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Abstract: [Background] Salmonella typhimurium is an important zoonotic pathogen that causes
economically devastating to livestock breeding and potential threats to human health. Regulatory proteins
are involved in the regulation of the survival and infection of pathogens. [Objective] To analyze the effect
of regulatory protein RstB on the biological characteristics and pathogenicity, the rtsB gene mutant and
complemented strain of S. typhimurium were constructed and characterized. [Methods] We constructed the
rtsB gene mutant strain and complemented strain of S. typhimurium SAT52 using the Red recombination
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system and complementary plasmid. Then we analyzed the growth characteristics, motility, biofilm
formation, cells adhesion and invasion ability, and pathogenicity. [Results] The deletion of 7#sB gene did
not affect the growth rate of SAT52. However, the mutant strain showed significantly enhanced motility
and decreased biofilm formation ability. Compared with the wild-type strain, the capacities of adherent to
Hela cells and survival in RAW264.7 cells were significantly decreased for the mutant strain. The results
of animal infection experiments showed that the virulence of mutant strain was attenuated. [Conclusion]
The rtsB gene plays an important role in the pathogenesis of S. typhimurium infection, providing a certain
basis for further understanding of the pathogenic mechanism of S. typhimurium. These data indicated that
regulator RtsB plays an important role in the process of S. #yphimurium infection, which would help us to
comprehensive understand the pathogenic mechanism of S. fyphimurium.
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Table 1 Primers used in this study
519 Fe5) FHi&
Primers Sequences (5'—3") Usage

rtsBmutant-F
GCAGGTGTAGGCTGGAGCTGCTTC
rtsBmutant-R
ATTACGCATATGAATATCCTCCTTAG
CGTAGCAAGAGTATTCAACCTCT
GACGGTTGTGTATCCATAGTCA
CGGGATCCGCATTTGCTCTCTTCAGAGAAC
AACTGCAGCGTAATATCGACTGATATGT

rtsBOut-F
rtsBOut-R
rtsBcomplement-F
rtsBcomplement-R

TTATCTTCCTCTCGTCATCAATATGTTAATTGAGATATCTGACAAT Construction of r£sB gene mutant strain

TCCAGAGTTGCCTTGCCTACCACTCTACCAACATTTTAGGAAAA

Identification of 7#sB gene mutant strain

Construction of r¢sB gene complemented
strain
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rtsB HUFEAL B IE ArtsB, A% H Mk CArtsB.,
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1, JE% ODgoo 4 1.0 F2 1:100 (1 HLB> lEEHER B
LB WK FREH, 37 °C., 200 v/min $E3% 1555, HHHE
1 h BUREIE I 55 ODgoo fE, 22l K gk .

W5 TR SAT52 . ArtsB. CArtsB FE#E 1:100
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A
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Figure 2 Bacterial growth kinetics and motility assays

TE: A ARG B: @ahifEHAR. ***: P<0.001.

K/NE H B Be(& 1), PCR 734 K e 45 56
B, SLRGRARArtsB AR, DA SATS2 SER4H
Sk, RIS Y093 resB FERH AN B, i
YIE M EANEoR: pBAD-rtsB, 1l iE A 5 L A4k
FERKRArSB, FEHAME CArtsB (45 RAKER).
22 HKMERIENENE

ARG R DR, BA SATS2, ShICHE
ArtsB, HAME CArtsB A KB FEAAIR], ]
P A RisB A0 RAGFEVDT TR 0 A K e (B
2A). EISTER AR EArHT resB BRI X iZ
SIRE SRR, S5 BRI ARArtsB 132 sh i
25 T B AR R B MR (P<0.001), $ER P A
RisB #9001 TR iz st (& 2B),

bp M 1 2 3 4 5 6 7

2000
1500
1 000
750
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250
100

1 EREFRERArtsB #) PCR £F

Figure 1 Identification of mutant strain ArtsB by PCR

{E: M: DNAmarker; 1-5: HtERkArtsB; 6: BFA:bk SAT52;
7: BIHEXTHE.

Note: M: DNA marker; 1-5: Mutant strain ArtsB; 6: Wild-type
strain SAT52; 7: Negative control.

B 25 ¢

Diameter (mm)
— — N
(=) W [

.

SAT52 ArtsB

CArtsB

Note: A: Growth curves; B: Motiligy diameter of each strain. ***: P<0.001.
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e IR . 45 RN, SEAM SATS2 AL,
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(P<0.001), I H B FME 0 A= P00k Y %68 1Pk 2
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A=W T (] 3)
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(FIsZN, A Hela AUALEFTRERE AMZIRE . 4551
R, Bk bkArtsB XF Hela 4L B5 M S AR fE
8 AR T B A bR (P<0.01, P<0.05), {HE %Mk
R R ARBTG5 0152 (5] 4).
25 BAEFRRR

MEPIAETE IR IR 25 SR R, 7RI RAW264.7 41
M 9 h K 12 h J5, SRAKRFE /N E W90
RAW264.7 N W 7 1 g 71 & 2 8 T 5 A4 #k
(P<0.001), FFME I N AE35 e T AT PP s
(EENECEXSERS S RGN
2.6 LDsillE

BALB/c /NI EURESS R Bon, B4 bR
SAT52 ., fFKPRArtsB FIH AMA CArtsB 1 LDso 5371
J3.16x10°, 5.01x10°, 3.16x10° CFU, FHiH%k
WRAGEE SR TR AERR, MEAME CArtsB HIEUR 11

Rl (3 2).
04 ok ‘
03+
% 02+
0.1}
0.0
SATS2 ArtsB CArtsB  Negative

control
B3 SR RE SN E
Figure 3 Bacterial biofilm formation assays
Note: *: P<0.05; ***: P<0.001.
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El 4 Hela HAEFMNRIXIELE
Figure 4 Adhension and invasion ability to Hela cells
e Ax FXEETEE; B: X AMRER. *: P<0.05; **: P<0.01.

Note: A: Relative adhesion; B: Relative invasion. *: P<0.05; **:
P<0.01.

—-SATS52
1.0 & ArtsB
E 081 —a—CArtsB

t (h)

B 5 RGEDTEENRERME RAW264.7 HHIHE
XEFER

Figure 5 Intracellular survival rate of S. #yphimurium
strains in macrophage RAW264.7 cells

Note: ***: P<0.001.
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Table 2 Determination of LDsy, for Salmonella
typhimurium
oy N==Far=y
el Nuri?e:r (J)f Esiﬁ%nice
Dose of challenge (CFU) SATS2 AHsB CArsB

1x10° 4/4 5/5 5/5
1x10’ 5/5 4/5 5/5
1x10° 5/5 5/5 5/5
1x10° 5/5 0/5 0/5
1x10* 5/5 0/5 0/5
1x10° 0/5 0/5 0/5
LDs, value 3.16x10°  5.01x10°  3.16x10°

3 WE%i®w
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Yy, Mk TR, R 2 2 IR Y
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FEVPT iz s, AT ES SR R RisB Al LA
HIHEBIEE 71iC A ARDC 33k, TRz 3)
PE; 535k, TERGAFR#IA RisB WFHWT 1A
Mizgl), KU RisB 7] LN fIhDC 59\
T HIFEIk Rz st A g IR B AE 1 45 3k
B, resB BRI C BULIEVD TR B A= Pk BT
BRE 155 o A= B BT B B 55— 25 2 A TR 28
SEVH TR, HIbis shk /3% 58 v] e A AT

20 A ) B S A R R 1. 3 A, ARl
SEM R AEAR AL T A RAAY 1 —Fp A AEALH]
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Bl 20 B 6 3Bk 1 2 G e B AR, DT A 1 40 TR 9 A7
TG EGETE . I, B PRArsB AWk T B RE
JIREAR AT R 2SO I PR EE Z —.

INEEUR RIS R BN, B bRArsB fOEL
W 1R BB ERRE) 0.6%, T AME CArtsB HIEUH
TN FRA3 1B A o 9 Dt B ) i = 200 %) 285 B R
B T I Y SRR TR, A AR U 3
BB VR ArtsB ZHIFHRE 77 0 KT B Ak AR 28
RE 1A PTREAR . 9ok, BRAGFET TR E T M
R, RELE B AN I N AR AE A BUE SLE A R
TG BRI R . AR RN, resB FED Gk
RBHEERGFED T TH NG R ST FRAK, MR
LT/ NRI SR S TR SR, resB FE H AME
X} Hela 4fi i1 25 BT AR E 1 S RAW264.7 A1 N 1)
fENGRE IR SE A a5, HonT /N RB0w 1ok
o] 42 (1 S o 4 R e AN [ R 4 R B R G
PSS R Sk R s, I AEAS RS T & H#EAE
o ARSCHE A FOR JR 3 7 RisB B AN ZE Bk
PR, resB LR A4S LRI IR 03 = TR AE R, I
A RESE B AME A RE [ A AR MK A

Ao T BUGFEVDT T resB FEPRI BRI AR I B
PRI AE P2 E R R BOm e, R RstB
S BRATFEVD TR is st . AW i RE 77
FETEZERANAE . P AE TS B B0 M T e 45 A
. R, PN RstB MITEEALITH 20—
5T, FRIRA T A ZEVD T TR BRI K
i FH B B JE A

REFERENCES

[1] Gast RK, Guraya R, Jones DR, et al. Contamination of eggs by
Salmonella Enteritidis in experimentally infected laying hens
housed in conventional or enriched cages[J]. Poultry Science,
2014, 93(3): 728-733

[2] Gantois I, Ducatelle R, Pasmans F, et al. Salmonella enterica
Serovar Enteritidis genes induced during oviduct colonization
and egg contamination in laying hens[J]. Applied and
Environmental Microbiology, 2008, 74(21): 6616-6622

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



3012 A IR Microbiol. China
[3] Swaminathan B, Gerner-Smidt P, Barrett T. Focus on [9] Bassler BL. Small talk: cell-to-cell communication in

Salmonella[J]. Foodborne Pathogens and Disease, 2006, 3(2):
154-156

Zhang SP, Kingsley RA, Santos
pathogenesis of

RL,
enterica

et al. Molecular

Salmonella serotype
Typhimurium-induced diarrhea[J]. Infection and Immunity,
2003, 71(1): 1-12

Xu JP, Jin LQ, Feng H, et al. Research progress on Sa/monella
food poisoning[J]. People’s Military Surgeon, 2018, 61(3):
274-277 (in Chinese)

VPR, BriEfE, B, S IR EY R erse st
JE[1. ANRZEEE, 2018, 61(3): 274-277

Schauder S, Bassler BL. The languages of bacteria[J]. Genes &
Development, 2001, 15(12): 1468-1480

Gonzalez JE, Keshavan ND. Messing with bacterial quorum
sensing[J]. Microbiology and Molecular Biology Reviews,
2006, 70(4): 859-875

Zheng SC, Luo Y, Lu T. The structure and function of
LuxR-family regulators[J]. Chinese Bulletin of Life Sciences,
2010, 22(9): 886-895 (in Chinese)

i, BHE, B%. LuxR ZGASEE A 045 X IEe[].
HE AR, 2010, 22(9): 886-895

[10]

(1]

[12]

[13]

[14]

bacteria[J]. Cell, 2002, 109(4): 421-424

Ahmer BMM, van Reeuwijk J, Timmers CD, et al. Sa/monella
typhimurium encodes an SdiA homolog, a putative quorum
sensor of the LuxR family, that regulates genes on the virulence
plasmid[J]. Journal of Bacteriology, 1998, 180(5): 1185-1193
Fang YH, Sun P, Wei JZ,
virulence genes[J]. Progress
31(S1): 190-193 (in Chinese)
Ll PN, WAL, SF. VTR ) AL RS HE R 0].
S EEPE R, 2010, 31(S1): 190-193
Marcus SL, Brumell JH, Pfeifer CG,
pathogenicity islands: big virulence in small packages[J].
Microbes and Infection, 2000, 2(2): 145-156

Ellermeier CD, Slauch JM. RtsA coordinately regulates DsbA
and the Salmonella pathogenicity island 1 type III secretion
system[J]. Journal of Bacteriology, 2003, 186(1): 68-79
Ellermeier CD, Slauch JM. RtsA and RtsB coordinately regulate

et al. Progress on Salmonella
in Veterinary Medicine, 2010,

et al. Salmonella

expression of the invasion and flagellar genes in Salmonella
enterica serovar Typhimurium[J]. Journal of Bacteriology,
2003, 185(17): 5096-5108

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



