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Pseudomonas aeruginosa’= 7] 8 294 ¥ Q702 Cystic fibrosis, 7] & 794 24, 3t 29221 449 5
9] gefgt A & 2 a3t ASS A FHE AA) ol g J=AXR 3D 7)Ao ol e 7Y
M 8% 4¢E 7] dAEol P aeruginosa] AESL QA AAFEe] AFH o2 dFHY gt P
aeruginosa®] B F A4 ALY ES 281 G2 FHE o] T2 F /] F8 acyl-homoserine lactone (AHL)

AE ASS A2 ERAE
aeruginosa®] WEA A3ADd F88 4¥98&

Q] N-3-oxododecaneyl homoserine lactone (30C12)3} N-butanoyl homeserine lactone (C4)
o 24E 23] Az A, AAzE 9 A Az
L

A EAES] HAFANA 43, 28 P
el AAHAAA = 2 F st POS

(Pseudomonas quinolone signal; 2-heptyl-3-hydroxy-4-quinolone)1#, o] 4.2 8 P aeruginosa®) 2 3¢
FRATEAR AAH R G o] sl HY
A ¢}3] 4434, diketopiperazines (DKPs)3} pyocyanin©] 5o} o}. DKPs¥ $3] dipeptide 24 o] & T4 8l o}
v] b9 F5eol vhet et F2E 7M. P aeruginosa®] W e A 29 2R DKPsEo] 7] £ AHL
ojgt Bolq o2 ul-g-8hck5r e Z W Vibrio fischeri LuxR biosensorE 843 3} A1 4= gl A o] A S o] A

24 A3EFAL A sic}. Pyocyanin (1-hydroxy-S-methyl-phenazme)w- P aeruginosa?} Al et o

hersine S E-5 251 PN, S4B A S

HE

o w & 7} A 9 P aeruginosa N ZERES

Abg-gy B4 EA 0. o] FAZ AN A7) F

& P 25 QN2 2AE B HAAE] WAL HIE AT ALS A2 A2 Adgs o], 24
2 = o2 A 24 A3l Soxke] 2o v A Rehy A= ek B NN P aeruginosal A AFA &
A, ALHT gl ol & AL Y FAS| ol A3 Fe] B2 ek
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X ®o)= furanone AlBY Al2 5o] AEA] Aoz A
T} Srh43).

R AEEe Bee) AR5 NERAL AN 2e
Ade] AsBAL e A9OlE 1 TR 23 UE A4}

|
AE A e BT B +7dare] 79 lactone®|Z}
FETEE 7HAEA acyl7]9’1 Hole} oM Zgt Aol
2 7HAE o] AHLS Ajsksith 9o wieprles BArart
Ay 0 ALELES I AEE st olE 59 Vibrio
harveyie== AHL A|E82 Al-13} furanone AlE2] AI2E 25 A
Absled(12), A ol e Ardebtel e Al2ek 8, o
A= 08 B4 125 71 Fo g AdEsel=E O“EM]E
A 5o 2o AU A FAG FEE FHEE) AL3S I
AARRITH17, 35).

s Qlale) i) we st olfoA Pseudomonas
aeruginosa® 739 N-(3-oxo-dodecanoyl)-L-homoserine lactone
(30C12-HSL)™ N-buturyl-L-homoserine lactone (C4-HSL)& 5
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NEgdz ALRTE Ao 4 Leld U HE P
aeruginosa® A AolEla W ol F ASEAS T4
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of whe} A #9] N-hexanoyl-homoserine lactone (C6-HSL)#} 3-
oxo-hexanoyl homoserine lactone (30C6-HSL)S H|E-3+ ZF
2 Fd9 AHLEE: A4 22 A& ¥u opel15), AHLH
€ A3 te 729 N2E AT Ytk Ao
T8 ARJMEJIL, 25 AH o= v F8T JTS e
Aol BiuHx Utk diEEQ A7} PQS (Pseudomonas
quinolone signal; 2-heptyl-3-hydroxy-4-quinolone)31Hll, X&2 P
aeruginosa®] T+ ATEAZ e WolEAA|1L Ui, 14). PQS
Yoz 1 AT ATt olA2 Bo| EZIAT P aeruginosa
9] NZ2-& 42 &EZHZ phenazine pyocyanin, diketopiperazines
(DKPs) 5-°] A|ot=o] g}, E3] DKP= Vibrio vulnificuss Hl
23 Vibrio sppilXT SR WS 2dsle AsEA
2 Hud vk glen, g2 tE AlFES DKPsE A=
o] &Aoo, wig- BHAR] AsEFAZ ZEF 7H540]
=0, 27)

B FHME ol 7 ATELAZ AAXAIE ¢ YA
MEA P aeruginosa®] ATEZEZ ASHAUT ©]E DKPs,
phenazine pyocyanin 5o 3l dolR 7|2 S5l

N

=2 =

Diketopiperazines (DKPs)

Diketopiperazine (DKP)}2 A ¢ 7P & cyclic
peptide - SHEZH, F71¢] ofn|i=ito] o]F FHElo|= At
o2 Azxo] &Y g F2E JAT FVIE JAE =3
ol $7FR] Gzl 27t ofet AR o F= ofv|=4tY
ZRol wet vie ot P25 7§ Ath(Fig. 1). DKPse
IRFE It B2 AWA|, 53] fF FHF T2 £
YE= Al vIFEse B& vAE A o)Al diAl AHEE A
A=Y wiZol JAA HAES FELsA EATH?, 20,
23). o]E2 9, Fujoje]s, AT, FAT T U A4S
7FA™, plasminogen activator inhibitor-12] A sl & 47
oA} 9§31 75 W3t 5 Fad 47 BRE] QL
o], YANRE] FAE Wokd EHo|th20, 23). TS DKPst <
ofstd o2 FAS ZHATE I3y EAES 7HAed,
proteolysisoll thgt 33, F)2HE-S 7R |e HElo|= 7157
(peptidic pharmacophoric FHEhol| thek 323 i), $4228-L
A3 donor 32 acceptor 7%, TEH A2, YA EHH o
T TR X37) Fol 23 elth23). °l& DKPs7t 9FEl s}

Basic structure

Cyclo(AAla-L-Val) Cyclo(L-Phe-L-Pro)  Cyclo(L-Pro-L-Tyr)

Fig. 1. The molecular structures of Diketopiperazines.
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(pharmacodynamic)® 2. 21} 2FE- & Shpharmacokinetic) ] &%
Aok M-S ) AFE = = 5 T X (privileged structure)
£ 7S 9uldith23). ol¢k A, 4A F80l 2 & A=
A 2ol HAE 38l §7) 38} o EopollA AEE E4S
%k E2 o)A

AEstF o2 DKpPs= ©d E3) BAolA A7 g 7
B2 AAE7|E AN 54 7158 71 o)A drrER ¥
Aeva ®B7)% 3h23). DKPsE9] Agdel tiaixe 2
2ol 8 A A o}, vAENME dRiFo R gRETe
a3 A7 P9ty A4HAS, 54 Aldols= DKP
SAa BEE AR clustert EE 7= 81¢9(20), olE°] &
A 71%5L 23 s EF oz FAEUL AAZIT

DKPs7} BF4= Q14)e] #oFthe E e Holden 5ol 23l
Pseudomonas?) X & BEAQTK15). P aeruginosa F=ZNA
AHL®] opd 313HE-0) Vibrio fischeri®] LuxRe ©]-§38+ biosensor
A 2E-e #8435 A1 = 3, Z1R0] DKPse] dFS! cyclo
(AAla-L-Val), cyclo(L-Pro-L-TynE 2137 AothFig. 1). ©] 4
FZHE DKPsE 1AL AT SHAA F8A7F dAEA &
%S, LuxRF} & AHLS AZARE o83t} 4-85A
1, 019} cross talkS & F JE AE EHAE AHATH14,
15). Cyclo(AAla-L-Valye P aeruginosa ©)1o| = Proteus mirabilis,
Citrobacter freundii, Enterobacter agglomerans®| X, cyclo(L-
Pro-L-Tyr)= Proteus mirabilis, Citrobacter freundii|~ Z}Zt
AZHAtH15). 38, B2 Pseudomonas 5 Pseudomonas
fluoresens®} Pseudomonas alcaligenes®] ¥ kMM = ok UE
T2Z9] cyclo(L-Phe-L-Pro)7t FAF AT, ol AT JA| &2
biosensor2 418 AlF 4= Ut o|E Al DKPEL 03 mM
Azl FEAM V. fischeri LuxRE 893} A7]7] A1F3tA 5
mM HEolA H1uz FA5 AlFE, olF LuxRe] df A&
E29 30C6-HSL# BlwglS o) oF 1000008 A= & =
E 978 Ro|th30C6-HSLY] induction thresholds= F 1 nM)
(15).

olgix A EAR AEPlde AUYAA & =& &7
siche AT, DKPs &8 Pseudomonas?| A 3 W, 843
V. fishceri LuxRE FUThe 7 @£l DKpsoll tigh 24 58
A7F AHL receptor’} oFd = ke AR 2A2HA A7| &
1TH30). Holden 58 P aeruginosa ¥ %A FZH cyclo
(AAla-L-Val)©] P aeruginosa®] 2 A& E23] 30CI12-HSLY
849 LasRS BA3 A2 4 U5 T Hardlod, o]&0]
Aedoz 288 = IS AW Y, A3 cyclo(AAla-
L-Va)©] LasR& 848 A1717] S18ix 8% =1 mM o)
£ 9 23849 30C12-HSLA ¥lal(§= nM 55) 53] =3dth
(15).

39, DKPs7} o] m|AEA A=) i) o]F o]9jd)
e @A HEHE DKPsTE 22 XS HoleA AR
H9E w, cycle(L-Ala-L-Pro), cycle(t-Leu-L-Pro), cycle(L-Met-L-
Pro), cycle(L-Pro-L-Val) ZollA 23 cycle(t-Met-L-Pro)ie] V.
fishceri LuxR biosensor® 413} A2 & JATH15). ol&
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AHL 484 @437} DKps 7% 5 T5
peptide & o= F9 7)57)(FEe 1 MR X
R2)S Fzo| WS WE&g ou|shs Aol
cycle(L-Met-L-Pro)¥ P aeruginosa®) W e it
FEMME BE ¢ T2 B mM ool
aeruginosa®] LasRS BA8L A1 & UATk1s). o] 2
DKPsE 53l o]&7h9] cross talko] 7Fgslthe 318 AlAlsi,
A HE GA] & FRolA o7 ATt AHL 4§47}
AHLA 23} #A43) H= ZE DReyt AAF R A 4
Ut Aol FAFICE V fishceri LuxR biosensor assay ol Al
ellA A58 DKPsEC] 30C6-HSLH A5k LuxR 2435}
£ Asidte 5898 BYom, 156 nM 30C6-HSLo| 23t
LuxR 24318 50% Aafst7] 8 992 sk v%e g
04~3 mM FEolAe=d], ©]& 200,000~2,000,00080 5 molar
excessE HRE IE AL odujEtlgs). IvEe HL
cycle(L-Ala-L-Pro), cycle(L-Leu-L-Pro), cycle(L-Pro-L-Val) &S V
fishceri LuxRe 48t A|71A= X5 ¥hd AAA sl A
F AU Aelth(15). o] Adfe YA AHL 84 EAds}
DKPse] $H 7]57]9] FFo] S vt g 3,
AHL-2] Aol DKPsY] &% 132 cyclic dipeptide moiety
7V F83E AT B & ok BAE Al DRes7)
AHL 2% 790 24 ZAx o7 Z§s}7] ufiZol dojdrin
FE2HY], 8 DKPyF $FE20F cyclic dipeptide moietyS
7RG o BE Atk AHL ZA3FYd AT 4 Ag Aojn
olel% DKPsS] 28 Sl 5 Linke] A7 sl
AL BAEE Yl AAe QA ¥ =y vETvle]
Zol) ojs AREa A4 4 ok FANAY AnRe
LuxRe] E485 913 P7H=24 DKPst AHLET 84 3]
23 Aoz Adhdr) mepr] 24 sleieks LuxRE A
Z= WZAT)A Xsle DKPse AHLS 282 AR o R A
sErIRt s, B4 FF2 WAz o 5 DKPs= AHLYH
HF HHEg AR RE R Kab] Wit daros
AHLJJ( A A& e AHLY 7153 Adlishe AoE 44
4 ok HAE cycle(L-Met- L«ProH 5, 2ATE DKPs ol
/\'] 717 7383 LuxR activatoro]| B4 71 2kt A Rela
I BGEdl, AHL $lo] cycle(-Met-L-Proydt #e]& LuxR
o] ZAs} HAg, o] AHLYF A2e o Ko} g4 we A
o] &240)a, AHLY @4 cycle(L-Met-L-Proys A&l g
AHLEY HIAPE of B} e &48 Hen vhiriAz
LuxR activator?] T2 DKPs% AHLY €7 =2lehd AR
A3 a9E ®lrt,
FEAE AR A7) A9 SR 1L FEE g%fﬁw
42 DKPsell o]gh Al zigo] Aelaow Fag AYE &
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oleaL 1) oA Rhmt aQloleln). o] whEel] AAls FES
QX BT T8 el2) @ido) DKl o8] AT WA 24}

Huth A& 7 @ SollA o & Servatia liquefaciens?)
swarming &) 0.015 mM cyclo(L-Pro-L-Tyr)ell 2l3) &lul Q1A
A=, 53] AHL $g0] ZABE S liguefaciens EAW0)

A o2 AMZEHEMS diketopiperazines? pyocyanin 87

ZZ 150 oM AHL (C4-HSL)Z complementation 3} swarming
& FEAA 2L W% 0015 mM cydo(L-Pro-L-Tyr)7}+ ©] 35
2 AE 4= YATh(5). olH T TEE= AHLET 1009 A=
=& FLAdA o] e A EHE B AR, V fishceri
LuxR reporter® ]88} assayoll vl8)] A W& AT}

DKPs? AF4 014]0] Ak e the Aol b E wARE)
2180] AARe ZX8= AT Pseudomonas putida WCS358]
A% cyclo@-Pro-L-Tyr), cyclo(L-Pro-L-Len}, cyclo(L-Phe-L-Pro),
eyclo(L-Val-L-Lew) 5 o8] DKPs7} &% 5L, LuxR-type 8-
B8 243 A 4 dde Ao] RIHITA). 3 Vibrio
vulnificus® W53 O] Vibrie spp.l A cyclo(L-Phe-L-Pro)
PPyt AAEH, ol LuxR biosensors 84438t A Hgt of
Uil Aalge] #1291 ompUel FEE FEshe Aol &
BREQIh27). B3] Vibrio cholerad| A 88 B4 HFAx)
9 en] WHE ok 2oz WSATH2Y). ojee HExAE

& ToxR WAL 24wl o3 viyiEle 2leg dsigle,
ToxR©] cyclo(L-Phe-L-Pro)2] HHZ $-8A¢A1E o}2] HE3A
otk ebm olE AR cyclo(L-Phea-Pro)yE P fluoresensSt
P alcaligenes 5l 13- % AAH 7] W&o DKPE 53l ol&
o]F 7t Alago] dold Vs dE Wi ok

A} DRPs7} Pseudomonas®) 91¥] e AsEdw 288
& Atk AL oy WolA Fo4& M 4 Utk AA,
DKPsi= thilde) BajitEol} g% &2 A %}M—rﬁ e
=2 4 7] el HZ BF 2 45T SRFANE
flekl LJr<15> ol MU=} ~7}*6“}04 AzEde] 457
1-e] wg] AzEdo] SA AL, Aol wetr= 56 =
S TEE ¥EE e o] 2AE 4 8-S vtk
Pseudomonasc= ubiquitousd}A] EA S Aol 2R o] #7d
A Hod S ar, FAod WEAdl dEe e 4 Sl
=5 Pseudomonas= U5 AT (multi-host pathogen)©] T}, of
2 ZHF AE, AR O AddE 4EE & o
o9 IFHE J;?:}o}fﬁ olF £FEo°] DKPsE At 4 ¢l
oug AAMNANXN S5 Pseudomonas AF0)0] DKPsE iz 2
she AlE Agoe] Boldd 4 9ot A% H9A T Alternaria
alternate?t AAF3F= cyclo(L-Pro-L-Tyn¢}t cyclo(L-Phe-1-ProyE
H 28 DKPsE©] phytotoxicityE 7Fdthe A(39), & the
AE WA AT Gaeumannomyces graminis var. tritici)
biocontrolol] P fluoresens”t WREE TR Aol HarF o34, o]
Aol A ol5o] AASHE DKps7F ofH JEE & 4= 9l=A
Hr} Z18 At Fasitha At

O

ehr|Ete 2 Fa gk oulE e A2 A seike] 3
TAlIA DKPs] AZEARA ] Aolrt. Y w5 fol &

Asks e A5 s

ol A15EHol o Fe 280 O’Oﬁ‘é T /J«E} AHL01

HE Afolol, B 24 TS Al

41

ft

—
O

T2 FEE A5 }% v ﬁschenc’ﬂ Eﬂ ‘ﬁ?ivr‘ﬂ m-ﬁg =
(42). TR QB 29o® AZtEE vt} 8|5 -E(sponge)

ot W Aol FASta sle AAlet siulEEe
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mesohyl matrix®l] FASE Mol AA SHEE biomasse)
60%5 Y A== fATES e Yaxs e o
& oh, mEka] At FAol g Fo AT 2ol ' 4= 9l
th(13,24). BPIEAE B4 AEEE(Cymbastela concentrica,
Siphonochaling sp., and Tedania digitata)®l] 3 8= AT oA
AHLo] A=, o]Ao] SHEEH £ L] A Fdo)
A2 Featdshsy) 98 frhs F40) AAthd). vl
UhE S 5-E(Mycales laxissima and lrcinia strobiling)®) X 5
0~ 52 yproteobacteria’} FAIBIH, | SZRE] AHLo] A=
the Bah SIATh24). AHLO9]9] A ERAE susE 34
Alella HEE vk Ak 53] DKPsel 3%, A B4e 7}
A1e oAl 71A] g2 729 DKPs¢t $719] phenazine alkaloids
7} W=\ A EEdsioddictya setifloray X B2E P aeruginosa
FollA AEE K2, 16). ol%ol= cyclo(L-Pro-L-Tyn)®} cyclo(L-
Phe-L-Pro)s E§H&]o] Itk B3t sk 23 (s AAE)
oA AHE NAFE(Srelletta sp)N B2 Psendomonadalesd))
&38Rz AT Psychrobacter sp XS 3HRIEAAL 7HA1E U459
DKPsE©] ®el%Ac}k(Jee H. Jung, personal communication). ©]&
o= vt} SIEFENA antifouling 43S 7= DKPy} A&
H 87t 9=H, 11, 38), antifouling 32 AES Q1A 2
HEZE S e Form Arle Aoy FHHcks o
|4}, o1& DKPs7} 34 M3zt B A Al S3e7ke] Al

e

FEY] 4S5 AHLEU DK/} WAEE 73971 7] gl
A Alda s3] 45 48l DKpsS] 98-S Ashe
F2 Azt E 5 g glolnt

Phenazine pyocyanin

Pyocyanin< chloroform-soluble ¥+ 1-hydroxy-5-methyl-phenazine
OS2, P aeruginosaZt AA| A7 =EsldS W 2Ewnjshs
2] phenazine 3FE F 71§ & FEE AAsh=s F=49]
pigment®|THFig. 2). ©1¥2 MF P aeruginosas] WoFHoht
ol o3 s nEe] HAS WEE P aeruginosaS =
FUOR HEoh 448l 84 cycling B4L 7HAE pyocyanin®
TFg mlAE) sl FAAl €498 7HE By o), X647
Axe] &, Ate] AR &5, epidermal A ¥ 0] AT QJup
o F4 55 Asfsly] Wie] B4 H5A AA ek 2o
ZeK10). B3] P aeruginosadl] ZE8E cystic fibrosis 3H<ke] |
FHIE A pyocyanino] AR FE& A = Y 558 &

y ©OH  coo

Ny N NH,
~
CLIO €L
N '

Phenazine

Pyocyanin Anthranilate

Fig. 2. The molecular structures of phenazine, pyocyanin, and
anthranilate.
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Chorismate
1 phzA1-G1
PhnABrpEG 1 1 phzA2-G2
Anthranilate PCA
anMBCl PqSABCD |
Catechol Ke HHQ phzs phziM/phz$S phzH
catA 1 pqul

TCAcycle Tryptophan PQS 1-OH-PHZ  Pyocyanin PCN

HHQ : 4-hydroxy-2-heptylquinoline PCA : Phenazine-1-carboxylic acid
PQS : 2-heptyl-3-hydroxy-4-quinolone 1-OH-PHZ : 1-hydroxyphenazine
KP : Kynurenine pathway PCN : Phenazine-1-carboxamide

Fig. 3. Metabolic pathways around phenazines, pyocyanin, anthranilate,
and PQS in P, aeruginosa.

Agrhs Ao geFsl@s), ol HA FEAYAN T8
AL & 4 UL 9vshe Aeluh Pyocyanine| % P
aeruginosa= 9% FE) ] phenazine FEES s
Fig. 3& 159 HARE BAETHS, 25).

200614, Caltech®] Dianne Newman Z1-5-2 Phenazine pyocyanin
o] P aeruginosa®] &5 A4 MELZY HF AsHG A
e AR ARBSHATHS). d7IA “&F7olet 2 LasR-19)
oJslA AJZE AHL 2187} $7] A5 437190 PQS Aladl&
43} Aol o3 Aol me AFS FHx $E Wt
e B RS, PQS olFdE A A7l AHEHE
pyocyanin®] THA} A2 B2 2143te] I AFHg {37 79
WEE 1R R 9 31V i 4% vl BE P&
F7x} whe] vk W3l pyocyanind] 93] $A4ETE o
Hlojt}, o]&9] Ak 7]Ee| PQSell 23 o] Fr=HThil
ADEE FRAAE AdRI) PQS §o1%E pyocyaninol] 2]3] &E
o] =¥ & glvhe BaolM AlFE .

mexGHI-opmD (efflux pumpE- coding)2F PA2274 (putative flavin-
dependent monooxygenase® coding) F-AAFE #7HA] PQS
ofsf o] e PQS HTe® AzbEolgith4). 21
2L pQS 2R phenazine I3 LHE(phzl operonyS G
A7) A& Aol oju] W¥o] F&= WM, mexGHI-opmDS}
PA2274%= A 43716 Eolebriof wdo] Avke ARIERH,
Dietrich ¥-2 ©] 5 1 fxke] W& A1 Aloldl o A=
& ARdo] dogd 4= Uu)ar AT phzl operon HE M
9l pyocyaning H153} phenazine SFEEC] F Al Aol
HHIE7] jfol] o]Eo] 42} W] ofH JEFE v|xeA|
dolr 11z}, 2R o]&EE HIME ¥ microarayE 53
transcriptome®] WEE ZARIET I 23 mexGHI-opmDS}
PA2274% X33 B2 F-3AE9 o] pyocyanin ] <
& 27 & 7ATE FAATHS). £ mexGHI-opmDS}
PA22749] W& PQS Ao ZAsd dFolAE 9FoA
pyocyaning #7138l & A9 =2 F AT o AgEREH
mexGHI-opmD®} PA22745 £33} Ao PQS Zdelelal
At E 14 F d5e AAEe PQS7E oFd phenazine
pyocyanin®l] ]3] 2= AojH, PQSE phenazine pyocyanin
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o] HeHdE 9% phzl operond] B FLEE 53 HHoR
oj5¢] WAL 2WE AYS ¢ 5 IN7] wEll, Dietrich
52 phenazine pyocyanin® P aeruginosa HES 14 WER
oM ARE = HF 45 Edolgal AL, pyocyanine] &)
3 2ARE FA4 & PYO 2awolE} sisivks). ddtiE
PYO 2879 RHAHES phenazine pyocyanin®] A4 2.7
Eo] BF A d5(Dphzl2)lAs W] fEH A eght)
5.

% pyocyanin®] F-EA e AlAlE FoldAr ol gt
T3 DA e 22 ARECIAT 1) pyocyanin®] At}
el H74 F3HEoIt. 2) Escherchia colid) A 4¥8h-3k4] 3=
A BEL superoxideS HAIAF]AL, ol SoxR BHAL &
A8t AlA soxR3} divergent Xl ZABRE soxse] LS =
ZEAFVA B3, 188 P aeruginosa®l X SoxR homolog s
PA227301H, o9} divergent $1X19 Q& AT ¥iE PYO X
Aol €38l PA2274°)T), 3) PAZ2TAY- E. coli SoxS homolog
= codingdhil A BARF TEWE A1) SoxR AEEY &7
A D(soxboxy E. coli®] AR fASI, AAR P aeruginosa
SoxR (PA2273)°] A@E 4 Ath18). & E colicl XA Y
paraquat X|E|A] PA2273& 53] PA22749] W] fiHTI(IS,
26). 4) PA22740) 4 mexG, PA3T18% EEREJol| soxbox FA}H
B7IMEE 7FAY 9A] paraquatel] 2J3) o] Z713HH26).
T1E|3 o)F A fERE B pYO T £31TH5). o]#igk A}
AZHE Dietrich & PA2273 A& FFolX 0]59] pyocyanin
of ek 4 = ARE 24 Boket] ANHE mexGe}
PA2274] B8 F= o] ARMITHG). ©] A32 3 E Dietrich
& pyocyanin®] SoxR (PA2273) #4 thd-& Ea)A PYO
Ao TS 2Fdvar Agksidnh et of Algke oy
AL PYO 2T F82E % mexG, PA2274, PA3718 20
TR REY soxbox’} A= FAAN T P = Aoy, WA
soxbox’} §l= FHAES PA2273 AEOlE pyocyanine]l )3
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ANTH9,21,22). 23 el pyocyanin®] A AJAF7]o
pyruvate] FH|E g o3 Ax W g4 ke 58S
ZHeA 7, 1 Ash AT NADH %8 ZHaAA AT Atsl
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LasR-I A|28l] &3] @3o] =g HAFEATH37). 28
T A& A2RE antABC/eatAS} pgsABCDES A& ThE A
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ABSTRACT : Minority report; Diketopiperazines and Pyocyanin as Quorum Sensing Signals in
Pseudomonas aeruginosa
Joon-Hee Lee (Department of Pharmacy, College of Pharmacy, Pusan National University,
Busan 609-735, Republic of Korea)

Pseudomonas aeruginosa is an opportunistic human pathogen, causing a wide variety of infections including
cystic fibrosis, microbial keratitis, and burn wound infections. The cell-to-cell signaling mechanism known as
quorum sensing (QS) plays a key role in these infections and the QS systems of P. aeruginosa have been most
mtensively studied. While many literatures that introduce the QS systems of P. aeruginosa have mostly focused
on two major acyl-homoserine lactone (acyl-HSL) QS signals, N-3-oxododecanoyl homoserine lactone
(30C12) and N-butanoyl homoserine lactone (C4), several new signal molecules have been discovered and sug-
gested for their significant roles in signaling and virulence of P. aeruginosa. One of them is PQS (Pseudomonas
quinolone signal; 2-heptyl-3-hydroxy-4-quinolone), which is now considered as a well-characterized major sig-
nal meolecule of P. aeruginosa. In addition, recent researches have also suggested some more putative signal
molecules of P. aeruginosa, which are diketopiperazines (DKPs) and pyocyanin. DKPs are cyclic dipeptides
and structurally diverse depending on what amino acids are involved in composition. Some DKPs from the cul-
ture supernatant of P. aeruginosa are suggested as new diffusible signal molecules, based on their ability to acti-
vate Vibrio fischeri LuxR biosensors that are previously considered specific for acyl-HSLs. Pyocyanin (1-
hydroxy-5-methyl-phenazine), one of phenazine derivatives produced by P. aeruginosa is a characteristic blue-
green pigment and redox-active compound. This has been recently suggested as a terminal signaling factor to
upregulate some QS-controlled genes during stationary phase under the mediation of a transcription factor,
SoxR. Here, details about these newly emerging signaling molecules of P. aeruginosa are discussed.



