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OBPA30BAHUE BUOMJIEHKH U CUHTE3
PAMHOJIUTIUI0OB PSEUDOMONAS AERUGINOSA
ATCC 15692 B IMNPUCYTCTBHH CUI'HAJIBHOI'O
XHWHOJIOHA H EI'0 CUHTETHYECKUWUX AHAJIOIOB

Hean, OueHka BALARHNR eK3028HA020 CleHalbro20 xunoaota (Pseudomonas
Ruinolon Signal — PRS) — 0dnozo 13 aymoundysmopos cucmeMst quorim
sensing y Pseudomonas geruginosa — 4 e2o cunmemuyerKuy aHai0208 na
cunmes pomrotunudos. Memodw. Kaemuu Pseudomonas aeruginosa ATCC
15692 unkyGuposain 24 waca 8 48-aguxosoix mianuwemax «Nunclons 8
RPUCHMICHEUE CHMMEMUNECKUX anatozos 2-zenmut-3-eudpokcu-4-xunoiona
(POS). wru eco cunmemuneckux anaaozos (2-oxmui-, 2-wosua-, uag
2-taypua-J-2udporcu-4-xunotona ). Koneuusie KoryeHmpayut coedunenud
codepxycaan om [0 do 120 wxeM. Codepmanue pamnoaunudog onpedeifin
RO Peakyul ¢ opyuNoass peakmuaosd, Peagavmamet. [Toxaaano, ymo akso-
2ennbitl PRS & konyenmpayunx 40, 60 u 80 uxeM awawsaem sospacmanue
yposHa pamuotunudos & 1.9 3.9 u 5.2 pasa, coomegememaenno. Hosptuenue
KOMREHMPANLY cueuaienoco sudoaona do 100 u 120 ueM chuxaem eco
cmumyaupyiowee dedcmeue na 26% u 50% no cpasuenuw © YposHes, Ko-
moped Guca gapeeucmpuposar npy 80 weM PQS. Hpu smoi koryenmpayun
KOAUHECM B0 HAGHKMORHBLY KiemoK yeeauuusaemcn & 3.4 pasa, a macca
fGuonténky sdace. AKMUSHOCINE CHHMENTHYECKEY GHAN0Z08 3GEUCHNT OM
HuCcAQ QMoMos yeaepoda 8 ayuasrol yenu: ocmui-xuroaon (C) > HOHWA-
xunoron (C,) = aaypui-xunoron (C, ). Hauboavuwee ROSBUUEHIE [POBHA
Ouocypdaxmarmos ommeweno 8 npucymoemauy 80 meM oxmuas-xunosona
— na 65%. flsa dpyzux anoio0za yaeiuynsarom ezo Ha 3% u 20% . Bugo-
dot. OnmuMaibHaR KOHLEHMPAQUR cuera bmio2o xuxotona (PQS), komopas
MOKCUHMEALHG ROSDLAaEm CURMes paMuolunudos, cocmasinen 80 wxM. He-
cAedosarHble ClRmMemudeckie asaiost PRS yomynaion eqy & CRocofrocma
akmusuposams cunmes Ouocypraxmanmos Pseudomonas aeruginosa.

Kawuesnte caosa: pasnoiunuds, PQS, cunmemuveckue anaitoeu PRS,
Pseudomonas aeruginosa.

Pamuonunuael — OHoCYp(aKTaHThL, NPpoLYUHpYeMble DakTepHAMH poia
Pseudomonas, a TakKe HeKOTOPHIMH NPeJACTABHTENAMH NPYTHX PONOB H
cemeficTe [4], Gnarogaps CBOMM (DH3HKO-NMMHYECKHM CBOHCTBAM HaXOAAT
IIHPOKOe MpakTHYeckoe mpuMeHenHe. OHH He YCTYNawT XMMHYECKHM Cyp-
(haKTaHTaM MO IMYALIHpYIOLWEH cnocobHocTH [3,8], 4To naet BO3IMOMKHOCTE
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athiheKTHBHO HCTIONB30BATE HX A1 OHOpPEMEIHAUWH 3arpA3HEHHBIX TOYB
[11], noebienus nedreornaqn |17]. Kpome toro, onu obnanaioT aHTHMH-
KpoGHO# akTHBHOCTEIO [16], HCMONB3YIOTCA B KOCMETOJIOTHH, TTPOH3BOACTEE
cpencts OwiToBoH xumuK [5]. Ocobbili HHTEpEC NpeacTaBAfeT HX NPHMeHe-
HHE B KayecTBe JeKapCTBEHHBIX CPEICTB B OHKOJIOTHH H nepMmaToioruy [14].
[TpakTHyeCcKoe HCNOJNbL30BAHHE PAMHOJIHIHLOB OrPAHHYEHO BLICOKOH CTOM-
MOCTBIO HX MPOH3BOACTBA. B cBA3HM ¢ 3THM, akTyanbHoll 3anavell sBasercs
OINTHMH3ALHHA ]'IPUU.E‘L'EUB FIDII}I"-]EHH!H ﬁHUL’}"pLi]HHTHHTUE H NOBLILIEHHE BRIXOOA
KOHEeYHbIX MPOLYKTOB. B HacTofALIee BpeMa 115 3TOr0 HCIOAB3YIOT HECKOIBKO
NogxonoB; DDJ].E!GP ONTHMAJABHOMD COCTABd KYJBTYDAJMbBHBIX CREL, CRJJeKLIHA
HaAMpooyLeHToB, redHas uHxenepusa [10]. YuuTeiBas, 4yTo cHHTE3 pamHO-
NHIHI0B HAXOAUTCS N0 KOHTPOAEM CHCTEME MEXKKIETOUHOH KOMMYHHKALIHH
(quorum sensing) u, B 4wactHocTH, eé rhl-spena [12,13] npencrasnsercs
NepcrnekTHBHBIM TOIX0M, OCHOBAHHBIH Ha AKTHBAUMH (DYHKUHOHHPOBAHHS
paunol cuctemsl. Llensio ganuoi paGoTs! Oblla OLEHKA BIHAHHA €K30reHHOro
CHTHANBHOTO XHHOMOHA (PQS) — 0nHOTO H3 ayTOMHAYKTOPOB CHCTEMBI JUOrUIM
sensing y Pseudomonas aeruginosa — ¥ €ro CHHTETHYECKHX AHAJOIOB Ha
CHHTE3 PaMHOJHMHIOB.

MaTepnansl v MeToAbI

B pabore nenonszosany wramm Pseudomonas aeruginosa ATCC 15692
(ONU 300) u3 koajeKUHH MHKPOOPraHH3MOB Kadenpbl MHKPOOHOJOTHH,
prpyconorud 0 GuoTexnoaorud OHY nmenn M. Meunnkosa, CHrHaibHEI
xHHONoH (PQS) H €ro CHHTETHYECKHE aHAJNOMH, OTIHYAIIHECH MJIHHON alH/Ib-
HOH LenH, ObLIH CHHTe3HpoEaHE B BHoTeXHoJOrHYeCKOM HaydHO-yuyeOHOM
uentpe OHY umenn H.H. Meunukosa:

S eI

2-renTHa-3-THAPOKCH-4-XHHOIOH 2-HOHHA-3-THAPOKCH-4-XHHOIOH
(POS) { HOHII=XHHOIOH )
9!
@E “jii/\/\/
M
|
H
2-0KTHI-3=FHAPOKCH-4-XHHOI0M 2-naypri-3-ruapokcH-4-xunomon
{DETHI-XHHOIOH ) {MaypHI-XHHOIOH )
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Heenenosanua npoBoaHIH B CHCTEME NTAHKTOH—OHONIERKA B 48-TyHOUHRIX
NOJHCTHPOJOBBIX MIOCKOAOHHBIX ManieTax «Nunclon». CyTouHYIO KYJILTYDY
P. aeruginosa pa3soiuid CTEPHIBHEIM (HIHONOTHYECKAM PACTBOPOM H BHO-
CHJIH B JIYHKH [1aHLIeTOB, coldep:alux no 1 ma cpenwt ['mea no koHeuHod
konuentpauny 10% knetok,/ ma. [TnaanweTs: nHKyGHpoBaau B Tedenne 24 yacos
npu 37 °C. Ina ouenku spdextos PQS H ero CHHTETHYECKHX aHANOIOB HX
noGaBasAan B JYHKH [JIAHIIETOB A0 KOHeYHBIX KoHUeHTpaumid 10—120 mxM.

Yepes 24 yaca M3 KamI0H NYHKH TLATENLHO OTOMPANH ILIAHKTOHHLIE
KYJALTYPEI H CMEKTPOQOTOMETPHYECKH OLEHHBAAH KOJHYECTBO KJAETOK MpH
anue BoaHel 540 uv. Bronnénky Ha OHE AYHOK OTMBIBATH (HHIHONOTHIECKHM
pacTBopoM M (ukcHposanu 96% stanonom B Teyenne 10 mun [15]. 3atem
ux okpawueann 1% BOOHBIM PacTBOPOM KPHCTANJIHUECKOTO (PHOJETOBOTO
B TedeHHe D MHH npH KomHaTHoH Temnepatype. [lnanwers: ¢ okpalleHHof
OHONNEHKOH BEICYWHBAIH 24 yaca NpH KOMHaTHOH TEMNEpaType H 1o0aBnsAaH
B Kax/Iyl0 JyHKY no | ma ausupyouero pacteopa, cogepxawero 1% mo-
neumacynspara Hatpua & 0,1 M NaOH. [nanwets seinepxueany 1,5 yaca
[P KOMHATHOH TEMIEpPaType 10 NOJAHOro pactsopeHus Ouonnénkd. Koaunve-
CTBO KPHCTANIHYECKOTO (DHONETOBOTO ONPeNensii 110 ONTHYECKOH TJIOTHOCTH
ONMBITHBIX H KOHTPOJABHLIX 06pa3ios Ha cnektpodoromerpe SmartSpec Plus
(Bio-Rad, Hungary) npu naune soansl 592 um.

PaMHONMOKAB M3 CYNEPHATAHTA, NOJYUEHHOTO MOCae UeHTPHyrHpoBa-
Hus KyaeTyp npu 1500 g, ocaxnanu nocne nosenends pH no 6,5 75 MM
pacteopom ZnCl, [7]. Yepea 20 mun npeunnutat pacTeopaad B8 0,1 M
HATPHH LpﬂchaTEfmi oygepe (pH 6,5). TMoayuennsie pacTBOpb IABAXIbI
IKCTParHpoBaan b ma xaopodopma. OpranHueckyro hazy oTGHPaIH B YHCTHIE
20 ma haakonsl M Henapsad Hacyxo, Ocanok Ha aHe GakoHOB PacTBOPAIH
B 100 mkn meraHona.

KU.‘!H‘-IE‘CTEU PHMHUJIHFIH,E.UE B {IEPHBHHK U[]]’_’IEREJ‘IH.‘]H C MOMOLULE) {JPLLH-
wosoro tecra. K 100 mxa ofpasua pamMHOJAMNHLOB B MeTaHode 100aBasau
400 mxan H,O u 500 men opurHoBOrO peakTHBa. PeakuUHOHHYIO CMECh KHIA-
THJIH Ha BOASHOH Gane 20 MUH 00 H3MEHeHHS OKPACKH C MENTOH Ha 3eJEHVI0
H H3IMEPAJM 3KCTHHKLUHMIO KOHTPOJIBHBIX H ONBITHBIX 00pPAasLOB NpH IHHE
Bodtbl 670 um [9].

Bce skcrnepuMeHTHl MPOBOIHIH TPHAKIL ¢ 6 NMOBTOPAMH B KaMIOM,

CraTHeTHaeCKY 0 00paboTKy Pe3yibTaToB MPOBOAKIH ¢ HCNONb30BAHHEM
OGILEeNPHHATHIX METOLOB BapHALMOHHOTO aHanuza. PaccuuThiBamu cpennue
3HaueHus nokasarened (X ) 1 X CTaHIAPTHYIO OWHOKY (S,-). docToseprocTs
OTJAHYHH MEKIY CPeIHHMH ONpefeasnu no KputepHio CThIONEHTa HA YPOBHE
IHAYHMOCTH He meHee 95% (p==0,05). MaTemaruueckue pacueThl OCYLIECT-
BJfJIA € MOMOLILI0 KoMNblOTEpHOH nporpammer Excel [2].

PeayabTarbhl H HX oGCyKaeHHe
YUyHTHIBAA, UTO CHHTE3 DaMHOJHMMHAOB Haxoautca y Pseudomonas
aeruginosa nojl KOHTPOJEM CHCTEMbI MEKKJIeTOYHOH KOMMYHHUKALHH, HC-
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CJ€N0BAHHA TPOUBOAHJIH B VC/AOBHAX, CNOCOOCTBEYIOILIHX AKTHBAUHH BCEX
3BeHbeB quorum sensing. [lonyueHHsle pesyasTaThl (puc. 1) nokasanu, uto
3K30TeHHBIH CHIHANLHLIH XHHOMOH MOoBLILUAeT CHHTe3 OHocypdaktadTa, Ha-
yuHas ¢ koHueHTpaund 40 MmxM. Menbine konuentpaunn PQS sameTHoro
stpderra He okaswiBanu. B nuanazone konuentpaunii 40—-80 MM nadnwona-
€TCA TMPONOPLUHOHAMLHOE YBEeJHYeHHE CHHTe3a pamHoaununos. Hx yposens
poapactaeT B 1,9; 3,3 u 5,2 pasa B npucyrcteuu 40, 60 u 80 mxM PQS,
cooteerTcTEeHHo. JaibHelee Bo3pacTaHie KOHUEHTPALME CHIHANLHOTD XH-
HOJOHA CHHMAET ero cTHMyaupyoumi agiext. [pu kosuenTpaumax 100 u
120 MKM copepsaHKe PAMHOJUNKAOB B CYIIEPHATAHTE YMeHblIaeTes Ha 26%
u 50% no cpaBHEHHIO ¢ MAKCHMATLHEIM YPOBHEM, KOTOPEIH HaBMIONACH NPH
80 MM, M3meHeHns OBYX ApYTHX NokKasaTenel: KOJNHUECTBA MAAHKTOHHBIX
KAETOK H Macchl OMONAEHKH, HOCHT TakoH ke xapaktep. B npucyrcreuu
80 MM PQS KoauyecTBO NAAHKTOHHEIX KJETOK BodpacTtaeT B 3,4 paza, a
Macca OHOMNMEHKH BABOE MO CPABHEHHIO C KOHTpoJeM. boJiee HU3KHH ypoBeHb
NpUpocTa OHONJEHKH MO CPABHEHHID C MJAHKTOHHBIMH KJETKaMH CBA3aH, No-
BHAHMOMY, C BBICOKHM COIEPKaHHeM PaMHOMHIHIOB, KOTOpPbIE CTIOCOBCTBYIOT
OTKPEIIEHHI0 KAETOK OT OHOMAEHKH M MX Nepexoly B uakyio dasy [6].
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Puc. 1. CaHTES PAMHOJHNHI0BE B CHCTEME NAAHKTOH—0HONIEHKA B NPHCYTCTRHH
susorennoro POS
[Ipumeuanue: * — pasiuuds 1oCTOBSPHEl N0 CPABHEHHIO ¢ KOHTPOAEN
Fig. I. Rhamnolipids biosynthesis in plankton—hiofilm sysiem in presence of
exogenous PQS
Mote: #* — the differences were significant in comparizon with control

CHHTETHYECKHE aHAMOTH CHIHAJBHOTO XHHOJOHA TaKMe MOBHWAT
CHHTE3 PAMHOJIHIHLOB, OAHAKO HX 3(D(PEeKTHBHOCTb CYLIECTBEHHO HUMKE [0
cpaenennw ¢ PQS (pue. 2).
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AHTHEHUCTB CHHTETHYECKHX dHAJM0T0B 3dBHCHT OT YHCE aTOMOB ::."FJTEPU.H.E
B AUMIbHON Uenmn: okTHA-xuHoaoH (C,) = Honua-xuHoaoH (C,) = naypua-
xuHoqoH (C, ). Hanbosbwee ysesHyenne ypoeHs GHOCYPHEKTAHTOR OTMEYEHO
B npucytcTBHy 80 MKM okTHA-xMHOMOH — Ha 65%. MBa apyrux asanora
(HOHHJ- H JAYPHI-XHHONIOHB) NOBbIWAT ero Ha 35% u 20%. Koanvectso
IIAHKTOHHBIX KIETOK [1PH BHECEHHH B CPELY KYJILTHBHPOBAHHS ITHX BELLECTB
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Puc. 2. CunTes paMHOJHMHLO0E B CHCTEME NJAAHKTOH—GHONAEHKA B NMPHCYTCTREHK
CHHTETHUYECKHX anatoror POS
H[}HMELIHHH(’.: * — PAZMHYHA DOCTOBEPHLL M0 CPABHEHHID C KOHTPOJIEM

Fig. 2. Rhamnolipids biosynthesis in plankton-biofilm system in presence of PQS
synthetic analogs
Mote: % — the dilferences were signilicant in comparizon with control

Takum o6pasoM, NPoBeAEHHOE HCC/EN0BAHHE [TOKA3AJ10, YTO CHIHAJLHbI
XMHOJIOH P. geruginosa B cHCcTeMe NIaHKTOH—OHOMIEHKA CY1IeCTBEHHO YBeH-
YHBAET CHHTE3 PAMHOJHITHAOR, KOTOPKIH obecneudBaeTes ril-38eHOM CHCTEMb!
MexKaeTouHoH KomMmyHukauwu. [loayuennbie pesynbTaThl MOATBepPAAIOT
BAMHYIO POk Pgs-3BEHA B AKTHBALIMM TPOLIECCOB, KOHTpOJWpyemuix rfil-
speHoM. Panee Obl0 noKasaHo, 4To sk3oreHHbil PQS yeenuunBaeT npoyk-
unio nuounanuna wrammom P. geruginosa PAQI [6,10] » soccTanasnusaer
CHHTE3 3TOr0 MHIMEHTa B NPHCYTCTBAH HHTHOMTOpPOB quorum sensing [1].
Kpome Toro, pgs-MyTaHThl, HMelolHe MoJHOIeHHOe rhl-3B€HO, He 00pasyoT
PAMHOJHIMK/LL, CHHTE3 KOTOPLIX BOCCTAHAB/IHBAETCA NOC/E BHECEHHS B cpefy
CHTHAABHOTO XHHOoMoHA [10].
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YTBOPEHHSI BIONJIIBKW | CHHTE3 PAMHOJIINILiB _
PSEUDOMONAS AERUGINOSA ATCC 15692 3A NPUCYTHOCTI
CHIHAJILHOTO XiHOJIOHY TA KOO CHHTETHYHHX AHAJIOTIB

Pedepar

Mera. Hocnimxenun cuHTesy paMmHofinigie P. aeruginosa 3a BILTMBY
€K30TeHHOro CHrHaabHoro xinonowy (PQS) Ta fioro cuuTeTHYHHX aHaorie 3
piZHHM HHCJIOM ATOMIB BYrJelo B auMibHOMY 3aMicHHKY. MeToau. Knituuu
Pseudomonas aeruginosa ATCC 15692 iukyOyeanu 24 ronusn v 48-nyH-
koBHx maaHwerax <Nuclon» y npucythocti 2-rentun-3-rinpokcu-4-xionony
(PQS), abo #oro CHHTETHYHHX aHamoriB (2-okTHA-, 2-HoHHA- ado 2-naypua-
J-ruspokcu-4-xinoaony). Kinuesi konuentpauii cnonyk eranosuan gin 10 no
120 MxM. BumicT paMHoniniaip BH3HAYAAH 33 peakli€lo 3 OpPLUMHOBHM peak-
oM. Peayabratn. Beranosaeso, wo exsoresnuit PQS 3a xonuexTpauii
40, 60 i 80 MxM BMKIMKae 3pocTaHHA piBHA pamdoninigis v 1.9; 3,3 i 5,2
pazu, pianoeinHo. [lingHineHHs KOHUEHTpAUIl CHTHANBHOTO XiHoaoHy no 100
i 120 MM smeniuye fioro etumyaoouy ailo Ha 26% ta 50% y nopisuaui 3
pieHem, 1o Gye 3apeecTpoBaHui npu 80 MM PQS. 3a uiei koHueHTpaii
KiILKICTL MIAHKTOHHHX KNITHH 3poctae v 3.4 pasy, a Maca BioniBkd Bagiyi.
AKTHBHICTD CHHTeTHYHHX @HAJOTIB 3aJ€MMTh Bill HHCIA aTOMIB BYIJIELO B
ALHABHOMY JAHLIOTY: OKTHA-XiHONOH (C,) = HoHuA-XiHonou (C,) = naypu.-
xinonod (C, ). HaliGineie nigguuienss pigns OiocypdakrtanTie siogMiveHo
3a npucytHocTi 80 mkM okTHa-xiHonony — Ha 65%. Hea imwmx ananora
nigBuIyIoTs doro Ha 35% i 20%. BuchoBku. OnTHMaIbHA KOHUEHTpALin
CHrHameHOro XiHomoHy (PQS), wo makcHMaabHO NiABHILYE CHHTE3 PaMHOJIMI-
nie, gopigdioe 80 mkM. Hocnipkeni cHuTeTHYHI ananord PQS nocrynaoTeen
HOMY B 30aTHOCTI AKTHBYBaTH cHHTe3 GiocypdakTantie P. aeruginosa.

Kawuopi cnoea: pamuodiniay, PQS, cuurernuni ananorn PQS,
Pseudomonas aeruginosa.

188N 2076—-0558. Minpodionoda | flomexnosoein, 2013 M 3 C. 3240 —— 3?




Myxaic AGenasadac, M.b. l'aakin, A.C. Cemeneus, T.0. ®ininora

Muchlis Abedalabas, M.B. Galkin, A.5. Semenets, T.0. Filipova

Odesa National Mechnykov University,
2, Dvoryanska str., Odesa, 65082, Ukraine, tel.: 438 (048) 765 33 61,
e-mail: tphilippovag@onu.edu,ua

BIOFILM FORMATION AND RHAMNOLIPIDES
BIOSYNTHESIS IN PSEUDOMONAS AERUGINOSA ATCC
15692 IN PRESENCE OF SIGNALING QUINOLONE AND ITS
SYNTHETIC ANALOGS

Summary

Aim. Discovering of the rhamnolipids biosynthesis in P. aeruginosa
in presence of exogenic concentrations of Pseudomonas Quinolone Signal
(PQS) and its synthetic analogs with different amount of carbon atoms in
acyl chain. Methods. Pseudomonas aeruginosa ATCC 15692 cells were
incubated for 24 hours in 48-wells plates «Nuclon» in presence of the
2-heptyl-3-hydroxy-4-quinolon (PQS), or its synthetic analogs (2-octyl-,
2-nonyl- or 2-lauryl-3-hydroxy-4-quinolon). Final concentrations of the dis-
covered substances were from 10 to 120 pM. Rhamnolipids concentrations
were determined with the orcinie test. Results. It was shown that PQS in
concentration 40, 60 u 80 uM causes increase of rhamnolipides level in 1.9;
3.3 and 5.2 times, respectively. Increasing of the PQS concentration to 100
i 120 uM decrease its stimulation effect to 269% and 50% in compare with
the level, it was determined with treatment of P. aeruginosa culture with
80 puM of PQS. When this concentration was used, planctonic cells numbers
increase in 3.4 times, and biofilm mass — twice. Synthetic analogs activity
depended on carbon atoms numbers in the acyl chain: octyl-quinolone (C,)
= nonyl-quinolone (C,) = lauryl-quinolone (C,,). The highest level of the
biosurfactant stimulation was determined in presence of the 80 uM of the
octyl-PQS — up to 65%. Two other analogs increase its level in 35% and
20% . Conclusions. Signaling quinolone (PQS) optimal concentration, that
increases rhamnolipids biosynthesis in maximum level was 80 pM. Studied
synthetic PQS analogs showed the lowest ability to increase biosurfactants
biosynthesis in P. aeruginosa compare with PQS.

Key words: rhamnolipids, PQS, PQS synthetic analogs, Pseudomo-
nas aeruginesa.
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