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Fig. 1. Structure of Vibrio fischert's autoinducer melecule, N-(3-
oxohexanoyl)- homosernne lactone (VAIL-1).
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Table 1. A-acyl homoserine lactone based regulatory systems
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Bactertal species Signal molecules

Regulatory proteins

Target [unciion(s)

(Antoinducer) (Al synthasefreceptor prolein) {Target gene[s])
Aeromonas hydrophila umdentified Ahy/AhyR unknown
Agrobucterium N-3-(oxooctanoyl)-L- Tral/TraR-TraM Ti plasmid conjugal transfer
tamefaciens homoserine lactone (tra genes, trafll}
Chromobacterium M-hexanoyl-L-homoserine lactone Cvil/CviR antibiotics synthesis
violacewm exoenzymes synthesis
cvamde
violacein
Enterobacier ngglomerans  N-3-{oxchexanoyl)-homoserine lactone Eagl/EagR unknown
Escherichia coli umdentfed unidentified/SdiA cell drvision (fis(JAZ)
Erwinia N-3-{oxohexanoyl)- homoserine lactone  Expl/ExpR cxoenzyme synthesis (pel, pec. pep)
carofovora SCRI193
Erwinia N-3-{oxohexanoyl)-homoserine lactone  Carl/CarR carbapenem antibiotic synthesis
carofovora SCC3193 {cap)
Erwinia carotovora 71 N-3-(oxohexanoyl)-homoserine lactone HsIl/unidentified exoenzyme synthesis (pel, pec, pep)
Erwinia stewartii N-3-(oxohexanoyl)-homoserine lactone Esal/EsaR -exopolysaccharide synthesis

Nitrosomeonas europea N-3-(oxohexanoyl)- homoserine lactone

Pseudomonas aureofaciens  unidentified
Pseudomonas aeruginosa N-3-{oxadodecanyoyl)- L-homoserine
lactene

N-{butyryl}-L-homoserine lactone
N-(3R-hydroxy-7- cis-tetradecanoyl-L-

homoserine lactone
N-butanoyk-L-homoserine lactone
N-hexanoyl-L-homoserine lactone
butyrolactone

Rhizobium legwminosar wm
Serratia liguifaciens
Streptomyces spp.

Vibro fischert N-3-(oxohexanolyl)-homoserme lactone
N-{octanoyl)}-L-homoserine lactone
N-B-(hydroxybutyryl)-homoserine

lactone
unidentified

Vibrio harveyi

unidentified
N-3-{oxohexanoyl)-homosenme lactone

Vibrio vuinificus
Yersenia enterocolitica

unidentitied/unidentified
Phzl/PhzR
Lasl/LasR

ROhI/RhIR (VsmI/VSMR)
unidentified/RhiR

Swrl/unidentified
Swrl/unidentified
unidentified/midentified

LuxI/LuxR

AinS/AInR
LuxM/ALuxN-LuxO-LuxR

unidentitfied/LuxPQ-
LuxO-LuxR
umdentfiedfunidentified
YenlYenR

-virulence {actors (wis genes)
emergence from lag phase
phenazine antibrotic synthesis (phz)
virulence lactors

(lasB, lasA, aprA, tox4)
thamnolipid synthesis {##45)
nodulation

stationary phase regulation {#fiABC)
swarming motilily

swarming motility

antibiotic synthesis

differentiation

luminescence

(IuxlCDABEG, luxE)
Juminescence ({uxfCDABEG)
luminescence (fexCDAREG)
polyhydroxybutyrate metabolism
luminescence (fixCDABEG)

resuscitation from NCBV state
unknown

ence faciors FAYE 7%, Serratia liguefaciens?) vgE
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F7F Al = Azl Feld), olE gt walt de
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£5]ar 9lch2, 48). ©|=l8F AT= high cell densityel] 213
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Fig. 2. Two possible pathways for the synthesis of acylated homoserine lactone in bacterial cells,

Eberhard et al.(12)0] HE2ZE V fischeri®] AAwIR|e] =
% an-loinducer(VAL-1)2 AA|ste] 2 T35 N-(3-oxoh-
exanoyl) homoserine lactone(Fig, Y2 283 & % Kaplan
3} Green-berg(300E radiotracers o]4-sle] o] Exle] A=
T A sl AlE dehdvl

o]#%t autoindncer®] homoserine lactone -F-E-2
wethionine(SAM)2.22E] T#]3 acyl chain -2 acyl-acyl
carrier protein(ACP) EE acyl-CoARFE] f=l®lrls A&
V fischeri®] Luxl TPy 7122 SAMI} 3-oxchexanoyl-
CoAZ Fol in vitro Ao~ VAL-1-& stz =] &als)
Arh(13). olek= TEA Huisman® Koller(27r= Luxl7} Al
2 ] free homoserine lactone poolsir Fg=& 712&
acylationA] 7 autoinducer?] homoserine lactones: THEChL
Aloksh oy, el optiAt auxotrophic . cofiE, aspari-
ateZ 5B (hreonine % methionine 222 Ay 344 =
Ael7} WhAlE dATE o] 48 SAMe] VAL-19| =|zi% <l
ATy YF3ch2s; Fig 2).
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Fig. 3. Modular structure of Vibrio fischeri's LuxR protein (After
Swift er al. [47]). Localized regions are divided into six: A {2-201h
armno acid residues), the region for the negative autoregulation of
LuxR, B (79-127th amino acid residoes), the bindmg region for the
acylated homoserine lactone; C {116-161st amino acid residues), the
multimerrzation site of two LuxR proteins; D (193-197th amuno acid
residues). the putative transcriptional activation element; E (200-220th
amino acid residues), the helix-turn-helix DNA-binding motif: and F
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transcription of /iy operon

N-termmnal?] receptor module®}t C-terminal®] trans-
criptional activator madules]| Bl T A1H2] 7)15=el 2.0
=2 JEIohFig. 3). Receptor module A71R]8] b= 752
Heolxdl, 2~204) ofr] >4l residue®] FE-2 LuxRY
nega-tive autoregulation, 79~ 127414 2|4} residued] 3
B2 autoinducers}?] binding, 2= T 116~ 1615 ofR]n
At restdoe®] HH-2 | uxR-dimer ®4-% %18} inultimerization
of E2dl ¥-Relch Transcriptional activation module™ T}
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Al A Al ez b, 193~ 197 1A ofe| AL residue®]
K22 ranscriptional activations] e3P, 200~ 220414
ofu| Al resicdue®] F-F-r DNA binding domain, %,
helix-umn-helix  motif2A  target DNAQ! lux promotere]
binding 3l= Ao FAEW, 240~250UHA olw] it
residue?] F-E-2 fux operon{luxICDABE)Y] FAle] Hp2e)
HRe|el(s, 6, 46).

LuxR-type protein®] ¥4 7]2HE autoinducer(acylated
homoserine lactone; AHL)?} #12 wlel:= N-terminal do-
main®] C-terminal domain®} target DNA binding site®h2]
Abzalg-2 alalsle o]elst wele antomnducer®] [igand =
fo= HAReH: Aolvh(7). o AME LuxR @jEe] 2
FEES deletionTt . 2} 7]%5¢] #-5-5 vlmalm2a] gl

7Festsid.

LuxR2} autoinducer{ VAI-1)2] binding

AHLe] LwRel] 23 bindinggle] <83k 7542 AHL-bin-
ding site”} LuxR2| N-terminal domain®l] S8 LuxRel
218 lux operon®] WEeli= signalEA YREA] AHLTE
interaction®] HAFTHE SrEe] Baugegs oS AR
(19,42, 44). ZHH 22 LuxRe] WHEEE E colivlM anto-
inducer”} LuxRell binding®= 7le] THa=glom(l. 24), =
% AHL-binding site(79~ 127414 o}0]2xA}l residue)e} DNA
binding dowain(200~ 2204 o))l residne) Y32 4

2% ®E LuxR familye]A @8 754t homology(50%2]
idenity ¥} =+ BsE=]e] gl

LuxR bomologue2t Z} antoinducer 72| 50|44

E coli cellelA &8 ¥V fischeri®] LaxR -2 VAL
29l oek8l N-acyl homoserine lactones- =8k 4~ glde
7, & BolAe] sl Flo] WAEglEd, 2R V fis-
cheri®] 7 98] autoinducer, VAL27} 2=l VAL2E
A ginS SRR axdgls FAMEe] glAmhal, v
harvevie] HAI-l synthases} -FAF2S B0 gms genedr
mutation*]2]l ¥ fischerfs W cell densitydll M= hx genesr
Al ), ek VAL2ZE VAL-12) competitive inhibitor®
Apgsle] ux FARe] HEG Asaivial o Az1ch(33). |3
-8 = VA7) E colisll = 917] W& N-acyl homo-
serine laclonedr 2r} ISk RSk, BolAle] WolA]=
Aoz Azt

z¥ EAATEL] $9 nicher} AHE ohE A3 2 AT
ThEA AHLe) %3kE 9] A% §lew (Table 1), o5
£, V fischeri®] VAL1E #Aotel Enterobacter. 59
AAA T Erwinia, ZAFe] Foal= EokAdal
Nitrosomonas, 2994 M T Yersinigd M x AlE4EH=
AHLeITh v} LuxR type S22 532 (cognate)
antounducer2l 122 (noncognate) H-S A|HE B opE); ¥
sblozw Jasfort AMle) AXRE QA Heleh
A& Aaedage wghge] MASRE Vo fischerith V.
harveyte= A4 9] autoinducer®i= A2 Hl==gh FRYHE B
TER AR e FAAE wEE G ogloh e LuxR-
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dependent I gened WA & 9l A= 50| A2
238 F25 olekst autcinducers 75 AF acyl chain
groupe] WEHE 7L activiy®] F4h2 WA fux frAA
Z ukalz = gledwl ¥l 14), homoserine lactone?] ring
2 HEAE A E 3F WelalF)A] RSk =3 LuxR
family-dependent promoter?t W& AFoz e {3
autoinducerel] Zair = oFa[A-inl WE He] HEgjck22).

LuxR CHEEO] SRRl =H 7|5

LuxR-dependent promoter ] LuxR bindmg sitetfiur box)
7F &t <] A% e (dyad symmetry)E EAEE HLE
Ho} LuxRe] 72l A% A(dimen Fdslel= 31
Zt2] promoters] binding@S FEI £ AN 2T (8, 20, 22),
mulagenesisE £33 A2HE LuxRe] 1167 16115 Ale]
2] ojum|lzAl HBof multimenzation region®] &=7ghE oo}
Yok, AHLe] 312 & dimerizations] deh}x] ok
o] oln}% o] w 3§} repressor”l LuxR#] multi-merization
regionel| Eo| dimerzationE HiEelclrl AHLe| <] 5byA
repressor? | HelFurlE 2 Ak LEE A EHe A
o7 FAE.

Al dimer® % LuxR SPEL2 [ux operon®] AAF AlE)
% upstream®] 4494 (S, o -promoter®] -35 region F-5e
20708 nucleotide® T4% inverted repeat H7]<Gel bind-
mgEl= AR FAHHD. o3RS luy operator(8) = FHT
B fux box(19.22)8} HE3&Y fux boxE LuxRel| £]sA]
transctiptione| EdsiElE 2 Yl A FG, 47 HE <l
Al 713 282 Agrebacteriunell A HelX M71A2] TraR
(LuxR homologue)-1egulated promoter?] upstreamel] 4= 18-
bp] re boxrl ZAEP(20), o9} AR 971 ] Preu
domonas?] LasRiLuxR homologue)-regulated promotersi] 4]
W sEAEke] ek Juxet las boxir Wi FAkEl, 71%H
o= AFwiide] gle]A] LuxRe| jgsB promolerE ‘Azl
o 9l8™, LasRE Lol Z HHAIZ = 9lvh22), abex 9l
= lux box?| concensus G7)AE-2 RNSTOYAXGATNX-
TRCASRT{ 7|4 N2 A, C, G, =¥ T, R+ purine; Y&
pyrimidine; S= C =¥ G; X= N E& gapeloh41). 2=t
}E TraR-, LasR-dependent promoterel] A= $8} o] 217
2 " atert 34F EABA T ok

luxR-, luxI-type XL 2=

ke bk} ikl A WA A2 Ees |
Zxo] ¢ck37). dlE ol bR luei= F92] cis-acting
control region®.2XE divergentdlH| ArlE=d oY 2=
xR fuxl®] AEEAL QA e Ak e] 9ul(1s). 2wl
W fxR-fuxf homalog #olA% convergentslA HAFE,
5e] FAEE A B dAlEe] UAT g ol#at
AL AZM apRZ expl, phzR3 phid, yenRZ: yenl,
esaR} esalo] A QJrh(3.39, 49, 50). F=3 @ A Gl
Zk ] AR 3 end7b FEE A9 2L, fAlApl
shle] operon® BA W= HS o ARl ZHE wlgko
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Fig. 4. Schematic model for the regulation of multiple genes via
quorum-sensing components, fiexf- and LixR-homologues.

HALEE 4% 9= P aeruginose® laskE lasl, 21230
rhiRZ rhll7Y 2 S el Th Al mumefaciensd) traRT trale
octopine-type Ti plasmid Aol 4= 232k 60 kbt deolx 9]
a1, nopaline-type Ti plasmid Aol A= 30kb o|At Helx
oigel WEA ), F A% TraR® antagonistd] TraM-e- TraR
of vk algsf slvth
HE YT oy 7|Eo] Cioky
Autoinduction®) gl #]12Re 9k=A] AF 2] autoinducer
=L =y &4F "Ho2 2= auocinducerd] ME i
g Ky el Fgsk Atk
autoinducer-receplor S-3A| 2] 2H8-0] Fl5ah, = 9)Rw
B HEE o] 9% awwinducer) receptor protein®} bind-
ingg} Y& cis-acting promoterell bindingdled EA #2AF
WA 7™ elg FAlel autoinducer-LuxR homologue com-
plex’t= autoinducer synthase®] &= %ﬂ*]?]?i 7<]"
ofe] IHAl2] autoregulatory circnit®- H|FEA Hi= FHelt}
et A
% 359 7L E, LuxR homologue= & H5]2] Z"'iiﬂlﬂ
(re-gulatory heirarchy) #+2] 8} 2E-2- a}x|s)ed Fez|za) 4=
Fol|a] Aaltas i’éﬁl—“— regulatory cascaded ©]F12 g
che Aleloh d 8 B, xRe] 232 cAMP-catabolite
activator proleins £ EH FARHIG), AR AL tume-
faciens®] treR®] LEL crown gall tmorelld k& opine?]

=7} receptor bindings

bacterial quorum-sensing mechanisms 1603

FA| B MG A, R leguminosarum®] iR NodD
o 2]zl ofsk wk=c}18). ThA| weA] Aale] $B.9] S
g 2abe A BEEE 37 Allol Ak dold 4 9l= A
o|tH(Table 1).

Vibrio fischer
FAAE V. fischeriolA] GJeln Emrlt eAole] W
Z|F@e|ele 2R FaE autoinducerr} 1A E¥E 4 gle
D2 inductiond}7|el] Z4g] e} & 4 Avhan. E=
A AlEe] WATE =3 S5 2] Fezl FakelA
microcolony & HAFI = A Holsp| rdEe] =GF < 9l
o} el et 38 22| quorim sensing bac-terias T
WE Broap] e oraen elge] il A8E B
WA, v S8 I8 590 Aoy AT EET
k2, 48). el o8] FFe] acylated homo-serme
lactone 5°] EAlsh= 24 a]-aﬂ)ﬂ quorum sensing system
2= Zh Alge] ARLE 7he] W A o) ekt £8 &AL

AR = gl 715 S AT e Sebd

Agrobacterinm tumefaciens
A ERD =S Q)4 eHe
Agrobacterium®] 7350

71#e] AR A S 25k
7]_@0] :[L}«-] & rE O]E"ﬁ'}n 247-
g-elA] F)zle] ZEgA]F £} Octopine Ti plasmide}
nopaline Ti plasmid®] 7% =5 rrade] 2754 (16, 28).
o] FHA) Wi A sumefaciens= A M|ELEAME frg F
AR BHAA hyperconjugation THH-E HelA slgct. =
TraM=- Ti plasmid conjugal traanerﬂ A M3 dx

alAlfAnl FleelA] sled| . 1ol Al uhEa] Tram
= TraR®| antagonist®2# AHL-regulated quorum sensord]
wolAle o 2 a4 FEFYoh20,28). 22, TraMsf
FrAkgl whlal ozl ohE APl BAEA] wskal,
TraM type?] AsFatd-o] dubdel G49A] A, mmefacrenso
AE el AlelAls o)) wakelA] o)

Vibrio volnificus

)" F(seplicemua) 2 17 (eastroente-ritisyS -FHEEA] 7=
Vibrio widnificus®] 75, AL2ellA Helay HEE Sl
o= v EEA] A-550A4E S3le] non-culturable but viable
(NCBV; vjjoke]l E7153t Ae]) 42 225 gur} o5
2] Zde] WHEsl deg, o] el W E|la Hgsl
S Wef] 23S o) ﬂ,l'ﬂé #13t oculum 3L & 4=
A,lv—o] AAFESThE, 43). A TA, ol EE v ﬂH‘*?l’—
gt A2 Afz]Ae] 2 (resuscitalionys- ‘% = 9l NCBY
cell®] A DEe) 2 0E AL 2= o2 £
culturable bactertal cell?] 25 g2 o] Wag oMK
). Park and K.-H. Lee, unpublished data). @heba] o] M
°] NCBV dei2%e] 9&dle] 248 o] 25e] 43 4
UE TR Al B JRE dR|Ehal oo HAs 2%
A g 251 g)ewjel ofH3lo

&g 22 5% NCBV V ovulnificus celld sl
SR FZE v, dyl Fo] wickrleak Aele] Al o] F
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X B3] ekl V fischert T S8 ATl
E coli} FEapd. o] E2FE foiH A=x] 24°] NCBV
Vo ovalnifieus?] AElAb 9] WEE SEAE S Qe 247
L. Bolx= Aeo|oh ERFAE V wdnificus® 1andom mutant
pool®] screening 2F] 2 2HE o] <9 spent me-diumel V.
fischer®) WS induction*] 7] homoserine lactone 7|55
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