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YK 579.841.1:576.5+57.055/.056 Besides a number of virulence genes (including
lasB, encoding elastase; lasA, encoding LasA psetea
QS-DEPENDENT VIRULENCE REGULATION IN aprA, encoding alkaline metalloproteinase; toxAcaih

PSEUDOMONAS AERUGINOSA ing exotoxin A and some others [1,3-5]) LasR fetgs
Krestetska S.L., Nesterenko A.M. expression of lasl, creating an autoinduction feeéb
M echnikov institute of microbiology and immunology loop [6]. An additional gene that controlled protdon
of the Ukrainian M edical Sciences Academy of AHL, rsaL, is under the regulatory control of LasR-3-

0x0-C12-HSL, the product of which negatively regeda

P.aeruginosa is an opportunistic pathogen with hi@i$ by inhibiting lasl expressiof]] The DNA binding
level of behavior versatility and, thereafter, addydity site of the Rsal proteion thersal-lasl bidirectional
to a wide range of various external conditionsfétebly promoter partially overlaps th#nding site of the LasR
it infects immunocompromised patients with cancer protein, which is consistent with the hypothegiat
AIDS, or those having breaches in normal barridRsalL and LasR could be in binding competition as th
caused by burndndwelling medical devices, or propromoter [8]. A mutation in thesaL gene leads to pro-
longed use of broad-spectruemtibiotics. It causes seducing of dramatically higher amounts of AHL wits
vere infection in the respiratory tract and lungstie of spect to the wild type, highlighting the key roletbis
cystic fibrosis patients, and is an important noso@l negative regulator in controlling Q3]{
pathogen - circulating hospital strains of P.aeraga is Second AHL signalling system described in P.
a common problem for intensive care units, surgical aeruginosa fhlR- rhll - consists of the transcriptional
burn-wound clinics because of their remarkable isurvactivator RhIR and the autoinducer synthase RHickv
ability. Serious (often unsolvable) problems iroetipic directs the synthesis of N-butyryl-L-homoserinetdae
treatment has been created by capacity to rediti@n (C4-HSL) [9]. The RhIR-C4-HSL complex regulates
ics, either intrinsically (because of constitutiegpres- expression of rhlAB, lasB, aprA, the stationary-gdha
sion of B-lactamases and efflux pumps, combined wisigma factor RpoS, and production of the seconday
low permeability of the outer-membrane) or follogintabolites pyocyanin and cyanide [10, 11]. Compared
acquisition of resistance genes (e.g., genes [forwith the wild type, the rhiRand rhll mutants both
lactamases, or enzymes inactivating aminoglycosideshowed defects in the production of elastase, LasA
modifying their target), over-expression of efflpumps, tease, rhamnolipid, and pyocyanin. [11]. Observetf
decreased expression of porins, or mutations irn dional interference is not stipulated by definedictural
nolone targets. Worryingly, these mechanisms atenofsimilarities between LasR and RhIR or the similesit
present simultaneously, thereby conferring mulistest between the two AHLs. The recognizing receptors (R-
phenotypes. proteins) are not significantly activated by theimcog-

P.aeruginosa has an impressive composition of cafite AHLs: LasR is not activated by C4-HSL and 8-ox
associated and extracellular virulence factors,rapgbr- C12-HSL is capable of only low-level RhIR activatio
ity of the last one expressed in cell-density deleeh [12]. Similarly, genes that are primarily activateglone
manner with maximum protease activity occurring-dgystem are only minimally activated by the othedi-
ing the late logarithmic and early stationary plsasé cating that specific recognition sequences musprge
growth [1] As the sensibility to rather limited array o$ent in the operator regions of these target gémats
effective antibiotics decrease - rising populatéensity predetermine which quorum-sensing system is reduire
facilitate its aggressive propertieshile products of host for induction. Thus, relationships between the wys-
cell lysis in turn is an excellent plastic and g®gic tems are arranged in a hierarchical fashion withl&s
source and predetermine the population growth coati system being the dominant regulator [13].
tion. In addition to 3-o0x0-C12-HSL and C4-HSL, which

Like in many other bacteria, cell-density dependeare the major AHLs produced by P.aeruginosa grawn i
phenotypic variability has been ensured by the fgoo vitro, minor AHL products can also be detected [14]
sensing” (QS) — the system consists of the aut@i@duBiological function of these noncognate AHLS rensain
synthase and transcriptional regulator, which tszated unclear, but it is supposed [15] that minor AHLsyraat
in response to rising environmental autoinducercean as competitive inhibitors of autoinduction. Autoiroer
tration [2]. P.aeruginosa has complicated QS withtim synthase use S-adenosylmethionine and the appi@pria
layer regulatory network that stipulate high degade- fatty acid conjugated to acyl carrier protein alssttates
quacy of population behaviour to multiple differemvi- and, when one of the enzymatic steps of the fatigt a
ronmental conditions. At the top of this system di® biosynthetic pathway becomes rate limiting, 3-oXi2€
posed genes lasR and lasl, with significant homplog HSL is no longer produced at detectable leveldpat
the luxR andluxl genes of Vibrio fischeri — the first dethe shorter-chain-length HSLs 3-ox0-C10-HSL, 3-oxo-
scribed bacterial QS system [3]. Likewik&R-luxl in C8-HSL and 3-oxo0-C6-HSL are preferentially gener-
V.fischeri - lasR-lasl utilized acylated homoserifac- ated. Thus, during decreasing availability of thex8-
tone (AHL) as an autoinducer. Transcriptional attiv acyl-ACP substrate precursokssl (which synthesize
LasR positively regulated by cognate AHL - N-(3najority, if not all, of the 3-oxo-HSLs found in
oxododecanoyl)-L-homoserine  lactone  (3-oxo-C1P-aeruginosa culture supernatarggjtched over to an-
HSL), which is synthesized by the Lasl (AHL-syntlasother signal type production. Consequently, thebirh
and accumulated in environment as population densitry effect of noncognate AHLs may be used as means
arise. of precise control of target genes expression.
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Pseudomonas aeruginosa also possesses a non-gdtfitributes tdP. aeruginosa virulence by controlling the
extracellular signal: 2-heptyl-3-hydroxy-4-quinotontranscription of genes not under RhIR regulationd a
(PQS), or Pseudomonas Quinolone Signal, which-is ttliat reduced virulence of mvfR mutant is caused not
rectly implicated in the QS system, 4-hydroxy-2nly by deficiency in HAQs/PQS production but also
alkylquinolines (HAQs), - a family of compounds rehe loss ofpgsE expression [34]. It also was demon-
leased by P. aeruginosa starting at the end ofreqi@l strated, that PQS enhances fhevitro DNA-binding
growth and 4-hydroxy-2-heptylquinoline (HHQs), - affinity of MVfR to the pgsA-E promoter, to suggest it
precursor of PQS biosynthesis, which is also sedremight function as thdan vivo MviR ligand. Gaoping
from the cell and may act as a signalling molecféao et. al. (2006) [36] find that HHQ binds to thifR
[16,17]. It was demonstrated that the highly hydhalgic ligand-binding-domain and potentiates MvfR bindiog
PQS signal is exported through membrane vesiclgl [the pgsA-E promoter leading to transcriptional activation
in contrast to the AHL signals, which either di#udi- of pgsA-E genes. They also show that HHQ is highly
rectly across the cell membrane (butyryl-HSL) @ns- producedin vivo, where it is not fully converted into
ported by an efflux pump (3-oxododecanoyl-HSL) [19]PQS, and demonstrate that it is required for MvfR-

PQS is required for the expression of rhIR and rképendent gene expression and pathogenicity. PQS is
and for the production of rhl -dependent virulefeeors fully dispensable, apgsH mutant cells, which produce
at the onset of stationary phase [20]. Simultangou$iHQ but completely lack PQS, display normal MvfR-
PQS production is dependent on the las system [@dpendent gene expression and virulence [36].

thereby the PQS signal functions as a link betwtben In conclusion we allow ourselves to draw an anal-
las and rhl QS systems and represent additional lafy ogy with another field, in which the methodology of
regulation [22]. molecular biology allows to hope for resolution tbe

Finally, it is necessary to mention, that a majetr problems that are unsolvable at present. The a&myl
of transcriptional responses regulators aretit® processes that govern cell proliferation and déffeia-
component systems [23] and QS regulatory compondits became central in basic research of oncogeaesl
are coupled and subjected to regulation by othebajl it seems that the processes that govern bacteqab+
regulatory networks. No systematic appro&ets been duction and functional phenotype must be placechiin
undertaken to elucidate how the quorum-sensingsystcrobiology in a similar way.
of P. aeruginosa are integrated into the global regulatory
networkof the cell, but separated information has beRweferences
accumulated. It was shown, that a mutant defeativiee
response regulatogacA exhibit reduced and delayed. Expression ofPseudomonas aeruginosa virulence
formation of C4-HSLand also reduced expression a@fenes requires cell-to-cell communication. Passador
lasR[25]; a CRPhomologue termed Vfr was shown to b& M. Cook, M. J. Gambello, L. Rust, and B. H. \gbki
required for basal-levéhsR expression [26]; a regulator/Science.- 1993.- Vol.260.- P.1127-1130.
termed Rsal hdseen described that is thought to repre8sFuqua, W. C., S. C. Winans, E. P. Greenberg4.199
transcription oflasl[27]; a deletion ofyscR in P. aerugi- Quorum sensing in bacteria: the LuxR/Lux| family of
nosa resultedin premature expression of the quorurell density-responsive transcriptional regulators.
sensing-related gendasl, rhll, hcnA, andphzA [28]; a Bacteriol. 176:269-275.
deletion in theposttranscriptional regulator RsmA led t8. Gambello, M. J., B. H. Iglewski. Cloning and &
advanced expressiasf lasl, rhll, and hcnA[29]. Simi- terization of thePseudomonas aeruginosa lask gene: a
larly it was reported influence on QS-regulation aMv transcriptional activator of elastase expressith.Bac-
[30], VgsR [31], as well as the sigma factors Rj®g, teriol.- 1991.- Vol. 173:3000-3009
RpoN [33] and MvfR[34]. Particularly Whiteley et.al4. Toder D. S. ,M. J. Gambello B. H. Iglewski Pseud
[32] have shown that the stationary-phaggma factor monas aeruginosa LasA: a second elastase under the
RpoS negatively regulates C4-HSL production #rad, transcriptional control of lasR // Molecular Micliob
in anrpoS mutant, expression afill, hcnA, andphzAis ogy.- 1991.-Vol.5, Issue 8.- P. 2003-2010
advanced. 5. Gambello, M. J., Kaye, S. & Iglewski, B. H. LasR

We are not intending to highlight all of them, buRseudomonas aeruginosa is a transcriptional activator of
trying to explain the relationships complexity byaen- the alkaline protease genepf) and an enhancer of
ple. Transcriptional regulator MvfR controls thertr exotoxin A expression.¥nfect Immun.- 1993.- V. 61.-
scription of two co-regulated operonxmsABCDE and P. 1180-1184
phnAB, the products of which, with the exception &. Seed, P. C., L. Passador, and B. H. IglewskiivAe
pgsE, mediate the synthesis of a large array of HAQ®n of the Pseudomonas aeruginosa lasl gene by LasR
including HHQ, the direct precursor of PQS [17]h#s and thePseudomonas autoinducer PAI: an autoinduction
been shown, thatgsE mutant is not defective in the proregulatory hierarchy. //J. Bacteriol.- 1995.- V.717
duction of HAQs or PQS, but still is deficient inopuc- P.654-659
tion of pyocyanin, lectin and HCN, and expressibthe 7. de Kievit, T. R., P. C. Seed, L. Passador, Xekien,
corresponding synthetic operopiszl, lecA andhcnABC and B. H. Iglewski. Rsal, a novel repressor of leinge
[35]. Dissection of howmviR is interwoven into the gene expression iRseudomonas aeruginosa. //J. Bacte-
P. aeruginosa QS circuitry reveals that the MvfR sysriol.- 1999.-V.181.- P.2175-2184
tem, through the essential contribution of PgsEsi-pd. Rampioni, G., Bertani, I., Zennaro, E., Pollicdt.,
tively regulates a subset of genes dependant oh Bé&nturi, V., Leoni, L.. The Quorum-Sensing Negative
LasR and RhIR [34]. Animal studies show that MvfR
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Kumrouogi ciioBa: P.aeruginosapakrepiiiHa momyJisiisi,
CHT'HAJIbHA TPAaHCAYKIIis

36. MVfR, a key Pseudomonas aeruginosa pathoggnicit
LTTR-class regulatory protein, has dual ligandsofsa UDC 579.841.1:576.5+57.055/.056

ing Xiao, Eric Déziel, Jianxin He, Francois Lépial-

QS3ABUCHUMAS PEI'YJIALIUA BUPYJIEHT-
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Anastasia P. Tampakaki, Scott E. Stachel, Laur@ceK pecreuxast C.JI., Hecrepenko A.M.
Rahme.// Molecular Microbiology.- 2006.- V.62 (6) OTkpbITHE MEXaHH3MOB MEKKICTOYHOW KOMMYHHKAIIMU

P.1689-1699.
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QS-DEPENDENT VIRULENCE REGULATION IN
PSEUDOMONAS AERUGINOSA

Krestetska S.L., Nesterenko A.M.

The discovery of the cell-to-cell communicationthe
bacterial populations led to the understanding that
karyotes are capable of coordinated activity. Thatli-

B OaKTEpUAIBHBIX MOMYJISIIUAX MO3BOJIUIO OCO3HATH TOT
(akT, YTO MUKPOOPTaHU3MBI CITIOCOOHBI K KOOPIHHUPO-
BaHHOW JIEATEIFHOCTH U CIIOCOOCTBOBAJIIO BO3HUKHOBE-
HUIO YPE3BBIYAMHO MEPCHCKTHBHOTO HAPABICHUS HC-
CJIeIOBaHU, B paMKaX KOTOPOTO BO3MOXKHO BBISIBJICHUE
NPUHIUIHAIBHO HOBBIX 3aKOHOMEPHOCTEH pa3BUTHUS
OakTepHaIbHOW MHPEKIINH, H, COOTBETCTBEHHO, (HopMu-
PYIOTCSI TIPEIIIOCHUIKA BO3ZHUKHOBEHHS MPUHIMITHATIBHO
HOBBIX pemeHuil B objacTu OOphOBI ¢ WHPEKIIMOHHOM

tates development of a very attractive field ofesgsh, martonorueii. 3a mocnenHue rofpl y pasHBIX BHIOB MHK-

within which exists ability to reveal fundamentathgw poopranusmor Gbun ommcadbl pasHble THIBI QS

patterns that control course of events during badte(quorum sensingkucrem, oOecrneyMBAIOMIMX BOCIPH-

infection, and, appropriately, preconditions fovelep- srue nomynsuueii napopMauun 0 COOGCTBEHHBIX KOIH-

ment of new therapeutical approaches also existstieé uectBeHHBIX mapamMeTpax U €€ UCHONB30BAHUE AJIS CHUH-

recent years different kinds of quorum sensingesyst XpoHH3alMU SKCIPECCHH OMPEACIEHHBIX KOMILJICKCOB

that support the perception of population quaritatresos. OanuM u3 Haubosiee HCCICAYEMBIX OOBEKTOB

conditions and ensure its application for synctsation ssusercs P.aeruginosaEé amanralMOHHBINA MOTEHIIHAT

of the certain gene expression, were describedffierd obecrneunBaer crocOOHOCTh K CYIIECTBOBAHUIO B PA3HO-

ent species of microorganisms. One of the mostieuch6pa3HbIx yCIIOBHAX BHEIIHEHR Cpelbl, BUPYJIEHTHOCT B

objects is P.aeruginosa. Its adaptive potentialvide® orHolIeHMH IIHPOKOrO CIEKTpa OpraHusMoB (0T

the ability to exist in different environmental abtions, Protozoamo Homo sapiensu BapuabenbHOCTh CTENEHU

to infect a wide range of the organisms (from Pzo#ot0 arpeccuBHOCTH KOJUIEKTHBHOIO IOBEAEHUS IMOIMYJISAIMU:

Homo sapiens) and to modulate population behaviewenpeccust $hakTopoB MaTOrEHHOCTH MPOHCXOJHUT CO-

aggressiveness in compliance with its suitabilégrée. riacoBanHo, qubGEpPEHINPOBAHHO U B COOTBETCTBUH CO

Keywords. bacterial populations, cell-to-cell communieTeneHpio cUTYaTHBHOM 1IEIeCOO0OPAa3HOCTH.

cation, quorum sensing, P.aeruginosa KunroueBsle ciioBa: P.aeruginosaaxkrepuasibHas MOIy-
JSIUS, CUTHATIbHAS TPAHCIYKLHS
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QS3AJIEKHA PEIYJISILIA BIPYJEHTHOCTI

Y PSEUDOM ONAS AERUGINOSA

Kpecrenska C.JI1., Hectepenko A.M.

Binkputrs MexaHi3MIiB MDKKJIITHHHOI KOMYHIKamii B

OaKTepiHUX TOMYJIALIAX MPU3BEIIO 10 BU3HAHHS (QaKTy

3IaTHOCTI MIKPOOPTaHi3MiB 10 KOOPJAMHOBAHOI JisSTBHO-

CTi Ta CHPWSJIO PO3BUTKY HAJI3BHYAWHO MPHUBAOIMBOTO

HAIpSMKY JOCIIIDKEHb, B MEXaX SIKOT0 MOXJIMBO BHSIB-

JIeHHS NPHHIUIIOBO HOBUX 3aKOHOMIPHOCTEH PO3BHTKY

OaxTepianbHUX 1HQEKIIH Ta, BiAMOBIAHO, (GOpMyIOThCS

NEepPeAyMOBU [JIsi BUHUKHEHHS TMPHUHIMIIOBO HOBHX Pi-

IIEHb B rary3i 00poTh0HM 3 iH(EKIIHHO naToJoriero. 3a

OCTaHHI POKHM Y DI3HUX BHUAIB MIKpOOpraHiamiB Oyio

omucano pi3Hi Tunu QS (quorum sensingucreM, mIo

3a0e3MeuyroTh CIIPUHHATTS NOMyJIsLieto iHpopMaii mpo

BJIACHI KIJIbKICHI MapameTpu Ta ii BHUKOPHUCTaHHS IS

CHHXpPOHI3aIlil ekcipecii MeBHUX KOMILIEKCiB TeHiB. On-

HUM 3  HaWOImbII  AOCHIDKYBaHMX OO €KTIB €

P.aeruginosali aganranifimii moTeHmianm 3yMOBIIOE

3/IaTHICTh JI0 iICHYBaHHS B Pi3HOMaHITHHX YMOBaX 30B-

HIITHBOTO CEepPEeIOBHINA, BIPYJICHTHICTh 1O BiIHOIICHHIO

J0 LIMPOKOrO CHEeKTpy opraHismiB (Bim Protozoa go

Homo sapiensra BapiabenbHIiCTh CTYIEHIO arpeCHBHOC-

TI KOJEKTUBHOI MoBeliHKKM momyisuii. Excnpecis dak-

TOPIB MATOTCHHOCTI BiIOYBAETHCS Y3rOKEHO, AU(epeH-

LIOBaHO Ta Yy BIAMOBIIHOCTI 31 CTYIEHEM CHTYaTHBHOI

JIOLLTBHOCTI.



