1 mmol/L H,0, % WT ., ArpoS.

ArpoS(rpoS)TEXTHUH . FoE . IR A KR
M, 454K 6 frs, 78 1 mmol/L H,0, 544 F,
12 h 5 WT F1 ArpoS(rpoS) . ik A X , 1 ArpoS
S RATEAE, 24 h B} ArpoS TR LT WT A1
ArpoS(rpoS), ArpoS 5 WT £ # il % 2% 5 (P<0.01),
ArpoS 5 ArpoS(rpoS)JC i % 25 5 (P>0.05); 7ERIR
148 his}, ArpoS Bk B .25 1 WT il ArpoS(rpos)
1) AT Mk B2 (P<0.05) i L AT 4 25150 BH rpoS 5 PR Ay it
B%xﬁ%ﬁrﬁ CGMCC 5087 Hy4E MLt 5242 1] 8 24

, HA 7T CGMCC 5087 RYFEMIASE K, ™

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



£, 345 rpoS LR LE I HT B CGMCC 5087 i 1o BRI fifkif b il ) Bk 111

ok mWT
B ArpoS
O ArpoS(rpoS)

*
Ilﬁ
24 48

t (h)

6 WT. ArpoS. ArpoS(rpoS) 1 mmol/L H,0, ¥iiE
HEKIER

Figure 6 Growth of WT, ArpoS and ArpoS(rpoS) in
1 mmol/L H,0,

S DA A E XTI 1) A= K o B A TR (R 355 77 B ] 1
R, M ARTEA IR, rpoS 3 Y EE B AT
DA TR AR HAT A i A A
3 WitE45e

AR, LR OR CEES R T 1 N A
BN 12 K0E . FFHE CGMCC 5087 J&—Ffi™
IR TR T TR 1% R MR AE SRS e it 32 4
Xof FHAE IR O WEHAG B, RpoS 1E R
o7 25 b A Hp ) S R R X B AR I AN [ R R
e R ) E AR A ST T CRISPR k(X i fE 4
ARIGEET rpoS FEHEPR ArpoS, 38 A 7E
ANFIFREE A T KO, BFST rpoS SEH7EM
FFIR CGMCC 5087 i & AN [l e 544 v B A o

RATE M T ArpoS. WT Fl ArpoS(rpoS)
AR, SR A BRI RAHEL , ArpoS AE Kz
20 E P, i ELE ARSI S 25 S A &, i
HH rpoS & [K B2k X iz A1 # CGMCC 5087 7 fa e 1
AR B B AN AR AT AR 43 kR ArpoS
(AR A, 3 AT R S B T FH R, B R e 1k
(1o SRMTER R UPT TR rpoS SR FREMT 7T &
B, rpoS HE PRl il e ik 5 B A BUTE LB K5 3R 5k 37 °C
THIE KOOI TE B 22 500y e AT LUE
rpoS ik Rl 7E A [] 19 T i H LA AN AT

AWFIEHRIE, 42 °C FiAAT, rpoS FEH
e et 1k T 08 I A X RO A R K SR AR
g, 1 42 °C SR a4, ArpoS A=
FAEXTE 32 BB, T 7E R e YL 22 P

%k * ok

ODg
S =0 Whbuo 200
—r T

12

WT, XS5 1R, I5FF i CGMCC 5087 ik
Y RpoS 7 i ik e FREE ik 2 [FI/E A .
Zhang 28I B FE V1) BT A BB AN rpoS LR
Tl 2k B R TE 551835 1 (NaCl 443k i >4 300 mmol/L)
FAF T AR RN BLHE T T ARSI, R B DR 2k T R
(A= I S LG B A T 18 (P<0.05) o A 55 1, rpoS
FEHTE 5% NaCl (5838 R 35 Ho 25T haa i1k
., B AR ArpoS AR —H B EKT
WT F1 ArpoS(rpoS) {4 i . H b A H RpoS Al LI$
= AT CGMCC 5087 7E =15 i i FR 45 Hh ) 1
Bt 1. Burin ZMTE L, 78 pH 5.0 #l pH 6.0 £&1F
T, rpoS FER SV AERRTE SRR T (3E  fE
Ao 16 pH 5.0 AT, XFEUH ArpoS 5 WT Al
ArpoS(rpoS) A KB 11 JCIH i 2 5], 7Efe e A0
iR rpoS kR S EUAAT A CGMCC 5087 i
2V E AL XULHIFENL pH AT, B
CGMCC 5087 H RpoS = Z7EiE AfeE W In &4
BUATER . 1 mmol/L H,0, iiHaFREsd, ArpoS
1) 42 i 0145 B F[R]GE RF WT i ArpoS(rposS), %]
T HER ] ArpoS BB =T WT A1 ArpoS(rpoS)
MBI EE , M ULHEWT, 76 & bia %, rpoS
HE R 5 1R WO TR A A AR B AS R 5

RpoS B T 7EVL I Jihia FRbs i 2| 8 L /EH 2
Gh, WS ST HADZ R EEN R FEERE 1
Wi, RpoS X EMIER . —IRIRIGIHICE
DU ZI A PR, T HE K R A P BFse
B, RpoS AT L i i 4% £ 2 2 1 1 B X A P pi i
(1998 R 3 B A 1 T e — S T T R A
th, HL R 42 5] RpoS & 11 1y 452 Rt
RpoS & [ A] LAJA#E S s Ty BE R A 3R35, XA
MEE A B BRI . TEDOCIERAEE T, RpoS
TE T AR BT W RE T R O R 22 2 R Y T (Acyl-
Homoserine Lactone, AHL)FEAEEN Hr ¥4 HAG 5
YEFT, rpoS JER B AR FEAR T IR XS = SCH TR
WeRe S1, FhEs TR4E AHLS (520 Foa kY,
WFERIN, RpoS i 152 M SR HRAT 7R X LE BT 3% 7
SIF i 855 1 AR 0 S S LR R T Az R AL X
S FiE— T i1 (Enterobacter sp.) CGMCC

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



112 (DGR ESTE(

Microbiol. China
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