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Quorum sensing: an auto regulator for bacterial pathogenicity
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Abstract: Bacteria could sense the signal molecules and regulate their physiological behavior via
guorum sensing (QS). QS is involved in the regulation of biofilm formation, virulent genes expression
as well as the phages infection. QS could control adaptive immunity through the regulation of
CRISPR-Cas systems, which is the latest finding and presumed to be the highlight in the near future. To
elucidate its regulating mechanisms and reveal broad prospect for bacterial therapy by phage, we
reviewed QS regulating mechanisms on bacterial pathogenicity for the control of pathogenic bacteria.
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1 QS RGAG55 A FHISHEER AL SHUH Y
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AFIFZELNRY QS RGAFAEZE R, HIRFERRE
PERMA 5 5 50+ B A B A% LG T REAS
[, WIESHFIAR, QS REFLEsHIUA:
H17 5k (Autoinducing peptides, AIP)/ 51 22 [K
FEPER QS R4e; WAk 22442 N BK(Acylhomoserine
lactones, AHL)ZEWI -0 22 [REAME QS R4t
Hi75949-2 (Autoinducer 2, Al-2)4™ S5 22 FCFAPER
FEAVERIAT ) LuxS/AI-2 Y QS 245 ; RENSIRGZ B
HEREAZ LIRS (5 540 110 A3 1] QS R4,
11 AIP +B8 QS B4t

{555 AIP JE—2R B 45 R PH PR = A=
MEIRR, BEE SR, 45 QS REEA K
AIP Hif&(proAIP), TEAHRRBEAL 2 T. . BHiE
WEARESWWEED G, #H ABC
(ATP-binding-cassette) %12 R 4t 4% is Z M5k, H7E
Mgk ZAEL, Y AP WD —E B, S
TR B o RGP S 285G, Rt
W SE AL 25 M AR N A T & T, iR I
WORTEEEIIRE, T QS MICILH pFEM, XAl
QS RGN T I M RIEZ AIP IER TR, A
T2 5 S 5 VR PO A R A S B
1.2 AHL " 589 QS &4

AHL 29 J5T 1 Ay 4 Bl 9 52 O B9 A 5 4
., P HEERHERE QS RAELL S-IRITH
1 24 % (S-adenosylmethionine, SAM)FITE L 384K
1 (Acyl carrier protein, ACP)MJEMITE LuxI fEfb A
AR AL 4T, AHL TEZR N A o s T
HHYH#, A% ABC iz &4, ik, X4 AHL
i 24 D e 3 1 T v K BB S 2 S M N 2 iR R
LuxR 254, ETT LuxR 7B R X QS R4
(2 35 I A0 T H b MR e A TR S ARTE T
100 Z b 2= [REAPERR TP & B T LuxI/LuxR 9 [a]J5
B, KT RIENEE R AR, AR A0 5 W 1
AHL HA —Emfestk, MRS — e/ T
FE SRR LuxR 256, TR NSt v A .
SR AHL 431 =B SR B AR R Y 22 2R

fi(Homoserine lactones, HSL)F™?, By, Ftsk
AHL 3R] DIAE Ry — il 5% M ZE A [a) 20 12
A, RS EIEEER
1.3 A2 M58 QS 4%

Al-2 BT 2L TP B AN R R T
LA (4S)-4,5- —¥%3-2,3- 1%, [ [(4S)-4,5-dihydroxy-2,3-
pentanedione, DPDINRIAMI(E T43F, FEANFEFIH
BEMGET HAEEMEH . SHTMF QS RELHHLL,
Al-2 /-1 QS RGEH Al-2 (55 FIIE UL
PURIAEXT S 2%, Al-2 PIERLE 280 3 AR SN o
SAM VERWIRIICYIEH AR E R,
RS B HAMRY), WD SEEtER™ Y S-RRir =
Kbt 22 (S-adenosylhomocysteine, SAH); SAH7ES-
A Pfs HEAL T, RN UL IR AL 1Y S-
W3 ) 84 21 b 42 2 (S-ribosylhomocysteine ,  SRH) ;
SRH E—P# LuxS £ ALK i A= ji DPD 1 [ 2
EWezz; DPD Ak E, 25 BRI Tk i
HIE AR T, XU TSR AI2EL
AT E 28 & 30(2S,49)-2- H1 5£-2,3,3,4- DU 5 5 Y S vk
IR (S-THMF) F1(2R,4S)-2- F 5£-2,3,3,4- U 72 £L DO &k
Mg (R-THMPF) I Fiie S m] DIAR B AL 1 A2 431,
A3 5] WA 4R R (Vibrio harveyi) LuxP %52 A F1 i
12€101 156 (Salmonella typhimurium) LsrB %57 {A&iH
B, S B SR T (0 A 2 R O
14 AI-3E QS &%

Al-3 7 QS REeL) Al-3, B LR 2=
RRRA AR BATREERN QS R4
HAT Al-3 2 Ffb2a gt K= A ML A ARAS 21 b
B, At LB B R M A S ER R
A3 KRR i 5B EYARR, H
M B G B FIBIaZ IR, AR WL 73 R
4t QseBC il QseEF H:1itf% ik Al-3 £ QS REEHIMH
SN HRTCTE R 25 Fhshia e 5 &
BT QseBC XM ARL, %AGS ST
(G SR, TS I A R s Pk . QseEF A4
STRGFEAATE T IEME T, REAS ] 4% 5 5
T8 43 F espFu iSRS Ul QS R4iME S
fEF FEANE 1 R .
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Figure 1 Signal transduction processes of QS systems

H: A AIP A0 QS RSE, AIP Bk agrD BRI, eid MR AgrB B P HIN B, TR ERE s b no e e 451
I RIS, M AIP REE L GERIEE S AgrCA WA RERTFER AN, B: AHL V509 QS R4, Luxl KL &
FI Bt AL SAM (=R B RR AR 5 ACP IBEEEMIGELS &, Il NBRILTE AR B 80 AHL, AHL BBV EE Y T ik
RBIEJG SHENSZ A LuxR 454, R LuxR VR SR 0 QS RGTIEIN ik S AN I LR E 730, €. AI-3 1 QS
G0, QseC 1ERfERMN, REWASH A3 B QS REMES /T, KA QseB BAMRIL, XTHELIRHET fINDC F%E S H A% A
FHES; QseE Sy kit , QseF g SN A 1 RERS 1) BE 48 130N 43 F espFu 955 K2, D2 Al-2 /319 QS FR4E, LuxS %
LA K Al-2 Fifk DPD, J&# ALZSEWEHEA Al-2, LsrB 5 Al-2 454 Rt LsrC 5 LsrD 41 AY SR (AR i,
LsrA @l K it ATP hkiz Al-2 $R4ERERE; Al-2 HE A NSRBI Lsrk BIRAL, 283 LsrF I LsrG I TR BBERR 1k Al-2 HT LA
55 IsrACDBFGE #4\ T UM ZE 1 LsrR 454 kR LsrR S HIGIMIHINER, Fa3h lsr B TR, LuxP E—FHBEN, BN
Al-2 3RS LuxQ S FTE IS IR A 450 2 Al-2 I FIRMEERT, LuxQ FEABERRIL, IPMBIRILES @ LuxU £33 LuxO
EH, BRI LuxO A DMRIFT A F 054 BTG SRNA H45%, sRNA AT 5B A Hfq TE AR SRR lux B9\ 1105 R E
F1 LuxR A%, M lux SR fotet s,

Note: A: AIP mediated QS system. The proAlP, encoded by agrD, is first processed into active AIP in linear or annular structure by AgrB
transporter and then releases into extracellular environment. Once the concentration of AIP reaches to the threshold, it activates AgrCA
two-component system (TCS) to subsequently modify gene expression™. B: AHL mediated QS system. Synthesis of AHL requiring SAM
and ACP is catalyzed by LuxI and its homologue, and then diffuses into and out of bacterial cells. Once the AHL has bound to LuxR, LuxR
can be activated to regulate gene expression™. C: Type Al-3 QS system. As sensor kinases, QesC and QseE can sense type Al-3 signals and
then phosphorylate QseB and QseF which are capable of modifying gene expression®™?. D: Al-2 mediated QS system. The DPD is the
precursor of Al-2 which is produced by the enzyme LuxS. LsrB can directly bind Al-2 and is required for Al-2 transportation into cells with
the assistance of LsrF and LsrG which compose transmembrane channel. LsrA is capable of catalyzing hydrolysis of ATP to provide energy
for Al-2 transport. LsrK is a kinase that phosphorylates Al-2 once the Al-2 has entered cytoplasm. Phospho-Al-2 then directly binds the
repressor LsrR, thus relieving the repression of the IsrACDBFGE operon by LsrR™). Two proteins, LuxP and LuxQ, function together as the
sensor for Al-2 and LuxP is a soluble periplasmic protein resembling the ribose and galactose binding proteins. At low cell density, LuxQ
acts as a kinase and transfers phosphorylation signal to the shared phosphotransferase protein LuxU that conveys it to the o>*-dependent

response regulator LuxO, which activates the expression of small regulatory RNAs (sRNAs). The complexes of these SRNAs and chaperone
protein Hfq destabilizes the mRNA of master regulator LuxR, thereby repressing the transcription of the lux operon*®!,
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BEAURFE /TR Re, BRI R IR
R4, S HEEMERZEY AR, Kb QS &
28 AT R A T A D AR R R, Tl
W BRSBTS BB T, X QS JEFHLRI YA
FEAUA FI T ARG IT 25 VA AL A 0 6, o Rg
RUBEERE HFET XS QS 1554 BB e B R
AL
21 QS A#GiREEHhEREKIE

g 5L A 3 i 3 3 S R T R BRI Rk 7 A Xt
5 F O 1, R ¢ B R B (Clostridium
perfringens) () 25 fL R gt 5ER . KA FTFE (Escherichia
coli)¥) LEE B¢ J7 & . VD111 (Salmonella) ) VI 43
W ARG A IEH S, X EeF ) A S SO
IECR T YIS, T HZARRZER QS R4
iﬁ%[lQ-Zl]o

PR IERRAR I 1 FE 1R 2 AIP A5 QS REE
AR E RS . A IEH netB Zifis—FarfLEE R
NetB, & MAGIRIENEN 4 (Necrotic enteritis, NE)
TR E . BRI AIP Bl T& 1 ArgB fE
% 38 2ok —Fh BT 5 4 1E [ R IR I
RABKCEERE NetB 197N, MIXTHLA™ A8
T AU, AIP /-1 QS RGTIAL AT A
NEACES . ZHBN A SCIE R () 3236, aX BB LR A AR
5 NE A %B.

H AHL /51 QS REE[FIFERE S =35 1 B [
fI7eik, FLYE 2000 4, Kanamaru £ 3 SdiA 1F
7 LuxR MIRIREE E, RERSAMEI 7 H I R T
0157:H7 # 1K ¥ EspD Ak £ p#kP. sk
55 THEY SiA B N ifiZh & i2s SdiA 4,
fi SdiA E T C %5 esp Al eae FEH AT 3hF X 4%
A, Wl R SR . 2013 45, Nguyen 55%
PRI L KA AF R O157:H7 L AE g 1 a2 45
19 98 BR /R FR B B AHL 431, AR 1L
LEE fy3ik,

VI Y53 2R 45 (Type VI secretion system, T6SS)

R 5 I B EE B ) B R F, REAS S A 2 A AR
B, RHEBH L B W0 T 20 DA A L A B A B
A=k RS - 144 ek 40 7R ol () 5% 4 BB ) S 2 R AR
Wy o ae P, 75 2 FL YK (Vibrio cholerae) i,
T6SS FikZ Al-2 A1 QS RS/ ™I, Hep
HMER T6SS M F LM BT Z —, LuxS & ITH
Bede 25 S8 Hop ik it B & TP,

Al-3 7 QS Z4: QseBC X & 1 KL A [Al ¢ EA 1
FEVER, A3 % LEE #2901 J QseBC X i £ 3
DR B A T A AT i S e s

HAR QS RGUIRE A A7 1 FE IR F ik B AR
%, R FIRENHI S FH . QS R4
Xt 8 S B R IR A URBLE R 50 T2k 58
3 PRE F T 406 s i HL 360k 1, W EET
BN TAT. ZRESS5NE M ESR, A
FEHLH AR R T I ME AT, (EAF TR 45 S AR
97 i PR B0 B 2 Tl B AR R, N
RSSO T
2.2 QS RGFIAIEE DU IER B

AR R — 2 [ T A s AR A R
(AT 0 e LT B/ 53 A S A e ) 52 2 A 5 4
SRS AR e, A S A B
5 (AT 250k HAR 2036 B o — T A= 9 9 I RE A Wi
BREES 20 BE TR 24 900 1 TG T, i S TR 24 0 3
T3 — 5 T A= Ok S v T RE TR BN 245 0 N UK I
BATE s AR Y B A= 0 I5AA RE % 8 25 R e 2
TR S SN, kg B s Ry
D BT 245 i L AS 5 T B3k 40 AR A o8 L B VR A 1Y
JEYLIR, ITBEE fE 3 G T AR A T R A Uk
Yo, HHURGYIRIT AT SR FME, QS ARG
B AR A I BB RTR YT R R B

HETE AR AR QS RGNS ¥ Ak
BERITE . 522 [RPEPE TR QS ARG i WA /7 R4
BN AL T AP, HET AR L RE . Rk
B, &EOHAERE AIP 550N FM QS &4
RERS B & VR HAE MR I . QS RGedmtt BE ik
() AIP {55501k 3| BIE 5 A%l i AgrCA A4
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AHL 5 IR0 ¢ 2 f 08 e BT Al
HJifl %] (Pseudomonas aeruginosa), 5% & ¥ AHL
G RGE M Lasl 82 A 1T LasR 28R BRI RETE hL
WA EIRERE, SMEIA AHL {5553+ 5 I BE
I Lasl ABMRAYIBRRERIE L, Bl Schaber 55
BRI AHL B MEA 2R AR S0 BRI PR 53 B MR AN RRTE B
Ak P SESC T AHL A TF7EAE Wbk Y st
T A B, BARTERTSE AHL SR
il Davey S5IAN QS R4t il G i A HAE 447
AR R A, B H AT TR )ZE 0 S R AL
R 5E 4 A Y,

LuxS/AI-2 1 QS RGFMHAEZRIAME P25
XA BT B A . TS AR Al-2 IR
Tl AT ED), WESLINEEL LuxPO iR
RIS AT AL-2 e BERR sl B i) QS Rt 2L
PRI HapR AYERIE, DI AE W9l B AR itk
TivEsEBa, a4 EE (Vibrio harveyi) QS %@ 1)
A TR 40000 2R 0 5 i HE A W e s Ko
FFR YneC 2 FIRe ek AL I BB B, 52 2]
MgsR [IERIEYE, Al-2 BEfgE I S MasR 13
5 B A W W IE BRE 1 B 2 Rz A A Bk
(Staphylococcus epidermidis)ifiik Al-2 355 ica 4\
-1 bhp H PR B SR K SEA A Ml B T R B

QseBC XA RGEH A A RIRRN A 53 K45
FERE, HORUAE EHEC Hil iz Al-2 5+
PRSI F3RIE, TEPEIZR AT (Actinobacillus
actinomycetemcomitans) H L EEHITH Al-2 S 1Y
HE Rl Th RER
23 QS ARG iAITIREE R Bk

Ik D A A W P rh i e e K AR, Gk
IR AL 10 522, XIS TR A RS
BT E RIS T o W A E L e B SR
SP.OE L ek B R UR 2 %
TP S — R Y 2 B I e a1y . i

AR Bt SO R 255 YT, WE R AR IRy T
TR — R =, ToEE R FCE P, sk
T TFLE X I B A D e, 0 T £ o 22 95 A AL
AP B R B o DR, X 440 PR G e e PR 4k
ML R BB B HGS, QS RGEXTHILHT
MWk DA A e % 1) R 1 R 45 T D2 B JL AR AR 5 10
B, H R A B T2 5 A A s A B Y A
TERG . W B IR Z AR5 | 7 D v B A Rl A I
CRISPR-Cas F 45 MWt 1 1A (1 L RE ) -

I T A e g %) 55— A 3 ok 5 4 R % T e 7
PR GE 5 SE BN A B %) W B, Ik A R 23 P R/
B R 0 A0 A R e R L i S B 4R #
QS RGLREMS VR AN A= MBI A%, A0 PR A
() A 0k RS 285 4 'K, BB A5 T 4 e R W 1A 1Kk A2
A, It QS RGERENE M 1 & A= W B (A T A 3ot
W T 7 e — s AL R 0 P,

AT 2% THT W PR AR SZ AR RIAE A2 31 QS REGE Y
2. Heyland-Kroghsbo 25 &, AHL /-S4 QS &
GEREE I R E K-12 FEmWE A2 AR & 1
Fek, I R0 K T BRI B AR 11 B R T
BIRKIGAT I QS RGA LuxI [RIVEE A, B
G AHL (5507, {H SdiA #E LuxR (1 [HEE
FIRERS NI T 45 & AMNRAY AHL 431, dEmiEs—
RANVFERAYF A . AHL 5 R VR R A2 R 8 A
LamB 3Rik, FEAIG L WERRTIAMIRR . 7 AHL /776
I, WSRO T AT AR R [ e S R
LRl AR, 7R 22 E A i b, KT
B ] LA T QS R GEZ AT AHL JE I I T 1A
B, DTS FI T W B AR YT T BT, e
FLORE T, mASME Al-2 RERS T O Hil5i 4t
K FRIBAY, B R IAZIA O Prlsnym S
SO A AT 7 L R A 3R 11 S AR

Wk P 1R B SR 25 A P e R T AEAE R 7, {ELTR] A
A, Sy 398 5 240 TR OG0 DTk . — e T R I R A
TN G BRI 1 ) S A BN IL R 41
P A Eo% 112, Rossmann 5858 &3, QS
R G550 A R B G . AN R R
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Al-2 28 2 T A EK R (Enterococcus faecalis)
I TR A 110 R 0N 2 T B ) 2 4 e B 2, R
Al-2 75T W D AR b I R S i BR R 5 A TR
RENS T B M BR B 25 4 T AR W Bl IR LR B0
R . R, TEENNT QS REIAYY I R mik
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(25 7 L DR O B 7 SR 15 % P 1y [ R,
CRISPR-Cas 7 Ztf A 2 e HCH s 1 14 55 A1
FEN AR EE 2, R YRR B 0 IE AR
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SERY TR IE W AR PR T, 4 CRISPR-Cas
FREEOg , T B R I RE AN R A 85 v 1 BRE
B, R R TE B R 4T,
[EIF, FREE80E Y CRISPR-Cas A5 3580 A B i
(Auto-immunity) 19 & 2E , dE A EFET- . B4
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JE LA R} 2 83 3l 5 1 (AT R I B A B R 2
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Fl, X—HENAE 2016 A A 2017 -0 4 IS
P BA 43 578 V0 85 B8 (Serratia) 14 £ 11 26 B vp 9
BF 5 Bl 92 B0 B A B, QS AR G 4Nl
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3 RY

ZE i, % ECBH I TR AT O 4 T A R A
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YIRS QS REUMSE, HrhEuw ) FtHt
T RGN, — AN AMARE R QS R4
PR I PRk, (R R Y s IR J ™ A= T
250k, (R aE T R ) S R VS D s D A ) R P e e
SECEARBOR R W BRI, HERIH QS 55
Sy TR RRTE I AR HET T . SRR, fE 2
IR R K . T2 I AT R B . FiA 3R
SP IR A TE LT, IR AR YT SRS B AT
FERHL S o SR TR AR 7 AN (SCEE TRIXT Fh A ) i P
A R B AHSHT T, ) B A A X 4 T 3 1 A
JEHLH——CRISPR-Cas R4, FiafZ&, HETErxT
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