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JE VUKL T DTG P R A AL )Xo T PRk £ i S LA A
14 o i 22 4 AT E R S

TR b N T gt e ep, ATTERIR— R 5
Y Tt IS B IR AR M R AR, AR AR AL
R CWEL R R BRER. SRR DL R A R
i 500 5 o XN AB S5 A AT 52 8 T SR 2 TR A T T
YERROCHEIATT . RNA REBFIIEEENE sigma
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ik, RFEE SR ER. RpoS & HETA
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K, X 2 NMRERGZ B EEA M, TEfsk
15 5 i & (Pseudomonas aeruginosa) , 40%L) I HY
FEAIRN P ) JE R 32 RpoS TEE1), B 4N, W5
R, fEf, WL A SRR S A
T e ARG I 38 B K AR IR (55 - Wk B2
AU, SR BB A I TR A SR, R G s
Werd e, AR TR EE R AWl . AL R Ab
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T HE RpoS TEZE AR F M TR BUE Wt 7
AIFERT, A S A it PRSI AL Y rpoS
FEHER RS, BF5E RpoS 79 AR S M 1 35U
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FROKT AR OREEEOR SR LB LAY
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L1 ERR. BRSNS

A7 H S A B R AT SR DL 3R 1. 2GR
LB ZILS11 DB WA i £ b 4y s R AR P AR Sl
FRATF o DGR PN S HIEERAE 28 °C. LB
5 NB $5 7R 5k 1555 . RIGFFRIAE 37 °C () LB ¥
FeHE P
1.2 FERHF

FfRE DNA R4 (PrimeSTAR Max DNA
Polymerase), Tag DNA Polymerase, T4 DNA
Ligase, pMDI18-T Bk /A H TaKaRa A7) ; i
R B G b BEIE DGR & A Tiangen 23
Al RER, L-FIRMER, D-AaRE, (95971
Pl C4-HSL. Ce-HSL. Cs-HSL. Cjo-HSL .
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C,-HSL i1 C,4-HSL W4 H Sigma 2\ wl ; FEE: K7 (Yeast
Extract, Oxoid /A#]); 5[/ (Typtone, Oxoid 2
Fl); BIEKI(Agar, Biosharp AF]); NB KiFf%E,
AR (PCAY I A F BB A B ARG
B2 o 51406 i Fe 34 o A= T A9 TR )
AR AT B2 W 8 . HeAthiatRI 35 =43 M i
1.3 HEGREAMIEE rpoS B BRR AL B
B, HLHRE GenBank H 3¢ A1 B M 14 i P
HFHE 519 rpos3-TF/TR, DL ZIL511 fl3EA
41 DNA NEARY 1 HA4E rpoS K b T liFEE I 7E
W —1 B DNA 741 3: 0077 (2337 bp), HR4EX)T
G F IR R 282 51 9)(FR 1) 2% Luo
SE(2015) P ks, amad [ PR BUSS 2 # AR
HLE rpoS R AUHE N Bl R 28 A8 Bk . 1 5% PCR ™

K4 rpoS FENN R WER IR A B, @5
rpoS-MF1 il rpoS-MR1 41§ 338 bp i) bl [F] J5UEF
A B, rpoS-MF2 Hil rpoS-MR2 §/"1# 446 bp T iiif [
DR . VIR Il bR U R A B, s
rpoS-MF1 #l rpoS-MR2 1 1Hl4& PCR, ¥ I FIH
U5 Fr BOMR 2 3 HE i B e B B A 2R B0k pLP12
#33] pLP12-rpoS, Wil IE# 5 L T AR
W1 B2163 W SR 5 i 1 45 A 55 74 %% pLP12-rpoS
MR IGFF T B2163 % A GIRHMITE ZIL511
H, PEIARTR A B SR AN B A A S R
1) LB VAR EAREAER, HEHA 30 pg/mL &R
F10.3% D-#jAgHiny LB Al i spscfes, L-Fif
PABERENS ST B R IO B SE R vmid80 3
ik, 7E LB Mﬁ)itlﬂ%%bn 0.4% L-BarHr A4 i 1 A8
e, BRI RAFMRE 1 PCR i B A 2 28 58

*1. AHRPAZMEK. BRF514
Table 1.  Strains, plasmids and primers used in this study
Strains or plasmids Characteristics Reference or source

Escherichia coli
DH5a
p2163 F~, RP4-2-Tc::Mu AdapA::(erm-pir)

Pseudomonas fluorescens

F, ¢80dlacZAM15, A(lacZYA-argF)U169, deoR,
hsdR17(tk™, mk™"), phod, supE44, \", thi-1, gyr496, reld1

recAl, endAl,

Invitrogen

Demarre et al. (2005) %)

ZJL511 Isolated from spoiled refrigerated turbot Laboratory collection
ArpoS ZJL511, in-frame deletion of rpoS This study

Plasmids

pLP12 oriTrps oriVyex vini480 Pyap, Cm' Luo et al. ( 2015) 2
pLP12-7p0S s?i’jfoo(ise,rig;trive containing rpoS bp 1-51 fused in-frame to bp This study

Primers Sequence (5'—3’)

rpoS-MF1 ATACCTACGTCAGTGCCTACG This study
rpoS-MR1 GTCATCGTCCTGCAACAGCTCGAGAACCTCATCGTCGATGTC This study
rpoS-MF2 GACATCGACGATGAGGTTCTCGAGCTGTTGCAGGACGATGAC  This study
rpoS-MR2 CTAACTTGTACTGACTCAGTCG This study

rpos3-TF GTTCTCCATCGCCTTCCGTTAT This study
rpos3-TR ACCTTCGGAAATACCATTGGC This study

http://journals.im.ac.cn/actamicro
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1.4 a2 E

£ Liu %(2012)* 49 )53k, 78 NB B985t
B 5 9 S A B B TR M A R R R AR MR B AR AR K
W, VAR AAMECH 104107 CFU/mL, f40 5
2 TLUT PR (A) 10 mmol/L Hy0,; (B)
47 °C; (C) 12% (VIV) LT 5 (D) 150 pg/mL 25 545
(E) 175 mmol/L BiM2; (F) 20% (M/V) NaCl, TEA
[] 4 B ] S R, 0.1 mol/L EPFRZE il (pH 7.0)
10 R BE R B 5 P AR H O UIR A T A VR THE 1
MR 3 AT, B HE SRR R 2 2 K
1.5 AHLs {5 55 FR

S ML Jr 4R B AHLs {5 540 1,
DR S GEEFAE RI AR T 50 mL LB 5%
FEHEEFE 24 h, 10000xg, 4 °C B0 10 min Y4E
IR B ETERC S AFARIR I O R LTRGY 0.1%
UKERRR) IR G, iEdkyr, #9025 AT HLAH
el 3 Wk, efzEk BT, i P RS
fRBE N RE ) AHLs 5543+, —20 °C fR{F4
. 2% Zhao %(2016)* My 5 ki@ 14 LC-MS/MS
Rl AHLs /97 5, >R Agilent B 43 H14Y
1290 infinitylI-6460 Triple Quad Fl RRHD Eclipse
Plus Cg (43%4:(50 mmx2.1 mmx1.8 pum)#174)
Mro RIS T4 Cig EiHsr 8 AR
T, R ML 25 25 U5 E B R 22 S iy W
(MRMR, SMRiEEATE R, 6 FhG i
AHL Fidfi C4-HSL ., C¢-HSL. Cg-HSL. Cjo-HSL,
C1o-HSL #l C4-HSL 1B MR G AMRE & o
1.6 =3CEITEBELE

=CHIE AR TR AT, FRTE 1 h K
B RS, 2% Dalgaard %(1995)7 ) Jr ik
il 285 KR =30yt . FREL 500 g =306 i s
Bk 500 mL, SIS AW, WARELIE. %
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JER 4200 r/min £5.0> 30 min, B ISR 76
WA 0.1 mol/L BEERZZ vk, M pH K 6.6,
TF A 1.6 g 4k = H & . 40 mg L-2f: bt
RN 40 mg L-HER, IRGWA)ET 121 °C
KM 15 min, 08 4-5 1g(CFU/mL)fY 4 Fl B J5
PRGBS M R Y AR T RN SR A bR, LATR
A BRER K BORE SR E XTI, 4°C A7 1. 2. 3.
4. 5F16 dJFIBUREIN E B 7 S BTV C) A A& 1
LA (TVB-N) A i . A % B8R AR BTl
Tk 7. TVB-N &M E S % Zhu
(2015 2 fif it i AL %E , L mg/100 mL A
HkFR,

2 ERFAH

2.1 TOUBRBIEEE rpoS FoPR Bk RAS Bk M EE
ST RpoS TEZ G FA i v 2 W A e
AOVEF , 3 g (RIS S 48 (14 7 vk LR i T
R R M rpoS F& K BIHE P R R AZ KK ArpoS.rpoS
FEPR 52 HE A FF R S2AE 4 1005 bp, PCR AN
FE43 MR H 28 5 KR rpoS 35 DR i 15 e e e 2 1
705 bp M R B,
2.2 RpoS MR B il S 1 T 2
e, R S D PR AN A1) D] 2 3 2 W
FEE DT 5 S50 W) 1 BEERTT o AR5 X B A AR
B AR FIBL IR RASRR ArpoS TEA RN 248 F B fE
W REAT T AREIN , 3X 23 2543 51 10 mmol/L
H,0,. 47 °C. 15%ZEE. 150 pg/mL 254k 45
175 mmol/L EEFR A 20% NaCl, SEH:45 R 1 fr
IR, 1poS R R AE FE RN X 10 mmol/L
H,0, Fl 15% BT 32 1 S & AR, Bl 4 b B
[FIAIEC, 25 BRI R, 7EAb3E 45 min BT,
Y A= RUBRXT HoO, HYTH 52 MR S8 AB R AN 42.4 £, X
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2B 52 M R 28 AR R Y 19.1 £, MRHL, rpoS 2.3 RpoS AV 3B AMERARNEESTF
RAFFRXT 150 pg/mL 45 48 H1 175 mmol/L BERZHY  AHL BIE R
T 52 R AT — o P T L (L A B W 4 T JREFE LC-MS/MS 5l T 5 1 Mk S JL 5 A ke

47 °C il 20% NaCl {9 SZ0E o X—BIFEARRI. - prpos g AHL £ 545 F (3 2). HA B B ] P
EDOLRLRIEAT . RpoS WEFHEZIUMILINE g 4y it B o MORFIEREREH , JE4EE 1 6

J A ER
PR H 221 R I AHLs: C,-HSL (m/z 172), CeHSL (m/z 200),
A) 100 B) 10° ¢ (C) 10° ¢
10? S— 10? 10?
10" ¢ 10! 10! E
°\\° 0
E 10° 10° E 10° E
Z 100y 10 ¥ 107 ¥
“ 102 ko Wild type 102 - Wild type 102 - Wild type
—ArpoS —— ArpoS —— ArpoS
10_3 1 1 1 10_3 1 1 1 10_3 1 1 1
0 15 30 45 0 15 30 45 0 15 30 45
D) 10°f (E) 10°F (F) 10° ¢
10% 10? 10?
S 10' ¢ 10" E 10" f
g 10() E 100 E 10() 3
510§ 107 ¥ 107 ¥
102 k- Wild type 102 ——Wild type 102 F—Wild type
—— ArpoS ——ArpoS —ArpoS . .
10,3 1 1 1 ]0,3 1 I 1 ]073
0 15 30 45 0 15 30 45 0 15 30 45
t/min t/min t/min

1. RABRPEEFERRRERAFHEFLE T FEREQN
Figure 1. Survival assay of P. fluorescens cells under different stress conditions. The wild-type strain (open circle)
and in-frame deletion mutant ArpoS (closed diamond) were exposed to 10 mmol/L H,O; (A), 15% ethanol (B),
175 mmol/L acetic acid (C), 150 pg/mL crystal violet (D), 47 °C (E) and 20% NacCl (F). The initial population of
P. fluorescens were ca. 10°~10" CFU/mL. Survival percentage was obtained by dividing the surviving population
by the initial population, which corresponds to 100%. Data are mean+SD of three independent experiments.

Fz 2. LC-MS/MS #& P. fluorescens B4 BIFNR Tk ArpoS BHARN 15 S 9 F AHLs
Table 2. Determination of AHLs in P. fluorescens wild type and ArpoS mutant by LC-MS/MS
AHL concentration/(pg/L)

AHLs Retention time/(min)  Precursor ion/(m/z) Product ion/(m/z) -

Wild type ArpoS
C4-HSL 0.78 172 102 18.0 12.7
C6-HSL 10.89 200 102 168.4 146.0
C8-HSL 12.32 228 102 203.0 217.2
C10-HSL  13.74 256 102 811.5 1495.3
CI2-HSL  15.02 284 102 764.1 1211.7
CI14-HSL 16.10 312 102 1085.2 2067.0

http://journals.im.ac.cn/actamicro
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Cs-HSL (m/z 228), C1-HSL (m/z 256), C1,-HSL (m/z
284)Fll C4-HSL (m/z 312), H:Hp C-HSL ., C1,-HSL
Ml Ci4-HSL =FpKAEE(F 5 401155 bR (9 A B
S TR AR, UEH rpoS FER k2 28 AR n]
SEKBE S0 TSR TR, RpoS Xf T
AHLs {5 550 F 06 A TREEER .
2.4 RpoS W HIGMREMIE R KA =3C ATy
FE& WAE

A B T 2 A R S A ) A S T
J T HAE RpoS J& 15 I 15 9 ' B i B % — 3¢
WG, LY AR TURR R rpoS S35 MR 43 il 42

(A) [ )
8.5 r —o— Wild type

8.0  —— ArpoS
7.5 |
7.0
7.5 |
7.0 |
7.5 |
5.0 |
45|

Lg (CFU/mL)

0 1 2 3 4 5 6
Storage time/d

FfiF 4 °C WAF K = SCAaTTH, HE el At
FEHRZHTE R TVC A TVB-N fU22 5 S5 R,

Y A R RN GRS BRAE I A R R v (9 2R K LT 58
SEG, KB E 2R (E 2-A), TVB-N &
RO K bt fif B B F SR bR, P AR B RR RN 5 A8
PREEFPF KB =it )5, TVB-N{ATE 4 °C 47
2RI EES BH 3 KRIFHHRAMA TVB-N
B AR T E A B (K 2-B, P<0.05). %45 %M rposS
il 2R 9 70 S B AR B M TR X = SC LT 1) R U RE
JIBEAK, RpoS X 5 S ECFA I B 14 T8 KL RE ) A7 AE
S RELE N

(B) 20 r —o— Control

| —o— Wild type
| —=— ArpoS

TVB-N/(mgN/100mL)
=

Storage time/d

B2 RABEREFLEBERRTHREMTAE=ZNETE 4°C MFidiEF TVC (ALK TVB-N B)2ENE
Effect of RpoS on TVC (A) and TVB-N (B) of P. fluorescens in sterilized salmon muscle juice stored at
4 °C. Data is expressed as meanststandard deviations. Different letters at a given time indicate significant

Figure 2.

differences at P<0.05 between the various conditions at that time.

fHZXT 150 pg/mL 2554 175 mmol/L fitf2

3 Wi
XSRS e I FL

SR CHETR S, BFFCTR 5 T2 ) S

UG T P BB AT T A

SERLIR rpoS FEBRIBARKTREE bR T 9800
BB TF 10 mmol/L HyO, Fil 15%Z BR324,
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(T 52 VE SO — & FEBE R BG  , XT 47 °C Al
20% NaCl BT 52 P B A 520 o, 3% $e 45 SRR W 7E2E
TR AT RpoS X £ il in i 2 A4 i 4%
FEAELEMEPEEN . RpoS 78 Ath 41 14 Hr (1)
R R sigma S S 57T ZF a2 A0 it
2, At TREMZERME, RpoS Z5MTY
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(14 T 360 T 32 P 1) o 28 18 A A7 e 2 REPETYT . RposS
AR P RE 2 38 A 9 R 9 P 38 B VR O R TR A R
5 MITT S BT o3 T 32 4 1) R 4 4 FR 2T, R
W5E R RpoS W Hi AR . PN . H
JRORE Z2 08 5 5 B, DA 52 M) 240 B %k 1 PR 58 38 1Y)
i 52 L2

rpoS FERIBRIC R T 5 M9 St Al R v F v i
it 5z, AESE TSN AHL F 50 FHE R, #
W] RpoS X} AHL A0 iy a4 /E .t 4k
TETE W BB MU TR (Pseudomonas  putida) T AL
TH 0L, rpoS FERI B ARAL 40 TR 1) AHL {557 1Y
AR, e S R e, REA AR
KT RpoS GHEAARIY 7 48 i 45 OC 2R 1 SCRR
H, (HRETHNXRIANE, Z24dkiE R
PN AR I N, B B R R A rpoS FER Y R
KU (EEARAT HEFR RpoS G Fs B 1A By 2 [
rhil, JZid% RpoS HIAZFEAE)N RhIR-RhII
P02 BN S 5 R T R P 2R A B AR
FAE TS | VEER R MR, PR R
i R A i AR ok ik 22 (1 TIE AR S Al
TR A 2 5 1 S WGl 7 L IR AN S T
(Aeromonas sobria)it] AHL BEIARIEN 2 5% K22
67 {4 N A AR T 3 3k VD IR T (Serratia
plymuthica)f) AHL BEAENAE 52 5% by
JEE WL FREY A B ST e I K £ v oy B 1 9k
s FR B T BB A8 3 5L 3 WA P AR SRR 55 23 - SR A o)
e B 1)1 v BU R B (Shewanella  baltica) 3= 4 9% ik
(7= A RS WCRE 120 B, e 2RI s v
RpoS M7 AHL F5 0 Fr& ., MimiE—
AP TEMAE R, B BAR RIS HLE 75— 2P
5%

Ak, KT AR U B B AE LN rposS
PRl Bk 2 RS RRTE VR I — S T R A S WG 1 WF
FEE IR rpoS F PRI 5848 X1 41 D 7 V4 i £
TP R AR R B, (HR R T TVB-N
A . TVB-N JEPFH K™ o i JBE i) — > H 2
o5, LA RIED] RpoS REME A2 2 i I f xt
T BB IKRE T . TVB-N F8R 2 SR 5
RSS9, RposS AR Al AE B 8l & (%A 1Y 9l
L T ) U AH DG SR I Y s . TR S Al
TR R, BEDRLE T AR AE SRR RposS 1112 Kt 24
FERR AR AH DG DR Yy 2R 3R 1O 34, TN
AT Y 2 T AN AR A A3 AE S SRR b IR
W (Burkholderia pseudomallei), FEAREN RS
Tl PPN A RIS B R B i . TEARBIESE
SRR RpoS AT Al il 1 A A J2 i
)3 R N AN B O 0 s, AT TVB-N
(1 A

Li LRTIR, rpoS BN AN G R
JlNEpo R = 1TV 1 DA E S R 3 ol o) ) S TEN 17 v
B VEATREAIEN 5 5737 AHL B35 i K AE =3¢
TP IEE J) o RpoS X2 St A B P X 21 )
DO SR AR P 18 30 5 I U] e — 1 T A4 7 A
YRRV 3 1 o AR E A 78 T RpoS 1E7 15 4
TR SO W R R AR, R A ] A ) 20 RS D
VERTRRZR 80K ™ i PREEHAR AT 25 S

2 % LW
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Effects of rpoS deletion on stress resistance, quorum sensing
and spoilage potential of Pseudomonas fluorescens
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Abstract: [Objective] Microbial activities are considered the main cause of most food spoilage. Study of the
regulation mechanism of spoilage is valuable to maintain quality and safety of food. Pseudomonas fluorescens is a
typical Gram-negative spoilage bacterium. The aim of this study was to elucidate the role of the alternative sigma
factor RpoS in spoilage caused by P. fluorescens. [Methods] An rpoS mutant of P. fluorescens isolated from
refrigerated fish was constructed by homologous recombination. Survival rates of the wild type and the mutant
under different stress conditions were compared. The types and contents of extracellular autoinducers acylated
homoserine lactones (AHLs) were analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS). In
addition, the wild type and the mutant were inoculated into the sterile salmon juice stored at 4 °C, and total viable
count (TVC) and total volatile basic nitrogen (TVB-N) were assayed. [Results] The in-frame deletion 7poS mutant
strain was successfully constructed in P. fluorescens. Deletion of rpoS gene significantly decreased the resistance to
10 mmol/L H,0; and 15% alcohol, increased the resistance to 150 pg/mL crystal violet and 175 mmol/L acetic acid,
and had no influence on the resistance to 47 °C and 20% NaCl. The ropS mutant produced higher contents of long
chain AHLs C,,-HSL, Cj,-HSL and C4-HSL than the wild type one. In addition, the mutant reduced TVB-N
production in sterilized salmon juice stored at 4 °C. [Conclusion] These results indicated that RpoS was not only
involved in the resistance to multiple stresses, but also influenced quorum sensing and spoilage potential of P.

fluorescens.
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