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Abstract: The aim of this study was to understand the role of rpoN gene on biofilm formation of
S. Typhimurium. Two S. Typhimurium strains with strong biofilm-forming ability were selected
for construction of deletion mutants with deficiency of gene rpoN using the Red recombination
system,and complemented strains were constructed by using prokaryotic expression vector. The
biofilm-forming ability,and resistance to environmental stress of the wild-type,»poN mutant and
rpoN complemented strains were compared. A quantitative real-time PCR method based on ¢sgA
and bcsA genes was established to compare the expression of their biofilm components. The re-
sults showed that the biofilm formation, mainly contributed by increased expression of curli, was
significantly enhanced in the rpoN gene deletion mutants when compared with that of the wild-
type strains. The biofilm formation of revertants was similar to that of the wild-type strains. Fur-
thermore,deletion of rpoN gene of S. Typhimurium strains resulted in their increased resistance
to acid and alkali environment. Therefore, RpoN was identified as one of the associated sigma fac-

tors involved in biofilm formation of S. Typhimurium. These data may be helpful for elucidating
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the regulatory mechanism of Salmonella biofilm formation.

Key words: Salmonella Typhimurium ; biofilm formation; rpoN gene; mutants; environmental

stress
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Table 1 Primers used for amplification of PCR

5|4 Primers 31 (5'—>3") PCR Prime sequences JHi& Purpose
rpoN-F ATGAAGCAAGGTTTGCAACTCAGGC Primers used for
rpoN-R TCAAACCAGCTGTTTGCGTTGGTTT amplification of rpoN genes
ATGACGCCTCAGCTACAACAGGCCATCCGTCTGTT
oI GCAGTTGTCTACGCTGTGTAGGCTGGAGCTGOTTC Primers used for amplification
ATGGATAAAGACTCTCGGTACTTCGCAACAGTGCG of fragments with cat gene
roND2 GCGCGCCACCATGATCATATGAATATCCTCCTTAG
rpoN-HF CGGGATCCATGAAGCAAGGTTTGCAACTCAGGC Primers used for gene
rpoN-HR CCGCTCGAGTCAAACCAGCTGTTTGCGTTGGTTT complementation
csgA-F ATGAAACTTTTAAAAGTGGCAGC Primers used for amplification
csgA-R TTAATACTGGTTAGCCGTGG of csgA genes
besA-F CATTTACGCTTCGCTTGG Primers used for amplification
besA-R TCCCTTTGTGCGGATTGA of besA genes
csgA-QF TCGACCAGTGGAACGCTAAAA
csgA-QR ACCAACCTGACGCACCATTAC
qRT-PCR
besA-QF CGGGCGTGAATCATTTCGTC
besA-QR TCAGGAACCAGCCCATTGTC
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Fig. 1 Identification of S016 and S025 mutants by PCR
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Fig. 2 Restriction endonuclease digestion pattern of re-
combinant plasmid
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Fig. 6 Transcription of csgA (A) and bcsA (B) genes in Salmonella strains during the period of biofilm formation de-

tected by the quantitative real-time PCR
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Fig.7 Determination of resistance to environmental stress for wild-type strains, mutants and revertants

BAYIFEEAEA T 200 LA 25 0 0y 208 A ) wk
5 DT B 47 b 3 b BB R B I R 0 4
W rpoN J [R5l I i 4 181 75 R 17 8% R B0 07 380 2%
FF R XA AT T 3 58 L X AT fig 5 A ) B TR AR
Ae 13 O¢. M, RpoN & — A~ Z 1 He J) i
BT AW % EH rpoN JEH S B FE D 1T
WA W9 TR A G 6 T2 —, [ i) rpoN JE A
B A% 38 328 5% ) 4 1 0B 19 BRODA T 52 1 20 1T 1 2
PTE . X — RIAMLARE T o B X A= 9 9 JE
PR AL S 5 EL S B 7 24 W T R T
TF ] 5 AL A

4 & it

IR T 2 MR R ATFED TR rpoN FEHBK
Pho rpoN FEIH Bl R bR A ) 4 LT A T 3 o X
G S PR R R R . DA R SRR

RpoN Jy SR A5 FE U0 1T b A= Wy s IR A 56 o I
Z—

5 % 3k (References) :

[1] MAJOWICZ S E,MUSTO J,SCALLAN E,et al. The

global burden of nontyphoidal Salmonella gastroen-

teritis[ J]. Clin In fect Dis,2010,50(6) ;882-889.

PATI N B,VISHWAKARMA V,JAISWAL S.et al.

Deletion of invH gene in Salmonella enterica serovar

Typhimurium limits the secretion of Sip effector pro-

teins[J]. Microbes Infect ,2013,15(1) :66-73.

[ 3] ISHIHAMA A. Functional modulation of Escherichia

coli RNA polymerase[ J]. Annu Rev Microbiol , 2000,

54:499-518.

(4] ® R.ERB.8 UL BRI IREAEYH
I AR SR EE P rpoE B M RELT . WU Y2 4. 2015,
55(2):156-163.



778

O

47 %

[5]

L6]

L7]

[9]

[10]

[11]

HUANG J,CHEN S J, HUANG K, et al. Identifica-
tion of rpoE gene associated with biofilm formation of
Salmonella pullorum [ ]J]. Acta Microbiologica Sini-
ca,2015,55(2) :156-163. (in Chinese)

PRATT L A.KOLTER R. Genetic analysis of Esche-
richia coli biofilm formation: roles of flagella. motili-
ty, chemotaxis and type 1 pili[[J]. Mol Microbiol ,
1998,30(2) :285-293.

ANRIANY Y,SAHU S N, WESSELS K R,et al. Al-
teration of the rugose phenotype in waaG and ddhC
mutants of Salmonella enterica serovar Typhimuri-
um DT104 is associated with inverse production of
curli and cellulose[ J]. Appl Environ Microbiol ,2006,
72(7) :5002-5012.

MURPHY K C. Use of bacteriophage lambda recom-
bination functions to promote gene replacement in
Escherichia coli[]]. ] Bacteriol , 1998,180(8) :2063-
2071.

CHIF,WANG Y.GALLAHER T K.et al. Identifica-
tion of IbeR as a stationary-phase regulator in menin-
gitic Escherichia coli K1 that carries a loss-of-func-
tion mutation in rpoS[J]. J Biomed Biotechnol ,2009,
2009:520283.

LEDEBOER N A,FRYE J G,MCCLELLAND M, et
al. Salmonella enterica serovar Typhimurium re-
quires the Lpf, Pef,and Tafi fimbriae for biofilm for-
mation on HEp-2 tissue culture cells and chicken in-
testinal epithelium [ J]. Infect Immun , 2006, 74 (6)
3156-3169.

HAMILTON S,BONGAERTS R J,MULHOLLAND
F.et al. The transcriptional programme of Salmonella
enterica serovar Typhimurium reveals a key role for
tryptophan metabolism in biofilms[ J]. BMC Genom-
ics ,2009,10:599.

CRULL K,ROHDE M, WESTPHAL K, et al. Bio-

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

film formation by Salmonella enterica serovar Typhi-
murium colonizing solid tumours[J]. Cell Microbiol ,
2011,13(8):1223-1233.
BROWN P K, DOZOIS C M, NICKERSON C A, et
al. MIrA,a novel regulator of curli (AgF) and extra-
cellular matrix synthesis by Escherichia coli and Sal-
monella enterica serovar Typhimurium[]]. Mol Mi-
crobiol ,2001,41(2) :349-363.
GRANTCHAROVA N,PETERS V,MONTEIRO C,
et al. Bistable expression of CsgD in biofilm develop-
ment of Salmonella enterica serovar typhimurium
[I]. J Bacteriol ,2010,192(2) :456-466.
YOO AY,YU ] E,YOO H,et al. Role of sigma fac-
tor E in regulation of Salmonella Agf expression[ ] ].
Biochem Biophys Res Commun, 2013, 430 (1) 131-
136.
IYER V S, HANCOCK L E. Deletion of sigma(54)
(rpoN) alters the rate of autolysis and biofilm forma-
tion in Enterococcus faecalis[J]. J Bacteriol , 2012,
194(2) :368-375.
BELIK A S, TARASOVA N N,KHMEL’ I A. Regu-
lation of biofilm formation in Escherichia coli K12
effect of mutations in HNS, StpA, lon, and rpoN
genes[ J]. Mol Gen Mikrobiol Virusol ,2008(4) :3-5.
COSTERTON ] W,STEWART P S. Battling biofilms
[J]. Sei Am ,2001,285(1) ;74-81.
DE SILVA G D,KANTZANOU M, JUSTICE A. The
ica operon and biofilm production in coagulase-nega-
tive Staphylococci associated with carriage and dis-
ease in a neonatal intensive care unit[J]. J Clin Mi-
crobiol ,2002,40(2) . 382-388.
DONLAN R M. Biofilms: microbial life on surfaces
[J]. Emerg Infect Dis,2002,8(9) :881-890.

G FRP





