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Construction of a Stationary-Phase Sigma Factor Gene (rpoS) Defective Mutant of Salmonella typhimurium and

Function of RpoS Factor under Environmental Stress
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Abstract: Salmonella typhimurium adapts to environmental stresses through its own regulatory system, in which the
stationary-phase sigma (RpoS) factor plays an important role. The objective of this study was to construct a 7poS-defective
mutant strain (SL1344/ArpoS) of S. typhimurium SL1344 using Red homologous recombination technique and to compare
the growth of SL1344/ArpoS and SL1344 under different stresses including 3.5% NacCl, 42 °C, and pH 4.0. Besides, this
research also focused on the effect of pre-treatment of Sa/monella with different concentrations of salt on its growth in
a medium containing 3.5% NaCl in order to demonstrate the effect of 7poS on the adaptability of S. typhimurium to the
stressful environment. The results showed that the growth of both strains was inhibited by 3.5% NaCl, and SL1344/ArpoS
was more significantly inhibited. The maximum growth rate of SL1344 was 2.49 times as higher as that of SL1344/ArpoS.
Under the conditions of 42 ‘C and pH 4.0, the maximum growth rate of SL.1344 was 1.33 and 2.77 times as higher as that
of SL1344/ArpoS, respectively. There were differences in the growth of the two strains after stimulation by different salt
concentrations for different times. The construction of SL1344/ArpoS can lay the foundation for further study on the role of
RpoS of S. typhimurium in response to environmental stresses and for the prevention and treatment of salmonellosis.
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TRl rpo S [R] B 2K T Ak S5 A TR R AE V808 1R %A 1 (19 2 i
W, K rpoSHE R I B 2k 22 3000 1] B 1 I8 i AL K
T FERpoS R %t B AT FEVD T TR AE AP 5 R 1 24 R I
Fom, A 9T P Red [R5 5 20 45 R U7 B rpo SHE IR K
PIPRSL1344/ArpoS, 18I LR AR B Ak SL 1344 F1 3L R ik
KT RSL1344/ArpoSTE3.5% NaCl (JBiEIE) « k. 1%
pHAE PA K AE A [R] #5578 45 H0h 1915 Ak BEAS [R] i ) 5 & T
3.5% NaClh AR KA L, XTRpoSEA T EFREE 7 K i E H
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&, FRTAL S B S RAFEES, ERPUEERAE, K
Z—ANFRTA. s, B3 L di g NS A B H 1
1.1.2 5

LBH; 7R3 (NaCl 10 g/L. JEEE R0 g/L. R
S g/l BIE#1.5%, pHIEIHZET.0£0.2) . RILE
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f4 k. SOC (super optimal broth) %73 fc i) 2 {8 SCRik
[19], ECJ7 i e T scf g Rl G R A Rl . 4B
KR ZHDNASR BUA & (B0 ED RIEFHL (b
=) AIRZAF; DNA Marker. 2 X Taug PCR Master Mix
KIEFEAEMTREAMRAF; REBHECZ M (polymerase
chain reaction, PCR) F=#)alifbilsl& A LAY LR
(B B ERAR .
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Gene Pulser Xcel ™A% LA T100 PCR{X. 1645050
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#1 PCR3I#F5I

Tablel PCR Primers used in this study
ElkZi JF5 (53
c1 CAGGCTTTGACTTGCTAGTTCCGTCAAGGGATCACGGGT
AGCGATTGTGTAGGCTGGAG
™ TTACTCGCGGAACAGCGCTTCGATATTCAGCCCCTGCGT
TAATTAACGGCTGACATGGGAATTAG
S1 TAAGGCGGGGCAAAAAATCGCTACT
S2 ATACCGAACCGTTACGCCGTACCAG

i FRIZHE K IE 39 bplfirpoSH KL F i R IR X 5551 .

132 VI THirpoSH: [ BRI
1.3.2.1  PCRITHEFr B A il 4%

CUF RipKD3 A #EAR , CLAIC2 54, #EHATPCRY”
B, AN 98 CHIALPES ming; 98 CAELO s,
55 ‘CiBk15s, 72 CIEMF60 s, 30 MEH; 72 CLEAH
10 min. F1.0% M35 i3 b5 %8 5 FLvko6 PCR ™= 9 k47 K
I, AR5 R ENSCR A G PCR =i AT 404k [R1AL
1322 JESZASYH A £ A5 R pKDA6 1 FL 4K,

HLODgpg o\ NO.7 25 A7 BT B 35 7R ISL 1344, 4 C UK
W15 min, 4 000 r/min& (210 min, 7 FiEW, HELHE
ddH,O H B RS R3 X, RER4 000 r/minf% 010 min,
7 LEW: AR E0%M HmPek2 K, Ik
4 000 r/min5.0>10 min, 7* W PliE 500 uLig10%
HO RO . S A L B2 A A I SL 1344,
A1 uL pKD46, J2%5); WAL (2.3kV, 5ms) JFIIA
1 mL SOCK; 375, R EAMFERE 215 mLg.ogH,
30 °C. 140 r/mindZ %3532 h, HU150 pLipAn 814 G &5
HERMLBFHR, 30 CHiFR24 h, fikfHMEHEAT.
1323 PCRATHE v Bl %4k

0.5 mLF i % (1) & 47 pKDA6[{ISL 134485 150 mL
THRANEHERNLBRAL A H, 30 °C. 140 r/min
W T2 B 0Dy a2 H0.2, NIL-BT i fF 0 2k
30 mmol/L) , 4% 35 0Dy I N0.8, JH1.3.2.275 (1
J7 1 £ & A pKDA6 1) 52 2540 iu SL1344/ pKD46. HL—
SCORRZASH, NS pLif1.3.2.175 f =Y PCR Btk
fTHEAL (23kV, Sms) , BALEHD IR 1.3.2.275,
W BB RN B A E R LB, 30 CHF%24 h,
i PR AL -, JF H A SIS RIS} BH A4 84 4k 1 £ 47
PCRIGIE . BRHUPH M #44k 1 &5 7 5% R LB AR5 77
FRE 7R, 30 CHEFEODgop 21 N0.8, T200 pLigfi T5&
AERMLB L, 42 CRiFEKH AR, PR
% R 2 T LB IR A& & R 5 2 RIILB TR, A 1E

LB EAEKITAE S AN E HEROLBFAR LA, W
pKD46 i R T4 T 5 -
1324 HuiIEE R
13227 07 Bl & R Z S 40 e SL 1344/
ArpoS::Cmlr, H100 pL/ESZ2 40T 1.5 mLIv i) &5
O, N pLEI R RIpCP20E 47 1L (2.3 kV,
S5ms) , FALSE A BRIEL3.2.27%5, HX150 pL i SR A £
BRNHFHERMLBTAR, 30 CH;I#48 h, fik k1L
To ARG BRI I 3 A TP & 2N 5 &= I LBIRAA
B grgErh, 30 ‘CHEFEOD g I N0.8, ARG W IR AT
TEREFUERMLBT MR L, 42 CRAFEEKHAEE, ¥
BRESAEMEAE R EERMEERMNLBTR L,
TEFAR B35 A K 0 S v 56 R R p C P20 A5 3 31 I 1D A vk
HrpoSEE R % oh i B . 3+ H 51 ¥S1/S25%F rpoSEE A
i 5% 1) R MR EAT PCRIGAIE o K rpo SHE R B i 3% 11 14 Ak
SL1344/ArpoSH —80 C H Il IRFA# H -
1.3.3  SLI1344F1SL1344/ArpoSTERE KA T 14K
FAE—80 CH Il 7EHISL1344F1SL1344/ArpoS{ELB
WAk R R G2 Wk, fEBMMIEE 23R II4LS Vs ¥
B B3R 423.5% NaCl, 42 °C. pH 4.0 BMM#; 73
Fer, Ay R IX3 A AT AE KBTS, WA EA RN
10°CFU/mL, [A]ff@ 3@ (B A BT mL B, #5538 24
MIREERSEE, DU L (k) TR ih 4
M5E . SO P HE I Origin 8. 1P HEAT G 1t 2240 0T
HesmlE K.
1.3.4  SL1344F1SL1344/ArpoSTEASE 6 i B 7 HAb FEA
[FI 18] 5 BT3B E (3.5% NaCl) R K
B IF R (R 10°CFU/mL) 4y 5 $5 b
EEHO% 3.5%. 5% NaClFIBMME; 77 5 vh 73 551 1) i
0.5. 1. 3 hj5, 4 5H3 mLEME53.5% NaClff
300 mLyBMME; 3= B, B 137 C&M T 9%,
R G 3T (B TR T mL BV, R 22 0E M IR R T
PP AR T E0E (RS AT AR ML e . e
Fi 3 %cds FH Origin 8. 1A BEAT i th #4047, FF&s il A4
Kzt

2 ZREH

2.1 RAGEMRSL1344/ArpoSITiktE 5 % 5
2.1.1  PCRITHE v B &

DU RLpKD3 AR, & A rpoSIHIJEE FICTRIC2
519, FATPCRY G, F=HIHil 39 bplfirpoSHERA I
TUEFEEXFA, iR E =P, BURAK RN
1133 bp, EfabikER: vk % 45 R LK 1a.
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a Marker 1

1133 bp

b Marker 1

2000 bp —1432 bp

1000 bp
750 bp

500 bp

200 bp
100 bp

c 1 2 Marker

2000 bp

1000 bp
750 bp
500 bp

1300 bp

500 bp
250 bp
—100 bp

a. PCRITHEJT BLHEIK s b. SL1344/ArpoS::Cmlr i #k 1 4 58 ALK
Bl: c. rpoSHEEIRIGR K B bk 1 % 8 VKBl JKIE 1 APCRY G 740
1 BBeBiBkSL1344/ArpoSHIIE S K 5E
Fig.1  Construction and identification of SL1344/ArpoS

2.1.2  SL1344/ArpoS::Cmlri #IH % &

F AR 1 7 30 S rpo SR 1 S B R BiEPCR
R BN S pKD46 VS T SL1344, 42 CHkk
pKDA46JTURL, & A S8 2= FILBT- B0k BH 14 =5 40 B ik
HEAT IR, 19 3ISL1344/ArpoS::Cmlr & #k . PCR“ )T
KN 432 bp, FH B L VKT IR UE, LASTAIS2
HEIY, SR IEDb.
213 VDI THirpoSHE K Bk 2k AR SL1344/ArpoSH % &

PLEEEE 1) 77 20K pCP20%% A SL1344/ArpoS::Cmlr #k
W, SB30 CEESR, HBRPUMEIEN, 42 CREFE, KRR
KipCP20, EIEPIVEIiE, Ktk Fa e MrpoSH: R B 2k
SL 1344 MR A7 I /i 4 HSL1344/ArpoS. LLSTFIS2 M5
W S5 A B bk R0 DR 5 % B BR BEAT PCRYT 1Y, 45 R BoR

rpoSHEF IRk, SL1344/rpoSH MR I A . Bk
PRAN SR A B AR TP CR Fr B Fil K 2 9500 bp AT 300 bp,
BRI FEL UK 2 W e, VKB 1 rpoSHEL R ik 2k 1 Mk
IPCREE, VKIE2 NS IR TR IPCREIE o

2.2 SL1344F1SL1344/ArpoSTEIREE G N 4K

B L N [
T

—=-SL1344
——SL1344/ArpoS

Wi rE (g (CFU/mL) )

1 1 1
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W A L N 9 0 ©
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1 1
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- 8r
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~— 6_
0
5 —=SL1344
= SL1344/Ar,

: —— ‘poS
% 4’ 1 1 1 1 1 ]

0 5 10 15 20 25 30

afE%3.5% NaClFiZiE 564 FRIAEKIZ: b.rEd42 C
KA TR ML o fEpH 4% AR,

E 2 SL1344fuSL1344/ArpoS{ESRiBRa T M4 K 2
Fig.2  Growth curves of SL1344 and SL1344/ArpoS in

stressful environments

B FkSL1344F1SL1344/ArpoSTE3.5% NaCl )4 K
oL ERaffR, “EMA LM, S5EARMKSLI344
FHEG, SL1344/ArpoSTE AL i {0 B 2 R Bk, H
FE 568 B AH [ 1] 5, SL1344/ArpoSHITH IR EL /N T
SL1344, SL1344%:%k%E M, @i DMFit Chttp:/
browser.combase.cc/DMFit.aspx) #AF¥E — 3 AR i 2k
AT G, BRI RN SLI344/ 5 KAE KE KA
SL1344/ArpoSI12.49 %, SL1344F1SL1344/ArpoSTE42 °C %
PER ARt 2 E2b i, A 0 O B AR [T A
SLI344FVR B35 K T-SL1344/ArpoSE IR FE,  THIAERRE
R EHEAME (10°CFU/mL) , @it DMFit#
s = F AR AT G, HE R N SLI3441 )5
KA KT %y SL1344/ArpoSIr)1.33 155 . SL1344R1SL1344/
ArpoSTEPH 4.0 FHIZE KM & 2 fn, —&H
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ARG BUARZE RN, TEREAS A A A 3 b (A 5] B 1] A
SL1344/ArpoSHIB WK FE— B/NT-SL1344, SL1344%5% %1k
FasE W1, HSL134476F e MM B HZ (10°CFU/mL)
KTFSL1344/ArpoSHKE (10°CFU/mL) ,
I DMFItR 6 3 A K g T il &, RIS R
J9: SL13441) 5 KA K Z NSL1344/ArpoSIT2.77 i
57£3.5% NaClH (A K A0, SL1344F1SL1344/ArpoSTE:
42 °C FlipH 4.0 5614 T B iAFa e W i () 38 350

2.3 SLI1344F1SL1344/ArpoSTEAN ) £5 i & 43 $ AL B
AN 1) J B F3.5% NaClrb g A= K

- 5-0.0% NaCl.

—=-3.5% NaCl.
~-5.0% NaCl.
—+-0.0% NaCl.
—o-3.5% NaCl.
—+5.0% NaCl.
—0.0% NaCl.
~+-3.5% NaCl.
—~-5.0% NaCl.

1

0 20 40 60 80 100

N W AR LN 0O

= =1=)

oo o oooTWhiin
=gl

WYk (Ig (CFU/mL) )

#2 —-0.0% NaCl. 0
—+-3.5% NaCl. 0
—-5.0% NaCl. 0.
—-0.0% NaCl.
—o-3.5% NaCl.
——5.0% NaCl.
——0.0% NaCl.
—+—3.5% NaCl.

T o 510% NaCl
1 1 1 1 ]
60 80 100 120 140 160
I [)/h
B3 SL1344 (a) fuSL1344/ArpoS (b) FERRIERESBPHIEA
I [ 5 8 F3.5% NaClvp5 37 f5 i A= 4 i 2%
Fig.3  Growth curves of SL1344 (a) and SL1344/ArpoS (b) in BMM
containing 3.5% NaCl after being stimulated by different concentrations
of NaCl for different times

.5h
.5h
.5h
1h
lh
1h
3h
3h
3h

— O =N WhE UV I

BWE (Ig (CFU/mL) )

S
L35

33

S 5
b

B

o

WE3FT R, 5SL1344F1SL1344/ArpoSTEAS NN £h 1)
BMM 4 KA A b, & AR 3md, H
SL1344/ArpoS3Z B [4HI/E K. ME3an] LUE H,
SL13447E AR Eh i fE 43 %0 (0% 3.5%+ 5% NaCl) H
SRR ) B I J5 ) B v 3 e 0% <<3.5%<5%; H.H
AR B 38 5 By B S, SL 134433k Fa 2 W1 1 5
WFEY) 910" ~10° CFU/mL; SL13447 0% NaCl43 5l b
FRO.5. 1. 3 hJE, ACPE3 hIEWHEIE, &R
EM, 7E5% NaClH 437 4b#E0.5. 1. 3 hJF, AbFE3 hify
WA R K, B AR HA R A TR R . B30 HT LAAR
P RE IR (B H, 6 A (R 7R 38 5 52 2 H5ORH B[] 1) Ab 34 2%
-, SL1344/ArpoSEI ik Fa e WM BT ]33 L SL1344 4K
SL1344/ArpoSHE0%M3.5% NaClh b ¥ )5, —F 4K
A B, TR O I A TR B TR R B R RN
1 h<<0.5 h<<3 h; 7£5% NaCl 3l ¥ A [ i A 5,
SL1344/ArpoSH P W JE IV T %, H5 2 H#3 hz

J&i» SL1344/ArpoSTH R 5 B 220 i 3 A A7 Pk 5205 1
SL1344/ArpoSTE0% F13.5% NaClAL#H10.5 hfl13 hz
Je > TEXTEE WA A R B T8) 2, 3.5% NaClAab 3 (1 B
TRk 5 1) 8 0% NaC AL 1 & MRk B, T AREE1 hif
52 M.

3

AL FEW TR 2+ % W B IR SURN B . B
1l S35 E )2 S EURAE P 1R 2 52 2IRpoSIH T 4%
(3 R PR ek P R T B K 2 ) B 35 4L 55 1 4 A 26 B G
H110% ~20% (13 K 52 $| RpoS 1) B e 5% 3 ] e i 31222,
RpoS P 7 7& A FE VD 1] F T ATCC 140283 B4 4K 1 A it
DRt Mk FERER, BRItz 4, RpoSiffis K&
sSRNA, IX$EsRNATRENR T RpoS—LLThAE, FMMmRNA
ffa e e B AR e Y, At HRed [FE S AL+
ARMI B rpoSHE R B 2% B kkSL1344/ArpoS, I HAEA[F %
AT S SR S T MR SL 13441 5 D] 5 2k T Bk SL 1344/ ArpoSitt
TR 7R, W H WA KE AT IR, WA RpoSH
HIAE AT IR T i

TE ) 50T DR s £ VPR B 1K1 52 e A T 440 1)
AEWED ALK, HIEHRRZ B Wik, 18
BIERFMET, WAEYSN T AR I 8E B IR B,
RpoS M AEYIAHEIE KGN AR HE T 4505, Bk A%
HE IR (1 2 K i @ NBE TR A7 IR RS ASHIE 7T 45
B, 5SL1344M1SL1344/ArpoSTEA N £ FIBMM A i A4 K
SO, EBEIE (3.5% NaCl) 44T, —FHHHm
FESEIY, R TR P T R R B L L E AR B A A TR R
WP ORISR A T Fase BB B 19 10° CFU/ML)
B SL1344/ArpoSTE AL i B B ¥ FE T B IE FE 58K, 150 B
BIE R RAG I T A KA M, HRpoSH -+ &
1 55 R 7 FE XTI IE IR G ML BE /7. Zhang XiaZ:P7h iR
5 FEVD 1) B B AR B R R rpo SEE DR B 2k B MR B T L 8
£ (NaClZ& K E 4300 mmol/L) & 1tk & I H A= K 155
B, 28 F I o B TR G 1R PR I A K B T T A T RS
(P<0.05) . RS REBMEE R . &
FEWITEMBE A KIEREZ37 C, R iEFF42 C
Z M N HRBOCE AR R bR A R B R E R AE KB, R
DLTEA2 C 1Rl B 2, rpoSHE R (1 8 2k % B A%
FEYD TR TE M2 TR I B V5 R B e N, R
SL1344/rpoSTEXTHUIN A K IH L SL 134418, (HE|IAFR
TE AR 38 MR IR EAIA B — 8, YIATE42C AT,
RpoS5it FR A FEV 1T A KM AN K. Yang YishanZ™
R AFENRE (100 250 37, 42 C) %M FREFHRK
i D T T HrpoHF IR B WA, 25 R R BIAE42 CHf
rpoHFRIE S . 1E i 24 T, RpoHid i i #viki
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B 10 2 R AR T e 52 S5 AR 3 A R B
R, B0 J€ VD T B R il 2 5 T I AR s,
BAEH K REZRpoH, 1A ZRpoS. MAGFEWDITH
KM B EpHIE NT.0, AWFAAEpH 4.0 % 1F T HLEL
SL1344HISL1344/ArpoSHIE KGN, KIMESL &M T,
b F R I SL1344/ArpoSHE K g 13 B B 55 T-SL1344,
FasE MBS 3 B Z 8k (43518 10° CFU/mL A
10°CFU/mL) , [5/~"RpoSK-F7EpH 4.0 {1 T X} iR A5 %€
W ITH P& N R 1R B —  IPEA,  HorpoSHE R [k 2k
LSBT A FALE /) F % . Burin2 04 b
[T B T7EpH 5.0M1pH 6.045/F F 1538, KilllrpoSHE R %
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