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Pe3ioMme. B Hacmoswee Bpems 0OWENPU3HAHO, 4MO
OCHOBHOU popmol cywecmBOBaHUSL Oakmepul B ecme-
CMBEHHbIX YCAOBUSIX SIBASIOMCSl CBS3AHHblEe C NOBEPXHO-
Cmblo0 COOOWecmBa, NOAyHUBWUE HA3BAHUE OUONAEHOK, d
He omgeAbHble NAAHKMOHHble KAemKu. buonienku o6Hapy-
JxuBarom 6oaee uem B 80 % XpOHUHECKUX UHGEKGUOHHBIX U
BOCnaAumeAbHbIX 3a60A€BAHU, 4MO NO3BOAUAO BbIGBUHYMb
KOHUenuul XpoHuueckux OoAe3Hell Kak Ooae3Hell Ouo-
nAeHoK. Ara obmerna ungopmayuell B npegeAax OUONAEHKU
MeXgy OmgeAbHbIMU KAeMKaMu OgHOT'O U MOro JXe UAu pas-
HBIX BUGOB 6aKmepuu UCNOAb3YIOm cekpemupyemble ¢epo-
MOHBI, HANPUMED CUTHAAbHble MOAEKYAbl CUCIEMbl quOIrum
sensing. Koopguhnauus pa3AuiHblX BUGOB AKMUBHOCMU OAK-
mepuaAbHbIX KAeMOK B cocmaBe 6UonAeHOK obecneuuBaem
uM 3HQuUUmMeAbHble npeuMywecmsd. B cocmase 6uonieHok
6axmepuu OKQ3bIBAMOMCS 3AWUUjeHHbIMU Om gelicmBus
¢axkmopoB pe3ucmeHmHOCMU XO03sUHA U aHMubakmepu-
arbhblX npenapamoB. OgHUM U3 BO3MOJKHbIX MEXAHU3MOB
noBblwleHuA ycmoluyusocmu Oaxmepul K BHEWHUM BO3-
gelicmBusM U aHMubaKmMepuAAbHLIM NPENApamam siBAsiem-
€Al 3HQUUMeAbHOe yBeAuueHue B cocmaBe GUONAEHOK goAU
KAemoK-nepcucmepos.

KaloueBble cAOBa: OUONAEHKU, UH(eKyul, MeKKAemou-
HAs KOMMYHUKQUUSL, KAemKU-Nepcucmephbl, MOAepAHMHOCMb
K aHmubuomukam.

BBepenue

Ha coBpeMeHHOM 3Tarne B MEAUIIMHCKONM MUKPO-
OUOAOTMU TTPOUCXOAAT KaueCTBEHHBIE M3MEHEHUs B
OCMBICAEHUH IIPOIIECCOB, MPOUCXOAAIINX IIPU XPO-
HUYeCKUX WHQeKIusax. MccaepoBaHMS MeXaHU3MOB
pa3BuTHA MHQEKIIMOHHOTO ITPOIlecca, BKAIOYAs 00-
pa3oBaHMVe MMePCUCTUPYIOMMX (POPM MUKPOOPraHm3-
MOB, HE MOTYT HE YYUTBIBATbH HAAUYHS 0COOOTO 61O-
AOTHMYECKOTO SIBA€HUS — (POPMUPOBAHUS OaKTepu-
AABHBIX OMOIIAEHOK.

[TpoKaproOTEL B TPUPOAE CYIIECTBYIOT B ABYX (pu-
3MOAOTMYECKUX (popMax, KOTOphbIE PEarm3yIoT pas-
AWYHBIE CTpaTeruu BhDKUBaHUSI. CBOOOAHO >KUBY-
1Iye TMOMYASIIUY MUKPOOPTaHNU3MOB C MHTEHCUBHBLIM
KAETOYHBLIM AEAEeHUEM UM Pa3BUTHIMU CHUCTEMaMU aK-

Abstract. It is now a common perception that the vast
majority of bacterial life in nature is found in surface-bound
communities called biofilms rather than in isolated plankton-
ic cells. Biofilms are implicated in more than 80 % of chronic
inflammatory and infectious diseases. The biofilm model al-
lows the reconceptualization of multiple chronic diseases
as biofilm diseases. The biofilm bacterial community uses
secreted pheromones (eg, quorum sensing molecules) and
other molecules for cell-cell signaling, even between species.
These coordinated activities during formation of biofilms
render the bacterial community numerous benefits. Biofilms
confer resistance to many antimicrobials, and protection
against host defenses. One possible reason for the increased
resistance to environmental stresses and antibacterials ob-
served in biofilm cells appears to be the increase in the por-
tion of persister cells within the biofilm.

Keywords: biofilms, infections, cell — to — cell communi-
cation, persister's cell, tolerance to antimicrobial agents.

TUBHOMW U NACCUBHOM ITOABUIKHOCTH, OBICTPO PacIIpo-
CTpaHSIOUINeCs: B CpeAe, OTHOCATCS K IAAHKTOHHBIM
dopmaM. «Ocepabie», CeCCUAbHBIe POpPMEI (sessile
cell) uMerOT BhIpa’)KeHHBIE MEXaHU3MHBI cllerupurye-
CKOM aAre3uy, OHM XapaKTepU3YIOTCSI MeAAEeHHOU
CKOPOCTBIO POCTA NOIYASIIIUY M CIIOCOOHOCTBIO arpe-
TUPOBATHCS B KAETOUHBIE KOHCOPLUUYMEL. [Tonyasun
CECCUABHBIX KAETOK (DOPMUPYIOT OMOIAEHKHU — CO-
o0IIlecTBa KAETOK, aAre3WMpOBaHHBEIX Ha CyOCTpare,
CO CAOYKHOU CUCTEMOU PETyAALIUU PU3NOAOTUIECKUX
NIPOIIeCCOB, OCHOBAHHOM Ha ME’KKAETOUHON KOMMY-
Hukanuu [13].

BriepBhle OHMONAEHKM OBIAU OOHAPY’KEHHB! B IIpU-
POAHBIX 3KocucTeMax. OOiias Teopusi uUX (opMu-
pOBaHUS U Pa3BUTUS C(POPMyAUpPOBAHBI B paboTax
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Costerton [13,14]. Ha ceropHAmIHUNM A€HBb IIPEAIO-
Aaraetcs, uTo 90% HM3yUYEeHHBIX BHAOB TaKCOHOMU-
yeckoro poMeHa Bacteria cnocoGHBI (hopMUPOBATH
ouonneHkU [3, 13, 24]. Takum o6pa3oM, IBAeHUE 00-
Pa30BaHUsI CAOKHBIX KOHCOPIIUYMOB ITPOKAPUOTaMMU
YHUBEPCAABHO B IPUPOAE. POAL GMOTIAEHOK B MH(EK-
IIMOHHOM TATOAOTMU OBbIAa OIleHEeHa IPaKTUYeCKHU
Ccpasy ke ITocAe uX oOHapy’KeHUsI, KOrAa OBIAO yCTa-
HOBAEHO, YTO CECCHUAbHBIe POpPMbI GaKTEPUM MaAO-
YYBCTBUTEABHBI K (PaKTOpaM HeCHenuduyecKoro u
crienuUIecKOro UMMYHHTET, & TakKe K AeHCTBUIO
aHTHNOaKTepHaAbHBIX IIpenapaTos [16].

C KOHIIa MIPOIIIAOTO CTOAETHUSI B MEAUITUHE B MHO-
TOYMCAEHHBIX MCCAEAOBAHUSX CTAAM TOSBASTLCS CO-
OoO1TeHusT 0 CIOCOOHOCTH OakTepuit 00pa30BHLIBATH
TIAeHYaThle MaKPOCTPYKTYPHI Ha MMOBEPXHOCTSIX pas-
AWYHBIX MEAWIIMHCKUX WMIIAAHTATOB U KaTeTepOB
[28, 48, 16, 50]. MukpoopraHu3Mbl, KOTOpEle obpa-
30BBIBaAM TaKMe CTPYKTYPHI, OTAMYAAUCH MTOBHIIIIEH-
HOU BBIKUBAEeMOCThIO [24]. B HacTosmiee BpeMs U3-
BECTHO, UTO GaKTEePUU CIIOCOOHBI KOAOHU3UPOBATDH U
(POopMUPOBATL OUOTIAEHKU Ha AIOOBIX MEAMITUHCKUX
UMIIAQHTATaX, KaTeTepax, JHAOTPaXeaAbHBIX TPYO-
Kax " T.A. DTO cepbe3Has npobAeMa B MEAUTTUMHCKOM
IIPAKTHUKE, TOCKOABKY B XUPYPrUYeCKUX U peaHnma-
IIUOHHBIX OTAEAEHUSIX KAMHUK IMHUPOKO UCITOAB3YIOT-
Csl pa3AMYHBIE WHBA3MBHBIE MaTepuanrbl. OOpa3oBa-
HUe OMOTAEHOK IIPU 3TOM BEAEeT K BO3HUKHOBEHUIO
TSIKEABIX KaTeTep-, BEeHTUASITOP-aCCOIUUPOBAHHBIX
WHQPEKITUOHHBIX OCAOJKHEHUH, CEIICUCOB. Apyras He-
MaroBaykHasg mpobaeMa — oOpazoBaHUe OUOMAEHOK
IIPU CaMbIX Pa3HBIX WHQEKIMOHHBIX ITporeccax. Ao
60% uHpekIUM (MHPEKIUU ALIXaTEeABHBIX M Moue-
BBIBOASIIIUX ITyTEH, OCTEOMMEAUTHI, 3HAOKAPAWTEI,
WH(PEKITUOHHBIE OCAOKHEHUS IPU MYKOBUCIIMAO3E,

U ApP.) BBIZBAHBI CECCUABHBIMU (pOopMaMu OaKTepui
[6, 34, 54]. ®opMmupoBaHue OMOMAEHOK B O4Yare BOC-
aAeHUs BeAeT K XPOHU3AIuNU HHPEKIIMOHHOTO IIPOo-
Ilecca U COIPOBOJKAAETCS HEYAOBAETBOPUTEABHBIMHU
pe3yAbTaTaMU aHTUOMOTUKOTEPAINH.

Hanbonee aKTyaAbHBIMM BHAAMU OaKTepH,
oOpa3ylonux OHWONAEHKU IpU HHQPEKINIX, SIBAS-
IOTCS CTaPUAOKOKKY, IPEACTAaBUTEAU CeMeNCTBa
Enterobacteriaceae, Pseudomonas aeruginosa u Ap.
CnocobHOCTh 0O6pa30BLIBATHL OMONAEHKU ObIAa 00-
Hapy’kKeHa M y MUKOIIAA3M Pa3AMYHBIX BUAOB [42], HO
AE€TaAM 3TOTO IIpoljecca A0 KOHIIa OCTaloTCd He U3y-
YeHHBIMU B CBI3U C 0COO0M OMOAOTHEN AQHHOU TPYII-
Il MUKpOOpPraHuisMoB [21, 59 —61]. HenaTorennsie
OaKTepuy, KOMMEHCAABl YeAOBEKQ, CYIeCTBYIOT TaK-
>Ke B BUAE CAOKHBIX MYABTUBUAOBBIX COOOIECTBaX,
o0pa3ysl MUKPOILIEHO3bl KOJKU, KHUIIEYHUKE, CAWU3HU-
cTeIX [24]. ITpoObaeMa B3amMMOAEUCTBUS OHOIAEHOK
HOPMaAbHOU MHUKPOMAOPHL YeAOBeKa C MMMYHHOH
CHUCTEeMOM MHTEHCUBHO U3y4aeTCs U AUCKYTUPYETCS
[13, 18].

®dopMupoBaHuE OGUONAEHOK

O6pa3oBaHNe OMONAEHOK — 3TO CAOKHBIM KOM-
IIAEKCHBIM AWHAMUYECKHUM IIPOLeCcC, COCTOSIIUN U3
HECKOABKHX 3TAllOB: AAT€3UH KAeTOK Ha IOBEPXHOCTHU
U IlepepaclnpepeAeHUsT KAeTOUHON MacChl; aKTUBHOTO
MEAEHUS KAETOK AAST CO3AQHUS KAETOUHBIX KAACTEPOB;
00pa30BaHUs 5K30II0AMMEPHOTO CAU3HUCTOIO MAaTPUK-
ca (puc. 1). I3HauaAbHOe IpUKpPenAeHe MUKPOOHOM!
KAETKHM K IIOBEPXHOCTU CyOCTPaTa OCYIIECTBASIETCS 3a
CUeT AeMCTBUSL DAEKTPOCTATUUYECKUX, TMAPOPOOHBIX
cun, cua Baur pep Baaabca, Hecnienuduueckoum apre-
3un [3]. I'lo pe3yAbTaTaM ONEBITOB in Vitro ycTaHOBAe-
HO, YTO CTeIleHb aATe3UM C IIOCAEAYIOUIUM (POPMUPO-

MNaHKTOHHbIE, Apnresmna K cyBerpary
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Puc. 1. Cxema nporjecca hOpMUPOBaHUS OaKTEePUANBHEIX OHOIIAEHOK
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BaHMEeM OMONAEHOK HanboAee BbIpa’keHa K TAKUM Ma-
TepmanaM, KakK AaTeKC, CUAUKOH, TOAMBUHUAXAODPHA,
Apre3uss K TebAOHY, NOAUYpPeTaHy, HepiKaBeloleln
CTaAM W TUTAHY IIPOSIBASIETCS B MEHBIIEH CTeleHU
[16]. Bce BhilIennepeuyncAeHHBIE MaTePUAABL IITUPOKO
MIPUMEHSIOTCS B MEAUITMHCKOM IPAKTHUKE, UTO SIBASI-
eTCsI AOTIONHUTEABHBIM PUCKOM IIOSIBAEHUS OHWOIIAe-
HOK.

Apares3usa K OMOAOTUYECKUM IOBEPXHOCTIM (K KAET-
KaM TKaHeH, CTeHKaM COCYAOB) 00YCAOBAUBAETCS CIIel-
UPUIECKUM B3aNMOAEUCTBHEM OEAKOB-aAT€3MHOB UAU
AEKTMHOB (UMOpPUU 3K30TAa3MaTUUYECKOTO KOMIIap-
TMeHTa OaKTepPUaAbHOM KAETKM C PelenTopaMu UAU
OIIPEAEAEHHBIMU AOMEHaMM ITOBEPXHOCTH MeMOpaH
XO3IUCKUX KAETOK. PaccMOTpMM HEKOTOPEIE TPUMEDEI
MeXaHM3MOB IIPUKPENAEHHUS Y TPAMIIOAOKUTEABHBIX 1
rpaMOTpPUIIaTEABHBIX OaKTepUl.

Ba>kHEHUIITNM 3A€MeHTOM B IIPOIlecce aAre3mnu CTa-
durroKOKKOB aBAsieTca (Polysaccharide Intercellular
Adhesin) (PIA) — nmoaucaxapup, KOTOPHIM y4acTBYeT
KaK B KAETOUHOU CyOCTpaTHOM aAre3muy, Tak U B IO-
cAaepyroleM (POPMUPOBAHUU KAETOUYHBIX KAACTEPOB
(kreTOUHO-KAeTOUHAd aare3us). PIA wuaumuupyet
TreMarrAIOTUHAIIUIO U IPEsiITCTBYeT (paroruTo3y 3a
cueT aKTHUBAIMU OakTepHarbHOU arperanuu [70, 71].
Eme oaMH W3y4YeHHBIM KOMIIOHEHT 3K30IAa3MaTH-
YeCcKOro KOMIApTMEHTa 3TO (-TOKCHH CTapUAOKOK-
KOB, KOAUPYeMEBIH reHoM hla. OTOT TOKCUH, TOMUMO
OCHOBHOM CBOeM (pyHKIMU — 0Opa30BaHUsA HOPOBHIX
KaHaAOB B MeMOpaHaxX KAETOK 3YKapHUOT (OAWMH M3
haKTOPOB BUPYAEHTHOCTHU), — 0OAQAQEeT ellle U CBOM-
cTBaMM aAresmHa [3]. MyTaHThI ¢ HapylUIeHHBIM O01O0-
reHe3oM o.-TokcuHa u / uau PIA He ctoco6GHEI hopMu-
POBaTh IIOAHOIIeHHBIEe OMONAeHKHU [23, 76]. Tak>ke Ha
TIEePBBIX CTAAUSAX QPOPMHUPOBaHMS OMOTAEHOK CTadu-
AOKOKKOB 3HAQUUTEABHYIO POABL UrpaioT BAP-Genku
(biofilm associated protein), TelixoeBble KHCAOTHI,
N-alleTUATAIOKO3aMUH [66, 67]. 3a Impollecchl aare-
3um, cuHTe3a PIA M mpoumx CTPYKTYPHBIX KOMIIO-
HEHTOB MaTpUKCa OMOTAEHOK OTBEYaeT iCa-OTepoH,
HaXOAJUIMUCS B CAOJKHOU CHCTeMe TeHeTUYeCKOH pe-
TYASIIMY, OXBATHIBAIOIIEN TaKKe KCIPeccuro gak-
TOPOB BUpyAeHTHOCTH [9, 19, 39, 51]. icaADBC-r0KyC
0OHapYy’KeH Y MHOTUX BUAOB CTa(UAOKOKKOB, @ TaK-
Ke CpeArl HEKOTOPBIX APYTUX TPAMIIOAOKUTEABLHBIX
MUKPOOPTaHu3MoB [12, 52, 62]. Bce BhIllleyKa3aHHBIE
CUHTe3WpyeMble KOMIIOHEHTHI CIeIu(pUIecKn B3au-
MOAEWCTBYIOT C CyOCTpaTaM¥, OHU OCYIIECTBASIIOT
SIKOPHYIO (QYHKIHMIO W WHUIUMPYIOT AAAbHEUIne
IpoItecchl 00pa30BaHUsI OMOIIAEHKH.

Y rTpamMOTpHUIIaTEeABHBIX MWKPOOPTaHM3MOB BaiK-
HYIO POAb B @ATE€3UH M KAETOYHOM arperamnuy UrparoT
KTYTUKU U pumOpuu IV Tuna. ABm>keHue, 0OyCAOB-
AEHHOEe JKTYTUKaMH, CIIOCOOCTBYET PaCIpOCTPaHEHUTO
1 00pa30BaHUIO KAETOYHOTO MOHOCAOS Ha CyOCTpaTe, a
dumOpum IV THna yuacTBYIOT B KAETOYHOM arperauu
3a cyeT AeKTHHOBOTO B3anMoAercTBUA [6]. OOHapyKe-

HO, YTO B HayaAbHBIEe (ha3bl 0O0pa30BaHUsa OMOIAEHOK,
y P.aeruginosa, akTUBHUPYIOTCS CIC-TeHBl, OTBETCTBEH-
HBle 3a OuocuHTe3d uMoOpuii [40, 47]. Takke 3Kc-
TIpeccupyeTcsd TreH pilA, KOAUPYIOMIUN OeAOK ITHUAWH,
SABASIOIINNCS CTPYKTYPHOM eprHUIIeN puMOpuit [34].
B onbrTax ¢ P.aeruginosa 6BIAO ITOKAa3aHO, UYTO MYTaHT-
HBIe IIITaMMBI IO TeHaM, Y4aCTBYIOUIMM B OHOTeHe3e
SKTYTUKOB U puMOputi IV THna, He CltoCOOHE! B IIOAHOM
Mepe popMUPOBATEL OUOIIAEHKY [54].

IMpumeHneHre AazepHOM KOHPOKAABHOUW MHUKPO-
CKOIINY, CKaHUPYIOUleNd SAeKTPOHHOM MUKPOCKO-
1Y, TO3BOAWAO YCTAHOBUTH, YTO OMOIAEHKUN UMEIOT
CAOKHYIO TPEXMEPHYIO CTPYKTYPHYIO OpraHNU3aIuio.
[MTochre HeOOpPATUMOM aATe3UM HMOMYAIIINS MHUKPOOP-
raHu3Ma HauuHaeT WHTEHCUBHO HPOAU(EPHPOBATH
c oOpa3oBaHHEM MHOTOKAETOUHBIX CAOEB U OOHMABHO
CUHTE3UPOBAaTh KOMIIOHEHTHI 3K30IIOAUMEPHOTr0 Ma-
TPUKCQ, 3TO OAVH M3 KAIOUEBBIX MOMEHTOB 00Opa3o-
BaHUA OmonAeHOK [41]. [ToCKOABKY IAOTHOCTE IIOIY-
AGLIMY YBEAWUMBAETCS, B PETYAAUIO (POpMUPOBAHUI
OWOTAEHKM BCTYIAIOT «COIMAAbHBLIE» MEXaHWU3MHI,
KOTOpPHBIe OYAYT ONMCAHBI HIKe. B XMMHUYecKoM OTHO-
LIeHUM MaTPUKC HEOAHOPOAEH U pa3AndaeTcd y pas-
HBIX TAKCOHOB [3, 46, 47,74]. B 11eA0M >Ke 3KCTpallea-
AIOASIPHBIY CAOM COAEPIKUT IIOAMCaXapUABI (AEKCTPaH,
THaAyPOHOBYIO KHCAOTY, IIEAAIOAO3Y U APYTHE), 3Ta
dpakimuga Harboaee BEIpa*keHa U COCTaBASIET MOPSIA-
Ka 40 —95% [53, 65]. KoHIleHTpaluga Apyrux XxuMuue-
CKUX KOMIIOHEHTOB O4YeHb CHUABHO BapbupyeT. AOAd
OEAKOB MOYKET COCTaBASITHL A0 60%, aunmaoB A0 40%
U HYKAEUHOBBIX KUCAOT 1 —20% [3, 13]. AanHbIe coe-
AVHEHUS HaXOAITCS B THAPATUPOBAHHOM COCTOSHUH,
TaK Kak 80 —90% obbeMa OMOIACHKHU 3aHUMaeT BOAA.
OKcrpanteartordpHas AHK ydacTByeT B aAre3MBHBIX
poleccax U Me>XKAETOUYHBIX B3aUMOAEMCTBUSAX, HO
MO KOHIIa POAb HYKAEMHOBBIX KMCAOT B MaTpUKCe He
BBIICHeHaA [3, 17]. P.aeruginosa B 6MOIIA€HKaX OOUAb-
HO CHHTEe3UPyeT aAbI'MHAT (KOAUPYIOUIWUMN TeHHBIN
Kractep — algACD), ITaMMEL CO CBepX3KCcIIpeccuelt
reHa algA oOBIYHO 006pPAa3yIOT CAU3UCTHIE KOAOHUM C
BBEIP@KEHHBIMU CBOMCTBAMU BUPYA€HTHOCTH [49].
AABTMHAT XUMUYECKU CBS3bIBA€T aMHUHOTAUKO3UABI
3a CYeT MHAKTHUBAIIMU TUAPOMUABHBIX U IIOAOJKHU-
TEeABHO 3apsyKeHHBIX TPYII B Moaekyae [31,4774].
MaTpukc OHOIAEHKH CIOCOOeH IIpeNnsITCTBOBaTh
CKOPOCTU AMPPY3UU HEKOTOPBHIX aHTUOUOTUKOB U
APYTUX OMOIUAHBIX IIpernapaToB, 3TO 3aBUCUT OT €ro
OMOXUMUYECKOT0 COCTaBa M MeTabDOANYEeCKOM aKTUB-
HOCTU nonyAsanuu. HanpuMep, aMIHOTAMKO3HUABI KaK
OTMEeYaA0Ch, AOCTATOYHO AMUTEABHO AUDPYHAUPYIOT
yepe3 MaTPHUKC, (PTOPXUHOAOHBI, HAIIPOTHUB, AETKO
TIPOHUKAIOT Yepe3 3ToT Oapwep [3, 20, 38]. Boobuie
TpoOAeMa MOBBIIIEHHOM Pe3UCTEeHTHOCTY OMOIIAEHOK
K AeMCTBUIO aHTMMHUKPOOHLIX IIpelapaToB 3aKAloua-
eTCsl B HECKOABKMX acIlleKTaX. OTO BhBIIIeyYKa3aHHBIN
AP PY3UOHHBIN Oapbep; CIIOCOOHOCTL OAKTEPUM Ha-
KallAUBaTh B MaTPUKCE BHEKAETOYHBLIE (PepMEeHTHI,
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paspyliaroliye aHTUOMOTUKY; arperaliyioHHas Opu-
poaa OMOTIAEHOK, CBSI3aHHAS C YMEeHbIIIeHNeM IIAOIIa-
AW OTKPBITOM IOBEPXHOCTH KAETOK — (PU3NUecKad
HEeAOCTYITHOCTb MOAEKYA; ¥, COOCTBEHHO, Pe3UCTEHT-
HBIM (peHOTUN KAeTOK. CHUKEHHBIM MeTaboAu3M
MHKPOOPTaHN3MOB B OUOIIAEHKE BEAET K IIOSIBAECHUIO
QHTUOMOTUKOTOAEPAHTHOCTH, O 4eM OyAeT CKa3aHO
panee [27, 30, 38].

KaeTKu B CAM3UCTOM MAaTpPHUKCE PaCIOAAratoTCsd
He XaoTU4eCKH, a oIpepereHHBIM oOpa3zoM. CTpyk-
Typa MHOTOKAETOUHBIX KAAQCTEPOB IIpeACTaBAeHa B
BUAE TPUOOTOAOOHBIX, CTOAOOIOAOOHBIX OOpa3oBa-
HHUM, «I]€MEHTUPOBAHHEIX» B 3K30IMOANCAXAPUAHEIN
CAOM, UTO IIO3BOASET 3aAE€P’KUBATh U IIOAAEPIKUBATH
KOHIIEHTPAIUIO NUTATEABHBLIX BEIeCTB, HeoOXOAU-
MBIX AAST POCTA IOMYASIINHY, @ TAKKe CAYSKUT 3aIUTON
KAETOK OT AeTUAPATAaIlUuN, TYMOPAABHBIX U KAETOUHBIX
(hakKTOpPOB PE3UCTEHTHOCTH MaKpoopranuisMma |[18,
74].

MaTtpukc paspereH KaHaraMM, HaIllOAHEHHBIMU
BOAOM, a Takyke MMeeT IIOAOCTH U IyCTOTHL. Hepes
KaHaABl TPAHCIOPTUPYIOTCS NUTAaTeAbHBIE BellleCcTBa
U TIPOXOAAT KOHBEKTUBHBIE IIOTOKM KHCAOPOAA OT
BHENIHUX K BHYTPEHHUM YacTsAM OHMOIAEHKU, OAHO-
BPEMEHHO C 3THUM BBIBOAATCS MeTaOOAUTHI OaKTepu-
AABHBIX KAeTOK [47]. KaeTKu OaKTepuil B OMONAEHKe
UMEIOT CAOXKHYIO IIOAUMOP(HYIO OpraHu3zamnuio C
OIlpepAeAeHHON ITMTOaPXUTEKTOHUKOU (BBIBASIOTCS
KAETKU C CUABHO M3MEHEeHHOU MOpPQOAOTUEeN, MepT-
BbIe KAeTKH, pa3AndyHble YAAMHEHHBIEe TUIIBl ¥ KOKKO-
BEIX popM U T.A.) [3, 16, 29].

MHorocaotiHas Tonorpad@usi BAUSET Ha MeTabo-
AU3M U (PU3UOAOTHYECKYIO aKTUBHOCTE KAeTOK. [ Tepu-
deprueckue cA0U OOAee a3PUPOBAHEI IO CPaBHEHUIO
C IIeHTPaAbHBIMU YacTIMH, TAe oOpa3yeTcs aHa3poO0-
Hasg MUKpoHUIA [26]. VIcIOAB3YS MUKPOIAEKTPOADI,
YAAAOCH YCTA@HOBUTH, UTO Ha TAyOUHe OKOAO 30 MKM
OT NOBEPXHOCTU OUOIAEHKHM KOHIIeHTpPAIHUs KHUCAO-
Poaa pe3Ko cHm>XaeTcs [55]. B cBsA3M ¢ 3TUM HEMaABIN
UHTepec IPEeACTaBASIIOT U3MeHeHUsI MeTabOAUeCKO-
ro peHOTHUIIa B TAYOMHHBIX CAOSIX OMOTAEHKU. XOpo-
110 M3Yy4YeH IIPOIleCC MepeKAIoUeHUsI MeTaboAu3Ma C
a’3pOOHOrO ABIXaHUS Ha HUTPATHOE AbIXaHUe Y H30-
AgaTOB P.aeruginosa, BHIAGAEHHBIX OT OOABHBIX MYKO-
BUCHHAO030M [26, 54]. Takoe neperaroueHre MeTabo-
An3Ma OOYCAOBAEHO 3aMeHOM KOHEUHOTO aKIleITopa
KHCAOPOAA ABIXaTEeABHOMU ITeNM Ha MOAEKYABI HUTpa-
TOB ¥ HUTPUTOB. B CBSI3M C 3TUM B KAETKe IIPOUCXOAUT
peryAsiTopHas IepecTpoiiKa SKCIIPeCCUl TeHOB, U Ha-
YUHAETCS CUHTEe3 CIelU@PUUECKUX AASI HUTPATHOI'O
AbIXaHUd (pepMeHTOB: Nap — Iepulira3MaTU4ecKou
HutpaTrpepykTadsl, NarGHI, NarZYV — mempanHoO-
CBSI3aHHBIX HUTPATPeAyKTa3 U ApPyrux [2, 26, 69].
KaroueBasg poAb B NEepeKAIOUEHUM a’3pOOHOr0 MeTa-
OoAM3Ma Ha aHad3POOHBIN IIPUHAANEKUT PEryAITOPY
TpaHckpunnuu Fnr-Oeaky, pearupyioiieMy Ha H3-
MeHeHMsd KOHIIEHTPAllUU MOAEKYASIPHOTO KHCAOPO-

Aa [69]. AHaspoOHbBIe CYOIIONYAIIINY OHOIAEHOK CH-
HEerHOMHOM IaAOuKU 00AaAaIOT O0oAee BHIpa>keHHOU
YCTOMYHUBOCTBIO K (PAKTOpaM OKpPYy’Kalolel MUKPO-
CpeABl, a TakKe IPpruoOpeTaroT YCTOMYHUBOCTL K AeH-
CTBUIO @aHTUMHUKPOOHEKIX IIpenapaTos [26].

KonebaHusi KHUCAOPOAQ, YPOBHS KUCAOTHOCTH,
IMapaArreAbHO C KOAeOAHMSIMU KOHIEHTpAIuM MUTa-
TEABHBIX BEIeCTB, METaOOAUTOB KAETOK, 0OYCAOBAU-
BAIOT, CAEAOBATEABHO, OOpa3oBaHWE pPAa3HOPOAHBIX
obnacTey B OuomnAeHKax [3]. AAANTUPYACH K TaKUM
reTeporeHHBIM MUKPOHMUINAM, OaKTepuu B OGUOTIAEH-
Ke o0pa3yioT MHOKeCTBO (DEHOTUIIOB C IIMPOKUMU
MeTabOAMYECKUMU U PENIAUKATUBHBLIMU CBOMCTBAMMU.
Takoe cooO11ecTBO (MOIyAAIUsA) 0OAAAQET I'POMaA-
HBIMU CIIOCOOHOCTSIMU K COIIPOTHUBAEHHIO CTPECCO-
BBIM (pakTopam [13, 47].

CTpoeHue OHNOIAEHOK UAEAABHO CIIOCOOCTBYET
mpoileccaM obMeHa TeHeTuYeCKou wuHopMaluen
3a CYeT TeCHOTO KOHTAKTa U CTAaOMABLHOM MPOCTPaH-
CTBEHHOU AOKaAM3allmel KAeTOK. MIccaepoBaHUS in
vitro mMokKa3bIBaIOT, YTO YPOBEHb KOH'BIOTAIIUY B OMO-
MIAEeHKaX TOpa3A0 BHIIIE, IO CPABHEHUIO C IAAHKTOH-
HBIMU (popMamu bakTepuii [31]. Boaee Toro, mporiec-
CBbI KOH'BIOTAIIUM MOTYT PEryAUPOBATHCS HAa IOITYASI-
IIMOHHOM yPOBHE 3a cUeT 6aKTepHuarbHOW KOMMYHU-
Kaluy, HapuMep BUPYAEHTHBIE JHTEPOKOKKU AAS
repepadyy TeHeTHYeCKON WHQOPMAIUU HCIOAB3YIOT
CUTHaAbHBIE CUCTEMEI [46].

Bronaenku ¢ pnddepeHImPOBaHHBIMY KAETKAMH
OakTepu#, C TeTepOreHHLIMU MUKPOHUIIAMU U BO-
AHBIMU KaHaAaMU, TPEACTABASIONTUMY TPUMUTUBHYTO
IUPKYASITOPHYIO CUCTEMY, HAIIOMWHAIOT OpTaHu3a-
IIMIO BBICIIUX OPTaHU3MOB, Y KOTOPHLIX COBOKYITHOCTh
A pepeHIIPOBaHHBIX TKaHel o0pa3yeT CAOKHBIN
MHOTOKAETOYHBIN OPTaHU3M.

Quorum sensing. ®opMupoBaHue, POCT, MUTPA-
Mg IAQHKTOHHEBEIX (POPM KAETOK AASL KOAOHU3AITUH
B OMONIAEHKaX PEryAHPYIOTCS Ha YPOBHE MOIMYASIIUN
IIOCPEACTBOM MeXaHN3MOB MEeKKAETOUHOU KOMMYHU-
Karuu. «Quorum sensing» (QS) — 3To mpoIlecc Koa-
AEKTHBHOM KOOPAWHAIIUU 3KCIIPECCUU T'€HOB B IIOITY-
AdUUM OaKTepui, OIOCPeAYIOIUN clenuduieckoe
oBeAeHUe KAeTOK. BrepBble gBA€HNE MeKKAeTOU-
HOIM KOMMYHUMKAIIMU OBIAO OOHAPY>KEHO U OIIUCAHO Y
cuMOburoTUYeCcKou Mopckol 6aktepuu Vibrio fischeri
[43, 73]. OTu OakTepuu KOAOHUIUPYIOT CIEINaAU-
3UPOBAHHBINM OPTaH MOAAIOCKOB, OTBETCTBEHHBIM 3a
OuoAIOMUHecCIIeHIIn0. B ombITax in vitro yctaHoBAe-
HO, YTO IIOIYASIINS, AOCTUTasI OIPEAEAEHHOM YNCAEH-
HOM TAOTHOCTM, HauMHAEeT MPOSBASITL 3(@deKT Ato-
MmuHecneHnun [43]. MexanusMm paboTel QS OCHOBaH
Ha CAOXKHOUM HepapXu4yecKoM pPeryAdnum IleAeBBIX
AOKYCOB reHOMa OaKTepUaAbHOM KAeTKH. [Ipu sTom
PeryAsIusa OCYIIeCTBASIETCS Ha Pa3HBIX YPOBHSIX BO3-
AEUCTBUSA: TPAHCKPUNIIMOHHOM, TPAHCAIIIMOHHOM,
MOCTTPAHCAIIIMOHHOM. Ha KOHKpPETHBIN KAETOUYHBIN
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CUTHAaA KAETKH B IIONYASIIIUM OTBeYAlOT clieudude-
CKUM OTBeTOM. Ha ceropHamuui AeHb YyCTaHOBAEHO,
YTO KAETOYHO-KAETOUHBIE B3aUMOCBSI3U BAUGIOT Ha
BHYTPUIIONYASAITUOHHYIO AP PHepeHITUPOBKY KAETOK,
Ha 3KCIIPECCHUIO FeHOB BUPYAEHTHOCTH, PETYAUPYIOT
POCTOBBIE IIPOIECCH], XapaKTep U HallpaBA€HUE IIOA-
BUJKHOCTM (TAaKCHUC), a TaKKe OaKTepHUaAbHBIN amoll-
TO3 ¥ TOKCHHOOOpa3oBaHue [73].

Paboty QS MO>KHO CpaBHUTH C TOPMOHAABHOU pe-
ryadnued QyHKITMOHAABHONM aKTUBHOCTH PAa3ANYHBIX
OpPTraHOB U TKaHeW B MHOTOKAETOYHOM OpTaHU3Me.
'paMIIOAOKUTEABHBIE U TPAaMOTPUIIaTEABHBIE MUKPO-
OPTaHM3MBI HCIOAB3YIOT PpPa3AWYHbIE CUTHAABHBIE
CHCTeMBbl U pa3Hble XUMUYeCcKUe ITIepeAaTINKY CUTHA-
A0B. [lepBBle CUHTE3UPYIOT 7 — 8-UAeHHBIE IIENITUABI
(Enterococcus spp.), DUKAONIENTUAB! (Staphylococcus
Spp.); BTOpEIe: pa3HOOOpa3Hble allUA-TOMOCEPHUH AAK-
ToHBI (AHL) [3, 64].

PaccmoTpuM paboty QS Ha IpuMepe CUHETHOM-
HOM ITAaAOUYKU. Y AQHHOTO MUKPOOpraHu3Ma QyHKIIUO-
HUPYVIOT, 10 MeHbIIer Mepe, TPU PEeryAITOPHBIE CU-
CTeMBI, CXeMa IIPeACTaBAeHa Ha pucyHke 2. Haubonee
usydeHHasa u3 Hux Lasl — LasR cucrema (B KauecTBe
XMMHUUECKOTO CcurHasa BhICTymnaroT AHL ¢ aamHHONM
anuabHOU 1iemnbio); Rhll — RhIR cucrtema (MecceH-
Axrep — AHL ¢ KopoTKko# atniuabHOM 1ienbio, C4-HSL);
u xuHOAOHOBas PQS cucrema [4]. B3aumopeiicTsue
5TUX TPEeX CUCTEM IIO3BOASIET PETYANPOBATH SKCIIPEC-
cutio nopsgaka 6 — 10% resoma [57]. B Lasl — LasR cu-
cTeMe 3a OMOCHHTEe3 CUTHAABHBIX MOAEKYA OTBedYaeT
AHIL-cunTasa, TpoAyKT reHa lasl. Ero skcnpeccus Ha-
XOAUTCS Ha 0a3aAbHOM YPOBHE, IO3TOMY HaKOIIAEHHUE
CUTHAABHBIX MOAEKYA IIPOMCXOAUT AOCTATOUYHO AAU-
TEeABHO, ¥ OuoAOTUYeCKUM 3(peKT HaunHaeT IIPOsB-
ASTBCS TOABKO B CTAllMOHApHOM (pa3e pOCTa IOMIYyAs-
num [43, 44, 73]. B kaeTkax AHL B3auMOAeNCTBYeT C
LasR-6eAkoM (IpOAYKT lasR-TeHa, aKCIpeccus KOTOo-
PpOTro TaK)kKe HaXOAUTCS Ha 6a3aAbHOM YPOBHE), oOpa-
3yd IIPU 3TOM T'OMOAUMED — PEeryAaTOp TPaHCKPUII-
Iuu. DTOT PETYASITOP aKTUBUPYeT MHOJKeCTBO I'eHOB,
Y4acCTBYIOIMUX B (pOPMHPOBAHUM BUPYAEHTHOCTU, U
B IIpolleccax 0Opa3oBaHUg OMONAEHOK, OH TaK)Ke akK-
TUBUPYET XPOMOCOMHEIN PeryAoH las Box, KOTOPHIM
OTBedYaeT 3a HKCIPECCHUI0 Pa3AMYHBLIX (PAKTOPOB IIa-
TOTE€HHOCTHU (IIpOTeaskl, 3AacTasa, U mpouee).

Kommnaekc LasR + AHL akTuBUpyeT BTOPYIO CUT-
HaABHYIO CUCTEMY. DTO IIPOHUCXOAUT IIOCAE B3aMMO-
AeticTBus ¢ mpoMoTopoMm Rhl-renoB. Oxcnpeccus Rhll
00yCAOBAUBAET oOpa3oBaHue IIPOTenHa A CUHTe3a
AHL ¢ KopoTKuUMU alfuAbHBIMU ocTaTkaMmu (C4-HSL).
I'en rhiR xopupyeT 6eaok (RhlR), xoTopriii B3auMo-
AENCTBYET C CUTHAABHBIMU MoAekyAamMu C4-HSL. O6-
pasytomutica npoTenHoBeIY TaHAeM RhIR + C4-HSL
peryAupyeT TPAHCKPHUIIIUIO TeHOB, KOAMPYIOIIUX
pasAuYHbBIE CTPYKTYpPHBIE COEAMHEHUS MaTpHKca
OUOIAEHOK (AABTMHATa, PAMHOAUIINAA U AP.), @ TAaKXKe
AUIIa3Hl, MHONIVaHMHA. TakKe 3TOT TPAHCKPUIIINOH-
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Puc. 2. Cxema «Quorum sensing» y P.aeruginosa,
NIPEACTaBAEHBI TPU CUTHAABHBIE CUCTEMBI
(mosicHeHUS B TeKCTe)

HBI PEryAsiTOp aKTUBUPYET JKCIPECCHIO APYTOTO
peryastopa — RpoS (curma-cakTop CcTanmuoHapHOU
da3ssl pocTa P.aeruginosa), KOTOPBIN UHUITUHUPYET 00-
pa3oBaHNe CTPECCOBBLIX OEAKOB KAETKU U YYaCTBYET
B apanTaliMoHHBIX peakiuax [3, 10, 13, 73]. Cpeau
KAWHUYECKUX HM30ASTOB P.aeruginosa oOHapy>KeHO,
4yTOo noMuMO (pyHKIHOHUpPOBaHUA AHL-CUrHaABHBIX
CHUCTEM, TIaPAaAAEABHO BCTYTaeT XMHOAOHOBAS CUCTe-
Ma (reHHBIM AOKyC — pgsABCDE), MecceHAKepaMu
SIBASIFOTCSI TUAPOKCHU-AaAKUAXUHOAOHBI W TUAPOKCH-
TeIITUAXMHOAOHHI [5, 15, 73]. OTa cucremMa OyHKIIUO-
HUPYET TaK ke, KaK U BBIIIEONNCaHHbIe MEeXaHN3MbI
PETYASIINY, ¥ OIOCPEAyEeT YBeAWUEeHHe KCIPeCCUH
(haKTOPOB BUPYAEHTHOCTH, B YaCTHOCTH, CUHTE3 DAa-
CTa3bl, AeKTMHOB. B3anMoaelcTBIE TpeX CUTHAABHBIX
CHCTEM 3aTparmBaeT OOABIIOe KOAWYECTBO TEHOB,
B CBSI3U C 4YeM IIPOMCXOAWUT TAOOAAbHAS PEryAsIvs
TPAHCKPUIIUY, 9YTO TPUBOAUT K OUYEHH TMOKOU Aa-
OUABHOCTH (PM3UOAOTUYECKUX IPOIECCOB KAETKU, U
SIBASIETCSI CAEACTBHEM OTPOMHOTO aAANTAllMMOHHOTO
TIOTeHIMaAd OAKTepUU B IONYASLINH.

QS peryAupyeT Ba>KHBIM IPOIECC TePEKAIOYEeHUS
deHoTUIIa OAKTEPUAABHOW KAETKU C TAAHKTOHHOM
(hbOPMBEI Ha CECCUABHYIO. DTO HEOOXOAUMBIM 3Tal B 00-
Pa30BaHWY OMOTAEHKY AASI OOAOTTYECKY BEITOAHOTO
Mapa3uTHUPOBAHUSI MaKpoopraHusma. B camom Hada-
Ae MHQEKIIMOHHOTO MPoIlecca IepBOCTENeHHOH Iie-
ABIO TTIQTOTEHA SIBASIETCSI IPOHUKHOBEHUE U aATe3Us B
TKaHSIX MaKpOOPTaHU3Ma, IIPU 3TOM, KaK OTMEeYar0Ch
BBIIIE, PECYPCHI KAETKHM HAINPaBAEHBI Ha OMOCUHTE3
KTYTUKOB U clieu(U4ecKUX OEAKOB — aAre3HWHOB.
OAHAKO KOMIIOHEHTHI (DUMOMPHUN U JKITYTUKOB, OEAKHU
aATe3MHOB SIBASIIOTCSI CHABHBIMM IMMYHOT€HaM¥, OHU
CTUMYAVPYIOT TaKKe 00pa30oBaHNe MHTEPAEHKIHOB.
COOTBETCTBEHHO AAST AQABHEHIIIero BEIKUBAHUS I10-
MyASIIAM BHYTPH MHQEKIIMOHHOTO o4yara oOpa3oBa-
HUe XT'YyTUKOB U CUCTEM ajpre3um OyAyT OmoAormue-
CKM He BBITOAHBIMH. [103TOMY Ha 3Tamne co3peBaHUsI
ouonnreHku QS MHrHOUpPyeT 0Opa3oBaHUE JKIYTUKOB
¥ aATe3WHOB. AHAAOTUYHBIM 06Pa30M IIPOMCXOAUT 00-
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PpaTHLBIN TIpollecc — oOpa3oBaHUe MOABUKHBIX (hopM
KAETOK B OMOIIA€HKe WAM BBICBOOOJKAEHUE IIeAOT0
KAacTepa KaeTok (detachment cell) Aast KoaoHU3AITUY
OKpy’Karoiiero cyocrparta. [Top0OHBIN IIpoIiecc nepe-
KAIOUeHUsT (DeHOTUTa, peryanpyembii QS, ocraercs
MO KOHIIa He n3y4eHHEBIM [13, 35, 44].

CurHanbHBIE CHUCTEMBI PabOTalOT IO IIPHUHIU-
Iy AayTOWHAYKIIUY, CHHTe3WpOBAHHBIE CUTHAAb-
HBIe MOAEKYABI AEMCTBYIOT Ha CBOIO K€ KAETKY, U
IO Mepe MX HAKOIAEHUS BO BHEKAETOUHOM cpe-
A€ TIPOHUCXOAUT BCe OOABIIAsS aKTUBALUS 3aBUCH-
MBIX IIPOMOTOPOB, PETyAOHOB reHOMa KAeTOK. QS
Ha ocHoBe AHL oOHapy’keH y MHOTUX TpaMOTpHU-
1MaTeAbHBIX OakTepuil: Acinetobacter, Aeromonas,
Brucella, Burkholderia, Erwinia, Enterobacter,
Chromobacterium, Hafnia, Serratia, Vibrio, Yersinia u
Ap. [44]. AHL-koMMyHUKAIIUS OCYIIEeCTBASIETCS BHY-
TPU BUAQ, CHEIU(MUUHOCTb U CUAA OMOAOTUYECKOTO
OTBeTa 3aBHUCUT OT XUMHUUYECKOM CTPYKTYyphl caMOM
CUTHAABHOM MOAEKYARI [44, 73]. Ho cpean kKamHUUe-
CKUX H30ASTOB IPaMOTPHUIIAaTEABHBIX OakKTepuil da-
CTO HaOAIOA@ETCS U NepeKpecTHasd KOMMYHUKAIWS
(cross — talk communication), ob6ecrneuuBarolias
B3aMOAEMNCTBUE MONYAIIIUM Pa3HBIX BUAOB B WH-
dermuonnom ouare [3, 73]. [lepekpectHbii QS cmo-
cobeH KaK aKTUBUPOBATh, TaK U UHT'UOUPOBAThH pabo-
TY 3@aBUCHUMBIX IJeAeBBIX TeHOB B OaKTepHUaAbHEBIX ac-
conmanuax [15]. Hanpumep, P. aeruginosa, Serratia
liquefaciens, Aeromonas hydrophila cUHTe3UpYIOT
OAVH TUII CHUTHAABHBIX MOAeKyA. QS C.violaceum
u A.hydrophila narubupyerca AHL-moArekyraMu c
MUHHBIMM AITUABHBIMU OCTaTKaMU, KOTOpPbIe CUH-
TEe3UPYIOTCS PAa3AMYHBIMU TI'PaMOTPUIIaTEABHBIMU
MUKpoopraHusMaMmu [57]. CuHerHolHas IIaAoOYKa
o0Opa3yeT CUTHAaAbBHBIE MOAEKYABI C AAMHHBIMU U KO-
POTKMMU alITUABHBIMYU OCTaTKaMHU, ¥ OHU B3aUMHO He
UHTHUOUPYIOTCS, OAHAKO, MeCcCeHAKepHl E.coli Takoh
>Ke MOAEKYASIPHOMN CTPYKTYPHI C AAMHHBIMUM alllAb-
HBIMU OCTaTKaMM CIIOCOOHBI HMHTUOUpoBaTh rhl-
CUTHAABHYIO cuctemy P.aeruginosa. B cMemaHHBIX
ouonaeHkax P.aeruginosa w Burkholderia cepacia,
OYPKXOAAEPUM pearupyioT Ha CUTHaABl CUHETHOM-
HOUM TAAOUYKH (KOTOpad B CBOIO OuYepeAb He 4YyB-
CTBUTeAbBHA K CuUTHaraM B.cepacia), caepoBaTenb-
HO, momyAaqanuss P.aeruginosa peryaupyeT MHOTHE
dpH3nOAOTHUECKHEe ITIPOIleCChl CBOEro accoIlmaHTa
[15, 73]. UMetoTCs AQHHBIE, YTO HEKOTOPHIE IITaMMBI
P.aeruginosa, BelpeA€HHBIE OT OOABHBIX MCIIMAO30M,
He CIIOCOOHBI CAMU CUHTEe3UPOBATH aYTOMHAYKTOPBI
rhl-curHaABHOM CUCTEMEI, CAEACTBUEM YEeTO SIBASeT-
Csl CHUJ)KeHUe BUPYAEHTHOCTH, U HEIOAHOIIeHHOe
dopMupoBaHre OHUOIMAEHOK B OIbITax in vitro. Ho,
OAHAKO, in vivo, 3TU >Ke IITaMMbl CHHETrHOWHON Ia-
AOUYKU (POPMUPYIOT IOAHOIIEHHEIE OMONAEHKHU. BhI-
SICHEHO, UYTO MUKPO(MAOpPa, BEIAEA€HHAS U3 CAU3U OT
TeX JKe OOABHBIX, CUHTEe3UpYyeT rhl-ayTOMHAYKTODHI,
peryAupys TakuM o0pa3oM BUPYAEHTHOCTH U op-

MHUpOBaHMe OMOIAeHOK P.aeruginosa m MHUIIMUPYA
uHpexkuoHHLIN npo1iecc [15]. Camu AHL-MOAEKYABL
HEeOAMHaKOBO BAMIIOT Ha APyTHe IPYIILI OaKTepuy,
YCTaHOBAEHO HalIpUMeP, UTO ayTOUHAYKTOPEI CUHET-
HOWHOM MaAO4YKM OAOKHPYIOT paboty QS y S.aureus
[3]. CurHaAabHBIE MOAEKYABI IIPOKAPUOT CIIOCOOHBI
BAUSATH U Ha IOBepAeHUe KAeTOK I'PUOOB, paCTeHUH, U
Ad’Ke JKUBOTHBIX KAeTOK. Tak, AHL P.aeruginosa no-
AaBasieT mportiecc puramernTaniuu Candida albicans.
B opranusme yeroBeka AHL-MOAEKYyABI HHTUOUPY-
IOT TpoAUdEepaIuio AeUKOIIMTOB U IIpoilecc obpa-
30BaHUsA paKTopa HeKpo3a OIyXoAed a. B BEICOKUX
KoHIeHTpauuax AHL mHUIIMUPYIOT aIONITO3 Pa3HbIX
THUIIOB MMMYHOKOMIIETEHTHEIX KAeTOK [15, 44]. B
1eAoM, OaKTepruaAbHBIE @YyTOMHAYKTOPHI OKa3bIBAIOT
UMMYHOCYIIpecCUpylolee AeCTBUE.

MmeHHO 3a cyeT peaknuii QS OCYLIECTBASIOTCS
«COIIMAAbHBIE» OTHOIIEHUSI BHYTPU IOMYASIINHU, 00-
pasyeTcs «XUMHUYeCKass KOMMYHUKAIMOHHAs CeTb»
OMOIAEHKY, KOTOpasg MOJKET OXBaThIBATh MYABTUBO-
AOBO€ COODIIEeCTBO.

He MeHee nHTepecHa paboTa CUTHAABHBIX CUCTEM
CpeAM TPaMIIOAOKUTEABHBIX MUKpPOOpTraHu3MoB. Ha-
npuMep, y Enterococcus spp. QS peryaupyet npoliecc
rmepeHoca MAa3Mup (OT AOHOPHOM K pelrunueHTHOMU
KAeTKe) yepe3 MeXaHu3M KoHbloranuu [46]. KaeTka-
penunueHT CUHTe3UpyeT clenuduiecKuil IeNTHA-
HBIM CUTHAA («IIOAOBOM» OaKTepUaAbHBLIU (epoMOH)
KOTOPHIM HaKalAUBaeTCd B Cpepe U CIelnpUuecKU
CBS3BIBAETCSI C pelleIToOpaMU KAeTOK-AOHOPOB, He-
CYIIUMU IAA3MHAY, KOTOpas COOTBETCTBYET 3TOMY
depoMoOHy. 3alyckaeMmas IIpU 3TOM peryAsITOpHas
cHucTeMa obecreunBaeT 3KCIPeCccuio PakKTOPOB, OIO-
CPEeAYIOUINX KAETOUHOE B3aUMOAENCTBUE U IIePeHOoC
TIAQ3MUABI (KOMIIOHEHTHI KOHBbIoranum). Kak orMmeua-
AOCH BHIIIE, ONIPEAEAeHHOU IAa3MUAE COOTBETCTBY-
eT KOHKPEeTHBLIU pepOoMOH. 3a CUeT TaKOTO CTPOTOTO
MeXaHM3Ma B3aUMOAEMNCTBHUS OCYIeCTBASIeTCS Oak-
TepuaAbHasd CeAeKIMd KAeTOK BHYTPU OWOIAEHKU
[64]. ITocpeACcTBOM TaKOM KOMMYHUKAITUM TPACAOIU-
PYIOTCS IIA@3MUABI, Hecyllllie TeHbl YCTOMUYNBOCTU K
QHTHUOMOTHKAM, TeHbl TEMOAU3UHOB, 0AKTEePUOILIHOB.
OOBIYHO OMOAOTUYECKU aKTHUBHBIE CUTHAAbLHEBIE IIell-
THUABI 3aKOAMPOBAHBI B XPOMOCOME, @ pellelTOPHEIE
0eAkH, obecreunBaroniye ap@UHUTET K PepoMOoHaM
3aKOAWPOBAHEI B caMuX Iaa3Mupax [3]. [Tocae Tpanc-
AOKAIIMM IIAA3MUABI B KAETKY PeIfUIINeHTa, OHa Haul-
HaeT CUHTe3 WHTMOUTOPOB (PEPOMOHOB, AAST Ka’KAO-
ro Tumna pepoMOHa COOTBETCTBYET CBOM MHIHOUTOP.
OTO CBOMCTBO IIO3BOASET BEIKAIOUATh CUTHAA A YoKe
UMeIOIIecs IAa3MUABLI, U YCUAWBATH HAKOIAEHUE
MOAEKYA (DEPOMOHOB AAS APYTOTO THUIIA TTAa3MUA [43].
3a cueT pabOTHl MOAOOHOM CHUCTEMBI B IIONYASIIIUHN
OMONAEHKY ITIOCTOSHHO IIPOUCXOAUT ITOAOKUTEABHAS
CeAeKIIMd IITaMMOB C BBITOAHBIMM CBOMCTBaAMU U OT-
punaTeAbHas CeAeKIUs — JAMMUHAIIUA IIITaMMOB, C
«HEHY>XHBIMH» (PeHOTUNaMu. [Ipu MHOEKITMOHHBIX
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TIOpPa’kKeHUAX TaKue KOMMYHUKATUBHBIE MeXaHU3MbI
nnepepadyl MOOUABHBIX F'eHEeTUYeCKUX dAeMeHTOB II0-
3BOASIIOT C MaKCHUMaAbHOM CKOPOCTBHIO pacIpocTpa-
HATH TeHbl aHTUOUOTUKOPE3UCTEHTHOCTY, BUPYAEHT-
HOCTH, AOTIOAHUTEABHBIE (PU3NOAOTHYECKYEe BO3MOJK-
HOCTH [64].

Haunboabmuii nuTepec npepcTaBaseT QS, y4acTBY-
IOUIVM B pETryASIIUY SKCIIPeCcCU PaKTOPOB BUPYAEHT-
HOCTH y CTa(pUAOKOKKOB. ['eHeTHu4eCcKo¥ OCHOBOM pa-
OOTBI 3TOM CUCTEMHI ABAdeTCsI agrABCD — XpoMOCOM-
HBIU AOKYC [68]. B KauecTBe mepepaTIUKOB CUTHAAOB
BBICTYIIAIOT IIUKAOIIENITUABL — a@yTOMHAYKTOPHI (AIP,
auto-inducing peptide), kKoTOpble KracCUPUIUPO-
BaHEI 110 CTPOEHUIO U OHOAOTHYEeCKOMY 3P eKTy Ha
TPYNIB U CyOrpynnsl, HanpuMep, 1 u 4 cyOorpynnsl y
S.aureus yBeAMUNBAIOT 3KCIIPeCCHI0 (PaKTOPOB BUPY-
AEHTHOCTH [3]. OTU MOAEKYABI KpallHe CIeluPUYIHEI,
3aMeHa XOTHI OB OAHOM aMUHOKUCAOTEL B CTPYKType
COEAUHEHN, BeAeT K IIoTepe OMOAOTMYeCKON (PYHK-
nun. Kak u ¢ npuMepamMyu CUTHAABHOW — HMHTHUOUTOP-
HOM CHCTEeMBl y 3HTEPOKOKKOB, CTa(PUAOKOKKOBas
CHCTeMa pearupyeT TOABKO Ha OAUH TUIl @yTOUHAYK-
TOPOB, K&K TOABKO KAETKA IIOAYYMAA CIeIUPUIeCKUN
CUTHAaA, aKTUBUPYIOTCS T€HBI-UHTUOUTOPHL, ¥ KAeTKa
y>Xe He CIIOCOOHA BOCIPUHUMATH APYTH€ CUTHAABIL
Takol MexaHM3M 00ecIIedYnBaeT JKeCTKYIO IOITYASIIU-
OHHYIO ceAeKIuio. CHHTe3WpOBaHHBIE CUTHAABHBIE
MOAEKYABl B3aMMOAEUCTBYIOT C TMCTUAMHKUHA3HOU
MeMOpaHHOM cuctemo¥ (agrC), KoTopasd uepes3 Ka-
CKaA peaKklVi aKTUBUPYeET PETyASITOP TPAaHCKPUIITUU
(agrA). OToT 6GeAOK OCYIIeCTBAIET OU(PYHKIIMOHAAD-
HYIO peryaqanuio AByx npomotopoB P2 u P3. Coort-
BETCTBEHHO, TPAHCKPUIITAMU 3TUX 3aBUCUMBIX T€HOB
asasgercd PHK I u PHK III, nepBasg copep>XUT OCHOB-
HBIEe agr-TeHBl, TAKUM 00pa3oM MPOSIBASIETCS ayTOMH-
AYKTUBHBIN OTBET CUCTeMEI [7, 8, 11]. B cBO10 0uepepn
PHK III obecneunBaeT peryAdaiuio cuHTe3a (PaKTo-
poB BupyAeHTHOCTU (AHKa3w!, pubprHoAn3MHA, 3H-
TEePOTOKCHHA, O-, B-, 6-TOKCUHOB U Ap.). MIHTepecHOM!
0COOEHHOCTBHIO Ha AQHHOM 3Talle PEeryAdluy SIBASeT-
cs 1o, uto Tpanckpunt PHK III pasmepom B 500 nap
HYKAEOTHAOB He HeceT KOAUpyeMoU mHpopManuy,
3a UCKAIOUeHUEeM OAHOM OTKPBITOM paMKU CUUTHIBA-
HUS A O-TOKCHHA. [TopaBAgIONIasg 4acTh MOAEKYABI
TPAHCKPUIITA CaMa BBICTyNAeT KakK pruOOCOMAAbHBIN
uuruoutop. PHK III 6aokupyeT npoliecc TpaHCAIIINYT
dakTopa penpeccuu BUPYAEHTHOCTU Rot (repressor
of toxins), peryAmpyiomuii CHHTE3 CTa(PUAOKOKKO-
BBIX TOKCUHOB [22, 68, 72], CA€ACTBUEM UET0 IBASETCSI
HEKOHTPOAUPYyeMoe oO0pa3oBaHue 3K30TOKCUHOB. Ta-
KuM 00pa3oM, agr-cucreMa o0ecreurBaeT MOIyASIIU-
OHHYIO PETryAIIINIO 3KCIIpeccuu PaKTOPOB BUPYAEHT-
HOCTU CTa(PUAOKOKKOB [7]. VICIOAB3YS pa3AnYHBIE
BapuaHThl [IL]P-uccaepoBaHMM, yCTA@HOBAEHO, YTO
SKCIIPECCHUS agr-A0Kyca B KAeTKaxX HabAIOAQeTCs IIpU
MHOTUX CTa(PMAOKOKKOBBIX ITOPa’KeHUIX: NHPEKIINU
KOXXY, DdHAOKAPAWTHI, apTPUTHI, cenicuc [22, 23].

B TIOIIYAATTN OMOIIAEHOK HAKAIIAMBAIOTCSI CHT-
HaABHBI€ MOAEKYABIL, CUHTe3UpyeMbIe ITIOAABAAIOIINM
OOABIIIMHCTBOM KAETOK, SABAAIOIINXCSA MeTaboamye-
CKUM U I'€HETHUYECKUM «IAPOM, KBOPYMOM» IIOITyAd-
1Y, OHU 3dAAQIO0T MeTaboAnyecKkoe IIOBEAEHHE, CI)eHO-
THUIINYECKHEe M3MEeHEHUSI AN BCeX KAETOK. G (o) OoCy-
IIeCTBASIETCSI 3a CUET aKKYMYAAIIU CUTHAAOB Yepes3
CBOMCTBO AYyTOUHAYKIIUYU, U I/IHFI/I6I/IpOBaHI/Ie APyTuXx
CUTHAAOB, CHHTEe3UMpPpyeMBbIMU MEHBIINHCTBOM, Anbo
BOOG].LIQ WHBIMU IIITAMMaMM B OMOIIA€HKE 3a CUeT IIa-
PAANCABHOT'O MeXaHKU3Ma I/IHFI/I6I/IpOBaHI/IH.

ITepcucrepsl

B 1944 ropy Asxozed burrep, Bpau u3 YHUBepPCH-
TeTa B AyOAUHe, IPOBOAWA OIBITHI, U3ydas BO3AEU-
CTBUE IIeHUITUAAVHA Ha CTaUAOKOKKU. [Tpu sTOM OH
BBIPAIIUBAA KAETKU B IUTAaTEeABHOM OYABOHE, @ 3aTeM
BO3AEMCTBOBAA @aHTMOUOTUKOM. [TopaBAsIOIIAs YaCTh
KYABTYpPHL IOrubasa, HO OCTABAaAMCh €AVMHUYHEBIE
KAeTKH, KOTOpbIe IIOTOM IIPU IIOBTOPHOM BhIpallluBa-
HUU BOCCTAHABAUBAAU IIPEXXHIOO IONyAsanuio. Toraa
OH TIPEANIOAOKUA, UYTO B KYABType OaKTepHui coxpa-
HsIeTCsl HeOOABIIIas YaCTh KAETOK, KOTOPbBIE IIPOSIBASI-
IOT YCTOMYUBOCTE K IIEHUIIUAAWHY, HECMOTPS Ha TO,
UYTO BCS MONYASIIUS YYBCTBUTEABHA K €T0 AeMCTBHUIO
[13]. Ero pe3yAbTaThl He OBIAU 3aMeUeHbl B TO BpeMs
13-3a OypPHOTO BBEAEHUS B MEAUIMHCKYIO IIPAKTUKY
neHuUnuAANHA. [lo3)Ke, NMOBTOpss ONBITHL burrepa,
HCCAEAOBATEAN IIPUIIAM K BBIBOAY, YTO IIOAOOHOE
BBUKHMBAHUE KAETOK SIBASIETCS CAEACTBHEM MyTalluH,
BO3HMKAIOIIUX II0A BO3AENCTBHEM OOABIINX KOHIIEH-
Tpanui aHTUONOTUKOB. OAHAKO 3TO He Tak. AeTarb-
HOe u3ydyeHHe OMOAOTUM, T€HETUKHU BBIKHUBAIOIIUX
€AMHUYHBIX KAETOK IIOCAe BO3AENCTBUS AHTUMU-
KPOOHBIX NPenapaToB IO3BOAUAO OTKPBITH OCOOBIM
CcyOeHOTHII MNONYAIIMH-IIEPCUCTEPOB (persister's
cell). Tlepcucrepsl 3TO AABTPYUCTHYECKHE KAETKH,
KOTOphle 0Opa3yioTcsl B CTAllMOHApPHOM (pasze pocTa,
OHM MeTabOAMYEeCKU He aKTHUBHBEl M O0eCIeuuBaloT
BBUKMBAHNE MATEePUHCKOM NONYASIIMU B IIPUCYT-
CTBUU NeTAABHBIX, AAS BCEX KAETOK, PakTopoB [3, 33].
B OuomnaeHKax 3Ta CyONONyAdIus cocTaBAsieT 1 — 5%
OT BCcel KAaeTOUHOM Macchl [1]. DopMupoBaHue Ta-
KUX KAETOK 3aBUCUT OT CTeIIeHHU POCTAa NOIYyASIIINY, B
Aor-dhase KyAbTypa He oOpasyeT AU 00pa3yeT OueHb
HeOOABIIIYIO AOAIO IIEPCUCTEPOB, X KOAMYECTBO yBe-
AWYMBaEeTCd K CTallMoHapHOM aze. Ob6pazoBaHUue
CyOnonyAdaniuyu o6paTHO 3aBUCHMO OT YPOBHSI MeTa-
OOAMYECKON aKTUBHOCTH BCEX KAETOK OMONAEHKH, a
TaK)Ke OT AEMCTBHUS 3K30TeHHBIX HeOAATONPUSTHBIX
hakTOpOB. DEHOTHUII IEPCUCTEPOB XapaKTepPHU3yeTCs
UHTepeCcHOU OMOAOTHEM, OHU 3aMeAASIOT Bce (pU3uo-
AOTMYEeCKHe IIPOIecChl U CTAHOBSTCS TOAE€PAHTHBI-
MU K AeHCTBUIO Pa3HBIX (PaKTOPOB, B TOM UUCAE U K
BO3AEUCTBUIO aHTUMMUKPOOHBIX IpemnapaToB [1, 32].
CBOMCTBO aAHTHOMOTUKOTOAEPAHTHOCTU OTAWYAET-
Csl OT MEeXaHM3MOB Pe3UCTeHTHOCTU [56]. AelicTBue
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BCeX MeXaHU3MOB YCTOWYMBOCTU OaKTepuy, IO Cy-
1IeCTBY, MOJXHO CBECTU K OAHOMY SIBA€HUIO — 3TO
IpeAOTBpallleHNe B3alMOAEMCTBUS aHTUOMOTHKA C
ero MUIIeHbIO (3a cueT U3MeHeHUU caMux MUIlleHel,
WAM C IOMOIIBLIO CUHTEe3a (pepMeHTOB, HeUTparn3ylo-
VX aHTUOMOTUKY). TOAEPaHTHOCTE JKe OIIOCPEeAYeT-
CsI CIOCOOHOCTHI0O MUKPOOHOW KAETKM BBLIKUBATHL B
TIPUCYTCTBUY aHTUOMOTHKA 3a CUeT 3aMeANeHUsd Me-
TabOAM3Ma U «BBIKAIOUEHHUSI» OCHOBHEIX OMOAOTHYE-
CKUX IIPOIECCOB KAETKU. AHTUOUOTUKY d3(PHEKTUBHO
TIPOSBASIIOT CBOE AENCTBHE B OTHOUIEHUN WHTEHCUB-
HO AENIIIUXCS KAeTOK C BBICOKUM YPOBHEM CHHTe-
TUYECKUX IIPOIleCCOB. A KOTA@ KAeTKa HaXOAUTCS B
CTapAUY (PU3UOAOTHUECKOIO MMOKOS («KAETOYHOTO aHa-
Ouo3a»), aHTubaKTepuaAbHOE CPEACTBO He CIIOCO0-
HO IIPOSIBUTH B IIOAHOM Mepe CBOIO OMOXMMUUECKYIO
dyHkIuo. HanpuMep, spUTPOMUIIUH MHIUOUPYeET
OuocuHTe3 ODeAKa, 3TUM IMIPOSIBASIETCS ero 0aKTepuo-
CTaTUYHBLIU 3PPeKT (KAeTKa He pacTeT, He pa3MHO-
>KaeTcs, MeTaboAU3M 3aMepasieTcs). Ho KaeTka He
norubaeT HEIIOCPEACTBEHHO OT AeHUCTBUS Ipelaparta.
CTpenTOMUIIUH, aMUHOTAVMKO3UABL, (DTOPXMHOAOHEI
HapyIIalOT IIPOIECCHl TPAHCASIINY, pPeNANKaluu.
«BbIkATOUasi» Ha BpeMsi paboTy puOOCOM, KAETKa-
nepcucTtep OYAET IPOSIBASITH TOAEPAHTHOCTH K aMU-
HOTAMKO3HMAAM, MaKpPOAMAAM. Tak Kak IepCUCTePHl He
PacTyT, He AeAITCS, XpOMOCcOMa 1 O€AKOBEBIE CHCTEMBI
penAMKaluy, penapanuy, TPaHCKPUIIINYU HaXOAITCSI
B MHTAKTHOM COCTOSHHM, TO AeNCTBUe (DTOPXMHO-
AOHOB He pogBUTCI. CAeACTBHUEM BHIINIEeyKa3aHHBIX
«BBIKAIOUEHUM» OMOAOTHUECKUX (PYHKINU KAETKHU
SIBASIETCSI U IIpeKpallleHue CUHTe3a NeITUAOTANKAHA,
OCTAHABAUBAETCS IIOCTPOEHNE KAETOYHON CTEHKU, B
CBS3M C 3TUM, -AaKTaMHBIe aHTUOMOTHUKHU Tak>ke Oy-
AyT He 3(pPeKTUBHEL. beAKu nmepcucTepoB BhIKAIOYA-
10T paboTy, PYHKIIUIO BCeX MUllIeHel aHTUONOTHUKOB,
OIIOCPEAYS TEM CAMBIM MYABTUTOAEPAHTHOCTH (MDT,
multi-drug tolerance). CaepoBaTeABHO, DAKTEPUIIUA-
HBIe @aHTUOUOTUKU B OTHOUIEHUH IEPCUCTEPOB OYAYT
OKa3bIBaTh TOABKO OaKTepHOCTaTUdeCKUM 3 pexKT [3,
32, 45, 75].

KaxuMm 00pa3oM IpOMCXOAUT IlepecTporika KAeTOU-
HOM (PU3HOAOTHUM Y NMEPCUCTEPOB? DTO CAOKHBIM, AO
KOHITa He U3yYeHHBIM IIPoIlecc, B KOTOPHIM BOBA€UEHO
MHO’KECTBO T€HEeTMYeCKUX CHUCTeM KAeTKU. Baskuel-
LIYIO POABb 3AECh HUIpaloT XPOMOCOMHBIe TA-MOoAyAu
(toxin — antitoxin). 3TO reHeTUUYECKHE CUCTEMBI, KO-
TOpbIe IO3BOAJIOT Ilepe’KUBaThb OaKTepusaM KpaiHe
SKCTpPEeMarbHBIE YCAOBUS CPEABI Uepe3 COCTOSHUE Me-
TabOAMUECKOTO TIOKOSl. TA-MOAYAUW 3SKCIPECCUPYIOT
KAETOYHBIe TOKCUHBI U @aHTUTOKCUHEI, KOTOphle HaXo-
MAATCS B TUTOIIAA3Me B CBSI3aHHOM cocTtogHuu. Ho mocae
MAUTEABHOTO 3K30T€HHOI'O BO3AEMCTBUSA HETraTHBHBIX
(haKTOPOB IIPOHNCXOANUT MHTEHCUBHAS 3KCIIPECCUS ITU-
TOTOKCHHOB, KOTOPbIe ODAOKUPYIOT IIPOIIECCHl TPAHCAL-
nuu. TOKCUH OYAeT IPOSIBASITH CBOIO (DYHKITUIO AO TEX
TIOp, IIOKA KAeTKa He OKa’KeTCs B OAATOIIPHUITHBIX YCAO-

BUAX, UTO SIBASIETCSI CUTHAAOM AN aKTHBALMN T'eHOB aH-
TuTOKCHHA. CAEACTBHEM 3TOTO SBASIETCS CBSI3BIBAHUE
TOKCHHA B IIPOTEUHOBBINM KOMIIACKC M HOPMAaAM3allusg
MeTabOAMYECKUX MpOoIeccoB KAeTKM. CaMu TOKCHHEI
CHOCOOHBI OKa3bIBaTh Pa3HOCTOPOHHee ITUTOTOKCU-
yecKoe AENCTBUEe Ha pa3AUYHbIE 3BeHbsI MeTaDOAM3-
Ma KAeTKHU, 3TO 3aBUCHUT OT Tuna TA-mopyad. Hampu-
Mep, y E.coli onmcano 15 xpoMocoMHEIX TA-MOAyAel,
y Mycobacterium tuberculosis okoao 80. [25, 33, 36].
Haubonee nsyuennsii TA-mopyab E.coli — 3TO Xpo-
MocoMHBIH AoKycC hip (high persistence), ycTaHOBA€HO,
YTO OaKTepUaAbHBIE IIOITYAIIINH, HECyIIhe 3TOT AOKYC,
cmocoonbl popMupoBaTth B 100 — 1000 pa3 60AbITIe TTEp-
CHCTEPOB, UYeM IONYyASIIUY, He HeCylle 5TU reHkbl [958,
75]. IcIoAB3YS METOAMKY FeHHBIX YHUIIOB, Ha IIpuMepe
OMONAEHOK KUIIIEYHOM ITaAOYKY, IT0Ka3aHo, YTO IIepCU-
CTepHI B IIepBble MUHYTHI BO3AENCTBUS aHTUOMOTHKAMHU
aKTUBUPYIOT MHOJKECTBO TeHOB [25, 45, 63]. U cpean
HUX AOKychl TA-mopyaert: RelBE, MazEF-cucteMbl U
UX TOMOAOTH, (PYHKIMOHAABHOe 3HaueHWe 3THUX AO-
KyCOB — WHHIMAIMI NPOrpaMMUPyeMOM KAETOYHOH
rubeAr OaKTepU U «BBIKAIOUEHUEe» PaboThl pruOOCOM.
KhaeTounble TOKCHMHBI YKa3aHHBIX CHCTEM OAOKUPYIOT
B&)KHbIE KAETOUHBIE (DYHKITUM, TaKHE KaK TPAHCASAINS,
pennukarug. COOTHOIIIeHNe B KAETKaX-IiepcucTepax
06pa3yeMbIX KAETOYHBIX TOKCHMHOB / @HTUTOKCHUHOB
OIIOCPEeAYETCS BAMSHUEM HeONaTONPHUITHBIX BHEITHUX
dakTopoB. Hanmune Takoro OMOAOTMYECKOTO MeXa-
HHM3Ma IT03BOASIET IIA@TOTEHHBIM OAKTEPHUSIM AANTEABLHO
BBDKMBATH B MH(QPEKIIMOHHOM odare. B mccaepoBaHUAX
K. Lewis, ¢ coaBropamu [36, 37] onmcaHoO, YTO KAETKH,
skrcrpeccupyoniye RelE, cTaHOBUANCE TOAEPAHTHBIMHU
K AeUCTBUIO OPAOKCAITUHA, ITePOTaKCHMa, TOOpaMHUITH-
Ha, B OTAMUME OT KAETOK, KOTOpEIe He 3alryckaau RelE-
MOAYAHU. B dhopMUpoBaHNUY TePCUCTEHTHOTO (PeHOTHUIIA,
noMuMoO TA-MOAyAel, 3aAeVICTBOBAHEL U APYTHE TeHHI,
HanpuMep reHbl SOS-cucteM. OHU KOAUPYIOT OEAKH
¢aroBoro, TEIAOBOTO, XOAOAOBOTO IIoKa (sulA, cspH,
htrA, ibpAB, htpX, clpB, psp, umuDC u npoune). JKcC-
IIpeccus CTpecC-acCOMUPOBaHHBIX (PaKTOPOB CBSA3aHa
¢ (pyHKIMEeN BBDKMBAHUSA IEPCUCTEPOB, HO IIPOAYKTEHI
3TUX TeHOB CIIOCOOHBI TaKXKe MHTUOMPOBATH TPAHCAS-
nuto, penaukamnuio (umuDC), paspereHre KAETOK BO
BpeMst perenust (sulA). OaHako 3To ellle He Bce (pusuo-
AOTMYeCcKHe BO3MOYKHOCTU ITepPCUCTePOB. KaacTepHbBIN
QHAAW3 Pe3yAbTATOB, IOAYYEHHBIX IIPU NCIIOAB30BaHNH
TeHHBIX YWIIOB, IOKa3aA, YTO IIOMHMO THIIep3KCIpec-
CHH BBIIIEOIINCAHHBIX T€HOB, IIPONUCXOAUT IPOTHUBOIIO-
AOJKHBIM IIPOIIECC — CHIDKEHMe 3KCIPEeCCUU APYTUX
TeHHBIX AOKyCcOB. Cpeard HUX TeHBl, y4acCTBYIOUIVE B
OMOCHHTe3e KOMIIOHEHTOB KI'yTUKOB, OIIEPOHEBI, BOBAE-
YeHHBIEe B OKUCAUTEABHOE ochopurmpoBatre HAAH-
aperupporeHassl, AT®-cuHTa3bI, ITUTOXPOM-O-yOUXIHOA
OKCHMAQ3Bl U APYTUX. DTO OCHOBHBIE (pepMeHTaTUBHEIE
CHCTeMBI, IPUHUMaIOIINe yJyacTre B 0a30BBIX IIPOIlec-
CcaxX aCCUMUMNIIIUM — AUCCUMUAANNU KAeTKU. CAepo-
BaTEABHO, MMPOUCXOAUT «BBIKAIOUEHHE» MeTabOAM3Ma,
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TIPUBOAMAIIEE K COCTOSTHUIO KAETOYHOTO TIOKOsT (puc. 3).
PaboTa reretrueckux TA-MoAyAel, OOYCAOBAMBAIOITUX
BBIKAIOUEHHE OMOAOTMYeCKY Ba)KHBIX (DYHKITUM OCTaeT-
Cs1 A0 KOHIIa He M3yYeHHOM, KakK U (PU3UOAOTHS U TIPO-
Yrie MeXaHN3MbI BEDKUBAHUS KAETOK-TIepcucTepoB. Ha
CETOAHSIIITHUM AEHB IIPOBOASTCSI MCCAEAOBAHMUS IO TI0-
HUCKY T'€HOB, 3aAeMCTBOBAaHHBIX B IIpolleccax obpa3oBa-
HUS TOKOSIIIIUXCST POPM KAETOK, B YaCTHOCTH, HEAABHO
ObIAM ontnicaHbl Oeaku YQA u YigB, koTopble 6AOKUDY-
IOT CUHTE3 HYKAEOTHUAOB U (DAABMHMOHOHYKAEOTHAOB,
BO3MOJKHO, OHM TaK>Ke y9aCTBYIOT B MeXaHn3Max hop-
MMpOBaHMs IlepcucTtepos [32, 33, 36, 37].

Bce dakToOphl MMMYHHOM 3aIIUTHl CIIOCOOCTBYIOT
SAUMUHANVY OaKTePUAABHBIX KAETOK BHE OMOIIAEHOK
(MA@HKTOHHBIX POPM), HO aHTUTEAd, OEAKN KOMIIAe-

AxTHEamHA "' cTpeccopHBIX reHos”

T OPMOZKEeHIe MeTa GD.T]I[‘I eCKHX [IpoIecCcoe

HEAKTEPHATDI
HMMYHHLIH O

BECCTAHOBNEHHE NOMYNA
ALLHA HHPEKLLHOHHOT Q.

MeHTa M (ParouuTUPYIONIUEe KAETKU He CIOCOOHBI
MPOHUKATDL Yepe3 IK30MMOANCAaXapPUAHBIN CAOM. AHTHU-
OUOTMKY CIOCOOHBI MPOHUKATE CKBO3b 3TOT Gaphep U
YHUUYTOKATh MUKPOOPTaHU3MBI BHYTPU CaMoOM Ouo-
TIAEHKH C Pa3AMYHBIM ycriexoM. Ho BEKUBIIITE KAET-
KU TIEPCUCTEPHI C UX TOAEPAHTHOCTBHIO ¥ TPOMAAHOM
CIIOCOOHOCTBIO K BBI)KUBAHUIO OCTAIOTCSI WHTAKTHBI-
mu. [Tocae mpekpalieHnss aHTUOMOTUKOTEPAITNY, Ye-
pe3 HEKOTOpOe BpeMst HAUMHAETCSI CHHTE3 1 HaKOIIAe-
HYe B KAETKaX IIepCUCTepaxX aHTUTOKCUHOB, ITUTOTOK-
CUHBI HEUTPAAU3YIOTCS, aKTUBUPYIOTCSI BCe OMOAOTH-
yeckme mporiecchl. [Tocae mpekpalleHus AeNUCTBUS
IIUTOTOKCUHOB KAETKU HAYMHAIOT TPOAU(EPUPOBATH,
BO300OHOBAsIETCSI GaKTepwarbHasi KOMMYHHMKAIUS M
TaKUM 00pa3oM BOCCTAHABAWBAETCS MaTepUHCKas

TBE,

PEMPECCI A MEHOB
"AOMALLIHENS KO3 AKCTBA"

hip+
[ I I I I

TOKCKHH f AHTHUTORCKH

TPAHCIAUM A

CHHTES
MENT K QO KAHA

PEMMNKALMASA,
PEMAPALIAS

CHWHEHME

METABOMNMIMA

AHTHEHOTHKOTONEPAHTHOCTDL |

| ©A3A KNETOYHOT O NOKOA |

Puc. 3. MoaeAb BO3AeMCTBHS Ha OMONIAEHKH (DAaKTOPOB MUKPOOKPY KEHUS U MeXaHU3Mbl BOCCTAHOBACHUS
BCel NONYASIIUM 3a CYeT KAeTOK-IIEPCUCTEPOB (KPYTroM 0603HaYeHbl — OOBIYHBIE KAETKY, YePHBIM KBAAPATOM —

IePCUCTEPHI).

INocae Bo3peNCTBUS @HTUOMOTUKOB U (DAKTOPOB UMMYHHOM 3allIUTHI (AHTUTEA], (paroluThl), SAUMUHUPYIOT CBOOOAHEBIE
NIAQHKTOHHBIE (DOPMBI KAETOK, B MAaTPUKCE OUOIIAEHKU OCTalOTCS TOABKO BBIKUBIIIHME IIepcUCTePhl. TakKe IMoKa3aH Kackap,
BHYTPUKAETOUHBIX PETYASITOPHBIX PeaKIii KAeTOK-IIepCUCTePOB: paboTa hip-Ar0Kyca onlocpeAyoIero BEIKAIOUeHe

(OFF) BaskHeHIINX (DMU3UOAOTHUECKUX IIPOIeCCOB OAaKTEePUAABHOM KAETKH, ¥ PEIIPeCCUM I'eHOB «AOMAIITHEro X0351UCTBaY.
INocae npekpallleHUsA AeUCTBUS aHTUOUMOTUKOB, MaTepPUHCKAas MONYASIIUSA BOCCTaHaBAUBAeTCs, MH(PEKIIMOHHBIN IIpoliecc
BO300HOBASIETCSI. 30 OCHOBY MOgeAlU OblA B3sim PUCYHOK u3 Knuru: Biofilms, Infection, and Antimicrobial Therapy edited by John

L. Pace et. al., 2006 (p. 245, Fig. 12.3).
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MOTyASIINsA. AAST MaKpOOOpraHW3Ma 3TOT IIPOIECC
COTIPOBOYKAQAETCSI XPOHU3aler WHMEKIINH, TOsSIBAE-
HUEeM MaHU(EeCTUPYIOIIUX TPU3HAKOB 3a00AeBaHUs,
CBS3@HHBIX C IOBTOPHOU aKTHUBAaIlie UMMYHHOM CH-
CTEMBI ¥ AEVICTBUEM BUPYAEHTHBLIX (PAKTOPOB KAETOK
OakTepuil (puc. 3). C poCcTOM NOTYASAIIUN IIPOUCXOAUT
CcOo3paHUe BOKPYT OMONAEHKU UMMYHOCYIIPECCUPYIO-
1IIero MUKPOOKPY’KEHMs 3a CUeT CUHTe3a crieruduie-
CKUX MOAEKYA, ¥ BTOPUYHOT'O CUHTE3a IPOTEKTUBHOMU
CHCTeMBI MaTpUKca OMonAeHKu [1, 58].

TakuM 0Opa3oM, COBpEeMEHHOe OCMBICAeHUEe OMO-
AOTUM CYIIECTBOBAaHUS MUKPOOPTaHM3MOB, WX IIOBE-
AeHMe KaK KOAOHUAABHO-COITMAABHBIX OPTaHU3MOB
TO3BOASIET MHAauYe PacCMATPUBATH ITPOIECCHI, AerKa-
mye B OCHOBe TeueHust nHdekiumu. opma cyrecTBo-
BaHUS MHUKPOOPTaHW3MOB B BHAE OHOMAEHOK — 3TO
9BOAIOITMOHHO BBITOAHBLIM CITOCOO HAAKAETOUHOM Op-
TaHM3alMU TATOTeHHBIX, YCAOBHO-IIATOTEHHBIX IIPO-
KapuoT IIpU ITapa3UTUPOBAHUN MaKpoopraHusMa. Ha
CETOAHSIIITHUM AeHb OMONAEeHKOOOpa3oBaHUEe TOCHU-
TaABHBIMU IIITaMMaMU OaKTEPUHN SIBASIETCSI CEPbe3HOM
YTPO30M AAST TPAKTUYECKOTO 3ApaBooxpaHeHus. Oco-
0oe 3HaueHUE 5TO MPUOOPETaeT B OTAGACHUSIX WH-
TEHCUBHOMN Tepaluy, XUPYPTUYEeCKUX CTallMoHapax,
IIOCKOABKY 00pa3oBaHue OMOTIAEHOK SIBASETCS ITPUYHN-
HOI BO3HUKHOBEHUS TSIPKEABIX KaTeTep U BEHTUASITOP-
aCCOITMHUPOBAHHBIX HO30KOMUAABHBIX MH(PEKITUH, CeTl-
CHCOB, TTHEBMOHUM M AETAALHBIX MCXOAOB. BOAbIIMe
SKOHOMHWYECKUE MOTEePU CBSI3aHBI C HeAIP(PEeKTUBHOMU
aHTUOMOTHUKOTEepanuen wuH@eKIul OuolAeHOK. B
CBSI3U C 3TUM Pa3pabaThIBAIOTCSI HOBLIE MTOAXOABLI AAS
UAEHTU(UKAIIUY U N3yUYeHUsT OGMOMAEHOK, 3TO IIPEXKAE
BCEro, TeHOTUIIMPOBaHNE, OCHOBAHHOE Ha AETEKIITUU
cnernuUIecKux reHoB. BepeTcst pa3paboTka HOBBIX
AHTUOMOTHUKOB, U3MeHeHe TaKTUKYU aHTUOMOTUKOTe-
parmy, a Tak>kKe OUCK HHTHOUTOPOoB QS.
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