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Role of Rcs two-component regulatory system in environmental
responses of bacteria: a review
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Abstract: The regulator of capsule synthesis (Rcs) system is a non-orthodox two-component regulatory
system found in many members of Enterobacteriaceae. This system consists of three core proteins (the
transmembrane sensor kinase RcsC, the transmembrane protein RcsD and the response regulator RcsB)
and multiple accessory proteins. Rcs system can integrate environmental signals, regulate gene expression
and alter the physiological behavior of bacteria. Defining the environmental response mechanism of Rcs
system in Enterobacteria has been a major focus in several recent studies. Here, the role of Rcs system in
signal perception and conduction, and the target genes regulated by Rcs system and their life phenomena
are introduced. This review will highlight the current understanding of the biological role of Rcs system,
as well as to provide a theoretical basis for the development of new strategies for bacterial control,
prevention and treatment.
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Figure 1 Phosphorylation of Rcs system in E. coli
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Note: HK: Histidine kinase; PR: Phosphoryl receiver; HPT:
Histidine-containing phosphotransmitter
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1 SIEMREHHHIE Res RERAMIIKMBNES

Table 1 Extracellular or intracellular signals that cause envelope stress and induce Rcs system

Signal Description Species Function References
waaF deletion  Encoding ADP-heptose-LPS E. coli LPS core sugar deficiency [7]
heptosyltransferase 2
Lysozyme N-acetylmuramide glycanohydrolase E. coli Destruction of the periplasmic peptidoglycan [29]
Active oxygen  Oxidative stress S. enterica serovar Outer membrane damage [30]
Typhimurium
B-lactam Chemicals repressing penicillin binding E. coli Inhibition of peptidoglycan formation and [32]
antibiotics protein (PBPs) transition to L-form state
lolA mutation Encoding lipoprotein-specific chaperone E. coli Defect in lipoprotein sorting [33]
tolA deletion Encoding periplasm spanning protein E. coli Outer membrane perturbation [34]
mdoH deletion  Encoding glucosyltransferase for the E. coli Defect in membrane-derived [35]
synthesis of periplasmic oligosaccharides synthesis
membrane-derived oligosaccharides
pbp4, pbp5, pbp7 Encoding penicillin-binding protein E. coli Modification of the peptidoglycan [36]
or ampH deletion
Concentration of Osmoregulated periplasmic glucans D. dadantii Sensing the osmolarity of medium [37]
OPGs
ugd deletion Encoding UDP-glucose dehydrogenase Ed. tarda Defect in LPS, a truncated core with no [38]

wecG mutation  Encoding ManNACA transferases

Cationic Binding to LPS through ionic bonds with S. enterica
antimicrobial negatively charged phosphoryl groups of
peptides the lipid A of LPS

Se. marcescens

O-antigen attached

Alteration in the enterobacterial common  [39]
antigen (ECA) structure

Outer membrane damage [40]
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M Bam &4 Ak AT 1M Konovalova
SEHEH T 5 — R B R R B ResF 40 fal B8 HH
LPS GRBERTS AL A MR T 7, ZEMAT TR B

ResF 5 B ARE B E &Y, it 2y e
Loy B S TR R 55 1) N AR ot 245 A 35 L 42K LPS
o3 22 B B4 ) AH EAE R R Res RGEMIE
PRI 5 2 AR AT BE A 2 ResF Jg R[] 25 251
FEJI) 2 PR 7. B2, Xee B T
ResF 7 Res 15 5 75 530 6 H 1R hy g IR RN A%
HAF S PG, XX FHIBT Res FR G818 15 HLH]
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Figure 2 Signal transduction of Rcs system in E. coli

M A FTERCETEHIBLLT , ResF #% BamA B9, FR4 OmpA B R mIR#E S A . YrfF (S. enterica serovar Typhimurium
T 1gaA) I T ResC ABRHE 1 , AN 24 ResB ZLBERR AL X A O , AcP P BEFE B BESE AL, LURFHIRK T ResB-P;
B: TEAAFEEIIMIEN T, ResF A5 BamA Hl OmpA MIEAER, Y5 IgaA MHEAER, #EMBHT YrfF (S. enterica serovar
Typhimurium H () 1gaA)RFIEI/E A . ResC L ATP K54 5 sU7E HK 38 A SR ik . SRJR B BRIE 15582 2 ResC 1 PR &5 443,
¥R E ResD 19 HPT 455, FJS%H % ResB, ResB BN E FUE BUR IR R RS I8 IR0k, SR h i fR<r 2L 7 45
G, DET R T B D A s

Note: A: In the absence of stress, RcsF is funneled by BamA and sequestered by OmpA as a surface-exposed protein. YrfF (IgaA in S.
enterica serovar Typhimurium) inhibits the kinase activity of RcsC, resulting in dephosphorylation of RcsB. In this situation, acetyl
phosphate might act as a phosphoryl group donor to keep a low level of RcsB phosphorylation. B: In the presence of stress, RcsF does
not interact with BamA and OmpA but interacts with IgaA that release the inhibition of YrfF (IgaA in S. enterica serovar Typhimurium).
RcsC autophosphorylates at HK domain in an ATP-dependent manner. The phosphoryl group is then transferred to the PR domain of

RcsC, then to the HPT domain of RcsD and finally to ResB. RcsB can form homodimer or heterodimers with the auxiliary proteins,
which then interact with a conserved motif in target genes to modulate their transcription
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£ R fJ&, Res RGN R ZE00 8 40 & 1 i A
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W% 5 {13 1 (Klebsiella. pneumoniae)®, /sl P IETA PRI Bl 80 ke SERRZ Bl it
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REMIEHE LG Res R4 B S Foab i A 2 S SO R KRR T v e BT
e 2 T R 3 M T A S O S R, g i SRR LI T B A S A T PR LA 7 R 4
EMEE, UAXAEEGAESRGGEEAHN i Res REM M, Res RERKIESHSH
VERR M U2, I, AR E T S8 Res  JEREZ0E T IR A 7 A0z 4 MG IE IR (B cps,
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Figure 3 Model for the temporal control of gene expression by the Rcs system

. A: ¥4 S enterica serovar Typhimurium #F A B REANIE)S , FREEE 52l & Res RIS . ResB-P KE A TH = 3l 7 40 Bk
Wi R e L W P s B (X (2 ) | SPI-1 1 SPI-2 Ui 8 A DG B DR )y 32k, ] i) 3K 515 4 B ke i 17 BE [l (ydlel ) A9 35 5 B 7E E. colli
W, Res RG0S K& A e 20 v R 0 18 R R RIS B AN 20, ResB-P /KA T 4 il i e B 2 o o 3L Rl G2 sh A i i B 5
WEAHSCHER) 23k, RS EPS (53¢ MU A: IR TE 1) 5 AL TR i 3R ik

Note: A: After S. enterica serovar Typhimurium has gained entry into the macrophage, environmental signals trigger the activation of
Rcs system. The increase in RcsB-P levels inhibits the expression of genes required for bacterial adhesion and infection (motility, SPI-1
and SPI-2) to macrophages, while driving the expression of genes required for systemic infection (ydel); B: In E. coli, the activation of

Rcs system occurs at some point after attachment to a solid surface. The increase in RcsB-P levels represses the expression of genes
required for attachment (motility and curli) and induces the expression of genes responsible for the production of EPS, which are required

for the development of a mature biofilm

RprA (—#h sRNA)S Res RGMEREs, 3 Hi%
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RprA (ka1 N 50-60 £, #m SE i+ o°
R FA KR 32-35 15078 Res RG]
PHT E. coli 1 IrhA FRIRIK, 1L 4t LysR
T S A B LrhA 3B S R — AN SR
SRNA SEAEHE rpoS mRNA 45 5 A e 53 0

AlIL, Res RGN FE WS Bz —IT-/2 o° Rcs
ARG A I o° 1YFIR AT (1 R 41 TR Y
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E. coli A=Wy EIE RSk B 2 f T 7E X SE [N B 7S
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K IR AZ A ) BT i B o PT i i 22 AF resB Bk
rprA 15 RIPKE BY. ERGE, o° RIXK R
Al o T34 d Pk AR R st 2 o0 o 4a
L, JFHA IR o ol iz fEm
il cps #\ T M yjbEFGH #: U F R £ ik, X 24
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Res RGEMFHERTFZ (EARET)ZIZRS
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IR 22 iR KRG 3G 0, B S 2238 5 N B 208
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AR, 4 Res RGAPLROE S (Bl WE & R Maa), i
T2 %P4 i W L R (AN cps R\ ) kit %
5, HET AR A AR 2 7 AR 3 G0 AT R S ) ok
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35 HfthEH

Bfi 5 % Res REMAWIIISE, Ok Z I
R 50 A2 iz R IR . IR RIS 40 o
24 511 ftsAZ #:9\ 17 E. coli A1 P. mirabilis H
B RcsB i, SRIMAE Y. enterocolitica H Ik
ResB i (1851 A J5LA8 201 375 11 9 B0F 5 % B
Y. enterocolitica H rcsB AYZAE i T K S 4
B S R G A A LR (B 40 mep. cheA F
cheY 25 £ P. mirabilis 11, Stk AL
cheB. cheR 7l cheY L3l % & #7532 ResB il
Res RGuik il 1 B R /R AR 14 (Yersinia pestis) il
Y. enterocolitica H' 5 fi S ZHHER B-1,6-N- L P 2d Sk
HIEEFIE P 5 A5 537 c-di-GMP E9& Ui
TrFEA hmsHFRS Al hmsT f9Fak, 1 i il 40 4
A=W T B8 Res 2R 4 i AR 40 1 %
FHE FPUei kbt 278 S. enterica serovar
Typhimurium ' ResC fEE Y ugd AR IXKF, %
RN T L-ZEEPH ARSI A LPS, LI
SN SR E B BB AL R O

R2 WEPF Res RFEATHER
Table 2 Genes regulated by the Rcs system in bacteria

RO LHE T Y. enterocolitica H ResB %41 Z K5
F B B, BG B S 2E A R
resB BB FECH ZHE R B HitEAHSE phoQ il
pagP JE R i # ik & TR, pagP J& PhoP/PhoQ *X
T RGN, 75T LPS 25 i
IR S AnE Xt Z i B fbirk, Xk BHR
ITHEN Res RSt IE M55 PhoP/PhoQ R 4L
WEME, MM T Y. enterocolitica Xf Z K% B —
SEACEIHTIEM, A2 Res RGET 9JE A
3k 2.

4 HGEHRY

Res XU 51815 3 5o S AU A W FF TR0 747 v
R EEGSHFRE, KRS RBEEHEN
S, AT R A AR R A A BRSO . AR
11 ResF RBIRANEE Res RA ME S 4T E
BREFE T A s sk i N5 5), il Res R4 T
Wefs S L% . ResC—ResD—ResB, fiJi X # 4L
P75, ResC B ENRE . ResB AYBERRfL

Gene Function Species References
flnDC Encoding the master regulator of flagella E. coli, S. enterica, Er. amylovora, [6,11,43-46]
P. mirabilis, Y. pseudotuberculosis,
Y. enterocolitica

cheY Encoding chemotactic response regulator P. mirabilis, Y. enterocolitica [6,11]
ydel Increasing resistance to antimicrobial peptides S. enterica serovar Typhimurium [49]
cps Responsible for the synthesis of colanic acid E. coli, S. enterica [49-50]
roiA Initiating Vi antigen production S. enterica serovar Typhimurium [52]
fmE, fmB; Responsible for the synthesis of fimbriae E. coli; [6,61]
mrpA, pmfA, ucaA P. mirabilis
SPI-1 and SPI-2 Encoding virulence factor S. enterica serovar Typhimurium [66-67]
pathogenicity islands
LEE pathogenicity island Encoding proteins required for assembly of T3SS EHEC [72]
lcrF Regulating the expression of Ysc-Yop T3SS Y. pseudotuberculosis [73]
rprA Responsible for regulating the expression level of 6° E. coli [78]
IrhA Responsible for regulating the expression level of 6° E. coli [80]
ftsAZ Encoding cell division-associated protein E. coli, P. mirabilis, Y. enterocolitica [6,11,85]
hmsHFRS, hmsT Responsible for the synthesis of Y. pestis, Y. enterocolitica [86-87]

poly-B-1,6-N-acetylglucosamine EPS and

intracellular c-di-GMP
ugd; Responsible for LPS modification to increase S. enterica serovar Typhimurium; [11,88]
pagP resistance to polymyxin B Y. enterocolitica
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