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Bacterial Quorum Sensing and Quorum Quenching for the Inhibition of Biofilm Formation. Lee, Jung-
Kee*. Department of Biomedicinal Science & Biotechnology, Paichai University, Seo-Gu, Daejeon 302-735,
Korea — Quorum sensing (QS) is a cell-to-cell communication system, which is used by many bacteria to reg-
ulate diverse gene expression in response to changes in population density. Bacteria recognize the differences
in cell density by sensing the concentration of signal molecules such as N-acyl-homoserine lactones (AHL)
and autoinducer-2 (AI-2). In particular, QS plays a key role in biofilm formation, which is a specific bacterial
group behavior. Biofilms are dense aggregates of packed microbial communities that grow on surfaces, and
are embedded in a self-produced matrix of extracellular polymeric substances (EPS). QS regulates biofilm dis-
persal as well as the production of EPS. In some bacteria, biofilm formations are regulated by c-di-GMP-
mediated signaling as well as QS, thus the two signaling systems are mutually connected. Biofilms are one of
the major virulence factors in pathogenic bacteria. In addition, they cause numerous problems in industrial
fields, such as the biofouling of pipes, tanks and membrane bioreactors (MBR). Therefore, the interference of
QS, referred to as quorum quenching (QQ) has received a great deal of attention. To inhibit biofilm formation,
several strategies to disrupt bacterial QS have been reported, and many enzymes which can degrade or modify
the signal molecule AHL have been studied. QQ enzymes, such as AHL-lactonase, AHL-acylase, and oxi-
doreductases may offer great potential for the effective control of biofilm formation and membrane biofouling
in the future. This review describes the process of bacterial QS, biofilm formation, and the close relationship
between them. Finally, QQ enzymes and their applications for the reduction of biofouling are also discussed.
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A= AT FAfel| A vl F e A" sRdal
quorum sensing (QS)3} F#AFl] A 2L A3} Fo] &4yt
A AL 9l ot o}F] Fojof & ofFo] wol 9l Fn|E -
AT Holeo}s, 21, 61, 76]. 3t o]2f8k ARt ZF signaling
Al2Ele] Ak S8l gt AAH oz QI8 nAE AT
ARl Al mEA Q] Aok o] 7] = 3HH10]. RAIE A
=9 Alre] AEAbel] gt o)A B ZE AdER
EA43 sstEA@Rl 2R A)S R 3t ME AT
(communication)d}™, o213t A% Eal EA 3P0l A
ol & o] AT ohokst A=A diab S 2435
= 7oz Id#A 2567, 76]. Quorum sensinge| 2} E-2]
= AT S53 ARG AA s 44 E A2 A
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| £8]3}= N-acyl-homoserine lactone (AHL)S B]%
SR Alziate] Fxel ol Mol A AE <k
Mol AR Iy MEHE-LEA A T (cell-
density dependent gene expression) &3 w|AHF |21,
61]. 5 QS ASo| A3l wpel ME U7}t FobA] of
W EASE M HEe =daA Hie ARl 49 A
(quorum)™e]| o] 2A] Fw, A= AFSlel|Ae] M EAME
ZE7) ke 5ASE FAe] Aoz f= W QS
o o3 Hofst FAo] A, 53] FHelM &3] & 5
Ax= Al 23 AEH(biofilm)e] FAE QSell 2ls) =
A== tfFAH 9l A4 elvh(Fig. 1). A= HUA Mt
o5k ZHdel Qo] F83E 847 AEs)| vl HFH #
e WA glow, okl F8A4 o] elo = vhakat Ak
FokllM B2 EAIE WA AIFIER AR S xE A
T3] T3k AT Fofelt10, 32]. & FAAME F2
AHLe] Fed¥l T3t SAA|Tel|Ae] QST HlE3le] 1yt
thekgt QS system Y ole} A=IH WET 3P4 -l of
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gt 2o A7 A3 55 AEldet. =3 anti-QS AT
24] E3] quorum quenching (QQ) EA4Z o] &3t JE
A AT T3l Al FHHLE Avhskaat g

MZolMel QS

QS FANA dF ML autoinducer (AL 3= Al
A SRS et AlE =2 BRlshet], Sl o}
2 SHEE AR T Al dxe) viEsH =l o
9 4% AVF AAAQ FEel| o2 HH oA AE W
2 Ebee] $8A Sl At F kst el A
A2 WS Fxsle] TR AMFe] ek S
W70 Qs S8 A1 THAA TRt Az IE
Eo] Bargo] glev} FF AHL, furanosyl borate diester
(AI-2) ¥ oligopeptide (auto-inducing peptides, AIP) %]
ATHAC. 13 FRATAAE Al-122 o2l AHLO]
28351, a3 Al A= T2 oligopeptide (AIP)Y}
Hgehs AR od=A e 67]. =3t B O o4 E
F Aol T8z EAEh A2 g Al £-71e
A%S 23 35A A3 2 494l furanosyl borate diester
A% Az EARl AL27E ATHS, 9] °F 10099F o] 4]
S 24 AlA BalEE Aow akeld ot AHLS
homoserine lactone®] F53 FXxol thokdt Zo]2] acyl
chain® 2 o]Fo]x] gJo}63, 76]. Luxl AlFe] AHLFAI =
W2 (AHL synthase)ell 2J8] 4% AHLe] 4A Fxo
o|2m LuxR AlQe| HAbxdchzdql AHL &A1 2
517 "ot olelgt Ao R ls] AHL 78Alol| 7324
W3l frEEe] el ARk 24 F-9)ef A =
3, AARH oz WA (virulence), A& (A, A&

w Autoinducer (AHL)

v

v v v v
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¥ vv
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: —> Expression
Promoter Target genes
AHL synthase
Y v v Y
v v
Vv A4
v v v
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(bioluminescence), -3, A AL, swarming, A E £]
el BAe] A Soll a3t okt fdRle] o]
ZA =S (Fig. 1)[3, 15, 32, 42, 46]. Al-13} 2] Al2 =
FUs £ 2 AME OE S-719] 259 37" QS Al
FEA}ole}l, Al-2= S-adenosylmethionineol| A 35HA|S] &4
Hk3-2 A ABAE 4,5-dihydroxy-2,3-pentanedione(DPD)->-
2 HE AP vkg-0 3 tkEo]X]= cyclic furanone AlY
o] AZEARZA, 7P wol ARl Al-2% Vibrio harveyi
2] furanosyl borate diestero] o}, AI-2 3A] Q] A 1A 24
borate’} ¢} DPD%:= LuxS (S-ribosylhomocysteinase)l] <]
3j] S-ribosylhomocisteine®] homocysteine > 2. HALE]= 3}
Aol w5} 2w, 35071 o] AFe] M3t genome database©ll
A uxS homologue FAA=o] =316, 24, 42, 63,
64]. Al-25 PR 3 AZALT Jibrio 3 E. coli 5 %
= AlellM AET HYAS w53l AL Y HE] £
A ol Togsl= AeF dejA] v} P aeruginosast sk
w8V harveyi= Fs-QS AAZS EAl 7IA 3L Q)h.
P aeruginosa®] 73-%- lasI€} rhil 32l 28 A==
N-3-oxododecanoyl-L-homoserine lactone (3-oxo-C12-HSL)
Z} N-butanoyl-L-homoserine lactone (C4-HSL)<S 7]¥to 2
3= 2 72 QS AAIE 7KL 9l [32, 76], ¥ harveyi
+  N-3-hydroxybutanoyl-Z-homoserine lactone (N-3-OH-
C4-HSL)#} Al-2 ©] <)ol Cholerae autoinducer 1 (CAI-1)
WA 16, 24]. V. choleraeZ} E1)51= 722 A7l Al
ZFEA} CAI-1-2 (S)-3-hydroxytridecan-4-oneS 2] 450
Aol Ale|tH16, 24, 45]. P. aeruginosa2} Vibrio <ol A=
ol#fgt 9] QS AlZAY HA o] M7 AAE <, 2FH
o2 AE YA, WA, 52 U5 A4 53 A= e
7 FAARES] S 23 45).

QS controlled phenotypes

* Biofilm formation and
dispersal

st sheilins - exopolysaccharide
- extracellular DNA
- thanmmolipid

- motility

- surface attachment
- maturation

* Virulence factors

Fig. 1. Schematic representation of AHL-based quorum sensing, and the phenotypes controlled by it. Many Gram-negative bacteria
produce N-acyl-homoserine lactones (AHLs) as signaling molecules, whose synthesis is directed by AHL synthases. Bacteria recognize the
changes in population density by sensing the concentration of accumulated AHL as cells proliferate. At high cell density, AHLs reach a
threshold concentration leading to its binding to specific regulators. These regulator-AHL complexes in turn control the expression of

diverse target genes, especially, for biofilm formation and dispersal.
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A Eatolat nlAEo] Fdl| F-&sle] M2 o2 7|t
82} 7] A (extracellular polymeric matrix, EPM)ZA], X
22 WHE o]2gt EPM W F7tellA A o] Fo] A%
317] ool SHE T2kl ¢ 2 MR SRS 23,
44]. A& @2 vAE FE50] communityE 733
AelZ1al Qe AdFe] wAE A BlfEH, oehA QS
Al2Eleo] 2gal7]e| M-t 3o FAH AUHH20, 74].

T2 Mt AEAEA AEe] P42 d7ie] 544
el 715 7KL lk. F- Aele] Al (planktonic cell)o]
o] FaAsla, A5 M E(attached cell) Sl 23
monolayer ¥AJ2} v]A] v]AE- F=H(microcolony) 34 A
< A% F 5 2 wA 2oFe] AAel Al 72 %
T S AEE YA Hot ol F AR AEY
o] siA ¢ AR F3l oA T o] Alde s HEo}
7he W AE AXAl ®o23]. i Aol F-EE] e
A E= AeH oz Z zpo|7t glom, F Ao 455 o
4k2 2 DNA microarray A8 23} 54 I §42F 52
F3hste] AA FAAR] o 10% H=7F ME o =2A ¢
HE Aoz HarEe] gluH44]. 719] BE Al o) AA
= AEEe] A3l Al 9] Tl (exopolysaccharide,
EPS)e| F-F8} ZA-Z vlE Foll vk} w16, 20].
o] ¢o| = w3} AJE 9] DNA (extracellular DNA, e-
DNA) 5= A& F8 74 AZold. d=2A P
aeruginosa®] &A= e-DNAZF AEe] QA 3lel] 7]
o= F83 71A 74 AR F SR dEA qlew, o
3 e-DNAE #3& 4 3 DNase [22 X8t 7%
AET A o] JAHAR2, 16, 75, 81]. QS Al w]
AEe] FAF AEe] YA HAA 543 DAl 28
g fAIRRe] S A F83 7SS s AR B
=] Siok(Fig. 1)[16, 34]. U Aol A= QS7F EPSE]
AR, 54 24, 31 73 5 AEY A AA Rl o}
yzH34], A2 $A A= 2dele AeE odEA sl
[23]. IZAM P aeruginosa®] -5 QSe| AE9te] sJAdx}
A Soll 23 Y-S 3= rhamnolipidse} e-DNA2] A
Ab Bl wiZel e Fedls A oR dEA sl (Fig. 11, 2,
7, 16, 40], =3t 45 Al ARH SAS 7 EPME &
s BT WRFReRA 459 odE FANZIHA B
lﬁ]—%iﬁ-[%]. P aeruginosaP—M] Pseudomonas putida, 713]
Zrs41Ql Burkholderia cepacia, Serratia marcescens, *1%
MQl  Aeromonas hydrophila, *E" 43¢l Pantoea
stewartii S = PEZ Aol AHLS 7| Z 3+ QS
Z74 3}l itk AHL o] elell = WA v=3t W Alat
oA Al-27} #Hed€l QS7F AEY Aol Il A
AZ Bslgich4, 10, 56, 80]. ¥ &1 Ao =4
o ale] QSO|EA A2 A MldellM AE W F83t

Lo

BACTERIAL QUORUM SENSING AND QUORUM QUENCHING 85

second messenger® U2 F bis(3’, 5°)-cyclic diguanylic
acid (c-di-GMP)ell 2]3} signaling®] <&kl &3t A7} 2l
Y= 58], ¢-di-GMP= Gluconacetobacter xylinusol| <]
cellulose synthase®] activator2A] 35 2= o]2)[59], Z]
o] A5 B9 WA AEHe ¥4 52 e o
oFgt Aol disk A2 A 0] Hgte] P EHIL glHH(28,
64]. E3] V. cholerae M= F 2 A28l QS¢} c-di-
GMP signalinge] M2 QAZ =] A& FA o} W59
WS A8 gioi13, 16, 52].

Quorum quenching® S8t M=9 Mo 17

=
—

Anti-quorum sensingg S8t =9} o

Z3h vl 7o] WA Aol 23t 7 Al A=
7 Fast WS 84 F shielth BE Al e
65%7} o238t AAEZF} AE o] glom, Ao nAE
7382l 80% o)l ATl o3l vl she14]. =
g WA Altte] AEs FATCEA W A aHe] 2
S5 Asg oz}, A 5o FHEE "oy A
=2 Wil Sl Al F-f ARl 2o 1,0000] A =e] 3
AA WS vellE RleR oA gloh22, 29, 66]. L
2} A E (antibiofilm) S Y= 3E52 T
Aao|m[29], o] oJhH Z-fof 2eqzl A2 glot. o]}
7ol QSe] A=t PAF W= Ll FAH 9T 3
7] el M2 FFAA NS A%t 2 F40] €
N, wrEtA o] & A A|EL7] 98 thekst Anti-quorum
sensing (Anti-QS) A=kl thgt A77} o] Fo 2| 3L QlT}[45,
53, 64]. Al 7F35e] X|5e) o] Anti-QS =] A
QS A7} 2] Mde] WSS AT AelA| Al
E0| ATl oS F= Alo] op7] vl ofA AT
o] 38 43} & 4 9lvl= Aelvh. Quorum sensing Al
2F]) Aol Al 5 R A ] o)t Al sAES Wt F2 Al
2k 3= d#e] Anti-QS ERle] <43 A e 77]. 7P &
o] FEo] gl Hof= AHL A Z8A7} ~8Ao AT
sl Al E A 5 9le AHL AR 7o o 77].
AHLEAF] lactone ringe]t} acyl side chain]9] &4~ 3}
= A3 Fgo2A 2F3FH A (analogue)s AT
ueH, ol Al FwA}t RIS el Azt 94l QS
T80 A F9lol AAH LR Aglsle] 455 Wk}
= uh o]t} 55, 65]. dl2A FFol, seF HEF Delisea
pulchra, "Fe3 22 42 A3 PESo| QSS waksl 4
1= AHL AHIE 5o lYb35]. 3] Delisea pulchra
o] 9]sf] AJAFEl halogenated furanones> AHL ©jXlol] 4%
Al LuxRell A 4 9lom, o]zjst A2 LuxReH
Ae] Fll 5 K5 AlA QSel AdE= AR Halsky]
©}H39, 55]. Halogenated furanones®] U% A=A 4]
QST EAH Lo Asle] e 3AAE AT 4 AU+
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[25]. & v Ao zA 53] A58A1] AHLE 442
2 Fallste] A3 EAE T A ow2H AET P4
A3l s W el e o] 23 Anti-QS A S quorum
quenching (QQ)°]2} 3P ¢]2ist AHL 8| 45 quorum
quenching 42} g}H[19, 73].

Quorum quenching &2

AtdA A - ATE2 T £9] Mlte] W= QS Al
3E adslr] Sl AEEA BeEaE s e
FAEIL o, 53] AHLS| sl 2 w33 fAH] )
= AI7HA] 25759 &4 QQ E4F A AHL-lactonase,
AHL-acylase ¥ oxidoreductase’} 21T} 73]. Lactone ring®]
ester 23S F-38)|5l= AHL-lactonases ¢&3l= F-3#}
(aiidy= EoF H2]1el Bacillus spolA FHZx=2 Ee]=gich
[18]. ©] ¥ Bacillus, Arthrobacter, Agrobacterium<; 52
e a3k oMol A metallo-B-lactamase superfamilyel]
43} AHL-lactonase (AiiA, autoinducer inactivation)”}
WA =Eg] 2w [33], o]2]3t aiidF-AAE P aeruginosal A
LEAZ] 75 A 848 A AE 340 A=
oH54]. £ ATF-elME AEEF FF< Bkt Bacillus
thuringiensis Tl 34215 AHL-lactonase F-A7| =
AL gleke AHLS Bk om[37), of wle] 337
&} zinc ione] Fd3= A RS WIAYESES B3 v}
AUTH33]. o] wl= AHLS U3 stidoz A& 4
A& enrichment W%} W& E3ted AHLS 33 = 9l
= Arthrobacter sp., Rhodococcus sp. @ Norcardioides
sp. #5 2 A2 AHL-lactonase & AHL-acylase -3}
£ Bl om, o] 55 o|83le] AES FEHE AT
T S HoAFHTH49, 51]. FT B AT Z2FNA
Mycobacterium avium subsp. paratuberculosis, Microbacterium

testaceum, Rhodococcus erythropolis W2, Rhizobium sp.,
Ochrobactrum sp. 2] ©F8F AHL-lactonase(AiiM,
QsdA, DIhR, AidH)E =38l B 133l ow[11, 41, 71],
E3] tJoF3t quorum quenching B4~ M-S 913k A28 4]
E2A B ARE o838 AAF T3 metagenomic
library2. $E] 215F3F AHL-lactonase(BpiB01, BpiB04,
BpiB07)Z =3t v} qlth62]. = oFE AHL &84l
AHL-acylase™= AHL®] lactone ring3} acyl side chain A}
o]9] amide ZA3¥E F3)3t= N-terminal nucleophile
hydrolase (Ntn hydrolase) superfamilyel] 43}= & 4~o]t},
P aeruginosa PAO19| 7§ 3&F7F° A o2 AHL-
acylase §22H(pvdQ, quiP, hacBY7} &Alol| EA)3= A&
2 3ol = gl o™, Ralstonia solanacearum=} Streptomyces
sp.oll A= A 22 AHL-acylase §X1AL2A aiiDS} ahIMe]
B2 FdvHe, 27, 38, 43, 50, 72]. °l&e= Comamonas
spp., Sulfolobus, R. erythropolis, P. syringe, Shewanella
spp. & THFsE Aol e ®arEglu(47, 70, 72]. L &

o] P areruginosa 53] AHL-acylase (PvdQ)ell 23t =t
WA 3z F2E 3 2 [6], AHL-acylase %%
(qiiDYE P aeroginisal| Al WH&EA7] 74§ GA] ©ZA o
AET PAE A dlod Caenorhabditis elegansoil A2 w
WS AT 38]. AT E AHLS] 3-oxo group®]
1} acyl side chain AFA| oA keto ZHS E}ZHE =
oxidoreductase™= R. erythropolis$} Bacillus megaterium®l|
A BuEgdei12, 69]. F7H2= o33t | dE o] &
4 o] 9ol] EFF2] paraoxonase HA| P aeruginosas] 3-
0x0-C12 HSLY] lactone rings E-alI3H8]. 525 A |
A Aol At A wAYFEE QS AZEAE #3
g ol B4 AR Aos FAEIL gloHes]. A
=9 A 5 23 QSE A H3 QQ B4
AEFTH o] & 7FeAdol AAIRel v}, F o MFL 7
H3t QQ B0 whzol| 3t A7) 3] A= gl
AZ2A oF v ABE Fele] ookt quorum quenching B}
glofe] Halof] tgt ATF[571E B]E3te] 7]Sol Wi E A
52 public genome database ¥4-S 53l =}eF3t AHL-
lactonase & AHL-acylase®] Aol 23t ® 37} 315H30].
Tl e AL dA2E sk o3t QQ i o] o=
Al-2 o 2J3t 42135 FH3} A]7]7] fl5te] A QS
kinase?]l LsrK (LuxS-regulated) SFYAS o]-83lo] A E 9
oA Al-2E Q1AL A1ZAEH60, 79]. 33435l phosphor-Al-2
(phosphor-DPDY= M| E W& £EEX] F3l= A2 EE &
eF43le] PG(phosphoglycolic acid)® H-3j=|o] E3H13} %l
oH60]. WAL, S. typhimurium, V. harveyis o83+ Ago|
Al o]2|gt LK 45 o83t QQ AWl £7F QS
systeme AT 4 93-E Hed FTH60].

-

Quorum quenchingg® &8t biofouling 24X 17
Biofouling(3 E--2hel3t 3 230 717k S5 o] 9l
3ol A Z7]of A Fel mlAEel ofs) A=to] A
E F 7] o2 AEA Fol FAsl S Aol
oH18]. ddl2A] ARt ve] ¢ Aoz nAEol 93
AEate] AR F 7)o rlH} 2 2 apiblEe
vhe Ago] gl 2o AAS] g o] Hojuia mEiA F
Y B2 dart AREE 5o TAE EAAIZIH. o|#gt
biofouling =<l A7|7F x=EE o] Q= To]|Z} €=, A
£ ¥-37] (membrane bioreactor, MBR) 53} 72 2194
Al 2Rl M whAELaL, AR S FA] A7 Y 9AIA &
45 Ho=RIrt(36, 80, 83]. 53] sl A2 85
AL Soll 7F A ~EIS] ARg-e] A} FAbE AL 9l o), 2o
WHAY3= biofouling FA-2 34 Ak A SE ol 3l
oH17]. wpebA] 2 o] &3t xle] FA A TAI7F HaL
A biofoulings: 37|32} 3= Bfst AkEo] A|A|
=L it o2t Tl A= biofoulingS 2H3A|717]
A3t A= AU EPS, =hiAl, DNA, Al 29 23

ox rr



140 AR o] ANEIL IAINE ofF] Al A= 1)
u|5}eh[80, 83]. o]n] H<3h uhe}l Zro] AET 3ol 3l
QS7F A J&5 37 wel A Al 7 AlzAd
AAQl QSE At 4= slohd et Fel A== A
= S AAF 4 ol whebA Qsabe Ak 1t
biofouling & Al 4~ e M2 A =2A AA=IL
[80]. ©]213} anti-biofouling A 2F Fol|A] %3}k nle} 7o
AHL 4~83)¢]] 283} furanone®|t} vanillin (4-hydroxy-
3-methoxybenzaldehyde) 532} 22 ZdE-<|u} furanone -
=A F 3 QS AsiAIE AN $1st A7t 7P &
uhs] o] FoiR| T gh[31]. =3 AHL B EAE biofouling
< GAIE] Sl ARSE 4= sld sElg AElE 918 MBR
o FEl FAA £ Fol AEH P27 3t
biofouling el F,X= 314 59| FAl|7} w3t} o] =
sAsl7] Sl st A=]E $13F MBREA A quorum
quenching £4~¢] porcine kidney acylase 1 ©|8-3}o] A
2E1S - 7ol vls) o 2o Faskar, 7 b
o gFHe] ZFAEIAATH82]. o] F FF el QQ Fel
2|8k biofouling HA| EIE Fo]7] fl3l] AA| sl oA
AR QQ A3l Rhodococcus sp. -5 £-2]3191.0H,
olgjgt #e] I AAF o|-83te] MBRel| 483t A+ o
Al 2F @ o] haslal 2 FAd o] A AATH48]. A A
2A| Lol M) o]t JAUE B T ofule AHLO| &
5 E3f wol] A7]= biofoulinge] F+43}A7] wWiEd A
L7 Az, oj2st A obF] siAsloF & v A
7F lFel = E78ka QQ Eavy M =S o] 83t
biofoulingS ZHAA1Z 4= ol 29 7P5AL AAEA 9l
o} 2=vh AAET A &AL AR Bkl 47 24
HAUFe] B3 ez 2R8a17] wiEel o]2is QQ A ¥
Tk olzg}l AI-2E B33 A2 4= 2= Lsr kinase (LsrK)
BAE ¥]FE3e] 7ol wlete-di-GMP-Z b A (biofilm
dispersal via ¢c-di-GMP, BdcA)e]1} c-di-GMP #-3] &4¢1
¢-di-GMP phosphodiesterase (PDE), =3} dispersin B 53}
Zro] A& A4 A< EPS, e-DNA, TAS Fa|A) 2
T e 7 B 55 4 5HeE o83 4 9l
o biofoulings B} A 02 AAA 4= )& 7]
oH35, 60, 78, 80].

48 9 e

B 2= QST biofilm AT #A 2 YES
AAsL7] $3F A2 AHTHEEA QQ EAE o83 QS
A8l Sl gt A7 FFl Al Felsidet AdE 7
Alg F3 A 84S w3 4 9l QSell HEt Al
Ho| W o]F M| vl A el Higt A77t Al
g=lo] QSE] 7|5l HEt MELF ARFo| 5 L
i}, 27ke] AF-=2 Qlal QS systemol] &3 AE W =4

BACTERIAL QUORUM SENSING AND QUORUM QUENCHING 87

HAUEE vl 23] PP e glo, o 54 A
Al A Tekst AdEell 28t QS Al2Ele] AlAl o
off A= EojoF & ofie] wol qle] ¢ke= ofef dist
TFAA 1 AF7) o] F A = & Aotk A=
FZ Al-1 (AHL), AI-2, AI-3 2 4% polypeptide A1 T+
s FAoE A7V ol Feixl e, QS A7t WA Al
T B 9k o} Bkl el EAllshs o8] S5 AMlA
< Aoz = g)7) wiitel, o] XS vlAE A
eAlel] Ak chfet M2 AT EAES 3L o
=2 715 rHel digk d7= 8 Hlelu. gk QS<}
A=t 4] A ] Bl HaL glon, B A
TollMe] AE (A wAUF W 242 Gk witel A
=2 FAF AE QS TAH T2 ofF iy E e of
g IR 2 Felolet. 5 AET HA 2 A9} A7)
gekst 22 AU Fe] e, ATy 85
HsiA QS ARl RS Bl o]= AEHE] AT 8
AL SAATNAY, A7 He A A4S JAATI
= AT o] dah weke R 5 4 3lS 7ol 26,
78]. 53] oJst, 37 9 Ak 3§ HokellM= QSet A
=7 Ao HWAI AAZE Qlsle] Anti-QS WS F3ld
AET JAAE AR} s M2 AT Akse| B
Haz odeH10, 63]. AA7FA= o]2Igt Anti-QS 5§ <A77}
T2 A S f1st ATl HESH ko, S
37 J ARIAH &8 FokE FbEle] o gekel 58 o
T} o] FolA Aeolut E& vhekat AlrEe] AMAskaL 9l
AefAo M= EA Anti-QS o] AEI AHH =
HAE A8 = 5 U= A o= seEls, AEY
342 A 4 Qe A Sl We] @ s
oltf. ol = H|F dF- Aol QSH|eEH el AEY
34 wAUF] AT = YA, ThFst Anti-QS H=H>
25 0|83t ] FA A EA7F F AL gl membrane
biofoulingg $+3A]|7| 3%} )= anti-fouling A= T8-S $]
g A2 ePle] @ Aoluh. 2t AEst vie} Zo] A&
1 A At Gekst Al F AlEEAe] 2Jst QS 7t
EAfsh, w3t 7)o kst 24 wAYFo] B3P e=
Hedstar 917] WiEel AA Al anti-biofilm 2> anti-
foulingS #lsiA1E a5 B4l QQ 34 /I 2 o %
39l QQ A whell Wit 77t 28F Zleo|d.

s

>

D ofl
=

o OoF
. |

B Fx-2 N-acyl-homoserine lactone (AHL)ol| 7]4FgE
quorum sensing(QS)S ®B|&3F tlokst QS Al2~H] W AEq}
HAe] Aol gt A7 TS Ao} =3t anti-
QS 24| quorum quenching kS o] 83F AET A <
T T3l il FHA R Mg Mo 553 4
AT AAQl QSE AHLF 72 EAg A58 5=
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o o3l Mol A AqF Aol AAEE AlEUE-2
A A2 EE 24w AYFeloh QS A& HAE
o] F-& 7l At Aol sl T83 ATE 3 Al
oluf Al-2¢]l 23t QSE AERt 34 el o3k M2
oFr, S, AE 2] DNA 5 83 74 A8 52 A
ARERE obe}, M) -84 =4, &, e A
A 7= 2 75 st G Ale] Af QA
el o] 9ol = second messenger® Ue]A c-di-GMPel| 2]k
signalinge] QS¢} M2 A7 =] AE=L FA ot W=
22 S A s AE WA Al 9
g 2t Al A8 7R BEA R P S8 84 F
dhte]7] s, A& HYAHE U QSE AlHE]
$18 }oF3t anti-quorum sensing A o] AFE 3 g}
Anti-QS AT WA oJ3HH o] 83Tt ohe} Eo] Ewe]
A& MBRE HISaE 2 AbdH AA] SellA] A& 34
o2 gk A oS WHIE] S8 2 4= sl Anti-
QS A F A5 EAel AHLS 733} A 7] quorum
quenching & 4~(AHL-lactonase, AHL-acylase, oxidoreductas)
£ o83t AEY FAE AT F qlem, s o83t
FAE] A6l wtel] A3 biofoulings L3R 4
& AlEF anti-fouling 22| 7]E2A] o]23 QQ &4
e 7hsAe Hel FL gl
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