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i

P88

EER

BRI\ —RERE, ' ShRHEFE B, 2 @R EOR R, KIK 163319)

WE

BERE mpeE AR 2 AR KRR BAIEFERE 2%, RETHSFHFEHSE

THEEABERTREL, AYEMEHNBFHRE, ZEENATFHRIART agr. sae AR
arl ¥ 5 AP KB R E A% B F AL, FILZ Sa FAZANAT. b, HAHAKRDHHRIHK

FAX G AR RELT, CXBRBE RRH T,

SHRERR R R %t B & F-S1E A 6T

o BN LT s AF R A RE BHERESNRE,

eSS A0

BEAK RN, (quorum sensing, QS), B 40 & 41 i 2%
FEAK RGN ¥ 22 SR DR Rk TR #, A2 5 22 PG B M AN FE 1 4
WiAWEMAEBENN—MTRX. BERRNRSER
BT AR B & 175 S (autoinducer) FIE 5 4 F 5 &
2285 A EAE R0 20 R 4 IR [ 5 B R SRR B R
KM . 2 A — RN H I EE 2 1R
540, T 22 ECPH P4 o BRI R 24
RPETRN, XA LERRRES ST
AFERE LKA E M N- 48 -L- 52 EBRAES(N-
acyl-L-homoserine lactones, AHLs)F1 % 2= FCRH M B 1)
B3RS B RO,

Tt 57 3% BH 81 & BR B (Staphylococcus) N F B A4 &
TS 28 498 R 8 55 4 M P B 4 P T T VR, A BT ) E R
BREFENESY., &N FRES T mEEEME
F o 0 an i A B N E & 3 LR 2 3K BA (S. aureus)Hl
T EI R (S. epidermidis) £ (biofilm) i FE i
BHRFRABULRALNREFEHMERTEEZX
BERGL,

I EK A RE 8 1E A [F] R B R T —
SRR ER A TTER . BlW: agrs sars arlRS.
saeRS~ srrAB K sigB E T RN RG=WHR T &
FRHIIR T M, IR I E R MSMEE R EEZME
1T F R R

1 ZEEREHHEIET RS

TERSL, BIE R BH RN R R 2R RIL
H13 [F)1f 5 2 St (accessory gene regulator, agr), A I,
/b>— e g g 2R T B L RIIE D0 BUAE K B 2R AR e B
Sy UL R ) R IR, 2 A B B R A B, () B A
WITERIT(ER 1),

RERERN; HEKE:; B8HS: #HHET

1.1 agr BREZEHRINGE

agr FE K B AN 7 FF R K 50 RNA T A
RNA I A%, 437 P2 F1P3 jash T I jashik .
H A RNA T &H —Ymhs & ¥ I 25 1) FF s B2 HE
B8 hid. RNA 11 43— ANVUEERF (agrA, agrB, agrC
M agrD)WIRP T, AFE—DNENAF BRI
R YRR 5 2R 45 (two-component systems, TCS) :
AgrA-AgrC. RNA II ERF=#) T E I g &1L P2
MP3EEITF. MP3 LRI FZM RNA I 557 2
agr BB EHERFERUN S F. ©FEER
KA B R, AT 5 m S4B K] mRNA 1%
P61,

P2 P F RIS DA FEF AR T — A AR
AHE SR K, AgrC 2N EBERZ R
B, T AgrA 22— MNRMNIETIY. AgrC &AM A
5% S MK (autoinducing peptide, AIP), X5 &iT
KT AgrA EME. BAIEHED AgrA 7454 F| RNA
l-agr BEREI X 3L, AF X404 K5 # P2 F0 P3 5%
BEFE. AgrD £ —F N K AXCE M o BB EAR
PRI B0 BRI AT {& ATP. 17 AgrB 2 —F &R
H, BAKRENDIEEEE, X ERNEDEERKE
(Cys84 1 His77) FITER—ANF PR BRIKBE M DIRG
TS L, ATRE N T AgrD 9 C R i T e 24
AIP 1,

1.2 AIP 5MI5iE M4

agrD HASHIETIAE N R C AR L, K

BA MBS N ER LS M B AIP, 123510 W EEXT AIP [
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F1 BHAS. aureus EERMEEFATBET

WITHLIT ik YEH

AgrACDB / rna III BE B 8% S 1 TCS W 22 il A5 15 A 101 B AN R Rk
SaePQRS K EH &S TCS VAR EZ VY S PP E 3N

ArlRS TCS W DA R S S B n B R A

SrrAB TCS R 5 Aot S RRT O 1 5 B e K] ik

oB o ¥ B S WIE AL T 2 R0 BNk N R &
SarA HREHE T HOLUR B agr HEHS; £MEY
SarS N WAk spa K FLAD AT 66 2 1 81 11 L 6] R B
SarT AT il hia Fe HAh AT 68 ML Ab 2R 1 56 DA i e 3
SarR KT sarA, AW SR sarS BIIR BN T

Rot BT hila e XAt M4 8 1 0 IR ) 3 4 S IR 7

EMHER WM. S. aureus. S. epidermidis. S.
lugdunensis 55 2 M 2 3K 8 1K) AIP &R 22 I3 / 5K
TEARINE . 2 BUHIAE R ATP K2 7~9 NI
R, TR IR 7450, N K 2 C KimBiK Pt 286
B4R, C R AP KB KERE, (FRT FLVY,
IREZ A MO0, BRI ThRe /i BoR, AIP 24K
T SRR ) i 2 T P A B A R T SR PR
1.3 AgrC-AgrA TCS

JE5 o i AgrC 2 — M E R E A A, B
AN N KinX . 5K AgrC 2 M
—HA AIP 4588 I MILEA, £ agrMES%
. AgrC {£52 AIP JIlI 5 T X B B BRI 1E
U, SEEINA AIP 524850 F a1 T — e A
PINRIN: 15%6, N BK R RIS, AIP 4
BRZARSSE D L, %860 T RVERHERYE AIP
TN . AgrC gL IEbEE 244 / 5 ATP
57 EAE, 25 AIPAEI6(E 5 K51 AgrC T HK (R
T 22 SRR IX, BE S BERR 1L AgrAlY,

AgrA BA Y 5 SN e, nliE 4 P2 FIP3
JREF R H 51 0%, Koenig 55U HIE B 4fi{k 1)
AgrA VMR @ IR A1) 254 B RNA TT-agr 2E [ 8] [X
. DNase I {R¥7 5550 W osix 45 &AL sifE P2 A P3 3
&) 8]t 1E [0 R P 5] ECRATE P2 a8 FHI—
44 bp X1R). {H AgrA TF agr JA 8 TG X agr ¢ 5
P R i 75 B A A2 b I B UDVE R M AN TS 2
1.4 Agr-RNA III: agr B934

Agr ARIFEFMHEBES RE P3 HxY—
RNA III {724, & A agr AT 52T ) 40 L PS040
RNA Il & +£5E, RAEIRM RN, 1E2MH
BIERBE P #S AR . RNA I B4 h & %5 I & 4,
‘RS HALR A AR, IE A2 AR B
HIEE %, Ul 2 R RN & E R IE 0,

5 I B RNA I a] 389 i JLFk o i R 25 )
Rl AL 38 B R IR 0 8 K -1(TSST-1) ML Ath % 1fn 2%
SRS . AR A R KW 40 Bk K
AR D, A5 RNA I ¥ i Hofth— 5643 3
REBZWHFEZEB. CHD)HIEI4Z RNA I i
VAR, 15 =R E R AR agr 610,

RNA I 15 5 g KIHLHI v AN A, 30 FpmT gE
F& RNA III 4> F EA P S-D 4056, idid 3 HAth
WHEHREM. 5—MrTHei RNA 11 B'&E C 3
(C-rich loops)fE A& & WHE M “iFMH”, RNA
I 54 Bk K1 b, 5B, s a4 3]
B A ERAE S . RNA I 780K 3 2 20
PR =4, Bl o L E R B 1 ALY A agr RT15 R
F B0 3F /2 75 52 RNA T fI 5209 H A AN 2 .

HEA agr B SR R G M H 5 A TCS %
558 Sar KIRMAHEAEH WE 1 Fros.

2 BHARRBYEMTCS

A TCS P HL AL AR, TS24 Pl (41
FIRBERR L) AR B I (R A R BEIR L) . A%
B A B EX X, 25 TCS 15 agr
RAEMEAER T RE B FRERIE.
2.1 SaeR-SaeS

SaeR-SaeS JE4k AgrC-AgrA J& 5 — A HR I
WK EE R TR U AE 5 F R St Northern
EC o #TK B, S. aureus TEFREVAE K E WG B— K/
2] 2.4 kb [f) saeR 55 saeS I 50, BATA] IE 1] 4
LM BANE ATk . TE agr KRGS, 2/0—4
sae FESKIHTS, KW sae RYAT agr RGN FUHER -
MEE Y agr R —EMAGSHS, WITZFEN
FERI B EE 5%, BIEXT fabA. coa F hla ¥k TE L
Xt CPS RIXRIFNH] 16, sae RG] X @ L. & pH
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agrC ]-{agrDK agrB

Aorl
\ 1}
b \ ATP =eeepp ADP ¥
w5 v =+ niaaYSTCDFIMdeve -+-
Pro-AIP \\

""Signal mediators

Processing and secretion

Fig.1 The accessory gene regulator (agr) system in Staphylococcus (based on the reference 6 and 10)
The pro-AlP is processed and secreted by AgrB, binding to an extracellular loop in the receptor-HPK, AgrC, activating autophosphorylation

(or dephosphorylation), followed by phosphorylation or dephosphorylation of the response regulator, AgrA, which, in conjunction with

SarA, activates the two agr promoters, P2 and P3, leading to the production of RNA III, which controls transcription of the target genes via

one or more intracellular regulatory mediators. The AgrC-AgrA autoinducing circuit is indicated by the dash lines.

B TR AR BE I BT AR 2255 2 PR 85 I
R e,

sae FEFEREF KT LXK ). SaeS BAF
PSR S R 2 SR ThRE, B IEME SR, B
5 BRI 5 1k [R) VR 40 S NV 7540 SaeR. TEALIY)
SaeR A fEIHIT —HF 7 Mt DNA- 454 XIS AE b # 5iH
F, RAIFRIE R S B F P B I A
2.2 AriS-ArIR

ArRS 4R T % =N TCS, X/ F& gl il i 3|
L FE R ANEE A P A R agr HBER . ArlS
R 5 05 A SEE & AR, 5 LR arlR
HBIENT . 1E agr RS, arlRS HIRIERZ B H
FFH, 1H agr ZEEAN SarA AJ{EHEE K FIXE,

arlS RAFKAEERE LIGREEREDE. 1t
b, arlS FEABAATT I 5 B 5 1 B TR SR M K A B
FIAREZE L . IX 1B ArlS-ArlS TCS 7] A il it 5 i
JRTERE K AR B MR B I BT BR B 1) 2 R KR T Y
MU, SERR M, arl TS GRS AR R
PSR RIBEE IR T (o BHE. BHEME. B
By, 2R8REAOBITLEER A)RFEIT,

arlS-arlR 5 agr RAE R —A B S 40 [E]#

Bl4n arlS-arlR V| agr RERI B B HS, 52 M
R R arlS-arlR XS BT A MUA 8 A B SO F=E T, R
EAHEIEXT agr RGO &5 R0,
2.3 SrrAB

FIUNS 5HEERE TCS 2 srrAB, SFRAE
sthSRU . NATTRBLZ R SEREMEHI7H] RNA TIT ) 3R5E
BB SRR agr RGEHNHEI. srrAB SARRTEIR
AEMTARIER ALK, M H srrAB RIERILH X
RERABHIRE. XNREMNE TR SR
IEAZ ) — T PR L ZR R K o (a] 4

agr R Y srrAB RGREA BAZ XINHINE S
Mm%, % TCS WA EZMS S5 MER, 7
EREFHTHETRREER . KW, XA TCS alfg
¥ agr 55872 5 MMM SR E AR R0,

1Hd A EIX =A TCS W] LLE H, saeRS 5 agr /&
EM AR, srrAB 5 agr 2 ) JAE I, T arlRS 5
agr WAL T H GH0HI BB . X LeHH T AE T RE 2
(B4, BRI EARE T —ANEL agr R0 H)H
ELEE: 2.3
2.4 TRAP

RNA III #58% X RAP HI$05 1 (target of RAP,

S SR, RSREBAUK RS
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TRAP), & #1% 3K B & e BEOR 7 FF A& 3 MR8
FR AL 20 S BR 7%k (His66, His79, His154). X 3 M4
AR TRAPWEVE A EZ{EH. TRAP 5 RAP
I TCS. {H TRAP HIBRRALIEA . A LA KR
AR BRICHrE S THERAR, BT —MIE
HAIMESHSY . S5HARZEANERZ, TRAP
B B R X R IX, I TRAP 1] B84 E 76 40 g i
FHUKBRERMNGERIRNEREA R L0, HR
IR AN B AMR I H] TRAP BEER 1L, T 4 25 BRH
KLY )2,

agr RAE NI R FE TRAPS 5, TRAP
IE MY agr ZEF B 5%, K% 4 TRAP B#EH &
TR FAZ agr RG22, [Ty AT LLHERT TRAP X
BAORTFRIAEEET agr RE LI .

3 #HRETFSar RERAEY
3.1 Sar Rik

HIZERH B 8 8 15 ¥ (staphylococcal accessory
regulator, Sar) & H.2E M) JE T DNA &4 & A, £8f
BN PR SRR FER . ZKIKEBFTH DNA 45
EXEE A =R F R KXRXXXDER 4%, ik H
R AR 53 W H X AR 2. SarA UL _R4KTE
RGaaE—E, 5RFKEHAL A (SarS, SarU Al
SarY) R =4E 5 R Fr 41 ERAHME . SarA AT
“RARAL G B EEREEELE & AT 175
b, B SERNS K.

DAL E N A SarA R agr P2+ P3 REIT
¥k, 5 agr BN EEFIEGERIL, FFAT A agr
R —LEH R FHRET. R, BF—&A
AR FAh K F (401 ORF3, RAP HI RIP), 1 A& SarA £
5 agr #3%if#52425), Chakrabarti 2526 % ARG Ai{L
HRAKR N SarA HIH] T agr AT IFRIL. BT,
AT AHED SarA 25— 7 R 50 R T R AR R vE
1k agr BT, BLE SarA 5 —/>/ L E T HIFRIX,
RIEENTHIEN agr BIKIA.

3.2 Rot

] ZHH Y (repressor of toxins, Rot) & —F Magr
REWEEETRM BN SarA HFRIRY. Said-
Salim 7R I Rot AMUAE—A agr REEHNHIY, T H.
X agr WTTRREATZHRENEH. €EEIOH
oy b B I B PR R T 2R H E1 A IE AEEAER, sERh
Y FH o] g 2 3d ik %f SarS & RNA I i #2 SEILH] .

4 BN EERIKEEMIRTHR KRR

WM ERE R R HEDESER . 4w
YRR E T HAR SR T, B 5
R . B4 B AR K 7 SRR R R A R AL
WHEERRAE T B, PR R AE X EER
AP . fERIA R E R T, T REEE
DWNIER . FLUB R BEIT SR N\ B R 628,

7o EIEYER I agr RAVFIRIAB A AT RE A&
YIAT MBI Z AT, BAEM MR PN
SEE B AR RE B ATE ., TS, Y
BEEMNFZYETE o iR, REAFMER. 0%
MLFE K S. epidermidis F¥#E R SRS agr RAAE
B"J[ZQ’SO]O

Hilr, Kong S\ A B EREE H agr RAEF luxS
(QS ARG I — /MR HEF) FEAK T A P HE e HL kg
M8 HETHRIER: agr REGIET LR EGFIFZ
IR BRI TG S AE YRR 73 B, T L ST T R AED)
FEL TR 2% 22 B 1) 3R A T PRI 40 B [R] ) B B . Xu 25022
WIELL S. epidermidis B4R IE U RN 5L luxS 18
T B G FESY 2(A1-2) 4 B A{E 5 5 K
EVERTE .

5 ETRARRNAATT RSN A=

H TR ER G Pe A T Rkl I 2 1, A
FIBIT O R A I A BRI gt . PG T & IR
Bife 55 SUITHIRBTNEN, 14X B BB
B&&ES MK SITEL G S @R EERNE
PrAERMAH AT . H AT ST IE R [ B
BHABRNY I/E FINLEIIEE T8t R A AR et r
BEORBENANHINR, H2KHNH T RKRGITE. R
815 54> FHIZZ X IE] . RNA I #IEIBE(RNA TI1-
inhibiting peptide, RIP) I3l %IE i & TRAP ) 5 R
P 77 THI R 2 R B A1 U BT 7T 3 L

WA EE B E (I ALP) BIA8 AW 7T T4
AgrC-AgrA H 555, 1 1M 4 )58 4 BR B S 1 IR e,
(BB T F IR ATAT AR e R ff il — PR
e EXRAMEES DT AHL WEBRWETL 4
KMMEIRE T AT S. aureus AHEABAER, TH
SNEEM A K sarA Flagr IRIEDY., 746, R
PEBECR B It RIP 0 5 oAb gk . ik
. IR SRR A R AR T A A ) A A R
@%[3648]0
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Quorum Sensing System in the Regulation of Staphylococcal Virulence

Hong-Wei Zhu!, Zhan-Bo Zhu', Yu-Dong Cui**
(*College of Animal Science and Technology, *College of Life Science and Technology, Heilongjiang August First
Land Reclamation University, Daging 163319, China)

Abstract Cell-density-dependent multi-gene regulation system (quorum sensing) in bacteria enables
staphylococcal cells to sense the environmental information and regulate the expression of numerous virulence
factors via the autoinduction and signal transduction pathway. Expression of these virulence factors is tightly con-
trolled by numerous regulatory loci such as agr, sae, and arl etc, as well as by proteins with homology to Sar family.
In addition, quorum sensing is required for the formation and development of biofilm which is close related to the
staphylococcal virulence and drug resistance. Targeting to disrupt the autoinduction of quorum sensing systems
might in principle constitute a reasonable way to find novel antibacterial drugs.

Key words quorum sensing; Staphylococcus; autoinduction; virulence factors
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