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Fig.1 An overview for the signal communication of microorganisms in nature
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Table 1 Typical quorum sensing signal produced by microorganisms and their structures
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Fig.2 The mechanism of the main quorum sensing signals
B2 FEBRERBREESHIERIE
(a) N-BEAERZZ2MNEE (AHLs) 25 (b) 3£k (AIP) 25 (o) AESH2 (A12) P (d) §#fE5HF (DSF) 2,



2022; 49 (6)

R, %: REVHXZRES +963-

FRALRIR (S 5 2, s BAnEE R Rk, ndgsis
{0, 4 2 BRI (Staphylococcus aureus) ) Agr 3
4 (E12b). BRULZAN, AIPR AT DLE i 5L AkE
i R Y iz v P I RAP 8 2 il 550 s el 4 1A
T HAE, Ja oh 3 W SRR, i BR
(Streptococcus) 55 i /K BK 5 Rgg ¥ 15 K 7 19
HAE DY,

WA, AR s A AS R AE S5 9 e,
Jarraud % ' K IUA[RI ) & 5 (ORI A ERE (S, aureus)
PRSI G T IR BRSNS 5 IR 4k [
T AgrC AZARBT IR, 2 HAh B 23 00 1) A [7) 1
F5 IS AgrC Z R A 5, Wil AgrC 1Y%
PE B XU A [FIVEAF 5 B B2 BH L 240 B[R] 7 74)
. R 2 WAL, S QS R4
PITRAR T RESE Sy Jlk et 3. DRI, S ) 240 B 1Rl 7 52
T LR — A XA W A TRy T R E =
1.3 BiFESY2 (AI-2)

5 AR BR AL AL-1 X R, 53— H LAY
FoS A TREAHESY?2 (AI2), HJ ZfETHE 2
FCREA AR 0 AT-2 J—H i 4, 5- ¥R 0k-
2,3-) "Ml (DPD) MR, 1 huxS BE K G
A BT A ZIMOIE B0 — R 5 ER A A=) B
AR W AL2 T DLk s B A b, IR AR R Ik
Bl — 3 FER, 38— RN R RGP QS
FER B FAR TR AR Y A BRA TR, AdS AR Y i
T RN ) LR A 2k 46 B (K 2¢)

HArp ot oe L8], —DWsh 0 AL-2 7] L
S ALY R B B 3R Y [RIA, AR AR Y
AL2 F¢ 5 PR W, RedEAT H IR AR A R B AL
o, B A2 B R BE AT A A, AT
SRR AT Ak, Kong &F 0 B ST 4E
W, MW e IR BT MR B2 B (Phytophthora
nicotianae) . K595 (Phytophthora sojae) FlJK
BEE  (Pythium aphanidermatum) [RIFERENS F= A
AlL-2, KW AL-2 A] fEGE T 2B 5 40 T 1Y 25 5
Qb
14 ¥HIESETF (DSF)

P M5 5 T (diffusible signaling factor,
DSF) JE4HFE H TP AR A A8 i o — R B2
T HAEE IR o, B-AEFINRIGER, FHERERR A
H-11-H B 2-+ ISR Y. DSF B4 5% rpfF
FrpfBEEIA IS, XS J PR 53 0] G R A T
A RO EE NG 105 e Sl g A SR 30 . IR B
KPR R GE, R IEAT RpfC Fli i 4 7 &%

RpfG 2 (& 2d) . Rpf & H fix 7 76 5 M 1 &
(Xanthomonas spp.) WA, HILRFEE ) Z
HAEAE T E B TR T, IR il I 4 T 3
THIE R REFTHAAEYIE K @, VB8
ML TG, BEME  (Pseudomonads)
HA W R DSF AL BRAF R 1, PR 7EX
[ s el (S 1 o o T b | o O
S AR A T 1Y) DSF 2RIt 52w 25 KT 18 L il
RWHIAKE (Klebsiella pneumoniae) . #7728
¥ A
(S. pyogenes) . Mi¥ ZEEFTE  (Bacillus subtilis) |
G B0 A BRI (S0 awrens) HH SR BRI
(C. albicans) A=) B B 5 415 e i —
HAIESE T DSF HA vz AR, w] SEal 29 F
AP SZ 0 . (H, X T DSF B3R 1AL LK AE
Pl AC T Ve, E ATRI S5 e HEN BR A TR AR IR
AEAEE A G, (BT SRTE ZEaf ) e R R 7
1.5 B3

H Hornby 55 ' M\ LB —— 1 (8 2R A Hh 4808
TH—1TQSIE 5+, B4 A WEE (faesol)
Ja, 15 MEC AR E D A7 FPRENS 0 U 4 A K
B BN, GG 2R L bR Y S AW
W 2 TG BR A% R i, QS W M 4 A R T T
Chklp ") Fll Ras1-Cyrl i 42 *, (B HZ K EL
Ve, AR DRI . S A R EER ZAHE
R, 5T PP BB 22 IR A 0 7 Sl R 5
TUPL Y, [w) Aoy 400 ) B AT 25 B A8 9% 7)) CPHLIL A
HST7 W33k ' B, %0550 F 5 Bl ER
A (EFA. WL A% BT,

ARG BB A 20 B 2% B R AR A D e v 15
e, (A O HARGE REAE I A S BR R AR R Y
FERL . eAh, Semighini 55 54 & BE, Y4 5 h
% (Aspergillus nidulans) 0 2R T L EE 20T,
HAERKME T 2846 RO VE 1 3 . Jabra-
Rizk %5 9 X 4 S OB A ERE IR £, 463K
BT AE MBI A, 450 AR e ek, JTIE
SR T 4 W (O A ER RO AE R AR . X e
T, SAEERR T RER RS LA QS Tfgst,
WEEFNNFE AR AVER . EEAR, &5 0EE
TE T 7 A 0 BERR S P J e 3 AT D T i 245 1k IR
J7 AT AR A N HANME PO

bR T & A3, Chends ' 78 HGIRE &
TH—MQSE% T+, MN&HBE i it
(tyrosol) . &P i 0% 7 IR A AR e F AT . R

(Proteus mirabilis) .




*964- EMUFESEYIRHR

Prog. Biochem. Biophys. 2022; 49 (6)

B SR ST A 7 5 A KA L,
P BB W 2 e . K IR LA LIS E
VIR Koz o ANFIRYIE, BEEESAEAE YT B B
WA IR A 2 K E A R E A
PIRRER Je A OR  PR 22 BRI, LA B R AR E T 1
M7y BRI EE BV BRIGZ AR, — S H A B
AERE S F2 50 ERE T, MEEERR s
S S (T O T (Saccharomyces
cerevisiae) W\ ELAH LY X 5% AR Ry 1= 28 M 22 RE X
RE P TR, JF ARG O R B e
SCAEAE TR Z WL A ) IEEATE R
SHEEMIE AR

1.6 BB

5% (indole) J& T4 A HIEMGY),
YRR AR E (TnaA) Ak 2R 17 15|
W . PR R RN 22 ) B A e AR L (e RO
L-( %82 + H,0 > M|% + INERR + NH,) . HEjc
AR 85 P AR B 23 7 R I, IR A I Y AR
AR e ERZEA T, I (S
DR, 522 CC M R e e i 2 A
YRR TR R . YRR, AEIERIE
B oA Z A A W2z T he o) AR 22 [RBHPE T
W, A HRIE S I T TR R R A S 4
Sk (Stigmatella aurantiaca) 31 BT /L7,
FER ARG, IR S A TR R N A
5, ARE A B RGE T A SRR R S AR T o
BB PR TR S R AT R S SR I, ik g s
By R W, [ A ) K T R A R T B
Mueller %5 ) $8 1, ZEELIKE (Vibrio cholerae)
55 FH 5| A5 5 2 T of 8 5 X LA A ) 45 35 IO AR TR
(Dictyostelium discoideum) BIHTH: .

IEAh, Wikoff 5 ' [ WLEREE S, 4T A1
WL N R B R Q2 (B AT S 2 AR B, i
N g N JHEATT A 400 WU T 35155 A 2k rh A B B2 A
TEMFEA SRS, PRI Y ) A s i
B A2 ok B AR A a0 B BB AT R
Sulfitobacter 3 1 73 WA W -3- £, T8 KA 1 1k 35 41 i
Gr5L; TR, R RESE S WA A S N AE I £ R R
AR S LG W3- TR ARG Ik e A L ok B 700 25
I, WIARER TR E T, AMUAEF,
M H 7 F ) S 85 5t 22 i v 1 R B H B
ig 7
1.7 HMESHF

BT FIRHGAR R FEEAE S LA, HAb& T QS

S 5UESES, G THE. A5 3
SR IR

a. TINEE (butyrolactone) . T WERHRWI KM T
BT B (Streptomyces spp.), H: 3Bl 41 B 1Y
AR GACH Wi~k 7™ B 5 AHL 2%
FZEL, (BT NEEAS AHL Z21k45 4G, HHAEH
Ty X w0 B i 2 1 DA B AR B Bl DXl
2, NTTAEREIE P AR 3Rk .

b. HiES%)3 (autoinducer-3, Al-3), E&—
FIRALR S TAC G . eI D T S S A 13
W halifk AR AT U I i — 2R S A AR
AL-2 A R 7, {8 HORS B 09 25 44 FILG iads AR AT
ZE o AL3 B SO [A] Y o 2 IR A
Z5EMEG TN S, PRI
Fh B 2 AT 7 o AL-3 7E 4 TR 3% TH B J8% A7 2% T il
QseCB MW /3 R 48 1) QseC FriH 5, QseCB i Jif
G FAENARSE, S ERER . SHE AR
%, T ies 58 AR 7,

c. IR K (diketopiperazines, DKP). ¥RIR
TR R, SR A — A5 S
+, T A MR EENER, JHE 5EE
MIEA Bl ST A A AT R A 77 DKP AT DA AL
AHL I fE, FH7E AHL 45457 5 5 LuxR 2K 1M
AR, (R ) DKP WL T AHL ., B T
V£ AHL 4325000, WA s Fres 25 & e A=
() DKP A2 5P sci, JEEABUREEE 7

2 BEHRES

A K (quorum quenching, QQ) A4
WG 553 F LABHAS QS i FE () —Fhokmg . B H
A ] QS GHK e by H B REE DI RE , W] ki o Xt
WP E AR A5 . T IRARGE 1Y QS R fift il
o3 A IR RS (Variovorax) FIZFFIAT I
(Bacillus) ™', AILE LA MIFL 5 QS [Ffful &
TiAA R QQ . ILA K IE) QQ M FEZA 42K
a. [ o 22 24 R N TR BR 1Y) R IR BT 75 b, IBERR K
it Wl BTG AR, R TR M B A SR AHL IR
PR I vos 22 28 FR R 5 c. B 3-4 0k AHL #%4bk°H
AR 3-F2 5 AHL 13k g 5 d. HEAL SRR SS 4
TRR A0 M (22 S ALl ™ XL/ 2 A AE TAHTA
HRMEZEY . A, —2887 4 AHL Y
AT BT [F) B A A e AL JEFFA) R PR, 4 28 11 2R
ML PAO1 A9 PvdQ FIR I8 R AT 18 (Agrobacterium
tumefaciens) ) AttM/AiiB [ BE 0% [% % AHL %',



2022; 49 (6)

B, & MEYHZRES +965-

1M AT S8R 7= A= AHL f9 4i T8 s &5 A% 1 AHL B fi
ity 1, X BERRIE IR QQ S QS A A R A
5 QSAH T Mk Ak i iy | ARMLE, s# 2™ QQ A4k
W5 QSR T/ A& s i — R A BT B
QQ MIVE FIMLEE 241 & 3 Fokems . MiklfE 5
= AR Y (13) . Chung %5 2 #fiE
TR T C8-HSL BRI, 43l 5 4k 3 il
C8-HSL A4 £ WL i Tofl A Jz C8-HSL ) 3Z {A& TofR.

4 \AA
A
- 15

(1) I AHLI A B

A )

A

Fig. 3 AHL-mediated quorum quenching mechanisms

A

AA

(2) I AHLI I P

Wong 55 %' #it i | E A% BE L) Trichosporon loubieri
T A TR TS PR A2 7 QS 705, T IR AHL
MR 5L T o —28 QS Mt ] B H4EHI T QS
AR, g Ak g R FT LAVE TS LuxR 3, S A
I AHL AR 2 S50 D e AR A i o8 2
D] A R g ] R 5 A B T 6% 52 i e e 0 P T £ ) 5
HUERLARST IE R 1 ) I DN 7L SRR 5 6
AT BE A F25 il o it BRI o

e
- 3D

(3) FHAHL !

SRS ey
\ F 2 R A /

[98]

A

A

B3 AHLNSRBHEIET/ERIE ]

QQ AIRYT I P B S TR IR, T
T B A B B A RO 15 Y, Dong 45 Y
T 3t A R LR (AR 36 08 AHL- P e JHe g, 445 1 R
HYFER THIRIFE N QSF Y, B &R T X Bk
KBS Erwinia carotovora Bt . K A 2R HAT I
(A REAAPR IR A R AL T W8 K PR M PR 0 B £ )
o 100 AHL ZEHR AR IR 1 i 70 (4 4 FH S T
A, JF FLAREEN) AHL 259 L e 6 1 57 5L B X
PE DOV, AN, LuxO 2l 2k SLINE QS gk
JE B SR, AR E S T EEXT LuxO 1)
PR AT LA TR 2 R i 8 4 d . T
SR L R M TREE A, BEA BT
THERIRA YR 48 2 £ . QS Il 71 8 2o e 5
PRI A PN AN R T A X, REA
SO B ZOoR R 25 RO BR ], A A —FhAa A
WA LTSS, BB Rl Fk™
FRIH A

3 MEREESHT

PUAEREMBMAEY ™ ERKD TR
(3000 u) AT, T HA IR SR B RE A7 1M
LU B QO [y R AR | i e N R
RV GRS EA EAFERD L, I ARk

LRz Y REUER R RS,
GEE G R IRAE B A ZR U D T R T R B Y ]
BF, 0 23 5 0 S5 T 1 8 JIRFAE . Bader 55 1 )
o R, RO EW]KRE (Salmonella
typhimurium) %% T V30 BE AP K T 2304
1 H: PhoP/PhoQ 1 RpoS & J1 18 15 K+~ [R] e 4171 il
HiB A A5 AR AR S B T 28 4390 28 46 T 7 1) 3k
PSR Linares 55 1 JUIIE S VA ik 2 14 2 A
. VU FE RIS LA il 2 A S Ui R i A
FRIFER, FFEYBRAT . FILnA 3T
MRS, A RPUE RAUR AN B R, T ELAE )
i b= S B Ve i ST (s O e 73 A EL 7 -
(RS-t Lroeer)

HETC AR, KRIFNEEEDTE R ML s
BB LA IR/ IN i A A AT R R A o A R
AHL B & B om0 BRI 22 Ak, FEAR T BIE K P
i, S ehi Al R ARSI T AR 5%~10% MY FEH 54
S oS 10! SRS AR Z B T AR N A0 B b G
IR 5 1 AR B AR R p s Y, IR EAT LA
B SEYIIER,  ANR SR B R RN K AT R
SO MR AR R R, I A B kA
P 12 R A 2 B T R B A B
R L PR (IBERER) —FPsEng. T2



+966- EMUEEEYIEER

Prog. Biochem. Biophys. 2022; 49 (6)

TS B PT A Z A SR X A YR A TE i e
YER. B BRI BRI AL A P b 45 85 2 AT >
TERIE MATE  (Haemophilus influenzae) B4 4%
W BAERIE, HALS R B A RBTE
MURIRPTAEZR, W mR (B S EAAEXREH)
FIPRKFEZR, X IEE AT R B A= P I W LT 1%
AR AT BB A [R]— 280 AN [T AR R
FEE AN DI fe i 2 A e s A

AR OR B Z A8 W], AR T 1Y
Po AR 2R R 20 TR A B SR B AT AR Y R e
I, ARV EES A R BB EAE AR5 40 1y AR 4
AR A AEBRALRE,, 1 A FE e i (R R A 2
FEAEBUREER . WHUR AR E TP ERE S
ATLAA 1 T H AR PREE FIs 7Es o s i iR A T8, 3X
TEABET MU AER ARSI E L. Hit,
TEARK T i 75 B8 AT Z2 1955 5 25 ) BH I 30 o)
W E TN AR 2R AR AR A DL R s S iy i AL
B, AT B T R R A R IR IT TR
Tl AR A o5 20 TR A RS LUK [ A 12 2%
BOOT Jir P 5 7 PR () B ) 4 o S R E R L
X A= Wy P A AR ) AR R B DRI Y 7

4 EMRBEZR
TREEPIBR T A A I B se iy o5 5 161 T

AN, IRENS LA A [R] Y B AR AL i 5 B
FEIX PR A P M D, (5 B2
N, WATLUZRE T, DNAFIRNA, WA
B, KIAFFHE BCO3 TEIR A IR 41, T LAl
HA R ZHR AR A e SR i 75 240
JiL ) B R A, O EL b BR O B2 A A 1 7 3R A
(CdiA) F153h CdiA 19 ZE5 A B3 CdiB WA~ 28 1 T
P . CAiAB Z G435 1 100 i 41 A -5 0 440 fif 3 3
BamA SZ K [H] AU A EAE IR A, CdiA 192 3 i
B o e 2 SRR AN N A TR . e
HPEARAE A, cdil 3R it Ge e B R T H R
T R A Y A S AT B T A DA A A I
Py i) ) o 4 b e SRR

BEAN, AHIEGT R B — T ph R I8 200 M 1
[B] 44 K 4% (intercellular nanotubes) Fr /S 140
ST AP Tl 0 124 S W N il A NSE =R N
FEAPAF RSB OR AN M, EL 0 M S /R 1 ilb AT 5
B, IR, 2t T DU HAZ fih i) SR AR B ARAST
R LG . PRGN TT LIRS B 2R
PRI R AR 0BG, 38 v LA S 4 o (0
BIER A B KA FT BN o284, Sl A
[E] ) A A T — 4% (Kl 4a) .,

Fig. 4 Bacteria communicate through intercellular nanotubes (a) ! and extracellular vesicles (b) ' *’

E4 MEESMEMNKE (a) "I MMSINER (b) #HiTR



2022; 49 (6)

R, %: REVHXZRES +967-

5 RSEERRAN

J A% AN L AZ 2R AT RE A 7 b —Fh AL DR ST 0
KGR A MAhEEWDL (extracellular vesicles,
EVs), EVsfgtfi il Z M N ikt At £ 4
Jifg o ([ 4b) o T EVs R LS VF 2 T, ansh
RNA. &AM, WIS, A BRI 59 R
R i, YOG A ) —Fh PhoP ¥ 1Y
/NRNA-PIinT, AR LIS G5 AR SRR A
TR T 082 1 L B TE P, 38 v LAY 15 32
BRI FRIR 1 — BRI TR D A A A A
W (Botrytis cinereal) Y44 FEH)/NRNA 5544 24 r
ITHEYI AR, TS JE B PR TR R S
G U AT WEFEE X I ST V. shilonii 7 AERY
EVs 17 tfa 2B, Hrb & 550 B B 5 AR G
AT, BRILZIMERINE] T AHL fFAAFE, 1
AR E L EVs 17T QS AZ i ™. Si4h, i ATIE
Pade i, EVs TEME £ 5067 00 BAE ] b ke 8 24E
F U X BegE SRR EVs /E Sy — P R Oy
X, MFEMEY 518 ER P EH LN

6 FESXRMHIIER

TUCEE WG i o R v i e L X 22 A Y R
G GER I B Z UGS SRR, A TR R A
AAE, UEYDE A TR A L A e SR
TRBCRTE—E, SLRINIXAMAP IR . X fE 558
TR E LA, IEERBERFK S Lok 254, 1
X, HESUHGE 3 FAESMER, R A A YIRS
ALY, B PRI RSB SR, DU S
FAWT B AESE BRI
6.1 FREMIR

TEHRIEE T, AR LI,
MERELFTETHMINE S Y (extracellular
polymeric substances, EPS) 41 i 19 4= ¥ &
(biofilm) ', EPS M. HH k. BEAE
FRAEA R, AR AR R e o W oRe sk G 4 L L
P ARG BRI ERM, AR
TS B2 21 QS RGN M 4 11
Tl 535 ) 2 AR PO T 11 QS i[RI T35 T HL AR W I
MZRE S B E R, MRIIEFREMT, QSR
ARRAE YT AR E S A R R OK, (R AR
TRV A LA Z R R 7

WAL, BT AEYRE R S ZFh AT M 1A
W ) S5 A AR A MR & T 4R rh e

BREZENIEMH . X AR5 &2,
FURANREAJI S (Porphyromonas gingivalis) .35
g TRARIFIE  (Fusobacterial nucleatum) =415
FITE R, 1 HE = AT-2 B9 TuxS JE PR i 2 5 380X Fp
SRAEFIREA, X UERH AR AE WA T 1 2 A
U S 2 A e o R A W R A AR IR
T AP, (BAEYIRIR T T i 2 A A AR,
FGH IS TE . HPTEIMES . PPl E RN
RS, I T ENTREARIZAE T S0 . Feis A i
IbLZs 1
6.2 HWHEH=

WA RS T2 R s T, XA
AL AT PR TE IR 2y o R 1 A Hb A3
TR, WAV T AR SRR, SR okt
AN, — IR GRMEY) 5 R TR E
i 20 o E L S A A 3R, Hd QS Ay
SRR AR S - A BRI R AR,
AR SRR € e U /-2 = N IV 2y e o 1 |
AL AN, Wyss Yk B A0 B Y [ A
(Nif) A LR R i A A e 2 T A AL
[FIEH A FH 2L QS A BLIINER IS 8 1, A s
BRI B AN RIS, Bk Es R
K, PEHIE AR R . XSS E i 53
AL, SCHUESRIARR, K TE A ) AT e
PERE R fih, AR TR LR,
6.3 thEHL

T B A AR & T 38 Tk S B 5 A )
P LR 2 EAE, TIFP IR A AR B A A2
R OCEEIR S . BRTA ¥ ETE M, QS R4
A] BB & 4E R 1) B A AR R B 2R A 09— Fh o 1L
fil] ", Bruger 55 1 A T PR IuxR FETH %€
ARG (V. campbellii) 1EVE¥EGVE S LT R
YER, RISk RETE 1S R B VEREE (]
EARTTER R A B, EAT QS RALM A
WRBF R W AE R Dh R AL SF— Dt R 8L, %F
A BUTRTAR AR ) R RN B L Bl 1 7 A BRI, i
R A ) 28 L R e 3 ) k2 R A8 ) R 1 8 e 4 il
FEE R 2 e, A, FESHEPMEET, QS
U T A B i e ol = W e g < el |21
A6 13RI (Agrobacterium) F)FH QS Xt g
RAAZYY, AT 03E A s LR XL R
HATES R, AR 5 H Y18 2 B2 20015
SHAER T — R e E R Y



*968- EMUFESEYIRHR

Prog. Biochem. Biophys. 2022; 49 (6)

T 0 ) ) 207 5 -5 D o ) S0 1 28 DT AH
K, L QS RGUAERE SIAOCII AR, (0 4N T e ik
ot TP RGN BTN, e N R
Gi—FREAT N, AR KRHASEW ., (558N
AP R T AEAE R, (H RN H s B G
I7 . AR BIe MBS T w1 .

71 &EIRIETT

H1 T 65%~80% Y 959 B4 Y 15 A= W) AT 5
PRI AE I B — A W A 25730 4 . Chow
A 0ol A e A T AR i) AHL N TR, BEfRS A
Y 2 N7 N I 7 sl =B N I Sl
(Acinetobacter baumannii) "EYIREHIE A IEGY
PEBRRE AL AR BRSNS . e P A
ZMQS RYe, WHMW LIV AWK HBA £ Ei
GMETELIAYT 17 RUBESEgR WY, A5 I kiR
i Ak ) L2 T B0 T AR PRI T Y AHL R 58
I T AR AT R, BRI TR R
IF IR T/ INEAEIG IR, X 2t ER i P it
R BT RAFIIRITRCR 1 TR R
R LPER H ™5, RGBS R T
2, Pl TR G FB, BHEREABERN
IR & S o ARITHUAEZR, B IG5
BREEST, IRV, (BS54 i Y A=
ARG, PRIHTEDR S BUm PR IRl A 2eid it i
BT RIIERE R T, JRIR T 4 TR R PR A AL
WA
7.2 RlAEF=

RGO A7 . BRI I
HY R Z —, XA IR T E R R
PRI SR AR A A R F W R T A B
Wi HHTC A BT 0 A e PR 7T 3K N-
ST 2 22 B R N TR, RS 1 BB AL s e T
Erwinia carotovora A 4 4 I BE K ik i 1 1o 7= A
FE ST AR B A S0, DT HG 5 1 X6 i BT )
BTy YL Kalia 55 1 BEE T 2Rk IER QS
R, LA RS A RO PR AT E
(REY RSIIEGERG . eAh, A B A 1R AR
HUEYI BRS F DA 0 7 — A ROE, B
P. aureofaciens i3 QS RG LRI IAER, HE
B ORAPINAZ e 2 LGRS ) R, QS il Rl ak
PSR 77 v HAT B R R FH 5%

73 INEEE

(G NI & ) e LY C A S 7 L A
SERE TR R EIE AR Y5, SR Tl ik 42
PR — RS E R, WRIEE R PR
R YEIMAABR 14 . AWisH6E R R BT 5
WETER, HAMES LA iz Y EA
Uik, AN B TE A A EE S R
BTG e KUK, PR 7 TF 8 B SRR AL ) 15 3R
W& . Dobretsov 45 1 3 ) i 126 2 B QS il 591 iy
T R MR R £ % 528 UG 200 P R Ak 1) 2 B LA g
WAy s BEnEoRERZ AT, T
P QS RGN A W REOR oA Sk B B TC 75 3 1Y B T

;J:J,Eing('- [144, 146JO
8 BHEERE

BEE WA ISR AWHRA, AN TE AR E]
A ISR PEZR IR T B E W AN AT M7, T
SERBUAHARIIT A . AR EN 2
SR R G 2 VR 1 B 3, SRR T A0 e Y 3l
&, JFARRIIETY A BRIAT N XSS A
fEHAAREZR, Wik ms . Mrries
Y. HRR, VLAY LR, 5
. FHIERIRS FETRAYSIRE, R 36 A5 A AR
AP Z B EAS A SR TR C R, TR, A
WEFE R, R R A A —RRE, e QS
Fo A NS EEE R EARSSR

TE ZRJLHER, S5HATIREZ RS R
GUELME ARG RO BE, TR I A fTx i
AR R A B E M R, (E2
VAR50 7 B A A RIS 1L 75 S AR
Gike HEAh, BRI BEYIE S0 TR ZEE T
K NERESR , X T AR YIRS DT TS ib R
WikZ o P, TEARRBETEHATVFZ 5 )il 2 ik
—A I

a. AR T 2R i TR, ks
WEE (R, vk DRI B ) . REERAE
B GRIN . KA ImIEZERSE) T, i g
WS vy TR U E i S 3 YT AT PR i B ]
AAF, ASCEATHORE AL AEPR TR 32 o ey % 4%
YEHI

b HEORIIN . il R R, £
A PR B BUR BRI AW, INRE 2%
AR I L ORI Bh A SR T 5L, A Bl
W ZHITEREEZNE ST, U RREYh




2022; 49 (6)

R, %: REVHXZRES *969-

TR, IR AR Ve R 2B EE R T s
BAEU, DA s S A i e 3K Sl A 3 AR AN B
WAL

c. FIHCHE & MR E SR, ety
FoRALE, FnEREEE N . SR U EIE L
& HIPIMARSE TAEPE 2 kﬁ A SR i ot
Tl ) 52 L REAE VA 45 58 PR B 358 40 o 5 40 AN
RIESAS, XHEZR IR & A R (A i B
Bl AR A HERE XS F IR R
i% ﬁ%*Aﬁ%,TE%ﬂ%* RS, I

EASBE, AFRRERIAHE . KA LR R B
ﬁ%o

d. (BB A2 A s 5 A T s S
M. Aﬁi%‘%ﬁ%%ﬂ?%%EMMEWﬁ%
*ﬁww frohmysel. BT, BRSNS & SEHhE

ﬁmﬁ%%%mﬁmh WL, T R
%%@ﬁﬁ@ﬁ%ﬁ%%ﬁ CHOET =L, OIRA
BT 220 QS il A s R HEA B L E IR YT o
18 Bl B A W2 VR 4 QS 3 — S L 2R T 107 FH 98
WRIRIT . FREEIG TR AR S, (B8R QS oLk It
BTN TR AU A T & R B, Al b
XA W T AN T DL SR 22 R 1 R

RS A )~ X — U PR A i
z % x

[1]  SharmaA, Singh P, Sarmah B K, et al. Quorum sensing: its role in
microbial social networking. Res Microbiol, 2020, 171(5):
159-164

[2] Zhao X, Liu X, Xu X, et al. Microbe social skill: the cell-to-cell
communication between microorganisms. Sci Bull, 2017, 62(7):
516-524

[3]  Mould D L, Hogan D A. Intraspecies heterogeneity in microbial
interactions. Curr Opin Microbiol, 2021, 62: 14-20

[4] Karmakar R. State of the art of bacterial chemotaxis. J Basic
Microb, 2021, 62(5): 366-379

[5] Balan B, Dhaulaniya A S, Varma D A, et al. Microbial biofilm
ecology, in silico study of quorum sensing receptor-ligand
interactions and biofilm mediated bioremediation. Arch
Microbiol, 2020,203(1): 13-30

[6] Khalid S, Keller N P. Chemical signals driving bacterial-fungal
interactions. Environ Microbiol, 2021, 23(3): 1334-1347

[71  Kaiser D, Losick R. How and why bacteria talk to each other. Cell,
1993,73(5): 873-885

[8]  Papenfort K, Bassler B L. Quorum sensing signal-response
systems in Gram-negative bacteria. Nat Rev Microbiol, 2016,
14(9):576

9] Sturme M H, Kleerebezem M, Nakayama J, et al. Cell to cell

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

communication by autoinducing peptides in gram-positive
bacteria. Anton Leeuw IntJ G, 2002, 81(1): 233-243

Pereira C S, Thompson J A, Xavier K B. AI-2-mediated signalling
inbacteria. FEMS Microbiol Rev, 2013,37(2): 156-181

Barber C, Tang J, Feng J, et al. A novel regulatory system required
for pathogenicity of Xanthomonas campestris is mediated by a
small diffusible signal molecule. Mol Microbiol, 1997, 24(3):
555-566

Hornby J M, Jensen E C, Lisec A D, et al. Quorum sensing in the
dimorphic fungus Candida albicans is mediated by farnesol. Appl
Environ Microb, 2001, 67(7): 2982-2992

Chen H, Fujita M, Feng Q, et al. Tyrosol is a quorum-sensing
molecule in Candida albicans. Proc Natl Acad Sci USA, 2004,
101(14):5048-5052

Lee J H, Lee J. Indole as an intercellular signal in microbial
communities. FEMS Microbiol Rev, 2010, 34(4): 426-444
Chhabra S R, Philipp B, Eberl L,

communication in bacteria/Schulz S. The Chemistry of

et al. Extracellular
Pheromones and Other Semiochemicals 1I. Berlin, Heidelberg:
Springer, 2005,240:279-315

Williams P, Winzer K, Chan W C, et al. Look who's talking:
communication and quorum sensing in the bacterial world. Philos
TR SocB,2007,362(1483): 1119-1134

Padder S A, Prasad R, Shah A H. Quorum sensing: a less known
mode of communication among fungi. Microbiol Res, 2018,
210:51-58

Fuqua C, Parsek M R, Greenberg E P. Regulation of gene
expression by cell-to-cell communication:

lactone quorum sensing. Annu Rev Genet, 2001, 35(1): 439-468

acyl-homoserine

Dong Y H, Zhang L H. Quorum sensing and quorum-quenching
enzymes. ] Microbiol, 2005, 43(spc1): 101-109

Jayaraman A, Wood T K. Bacterial quorum sensing: signals,
circuits, and implications for biofilms and disease. Annu Rev
Biomed Eng, 2008, 10: 145-167

Lazdunski A M, Ventre I, Sturgis J N. Regulatory circuits and
communication in Gram-negative bacteria. Nat Rev Microbiol,
2004,2(7): 581-592

Ivanova K, Fernandes M, Tzanov T. Current advances on bacterial
pathogenesis inhibition and treatment strategies//Mendes- Vilas A.
Microbial Pathogens and Strategies for Combating Them:
Science, Technology and Education. Spain: Formatex Research
Center,2013,1:322-336

LilJ, Attila C, Wang L, et al. Quorum sensing in Escherichia coli is
signaled by AI-2/LsrR: effects on small RNA and biofilm
architecture. J Bacteriol, 2007, 189(16): 6011-6020

Dow J M. Diffusible signal factor - dependent quorum sensing in
pathogenic bacteria and its exploitation for disease control. J Appl
Microbiol, 2017,122(1): 2-11

Diggle S P, Gardner A, West S A, et al. Evolutionary theory of
bacterial quorum sensing: when is a signal not a signal?. Philos TR
SocB,2007,362(1483): 1241-1249

Clinton A, Rumbaugh K P. Interspecies and interkingdom



970

EMUFESEYIRHR

Prog. Biochem. Biophys.

2022; 49 (6)

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

signaling via quorum signals. Isr J Chem, 2016, 56(5): 265-272
Ahmer B M. Cell - to - cell signalling in Escherichia coli and
Salmonella enterica. Mol Microbiol, 2004, 52(4): 933-945
Teplitski M, Mathesius U, Rumbaugh K P. Perception and
degradation of N-acyl homoserine lactone quorum sensing signals
by mammalian and plant cells. Chem Rev,2011, 111(1): 100-116
Novick R P, Geisinger E. Quorum sensing in staphylococci. Annu
Rev Genet, 2008, 42: 541-564

Thoendel M, Horswill A R. Biosynthesis of peptide signals in
gram-positive bacteria. Adv Appl Microbiol, 2010, 71: 91-112
Monnet V, Juillard V, Gardan R. Peptide conversations in Gram-
positive bacteria. Crit Rev Microbiol, 2016, 42(3): 339-351
Jarraud S, Lyon G, Figueiredo A, et al. Exfoliatin-producing
strains define a fourthagr specificity group in Staphylococcus
aureus. J Bacteriol, 2000, 182(22): 6517-6522

Geisinger E, Muir T W, Novick R P. Agr receptor mutants reveal
distinct modes of inhibition by staphylococcal autoinducing
peptides. Proc Natl Acad Sci USA,2009,106(4): 1216-1221
Schauder S, Shokat K, Surette M G, ef al. The LuxS family of
bacterial autoinducers: biosynthesis of a novel quorum - sensing
signal molecule. Mol Microbiol, 2001, 41(2): 463-476

Wang Y, Wang Y, Sun L, et al. The LuxS/AI-2 system of
Streptococcus suis. Appl Microbiol Biot, 2018, 102(17): 7231-
7238

Federle M J. Autoinducer-2-based chemical communication in
bacteria: complexities of interspecies signaling//Collin M, Schuch
R. Bacterial Sensing and Signaling. Basel: Karger, 2009, 16: 18-32
Gu Y, Tian J, Zhang Y, et al. Dissecting signal molecule AI-2
mediated biofilm formation and environmental tolerance in
Lactobacillus plantarum. ) Biosci Bioeng, 2021, 131(2): 153-160
Xavier K B, Bassler B L. Interference with AI-2-mediated
bacterial cell-cell communication. Nature, 2005, 437(7059):
750-753

Ascenso O S, Marques J C, Santos AR, et al. An efficient synthesis
of the precursor of Al-2, the signalling molecule for inter-species
quorum sensing. Bioorgan Med Chem, 2011, 19(3): 1236-1241
Kong P, Lee B W, Zhou Z S, et al. Zoosporic plant pathogens
produce bacterial autoinducer-2 that affects Vibrio harveyi quorum
sensing. FEMS Microbiol Lett, 2010,303(1): 55-60

Wang LH, He Y, Gao Y, et al. A bacterial cell-cell communication
signal with cross - kingdom structural analogues. Mol Microbiol,
2004,51(3):903-912

Slater H, Alvarez-Morales A, Barber C E, et al. A two-component
system involving an HD-GYP domain protein links cell-cell
signalling to pathogenicity gene expression in Xanthomonas
campestris. Mol Microbiol, 2000, 38(5): 986-1003

Chatterjee S, Wistrom C, Lindow S E. A cell-cell signaling sensor
is required for virulence and insect transmission of Xylella
fastidiosa. Proc Natl Acad Sci USA, 2008, 105(7): 2670-2675
Dow J M, Naughton L M, Hollmann B, et al. The diffusible signal
factor family of bacterial cell-cell signals. Isr J Chem, 2016, 56(5):
321-329

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Davies D G, Marques C N. A fatty acid messenger is responsible
for inducing dispersion in microbial biofilms. J Bacteriol, 2009,
191(5): 1393-1403

DengY, WulJ, TaoF, et al. Listening to a new language: DSF-based
quorum sensing in Gram-negative bacteria. Chem Rev, 2011,
111(1): 160-173

GuoY, Zhao Y, Tang X, et al. Deciphering bacterial social traits via
diffusible signal factor (DSF) -mediated public goods in an
anammox community. Water Res, 2021, 191: 116802

Nickerson K W, Atkin A L, Hornby J M. Quorum sensing in
dimorphic fungi: farnesol and beyond. Appl Environ Microb,
2006,72(6): 3805-3813

Kruppa M, Krom B P, Chauhan N, ez al. The two-component signal
transduction protein Chk1p regulates quorum sensing in Candida
albicans. Eukaryot Cell, 2004, 3(4): 1062-1065

Davis - Hanna A, Piispanen A E, Stateva L I, et al. Farnesol and
dodecanol effects on the Candida albicans Ras1-cAMP signalling
pathway and the regulation of morphogenesis. Mol Microbiol,
2008, 67(1):47-62

Kebaara B W, Langford M L, Navarathna D H, et al. Candida
albicans Tupl is involved in farnesol-mediated inhibition of
filamentous-growth induction. Eukaryot Cell, 2008, 7(6): 980-987
Sato T, Watanabe T, Mikami T, ef al. Farnesol, a morphogenetic
autoregulatory substance in the dimorphic fungus Candida
albicans, inhibits hyphae growth through suppression of a
mitogen-activated protein kinase cascade. Biol Pharm Bull, 2004,
27(5):751-752

Ramage G, Saville S P, Wickes B L, et al. Inhibition of Candida
albicans biofilm formation by farnesol, a quorum-sensing
molecule. Appl Environ Microb, 2002, 68(11): 5459-5463
Semighini C P, Hornby J M, Dumitru R, ef al. Farnesol - induced
apoptosis in Aspergillus nidulans reveals a possible mechanism for
antagonistic interactions between fungi. Mol Microbiol, 2006,
59(3): 753-764

Jabra-Rizk M, Meiller T, James C, et al. Effect of farnesol on
Staphylococcus aureus biofilm formation and antimicrobial
susceptibility. Antimicrob Agents Chemother, 2006, 50(4): 1463-
1469

Costa A F, Silva L C, Amaral A C. Farnesol: an approach on
biofilms and nanotechnology. Med Mycol, 2021, 59(10): 958-969
Ghosh S, Kebaara B W, Atkin A L, ef al. Regulation of aromatic
alcohol production in Candida albicans. Appl Environ Microb,
2008,74(23):7211-7218

Alem M A, Oteef M D, Flowers T H, et al. Production of tyrosol by
Candida albicans biofilms and its role in quorum sensing and
biofilm development. Eukaryot Cell, 2006, 5(10): 1770-1779
Chen H, Fink G R. Feedback control of morphogenesis in fungi by
aromatic alcohols. Gene Dev, 2006,20(9): 1150-1161

Wauster A, Babu M M. Transcriptional control of the quorum
sensing response in yeast. Mol BioSyst, 2009, 6(1): 134-141
Sprague G F, Winans S C. Eukaryotes learn how to count: quorum
sensing by yeast. Gene Dev, 2006,20(9): 1045-1049



2022; 49 (6)

R, %: REVHXZRES +971-

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Tewari Y B, Goldberg R N. An equilibrium and calorimetric
investigation of the hydrolysis of L-tryptophan to (indole+
pyruvate+ammonia). J Solution Chem, 1994,23(2): 167-184
Newton W A, Snell E E. Formation and interrelationships of
tryptophanase and tryptophan synthetases in Escherichia coli. J
Bacteriol, 1965, 89(2): 355-364

Kim J, Park W. Indole: a signaling molecule or a mere metabolic
byproduct that alters bacterial physiology at a high concentration?.
JMicrobiol, 2015,53(7): 421-428

Hirakawa H, Kodama T, Takumi-Kobayashi A, et al. Secreted
indole serves as a signal for expression of type III secretion system
translocators in enterohaemorrhagic Escherichia coli O157: H7.
Microbiology (Reading), 2009, 155(Pt2): 541-550

Lee J, Jayaraman A, Wood T K. Indole is an inter-species biofilm
signal mediated by SdiA. BMC microbiol, 2007, 7(1): 1-15

Stamm I, Lottspeich F, Plaga W. The pyruvate kinase of
Stigmatella aurantiaca is an indole binding protein and essential
for development. Mol Microbiol, 2005, 56(5): 1386-1395

Mueller R S, Beyhan S, Saini S G, et al. Indole acts as an
extracellular cue regulating gene expression in Vibrio cholerae. J
Bacteriol, 2009,191(11): 3504-3516

Wikoff W R, Anfora A T, Liu J, et al. Metabolomics analysis
reveals large effects of gut microflora on mammalian blood
metabolites. Proc Natl Acad Sci USA, 2009, 106(10): 3698-3703
Amin S, Hmelo L, Van Tol H, ef al. Interaction and signalling
between a cosmopolitan phytoplankton and associated bacteria.
Nature, 2015,522(7554):98-101

Lee J H, Wood T K, Lee J. Roles of indole as an interspecies and
interkingdom signaling molecule. Trends Microbiol, 2015,23(11):
707-718

Zarkan A, Liu J, Matuszewska M, et al. Local and universal action:
the paradoxes of indole signalling in bacteria. Trends Microbiol,
2020,28(7): 566-577

Kato J, Funa N, Watanabe H, et a/. Biosynthesis of y-butyrolactone
autoregulators that switch on secondary metabolism and
morphological development in Streptomyces. Proc Natl Acad Sci
USA,2007,104(7): 2378-2383

Sperandio V, Torres A G, Jarvis B, et al. Bacteria-host
communication: the language of hormones. Proc Natl Acad Sci
USA,2003,100(15): 8951-8956

Walters M, Sircili M P, Sperandio V. AI-3 synthesis is not
dependent on luxS in Escherichia coli. ] Bacteriol, 2006, 188(16):
5668-5681

Moreira C G, Weinshenker D, Sperandio V. QseC mediates
Salmonella enterica serovar typhimurium virulence in vitro and in
vivo. Infect Immun, 2010, 78(3): 914-926

Bellezza I, Peirce M J, Minelli A. Cyclic dipeptides: from bugs to
brain. Trends Mol Med, 2014, 20(10): 551-558

Degrassi G, Aguilar C, Bosco M, et al. Plant growth-promoting
Pseudomonas putida WCS358 produces and secretes four cyclic
dipeptides: cross-talk with quorum sensing bacterial sensors. Curr
Microbiol, 2002, 45(4): 250-254

[79]

[80]

(81]

(82]

(83]

(84]

[85]

[86]

(87]

[88]

[89]

[90]

(911

[92]

[93]

Wattana-Amorn P, Charoenwongsa W, Williams C, et al.
Antibacterial activity of cyclo (L-Pro-L-Tyr) and cyclo (D-Pro-L-
Tyr) from Streptomyces sp. strain 22-4 against phytopathogenic
bacteria. Nat Prod Res, 2016,30(17): 1980-1983

Dong Y H, XulJ L, Li X Z, et al. AiiA, an enzyme that inactivates
the acylhomoserine lactone quorum-sensing signal and attenuates
the virulence of Erwinia carotovora. Proc Natl Acad Sci USA,
2000,97(7):3526-3531

Leadbetter J R, Greenberg E P. Metabolism of acyl-homoserine
lactone quorum-sensing signals by Variovorax paradoxus. J
Bacteriol, 2000, 182(24): 6921-6926

Uroz S, Oger PM, Chapelle E, et al. ARhodococcus qgsdA-encoded
enzyme defines a novel class of large-spectrum quorum-
quenching lactonases. Appl Environ Microb, 2008, 74(5): 1357-
1366

LinY H, XuJ L, HuJ, et al. Acyl-homoserine lactone acylase from
Ralstonia strain XJ12B represents a novel and potent class of
quorum - quenching enzymes. Mol Microbiol, 2003, 47(3):
849-860

Bijtenhoorn P, Schipper C, Hornung C, et al. BpiB0S5, a novel
metagenome-derived hydrolase acting on N-acylhomoserine
lactones. J Biotechnol, 2011, 155(1): 86-94

Chowdhary P K, Keshavan N, Nguyen H Q, et al. Bacillus
megaterium CYP102A1 oxidation of acyl homoserine lactones
and acyl homoserines. Biochemistry-US, 2007, 46(50): 14429-
14437

Huang JJ,HanJ I, Zhang L H, et al. Utilization of acyl-homoserine
lactone quorum signals for growth by a soil pseudomonad and
Pseudomonas aeruginosa PAOL. Appl Environ Microb, 2003,
69(10): 5941-5949

Carlier A, Uroz S, Smadja B, er al. The Ti plasmid of
Agrobacterium tumefaciens harbors an attM-paralogous gene,
aiiB, also encoding N-acyl homoserine lactonase activity. Appl
Environ Microb, 2003, 69(8): 4989-4993

Dong Y H, Wang L H, Xu J L, ef al. Quenching quorum-sensing-
dependent bacterial infection by an N-acyl homoserine lactonase.
Nature,2001,411(6839): 813-817

Kusari P, Kusari S, Lamshéft M, e al. Quorum quenching is an
antivirulence strategy employed by endophytic bacteria. Appl
Microbiol Biot,2014,98(16): 7173-7183

Grandclément C, Tanniéres M, Moréra S, et al. Quorum
quenching: role in nature and applied developments. FEMS
Microbiol Rev, 2016,40(1): 86-116

Uroz S, Dessaux Y, Oger P. Quorum sensing and quorum
quenching: the yin and yang of bacterial communication.
ChemBioChem, 2009, 10(2): 205-216

Chung J, Goo E, Yu S, et al. Small-molecule inhibitor binding to an
N-acyl-homoserine lactone synthase. Proc Natl Acad Sci USA,
2011,108(29): 12089-12094

Wong C S, Koh C L, Sam C K, et al. Degradation of bacterial
quorum sensing signaling molecules by the microscopic yeast

Trichosporon loubieri isolated from tropical wetland waters.



*972-

EMUFESEYIRHR

Prog. Biochem. Biophys.

2022; 49 (6)

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Sensors (Basel),2013,13(10): 12943-12957

Manefield M, Rasmussen T B, Henzter M, et al. Halogenated
furanones inhibit quorum sensing through accelerated LuxR
turnover. Microbiology (Reading), 2002, 148(Pt4): 1119-1127
Hentzer M, Riedel K, Rasmussen T B, et a/. Inhibition of quorum
sensing in Pseudomonas aeruginosa biofilm bacteria by a
halogenated furanone compound. Microbiology (Reading), 2002,
148(Pt 1):87-102

Estephane J, Dauvergne J, Soulére L, ef al. N-Acyl-3-amino-SH-
furanone derivatives as new inhibitors of LuxR-dependent
quorum sensing: synthesis, biological evaluation and binding
mode study. Bioorg Med Chem Lett, 2008, 18(15): 4321-4324

Ren D, Bedzyk L A, Ye R W, et al. Differential gene expression
shows natural brominated furanones interfere with the autoinducer
- 2 bacterial signaling system of Escherichia coli. Biotechnol
Bioeng, 2004, 88(5): 630-642

Kose-Mutlu B, Ergon-Can T, Koyuncu I, e a/. Quorum quenching
for effective control of biofouling in membrane bioreactor: a
comprehensive and
challenges. Environ Eng Res, 2019,24(4): 543-558

Zhong S, He S. Quorum sensing inhibition or quenching in

review of approaches, applications,

Acinetobacter baumannii: the novel therapeutic strategies for new
drug development. Front Microbiol, 2021,12: 558003

Chu W, Zhou S, Zhu W, et al. Quorum quenching bacteria Bacillus
sp. QSI-1 protect zebrafish (Danio rerio) from Aeromonas
hydrophila infection. Sci Rep-UK,2014,4(1): 1-6

Bandara H, Lam O, Jin L, et al. Microbial chemical signaling: a
current perspective. Crit Rev Microbiol, 2012,38(3): 217-249

Ng W L, Perez L, Cong J, et al. Broad spectrum pro-quorum-
sensing molecules as inhibitors of virulence in Vibrios. PLoS
Pathog,2012,8(6):¢1002767

Baltz R H. Antimicrobials from Actinomycetas: back to the future.
Mecrobe, 2007,2:125-133

Bader M W, Navarre W W, Shiau W, et al. Regulation of
Salmonella typhimurium virulence gene expression by cationic
antimicrobial peptides. Mol Microbiol, 2003,50(1): 219-230
Linares J F, Gustafsson I, Baquero F, et al. Antibiotics as
intermicrobial signaling agents instead of weapons. Proc Natl
Acad SciUSA, 2006,103(51): 19484-19489

Liu G, Chater K F, Chandra G, et al. Molecular regulation of
antibiotic biosynthesis in Streptomyces. Microbiol Mol Biol R,
2013,77(1): 112-143

Yim G, Huimi Wang H, Davies Frs J. Antibiotics as signalling
molecules. Philos TR Soc B,2007,362(1483): 1195-1200

Tateda K, Comte R, Pechere J C, et al. Azithromycin inhibits
quorum sensing in Pseudomonas aeruginosa. Antimicrob Agents
Chemother, 2001, 45(6): 1930-1933

PechEre J C. Azithromycin reduces the production of virulence
factors in Pseudomonas aeruginosa by inhibiting quorum sensing.
JpnJAntibiot, 2001, 54(Suppl C): 87-89

Goh E B, Yim G, Tsui W, ef al. Transcriptional modulation of

bacterial gene expression by subinhibitory concentrations of

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

antibiotics. Proc Natl Acad Sci USA, 2002, 99(26): 17025-17030
Marr A K, Overhage J, Bains M, et al. The Lon protease of
Pseudomonas aeruginosa is induced by aminoglycosides and is
involved in biofilm formation and motility. Microbiology
(Reangding),2007,153(Pt2): 474-482

Hoffman L R, D'argenio D A, Maccoss M J, ef al. Aminoglycoside
antibiotics induce bacterial biofilm formation. Nature, 2005,
436(7054): 1171-1175

Starner T D, Shrout J D, Parseck M R, et al. Subinhibitory
concentrations  of  azithromycin  decrease  nontypeable
Haemophilus
established biofilms. Antimicrob Agents Chemother, 2008, 52(1):
137-145

Lin J T, Connelly M B, Amolo C, et al. Global transcriptional

influenzae biofilm formation and diminish

response of Bacillus subtilis to treatment with subinhibitory
concentrations of antibiotics that inhibit protein synthesis.
Antimicrob Agents Chemother, 2005,49(5): 1915-1926

Davies J, Spiegelman G B, Yim G. The world of subinhibitory
antibiotic concentrations. Curr Opin Microbiol, 2006, 9(5):
445-453

Aoki S K, Pamma R, Hernday A D, et al. Contact-dependent
inhibition of growth in Escherichia coli. Science, 2005,
309(5738): 1245-1248

Dubey G P, Ben-Yehuda S. Intercellular nanotubes mediate
bacterial communication. Cell, 2011, 144(4): 590-600

Lee H J. Microbe-host communication by small RNAs in
transkingdom RNA
transportation. IntJ Mol Sci, 2019, 20(6): 1487

O'donoghue E J, Krachler A M. Mechanisms of outer membrane
vesicle entry into host cells. Cell Microbiol, 2016, 18(11): 1508-
1517

Westermann A J, Forstner K U, Amman F, et al. Dual RNA-seq

extracellular  vesicles: vehicles for

unveils noncoding RNA functions in host-pathogen interactions.
Nature,2016,529(7587): 496-501

Weiberg A, Wang M, Lin F M, et al. Fungal small RNAs suppress
plant immunity by hijacking host RNA interference pathways.
Science,2013,342(6154): 118-123

Li J, Azam F, Zhang S. Outer membrane vesicles containing
signalling molecules and active hydrolytic enzymes released by a
coral pathogen Vibrio shilonii AK1. Environ Microbiol, 2016,
18(11):3850-3866

Tzipilevich E, Habusha M, Ben-Yehuda S. Acquisition of phage
sensitivity by bacteria through exchange of phage receptors. Cell,
2017,168(1-2): 186-199

Arciola C R, Campoccia D, Montanaro L. Implant infections:
adhesion, biofilm formation and immune evasion. Nat Rev
Microbiol, 2018, 16(7): 397-409

Hammer B K, Bassler B L. Quorum sensing controls biofilm
formation in Vibrio cholerae. Mol Microbiol, 2003,50(1): 101-104
Dickschat J S. Quorum sensing and bacterial biofilms. Nat Prod
Rep,2010,27(3): 343-369

Shih P C, Huang C T. Effects of quorum-sensing deficiency on



2022; 49 (6)

R, %: REVHXZRES +973-

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

Pseudomonas aeruginosa biofilm formation and antibiotic
resistance. J Antimicrob Chemoth, 2002, 49(2): 309-314

Saito Y, Fujii R, Nakagawa K I, er al. Stimulation of
Fusobacterium nucleatum biofilm formation by Porphyromonas
gingivalis. Oral Microbiol Immun, 2008, 23(1): 1-6

Koo H, Yamada K M. Dynamic cell-matrix interactions modulate
microbial biofilm and tissue 3D microenvironments. Curr Opin
Cell Biol, 2016, 42:102-112

Gonzalez ] E, Marketon M M. Quorum sensing in nitrogen-fixing
rhizobia. Microbiol Mol Biol R, 2003, 67(4): 574-592

Wyss S C. Design of a Cross-Domain Quorum Sensing Pathway
for Algae Biofuel Applications[D]. Athens: Ohio University, 2013
Bruger E L, Snyder D J, Cooper V S, et al. Quorum sensing
provides a molecular mechanism for evolution to tune and
maintain investment in cooperation. ISME J, 2021, 15(4): 1236~
1247

Oger P, Farrand S K. Co-evolution of the agrocinopine opines and
the agrocinopine - mediated control of TraR, the quorum -sensing
activator of the Ti plasmid conjugation system. Mol Microbiol,
2001,41(5): 1173-1185

Yuan Z C, Haudecoeur E, Faure D, et al. Comparative
transcriptome analysis of Agrobacterium tumefaciens in response
to plant signal salicylic acid, indole -3 - acetic acid and y - amino
butyric acid reveals signalling cross-talk and Agrobacterium-plant
co-evolution. Cell Microbiol, 2008, 10(11): 2339-2354

Lebeaux D, Chauhan A, Rendueles O, et al. From in vitro to in vivo
models of bacterial biofilm-related infections. Pathogens, 2013,
2(2):288-356

Chow J'Y, Yang Y, Tay S B, et al. Disruption of biofilm formation
by the human pathogen Acinetobacter baumannii using
engineered quorum-quenching lactonases. Antimicrob Agents
Chemother, 2014, 58(3): 1802-1805

Grossi P, Gasperina D D. Treatment of Pseudomonas aeruginosa
infection in critically ill patients. Expert Rev Anti-Infe, 2006, 4(4):
639-662

Wu H, Song Z, Hentzer M, et al. Synthetic furanones inhibit
quorum-sensing and enhance bacterial clearance in Pseudomonas

aeruginosa lung infection in mice. J Antimicrob Chemoth, 2004,

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

53(6): 1054-1061

Suga H, Smith K M. Molecular mechanisms of bacterial quorum
sensing as a new drug target. Curr Opin Chem Biol, 2003, 7(5):
586-591

De Kievit T R, Iglewski B H. Bacterial quorum sensing in
pathogenic relationships. Infect Immun, 2000, 68(9): 4839-4849
Mie A, Montesano M, Koiv V, et al. Transgenic plants producing
the bacterial pheromone N-acyl-homoserine lactone exhibit
enhanced resistance to the bacterial phytopathogen Erwinia
carotovora. Mol Plant Microbe Interact, 2001, 14(9): 1035-1042
KaliaV C, Patel SK, Kang Y C, e al. Quorum sensing inhibitors as
antipathogens: biotechnological applications. Biotechnol Adyv,
2019,37(1): 68-90

Pierson 3rd L, Keppenne V D, Wood D W. Phenazine antibiotic
biosynthesis in Pseudomonas aureofaciens 30-84 is regulated by
PhzR in response to cell density. J Bacteriol, 1994, 176(13): 3966~
3974

Dobretsov S, Teplitski M, Bayer M, et al. Inhibition of marine
biofouling by bacterial quorum sensing inhibitors. Biofouling,
2011,27(8): 893-905

Dobretsov S, Dahms H U, Yili H, et al. The effect of quorum-
sensing blockers on the formation of marine microbial
communities and larval attachment. FEMS Microbiol Ecol, 2007,
60(2): 177-188

Dobretsov S, Teplitski M, Paul V. Mini-review: quorum sensing in
the marine environment and its relationship to biofouling.
Biofouling, 2009, 25(5): 413-427

Leon-Félix J, Villicafia C. The impact of quorum sensing on the
modulation of phage-host interactions. J Bacteriol, 2021, 203(11):
€00687-20

Zeng Y H, Cai Z H, Zhu J M, et al. Two hierarchical LuxR-LuxI
type quorum sensing systems in Novosphingobium activate
microcystin degradation through transcriptional regulation of the
mlr pathway. Water Res, 2020, 183: 116092

Zhou J, Lin Z J, Cai Z H, et al. Opportunistic bacteria use quorum
sensing to disturb coral symbiotic communities and mediate the
occurrence of coral bleaching. Environ Microbiol, 2020, 22(5):

1944-1962



974- EMLESEYYIEHE  Prog. Biochem. Biophys. 2022; 49 (6)

The Communication Signal of Microorganism”

CHENG Ke-Ke, ZENG Yan-Hua, CAI Zhong-Hua, HE Yong-Hong, ZHOU Jin™

(Institute for Ocean Engineering, Shenzhen International Graduate School, Tsinghua University, Shenzhen 518055, China)

Abstract In previous understanding, microorganism was considered to be separated and living independently in
the environment. However, recent studies have demonstrated that microorganism was capable of communicating
intraspecific, interspecific, or even with other organisms in multiple ways. These communications are performed
by specific signaling molecules, which we called microbial language. By using these microbial languages,
microorganism in a specific ecological niche builds variety of interactions with their neighboring individuals or
populations, such as cooperation, competition, and resource sharing, or even react to complex outer environment
by coordinating group behaviors. With the profound modern molecular biology study of natural microbial
community, researchers gradually accessed a clear and comprehensive understanding to microbial
communication. In this review, we tried to summarize the signal substances (such as quorum sensing, quorum
quenching, antibiotics, efc.) and communication methods used by both prokaryotic and eukaryotic
microorganisms, and discussed the impact of these communication languages on the interaction in intraspecies
(same microorganisms), interspecies (different microorganisms), and interkingdom communication
(microorganisms and hosts). This review is aiming to interpret this interesting cross discipline deeply, to
understand the form, mechanism and purpose of microbial communication language better, and to obtain a new
approach for the interpretation of microbial behavior and the analysis of ecological events based on chemical

ecology.

Key words microbial communication, quorum sensing, signal molecules, communication language, microbial
interaction
DOI: 10.16476/j.pibb.2021.0168

+ This work was supported by grants from The National Natural Science Foundation of China (41976126, 42106096), The Guangdong Basic and
Applied Basic Research Foundation (2020B1515120012), Plan of Shenzhen Science and Technology Innovation Commission
(RCJC20200714114433069, JCYJ20200109142818589, JCYJ20200109142822787), and The China Postdoctoral Science Foundation
(2021M691804).

## Corresponding author.

Tel: 86-755-86953413, E-mail: zhou.jin@sz.tsinghua.edu.cn

Received: June 9, 2021  Accepted: September 3, 2021



