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Rcs signal transduction system in Enterobacteriacea bacteria:
associated virulence and stress reaction
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Abstract : Res is a complex two-component system in Enterobacteriaceae bacteria. It regulates the synthesis of
bacterial colanic acids, and the expressions of bacterial flagella genes and resistance genes. Distinguished
with typical two-component systems, Rcs consists of three components, among which phosphate group is
transferred via three steps. Rcs in different species may possess its own distinct functions, mainly in the
regulation of bacterial virulence and stress control. This review focuses on the components, function and

signal transduction mechanisms of Rcs system.

Key words: Two-component system; Enterobacteriaceae; Virulence; Stress

W ZH 43 % 8t (two-component system, TCS) J&
YT FEAG 5 5 T RG22 — W S W R R U
MR A AR AR AR SR AE 2R TIBE. Res
AR YT E S 2 IR B N & — R Ak 1y TCS,
1985 AEFRBR A I & H . Bl AUE
FERFFN T b & B 2R G0 » AR I 42 40 0 25 0 F
Wb R HEE YR8, SRR TCS 4 24 7R I

HGIUH - E R A RBLAE4 (81571955)
AR R
Corresponding author. QU Di, E-mail: dqu@shmu. edu. cn

(histidine kinase, HK) 1 Jij % 1 % & (1 (response
regulator, RR) 4 i, 1M Res & 48 M) A1 & ResC,
ResD ResB =AM 4, HAR 5 7% S ik B2 10 R 4t 1
HHE U ResF, IgaA, ResA %5, Res & Gt 76 W R 55
BN 5T S D RE & HE T IR I M 4
P A SO I AT ERIR



MEAZUE . 55 . IAAT AL ) Res (555 S RS0

AN

1 Z8E&E TCS

ARG TCS 38 i A~ H A HK AT RR,
HK & 3% ~7 35 (sensor domain) fl HK 3 Chistidine
kinase domain) , RR &1 (receiver domain) Fl
2wk Ceffector domain) , HK 3% 0] H #ilz 1L, 3+
VW5 R e B B B2 iR (/T 1A . E 4= TCS (dn
Res) Hi 3 A8 FA4 Al : HK L RR FITE 20 20 1R 1 i 12
H: % 45 #4 38 Chistidine-containing phosphotransfer

x1 AEBHAEMEESHREHNAS RE

+ 115 -

domain, HPt) , HPt R[4t HK 4B R L 1 1% 34 45
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Tab.1 The TCSs regulating expressions of bacterial virulence in Enterobacteriaceae

TCS W BRI SRR T S 30k
CpxA/CpxR IEPEAT (Al EPEC, UPEC Type N H&E Nevesinjac AZ, 2005;
Vogt SL. 2010
BarA/UvrY T csgD E. coli Curli HE Jubelin G, 2005
EMPET virF, invE S. sonnei 1L 784 53 R 8 A0 i 1 Mitobe J, 2005
EMPEF  Unknown UPEC BEASAR G, A i b A Tomenius H, 2006
ERET Unknown Avian E. coli  TEf5 YU P AT Herren CD, 2006;
Palaniyandi S, 2012
EvgS/ EvgA EMPET Unknown EPEC, EHEC [l #4433 R GE AN 76 (- 26 F - Nadler C, 2006
ResC/ResD/ResB - [l #45  pchA, pchB EHEC I8 5308 R GE AUV A 11, B ffF - Tobe T, 2005
WEmPETT grvA Morgan JK, 2013
T csgD E. coli Curli FE Vianney A, 2005
QseC/QseB EMIETT  flhDC E. coli b EEY Chaudhari AA, 2014
EnvZ/OmpR EMPHTT esgD E. coli Curli FE Jubelin G, 2005
ompC, ompF SR
ERET ompC S. flexneri R%EN Bernardini ML, 2003
PhoQ/phoP WERET prgHIIK Salmonella 11 284 43 35 3R 8 RN Kato A, 2008
HH Inv-Spa
1E AT bpgPE operon LR Z ik Groisman EA, 1997;
Richards SM, 2012
IEM Y Unknown S. flexneri Eiioe sk ey v} IS == Moss JE, 2000;

Cai X, 2011
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A: The one-step phosphoryl transfer of orthodox two-component systems. A single phosphoryl transfer occurs between a phospho-His of the

HK and a phospho-Asp of the downstream RR. B: The three-step phosphorelay. The hybrid kinase contains a HK and a RR. The HPt

domain exists in a protein separately. The phosphoryl is transferred via three steps as described in the picture.
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Fig. 1 The phosphoryl transfer steps of two-component systems
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B, BEERMLAY ResB Al 5 FiE s S 8 7 X
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A: The array of the main rcs genes in the genome of Shigella flexneri 2a str. 301. The array of the genes resD/resB/resC was drawn

according to NCBI (https://www. ncbi. nlm. nih. gov/genome/). B: The domains of the main Rcs proteins in Shigella flexneri 2a str. 301.
The information about the proteins ResD/ResB/ResC was searched in the MiST2 database (http://mistdb. com/).
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Fig. 2 The main components of Rcs system in Shigella
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The histidine kinase ResC and the histidine-containing phosphotransfer ResD are both located in the inner membrane (IM), while the

response regulator ResB is located in cytoplasm. Upon activation, ResC autophosphorylates on a histidine residue in the H1 domain and

produces a phosphoryl group, which is transfered through several protein domains (D1, HPt) to a terminal D2 domain in RcsB.

Phosphorylated ResB regulates downstream gene expression by binding to the gene promoter region. In this regulation, RcsB can work

independently or interact with RcsA.
3 Res REHIBEBREERSALE

Fig.3 The phosphoryl transfer mechanism of Res system
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ResF, as an outer membrane (OM) lipoprotein, is transported to the inner leaflet of the OM by the chaperone LolA. Under an unstressed

condition (A), RcsF binds to BamA, which assembles RcsF and OmpA together as a complex. The complex displays ResF on the cell

surface, occluding ResF from IgaA, an IM protein inhibiting the activation of RcsC. Upon a stress hitting the OM or peptidoglycan (B), the

transported RcsF can not interact with BamA. Then the RcsF exposed to periplasm binds to IgaA and inhibits its function, resulting in an

activation of Rcs system. In addition, when the LolA is destroyed, newly synthesized RcsF can also interact with IgaA due to a failure

transportation to the OM.
4 Res RGHIBENLH

Fig. 4 The activation mechanism of Rcs system
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Tab.2 The genes regulated by Rcs in Enterobacteriaceae

Genes Function Organisms References
cps Responsible for the production of colanic acid E. coli Stout V, 1990
ftsZ Responsible for Z-ring formation at the future E. coli Gervais FG, 1992
site of cytokinesis
osmC Reduces organic hydroperoxides E. coli Davalos G, 2001
rprA Affects translation of RpoS E. coli Majdalani N, 2002
IrhA Regulates rpoS translation, represses flagellar E. coli Peterson CN, 2006;
gene expression Lehnen D, 2002
gadA/BC  Maintains a near-neutral intracellular pH when E. coli Marie-Pierre CC, 2010
cells are exposed to extremely acidic conditions
grvA Upregulates LEE-dependent adherence and EHEC Jason KM, 2016
represses glutamate-dependent acid resistance
flhDC Regulates flagellar synthesis E. coli, S. enterica,  Francez C, 2003; Wang Q,
Proteus mirabilis 2007; Clemmer KM, 2007
ugd Increases resistance to polymixin B S. enterica Mouslim C, 2003
vdel Increases resistance to antimicrobial peptides S. enterica Erickson KD, 2006
roiA Initiates Vi antigen production S. enterica Virlogeux I, 1996
wzz Determines O-antigen chain length S. enterica serovar Delgado MA, 2006
Typhimurium
lerF Augments Ysc-Yop T3SS activity for the survival Yersinia LiY, 2015
of bacteria in host immune cells
minCD Encodes cell division inhibitors Proteus mirabilis Kristen EH, 2015
4 um &2 AW 55 2 S RHRIE ST 7V R an Bt T
Zalma

i S S TR AU I 15 i AR 58 A e A I
5 b RE AR BOw 5 1 1 sl 1 R e
LAEIREE IR I IR B & T PR IO 773 fE
SERUIMOC. WA FHRRA 9 Res 248 T 445 40
PR E R 2 B AR PR 18 B DR Rk A i 41
Pt £ I8 R PR e A R .
BER R PE LR AT B URNG T  25 WU EAR

AT e S EOR TR YR B oM n] DL T fig
. Res A4 14 2% P KA 1 2 BE 22 88 B 6 70 4 35 )
VT B A A T A5 R A L (ELAR 22 52 A4 B I
AR (A B AR A IR RIS [R] TiAS— B0 sl 28
i R GE AR 5 DA I ade 538 R A AP S B R B
YT Res RGN A ARRA BEG G 4t 7 J

AIBIF T R 2 R AT S 7 B ] Res R &¢
KAFEFE I RERIVE LA .

S22 3Lk

[1] Ancona V. Chatnaparat T, Zhao Y. Conserved aspartate
and lysine residues of RcsB are required for amylovoran
biosynthesis, and DNA binding in Erwinia
amylovora [J]. Mol Genet Genomics, 2015, 290 (4):
1265-1276.

[2] Arricau N, Hermant D, Waxin H, Ecobichon C. Duffey
PS. Popoff MY. The RcsB-ResC regulatory system of

Salmonella typhi differentially modulates the expression of

virulence,

invasion proteins, flagellin and Vi antigen in response to
osmolarity [J]. Mol Microbiol, 1998, 29(3) . 835-850.

[3] Castanie-Cornet MP, Cam K, Bastiat B, Cros A, Bordes P,
Gutierrez C. Acid stress response in Escherichia coli:

mechanism of regulation of gadA transcription by RcsB and



i 4 I GRHA Y Res (5 5 R 5

AN

[4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

GadE [J]. Nucleic Acids Res. 2010, 38(11): 3546-3554.
Castano-Cerezo S, Bernal V, Post H, Fuhrer T, Cappadona
S, Sanchez-Diaz NC, Sauer U, Heck AJ, Altelaar AF,
Canovas M. Protein acetylation affects acetate metabolism,
motility and acid stress response in Escherichia coli [J]. Mol
Syst Biol, 2014. doi: 10.15252/msb. 20145227.

Cho SH, Szewczyk J, Pesavento C, Zietek M, Banzhaf M,
Roszczenko P, Asmar A, Laloux G, Hov AK, Leverrier P,
van der Henst C, Vertommen D, Typas A, Collet JF.
Detecting envelope stress by monitoring beta-barrel assembly
[J]. Cell, 2014, 159(7) . 1652-1664.

Clarke DJ. The Rcs phosphorelay: more than just a two-
component pathway [J]. Future Microbiol, 2010, 5(8):
1173-1184.

Clemmer KM, Rather PN. Regulation of flhDC expression
in Proteus mirabilis [J]. Res Microbiol, 2007, 158(3); 295-
302.

Delgado MA, Mouslim C, Groisman EA. The PmrA/PmrB
and ResC/YojN/ResB systems control expression of the
Salmonella O-antigen chain length determinant [J]. Mol
Microbiol, 2006, 60(1). 39-50.

Ferriéres L, Clarke DJ. The RcsC sensor kinase is required
for normal biofilm formation in Escherichia coli K-12 and
controls the expression of a regulon in response to growth on
a solid surface [J]. Mol Microbiol, 2003, 50 (5):
1665-1682.

Francez-Charlot A, Laugel B, van Gemert A, Dubarry N,
Wiorowski F, Castanié-Cornet MP, Gutierrez C, Cam K.
RcsCDB His-Asp phosphorelay system negatively regulates
the fIhDC operon in Escherichia coli [J]. Mol Microbiol,
2003, 49(3): 823-832.

Gottesman S, Trisler P, Torres-Cabassa A. Regulation of
capsular polysaccharide synthesis in Escherichia coli K-12:
characterization of three regulatory genes [J]. J Bacteriol,
1985, 162(3): 1111-1119.

Howery KE. Clemmer KM, Simsek E, Kim M. Rather PN.
Regulation of the Min cell division inhibition complex by the
Rcs phosphorelay in Proteus mirabilis [J]. J Bacteriol,
2015, 197(15): 2499-2507.

Huang YH, Ferrieres L, Clarke DJ. The role of the Rcs
phosphorelay in Enterobacteriaceac [J]. Res Microbiol,
2006, 157(3): 206-212.
Llobet E. MA.,

Bengoechea JA. Analysis of the networks controlling the

Campos Giménez P, Moranta D,

antimicrobial-peptide-dependent induction of Klebsicella
pneumoniae virulence factors [J]. Infect Immun, 2011, 79
(9): 3718-3732.

Majdalani N, Gottesman S. The Rcs phosphorelay: a
complex signal transduction system [ J ]. Annu Rev
Microbiol, 2005, 59. 379-405.

Majdalani N, Heck M, Stout V, Gottesman S. Role of RcsF
in signaling to the Rcs phosphorelay pathway in Escherichia
coli [J]. J Bacteriol, 2005, 187(19). 6770-6778.
Méndez-Ortiz MM, Hyodo M, Hayakawa Y, Membrillo-

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

« 121 -

Hernandez J. Genome-wide transcriptional profile of
Escherichia coli in response to high levels of the second
messenger 3', 5'-cyclic diguanylic acid [J]. J Biol Chem,
2006, 281(12): 8090-8099.

Mouslim C, Groisman EA. Control of the Salmonella ugd
gene by three two-component regulatory systems [J]. Mol
Microbiol, 2003, 47(2) . 335-344.

Pescaretti Mde L, FarizanoJV, Morero R, Delgado MA. A
novel insight on signal transduction mechanism of RcsCDB
system in Salmonella enterica serovar typhimurium [J].
PLoS One, 2013, 8(9): e72527.

Pescaretti Mde L, Lopez FE, Morero RD, Delgado MA.
Transcriptional autoregulation of the ResCDB phosphorelay
system in Salmonella enterica serovar typhimurium [J].
Microbiology, 2010, 156(Pt 12). 3513-3521.

Stout V, Gottesman S. RcsB and ResC: a two-component
regulator of capsule synthesis in Escherichia coli [J]. J
Bacteriol, 1990, 172(2) . 659-669.

Stout V, Maurizi MR, Gutnick D,

Gottesman S. RcsA, an unstable positive regulator of

Torres-Cabassa A,

capsular polysaccharide synthesis [J]. J Bacteriol, 1991,
173(5) . 1738-1747.

Tobe T, Ando H, Ishikawa H, Abe H, Tashiro K, Hayashi
T, Kuhara S,
integrating the RcsC-ResD-ResB signalling system control

Sugimoto N. Dual regulatory pathways

enterohaemorrhagic Escherichia coli pathogenicity [J]. Mol
Microbiol, 2005, 58(1). 320-333.

Toguchi A, Siano M, Burkart M, Harshey RM. Genetics of
swarming motility in  Salmonella enterica serovar
typhimurium: critical role for lipopolysaccharide [J]. J
Bacteriol, 2000, 182(22). 6308-6321.

Venecia K, Young GM. Environmental regulation and
virulence attributes of the Ysa type III secretion system of
Yersinia enterocolitica biovar 1B [J]. Infect Immun, 2005,
73(9): 5961-5977.

Vianney A, Jubelin G, Renault S, Dorel C, Lejeune P,
Lazzaroni JC. Escherichia coli tol and rcs genes participate
in the complex network affecting curli synthesis [J].
Microbiology, 2005, 151(Pt 7). 2487-2497.

Virlogeux I, Waxin H, Ecobichon C, Lee JO, Popoff MY.
Characterization of the rcsA and rcsB genes from Salmonella

typhi: rcsB through tviA is involved in regulation of Vi

antigen synthesis [ J]. J Bacteriol, 1996, 178 (6):
1691-1698.

Wang Q, Zhao Y, Mcclelland M, Harshey RM. The
RcsCDB  signaling system and swarming motility in

Salmonella enterica serovar typhimurium: dual regulation of
flagellar and SPI-2 virulence genes [J]. J Bacteriol, 2007,
189(23) : 8447-8457.
SRV A A7 5% 5%, B 06 R TR AR L BRIl
R ERAAE G RR ArcsB ARG HE K L RAR RS P45 A= PR
B[] 5 = AR R4 . 2016, 38(6) : 595-599.

(e A 491 : 2017-09-04)



