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Llenbio pabGOTHI IBISIETCS UCCIIeTOBaHME IPUPOIEI MHTMONPOBAHMS CUCTEMBI “KBOpyM ceHcuHTa” (QS) y
MoenbHOI 6akrepuu Chromobacterium subtsugae 026 (panee — C. violaceum 026) 3KCTpaKTOM JIMCTHEB DB~
Kanunrta npyroBungHoro (Eucalyptus viminalis Labill) c unentudukaimeii B ero coctaBe MOJIEKYJI C COOTBET-
CTBYIOIIIMM BapUaHTOM OMOJIOTMYECKON aKTUBHOCTHU. TeCTUpOBaHME LIETBHOTO 9KCTPAKTa MOKa3aja0 BbI-
paxeHHY0 QS-MHTMOUPYIOITYI0 aKTUBHOCTD, Pa3BUBAIOIIYIOCS B IIMPOKOM JIUAITa30He KOHIIEHTPALIWiA, B
HECKOJIBKO JEeCATKOB pa3 HMXe TpeOyeMbIX ISl TMOAaBIeHUs] OaKTepUalbHOTO pocTa (COOTHOIIEHUE
MUK, /ECsq =43.6). Xumnuecknii aHaIM3 00HapyXMBaJ B 9KCTPAKTE MPUCYTCTBHUE LIECT MAJIBIX MOJIEKYIT
PACTUTENIBHOTO TPOUCXOXKAEHUsT (muporawion, 2,3-muruapo-3,5-gurunpokcu-6-metnin-4H-nupan-4-1,
mumoi, 4-((1E)-3-runpokcu-1-npomeHni)-2-MeTOKCU(pEHOJI, TaJUIOBasi U IMaJIbMUATUHOBASI KHUCJIOTHI).
QS-unrubupyromuii 3hdeKT 3TUX coenuHeHuii B otHoleHun Chromobacterium spp. paHee ObLUI MOKa3aH
B 9KCITEpUMEHTAX ix Vitro VIV TIpeicKa3aH Ha MofesX in silico. Cpeny MUHOPHBIX KOMITOHEHTOB aHAJIM3H -
PYEMOT0 3KCTpaKTa UACHTU(DULUPOBAHBI Y-KaNPOJIAKTOH U Y-OKTaHOJIAKTOH, CTPYKTYPhI KOTOPBIX I€MOH-
CTPUPOBAJIM CXOICTBO C aBTOMHAYKTOpamMu QS — anuanpoBaHHBIMM TOMOCeprHIaKToHaMu. MccenoBa-
HUE XMMHWYECKU CHHTE3MPOBAHHBIX aHAJIOTOB JaHHBIX MOJIEKYN B 6uorecte Ha C. subtsugae 026 BIiepBbIe
MokKa3ajio Hamure y Hux QS-MHruoupylomeil akTUBHOCTH, XapakTepudyeMmoii BennunHamu ECsy = 354.2
u 145.6 MKr/mi cooTBeTCTBEHHO. ObOraiieHne UeJIbHOrO 9KCTpaKTa JUCThEB IBKATUINTA MPYTOBUIHOTO
Y-KaITpoJIaKTOHOM WJIH Y-OKTaHOJAKTOHOM CYIIECTBEHHO yCWINBaiIo QS-WHTHOupYyIolee AeCTBUE O~
JMOOHBIX KOMIO3ULIMA, TIpU M3000J10rpadnueckoM aHaIr3€e OlLlIeHBaeMOe KaK B3aMMOIONOIHS IO (a1 -
IUTUBHBINA) WA B3aMMHO ITOTEHIIMPYEeMBIii (CyIlepaqIuTUBHELN) 3P (eKTHI.

KmoueBble coBa: quorum sensing, Chromobacterium subtsugae, Eucalyptus viminalis, y-KanipOJaKTOH, Y-OK-
TaHOJIAKTOH

DOI: 10.31857/S0026365622600626, EDN: NMRUHT

“KBopyMm ceHcHHr” (aHIII.: quorum sensing, QS) —
9TO MPOLECC XMMUUYECKONH KOMMYHUKALUU MEXIY
GakTepHalbHBIMUA KJIETKAMM, OCHOBAHHBIII Ha OCy-
ILIECTBJIIEMbIX UM OMOCUHTE3€, CEKPELIUU, PeLICTTLINI
Y CKOOPAMHUPOBAHHOM OTBETE Ha MaJible CUTHAJIbHbIC
MOJIEKYJIbI, Ha3bIBaeMble aBToMHIykTopamu (Whiteley
et al., 2018). MTOoroBbIM pe3yabTaTOM II0JOOHOIO
B3aMMOICUCTBUSI SIBJSIETCSI CHHXPOHHOE U3MEHEHUE
MpoGUIst TPAHCKPUIILIMOHHOM aKTUBHOCTH GaKTepU-
AJILHOM MTOMYJISILIMKI, HaJESIoIIee MPOKAPUOTUICCKIE
€000I111eCTBa HEKOTOPhIMU CBOMCTBAMY MHOTOKJIETOU-
HbIX opraHu3MoB (Mukherjee, Bassler, 2019).

M3BeCTHBIM TAKCOHOM, PEa3yIoUM (heHOMEH
“KBOpYyM ceHcHHTA” , saBIIsteTcs pon Chromobacterium, y
MpencTaBUTe/Ieii KOTOPOrO MEXKJIETOUHAs: KOMMY-
HUKALIMS OMOCPEayeTCsI aBTOMHAYKTOPAMHU U3 TPYII-
bl alMJIMPOBAHHBIX TOMOCEPUHIAKTOHOB (AIJI),
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obpasyembix cuHTa3oit Cvil m BocmpmHMMaeMBIX
oenmkomMm-peuentopom CviR. IMocaennmit, ipencyme-
CTBYIOIIUI B LIUTOILIa3Me OaKTepUaIbHBIX KJIIETOK B
BUJIe TOMOAUMeEpa, ITOC/Ie B3aUMOIECHCTBUS C ABYMSI
Mosekyiaamu AlJI mepexoaut u3 “3akpbIToii” B “OT-
KpBITYI0” KOH(opMalinio U cBsa3biBaeTcss C-KOHIle-
BBIMHM ToMeHaMu ¢ xpoMocoMHoi JIHK B 3oHax ma-
muaapoMoB CTGNCCNNNNGGNCAG, roe aktu-
BUPYET TPAHCKPUIILIUIO PACIIOJOXEHHBIX PSIOM
reHoB: cuctembl cekpeuuun VI tumna (CV_1432), xu-
trHa3bl (CV_4240), TpaHCKPUIILIMOHHOTO PETYJISITO-
pa (CV_0577) u ryanunnge3amuaasbel (CV_0578), a
TaK:Ke€ CUHTA3bI cvil, 4TO B mOcClIenHeM ciiydae ¢op-
MUpPYeT KAaHOHNYECKYIO METIIO0 ITOJIOXKUTEIBLHOM 00-
paTHoii cBs3u aBTouHaykuuu (Stauff, Bassler, 2011).
Haub6oiee ke n3BeCTHBIM (heHOTUTTMYECKMM IPOSIB-
JICHWEM, HaXOOSIIIMMCS II0n KOHTpPOJeM “KBOpPYyM
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Puc. 1. CtpykrypHble ¢opmyiibl N-rekcaHou-L-romo-
CEpUH JIAKTOHA (), Y-KapoJaakToHa (0) U Y-OKTaHOJIAK-
ToHa (B).

ceHcuHra” y Chromobacterium spp., siBJsieTcsl oopa-
30BaHMe CUHe-(UOJIETOBOTO MMTMEHTa BUOJalleHa,
CUHTE3UPYEMOro M3 aMMHOKHUCJIOTHI TpunTodaHa
moa, KoHTpojeM vioABCDE-onepoHa, IpoMOTOpP KO-
TOPOTO TaKXe UMeeT CalT 11 celn(UuIeCcKOro CBsi-
3piBaHMs 6eaka CviR (Swem et al., 2009).

ITockonbKy OMOCHMHTE3 BHOJIAllEMHA IO3BOJISIET
MPsSIMO OLIEHHWBAaTh aKTUBHOCTh cUCTeMbl QS, xopo-
1110 BU3yaJIbHO OOHAPYKMBAETCS U NOCTYMEH JJIs1 KO-
JIMYECTBEHHOM pErucTpalyry, OCHOBAaHHBIA Ha HEM
OMOTECT CTaJl IOIYJISIPHOM MOJIEJIBIO ITPY MCCIEA0Ba-
HUM Pa3JIMYHBIX aCIeKTOB “KBOPYM CEHCHUHTra” y
oakrepuii (Kothari et al., 2017). I1pu aTom Haubonee
BOCTpPE€OOBAaHHBIM UISI YKa3aHHBIX LIEJeil SIBISIETCS
na6oparopHblii mtamMm C. violaceum 026, npou3Bo/-
HBIH oT “aukoro” n3ongra C. violaceum ATCC 31532,
HO, B OTJIMYME OT IOCJIEIHETO0, UMEIOIINI MHCEPLIIO
TpaHcIo3oHa mini-Tn5 B reHe cuHTtasbl cvil (McClean
et al., 1997). B pe3ynbrare yKa3aHHOIO MyTallMOHHOTO
coorwitus C. violaceum 026 yrpaTuyl CHIOCOOHOCTH K 00-
pa30BaHUIO COOCTBEHHOIO aBTOMHIyKTOpa IN-rekca-
How-L-romocepuniiaktoHa (Cg-AlJl) u, xak ciuen-
CTBHE, CIIOHTAaHHOMY CUHTE3y IIMTMEHTa BUOJIaller-
Ha, HO COXpPaHWJI BO3BMOXHOCTb €TI0 BOCCTAHOBJICHUSI
B IPUCYTCTBUU 9K30reHHO BHocumoro Cg-AlJl. He-
ckonbko et Ha3an C. violaceum ATCC 31532 u ipo-
W3BOIHBIN OT Hero JyiabopatopHsbiii mramm CV026
obLTM pexiaccuduuupoBanbl Kak C. subtsugae (Har-
rison, Soby, 2020) ¢ coxpaHeHHEM 3a HUMH HCXOI-
HBbIX HOMEPOB B MEXIyHapOAHbBIX KOJUICKILIMSIX U He-
M3MEHHOCTHU IIPEACTABIICHUII O peaau3yeMBIX UMU
MEXaHU3MaX MEXKJIETOYHON XUMHWUYECKOU KOMMY-
HUKaIUU.

OnmHUM U3 HaIpaBJIeHUIA UCIIONIB30BaHMS OMOTECTa
Ha ocHoBe C. subtsugae 026 BJsIeTCS TIOVUCK MHTUOUTO-
pOB “KBOpYM CEHCHMHra”’, aKTyaJlbHOCTb KOTOPOIO
OIpenesieTcs] HATMIMeM aHaJIOTUIHBIX CTePEOTHITHO
YCTPOCHHBIX CUCTEM Y IIIMPOKOTO Kpyra 300IaTOreH-
HBIX ¥ (DUTOIMATOTeHHBIX MPOTEOOAKTEPUIA, MCIIONB3Y-
FOINX XUMIIECKYI0 KOMMYHHMKAITUIO JIJIST CKOOPIWHM-
pOBaHHOI 3KcNpeccuu (HakTOpoB BUPYJISHTHOCTU U
oOpazoBanus ouorieHoK (Remy et al., 2018). I1pu
9TOM Ha (OHE pa3zHOOOpa3Us MpemIaracMbIX ITOIXO-

TIOB, BKITIOYAIOITNX XMMUIECKYI0O MHAKTUBAIINIO aBTO-
VHIYKTOPOB, OJI0KaIy BOCHPUHMMAIOIIMX UX PELer-
TOPHBIX OEJIKOB, a TaKXKe 3aITyCKaeMbIX UMW BHYTPU-
KJIETOYHBIX CUTHAJIbHBIX KackanoB (Zhou et al., 2020),
NpUBJIEKATEIbHON aJIbTEPHATUBOM SIBJISIETCS MOUCK
MIPUPOAHBLIX WHTUOUTOPOB “KBOPYM CEHCHHIa”,
MPUCYTCTBYIOIINX B COCTAaBe JIEKAPCTBEHHBIX pacTe-
HUIA, MCHOJb3YEMbIX TPaIUIIMOHHON (HApOIHOM)
MEIUIIMHOU IJII TepaIluy IITUPOKOTO CIEKTpa WMH-
¢dexmoHHbIX cocTossHui (epsionH u coant., 2021).
B yactHOCTH, B OTHOI M3 HAIIIMX MPEAIIECTBYIOIINX
paboOT CKPMHUWHT IIMPOKOTO CIIEKTpa BOCTOYHO-EB-
pomneiicKuX JIeKapCTBEHHBIX pacTeHMI TTOKa3al Hau-
OoJice BBIPAXXEHHYIO CIIOCOOHOCTb K MHTUOMpOBa-
HUIO “KBOPYM CEHCHUHTa” y 9KCTPaKTOB KOpPHI Ay0a 1
muctbeB aBKanunra (Tolmacheva et al., 2014). B
CBOIO ouepellb XUMUYECKUIA aHAJIM3 SKCTPAKTa KOPHI
ny6a Mo3BOJIMI UAECHTU(MULIMPOBATbL B HEM MOJIEKY-
JIIPHYIO KOMITO3HUIIMIO U3 CEMHM OMOAKTUBHBIX COCITH -
HEHUIi, B COBOKYITHOCTA BOCITPOU3BOASIINX HE Me-
Hee 95% QS-mHrubupyiomero 3¢ @ekra UCXOMHOTO
pacturenbHoro skcrpakra (Deryabin, Tolmacheva,
2015).

Llenpio HacTOSIIETO UCCIETOBAHUS SIBUJIOCH ITPO-
JOJKeHUe paboT B 0003HAYEHHOM HampaBjeHUU, a
MMEHHO — aHanau3 npupoabl QS-mHrnoumpyromein
aKTUBHOCTM DJKCTpakKTa JUCTbEB HSBKaJIUNTa C
naeHTUGUKALUE B HEM U3BECTHBIX U HOBBIX pac-
TUTENBHBIX MOJIEKYJ, 3(P(PEKTUBHO WHTUOUPYIO-
IIUX “KBOPYM CeHCUHT” B buotecte Ha C. subtsugae
026 (panee — C. violaceum 026).

MATEPHAJIbI U METOAbI NCCITELOBAHUA

bakTtepuanpHblii mramMmM. B paboTe ncnonb3oBaH
nmabopatopubrit mramMm C. subtsugae 026 = NCTC
13274, monmyyennsbiii 3 National Collection of Type
Cultures (UK Health Security Agency, Benukoopura-
HUs). Ero reHeTMyeckue oCOOEHHOCTH, BKITIOYAIOLIINE
WHCEPIUIO TPAHCITO30HA mini-InS B reH cMHTA3HI cvil,
a TakKe coxpaHeHMe PYHKIIMOHAJIBHEIX cViR TeHa 1
vioABCDE-omniepoHa, ONMcaHbl BBIIIIE.

KynsTuBHpOBaHUE JAHHOTO IITaMMa IIPOBOIWIN
Ha LB-6ynboHe nipu 27°C. MHaykumo QS-KoHTpo-
JIUpyeMoro OMOCHHTe3a BMOJalleHa 3amycKaiu
BHECEHUEM XMMUYECKU CUHTE3MPOBAHHOTO aHaJlora
C¢-Alll ¢ umcroroit >98% (CAS 147852-83-3)
(“Cayman Chemicals”, CIIIA), cTtpykTypHasi ¢op-
MyJjla KOTOPOTro MpuBeAcHa Ha puc. la.

PacTurenbnbiii matepuai. OOBEKTOM HMCCIIEOOBA-
HUS SIBJISUTUCH JIMCThSl 3BKAJMIITa IPYTOBHIHOTO
(MexnmyHaponHoe HazBaHue coriacHo APG II — Euca-
lyptus viminalis Labill), Haxonsiyecst B CyXoM U3Meb-
YEeHHOM BHIIC B COCTaBE KOMMEPYECKU ITOCTYITHOTO
npenapara mnpousBoactBa AO “KpacHoropckiek-
cpenctBa” (Poccus); Ne JICP-000609/08, nata BbI-
nycka — 11/2021.
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J1s1 TIomyYeHMsI 9KCTpaKTa, B COOTBETCTBUM C MH-
CTPYKLIMEH MPOU3BOAUTENISI, K 24 T pacTUTEIHLHOIO
MaTepuana nooasisuin 200 MJI CTepUIbHONM AUCTUI-
JIMPOBAaHHOM BOIbI, KMUILITWJIM Ha BOASHON OaHe
(100°C) B TeueHue 15 MUH, MOCJIE YEro OXJIAXKIAIN
IIpXU KOMHATHOI TeMIlepaType B TecueHHe 45 MUH.
INoy4eHHBII BOMHBIMA 3KCTPAKT LIEHTPUDYTUpOBaIn
rpu 1000 06./MuH B TeueHre 10 MUH TSI yIaJaeHUS
TBEPObIX YaCTUIl, a CyIIEpHATaHT IOIIOJHUTEIHLHO
¢GuIbTpPOBAIN Yepe3 IIIIPUIECBOI (DUIBTP U3 ITOJIM-
adpupcynpdpoHa (“Membrane Solutions LLC”,
CHIA) c pazmepoM nop 0.4 Mkm. [TosydeHHBIIT 3KC-
TpakT BeIcyluBaiu mpu 60°C, B3BeIIMBaNIU (BBIXOI
coctraBuia 2.94 T uim 12.25% ot Beca UCXOTHOTO pac-
TUTEJIBHOTO Marepuana) u xpaHuau mnpu —20°C.
JanpHeie 3KCIIepUMEHThI BHIIIOIHSIIA UCXOIST U3
BECOBBIX XapaKTEPUCTUK CYXOro B3KCTpakTa, Iepe-
pacTBOpSISL €r0 B MeTaHOJIE (111 XMMUYECKOTO aHa-
JIM3a) WIM CTEPWIbHON MIUCTWUIMPOBAHHOM BOIE
(711 6MOJIOTMYECKOIO TECTUPOBAHUS).

Xumnueckuii anayms. MccienoBaHne KOMIIOHEHT-
HOI'O COCTaBa DKCTPAaKTa JIMCThEB 3BKAJIMITA IIPYTO-
BUIHOTO IIPOBOIUIIM METOJOM ra30BOii XpoMaTorpa-
¢uu ¢ macc-criekrpomerpueii (IX-MC).

IMpenBapurenbHOo 10 MT HMCCIEAYEMOTO CYXOTO
BKCTpaKTa BHOCWJIM B 1 MJI MeTaHOJIa U TIIATEJIbHO
repeMemnmBan. [Tocaenyrommii aHaIn3 BEITIOTHSITH
C WCITOIb30BaHUEM Ta30BOTO XpoMaTorpacda ¢ Macc-
ceqleKTUBHBIM aeTtekTropoM QCMS-QP 2010 Plus
(“Shimadzu”, fmoHus), cHapsSKEHHOIO KOJIOHKOI
HP-5MS (mmuna 30.0 m, nuametp 0.25 mm). Uccnemye-
MBIt 0O6pa3zelr 00beMoM 10 MKJI BBOAWIU B aHAJTUTUYE-
CKYIO s4eliKy Xpomarorpada C ITOMOIIBIO MUKPO-
mmpuna Gastight 1700 (“Hamilton”, CILIA). B xaye-
CTBE Traza-HOCHUTEJIS MCHojib3oBanu reauit (99.999%)
IIPY TIOCTOSTHHOM CKOpOCTH TToToKa 1 Mi/MuH. Mc-
XOmHAasl TeMIlepaTypa IIedM KOJIOHKM COCTaBIIsjia
100°C; TemriepaTypy MOBBIIIAIA CO CKOPOCTHIO
20°C/MuH no 290°C. MHXeKTOp ycTaHaBJIMBaIU Ha
200°C, a metexTop Ha 290°C.

INepBuuHyio 00pabGOTKY ITOIYYEHHBIX XPOMATO-
rpaMM U Macc-CITIeKTPOB ITPOBOIMIIU C UCITOIB30BaHM-
€M IITaTHOro IporpammHoro obecriedyeHust: GC-MS
Solutions 1 GC-MS PostRun Analysis (“Shimadzu”,
Snonust). OKoHYATENbHYIO MACHTU(UKALIMIO COCIU-
HEHUI1 OCYILIECTBJISUIN ITyTeM COITOCTaBJIEHUSI BpEMEeHU
WX YIOEepKUBAHUS M XapaKTepPHBIX MacC-CIIEKTPOB,
npencrabileHHbBIX B Oubnamnorekax NIST, Mainlib,
CAS, Wiley9 u DD2012. OTHOCUTEIbHOE MPUCYT-
CTBUE OTHEIBHBIX WACHTUMUIIMPOBAHHBIX KOMITO-
HEHTOB B DKCTPAaKTe BbIpaxkajiu B MPOLIEHTAX, COOT-
BETCTBYIOIIUX IUIOIIAAW OIpEleIeHHOro TIMKa B
CpaBHEHUU C CYMMapHOM IUIOIIaAbl0 BCEX MUKOB Ha
XpoMaTorpamme.

XyuMH4ecKne coeIMHEeHNs — aHaJIOTH MAJIBIX MoJie-
KYJI PACTHTEJIbHOro npoucxoxaenus. [1o pesyabratam
XAMWYECKOTO aHAIN3a B UCCIET0OBAaHUE OBLIN BKITIO-
4yeHbl Y-KanponaakToH (CAS: 695-06-7) u y-okTaHo-
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JiakToH (CAS: 104-50-7) co creneHblo YucTOThI 98 1
97% COOTBETCTBEHHO, IPENOCTaBJIEHHbIE “Sigma-
Aldrich” (CIIA). CtpykTypHbie (pOPMYIBI 3TUX MO-
JIEKYN TIpUBEeAeHBI Ha puc. 10, 1B.

Hccaenoanue aHTHOAKTEPHABHOM W QS-MHTHOMPY-
I01Iell AKTUBHOCTEH PACTUTEIBHOIO IKCTPAKTA U MAJIBIX
MOJIEKYJT PACTUTELHOTO NMPOMCXOXKIEHHs B OMOTeCTe Ha
C. subtsugae 026 poBOIMIIOCH METOIOM CEPUIHBIX
pa3BeICHUM B XUAKOI MUTATEIBHOM Cpele, YTO O3~
BOJIJIO KOJIMYECTBEHHO OXapaKTepu3oBaTh BbIpa-
JKEHHOCTb UCKOMBIX 3((MEKTOB BEIUUMHAMU MUHU-
MasibHbIX pocT-uHruoupywmmnx (MUK) u addex-
TUBHBIX QS-MHrnoUpyIux KoHueHtpamuit (EC).

Ha noarorosutensHoM 3tane B LB-0yi1boHe pop-
MUPOBAIN CEPUM ABYKPATHBIX pa3BeleHU UCCIeny-
€MOTI'0 PACTUTEJIbHOIO 3KCTPaKTa WM MaJIbiX MOJie-
KyJl PacTUTEJIbHOTO IIPOUCXOXIEHUS B IUara3oHe
KoHueHTtpauuii ot 0.3 mo 10000 mxr/mMi1. B xaxknoe
ucclieoBaHWe BKJIIOYaIW AOTOJHUTENIbHbIE TTPOObI
LB-0ynboHa, He coaepxKalllue Ha3BaHHBIX KOMIIO-
HEHTOB U UCITOJIb3yeMbI€ B KAYECTBE TMOJIOXKUTEILHOTO
(pOCT TeCT-1ITaMMa) ¥ OTPULIATEILHOTO (CTEPUJIBHOIO)
KoHTpoJieil. Ha ciemytoliiemM atare noaroToBIeHHbIMU
npobaMu B oobeMax 1o 100 MKII 3aITOIHSIIN STYCUKU
CTepUJIbHBIX 96-TyHOUYHBIX T1aHIIeToB (“Jet Biofil”,
Kanana-Kwuraii), B KOTOpbl€ JOMOIHUTEILHO BHOCWIN
no 100 mxn Cg-AlJl B koHueHTpauuu 0.02 MKr/mi u
WHOKYJIMpoBainn 20 MKJI CyTOUHOM KynbTypHI C. subt-
sugae 026. [1151 pa3BUTHSI aHATIU3UPYEeMBbIX 3(P(PEKTOB
B OTHOIIIEHWU MCMOJb30BAaHHOIO TECT-IITaMMa B
YCJIOBUSIX €0 KOHTPOJIUPYEMOI MHAYKIIUY TJIaHIIIe-
Thl UHKYOUpoBaiu 1ipu 27°C B TeueHue 1 cyT.

O1eHKY pe3yJabTaTOB 3KCIIEPUMEHTA MPOBOIMIN
C HCIIOJIb30BaHUEM MHOTO(MYHKIIMOHAIBHOTO MUK-
porutanireTHoro puzaepa Infinite 200 PRO (“Tecan”,
ABCTpusl), nocjaenoBaTeabHO peructpupys: (1) om-
TUYECKYIO TNIOTHOCTh OuoMacchl Tipu 450 £ 5 HM Kak
IoKa3aTelb BIUSHUS MCCIEAYeMBIX KOMIIOHEHTOB
Ha pOCT TeCT-1ITaMMa; (2) KOJIUYECTBO MMIMEHTa BU-
oJlallerHa TOoCcJie ero 3TaHOJIbHOIM 3KCTpaKUUU TMpU
600 £ 5 HM Kak IToKa3aTelb BIMSTHUS Ha aKTUBHOCTD
CHCTeMBI “KBOpYM ceHcuHra”. st aToro 6momaccy
ocaxnanu npu 13000 06./MUH B Te4eHUE 5 MUH, CY-
MEpHATAHT yOAISUIM, IIMTMEHT U3BJIEKaJIH ITyTeM J0-
GaBjIeHU K Kaxmoii mpooe 1o 230 Mk 96% sraHoia,
MocJjie 4Yero ACMUIMEeHTHUPOBaHHYIO OGuUoMaccy oca-
XKmaau LHeHTpU@yrupoBaHMEeM B TOM Xe pexXuMme, a
TOJIYYEHHBIA 3TAHOJBHBIA SKCTPAKT IEPEHOCWUII B
S4YeiKM 96-JTyHOUHOTO TUIAHINETa ISl U3MEpPEHMUIA.
3HaYeHUS TIOTJIOLICHUSI OTPULIATEIbHOTO KOHTPOJIS
BBIUMTAJIM, 3HAYEHUS TIOJIOXKUTEIBHOIO KOHTPOJIS
nmpuHuMaiu 3a 100%.

IIpu uccinenoBanum 3¢pGHEKTOB KOMITIO3ULUI U3
PaACTUTEILHOTO 3KCTPAKTA M MaJIbIX MOJIEKYJT PACTU-
TETBHOTO IIPOUCXOKICHUS MX B 00beMax 1mo 100 MK
MOIapHO BHOCUJIA B JIYHKU CTEPUIIbHBIX 96-JIyHOU-
HBIX TUIAHIIETOB B MEPIEHINKYJISIPHBIX OPYT APYTY
HaIlpaBJICHUSIX, B pe3yJibTaTe 4ero c(popMHUpOBaH-
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Puc. 2. OuieHKa pocT-MHrHOMpyIomero u QS-uHrnoupy-
fo1ero 3(peKToB LEeNIbHOTO IKCTPAKTa IBKAJUIITA TIPY-
ToBUAHOrO B 6uorecte Ha C. subtsugae 026. O603Haue-
HUS: TI0 OCH aOCLMCC — KOHLIEHTPALMU IEeUCTBYIOLINX
coenuHeHUI (MKT/MJI); TI0O OCU OpIMHAT CJieBa, CIUIONI-
Hasl JIMHUS Ha rpadukax (/) — onTuyeckasi IIOTHOCTb
6unomaccel (Ollys(); Mo ocu opauHAaT cripasa, IMyHKTHP-
Hasl IMHUs Ha rpadukax (2) — onruyeckasi TUNIOTHOCTb
nurmeHTa (Olg).

Hble 00beMbl IT0 200 MK coaepxKaiu pas3jIMYHbIC
KOHIIEHTPallMOHHbIE cCOOTHOIIeHus. [TpodamMu cpaB-
HEHMS SIBISUIMCH PSIbl pa3BeleHUil, coaepxKalue
TOJBKO OJMH U3 TECTUPYEMBIX KOMIIOHEHTOB, a TaK-
K€ MOJOXWUTEIbHBIA U OTPULIATEIbHBIIA KOHTPOJIU.
HanpHeiimme nHokynsiuuio C. subtsugae 026, ero nH-
nykuuio Cg-AlTl, KynbTUBUPOBAaHUE U YYET PE3YJIbTa-
TOB KCCJIEIOBAaHMSI IIPOBOIMIIN, KaK OITMCAHO BHIIIIE.

CratucTnyeckasi 00padoTka pe3ybTaToB MCCJIEN0-
BaHusa. Bce skcneprMeHTHI BBIMIOJIHEHBI HE MEHee
4yeM B MATU MOBTOpHOCTX. [TosydeHHBIE pe3yJibTaThl
obpabotaHbl B nporpamme Excel mist Windows 10.
AHTHOaKTepruaIbHbIN 3(EeKT BhIpaKeH 3HAUYCHUSI-
mu MUK, u MUK,y,, coorBercTByromumMu 50 u
100% tiomaBieHUS pocTa TecT-ITaMMa. B cBolo ode-
penb, QS-MHrMOMpyomniasi aKTUBHOCTh OXapaKTepU-
3o0BaHa BenununHamu ECsy u EC,y,, COOTBETCTBYIO-
UMW AaHAJIOTUYHON MHTEHCHUBHOCTU BO3IEHCTBUS
Ha OMOCHMHTE3 NMUIMEHTa BUOJIAlleMHa B pacTylleid
KynbType. DdPEKTB KOMMOO3UINN pacTUTEITHHOTO
BKCTpaKTa U MaJibIX MOJIEKYJI PACTUTEILHOTO ITPOUC-
XOXIIEHUS OLIEHEHBI METOIOM M3006010TpahMIecKo-
ro ananu3a (Tallarida, 2006), mpenycMaTpuBaOIINM

YUYET PACIIOJIOXKEHUS PE3YIbTATUBHBIX TOUEK B CUCTE-
M€ KOOpIMWHAaT, onuchiBatolnx 3HayeHus: ECs, mis
KaXJI0TO U3 UCCIIEIOBAaHHBIX KOMIIOHEHTOB.

PE3VJIBTATBI 1 OBCYXIEHHNE

Jlu3zaitH ncciieqoBaHus IIpeaycMaTpUBaI UCTIOJIb-
3oBaHue 6uorecta Ha C. subtsugae 026 nus TiepBUY-
HOI XapaKTepH3alluM IIeJIbHOTO 3KCTpaKTa JIMCThEB
9BKAJIMIITA TMPYTOBUAHOTO, MACHTU(UKALIUIO TIPU-
CYTCTBYIOIIYX B HEM IIPUPOIHBIX KOMIIOHEHTOB C ITO-
CEOYIOIIMM J0Ka3aTeIbCTBOM COOCTBEHHOM OMOaK-
TUBHOCTU OTHEIbHBIX OOHAPY:KCHHBIX XMMHWYECKUX
COeIVMHEHN Wian c(pOpMHPOBAHHBIX Ha X OCHOBE
KOMITO3ULINH.

AHamm3 3¢ (eKTOB NEJLHOr0 PacTHTEIBHOTO JKC-
TpakTa B 6uorecre Ha C. subtsugae 026. BrinonHeHue
KOJIMYECTBEHHOTO OMOTeCTa Ha XKUIKOM MUTaTeb-
HOI1 cpefie ¢ UCTOIb30BaHUEM MPeABaAPUTEIHLHO BbI-
CYIIEHHOTO 3KCTpaKTa JIMCThEB 3BKAJIUIITA MPYTO-
BUmHOTO B KOHIeHTpauusax ot 0.3 no 10000 mxr/mn
TTO3BOJIMJIO KOHCTATUPOBATh CYIIECTBOBAHNE IIIMPOKO-
To aAuana3oHa KOHLIEHTpalluii, B KOTOpOM ero QS-uH-
rubupylolas akTUBHOCTb pa3BUBaach B OTCYTCTBUU
WJIM TIPU CJ1a001 BEIPAXKEHHOCTH POCT-UHTUOMPYIOIIIe-
ro addekra (puc. 2). Tak, eciii AJIst MOJIHOTO II0IaBJIe-
HuUsl 6akrepuanibHoro pocra (MUK,,,) TpedboBanach
MaKCUMaJIbHasi KOHLIEHTpAallusl TECTUPYEMOTO DKC-
TpakTa, TO a0COJIIOTHOE OJIOKUPOBAHUE OMOCUHTE3A
BuosatieuHa (EC,y,) nocturajiocs yxe B KOHIIEHTpa-
muun 1250 mxr/ma (ta6a. 1). B cBoo oyepenb, KOH-
LIEHTpaLs 3KCTpakTa, obyciopnuBammas 50%-oe
uHrnoupoBaHue QS-KOHTPOJIMPYEMOro OMOCHMHTE3a
ONUIMeHTa BuoJjalienHa B ouotecte Ha C. subtsugae
026, cocrasisuta 130 MKT/MJT TPOTUB 5666.7 MKT/MII,
Tpedyrommxcs wist 50%-ro nmomaBieHUsT OaKTepHUaIb-
Horo pocTa (cootHommenne MUK,,/ECy, = 43.6). Cre-
JIyeT TaK:Ke OTMETUTD, YTO €CJIU POCT-UHTUOUPYIOIINIA
addexT pazBuBacs Npu KOHLUEHTPALMSIX, JUIIb He-
3HAYUTEIbHO YCTYTAIOLINX TPUCYTCTBUIO DKCTparu-
pyeMBIX KOMIIOHEHTOB B Mpenapare, MPUTrOTOBICH-
HOM B COOTBETCTBUU C MUHCTPYKILIMEit MPOU3BOAUTEIS
(o cyxomy BemiectBy 14700 Mxr/mi), To QS-uHIHU-
Oupymoas akTUBHOCTh COXpaHsijiach IIpU ero 6osee
yeMm 100-KpaTHOM pa3BeOecHUU.

Tem cambIM pe3ysbTaTbl MPOBEAEHHOTO MCCIIEN0-
BaHUS pacCIIMPSIOT MPeACTaBIeHUST O MPUPOIE OMO-
JIOTUYECcKOi (B T.4. TEpaneBTUUECKOI) aKTUBHOCTHU
5KCTPaKTOB JIUCTheB 3BKaiunTa. Ilpu stom nomy-
YeHHbIE JaHHbIE XOPOIIO COIJIACYIOTCSI C HEdaBHO
OINMUCAaHHBIM QS-UHTMOUPYIOIIUM AEUCTBUEM 3KC-
TpaKTa JIMCThEB dBKaJMIITa Ki1yooBuaHoro (Eucalyp-
tus camaldulensis), B 6uotrecte Ha C. subtsugae 026
pa3BUBAIOIIMMCS B CXOIHOM Araria3oHe KOHIIEHTpa-
uuit — ot 97 mo 780 mkr/mu (Moradi et al., 2020).
AHajiorndyHble 3 EKTH 3a(pUKCUPOBAHBI Y TPU UC-
CJIeOBAaHUM BKCTpaKTa JIMCThEB IBKAJIUMTA IIapo-
BunHoro (Eucalyptus globulus), nHrnoupyloiiee nei-
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Taomuna 1. Xapakrepuctuka 3(@deKTOB 3KCTpaKTa JUCTHEB 3BKAIUNTA MPYTOBUAHOTO U UACHTU(UIIMPOBAHHBIX B €TO
cocraBe Y-JJaKTOHOB B KoJindecTBeHHoM 6uorecte Ha C. subtsugae 026

MccenyeMplii 9KCTPaKT ITapameTpsl pocT-MHIMONPYIOLIEIA IMTapameTtpnr QS-uHTHOUpYyIOIICH
WK XUMHYECKOE AKTUBHOCTH, MKT/MJT aKTUBHOCTU, MKT/MJI
cocIMHEHNE MUKy MUK, EC o ECs,
DKCTPaKT JUCThEB 10000 5666.7 1250 130
9BKAJIMUIITA IPYTOBUIHOTO
v-Kamponakton 10000 2666.7 2500 354.2
v-OKTaHOJIaKTOH 5000 708.3 625 145.6

CTBHE KOTOPOTO HAa OMOCHUHTE3 BUOJIAIIEMHA Y TUKOTO
wramma C. violaceum ATCC 12472 nonoiaHsIIoCh Mo-
naBiieHreM QS-KOHTpOJIIMPYEeMOIO pOeHMsI, 00pa3o-
BaHMS MUOLIMaHWHA U (pOpMUPOBAHNST OMOTUICHKHA Y
KOJUIEKLIMOHHBIX U KIMHUYECKUX U3OJIATOB Pseudo-
monas aeruginosa co CTepEOTUITHO OpraHN30BaHHBI-
MM CHCTEMaMU TUJIOTHOCTHO-3aBHCUMOM XWMUYE-
CKolf koMMyHUKaumu (Sagar et al., 2022).

XMMHYECKHIi AHAJIN3 9KCTPAKTA JUCThEB 9BKAJIMNTA
npyroBuanoro. Mcnons3zoBanue merona I'X-MC obGec-
MEYMJIO JOCTATOYHO BBICOKOE pa3pelleHne MEXIY
OOJIBIIMHCTBOM KOMIIOHEHTOB (IIMKOB) Ha ITOTyYeH-
HOI XpomaTorpamMme, cpeau KoTopbiX 31 coemuHe-
HIUE CO BpeMEHEM yIep>KaHUs Ha KOJIOHKE B Juara-
30HE OT 2.595 mo 11.070 MuH ObUIM MAECHTU(MULIUPO-
BaHBI C BEPOSITHOCTHIO He MeHee 80%.

Han6onee 3HaYnTEIBHBIM IIPUCYTCTBEM B aHAJIN-
3UPYEMOM IKCTPAKTE XapaKTEPU30BAINCH YETBIPE CO-
eAHEHUSI: TUIPOKCUMETUIDYpDYpo (BpeMs yaepxKa-
Hus 4.830 MUH; OTHOCUTEILHOE coaepxaHue 4.2%),
1,2,3-0eH3eHTPUOJ/TIMPOTaJUION (BpeMsI yOEpP>KaHUS
5.990 MuH; oTHOCUTENBHOE conep:kanue 4.0%), 2,3-nu-
ruapo-3,5-muruapokcu-6-metrin-4H-mmupan-4-1(Bpe-
M yaepxkanns 4.180 MIH; OTHOCHTETBHOE COZIep>KaHMe
3.8%) u posudonmon (Bpems yaepxaHus 8.935 MuH;
OTHOCUTeNIbHOE comepkanue 3.8%). I1sToe coenuHe-
HUE CO BpeMEHEM yaepKaHUs Ha KoJIoHKe 7.600 MuH,
TaK>XKe XapaKTepU3ylolleecsi OTHOCUTEILHO BbICOKUM
colep>KaHUEM B aHAJIM3UPYeMOM BKcTpakte (6.4%),
UISHTU(DUIIMPOBAJIOCH C BEPOSITHOCTHLIO MeHee 75%, B
CBSI3U C YeM ObLIO NCKITIOUEeHO U3 MOCIEIYIOIIeTo aHa-
Jin3a.

ITpu 5TOM 17151 IBYX M3 Ha3BaHHBIX KOMIIOHEHTOB
pasinyHbie BapuaHTbl QS-MHIMOUpYIOlIeid aKTUB-
HOCTH paHee yXXe OBLIN 3KCIePUMEHTAJIBHO TTOKa3a-
HBI, WIN €€ HaJW4due MPEaIroarajioch Mo pe3yiabTa-
TaM MOJIEKYJISIpHOTO NoKuHra (tabn. 2). Haubonee
XOpoIIo Togo0HbIe 3(G@EKTH TOKYMEHTHUPOBAHBI
IUIST TAPOTAJUIoa, OMOCUHTETUYECKH CBSI3aHHOTO C
raJuIoBOM KUCIOTOM (KOTOpasi TaKKe OOHapy>KMBaeT-
cs B aHAJIM3UPYEMOM 3KCTPaKTe) M 00pa3yIoIerocs
TIpH ee eKapOOKCWIMPOBAaHUHU B TIpoOllecce YacTUY-
HoIi (pepMeHTaIIMU pacTUTeabHOTO chipbs (Tor et al.,
1996). BiepBble MHTHOMPYIOIIIee BO3IECTBUE ITUPO-
rajyioja M ero aHaJIoroB Ha CHUCTEMY “KBOPYM CEH-
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CHHTA” OTIMCAaHO HAa MIpUMeEPEe MOPCKOM JTIOMUHECIIH -
pytoiieit 6akrepuu Vibrio harveyi (Ni et al., 2008) u
nocje Kpuruueckoro oocyxaeHus (Defoirdt et al.,
2013; Bali et al., 2019) monTBepXneHO B OMOTECTE Ha
C. subtsugae 026 (MauaroBa u coasT., 2019). B cBoio
ouepenb aHAJIOTUYHAsI aKTUBHOCTD 2,3-TUTUApO-3,5-
IUTUAPOKCU-6-MeTu-4H-Ttmpana-4-1 K HacTosIe-
My BpEMEHHU NpOaHaJIN3MPOBaHA TOJBKO HAa MOIEIN
in silico, moKa3aBIllleli BO3MOXHOCTh €ro pe3yJIibTa-
TUBHOTO CBSI3BIBaHUSI C pelienTOopHbIM OesikoM CviR
y C. violaceum ATCC 12472 (Mashamba et al., 2022),
HO TIOKa He TIOJIyYMBIIIE CBOETrO 3KCIepUMEHTab-
HOTO IMOATBEPXKIACHUS HA MOLEJISIX in Virto.

Cpenu gpyrux 27 KOMIIOHEHTOB, XapaKTepU3yIO-
IIMXCSI OTHOCUTEJbHBIM COJCpPKaHUEM B JMaIa30He
0.4—2.8%, no pe3yabTraraM IPOBEIEHHOIO XMMUYE-
CKOTI'0 aHaIn3a ObLI0 UASHTU(MULIMPOBAHO ellie 4 co-
€IMHEHUs C paHee MoKa3aHHOW aKTUBHOCTBIO B OT-
HOIIIEHUH CUCTEMBI “KBOpyM ceHcuHTa” 'y Chromobac-
terium spp. (tada. 2). IlomoGHoe 3akimouyeHue ObLIO
cAeNnaHO B OTHOLIEHMU |-MeTwi-4-mporaH-2-nioeH-
3oa/mmona (BpeMs ynepxkaHus 3.185 MUH; oTHOCH-
TenbHOE conepxaHue 0.2%), onmucaHHOTO Cpedau pac-
TUTEJIbHBIX MOHOTEPIIEHOB, TOAaBISIONIMX QS-KOH-
TpoaupyeMblii 6MocuHTe3 BuojalieuHa y C. violaceum
ATCC 12472 (Ahmad et al., 2015); 4-((1E)-3-tunpox-
cu-1-TporeHu)-2-MeTokcudeHona, U3BBECTHOTO TaK-
Ke KaK “KOHU(epuaoBblii cnupt” (BpeMs ynepxa-
Hus 8.410 MuH; oTHOCUTeNbHOE conepxanue 1.3%) u
paHee IMoKa3aBIlIero CBOI0 aKTUBHOCTD B O1IOTECTe Ha
C. subtsugae 026 (Deryabin, Tolmacheva, 2015);
3,4,5-TpUruaApOKCUOESH30MHOM /TAJIJIOBOI  KUCJIOTHI
(Bpems ymepxaHust 6.895 MUH; OTHOCUTEIBHOE CO-
nepxanue 0.1%), Ha mopenu in silico omMCaHHOI
cpeau APYrux pacTUTEIbLHBIX (peHOJIOB, (OPMUPYIO-
mux adduHHBIE B3aMMOAEHCTBUS C PELIENITOPOM
CviR (Santos et al., 2021) u B 9KCTIepUMEHTE in Vitro
0o0ycyioBUBIIIEll yMEpEHHOE MoAaBieHue OMOCUHTE3a
BuonaneuHa y C. violaceum ATCC 12472 (Borges
et al., 2014); a Takske rekcageKaHOBOI /TTAIbBMUTHUHO-
BOM KUCIOTHI (BpeMs yaepxXaHnus 9.480 MuH; OTHO-
curenbHOe copepxanue 0.9%), mo pesyiabTaTaM MO-
JIEKYJIIPHOTO JOKMHTa TloKa3aBleil BO3MOXHOCTh
pe3yJibTaTUBHOTO B3auMojeincTBust ¢ 6enkom CviR
(Vargas et al., 2021).
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Ta6mma 2. Majbie MOJIEKYJIBI PACTUTEJIBHOTO TPOMCXOXACHMSI C paHee MOKa3aHHOW aKTUBHOCTHIO B OTHOIIEHUU
cucrteMbl “kBopyM ceHcuHra” y Chromobacterium spp., uIeHTU(DULIMPOBAHHBIE B COCTaBE 3KCTpaKTa JIMCThEB 3BKa-

JIMIITA MIPYTOBUIOHOTO

nupaH-4-1

ATCC 12472

OTHOCHUTEIBbHOE o
NnentnduiimpoBaHHoe BapuaHTBI aKTUBHOCTH in silico niau
CrpykrypHast ¢popmyia colepkaHue .
COeAMHEHUEe in vitro
B 3KCTpakre, %
CH;
1-Metun-4-nponaH-2- CH 02 MurubupoBaHue OMOCHHTE3a BUOJIA-
WI0EH30J1 (LIMMOJT) 3 ’ ueuHay C. violaceum ATCC 12472
H;C
OH
2,3-Aurnapo-3,5-nuruma- o CBs13bIBaHUE C PELENTOPHBIM
pokcu-6-metmn-4H- \ 3.8 6enkoM CviR'y C. violaceum
(o)
HO

1,2,3-ben3eHTpuon
(muporayion)

MurubupoBaHue OMOCUHTE3a
4.0 BUOJIAlLIEHA B OMOTECTE
Ha C. subtsugae 026

3,4,5-TpurnapokcubeH-
30itHas (rajIoBast)
KHCJIOTa

CBs3bIBaHME C PELIETTTOPHBIM
oenkom CviR; mHrnoupoBanue
OGroCcHHTe3a BUOJallenHa

y C. violaceum ATCC 12472

0.1

4-((1E)-3-Tunpokcu-1-
TMPONEHMI)-2-METOKCH -
deHo (KoHUpEepUIo-

MHurubupoBaHue OMOCUHTE3a
1.3 BUOJIalleHA B OMOTECTE
Ha C. subtsugae 026

BBIii CIUPT) OCHj;
T'excagekaHoBas o)
(IMaJIbMUTHUHOBAST)

KUCIIOTA CH3(CHy)35CH;”  "OH

CBs3bIBaHUE C PELIETITOPHBIM

0.9 oenkom CviR y Chromobacterium spp.

Takum o6pa3om, pe3ynbTaThl IIPOBEACHHOTO XU-
MUYECKOTO aHaJiu3a CBUAECTEIbCTBOBAIN O MPUCYT-
CTBUH B COCTaBe aHAJIM3UPYEMOTO PACTUTEIHLHOTO
BOKCTpaKTa cpady HECKOJbKUX MaJIbIX MOJEKYJ
(10.3% or o6111e# MacChl SKCTparupoOBaHHBIX KOMIIO-
HEHTOB) C TPOTHO3UpPYeMOi WM JokKaszaHHoOU QS-
WHTUOUpyoollleli aKTUBHOCTBIO, YTO COIJIacyeTcsl C
MIPEICTABICHUSIMU O CYIIIECTBOBAHMHU aHAJIOTUYHBIX
MOJIEKYJISIPHBIX KOMMO3UIIUI, paHee ONMUCAHHBIX B
cocTaBe BOKCTpaKToB Kophl nyba (Deryabin, Tol-
macheva, 2015) unu cemsaH aBokago (Dereli et al.,
2022).

Kpowme Toro, cpeay o6Hapy>KeHHBIX MOJIEKYJI 00-
paiaiyd Ha ce0sl BHUMaHue JBa MUHOPHBIX KOMIIO-

HEHTa CO BpeMEHEeM yAep>KMBaHUsI Ha KOJIOHKE B y3-
KoM nmarrazoHe ot 4.525 mo 4.700 muH, naeHTUDM-
LIMPOBAaHHBIE KaK Y-KaMPOJAKTOH U Y-OKTAHOJIAKTOH
(OTHOCHUTENIbHOE cofepkaHue B 3kcTpakTe mo 0.4%
Kaxnabiii). [Ipy 3ToM uX CTpYKTYpHBIE OCOOEHHOCTH,
3aKJII0YAIOIINECs B HATUYMU ISITUYICHHOIO JIAKTOH-
HOTO KOJIblia C MPUCOEIUHEHHBIM K HEMY JIMHEHbBI-
MU paIuKajaMU pa3jindyHOro XMMUYECKOTO COCTaBa
U oJsipHocTH (puc. 1), TeMOHCTpUPOBAJIN OJIM30CTh
C NPUPOAHBIMU aBTOUMHAYKTOPAMU IJIOTHOCTHO-3a-
BUCHUMOM KOMMYHHUKalIUN — allUJIMPOBaAHHBIMU T'O-
MOCEPHHJIAKTOHAMM, YTO IIO3BOJISIJIO IIPEArioaraTh
BO3MOXHOCTb (DYHKIIMOHAJIILHON WHTEpPEepeHINN
MEXAy Ha3BaHHBIMM TPYIIIIaMHM MajbIx MOJEKyl1. B
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TO XK€ BpeMs B JOCTYITHOI JIMTepaType CBEIEHUS O
QS-uHrMbupyolEeil aKTUBHOCTU Y-JJAKTOHOB pac-
TUTEJILHOTO MTPOUCXOXIEHUS A0 HACTOSIIETO BpeMe-
HU OTCYTCTBYIOT.

Xapakrepuctuka QS-HMHrHOMPYIOIIEH AKTMBHOCTH
Y-JIAKTOHOB, OOHAPYKEHHbIX B IKCTPAKTE JIUCTHEB 3B-
KaJMNTa mnpyroBuanoro. B uccienoBaHue Obuiv
BKJIIOYEHBl XUMUYECKU CUHTE3MPOBAHHbBIE aHAJIOTU
Y-KanpojaKToOHa U Y-OKTaHOJAaKTOHa (CTEeNeHb YM-
ctoThl 97—98%). X TecTupoBaHMe B KOJIMYCCTBEH-
HoM 6uotecte Ha C. subtsugae 026 mMO3BOJMIO BIEp-
BbI€ BBISIBUTb U OXapaKTepU30BaThb POCT-UHTUOUPY-
oumii U1 QS-uHrubupyrommit 3¢hheKTsl JaHHBIX
MOJieKyJ (Tadu. 1). IIpu 3TOM Y-OKTaHOJAKTOH ITOKa-
3aj]1 cebs1 Kak Oosiee aKTUBHOE COENMHEHUE, 3Haue-
Hust ECg) = 145.6 mxr/Mn u EC,, = 625 MKT/MJT KO-
TOPOTO OKa3bIBAJIUCh B 2—4 pa3a HUXKe TPeOYyIOIIUXCs
JUTs oaaBieHUus1 QS-KOHTPOJMpPYyeMOTro OMOCUHTEe3a
BUOJIALIEMHA C MCIMOJIb30BAaHUEM 7Y-KampoJaKTOHA
(ECsy = 354.2 mxr/Mn u EC,, = 2500 mxr/mi). Kpome
TOro, y 000MX Ha3BaHHBIX COeAMHEHUI 3a(pMKCUPOBaH
c1a0bblil pocT-UHTHOUpYIOLIUIT 3DdeEKT, (hopMUpyro-
IIUiACI B KOHLEHTPALMSX, KPaTHO MPEBOCXOMSIINX
TpeOyeMmble mis1 pa3BUTUS QS-MHrHOUpyIomero 3@-
(exra (cootHomenust MUK;,/ECs, cooTBeTcCTBOBAIN
7.5 17141 y-KarnpoJlakToHa 1 4.9 14 y-OKTaHOJIaKTOHA).

B 1O Xe Bpems Mcnoiab30BaHUE aHAJIM3UPYEMBbIX
Y-TaKTOHOB B KOJIMYECTBAaX, COOTBETCTBYIOLIUX UX
COIepXXKaHMIO B COCTaBE€ SKCTpaKTa JIMCThEB IBKa-
JIMNTA IIPYTOBUIHOTO, ITO3BOJMJIO 3a(MKCHUPOBATh
JIOCTAaTOYHO caa0bIi o dekT (He mocTuramoimii 50%
nopaBiaeHUsT QS-KOHTPOJIMPYEMOIOo OMOCUHTE3a BU-
ollalleMHa) OpU KCIOJIb30BAHUU Y-OKTAHOJAKTOHA
WIH €ro OTCYTCTBYE MPY UCIIOIB30BaHUHM Y-KaIlpoJlaK-
TOHA, YTO MOXKET OOBSICHSIThCSI BBIXOIOM M3 IUAalia3oHa
X 3(PpHEeKTUBHBIX KOHIIEHTPpAIIMA. YKazaHHOE 00CTOsI -
TEJILCTBO SIBUJIOCH OCHOBAHUEM 151 ITPEATIOTOKEHUS
O TOM, UTO B €CTCCTBEHHBLIX YCJIOBUSX OMOAKTUB-
HOCTb Y-JIJAKTOHOB PEaJIM3YETCsI B COCTAaBE MOJIEKY-
JIIPHON KOMITO3MILIMM M3 HECKOJbKUX XMMUYECKHUX
COCIUHEHUI, IIPUCYTCTBYIOIIUX B BKCTpPaKTe JU-
CTbEB dBKAJIUIITA IIPYTOBUIHOTO (CM. BBIIIE) U 00ec-
MeYMBaIOLINX COBMECTHBIN QS-mHrnoupyiommii 3¢ -
GeKT.

OneHKa BO3JeiCTBUS MOJIEKYJISIPHBIX KOMIIO3HIIMIA
C YYaCTHEM Y-JAKTOHOB Ha QS-KOHTPOJMpyeMblii O1o-
cunTe3 BuoJjaneuna y C. subtsugae 026. DbdeKThl
Y-TTaKTOHOB KaK yYaCTHUKOB MOJIEKYJISIPHBIX KOMIIO-
UL MTPOAHAIM3UPOBAHBI TIPU OOOTAIIEHUW UMM
LIEILHOTO 9KCTpaKTa JUCThEeB 3BKAJIUNTA MPYTOBU/I-
HOTO, COJIep>Kalllero BCI0O COBOKYIMMHOCTb MaJIbIX MO-
JIEKYJT pACTUTETBLHOTO TIpOMCXOXIeHus. [Ipu aTom
cepuu pa3BeleHUI LIeJIbHOTO 9KCTpaKTa ObLIM 000-
ralieHbl Y-KarmpojJaKTOHOM WM Y-OKTaHOJAKTOHOM
B nuamna3oHe KoHueHTtpauuii 1—10000 Mxr/mi1, 4yTo
JleJlaio UX OTHOCUTEIBLHOE CONEpXKaHUE COMOCTaBU-
MBIM C TaKOBBIM Y OCHOBHBIX KOMITOHEHTOB, OOHApY-
JKEHHBIX B aHAUTU3UPYEMOM PaCTUTEIIBHOM 3KCTPAKTe.
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HccnenoBaHne KOMOMHUPOBAHHOIO JEUCTBUS
c(OPMUPOBAHHBIX KOMMO3UIUI C TMOCIEAYIOIIUM
aHaJIM30M TMOJIYYEHHOTO pe3yjbTara MeTOJOM M30-
Oosorpaguueckoro aHaausa MO3BOJIUMIO KOHCTaTU-
poBaTh YBEJIMYEHUE BbIpaxkeHHOCTU QS-UHruoupy-
forero 3ddekra B orHomeHUM C. subtsugae 026,
MPEBOCXOSIIET0 TAKOBOM MPU UCTIOIb30BAHUM KaK
WHIWBUIYAJIbHBIX MOJIEKYJ, TaK U 1IEJIbHOTO PacTH-
TEeJIbHOTO 3KCTpakTa. Tak aHajliu3 KOMITO3ULIUN C
YY4acTUEM Y-KallpoJaKTOHa IT0Ka3ajl COCpenoToue-
HUE OOJBIIMHCTBA BKCIEPUMEHTAIBHBIX TOYEK
BIIOJIb JIMHUU U3000J1bl (pUC. 3a), UTO YKa3bIBaloO Ha
pa3BUTHE B3aUMOIOIOJHSIONIET0 (aAIUTUBHOIO)
addekTa. B cBOIO ouepenpb, odoralieHue SKCTpakTa
JINCTHEB 3BKAJIMUIITA MPYTOBUIHOIO Y-OKTaHOJIAKTO-
HOM TMPUBOANIIO K HOPMUPOBAHNIO B3AUMHO MOTEH-
nupyemMoro (cyrnepagauTuBHoOro) agpdexra, nmoxkasa-
TeJIeM KOTOPOTO SBJISIZIOCh PACIOJIOXKEHUE OO0JIb-
IIIMHCTBA PKCMEPUMEHTAIbHBIX TOUEK CYLIECTBEHHO
HUKE JMHUU U3000JIbI, COCOUHSIONICH 3HAUYeHUS
EC5, npu 1301MPOBAaHHOM UCHOJIB30BAHUU KaXI0TO
M3 y4acTHUKOB Kommno3uumu (puc. 36). CooTBeT-
CTBEHHO, B IIMPOKOM JMala3oHe KOHILEHTpalui
Y-OKTaHOJAKTOHA KOHLIEHTPAIMU LIeJIbHOTO pacTu-
TeJIbHOTO 3KCTpakTa, TpeOyemble ISl TOCTUXKEHUS
50% wnrnoupoBaHust QS-KOHTPOJIUPYEMOTO OMO-
cuHTe3a BronaneuHa y C. subtsugae 026, Moriiv GbITh
CHUXEHBI B 4—6 pa3 OTHOCHUTENLHO 3((MEKTOB MpuU
UX pa3fesbHOM UCIOJb30BAHUN.

JlekapcTBeHHbBIEe pacTeHUsI TPAAULIMOHHO pac-
CMaTpUBAIOTCS B KAYECTBE BaXKHEUIIIMX MICTOYHUKOB
MIPUPOMHBIX COSAMHEHUI ¢ pa3IMYHBIMU BapUaHTa-
MU OHOJIOTMYECKUX AKTHMBHOCTEM, 3HAYMMBIX LI
MEIVIIMHCKOTO U BETEPUMHAPHOIO MCIIOJIb30BaHMS.
I1pu 5TOM OgHUM U3 aKTyaJabHbBIX HallpaBJICHUIT IO~
JIOGHOTIO MOMCKA SBJISIETCS OOHApyXKEHME U UCCIIENO-
BaHUE UX BO3IEVCTBUSI Ha CUCTEMBI IDIOTHOCTHO-3a-
BUCUMOI XMMUWYECKON KOMMYHUKALMU Y 300IaTO-
TeHHBIX U (PUTOMNATOTeHHBIX OAKTEPUil, B HACTOSIILIEE
BpeMsl pacCMaTpUMBaeMbIX B KayeCTBE HOBOM IHep-
CIIEKTUBHON “MUIIeHU” i1 aHTUMHUKPOOHOII Te-
panuu.

PesynbraroM MpOBEIEHHOTO UCCIEIOBaHUS SIBU-
Jlach IEMOHCTpALIMS TTOI0OHOM aKTUBHOCTU Y 9KCTPaK-
Ta JIMCThEB 3BKAJIUIITA TIPYTOBUIHOTO C UAEHTU(DUKA-
LIMei B HEeM KOMITO3ULIMM PACTUTEIbHbBIX MOJIEKYJT, UH-
TUOUPYIOLIUX CUCTEMY XMMUUECKO KOMMYHUKAIIUU
nmaboparopHoro mtamma C. subtsugae 026 (paHee —
C. violaceum 026). Ilpu 3TOM MHoOJIydeHHBIC TaHHBIE
XOPOIIIO COIIACYIOTCS C paHee ONMMCAHHBIMU aHaJlo-
TMYHBIMU 3¢ deKTaMd 3KCTPAKTOB JIMCTHEB 3BKa-
JIMTITa KJIyOOBUIHOTO U 3BKAJIMIITA ILIAPOBUIHOTO,
YTO CBUACTENLCTBYET O TUITMUYHOCTH QS-MHTHUOUPY-
romiero agdekra y Ha3BaHHBIX PACTUTEIBHBIX Cy0-
CTPaTOB 1 00BbsICHSIET 3(p(PEKTUBHOCTh MX UCITOIB30-
BaHUS i1 MPpOodUIAKTUKU W Teparuu IIUPOKOTO
KpyTa MH(MEKIIMOHHBIX COCTOSIHUI. B cBOIO ouepenb,
MpoBeeHNe XUMUYECKOTO aHali3a MO3BOJIMIIO OOHA-
PYXWTb B 9KCTPAKTE JIMCThEB IBKAIMUIITA MPYTOBUIHOTO
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Puc. 3. U3o60norpaduueckuii ananus apdexra KoMOMHALMI Y-KallpOIaKTOHA (a) U Y-OKTaHOJIAKTOHA (0) C LeJIbHbIM 9KC-
TPAKTOM JIUCTbEB IBKAIMUIITA MPYTOBUAHOTO Ha QS-KOHTpPOJIMpPYEMBblil OMOCUHTE3 MUTMEHTa BUOJIAllEeMHA B OMOTEeCTe Ha
C. subtsugae 026. V1306016l IpeACTaBIEHbI B BUIE NMPSIMBIX JIMHUIL, coequHsommx sHaueHus1 ECs U1l KaX10ro OTAEIbHOIO
KOMITOHEeHTa. Pe3y/ibTaT COBMECTHOTO AeCTBYSI ITOKA3aH MyTeM HaHeCeHUsT Ha rpaduK TOYeK ¢ KOOpAMHATaAMM, COOTBETCTBY-
IONIMMY KOHLEHTPaUUsIM B KOMITO3ULMU, obecreunsaromum goctikenue ECs.

HEJTBII PSIIT MaJTBIX MOJIEKYJI PACTUTEITEHOTO ITPOMCXOXK-
JIeHus (muporajuion; 2,3-Iuruapo-3,5-Iuruapokcu-6-
Mmetwi-4H-nmupan-4-1; uumon; 4-((1E)-3-ruapokcu-
1-TIporieHMII)-2-MeTOKCU(pEeHOJI; rajuioBasi U I1ajlb-
MUTHUHOBAsI KMCJIOThI), MTHTMOUpPYIOIlee BO3IeICTBIE
KOTOPBIX Ha CUCTEMY MJIOTHOCTHO-3aBUCUMOU XU-
MUYECKO KomMMmyHuKauun y Chromobacterium spp.
paHee yxXe ObUIO MTOKa3aHO B DKCIIEpPUMEHTAaX in Vitro
WIY MIpeacKa3aHo Ha Moensx in silico.

Cpeay MUHOPHBIX COSAMHEHMI, TaKKe MACHTU(U-
LIMPOBAaHHBIX B UCCIIEMYEMOM PaCTUTEILHOM 3KCTPaK-
T€, Hallle BHUMaHUe ObUIO OOpALLEHO HA Y-JJAKTOHBI,
CTPYKTYPbI KOTOPBIX IEMOHCTPUPOBAJIM CYILLIECTBEHHOE
CXOICTBO C MPUPONHBIMU ABTOMHIYKTOPAMU ILIOT-
HOCTHO-3aBMCMMOM KOMMYHMKAIIMM Yy OaKTepruii —
AlIMPOBAHHLIMY T'OMOCEPUHJIAKTOHAMM, YTO IIPE-
IoJiIaraeT BO3MOXHOCTh (PYHKIIMOHAJBHOM MHTEP-
depeHIIMM MeXAy Ha3BaHHBIMU TPYMHIaMHU MaJIbIX
Mosekyn. IIpoBemeHHBII aHAIM3 MX XUMUYECKU
CUHTE3UPOBAaHHBIX aHAJIOTOB B Ouortecte Ha C. subt-
sugae 026 TIOATBEpAWJI JAHHOE IPEIIOJIOXEHHUE U
BIIEpBbIC MOKa3ajl Hamuue QS-MHruoupymolei ak-
TUBHOCTH y Y-KamnpoJIaKTOHA U Y-OKTaHOJaKTOHa. B
TO XK€ BPeMsI UCIIOJIb30BAHUE HA3BAHHBIX Y-JIAKTOHOB

B KOJIMYECTBAX, COOTBETCTBYIOIIUX TPUCYTCTBUIO B
SKCTPaAKTe JUCTbEB 3BKAJIMIITA MPYTOBUIHOIO, HeE
IO3BOJISUIO TOCTUYb BBIpaxkeHHOro QS-MHIuoupyio-
mero 3@@exra, 4To OOBICHIIOCH MX BBIXOIOM W3
JIHrarna3oHa OMOAKTUBHBIX KOHLICHTPALIUIA.

ITocnenyrolee oboraieHue y-1aKTOHAMU UCXOJ -
HOTO PacTUTEJIbHOIO 3KCTpaKTa IMOKa3ajlo BO3MOX-
HOCTb CYIIIECTBEHHOTO YCWJIEHUsI cOBMecTHOit QS-
WHTUOMPYIOIIE aKTUBHOCTU, MPU MCIIOJIb30BAHUU
Y-KamnposaKTOHa Pa3BUBAIOLIETOCsl KaK B3aMMOIIO-
MOJHSTIONUHI (aAAuTUBHOTO) 3((dEKT, a MpU UCHOTIb-
30BAHUM Y-OKTAHOJAKTOHA ITO3BOJISIOLIETO JOCTUYb
B3aMMHO ITOTEHIIMPYEMOTO (CyIlepaalaiuTUBHOIO) 3~
dekrTa.

Oo6cy:xxmasg pyHIaMeHTaJbHBIM acIleKT MOJydeH-
HOIro pesyjibTara, CjleAyeT yKa3aTb Ha pa3BUTHE
MpeACTaBICHUIAT O MHOTOKOMIIOHEHTHOI HpHpPOIe
QS-unrudupymoiero 3¢pdexkra pacTUTEIbHBIX IKC-
TPaKTOB, (PYHKIIMOHUPYIOIIMX I10 TIPUHIUAILY MOJIE-
KYJISIPHBIX KOMITO3UIUI C B3aMMOIONOIHSIOIINMUY 1
B3aMMHO yCUJIMBaIomumMu 3ddekramu. Kpome Toro,
B Ka4eCTBE “HOBOI0” y4aCTHMKA ITOJTOOHBIX KOMITO-
3ULIMI  Pe3yJIbTaThl IIPOBEOEHHOIO WCCIIEIOBAHUSI
BIEPBbIE TOKA3bIBAIOT COEAUHEHMS U3 TPYIIIHI Y-JIaK-
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TOHOB, paHee MPEeUMYIIECTBEHHO ONMChIBaeMble Kak
BKYCOBbIE W apoOMaTUYEeCKHE€ KOMITIOHEHThl pacTHu-
TenbpHOro npoucxoxaeHus (Labuda, 2009). B cBolo
oyepelb TPaKTUUYECKU-OPUEHTUPOBAHHBIN aCHEeKT
MPOBENEHHOTO UCCIEA0BAHMS ONPEAESAETCS JEMOH-
cTpailueil BO3MOXHOCTU WCIOJb30BAHUS Y-JIAKTO-
HOB i oOorailieHusi 1LeJIbHbIX PpPaCTUTEIbHBIX
5KCTPaKTOB WU (OPMUPOBAHNS HAa UX OCHOBE KOM-
MO3ULIMI U3 MaJIbIX MOJIEKYJI PACTUTEJIbHOTO ITPOUC-
XOXIEHHWSI, YTO TMO3BOJSIET CYIIECTBEHHO YCUJIUTH
BO3IEUCTBAE HA CUCTEMBI IJIOTHOCTHO-3aBUCUMOM
XUMUUYECKO KOMMYHUKaLIMU. [Ipu 3TOM OTCyTCTBUE
Y Y-JIAKTOHOB TOKCUYECKUX WU UHBIX HEXeJaTellb-
HBIX CBOMCTB, a TAKXe pa3pellieHHOE UCII0Jb30BaHUE
HEKOTOPBbIX M3 HUX B KauyeCcTBe BKycCO-apoMaTuye-
CKUX J00aBOK, CYIIECTBEHHO CHUXKAET MOPOT JIST UX
BO3MOXHOTO BKJIIOUEHUS B CXeMbl (GDUTOTEpATIUU UH-
(dEeKIIMOHHBIX 3a00JICBaHUN.

OUNHAHCHUPOBAHUWE PAGOTbI

HccaenoBaHust BBIMIOJHEHBI TIPU (DUHAHCOBOI MO~
nepskke Poccuiickoro HayuyHoro ¢onHzaa (mpoekt Ne 22-16-
00036).

KOH®JIMKT MHTEPECOB

ABTODBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(MIMKTA MHTE-
pecoB.

COBJIIOJEHUE 5TUYECKUX CTAHOAPTOB

Cratbs He COOCPKUT MaTCpraioB, IMOJIYYCHHBIX C UC-
MOJIb30BAHUEM XMBOTHBIX B KAU€CTBE OOBEKTOB UCCIIEI0-
BaHUA.
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Quorum Sensing in Chromobacterium subtsugae (Previously — C. violaceum) Is
Inhibited by Gamma-Lactones, the Minor Components of Eucalyptus Leaf Extract
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Abstract—The goal of the study was to investigate the mechanism of quorum sensing (QS) inhibition in the
model bacterium Chromobacterium subtsugae 026 (previously — C. violaceum 026) by Eucalyptus viminalis La-
bill leaf extract, and to identify the plant-derived components that provide this biological activity. The raw
extract showed pronounced anti-QS activity within a broad concentrations range which were an order of
magnitude lower than required for bacterial growth suppression (the MICs,/ECs ratio of 43.6). Chemical
analysis of the extract revealed six small plant-derived molecules: pyrogallol, 2,3-dihydro-3,5-dihydroxy-6-
methyl-4H-pyran-4-1, p-cymene, 4-((1E)-3-hydroxy-1-propenyl)-2-methoxyphenol, gallic and palmitic
acids, whose inhibitory effect on QS in Chromobacterium spp. has previously been shown by in vitro experi-
ments or predicted by in silico models. In addition, minor components y-caprolactone and y-octanolactone,
structurally similar to acylated homoserine lactones, QS autoinducers in Chromobacterium spp., were found
in the extract. Chemically synthesized analogs of these molecules showed anti-QS activity in the C. subtsugae
026 bioassay (ECs, = 354.2 and 145.6 pug/mL, respectively). Enrichment of the E. viminalis leaf extract with
Y-caprolactone or y-octanolactone significantly increased the anti-QS activity of these compositions, which
was determined by isobolographic analysis as additive or superadditive effects.

Keywords: quorum sensing, Chromobacterium subtsugae, Fucalyptus viminalis, y-caprolactone, y-octanolac-

tone
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