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BBEJIEHUE

AKTYyaJIbHOCTb HCCJIEJOBAHUS

OpHuM 13 HauboJee akTyalIbHbIX HalpaBJIE€HUN COBPEMEHHBIX MCCIIEJOBaHUI BO30Y1u-
Tesei onacHbIX MH(EKIIMOHHBIX 00JIE3HEH SABISETCS U3ydyeHUE OMOIOTMYECKUX MEXaHU3MOB UX
pacipoCTpaHEHUsI U COXpaHEHHs] BO BHEIIHEH cpele BHE opraHu3Ma xo3siHa. [latoreHHbie
MUKPOOPTaHU3MBI XapaKTEPU3YIOTCS pa3HOOOpa3HBIMU MEXaHU3MaMH MEePCUCTEHIINH, TAKUMU
KaK HE3aBUCUMOE campo(UTHOE CyIIeCTBOBaHHE, CUMOHMO3 C Pa3IMYHBIMH OMOJIOTUYECKUMU
BUJIaMU IOYBEHHBIX M BOJHBIX OMOIIEHO30B, NAPa3UTUUECKOE COXPAHEHHUE B IPYTUX KUBBIX CH-
ctemax. Hanbomnpiryo akTyaJlbHOCTh B 3TOM 00JacTH MMEET U3y4yeHUEe SH300THUM MPUPOIHO-
0YaroBbIX MH(EKIMOHHBIX 0O0JIe3HEH, 001a1al0IIUX BBICOKUM 3MHIEMUYECKUM MOTEHIIUATIOM.
B mepByto odepenb K HUM OTHOCUTCSI BO3OyaMTENb YyMbl Yersinia pestis — stnosoruveckuii
areHT 0co00 omacHOW WH(MEKIIMOHHON MPHUPOIHO-O0YArOBOM OOJE3HH C MPEUMYIIECTBEHHO
TPAaHCMHUCCHUBHBIM MEXaHU3MOM Tiepenadyu HHPEKIINH.

B XXI Beke uymMa ocTaeTcs OMHONW U3 IJIaBHBIX OMOJIOTHYECKUX YIPO3 JJIS 3/IpaBOOXpa-
HEHUS, YTO OOYCIIOBJIEHO BBICOKON BHPYJIEHTHOCTHIO BO30YIUTENS W HAIUYHEM OOJBIIOrO
qKCJIa IPUPOJHBIX 04aroB YyMbl, PAacIIOJIOKEHHBIX MPAKTUUECKH BO BCEX YACTSX CBETA HA TEp-
putopuu Oonee yem 50 rocynapcTB [ATiac NPUPOIAHBIX 04aroB uyMbl Poccun u 3apyOexHbIX
rocynapcts, 2022]. B Mupe coxpaHseTcs HanpspKeHHas SIUJIEMUOJIOTUYECKasi CUTYalUs T0
yyme. B 2023 r. cinyyan yyMbl IPOU30IILIHN B IIsITH cTpaHax: Monronuu (5 cnyyaes), Kuraiickoit
Haponnoit Pecnyonuke (3), Peciybnuke Manarackap (14), Hemokparuueckoit Pecriybnuke
Konro (60), Coenunennsix Illtatax Amepuku (2). Beero 3apeructpupoBano 84 noarBepKaeH-
HBIX ciydas 3aboneBaHusi, U3 HUX 26,2 % (22 cnywas) ¢ jaetaibHbIM ucxoaoM [URL:
https://67.rospotrebnadzor.ru/content/143/124193 (nara o6pamenus 15.02.24); ITomos u np.,
2024].

B 2023 r. B Poccuiickoit @enepanuu 3MM300TUN YyMbI BBISIBIEHBI HA TEPPUTOPHUH JIBYX,
["opHO-AnTaiicKOro BEICOKOTOPHOTO U TYBHUHCKOTO TOPHOTO, U3 OAMHHAALIATH PUPOIHBIX OYa-
r'OB UyMbl. B COOTBETCTBUM C MPOTHO30M 3MM300TUYECKON AKTUBHOCTH 04aroB YyMbl B 2024 r.
COXPaHUTCS HaIpsDKEHHAs 3MUIEMHOIOTHYecKasl 00CTaHOBKa Ha Tepputopun Pecniybnuku A-
tail u PecniyOnuku TriBa [IlonoB u ap., 2024]. Ouaru 'oproro Antas u TyBbl Ha NPOTSHKEHUH
MOCIIETHUX IECATUIICTHI MPOSBIIIOT OCTOSHHYIO SMTM300THYECKYI0 aKTUBHOCTE. B 2014-2016

IT. Ha Tepputopun PecryOnuku AnTtail mpou30IUIO TPHU cllydas 3apa)K€HUs YyMOM 4elloBeKa,
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BHEpBbIE nociie 35 ner orcyrcTBusd yymbl B Poccuiickoit ®eneparuu [KyteipeB u ap., 2014;
banaxonos u jp., 2016].

Bo30yautens uymbr Y. Pestis siBsieTCst BETBBIO SBOJIOIIUK BO30YIUTENS MICEBIOTYOEPKY-
ne3a Y. pseudotuberculosis u codertaer B cebe 4epThl IOBCEMECTHO PACIIPOCTPAHEHHOTO B TIOYBE
canpo(UTHOTO NpeaIUIECTBEHHUKAa U 00pa30BaBILIErocs Ha €ro OCHOBE CHCTEMHOTO MaToreHa,
OCBOMBIIIETO KPOBSTHOE PYCJIO TEIJIOKPOBHBIX KUBOTHBIX. BO30yAUTENIb UyMbl UMEET CIIOXKHBIN
YKU3HEHHBIN 1K, KOTOPBIN BKIIIOUAET JIBE U3BECTHBIE CTAIUU CYIIECTBOBAHUS — B HOCUTENIE U
nepeHocyrke. B kauecTBe mepeHOCUnKOB MOTYT BBICTYIATh KJICIIH, BIIU U JPYTHe apTPOIOIbI,
HO OCHOBHBIMHU BEKTOpaMU NEPEHOCA BO3OYIUTENS YyMBI SBIISIFOTCA 0J10XH, OTHOCsIIHECS K 280
BHJIaM, TOTJ]a KaK HOCUTEIISIMU HHPEKINH SIBISETCS 368 BT MICKOITUTAIOIINX, U3 KOTOPHIX 286
BUIOB OTHOCATCS K rphidyHaM [Dubyanskiy, Yeszhanov, 2016; Mahmoudi et al., 2021; Atnac
MPUPOIHBIX 04aroB uymbl Poccuu u 3apyOexHbIx rocynapcts, 2022]. OcoOEHHOCTH YKOJIOTHH
Y. pestis ocTaloTcsi MaJOUCCIICIOBAHHBIMU. ['€HOM, MOJyYeHHBIH OT CampO(GHUTHOTO MpPEIIIIe-
cTBeHHUKA (98 % HIEHTUYHOCTHU MOCJEI0BaTEILHOCTEN T€HOB-TOMOJIOTOB Y 3THUX JBYX BHUJIOB
UEPCUHMUIT), 00ecriedrBaeT MOTEHIIUANT JIJIs JVIUTEIHHOTO CYIIECTBOBAHMS BO30YIUTEINS YyMbl B
MPUPOTHOM OHMOIIEHO3€ 0YaroB YyMbl BHE OPTraHW3MOB HOCUTEJNICH U MEPEHOCUYUKOB, B TOJIH3Y
Yero HakaruiBaeTcs Bce Oomblne AaHHbIX [HuxkynemmH u ap., 1992; Iymkapesa, 2003; bpe-
HeBa | Jp., 2005; Komens u ap., 2016; Ornoaun u ap., 2017; Chain et al., 2004; Laudisoit,
2009; Benavides-Montafio, Vadyvaloo, 2017; Markman et al., 2018]. Bux Y. pestis Bkitouaet 7
MOABUIOB U OTJIMYACTCS CIIOKHOW BHYTPUBHUIOBOM CTPYKTYPOH, UTO 00YCIOBICHO IBOJIIOIUEH
OTIIENBHBIX (husoreorpadUyecKux TPyHN B pa3lWyHBIX JaHAMA(THO-TeOrpadhUIeCKuX 30HaAX
(cremnu, MOMYMYCTBIHU, MTYCTBIHA, HU3KOTOPHBIE U BhICOKOTOpHBIE JanamadTel). [lITammer oc-
HOBHOTO ITOJIBUJIa BEICOKO BUPYJICHTHBI M AMUAEMUYECKH 3HAUUMBI, IIUPOKO PACIPOCTPAHECHBI
Ha pa3HbIX KOHTMHEHTax. [IITaMMbl 6 HEOCHOBHBIX MOJIBUJIOB BUPYJIEHTHBI, B OCHOBHOM, JJIsI
MEJIKUX TPBI3YHOB, M MOT'YT BBI3BIBATH JIUIIh €IMHUYHBIC CIydau 3a00JIeBaHUS YyMOM YEJIOBEKa
[Epomrenko u np., 2022; Kutyrev et al., 2018].

DnuaeMudecKkas 3HaYMMOCTh OYaroBBIX TEPPUTOPUN OMPEIEIseTCs BUPYJIECHTHOCTHIO
BO30YAMTENS KaK TTITaBHOM COCTABIISAIONIEH Mapa3uTapHOi cUCTeMBbI o4aroB. McciaenoBanue oco-
OeHHOCTEH SKOJIOTHH BO30YAUTENCH BayKHO AJIs1 BRIICHEHUS! 3aKOHOMEPHOCTEH NPOSIBIICHHUS aK-
TUBHOCTH MPHUPOIHBIX 04aroB nHGekui. OyHKIIMOHUPOBAaHUE 0YarOB YyMbI BKJIIOUYAET MEPHU-
0J1bl aKTUBHOCTH U MEPUO/bI TOKOS, IPUUYUHBI CMEHBI KOTOPBIX 10 CHX IOP TOYHO HE YCTAHOB-

JieHbl. B MCpuoaAbl IMMPOABJICHUA AKTUBHOCTU TCPPUTOPUHU OYAl'OB OXBATBIBAIOTCA JIIU300TUAMU
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Cpellv TPBI3YHOB, BO BpeMsl KOTOPBHIX BO3OYAUTEINb MEePEeAAeTCs MO KIACCUUYECKOMY MEXAHU3MY
TOPU30HTAIBPHON TPAHCMHUCCHUU: OT TPhI3yHA K TPBI3YHY Uepe3 YKYChI apTponol. B mepuois mo-
KOSl DMIM300TUHU B O0Yarax He PerucTpUpPYIOTCs, OTCYTCTBYIOT HAaXOJIKH 3apa)KEHHBIX TPHI3YHOB
U, COOTBETCTBEHHO, HE BBIACIISIOTCS KYJIBTYphI Y. Pestis. MexaHu3Mbl COXpaHCHHS BO30YIUTEIS
YyMbI B MEKAMU300THUECKUNA TIEPUOJT U TTyCKOBbIE MEXAHU3MbI aKTUBU3ALUU SMTU300THUECKHUX
MIPOIIECCOB B MPUPOJTHBIX OYaraXx 4yMbl OCTAIOTCS HEBBISCHCHHBIMHU. PaHee mpearmonaraiocsk,
4TO B MEPUOJIBI MEXKIY MHU300TUsAMHE Y. PEStiS COXpaHsAeTCs B «IH300TUYHBIX IUKIIAX», UPKY-
JUPYS MEXKIY YaCTUYHO PE3UCTEHTHBIMH I'PhI3YHAMHU U UX MEPEHOCYMKAMU Ha OTPAaHHUYEHHBIX
yuacTkax ouara [Akues, 1989; Gage, Kosoy, 2005]. OgHako q0Ka3aTeabCTB HUPKYISLIAHA BO3-
OyAuTeINs YyMbl B «3H300TUYHBIX ITUKIIAX» B MIEPUOIBI MIOKOS 0Yara JI0 CUX Mop He MOIY4YeHO,
Y HE HAMJICHBI yY4aCTKH 0YaroB, B KOTOPBIX BO30YIUTENb COXpaHsaeTcs B ATy (pa3y. Hakarmimsa-
eTcsi Bce O0JIblle JaHHBIX, CBUACTEIHCTBYIONINX O COXPAHEHUH BO30OYAUTEINS YyMbl B aCCOIIHA-
LIUY C TOYBEHHBIMU NpocTermuMu [ Hukynemmn u ap., 1992, Ilymkapesa, 2003; JInteun B.1O.,
2003; Komrexns u ap., 2016; Benavides-Montaiio, Vadyvaloo, 2017]. Pa3zpaborana rumotesa Bep-
TUKaJIbHOM TPaHCMHUCCUU, B COOTBETCTBHH C KOTOPOU SHTOMOIIAPA3UTUUECKUE HEMATO/IbI B ac-
conuaruu ¢ Y. pestiS ciaykar UCTOYHUKAMH «BBIHOCA» BO30YIUTEIIS U3 MOYBCHHOTO B HA3EM-
HBII OMOIIEHO3 C MHUIIHAIIMEH 3MMM300THYECKOTOo Tporiecca B ouare [[Tomos u ap., 2007; KyTsI-
peB u ap., 2009; ITonos u ap., 2011; Kutyrev et al., 2022].

[Tony4yenue 3HaHUI O MeXaHU3MaxX MEPCUCTEHIIUN BO3OYAUTENS YyMbl HEOOXOAMMO JIJIs
MOHMMAaHMs 3aKOHOMEPHOCTECH (YHKIITMOHUPOBAHUS TPHUPOJHBIX OYaroB YyMbI, BBISCHCHHSI
MPUYMH CMEHBI B HUX (pa3 aKTUBHOCTH U TIOKOS, ¥ IPOBE/ICHUS HA OCHOBE MOTYYEHHBIX TAHHBIX
ONTUMM3AIUU 00bEMa 1 HANPABIIEHUH MPOPUITAKTHIECKUX MEP IO KOHTPOITIO 32 TYyMOU B LIETISAX
MOBBIMIEHUS Y3PHEKTUBHOCTH TTPOBOAMMOTO SIHIEMUOIOTHYSCKOTO MOHUTOPHHTA U o0ecriede-
HUSI CAHUTAPHO-3IHUIEMUAOJIOTHYECKOT0 0JIaronoayyduns HACEICHHUS.

Crenenb pa3padloTaHHOCTH NPOOJIEMBbI

Jliis psina GakTepuabHBIX MHPEKINA YKCIEPUMEHTAIILHO TTOITBEPKICHA BO3MOKHOCTh
JUTUTEIILHOTO COXPaHEHHUs BO30YIUTENSI BHE OPraHU3MOB HOCUTEJICH M TIEPEHOCYMKOB B aCCO-
[UAIUU C YICHAMH MOYBCHHBIX U BOJHBIX OMOIIEHO30B — MPOCTEUITUMU, HEMATOIAMHU, TPH-
Oamu, paCTeHUSIMH 1 IPYTHMU oprann3Mami [Jluteus u np., 1997; Greub, Rauolt, 2004; Konig,
Varma, 2006]. bonbiioe BHUMaHHUE YACISICTCS U3YYCHHUIO B3aMMOICHCTBUN MAaTOTCHHBIX MHK-
POOPTraHU3MOB C MPOCTEUIIIUMU, TTOCKOJIBKY Tporiecc (paroruTo3a uMeeT o0IIue YepThl y amed

u Makpodaros miuekonuraromux [Harb et al., 2000; Ke et al., 2013]. AmeObI paccMaTpUBaIOTCS
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B KaQU4eCTBE «TPEHUPOBOYHBIX IIOMIAIOK», HA KOTOPBIX MPOUCXOIUI 0TOOp Hauboiee MpUcIo-
COOJICHHBIX KJIETOK OaKTepHii, ClIOCOOHBIX M30eraTh BHYTPHUKIECTOUHOIO NIEpEBapUBAHUS, pa3-
MHOaThCs M BBIXOAMTH BO BHEIIHIOWO cpeay [Barker, Brown, 2004; Molmeret et al., 2005].
CnocoOHOCTh K BHYTPUKIETOYHOMY BBDKMBAHUIO B aMe0ax MOKa3aHa /Jid NaTOTeHHbIX OakTe-
puit Francisella tularensis, Vibrio cholerae, Legionella pneumophila, Mycobacterium leprae,
M. avium, M. marinum, Helicobacter pylori, Chlamydophila pneumoniae, Campylobacter
jejuni, Coxiella burnetii u pasubix Bupycos [Essig et al., 1997; La Scola, Raoult, 2001;; Abd et
al., 2007; EI-Etr et al., 2009; Ben Salah, Drancourt, 2010; Al-Quadan et al., 2012; Kennedy et
al., 2012; Olofsson et al., 2013; Ravindra et al., 2019; Dey et al., 2020]. ITockonbKy pa3MHOXKe-
HUE B Makpodarax sBisieTcst 00s3aTeNIbHON CTaaueil pa3BUTHS YyMbl B OPraHU3MaxX MIICKOIH-
TaIOIIMX, Mpeanonaraetcs, 9ro Y. pestis Takke MOKET B3aUMOJICHCTBOBATh ¢ aMeOaMu U HC-
I0JIb30BaTh UX B cBOoeM Jxu3HeHHOM nukiie [Ke et al., 2013; Benavides-Montaio, Vadyvaloo,
2017]. Pe3ynbTaThl HCCEA0BAHMMA, JOKA3bIBAIONIUX COXPAaHEHUE BO30YIUTENS YyMBI B aCCOITH-
ari ¢ pasnuuHbiMH mpoctedmmmu  Hartmannella rhysodes, Tetrahymena pyriformis,
Dictyostelium discoideum, Acanthamoeba castellanii cpokom ot 2 nHeli 10 14 MecsIEeB, MOCay-
JKUJTM OCHOBOW MIJIsl BBIJIBMDKCHHSI TUTIOTE3bI O COXpPAaHEHUU BO30OYIUTENS YyMbl B TTOUBEHHBIX
OuoIIeH03aX B accolMaIusax ¢ npocreimmmu [ Hukyneimms u ap., 1992; [Mymkapesa, 2003; JIut-
BuH, 2003; bpenesa u ap., 2005; [TonoB u ap., 2007; Komens u ap., 2016; Ornonus u np., 2017;
Laudisoit, 2009; Benavides-Montaiio, Vadyvaloo, 2017; Markman et al., 2018].

NmeroTcst oTaenbHbBIE COOOIIEHUS MO COXPAHEHUIO BO30YIUTENEH B IPYTMX MAaCCOBBIX
YJIeHaX MMOYBEHHBIX OMOIIEHO30B — MOYBEHHBIX U MAPA3UTUYECKUX HEMATO/AX, a TAKXKe IO pac-
MPOCTPAHEHUIO C UX MOMOIIIbIO OakTepuid B ipenenax o6uorona [Buasesa u np., 2010; Komrens,
2015; Abu Hatab et al., 1998; Gengler et al., 2015]. B ¢Bsi3u co crmocooHOoCcThIO Y. pestis oopa-
30BBIBaTh OMOIUICHKY Ha KYTHUKYJIe HEMaTo/1 Obllla BBIIBUHYTA TUIIOTE3a 00 y4acTUU Mapa3uTH-
YECKUX HEMAaTO/l B EPEHOCE BO30YAUTENS YyMbI U3 MOYBHI B 0JI0X, MOJyYHBIIIas Ha3BAHUE TH-
NOTEe3bl BEPTUKAIbHOU TpaHcMuccuu [[Tomo u ap., 2007; Kyteipes u np., 2009; [Tonos u np.,
2011; Epomenxo u ap., 2012; Darby et al., 2002; Joshua et al., 2003]. Bricokas 4ncieHHOCTb
MPOCTEHIINX B MOYBAX MPUPOJIHBIX 09aroB 4ymbl, gocturaromiast 300 Teic. kneTok amed Ha 1 T
noussl 1 107 HemaTon Ha 1 M?, IO3BOJIAET PACCMATPHBATL STH MACCOBBIE OPraHU3MBI IIPUPOJI-
HBIX TTOYBEHHBIX OMOTOIOB B KaU€CTBE MOTEHIIMAIBHBIX MPUPOJIHBIX PE3EPBYapOB BO3OYAUTENS

gymbl [Komens u np., 2015; Back et al, 2005].
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OnHako, UCCIE0BaHMsI MEXaHM3MOB B3aMMOJCHCTBUS KIETOK Y. PEStiS M MOYBEHHBIX
MPOCTEUIINX U HEMATOJ HAXOJATCS Ha HadalbHBIX 3Tanax. HeoOxonuMo mpoBeaeHue pa3Ho-
CTOPOHHETO aHAJIN3a C IPUMEHEHUEM COBPEMEHHBIX TEXHOJIOTMI M MYJIbTHAUCIUIUIMHAPHBIX
MOJAXO0B JIJIsl YCTAaHOBJICHUSI OCOOCHHOCTEN U 3aKOHOMEPHOCTEN UX B3aUMOJICHCTBUMN; OLIEHKHU
OKa3bIBAEMOT0 BO3OYAUTENIEM UyMbl BIUSHUS HA TTOUYBEHHYIO MUKpodayHy, B TOM UUCJIE U HA
MOJICKYJIIPHOM ypoBHE. [l pelieHus Bompoca o coxpaneHuu Y. PestiS B MPUPOIHBIX ovarax
BO BpeMsI MEXAMHU300TUYECKUX MEPUOJ0B HEOOXOAUMBIM STANIOM SIBJISIETCS U3YUYEHHE JIOJITO-
BPEMEHHBIX B3aHUMOJICUCTBUI OPraHU3MOB Ha MOJIEKYJISIPHOM, OPraHU3MEHHOM U TIOMYJISLIMOH-
HOM ypoBHX. Oco0oe 3HaUeHHUE Il TOHUMAaHUSI MEXaHU3MOB SH300THU YyMbI UMEET aHaJIN3
B3aMMOOTHOIIIEHU OPraHNU3MOB, BBIICJICHHBIX HA TEPPUTOPUU OJIHOTO OHOlIeH03a. Tak mpoBe-
JICHBI DKCIICPUMEHTHI 110 B3aUMOJICHCTBHIO MITaMMOB Y. PEStiS M YIeHOB MOYBECHHBIX OHOIICHO-
30B, BeIICIEHHBIX B CeBepo-3anaanoM [Ipukacnuu u ['opuom Anrae [Komens, 2016, Orinoaun
u ap., 2017]. B 1o e BpeMs B InTepaType OTCYTCTBYIOT CBEACHUS IO MOJIEIUPOBAHUIO JTOJITO-
BPEMEHHOTO coxpaHeHwus Y. PestiS u u3ydeHuro B3auMOJCHCTBUI ¢ MPOCTEHIIMMU U HEMATO-
JTaMH, BBIJICJICHHBIMHU Ha TEX )K€ yJacTKaxX oYara, 4To U mraMMmsbl Y. pestis. OTcyTCTBYIOT naH-
HBbIE O BUJIOBOM pa3zHOOOpa3uu amed W HEMATO/ B 04arax ropHOro M BRICOKOTOPHOT'O THIIOB, B
TO BpeMsI KaK MMEHHO 3TH dH300THUYHBIE 110 YyMe Tepputopuu Poccuiickon denepannu Haxo-
JIATCS B HACTOSIIIEE BPEMs B aKTUBHOM COCTOSIHMH. Hanbosiee akTHBHBIMU Ha MPOTSKEHUHU T10-
CIEeIHUX AECATUIETUH OCTalTCs TeppuTopun ['OpHO-ANTaICKOro BBICOKOTOPHOTO U TyBUH-
CKOT'0 TOPHOTO MPHUPOJHBIX 0YArOB YyMbl, B KOTOPHIX IUPKYIUPYIOT BEICOKOBUPYJICHTHBIC U
SMHUJIEMUYCCKH 3HAaUMMbIe mTamMMbl Y. pestis ¢unorenernyeckoir nmuaun 4. ANT aHTHYHOTO
OuoBapa OCHOBHOTO mojBuaa. Hanbonee akTyalbHBIM SIBISIETCSI M3yY€HUE B3aUMOJCHCTBUI
mrraMMoB Y. Pestis ¢ mpecTaBUTEISIMKE TOYBEHHOW MUKPO(ayHbI, BbIICICHHBIMH Ha STTH300TH-
YEeCKU aKTUBHBIX TeppuTopusix ['opHoro Anras.

Pa3ButHe cOBpeMEHHBIX TEXHOJIOTUM MHUKPOOMOJIOTUU U MOJICKYJISIPHOW TE€HETUKH, TO-
SIBIICHUE BBICOKOTEXHOJIOTUYHOTO 00OPY/I0BAHUS MTO3BOJISET MOTYUYUTh HOBBIE CBEJICHUS O B3a-
UMOJICHCTBUM BO3OYIUTENS YyMBI C YJeHAMU MTOYBEHHBIX OMOIICHO30B C MCITOJIb30BAHUEM CO-
BPEMEHHBIX MYJIbTUIUCHUIUIMHAPHBIX METOANYECKUX MOAX0I0B (KAUUISIPHOE U BBICOKOIIPO-
W3BOJIUTEIIbHOE CEKBEHUPOBAHUE; JIIOMUHECIICHTHAsI MUKPOCKOIHUS; T€HHO-UH)XCHEPHBIE TEX-
HOJIOTHUHU U MOJICIMPOBAHKE B TaOOPATOPUH YCIOBHUI MPUPOIHBIX OMOIIEHO30B). be3 BhIACHEHUS

0CcOOEHHOCTEH B3aMMOECHCTBUSA BO3OYIUTENS YyMbl C WIEHAMHU SKOCHCTEMBI PUPOAHBIX 0Ya-
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r'OB UyMbl HEBO3MOKHO YCTAaHOBJIEHUE OCHOB CJI0KHOM KOJIOTUU BO30OYAUTEIS UyMbl, MEXaHU3-
MOB COXpaHEHUs BO30YAUTEINS B IEPUOJIBI MEXKTY SMIU300TUSIMH, 3aKOHOMEPHOCTEH HHULIUAIIIT
U Pa3BUTHSI SIIM300TUYECKOTO Mpoliecca. ITU 3HAHUS HEOOXOAUMBI JIJIs MOBBIIIEHUS 3P HEKTUB-
HOCTH MPOBOAUMOTO IMUAEMHUOJIOTHYECKOI0 MOHUTOPUHTA B IPUPOJIHBIX Odarax 4yMbl U JJIs
ONTUMM3AIMN KOMILIEKCa TPOMUIAKTUYECKUX MEP MO KOHTPOJIIO 32 YyMOM Ha 3TUX TEPPUTO-
pUsIX.

Heas uccaenoBanmus: KoMmIiekCHas XapaKTEPUCTHUKA CBOMCTB M B3aMMOJICUCTBUE
mrraMMoB Y. pestis ¢punoreneruueckoit muauu 4. ANT ¢ mouBeHHOM MUKpodayHoit ["opHo-AJ-
TalCKOTr0 BEICOKOTOPHOI'O OYara 4yMbl.

3agaum ucciae0BaHUA:

1. Omnpenenuth GEHOTUITHYSCKHE H TEHETUYECKHE 0COOCHHOCTH ITaMMOB Y. pestis
dbunorenernaeckoit muauK 4. ANT u3 ['oproro Antas u TyBbl B CpaBHEHHH CO IIITAMMaMU APY-
ruxX QUIOreHEeTUYECKUX JIMHUM aHTUYHOTO OMOBapa U3 MPUPOJHBIX OUYAaroB MHUpA.

2. CkoHcTpyupoBaTh (iayopectieHTHbIe mTammbl JTMHUKA 4. ANT ¢ coab30BaHuEM
miasmua pTurboGFP-B u pKatushka-2S mns MomenupoBaHusl Tporiecca B3aWMOJICHCTBUS
Y. pestis ¢ wieHaMu TOYBEHHOTO OHOIICHO3a ['OpHO-ANTaliCKOTr0 BEICOKOTOPHOTO OYara 4yMbl.

3. [TpoBecTH aHaNIM3 B3aMMOJCHCTBUS U JUTUTEIIBHOCTH coxpaHeHus Y. pestis ¢puo-
reHetnueckoi muHUU 4. ANT B cokynpType ¢ akaHTameb6amu u3 nouB HOp ['opHO-AnTaiickoro
BBICOKOTOPHOT'O O4ara Yymbl U 0XapakTEepU30BaTh BUAOBOM COCTAB MPOCTEUIIINX.

4, N3yunTh 0COOCHHOCTH B3amMojeucTBus Y. PestiS ¢ ucrnosbp3oBaHueM ¢uryopec-
IIEHTHOTO mTamMa (prtoreHeTnyeckor TuHUU 4. ANT co cBOOOHOKHUBYIITMMH HEMATOIaMH H3
no4B HOp ['OpHO-ANTaliCKOrO BBICOKOTOPHOI'O OYara 4yMmbl, YCTAHOBUTh CHUCTEMATUYECKYIO
NPUHAJIC)KHOCTh HEMATO/I.

o. OrnpenenuTsh CUCTEMAaTUYECKYIO PUHAIIEKHOCTh SHTOMOIIAPA3UTHUECKUX HEMa-
toa u3 TyBMHCKOTO TOpHOTO ouara 4yMbl. [IpoBecTn aHamM3 MHKPOOMOTHI Mapa3sUTUUECKUX
HemaTol TyBHHCKOro ropHOro u I'opHO-ANTaiicCKOro BBICOKOTOPHOTO 04aroB YyMBI.

Hayunass noBu3Ha. [Ipu uccienoBannu (EHOTUMTUYECKUX OCOOCHHOCTEH IITaMMOB
Y. pestis ¢unorenernueckort uHH 4. ANT u3 ['opHO-AnTaiickoro BEICOKOTOpHOTO 1 TyBUH-
CKOT'O TOPHOTO 0YaroB YyMbI BBISIBJICHA 3aBUCUMOCTh UX POCTA OT AMUHOKHUCIIOT METHOHHH, (e-
HUJIAJTaHUH, TPEOHUH U Bapua0eIbHOCTh 3aBUCUMOCTH OT aMHUHOKHUCIIOTHI [IUCTEUH, B OTIUYHE
OT IITaMMOB JPYruX (UIOTCHETHYECKHX JTUHUN aHTUYHOTO OnoBapa. BrepBbie ompesereHbl

MUTaTeIbHbIE MOTPEOHOCTH mTaMMOB punoreHeTnyeckux JuHUM 1.ANT u 3.ANT2, monydeHsl
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HOBbIE AaHHbIE 10 aykcoTpoduu mrtammoB 0.ANT3, 0.ANTS, 2.ANT3, 4 ANT anTuyHOoro
ouoBapa. Y mraMmmoB puiiorenernyeckoi BeTBu 0.ANTS BIiepBble yCTaHOBJIEHA 3aBUCHUMOCTh
pOCTa OT MPUCYTCTBHS B Cpeie JICUIIMHA, BBI3BAHHAS CIBUTOM PaMKH CUUTBHIBAHUS B reHe |eUA,
a w1 mramMoB BeTBU 1.ANT BmepBbie onpeaeneHa yHUKajdbHAs Uil IITaAMMOB aHTUYHOIO
OuoBapa nuTaTeabHas MOTPEeOHOCTD B MpoJinHe. BoisiBiens! 19 myranuii B 14 renax metradonu-
YECKHX MyTeHl cepbl M LHUCTEHHA, MPU ATOM JUJISl KaXKI0UM SBOJIOLHMOHHOW JTUHUU aHTUYHOTO
OwoBapa XapakTepeH cBoW MyTarmoHHBIM Tpoduis. [lomydern matent Ne RU 2769790 Cl
«Habop pekoMOMHAHTHBIX (DIYyOPECUEHTHBIX MTaMMOB OakTepuii Buaa Y. pestiS aHTHYHOro
OHMoBapa OCHOBHOTO IOJIBUJIA U aTalicKoro OMoBapa LIEHTPaIbHOA3MAaTCKOr0 MOABUIA AJIs UH-
JUKAlMY BO30YIUTENS YyMbI B 9KCIIEPUMEHTAILHBIX 00pa3ax».

[ToxazaHo M MOATBEPKJIEHO MPHU aHAIN3€E HYKJICOTUIHBIX MOCIEA0BATEIbHOCTEN I'€HOB
pudocomanbaoit PHK (pPHK) mupoxoe pactipocTpaneHue Ha pa3IndHbIX ydacTkax I 'opHo-Au-
TaCKOTO BEICOKOTOPHOT'O OYara 4yMbl B IOYBax HOP TPhI3yHOB mpocteimmx A. castellanii u D.
sphaerocephalum. BriepBbic moka3aHo JUIMTEIBHOE B TeUeHHE 22 MecsIeB coxpaneHue Y. pestis
auHud 4. ANT B OTCYTCTBHE MUTATENIbHBIX BEIIECTB MPHU COBMECTHOM KYJIbTUBHUPOBAHHUH C
A. castellanii, BbIiesIeHHO# Ha TOM K€ y4acTKe ovara, a TakKe YCTaHOBJICHA ITUKIMYHOCTD H3-
MEHEHUSI KOHIICHTPAIIUH BO3OYAUTENS B TUX YCIOBUSX.

[Toka3aHo OTCYTCTBHE TOKCHYHOCTH M BJIMSHUS mTtamma Y. pestis ¢uioreneTnyeckoi
muand 4. ANT Ha TIPOJOJDKUTENILHOCTh JKU3HU MOYBEHHBIX Hemarona Panagrolaimus sp. us
["'opHO-ANTaliCKOTO BBICOKOIOPHOTO OYara 4Yymbl IIPH UX KyJbTUBUPOBAHUM Ha ra30HE 3TOTO
mraMMa B TeUeHHUE 24 U ¢ TOCIIeIyIOIUM IepeHocoM Ha ra3onbsl Escherichia coli u kynsTuBH-
pPOBaHUEM B TEUECHHE 2 HEJEb.

B 6noxax Citellophyllus tesquorum u Frontopsylla elatoides ¢ repputopun TyBuHCKOTO
TOPHOTO 0Yara YyMbl OOHapyXCHBI JHTOMONIAPa3UTHICCKUE HEMATO bl poaa Rubzovinema, ¢u-
JIOTeHeTHYeCKH OJIM3KKe mojuroctaibHoMy Buay R. polyxenica u3 Bosro-Ypanbckoro crer-
HOro 1 'opHO-ANTaiicKOro BHICOKOTOPHOI'O 0YaroB YyMsl. BriepBble ucciieoBaHa MUKpOOHOTa
napasuTapHON CUCTEMBbI «HeMaTo1a-0510Xxa» u3 ['opHO-ATalickoro BbICOKOropHOTO U TyBUH-
CKOTO TOPHOTO 0YaroB YyMbI, B COCTaBE KOTOPOU BBISBIICHBI MPEICTABUTENH O-IPOTEOOAKTE-
puii, y-iporeo0akTepuii U aKTHHOMHIIETOB, a MMeHHO ponoB Cutibacterium, Pseudomonas,
Brevundimonas, Wolbachia.

Teopernueckasi 3HAYMMOCTD. BrisiBIeHHbIE (DEHOTUITMYECKUE U TEHETUYECKUE OCOOCH-

HOCTH JIOTIOJIHSIFOT XapaKTePUCTUKY M MOJICKYJIIPHBIA MOPTPET mtaMMoB Y. PestiS pa3auaHbIX
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bunoreHeTHUECKUX JIMHUM aHTUYHOTO OMOBapa U MOTYT OBITh MCIIOIB30BAaHbI B KAUECTBE I'€HE-
TUYECKUX METOK JUIsl BHYTPUBHI0BOM Aud dhepeHmanuu Bo30yaurens. OnpeaeneHue BU10BOr0
COCTaBa MPOCTEHIINX U HEMATO/I U3 TIOUB HOP I'PHI3YHOB PACIINPSET 3HAHUS O WICHAX MTOYBEH-
HOTO OuoneHo3a ['opHo-AJTaiicKOTO BRICOKOTOPHOTO O4ara 4YyMbl. ¥ CTaHOBJIEHUE BO3MOKHO-
CTH JJIUTEIILHOTO COXpaHEHHUS U pa3MHOKeHus B ameOax A. castellanii mrrammos Y. pestis oc-
HOBHOT'O MO/IBUJIa aHTUYHOTO OnoBapa uiioreHeTnyeckor TuHUU 4. ANT, BbIJIETIEHHBIX Ha T€X
e ydacTkax ['opHO-ANTaiicKOro BHICOKOTOPHOI'O OYara 4YyMbl, U MOJIYYEHUE JaHHBIX O B3au-
MOJICHCTBHUH IITaMMOB Y. PeStiS OCHOBHOT'O MO/IBH/Ia aHTUYHOTO OMOBapa (GPHIOTreHETHUCCKOM
nuand 4. ANT ¢ mOYBEHHBIMM HEMATOJAMU COCTABJISFOT OCHOBY JUUIS BBISIBICHUS MPHUPOTHBIX
pe3epByapoB UyMbl B TOUBEHHBIX OMOIIEHO3aX MPUPOJIHBIX OYaroB. Y CTAaHOBJIEHHAs! CHCTEMa-
TUYECKasi MPUHAUICKHOCTh SHTOMOIAPA3UTUYECKUX HEMATOJ M BBIABIIEHHAS MOJUTOCTANb-
HOCTh HEMAaTOJ-TIApa3UTOB OJOX YKa3bIBA€T HA MX BAXKHYIO POJIb B PETYIALUU YUCICHHOCTU
0J10X — IEPEHOCYMKOB YyMBbI U, KaK CJIEJCTBUE, B PETYISILIMM HMHTEHCUBHOCTHU SMTU300THUYECKUX
npoleccoB B ouarax. [loimydeHHbIe CBECHHS O COCTaBe MUKPOOUOTHI TApa3UTaAPHON CUCTEMBI
«Hemaroga—0noxa» u3 ['opHO-ANTaliCKOTO BBICOKOTOPHOTO M TYBHHCKOTO TOPHOT'O OYaroB
YyMbI PaCHIMPSAIOT MPEACTABIEHUS 00 YCIOBUSX MEPCUCTEHIIMU U COOOIIECTBE OPraHU3MOB, B
KOTOPBIX MOKET OKa3aThCsl BO30YIUTENb UyMbl B ITPOLIECCE CBOETO KM3HEHHOTO LUKJIA, U J10-
MOJIHSAIOT UMEIOIIKECS MPEACTABICHHUS O Mapa3UTaApHON cucTeMe MPUPOAHBIX OYaroB YyMbI.

IIpakTnyeckasi 3HAYUMMOCTh. CKOHCTPYUPOBAaHHBIE (IYOPECIICHTHBIE IIITAMMBI
Y. pestis ¢unorenernueckoit nuHMU 4.ANT, comepxkamme tiazmuasl pTurboGFP-B wu
Katushka-2S, MoryTt ObITh UCTIOIB30BAHBI JIJISI U3YUCHUS B3aUMOIeHCTBUS Y. PestiS ¢ MUKpO- U
MaKpoopraHusmMamMu. Meroauka noixydeHus IyopereHTHBIX IITaMMOB 0OpMIICHA B BUJIE ME-
TOJAMYECKUX PEKOMEHAALMN yupekaeHueckoro ypoBHs «[lonydyenre pekoMOMHaHTHBIX OMOITIO-
MUHECIICHTHBIX ImTaMMOB Yersinia pestis u Escherichia coli» (omoOpensl YueHbiM coBeTOM
®KVYH Poccuiickoro mpoTMBOYyMHOT0 MHCTUTYTa «Mukpo6» PocmorpebHaazopa u yTBep-
KJICHBI JIUPEKTOPOM HMHCTUTYTa, MPoTokos Ne 5 ot 05.12.2019 r.). [TomydyeHHBIE IITaAMMBI
Y. pestis nenonupoBanbl B ['ocynapcTBeHHO# Koyuiekimu naroreHHbix Oaktepuit ®KYH Poc-
CHICKOT0 MPOTUBOYYMHOT0 HHCTUTYTa «Mukpo6» Pociorpednaazopa nmoa nomepamu KM2083
u KM2084.

B mexaynapoaHoit 6aze qanabix NCBI GenBank nermonupoBanbl 29 HyKJICOTHIHBIX I10-
CJIeIOBATEIBHOCTEH, BKIOUaomux ydacTku reHoB pPHK mouBenHbix ame6 n HeMaronabl u3

['opHO-ANTalicKOTro BEICOKOTOPHOT'O 0Yara, 3HTOMONapa3uTHIeckux Hemaro i Rubzovinema sp.
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u 6akrepun Wolbachia sp., circok u30151TOB ¢ HOMEepaMu 0CTyIa MpUBeCH B [IpuitoskeHnn
A. JlanHble 1O BBISIBICHUIO BO3MOXHBIX MPUPOJHBIX PE3EPBYapOB BO3OYIUTENS YyMbI B TIOU-
BEHHBIX OnoIeHO03aX ['OpHO-ANTaliCKOTO BEICOKOTOPHOTO O4ara 4yMbl MOT'YT OBITh UCIIOJIB30-
BaHbI I ONTUMU3AIMHI TAKTUKU 3MU300TOJIOTMYECKUX 00CIEIOBAHUI HAa 04aroBbIX TEPPUTO-
puUsXx.

IHon0:xeHnsi, BBIHOCMMbIE HA 3aIINUTY !

1. IlItamMmer Y. pestis ¢punorenerndeckoit muauu 4. ANT aHTHYHOTO OHOBapa OCHOBHOTO
MOJIBU/IA, KaK M IITAMMBI APYTUX JUHHUM 3BOJIOLUU 3TOT0 OMOBapa, 3aBUCST OT MPUCYTCTBUS B
cpelle aMUHOKHUCIOT (peHUIalaHnHA, METHOHWHA U TPEOHHHA, HO OTJIMYAlOTCS OT HUX Bapua-
OeNBbHOCTHIO 3aBUCUMOCTH OT 1uctenHa. lllTamMmmel Ipyrux ¢uaoreHeTHYecKuX JIMHUNA HYyXIa-
I0TCSI TOTIOJTHUTENBHO B JieHIIMHE U nposrHe. B 14 reHax MeTaboiMyecKux MyTed cephl U I1H-
CTEeMHa aHTUYHOTO OMoBapa conepxkurcs 19 myranuid, 15 60IBIIUCTBA YBOIIOIMOHHBIX JTHHHUHA
XapaKTepeH CBOM MyTallMOHHBIA MPO(UITB ITUX T'EHOB.

2. llItammer Y. pestis pumorenernyeckoit muaun 4. ANT, Bolfc/ieHHbIC B ['opHO-ATali-
CKOM BBICOKOTOPHOM Ouare, B yCIOBHUSX SKCIIEPUMEHTA CIIOCOOHBI COXPAHSITHCS B ACCOIHAIINH
¢ ameOamu A. castellanii B oTCyTCTBHE MUTATEIBHBIX BEIICCTB B TCUCHUE 22 MECSIIEB O3 U3Me-
HEHUSI CBOMCTB U MOTEPU BUPYICHTHOCTH, (POPMUPOBATH OMOIIJICHKY Ha KYTHKYJIE TIOYBEHHBIX
Hemato,; Panagrolaimus Sp. u oOpa3oBbIBaTh KOHIVIOMEPATHI KJIETOK B MX MHUIIEBAPUTEIIEHOM
TpaKTe, He OKa3bIBasi 3HAUMMOT0 BIUSHUS HA MPOAOJIKUTEIbHOCTD KU3HU HEMATO/I.

3. B oioxax C. tesquorum u F. elatoides u3 TyBuHCKOTO FTOPHOTO OYara 4yMbl IIPUCYT-
CTBYIOT DHTOMOIIapa3UTHUECKUE HeMaTosl poja Rubzovinema. MukpoOuoTa mapa3utapHoOu
CUCTEMBI «HEeMaTo/1a-010xa» u3 ['opHO-ANTalicCKOTO BBHICOKOTOPHOTO M TYBHHCKOTO TOPHOTO
OYaroB YyMmbl BKJIIOYAET MpEICTAaBUTENEH o-MpoTeoOaKTepuid, y-mpoTeo0aKTepuil U aKTUHO-
mureToB poaos Cutibacterium, Pseudomonas, Brevundimonas, Wolbachia.

Cas3b pa0oThI ¢ HAYYHBIMH NPOTPAMMAMM M JIMYHBIA BKJIAJ ABTOPa B MCCJIe0Ba-
Hus. JluccepTallMOHHOE HCCIeIOBAaHUE BBIOMHAIOCH Ha 0a3e J1abopaTopuu MOJEKYISPHOU
Mukpobuonorun otnaena Mukpooduonoruu ®KYH Poccuiickuii nmpoTUBOYYMHBIH HHCTUTYT
«Muxkpo0» PocrioTpebHan3opa B pamMkax HayqHO-UCCIeA0BaTENbCKUX TeM: No78-3-19 «Ananus
3aKOHOMEPHOCTEH SBOJIFOIMK U MepCUCTEHIMK Yersinia pestis B mouBeHHBIX OMOIICHO3aX H CO-

BEPIICHCTBOBAHNUE MOJIEKYJISIPHOTO TUNUPOBaHUs Bo30yauTens uymby 2019-2021 rr. (Ne roc.
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peructparuu AAAA-A16-116112810061-0), u Ne98-3-22 «IIpocTpaHCTBEHHO-BpEMEHHBIE 3a-
KOHOMEPHOCTH SBOJIOIH, IIUPKYJISIIH U TIepCUCTEHIMU Yersinia pestis B mpupoJHbIX oyarax
gymbl BocTounoii EBpornsl u IlentpanbHoii A3un» (Ne roc. peructpamuu 121112200283-5).

JIM4HBIA BKJAJ aBTOpa COCTOMT B IPOBEJEHUU OCHOBHOTO 0OBEMa HCCIIEIOBAHUM, a
MMEHHO aHajlu3a JIMTEPATYPHBIX MCTOYHHMKOB, TUIAHUPOBAHUHU 3KCIIEPUMEHTOB, IOJIYYEHUH,
aHayu3e U 0(OPMIICHUU PE3YJIBTATOB UCCIEA0BAHNS. ABTOPOM BBIIIOJHEHBI UCCIIEIOBAHUS 10
U3YYCHHUIO (PUIIOTEHHH, OMOXMMHYECKUX OCOOEHHOCTEW, (PEHOTUIMUYECKUX M TeHETHUECKHX
ocobeHHOCTel mTamMMoB Y. pestiS aHTHYHOro OHOBapa, U3y4CHUIO B3auMojeicTBuil Y. pestis
¢dbunorenernueckoit muHUU 4. ANT ¢ ujleHaMU MTOYBEHHOU MUKPOGayHBI, ONPEICICHUIO CUCTE-
MaTHYECKOTO MOJIOKEHUS U (PUIOTCHETHUECKOMY aHaJIN3y MOYBEHHBIX OPTaHU3MOB, JHTOMOTIA-
TOTE€HHBIX HEMATO/l U MUKPOOHOTHI MAPA3UTAPHON CUCTEMBI. DKCIIEPUMEHTHI 110 ONPEEIICHUIO
CHUCTEMAaTHUYECKOTO ITOJIOKCHHUSI OPraHU3MOB U JUTUTEILHOMY BEDKMBaHUIO Y. PEStiS ¢ akaHTame-
0aMH CIJTAaHUPOBAHBI COBMECTHO C COTPYIHUKOM JJAOOPATOPUU MOJIEKYIISIPHOM MUKPOOHOJIOTUN
K.0.H., B.H.c. OrnoguneiM E.I'. CoBMeCTHO ¢ COTpYAHHKOM J1a00paTOpUu MOJEKYISIPHON MUK-
poOuosnoruu k.0.H., ¢.H.c. KykieBoii JI.M. u coTpyaHUKOM ceKTOpa TeHHON MH)XEHEPUHU K.M.H.,
B.H.C. TyukoBbiM M.B. monydens! dayopecuentHbie mtammbl Y. pestis. CoBMECTHO ¢ COTpy/-
HUKaMH JJabOpaTopruu TeHOMHOTO M TPOTEOMHOI'0 aHaju3a (3aB. 1aboparopueil k.x.H. KpacHoB
AM., k.x.H., c.H.c 'yceBa H.I1., k.0.1., [llapanoBa H.A., 1.c. Hapsimikuna E.A., m.H.c. DegopoB
A.B., m.H.c. KarbimieB A.Jl.) moyiydeHbl MOJHOT€HOMHBIE IOCIIEIOBATEIbHOCTU IITAMMOB
Y. pestis u mocaenoBaTeIbHOCTH yuacTKoB reHoB pPHK apyrux opraHusmos.

CreneHb 10CTOBEPHOCTH U anpodanus padoThl. [[0cTOBEpHOCTH PE3ybTaTOB pabOThHI
MOJKpeIieHa 3HAaYUTEIbHBIM 00BEMOM UCCIICZIOBAHUIN B CEPUN MOBTOPSIIOIIUXCS IKCIIEPUMEH-
TOB C MCIIOJIb30BAHUEM COBPEMEHHOTO CEPTUPHUIIMPOBAHHOTO OOOPYAOBAHUS U METO/IOB, COOT-
BETCTBYIOLIUX 3a/layaM M LIEJISIM UCCIIEI0BAaHUS.

Matepuansl rcciieJoBaHUs ObLIIN MPEICTaBIEHBI Ha psJie KOH(epeHIni U Che3/10B pa3-
angHoro ypoBHS: X PernonansHoi HayuHOU KOH(pepeHmu «VccneaoBaHus MOJIOIBIX YISHBIX
B Ouonoruu u skonorum» (Capatos, 16-20 ampens 2018 r.), XIV MexrocynapcTBeHHOM
Hay4YHO-TIpakTh4yeckor koHpepenumu, nocpsmennoi 100-neruto ®KY3 PocHUITYU «Muxk-
po6» (Caparos, 2021 Hos6psa 2018 r.), MeXyUpeKACHUSCKUX OHJIAWH-CEMHHAapax-KOH(pepeH-
usix «llepcriekTHBHBIC HAMPABICHUS! HAYYHBIX UCCIIEIOBAaHUH B 00IACTH SMTHIEMUOJIOTHH, Pa3-
paOOTKH M COBEPIICHCTBOBAHUS METOJ0B TUATHOCTUKH OMACHBIX MH(EKINH, aHaIn3a reHoMa,

npotreoMa ux Bo3oyauteneit» (11 urons 2019 r.) u «[IpuMeHeHre MOJIEKYIIPHO-TEHETUIECKUX
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Y UIMMYHOJIOTMYECKHUX METOOB JJIs COBEPILIEHCTBOBAHUSI MOHUTOPUHTA IPUPOJHO-0YATrOBBIX U
0co00 onacHbIX nHGekumi» (24 mas 2022 r.), XI Beepoccuiickoil Hay4HO-ITPaKTUYECKON KOH-
dbepeHnrn MoJIOABIX YUEHBIX U crienuanuctoB Pocnorpedbnanzopa «CoBpeMeHHbIE TPOOIEMBI
AMUIEMHUOJIOTUU, MUKpOOHosoruu u ruruensn» (Yoa, 2—4 okrsa0ps 2019 r.), na XIV-XV Exe-
rogHoM Bceepoccuiickom koHTpecce 1Mo HHGEKITMOHHBIM 0051e3HIM nMeHHu akanemuka B.1. ITo-
kpoBckoro (Mocksa, 24-26 mas 2021 r., 28-30 mapta 2022 r., 27-29 maprta 2023 r.), Ha XV
MesxrocynapcTBeHHONW HayYHO-NPAKTUYECKON KOH(pepeHIun « AKTyanbHbIe BOIIPOCH 0Oecte-
YEeHUsI SMUAEMHOJIOTUYECKOTO 0JIaronoiydusi B TPaHCTPAHUYHBIX MPUPOJIHBIX Ooyarax 4yMbl U
JPYTHX OMacHbIX MH(PEKIHOHHBIX Oone3nei» (Mpkyrck, 5—6 oxTsa0psa 2021 r.), Ha MexnyHa-
ponHom cumnosuyme “Yersinia 14” (Cankr-IlerepOypr, 26—28 centsiopst 2022 1.), Ha UTOTOBBIX
koH(pepennusx ®PKYH Poccuiickuii mpoTuBOYyMHBIN HHCTUTYT «Mukpo6» PociorpeOnanzopa
(2018, 20212022 rT.); HAa KOHIpEecce ¢ MEXAYHAPOIHBIM ydacTueM «MoJeKysapHas JuarHo-
ctuka u ounooe3omnacHocTs — 2023» (Mocksa, 27-28 anpens 2023 1.), Ha XXV MexayHapo1HOM
HayuyHOU KoH(pepeHuu «Current Issues on Zoonotic Diseases» (Ymnan-barop, 23 utonst 2023 1.).
IMyoaukanun. [lo TemMe auccepranuu omyonukoBaHo 14 meyaTHBIX paboT, BKiIrodas 1
NaTeHT Ha W300peTeHne, 4 CTaTbu B MEPUOJNICCKUAX M3MaHuIX u3 «[lepeuns Begymmx perneH-
3UPYEMbIX HAYUHBIX )KYPHAJIOB, pekoMeH0BaHHbIX BAK MuHucrepcTBa 00pa3oBaHus U HAYKH
Poccuny», u3 kotopbix 3 cratbyu 0MyOIMKOBaHBI B )KypHajax, nHaekcupyeMmbix B MBJI Scopus.
Crpykrypa nuccepranuu. /{uccepramus npeacrasieHa Ha 189 cTpanunax tekcra, co-
CTOUT U3 BBEJICHUS, TJ1aBbl 0030pa INTEPATYPhl, TPEX I1aB COOCTBEHHBIX UCCIIEIOBAaHU, 3aKITIO-
YeHHsl U BbIBO/IOB. PaboTa mimoctpupoBana 18 Tabnunamu u 28 pucynkamu. bubnuorpadude-

CKUM CITUCOK CONIEPKUT 288 0TEUECTBEHHBIX U 3apyO0EKHBIX HICTOYHUKOB.
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I''TABA 1 OB30P JIMTEPATYPHBI

1.1 I'eneTuveckoe pasHoodopasue u reorpagpuueckKoe pacpocTpaHeHne

mraMmmoB Y. pestis

Uyma npeacTasisieT co00i 300HO3HYIO 0CO00 OMAaCHYI0 HHPEKIIMOHHYIO 00JIE3Hb OaKTe-
pUANbHON MPUPOABI, BO30YIUTENh KOTOPOU IUPKYIUPYET B IPUPOIHBIX O4Yarax Mupa, nepenua-
BasCh OT OJHOTO TEIJIOKPOBHOTO HOCHUTENS APYTOMY C MOMOIIBIO MEPEHOCUUKOB — apTPOTIO]
[Uepkacckuii, 1994]. DTHOIOrHYECKUM areHTOM YyMBI SIBJIIETCS TpaMOTpULIATENbHAs OaKTepus
Y. pestis, mpeacraBistonas cOO0H OBOMIHYIO MANOYKY JUTHHOH 1,5-2 MkM. ['eHOM BO30OYymuTeIIs
YyMBbI MIPEJCTABIEH KOJIBIEBOM XPOMOCOMOM, pa3Mep KOTOPOM BAPbUPYET B 3aBUCUMOCTH OT
BHYTPUBHJIOBOM NIPUHAIJIC)KHOCTH U B CPEHEM COCTABIISIET 4,65 M.IL.H., U TpeMs TUIa3MHUIaMH
— ponocnenuduuHOM miazMuaoi kansiuizasucumoctu (pCad, pCD1, pYV — 70,3 1.11.H.) 1 BU-
nocriennpUUHBIME TUIa3MUaMu KarcyiooopasoBanus (pFra, pMT1 — 92,2 1.1.H.) u nectuiu-
HorenHoctHu (pPst, pPCP1 — 9,6 T.m.H.).

B ponx Yersinia, moMumMo Bo30yauTens uymbl Y. Pestis, BXOAAT U APyrue MaToreHHbIS IS
YeloBeKka MpoToTpodHbIe OakTepun, BO3OYAUTENTU KUMIEYHBIX MHPEKIUN ¢ (heKalbHO-0palb-
HBIM MeXaHHU3MOM nepenaun uapekuun — Y. enterocolitica u Y. pseudotuberculosis. Bo3oyau-
TEJIb YyMbI SIBJIICTCS KJIOHAJIBHBIM BapuaHtoMm Y. pseudotuberculosis, nuBeprupoBaBmmm oT
cBoero npororpodHoro npenaka npeanonaoxurensHo 5700-6000 net Hazazn [Chain et al., 2004;
Rasmussen et al., 2015, Valtuena et al., 2017; Spyrou et al., 2018; Rascovan et al., 2019]. B
nporiecce Boironuu Y. PestiS moMrUMO PUCYTCTBOBABIICH B COCTAaBE T€HOMA MPEIICCTBEH-
Huka mnasmuasl pCad B pe3ynbTaTe rOpU30HTAIBHOTO MEPEHOCa TEHOB Mpuodpena emie aBe
wiazMubl PFra u pPst, kogupyromue GpakTopbl NAaTOTeHHOCTH, HEOOXOAMMBIE JUISI TIEpexo/ia K
TPAaHCMUCCUBHOMY MEXaHU3MY Iepeayu U peanu3anuu WHPEKINU BHYTPH MaKpOOpraHu3Ma
[[TonoB u nap., 1980; [Ipouenko u np., 1983; KyteipeB u np., 1986; Perry, Fetherston, 1997,
Hinnebusch et al., 2002; Perry, 2003; Wolf-Watz, 2010; Gao et al., 2020]. [Tomumo npuobpete-
HUS HOBOT'O T€HETUYECKOT0 MaTepuaia B KOJUYECTBE 32 r€HOB, B OCHOBE 3TOW 3BOIIOLIMOHHON
ajlanTanyuy Bo30yAUTENsl K HOBOU cpejie OOMTaHUs JIeKall TaKXKe MacIITaOHBIN MPoIiece pa3py-
IICHUSI T€HOB B PE3yJIbTaTe HAKOIUICHUS €IMHUYHBIX HYKJICOTHUAHBIX 3aMeH, indel-myrarui,

pacnpoctpanenus MoOmbHbBIX [S-amementoB (IS100, 1S285, 1S1661, 1S1541), npuBenmmii K
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notepe pynkiuii 6omee yem 460 renos [Parkhill et al., 2001; Deng et al., 2002; Chain et al.,
2004; Wu et al., 2022].

B mporiecce pacnpeaenenus mo pa3HbIM reorpaduyecKuM paiioHaM U MOCienyroneil He-
3aBUCHMOW DBOJIIONUHA TIPOUCXOIIO (OPMUPOBAHHUE OTIEIBHBIX TIOMYJSAINANA IIITAMMOB
Y. pestis u HaKOIUICHUE pa3Iuuuii MeKAy HUMHA. Ha OCHOBE 3THX OTJIMYMI CO37aBa pa3jiny-
HBIC KJIacCH(PUKAIMK BHUJAA C pa3leiCHUEM INTAMMOB BO30YIUTENsI YyMbl Ha TIOJIBHIBI U
OouoBapsl. B pe3ynpraTe aHanM3a MOJIHOTEHOMHBIX MOCIIEIOBATEILHOCTEN Pa3IMUHBIX (pustore-
HETUYECKUX TOony/siiuid Y. PestiS Ha CMeHY CHCTeMaTH3alMY ITAMMOB 0 (PEHOTHYCCKUM TIPH-
3HaKaM TPUIILUTH TeHETHYECKH 00ocHOBaHHbIe Kiaccudukanuu (Pucynok 1.1) [Morelli et al.,
2010; Cui et al., 2013]. B mpotiecce 3BOIONNUMA OT BO30YIUTENS TICEBAOTYOEPKYIe3a OT IPEB-
Hero crBosia (0 nuBeprupoBaiv ApeBHHE BETBU HEOCHOBHBIX MoaBuaoB 0.PE2, 0.PE3, 0.PE4 u
0.PE7 u antiunoro 6uoBapa 0.ANT1, 0.ANT2, 0.ANT3. 3arem B TOUKE MOJIUTOMUU LIEHTPAITb-
Horo y3na (NO7, PucyHok 1.1) mpou3011710 0JHOBPEMEHHOE OTACTICHHE (DHUITOTCHETHUCCKUX JTH-

uuii 1.ANT, 2.ANT, 3.ANT u 4. ANT ot o6mero crBoia 3Bororun 0.ANT.

1IN2 2.ANT3

1IN3 N\ . N
Junns 1 , N Xy 1.ANTR N - ssp. pestis . O
ot = ; & Jlnnns 2 " o,
2 '/ AtINT A - i o @ e
£ o N2\ LA A b ssp. ginghaica, 0.PE10
s Y N & =
10rR2 A A& Jlanns 4 AN DT S : : 3
1.0RI1 4.ANT; o ssp. ulegeica, 0.PES ssp. central asiatica,
A LR i 2.MED1
FANTIR N NO7 [ & 0.PE4
k < i L
JInnns 3 3aNT2 27 o . ameo2 5
Y 2 ANE ssp. tibetica, 0.PE7 »
Oy 0.PEAB* 0.PEA o B
0.PEAC O DaNTs AN =
o= 2.MED3 \_
O
OPE3 \: o %6, 7 ssp. angolica, 0.PE3
0.PE2 Y b
= 0 ’H:' 0.ANT1 st Ont =
O o i
0.PE7 O w00
O JuanEsa 0

MRCA of Y. pests sample ssp. caucasica, 0.PE2

Pucynok 1.1 — OcHoBHBIC huoreHeTndeckue JuHuK U BeTBU Y. pestis [Cui et al., 2013] u

YCOBEPIICHCTBOBAaHHAs MOBUI0Bast kiaccudukarus Y. pestis [Kutyrev et al., 2018]

CormacHo yCOBEpIIIEHCTBOBAHHON KiIacCH(pUKAIMH, OCHOBAHHOM Ha MOJICKYJIIPHO-TCHE-
THYECKUX JAHHBIX C y4ETOM OMOXMMHUYECKHX CBOUCTB M SITUIEMUYECKOM 3HAYMMOCTH IITAMMOB
[Epomrenko u np., 2015; Epomenko u ap., 2022; Kutyrev et al., 2018], Bux Y. pestis gensaT Ha
CeMb IOJIBUIOB — OCHOBHOM (SSP. pestis), kaBka3ckuii (SSp. caucasica, 0.PE2), anronbckuii (SSP.

angolica, 0.PE3), uentpanpHoazuatckuii (SSp. central asiatica, 0.PE4), ynereiickuii (SSP.
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ulegeica, 0.PE5), tTuberckwuii (ssp. tibetica, 0.PE7), uuuxatickuii (Ssp. ginghaica, 0.PE10). Ien-
TpaJbHOA3MATCKUH TIOJIBU MIMEET B CBOEM cocTaBe OMoBaphl: antaiickuii (bv. altaica, 0.PE4a),
mukportyc (bv. microtus, 0.PE4m), ruccapckuii (bv. hissarica, 0.PE4h), rtamacckuii (bv.
talassica, 0.PE4t). OcHOBHOI 1TOIBU/] BKJIFOYAET OMOBAPhI SMTUACMUYCCKH 3HAUUMBIX IIITAMMOB
Y. pestis — antrunsiii (bv. antiqua, 0.ANT — 4.ANT), cpennesekossiii (bv. medievalis, 2.MED),
Boctounslit (bv. orientalis, 1.ORI) u npomexyrounsiii (bv. intermedium, 1.IN) (Pucynox 1.1).
[IITaMMBbI OCHOBHOTO IOJBHA BBICOKO BHPYJICHTHBI, SMUICMHUYCCKH 3HAYMMBI, PacIpoCTpa-
HEHBI B Pa3JIMYHBIX MPHPOJHBIX odyarax mupa. lllTamMmbl KaBKa3cKOro, THOSTCKOTO, IUHXAM-
CKOTO M aHTOJIbCKOTO TMOJBHJIOB YHACMHYHBI JIUIS OTACIBHBIX MPUPOIHBIX 09aroB MPEeUMYIIe-
cTBeHHO B EBpasuu M MOTYT BBbI3bIBaTh CAMHUYHBIC Clydan 3a00jieBaHusA. W, HaKOHEI, 10 CUX
MOp HEW3BECTHO HH OJHOTO Ciydas 3a00JIEBaHMS YyMOM, BBI3BAHHOTO IEHTPATbHOA3UATCKIM
OJIBHJIOM (BKJItOUast Bce 4 OMoBapa), U3 4ero CJIeayeT, UTO ATH IITAMMBI HE UMEIOT SITHIEMH-
YECKOW 3HAYMMOCTH.

OAHMMH U3 SBOJIIOIMOHHO APEBHHUX M IIIMPOKO PACHPOCTPAHECHHBIX B IPUPOIHBIX OYarax
YyMbI MHpa SBJISIOTCS IITaMMBI Y. PestiS aHTHYHOro OMOBapa OCHOBHOT'O MOJIBU/Ia, KOTOPHIC Ha
(bUITOTEHETHYECKOM JIEPEBE BO30OYIUTEIIS YyMBI JIS)KAT B OCHOBAaHHH BCEX COBPEMEHHBIX BBICO-
KOBHPYJEHTHBIX IITaMMOB OCHOBHOTO mojiBuaa (Pucynok 1.1). IlItamMmmel aHTHYHOTO OHOBapa
SIBIITFOTCSI SMHUJIEMAYECKY 3HAYMMBIMH IIITAMMAMH C BBICOKOW BUPYJICHTHOCTBIO. B 1abopartop-
HOM JMArHOCTHKE ITaMMBI aHTUYHOTO OHMOBapa OTJIMYAIOT OT IITAMMOB JAPYTUX OHMOBapOB U
TIOJIBHJIOB 110 KOMIUIEKCY OMOXMMHYECKHX MPU3HAKOB, TAKMX KaK CTOCOOHOCTH K (hepMECHTAINH
TIIMIIEpUHA, apaOUHO3BI U PEAYKIIMA HUTPATOB U OTCYTCTBHE (hepPMEHTAIIMHM PaMHO3bI U MEJIH-
ono3sl [IIpakTHUeckoe pyKoBOACTBO «JlabopaTopHas AMArHOCTHKA OMACHBIX MH(GEKIIMOHHBIX
OonesHei», 2013].

IIpn paccMoTpeHHH TOMYJISIIAOHHOW CTPYKTYPHI COBOKYITHOCTBH IIITAMMOB aHTHYHOTO
OounoBapa aenar Ha psaa oTaAenbHbIX punoreHeTndeckux auHuii: 0.ANT — 4.ANT. B ocHoBanuu
¢unorenernaeckoro nepesa Buaa Y. pestis mexar mrammbl tuHUN 0.ANT, sBIsisich mpeko-
BBIMH (popMaMu JIjIsl BCEX IITAMMOB OCHOBHOT'O 110/1BHM1a. Ha OCHOBaHMM cpaBHEHUS IPEBHUX H
COBPEMEHHBIX TeHOMOB BO30YyIUTEISI YyMbl BRICKA3aHO MPEATIOI0KEHHUE O TOM, YTO MPEIKU CO-
BpeMeHHbIX TaMMOB 0.ANT u 1.ANT ganu Hayasio 3THOJIOrMYECKUM areHTaM IITaMMaM Iep-
BOI 1 BTOpO# maHaemusiM uyMbl [ Eporienko u ap., 2023; Bos et al., 2011; Harbeck et al., 2013;
Wagner et al., 2014; Spyrou et al., 2016; Eroshenko et al., 2017; Damgaard et al., 2018; Spyrou
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et al., 2022]. CoBpemenHbIe ITaMMbl JTUHKHE 0 aHTHYHOTO OHOBapa AEIATCS Ha P (pHUIoreHe-
THYECKUX BETBEH, XapakrepHbx Uit Teppuropuii Kuras (0.ANT1 — 0.ANT3) u PecryOmnuku
Keipreizeran (0.ANT3, 0.ANTDS).

rammer 1.ANT snaemuunsl 1uis tTepputopun Boctounoii u LlentpanbsHoit Appuku, a
uMeHHo Jlemokparnueckoit Pecny6inuku Konro (JIPK), Yraunpl, Kenuu, Tanzanuu, 3amMOuun
[Heisch et al., 1953; Morelli et al., 2010; Respicio-Kingry et al., 2016; Nyirenda et al, 2016;
Nyirenda et al., 2017]. B coctaBe ¢pumorenernueckoii auann 1LLANT BeiaeneHsl Tpu GuioreHe-
tuueckue BeTBU: 1.ANT1, k koTopoit otHOcsTCs mTamMbl U3 JIPK u Yrauael, a Takke 1.ANT2
u 1.ANT3, pacnpoctpanennsie B JIPK u Kenuu [Morelli et al., 2010]. Ilpeanonaraercs, uto
BeTBh 1. ANT1 Bo3HMKIa B KuTae u Obliia 3aHeCeHa Ha TEPPHUTOPHI0 APPHUKH BO BpeMs ITyTeIlIe-
CTBUH MO/ pyKOBOACTBOM MoperuiaBarens Wxona X mexay 1409 u 1433 rogamu, nmubo B pe-
3ynbrare 3aHoca u3 Kuras B Boctounyro Adpuky apadbckumu toproeiamu [Levathes, 1996;
Morelli et al, 2010; Sussman, 2016; Green, 2018]. Ha ocHOBe JaHHBIX MMaJCOTCHOMHBIX HCCIIE-
JIOBaHHH MITAMMOB TIEPHOJIa BTOPON MAH/IEMHUU YyMBbI BBICKA3aHO MPEIIOI0KEHUE O TOM, UTO
€€ ITHOJIOTUYECKUM areHTOM SIBJISLIUCH MPeKU coBpeMeHHBIX mTammoB 1L.ANT, BeposiTHO 11up-
KYJUPOBABIINE Ha TEPPUTOPUM CYIIECTBOBABIIEIO B TO BpeMs MPUPOHOro ovyara B EBpore,
KOTOpBIE 3aTeM ObUTH 3aHeceHbl B Kurtail, rie oHn yxe nanu Hadaigo juausM 1.IN u 1.0RI,
MIPUYEM MOCTEAHSS IBUIIACH ATHOJIOTMYECKHUM areHTOM TpeThel maHaeMuu 4yMsblI [ Spyrou et al.,
2016; Spyrou et al., 2019]. 3To Takke MOKET TOBOPUTH O BO3MOKHOM 3aHOCE IITAMMOB BO30Y-
aurens aymbl 1.ANT Ha Tepputopuio AQpHKU BO BpeMst SKCITAHCUH IITaMMOB Y. Pestis BTopoit
nanaemuu [ Eporenko u np., 2023; Spyrou et al., 2016; Spyrou et al., 2019].

duiioreHeTUYECKOE pa3HO00pa3ue BTOPOI JTMHUH IBOIIOIMH aHTHYHOTO OnoBapa 2. ANT
npeactasieHo BeTBiMHu 2. ANT1 — 2.ANT3, BoisBienHsiMu Ha Tepputopuu Kuras [Cui et al.,
2013]. TTomumo 3TO# TEppUTOPHH, HMETIO MECTO BbiAeieHue mTaMmMoB BeTBU 2.ANT1 ¢ npu-
rpannuHbix ¢ Kutaem tepputopuit Henana [Cui et al., 2013]. Kpome Toro, MUpKYJISIHIO MITaM-
moB BeTBU 2. ANT3 B XX Beke perucTprupoBajii Ha TPAHCTPAHUYHBIX TPUPOJHO-0YATOBBIX TEP-
putopusx Kutasi, Mouronuu u Poccuiickoii @enepanuu [Kyknesa u np., 2013; Kyknesa u ap.,
2015; Cui et al., 2013]. Ciiegyer oTMETUTD, YTO UMEHHO mTaMMbl BeTBH 2.ANT3 SIBUIIUCH 3THO-
JIOTUYECKUM areHTOM CaMOU MOIIHOM U nocyieAHer B XX CcToeTH MaHbYWKypCKON SIIUIEMUU
YyMbl, YHCJIO )KEPTB KOTOPOM IO pa3HbIM OleHKaM BapbupyeT oT 60 no 100 TeICc. yenoBek
[Pollitzer, 1951; Eroshenko, Kutyrev, 2018]. Kpome Toro, mtammbl 2. ANT SBUJIHCH SBOJIOIH-

OHHBIMH TPEAIIECTBEHHUKAMH IITAaMMOB cpeAHeBeKoBoro 6uosapa (2.MED), nonyuuBmmmu
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pacnpocTpaHeHne Ha OOMIMPHBIX NpocTpaHcTBax BocTounoit EBponbl u LlenTpansHoit A3uu B
XX Beke [Morelli et al., 2010; Cui et al., 2013; Eroshenko et al., 2021].

Apean pacnpoctpanenus mrammoB JuHud 3.ANT orpannueH teppuropusmu Kuras
(3.ANT1) u Mouroauu (3.ANT2) [Cui et al., 2013; Kyknepa, 2015]. OtnuuntenbHONH OHOXH-
MHYECKOW 0COOCHHOCTBIO HEKOTOPHIX MTaMMOB BeTBU 3.ANT2 sBIsETCS OTCYTCTBHE Xapak-
TEPHOMU JIJIs1 APYTMX ILITAMMOB aHTUYHOIO OMOBapa ClOCOOHOCTH PEAYLUPOBATH HUTPATHI, YTO
CONMMXKaeT MX CO IITaMMaMU CPEIHEBEKOBOTO OMOBapa M MOKET BbI3bIBATh TPYAHOCTH MpPU
OIpe/IC/ICHNH BHYTPUBHI0BOM MPHHAIICKHOCTH 110 (PCHOTUITUYECKUM Tpu3HaKaMm [EpoineHko
u 1p., 2014; Kyknesa u ap., 2015]. Y 3Tux mrraMMoB He ObIJIO BBISIBIICHO MyTalni B TeHax NapA
U SSUA, OTBETCTBEHHBIX 32 3TOT MPHU3HAK Yy IITAMMOB CPEJIHEBEKOBOTO, aJITACKOI0, TUCCap-
CKOT'0 ¥ MICrotus 6MOBapoB, YTO CBUACTEIILCTBYET O CYIICCTBOBAHUU HHBIX TCHETHYCCKHX TTPU-
YHH OTCYTCTBUS PEAYKIIMU HUTPATOB y 3TOM rpymisl [ Epomenko, 2014; Deng et al., 2002; Zhou
et al., 2004].

Oco0y1o akTyaJIbHOCTh UMEET paccMoTpenue mrammoB JTuHUU 4. ANT, KoTopble IUPKY-
JTUPYIOT Ha Tepputopusix Poccuiickoit @enepanyu 1 MOHT0JIMM B aKTUBHBIX B HACTOSIIIAN MO-
MEHT TYBHHCKOM rOpHOM, TPaHCTpaHUYHOM CaillIFOréMCKOM, CEBEPHOM YaCThIO KOTOPOTO SIB-
nsierca ['opHO-AnTalickuil BBICOKOTOpHBIA oyar, U Xyyx-Capx-MyHx-XaupxaHn TpUpPOIHBIX
ouarax 4yymsl [Bepkyukwuii, Anbscypas, 2019; ITomnos u ap., 2022]. OcOOEHHOCThIO ITUX IITaM-
MOB SIBJIIETCS TIPUCYTCTBUE B TEHOME JOTOIHUTENBbHOM 1azMubsl PTP33 pazmepom 33 T.1.H.
[bamaxoHoB u 1p., 1991; banaxonos u ap., 2013; Ornoxus u ap., 2015; Adanacees u ap., 2016].
TyBUHCKUY TOPHBINA o4ar ObLT OTKPHIT B 1964 T. 1 XapakTepu3yeTcsi HOCTOSHHOM MHU300THYE-
CKOM aKTUBHOCTBIO, CBSI3aHHOH C MUPKYJISAIMEH mTaMMOB Y. PEStiS OCHOBHOTO IMO/IBH/Ia aHTHUY-
Horo OuoBapa. Ha teppuropuut MOHTroauu UUPKYISLMS [ITAMMOB (PUIOI€HETUYECKON JIMHUU
4.ANT BnepBsie Obuta BbisiBIeHa B 1982 1. B rpaHuiiax npupogHoro odara 4yMmel Xyyx-Capx-
Mymnx-Xaupxan [banaxonos u np., 1991]. Ha tepputopun tpancrpanudnoro CaiaroreMcKoro
IPHUPOJHOIO OYara, B COCTaB KOTOPOM BXOAST SHAEMHUYHAsS 10 YyMe TEPPUTOPHSI CEBEpO-3anaaa
Mouronuu u I'opHo-AnTtaiickuil BeIcOKOropHbIi ouar PecniyOonuku Antail Poccuiickoit ®@ene-
panuy, mramm Y. pestis muauu 4. ANT Obut BriepBbie BoisiBlieH B 2012 T. B pOCCHICKOW YacTH
ouara, B MOHToJibckoit — B 2017 r. [banaxonos u ap., 2013; Kop3yn u ap., 2018]. Dnuaemuue-
CKUI MOTEHIMAN ATUX MPUPOJIHO-0YATOBbIX TEPPUTOPHUI MOAUEPKUBACTCA MOCTOSHHBIMH 3H-
300TUYECKUMMU MPOSBICHUAMU U CIIy4assMHU 3apaXCHUU 4ymMoOU denoBeka. B Monronun Ha tep-

PUTOPUHU NPUPOIHOTO ovara uyMbl Xyyx-Copx-MyHnx-Xaupxan B nepuosa ¢ 1989 mo 1998 rr.
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PETUCTPUPOBAIIM CIy4au 3apa)KeHUs JIIOAEH, nociaeaHuil caydail npousomen B 2017 r. B Caii-
JIOreMCKOM IpupoaHoM ovare B Monrosnu B 2019 r. 3agukcrupoBaHsl 1Ba citydast 3a00JI€BaHUS
¢ JeTanbHBIM HcX0a0M [Bepkyikuii, Aapsacypan, 2019]. Ha tepputopun I'opHO-AnTaiickoro
BBICOKOTOpHOTO ouyara B nepuoja ¢ 2014 mo 2016 rr. exerogqHo perucTpupoBalId MO OJHOMY
ciy4ato 3aboneBanus uenoseka [Kyteipes u ap., 2014; banaxonos u ap., 2016].

Takum 0Opa3oM, momyIsAIUOHHast CTpYKTypa Y. pestiS anTuaHoro OnoBapa XxapaKkTepusy-
eTCsl 3HAYUTENIbHBIM TeHETUYECKUM Pa3HO00pa3veM B COUETAaHUU C NIMPOKOH reorpaduueckon
pacrpoCTPaHEHHOCTBIO 3THX IITAMMOB B o4arax mupa. Belcokas anuaemMudeckas 3HaUUMOCTb
mraMmMoB Y. PestiS aHTUYHOTO OMOBapa ONpeIeisieT aKTyalbHOCTh H3YYCHUS UX (heHOTHUIIIYe-
CKUX M TCHETUYECKHX OCOOCHHOCTEH, B YaCTHOCTH, IITaMMOB Y. PestiS grutoreHeTHIeCKou Ju-
Hun 4. ANT, mupKyIupyromux B aKTUBHBIX [ OpHO-ANTalICKOM BBICOKOTOPHOM M TYBHHCKOM

TOPHOM MPUPOAHBIX ouarax Poccuiickon denepamuu.

1.2 CoBpeMeHHbIE NMPeACTABICHHS 00 IKOJOTHH M MepcucTeH N Y. PEStiS B mpupoaHbIX

ogyarax 4YyMbl

KiroueBbIM cOOBITHEM B 3BOIOIMH Y. PEStiS cTanm mepexos oT (eKaTbHOT0-0PaTLHOTO
MyTH TepeIayyl MaToreHa K TPAaHCMUCCHBHOMY 4epe3 YKYChl 010X. B ero ocHoBe JeXHUT crio-
coOHOCTh BO30OYAMUTENST UyMbl 0OPa30BBIBATh OMOIUIEHKY B MPEKENyIKe OJ10XU, OJOKUpYS ee
nutanue [Bacot, Martin, 1914]. B otiunuune ot cBoero nmotomka, Y. pseudotuberculosis ve cro-
coOeH 00pa30BBIBATh OJIOK MTPEKENTyaKa OJIOXH, HECMOTPS Ha HICHTUYHOCTD OTIEPOHA, CBS3aH-
HOTO C CMHTE30M U HKCIIOPTOM BHYTPUKIETOYHOI'O MaTPUKCA, U CIOCOOHOCTH 0Opa30BBIBATH
OWOIUIEHKY Ha pa3HbIX OWOTHYECKUX W aOMOTHYECKHX IMOBEpXHOCTAX. bomee Ttoro, Y.
pseudotuberculosis mpoBoIUpPyeT OCTPYIO0 TOKCHYECKYIO PEAKIIUIO Yy OJI0X, PUBOIAIIYIO K BbI-
COKOM CMEPTHOCTH B TEUCHUE MEPBHIX 24 4, a Y IEPESIKUBIIUX MTEPBUIHBIC TOKCHIHBIC Y(DPEKTHI
pa3BHUBaJIaCh XpOHWUYECKass WH(MEKINSA 3aJlHEH U peXe CpPelHeN KUIIKU, HO HE TMpeKeNyaKa
[Erickson et al., 2007; Erickson et al., 2006]. BoisiBieHo, 4TO npuunHa GSHOTHITUIECKOTO pa3-
TUaust OMOTIIEHKOOOpa30BaHUS MEKTY IBYMSI POJCTBEHHBIMH BHIAMH UEPCUHUH 3aKITIOUAETCS
B [ICEBIOTEHU3AIMH TeHOB ICSA 1 pde2 u pde3 perynsaTOpHBIX CHCTEM 00pa30BaHUsI OUOTIIICHKH
y Y. pestis [Sun et al., 2008; Sun et al., 2014]. Kpome Toro, nokanu3zamus Y. pestis B nmpemke-

JTyaKe OI0XHW cTajla BO3MOXKHOM Onaronapst npuoOpeTeHHOMY TeHy Ymt rurasmuasl pFra, xoau-
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pytomemy dochonunazy D, npeanonokuTenbHO 3alIUIIAIONYI0 TpaMOTpULlaTeIbHble OaKTe-
pUU OT IEUCTBUS OAKTEPUOIUTHUECKOTO BEIIECTBA, ((OPMUPYIOMIETOCS B CPEIHEH KUIITKE 010X
npHy nepeBapuBaHuu KpoBstHoi Myku [Hinnebusch et al., 2002; Hinnebusch et al., 2016]. B To
e BpeMs BO30OYIAUTENb YyMbI yTPATHJI TOKCHYHOCTh B OTHOIIICGHWU OJIOX B PE3yJbTaTe CIABUTA
paMKu cuuThIBaHUS B TeHe UreD ogHoro u3 pepMeHToB cuHTE3a ypeasbl, B AKTUBHOM COCTOSTHUU
pasjararoiei B XeryaKe 0J10Xu MOYEBUHY JI0 aMMHAKa, KOTOPBIN U MMPOBOIUPYET TOKCUIECKUE
s 6;10x addextrl [Sebbane et al., 2001; Chouikha, Hinnebusch, 2014]. Takye Ba)HBIM IIIaroM
Uit 5QPEKTUBHON TPAHCMHUCCUH BO30YIUTEINS CTAJIO Pa3BUTUE THIIEPBUPYICHTHOCTH, 0OecTe-
YUBAIOMICH JOCTIKEHHE BBICOKUX TMOKa3aTesel OakrepuemMuu, HeoOXxoaumon as 3P deKTrB-
HOTO MH(PUIIMPOBAHHUS OJI0X, MUTAIOIIUXCS Ha O0JIBHOM KUBOTHOM. OHUM U3 (HaKTOPOB MATO-
T€HHOCTH, OTBETCTBCHHBIM 33 Pa3BHTHE JIETOYHON (DOPMBI YyMBI, CTAJIO MPUOOPETCHHE IIIa3-
MuIbl pPst, Hecyeit reH akTuBaTopa rmia3MuHoreHa pla, B 0COOCHHOCTH BapuaHT ¢ MyTalllen
1259T [Sebbane et al., 2020].

B pesynbTaTe npousomemmnx MOJIeKyIIPHBIX MEPECTPOEK MEXAHU3M TPAHCMHUCCHH BO3-
OyAuTeINs YyMbI pealiu3yeTcs CIeyIoM 00pa3oM. B nporecce kopmieHuu 010X Ha 60JIHOM
YKUBOTHOM BO30YIHUTENIb YyMBI MOMAACT B OPraHU3M OJIOXH, Pa3MHOXKACTCS M B PE3yJIbTaTe
skcnpeccuu reHoB hmsHFRS, hmsT, hmsP, gmsA, speA, speC, ymt o6pa3yeT OHOIJICHKY Ha BbI-
pocTax KyTHKYJIbI Ipe/pkenyaka — akantax [Jarett et al., 2004; Darby et al., 2005; Sun et al.,
2008; Bobrov et al., 2008]. I1pu kpoBococanuu OJO0XH HAa HOBOM MJICKOIUTAIOIIEM TOK KPOBU
CMBIBaeT ()parMeHThl OMOIIIEHKHU BO30YIUTENS YyMbl U3 MPeIKeTy1Ka 010X OOpaTHO B PaHKY,
UHQUIUPYS )KUBOTHOE. DTOT MEXaHU3M JIC)KHUT B OCHOBE KJIIACCUYECKOMN ATHIEMHOIOTHIECKOM
mojenn yyMel [Perry, Fetherston, 1997], moaaep:kuBasi STM300THYECKYIO0 aKTUBHOCTD MPUPOI-
HBIX OYaroB.

MHorosieTHrE HAOTIOAEHUS 32 JMHAMUKOW aKTUBHOCTH MPUPOJAHBIX 0YAroB TO3BOJIUIU
YCTAaHOBUTDH OMPE/ICIICHHYIO ITUKIUYHOCTD MPOSBICHUN YyMbl Ha SH300THYHBIX TCPPUTOPHUSIX.
Bcenen 3a akTHBHBIMU ATIU300TUSMH, XapaKTEPU3YIOMIUMHUCS IUPKYISIITUEH BO30YIUTEINS YyMbI
cpeau MOMYJISAINU IPHI3YHOB U MX MacCOBOM TruOenbio (3mu3ooTnyeckas ¢asa), HacTynaeT Jie-
npeccust o4yara (Mex3nu300THYecKast (paza), Korjga HaXOAKH 3apaKCHHBIX TPHI3YHOB OTCYT-
CTBYIOT. B cpeiHeM 3MHU300THYECKHE MPOSIBICHUST HA TEPPUTOPUHU OUara MOTyT OTCYTCTBOBATh
B TeueHue 5—10 jeT, 0JIHaKO MU3BECTHBI MEKIMU300THICCKUE TTEPHOJIBI TTPOIOIKHUTECIIBHOCTHIO
57,25 n 60 ner B Amkupe, JluBun u Ha Magarackape coorBerctBenHo [Bertherat et al., 2007;

Cabanel et al., 2013; Andrianaivoarimanana et al., 2013]. 1o BpeMst 3HAYUTEIHHO MTPEBHIIIAET
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CPOK >KM3HM OJIOX M XO031€B Ha TEPPUTOPUU MPUPOIHOrO Ovara u, CJIeJOBATEIbHO, HE MOXKET
OBITh OOBSICHEHO KJIACCUYECKON MOJENBIO UYMBI.

OCHOBHO# THITOTE30# /151 OOBSICHEHHUS MEPCUCTEHIMH Y. PEStiS Mex 1y 3MU300THIMHU B
HACTOSIIEE BPEMsI pacCCMaTPUBACTCSI BO3MOKHOCTh COXPaHEHHS BO30YIUTENS B MHOUITUPOBAH-
HBIX 0JI0Xax (TUMOTE3a YCTOMYMBOTO SH300THUYECKOrO XO035MHA), MUTAIOIINXCS Ha TeTEepOreH-
HOU TMOITYJISIUY BOCIIPHUMYHBEIX H OTHOCUTEIFHO YCTOHUMBBIX X03s¢B [AkueB, 1989; Davis et
al., 2004; Stapp et al., 2004; Gage, Kosoy, 2005; Kausrud et al., 2007; Eisen, Gage, 2009;
Schmid et al., 2012; Boegler et al., 2012]. OxHako ps HaKOIUIEHHBIX ()aKTOB BCTYIAIOT B IPO-
TUBOPEYHE C TUM MPEINOI0KEHIEM, 8 UMEHHO: HU3KUH YPOBEHb OaKTEPHEMUN PE3UCTEHTHBIX
X0351eB, HEJIOCTATOUHBIN I 3¢ deKTHBHOrO 3apakeHus Omox [Lorange et al., 2005]; penkue
CITydau BBISIBIICHUS] CEPOTIO3UTUBHBIX TPHI3YHOB M OJIOX B MEKIMHU300THYECKUE TIEPUOIBI; ITH-
TEIBHBIA CPOK MEKAMU300TUUECKUX NTEPHo10B (60see S0 JeT), MPEeBhIIAOIINA TPOI0TIKUTEIIb-
HOCTB JKH3HHM 010X ¥ x03s1eB [Bertherat et al., 2007; Andrianaivoarimanana et al., 2013]. Taxxe
3Ta TUIIOTE3a HE MOKET OOBSICHUTH «B3PHIBHOE» HAYaJO SMU300THH, XapaKTepu3ylomieecs o-
HOBPEMEHHOU aKTHUBU3AIMEH B PA3TUYHBIX Y4aCTKaX MPUPOTHO-0YaroBON TEPPUTOPHUH U BBICO-
KO CKOPOCTBIO pacIpOCTPAaHEHHS SIH300THYECKUX MposBiIeHU. Kpome TOro, BRIABIEHO OT-
CYTCTBHUE CBSI3U MEXIY aKTHUBH3AIMEe odara ¥ YMCICHHOCTbIO OCHOBHBIX HOCUTENIECH M Iepe-
HOCYHMKOB, B TO BpEMSI KaK UMEIIM MECTO OJJUHOYHBIC 3aPXKCHHSI CITyYaiHBIX HOCUTENEH, B TOM
YHCIIC U 3a TIpeJiesiaMu ipupoaHoro ouara [Jlarios, 1982; Cuynckwuii, 2014].

3a OoJsiee yeM MOJTYBEKOBOM CPOK M3YUEHMsI BOIPOCA COXPAHEHUS! BO3OYAUTENS YyMbl B
MEXIMU300THYECKHUI MTEPHOJ] M TIOCIEIYIOIIEro MEXaHU3Ma aKTUBU3AI[MH S1TU300TUI B IPUPOJI-
HBIX OYarax ObUTH MPEATNPUHSATHI MOTBITKU 00BCHUTD 3TU SIBJICHUS 3aHOCaMHu Y. Pestis ¢ apyrux
TeppuTopuii («3cTadeTHas» nepenava, nepesoc ¢ nruuamu [denopos, 1944; dentok, 1948; Ka-
nabyxos, 1969; IlleBuenko u ap., 1969; llesuyenko, 1980]), nmupkyssaiueid Bo30yauTeNs Ha
OTpaHMYEHHBIX y4acTKax «Tieroumx» oyaxxkos [Modd u ap., 1951; Haymos u ap., 1959], usz-
MEHEHHEM (PCHOTHITMYECKUX M TeHeTH4YeCcKux cBOMCTB Y. pestis [Kpamunckwii, JJomapaackuid,
1961; 3pikun, [dynaes, 1984; Cyukos, Jlesu, 1997; Jlutsun, 1997; lomapaackuii, 1997], coxpa-
HEHUEM BO3OYIUTEINS B OpraHu3Me rnepeHocunkoB (65ox [AxueB u ap., 1971], knemeii [Kon-
JpanikuHa u ap., 1976]). Tem He MeHee, BCe 3TH TUIIOTE3bI TaK U HE AIOT OOBSICHEHUS 0COOCH-

HOCTAM, BBISIBJICHHBIM ITPH N3YYCHUHA HpHpO)IHOﬁ 04aroBOCTH 4yMBlI.
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B otnenbHyto rpyriny BbIACISIOTCS TUIIOTE3bI, CBA3aHHBIE C COXPAaHEHUEM BO3OYAUTENS
B IT0YBE B CBOOOHOM coctostHuu [Ayyadurai et al., 2008; Eisen, Gage, 2009], B ocTaHKax »*H-
BOTHBIX [Baltazard et al., 1963], tpynax u ¢exanusax 6mox [Konmpamkuna u ap., 1976A; Be-
JMYKO U 1Ip., 1978; CBupumoB u np., 1980]. ['unoTe3a «Temurypuyeckoii 4yMbl» ObLIa BhICKa3aHa
emie B 60-bIX rojjax MpOIJIOTO CTOJNETHS, COTIIACHO KOTOPOM BO30YIUTEb UyMbI CYIIECTBYET B
HEYCTOMYMBOM (haze, mepeiaBasch MO LHENOUYKE «IPhI3YH — 0J0Xa — IPBI3YH», U B YCTOMYUBOM
¢aze mouBHI HOP, B KOTOPOU BO30YIUTEh YyMbl COXPAaHAETCA B TIOYBE U TPYIaX IPHI3YHOB JTH-
TeNbHOE BpeMs (10 28 MecsIeB B YCIOBUAX dKcrnepuMmenTa) [Baltazard et al., 1963, Mollaret et
al., 1963; Karimi, 1963]. B skcrnepuMeHTax 1Mo KyJIbTUBHPOBaHHUIO Y. PEStiS B CTEPHIbHON |
HECTEPUIILHOM MOYBE B Pa3HBIX TEMIIEPATYPHBIX JMANa30HAX M MMOKA3aTeNsaX YBIAKHEHHOCTH
JUTATEIBHOCTH coXpaHeHus Y. pestis B mouse coctapiisiia ot 112 cyrok 1o 8 net [Mollaret, 1963;
Mollaret, 1968; TumodeeBa u np., 1966; Tumodeena u ap., 1969; Tumodeena, ['onoBauena,
1974; Tumodeena, ['onoBaueBa, 1975; Tumodeena, ['onoBaueBa, 1978; BapuBonuna u ap.,
1970; BacuibeB, 1970]. Taxke U3BECTHBI HECKOJIBKO CIIYYaeB BBIACICHUS BO30YIUTEIIS U3 II0YB
[Yersin, 1899; Jlapuna u np., 1992; Eisen et al., 2008]. OnHako AOCTATOYHO YacTO MPHU U3yUe-
HUU BOIIPOCOB COXPAHCHHS BO3OYIUTENS YyMbl B ITIOYBE HE MPUHUMAETCS B pacdeT MEKITOIY-
JISIIIUOHHBIE CBSI3M MMOYBEHHBIX Oprann3MoB. Hanbounbiee BiausiHUEe OakTepraabHas MOMYIISITUS
Oy/JeT UCIIBITBIBATH OT BO3CHCTBUI OAKTEPUOSHBIX OPTAHU3MOB, K KOTOPOM OTHOCSATCS MPE/-
CTaBUTENH NMOYBEHHOU MuKpodayHbl. [Tog MukpodayHoii moapasymeBaeTcsi COBOKYITHOCTh Op-
raHu3MoB pazmepom MeHee 0,2 MM, a UMEHHO TIpocTeire u Hemaro bl [Konig, Varma, 2006].
HIMeHHO 3T OpTaHU3MBI MOT'YT OBITh PACCMOTPEHBI B KAYECTBE POMEKYTOYHOTO XO351HA, CITO-
COOHOro 00€CIeYNTh JUTUTEIbHOE coxpaHeHue Y. PestiS B MmouBe M OKa3bIBaTh 3HAYUTEIHLHOC
BJIIMSIHUE HA )KU3HEHHBIN LIUKII BO30yauTens uymsl [JIuteun, 2003; [Tonos u np., 2007; KyTteipes
u 1ip., 2009; Laudisoit, 2009].

[Tpocreiinmme UTParOT BAKHYIO POJIb JIJIS TATOTCHHBIX MUKPOOPTaHU3MOB. M3BeCcTHO, UTO
HEKOTOpbIe OakTepuanbHbie maroreHs! (L. pneumophila, M. marinum, V. cholerae) nemonctpu-
PYIOT YCTOWYUBOCTb K MIEPEBAPUBAHUIO MPOCTCHIIMMHU H MOTYT UCITOJIB30BaTh KIIETKH IIPOCTEH-
mux B kauecTBe pervmkatuBHbiX Hum [Cirillo et al., 1994; Al-Quadan et al., 2012; Abd et al.,
2007; Kennedy et al., 2012]. Taxxe aMmeObl MOTYT CIIY>KUTh 3aIUTHBIM PE3EPBYapoOM, MPeo-
XpaHssl KIeTKH OakTepuil OT maryOHbIX BO3/I€MCTBUI BHEIIHEN Cpelibl, B TOM YHcie Onaroaaps

JIBYXCIIOMHOM 000JI0YKE LUCT, U MOTYT CIOCOOCTBOBATH MEpeiadye NaTOreHOB BOCIPUUMYHBBIM
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xo3sieBaM [Brieland et al., 1997; Greub, Raoult, 2004; Al-Quadan et al., 2012]. TakTuka HCIIOIb-
30BaHUS KJIETOK IMPOCTEHUIIINX B CBOEM JKHU3HEHHOM ITUKJIE MOXET OBITh aKTyaTbHa U I BO30Y-
nutens 9yMbl. I3BECTHO, 94TO aMeObl, Kak U Makpodard, morJIomaT OakTeprn myTeM (aroIu-
To3a. B TO ke Bpems Y. pestis obyagaeT MeXxaHU3MaMu, TTO3BOJISIONIMMHE €ii n30erarh rnepena-
pHBaHUs BHYTPU MakpoQaroB, peIIMIUPOBAThCS B HUX U BBIXOAWUTH MX 3THUX KieTok [Pujol,
Bliska, 2003; Huang, Lindler, 2004; Ke et al., 2013]. BriojiHe BO3MOXHO, YTO BO30YAUTENb
YyMBbI MOKET UCIIOJIh30BATh CXOJHBIC MEXaHU3MBI B CBOEM B3aMMOJICHCTBUU C amMeOaMu, UC-
TIOJTB3YsI MX B KQ4eCTBE MPHUPOTHOTO pe3epByapa. Pe3ynbTaThl ucciea0BaHui, JOKa3bIBAIONIIX
COXpaHeHHe BO30yAUTENsI YyMbl B accorpanuu ¢ npocteimumu H. rhysodes [Hukynbmma u
ap., 1992], unadyszopuii T. pyriformis [ITymkapea, 2003; bpenesa u ap., 2005], D. discoideum
[Markman et al., 2018], A. castellanii [Komens u mp., 2016; Ornoausn u ap., 2017; Benavides-
Montaiio, Vadyvaloo, 2017] ot 2 aneit 10 14 mecsies, ABIAIOTCS OCHOBOW IS BBIJIBH)KCHHS
TUTIOTE3bl O COXPAHCHUH BO30YIUTEIS YyMbl B TIOYBEHHBIX OMOIIEHO3aX B aCCOIUAIUAX C TIPO-
creitmumu [JIutBun, 2003; TTonos u ap., 2007; Kyteipes u np., 2009; Laudisoit, 2009].

Panee monnManue posiv OMOIUICHOK B )KM3HEHHOM LUKJe Y. Pestis orpaHn4muBanoch y4a-
CTHEM B OJIOKMPOBAHUH y OJIOX U COXpaHEHHEM BO30YIUTEIN YyMbl B cOCTaBe (pekanuii 6J10X.
HoBbIM TOTYKOM B M3YYEHHH MEXaHHU3Ma YH300THH YYMbI CTAJIO OTKPBITUE CIIOCOOHOCTH BO3-
OyauTelns 9yMbl 00pa30BhIBaTh OMOILICHKY Ha KYTHKYJIC M BHYTPEHHHX IMOBEPXHOCTSIX HEMATO/T
[Bunsesa u ap., 2009; Epomenko I'.A., 2012; Darby et al., 2002; Joshua et al., 2003]. B coBo-
KYITHOCTH C BBIIICYIOMSHYTHIM ()aKTOM M CYIICCTBOBAaHHEM HEMATOJ-TIapa3uToB 0JIOX Oblia
BBIJIBUHYTA TUTNIOTE3a 00 MX y4aCTHH B MEPEHOCE BO3OYAUTENSI YyMbl U3 MOYBBI B OJIOX, TOJTY-
YHBIIAs HA3BaHWE TMIIOTE3bl BEPTUKAILHOU TpaHcMuccuu [Py6ros, 1981; [omos u ap., 2006;
ITonioB u ap., 2007; IlonoB u ap., 2008; KyteipeB u ap., 2009; ITonos u ap., 2011]. Cormnacuo
ITOM TUIIOTE3e, TPU KOHTAKTE C BO3OYAUTETIEM YyMbl B IOYBEHHOM OMOIIEHO3€ MMAPA3ZUTUYECKUE
HEMAaTOJIbl B COOTBETCTBHH CO CBOUM YKM3HCHHBIM IUKJIOM MH(DHUIIMPYIOT JUYMHKHU 0J0X. Bo
BpeMsi MeTaMop(030B HACEKOMOTO BO3OYAUTENh YyMbI OJOKHPYET MPEHKENYI0K U TOTydaeT
CIOCOOHOCTh 3apakaTh HOocUTelNel. Takum o0pa3om peanmsyeTcs cxema «OHOIUIeHKa — JIH-
YHHKA YHTOMONAPa3UTUIYECKOW HEMAaTO/Ibl — JIMYMHKA OJIOX — KYKOJKa 00X — uMaro OJ0X —
IPBI3yH», MIPUBOJIAIIAS K MEPBUYHBIM 3apakKCHUSM TPhI3YHOB. Jlajiee MpU YBEIMUCHUH YUCIIA
WHQUIMPOBAHHBIX HOCHUTENICH M MEPEHOCUMKOB JMH300TUYCCKUIN IMPOIIECC peaaTnu3yercs Co-
[JIACHO KJIACCUYECKOHN CXeMe rOpPU30HTAILHON TPAHCMHUCCHH TTOCPEICTBOM HIUPKYIISIIIMH BO30Y-

AUTCIIA YYMBI 110 HCIIOYKC «KI'PBI3YH — onoxa — TPBI3YH».
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[TpuHuMas BO BHUMaHUE BO3MOKHOCTh COXPaHEHHs BO30YUTEIIS YyMbl B KJIETKAaX MpPoO-
CTEHIIUX BO BpPEMsI MEXKIMHU300TUUECKUX MEPUOJOB, HACTYIUICHHE OJAroNnpHUATHBIX YCIOBUU
OKpYyXarouiei cpe/ipl (MOBBIIIEHUE TEMIIEPATYPhI, YBEIHMUECHHUE YPOBHS BIAKHOCTH) OyET CIo-
CcOOCTBOBATh aKTUBM3AIIMU B3aUMOJICUCTBUN MEX]y KIIETKaMU BO30YIUTENSI YyMbl U MIPOCTEH-
[IMMH, YBEIMYEHUIO YaCTOThI (AarorUTHPOBAHUS U PA3MHOKEHHUS KIJIETOK BO3OYAUTENS U yBe-
JIMYEHUS BEPOSTHOCTH BCTPEUH C IMYMHKAMH HTOMOIapa3uTHYeckux HemaTo  [[1omos u ap.,
2007; KyteipeB u ap., 2009; Ilomos u ap., 2011]. IMeHHO codeTaHue OaronpusATHBIX KIUMa-
TUYECKUX (PaKTOPOB, 00ECIEeUNBAIOIIUX ONTUMAIbHbIE YCIOBUS [UIsi (OpMUpOBaHUS OHMOILIe-
HOK YyMHOTO MHKpOOa M CYIIECTBOBAHMS MPOCTEUINNX, HEMATOM, JUYMHOK OJIOX, SBIISICTCS
KJIFOUEBBIM ISl aKTUBU3ALIMH SNIM300TUYECKON aKTUBHOCTHU ovara. JlocTukeHre MaKCUMalbHON
YUCJICHHOCTH W KOHIEHTPAIMU MOMYJISIUNA OPraHu3MOB Ha OTPaHUYEHHBIX y4acTKaX OOBsC-
HSIET «B3PBIBHON» CE30HHBIN U €KErOHbII XapaKkTep Havalla SIIU300TUH BO MHOTUX OTAEIIbHBIX
MHKpOOYarax U uX MpUypoOYCHHOCTh K ONMpeeICHHBIM JaHIadTaM ¢ BHICOKON BIaXXKHOCTHIO.
Kpowme Toro, TpaHciaapBanbHBIN MEXaHU3M Tepelad BO30YAUTENS MO3BOJISET BOBIEKATh B 3TOT
MPOIIECC HE TOIBKO CHEU(UIHBIX IEPEHOCUYUKOB, HO U 0JI0X HEOCHOBHBIX HOCHUTEIEH, YTO 00b-
SCHSIET HAXO/IKU NMABIIMX CIYyYailHbIX HOCUTEJIEH B Havaje 3Mu300THil. UTHTEHCMBHOCTH MpoILieC-
COB BO300OHOBIIEHUSI BO3OYAUTENSI YyMbl B TIOYBE MOXKET BIMSTH HA 4aCTOTY U 3PHEKTUBHOCTh
3apaKeHHS] HOCUTEJICH, TeM CaMbIM OOBSCHSS BBISBICHHE KaK OJMHOYHBIX HAaXOJOK MaBIIUX
I'PBI3YHOB, TaK U MAaCCOBBIX 3apakKeHHUI (POHOBBIX BUIOB HOCUTENEH U MEPEHOCUUKOB.

Takum oOpa3om, B HaCTOSIIIMI MOMEHT TMIIOTE3a BEPTUKAIbHON TPAHCMUCCUU B COBO-
KYITHOCTH C BO3MOKHOCTBIO COXPaHEHHUs BO3OYAUTEIS UyMbl B KJIETKAaX MPOCTEHIITNX OOBSICHIET
BCE MPOCTPAHCTBEHHO-BPEMEHHBIE OCOOCHHOCTH MPOSBICHUS YyMbl B IPUPOJIHBIX OUYarax H siB-
JSIeTCA OJHOM M3 Hanbosee NEPCIEKTUBHBIX TUIIOTE3, MPOSICHAIOIINX MEPCUCTCHIINIO BO30YIH-
TEJISl YyMbl B TEUEHHUE MEXKIMU300TUUECKUX MEPUOJIOB C TOCIEAYIONIEeH aKTUBU3ALIUEN 3MH300-
TUYECKOTO MPOIecca, JOMOIHSS U3BECTHBI MEXaHU3MOB YH300THI YyMbl. B 115X momydeHus
CBEJICHUH, JTOKA3BIBAIOIINX HIIM OMPOBEPTaIONINX 3Ty THUIOTE3Y, HEOOXOAUMO U3yYeHUE BHUIIO-
BOT'O COCTaBa MPEICTABUTENICH TOYBEHHON MUKPO(ayHbl TPUPOTHBIX 0YaroB YyMbl U OCOOCH-

HOCTEH MX B3auMoJIeHCTBHI ¢ Y. pestis.
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1.3 B3aumoneiictBue BO36yIll/ITeJ1H YYMbI ¢ YWJICHAMHU MOYBECHHBIX 6I/IOIIeH030B

[TouBeHHBIN OMOIIEHO3 MPEACTABISIET COOOH COBOKYITHOCTh MUKPOOPTaHU3MOB, KUBOT-
HBIX, PACTECHHUH, TPHOOB, HACCIIIONIUX OJHOPOIHBIA YIaCTOK IMOYBBI M UMCIOIIUX OMpeAcIcH-
HBIC OTHOIIICHUSI MEXy cO00# U ¢ OKpyxaroriel cpenoii. [Tomanas B mouBy ¢ OCTaHKaMH TPy-
TIOB HOCHUTEJICH, MEPCHOCYMKOB M MPOIYKTAMHU UX JKU3HEICATCILHOCTH, Y. Pestis, kak u ro0ast
npyrasi 0akTepusi, HEeM30€)KHO CTAKUBACTCS ¢ HanboJiee MacCOBBIMU OaKTEPHOSTHBIMU TPYII-
TIaMH OPTaHU3MOB — IPOCTEHITUMH U HeMaToaaMH. [1o mpuYrMHEe COOTHOCMMOCTH pa3MepoB (01-
HOKJIETOYHBIEC TPOTUCTHI UMEIOT pa3Mep OT ~ 2 MKM 10 6osee 50 MKM, HeMaToAbl — OT ~ 30 MKM
10 1 MM) 3TH OpraHU3MBbI CIIOCOOHBI BIUATH HA OAKTEpHUATIbHBIC COOOIIECTBA, CTUMYITHPYS JIHOO
TOpMO3s OakTepuaibHbie mporecchl [Ronn et al., 2012]. Oanako B3aUMOOTHOIICHHUS TPOCTEH-
IIMX U HEMATOJl C OAKTEPUSIMHU HAMHOTO CJIO)KHEE OTHOIICHUH «XUIIIHUK-)KEPTBa», U OXBAThI-
BAaIOT BECh CIEKTP CUMOMOTHYCCKUX OTHOIICHHI, HAUMHASI OT aHTarOHU3Ma U 3aKaHYUBask My-
tyanu3mowm [ Strassmann, Shu, 2017].

[IpocTeiimue SBISAIOTCS TOBCEMECTHO PACIpPOCTPaHEHHBIMH OPTaHW3MAaMH, OCBOWB-
IIMMHU BCe Cpe/ibl 00uTaHus. B movBax mmmpoKko pacnpocTpaHeHbl MpocTeiinme (ToIbie U pako-
BUHHBIC aMeObl, THPY30pHUH ), JJIs1 KOTOPBIX XapaKTEPEH THI MUTAHWsI Ha TPUKPETUICHHBIX OaK-
TEPHUSX, B TOM 4YKclie B Onoruienkax [Xaycman u jip., 2010]. I[Tokazano, uro A. castellanii u un-
dy3opun Colpoda maupasi ciocoOHBI 3HAYUTEIBHO BIUATH HA JUHAMHUKY CMEIIAHHOTO OHO-
wieHouHoro coo6miectBa Oaktepuii Klebsiella pneumoniae, Pseudomonas fluorescens wu
Staphylococcus epidermidis, mpu ToM, 4TO MOBCEMECTHO PACIpPOCTPAHCHHBIC B OKPYKAIOIICH
cpene A. castellanii mornomanu 1o 30000 ki1eTok/cM? B 4ac M CTAHOBUIIMCH YACTHIO ATOTO CO-
obmecta [Huws et al., 2005]. IIpeanonoxurenbHo, cmocodHocTs A. castellanii Bo3aeticTBo-
BaTh Ha OMOIIJICHKY MOKET OBITh CBsI3aHa C pab0OTOM (hepMEHTOB albIMHATINA3EI, PA3JIAraloIuX
aJIbrUHAT MaTPUKCa OMOIUIEHKH U 00€CIEYMBAIOIINX AOCTYIT MIPOCTCHIINM BHYTPh OHOILICHOK
[Anderson et al., 2005], u nMCTEMHOBBIX MPOTEa3, PACHICTUIAIONINX OCITKOBBIA BHEKICTOUYHBIH
MaTpPHUKC, OJTHOBPEMEHHO SIBJIIOIINXCS (haKTOpaMu MAaTOTCHHOCTH 3THUX MPOCTEHIINX, obecre-
YUBAIONIMX MHBa3HIO B TkaHU [Wang et al., 2020]. B To e BpeMs MeKAy WICHAMU MYJIbTHBU-
JIOBOM OaKTepHalIbHOM OMOTIEHKH, cocTosei u3 Xanthomonas retroflexus, Stenotropomonas
rhizophila, Microbacterium oxydans u Paenibacillus amylolyticus, ¢opmupyrotcst cunepruue-
CKHE B3aMMOJCUCTBHS, Oyiarogapsi KOTOPBIM XHITHHYeCTBO ameO T. pyriformis crumynupyer

IMPOAYKIIUIO OMOIIJICHKH ¢ HanOoyiee aKTUBHBIMHU MpoaAyuCcHTaM1, TCM CaAMbIM 3alllnuias cels u
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JPYTUX YJICHOB COOOIECTBA U TIOBHIIIAs OOIIYIO MPUCTIOCOOJICHHOCTh U OaKTepHaIbHOE Pa3HO-
obpasue [Raghupathi et al., 2018]. HecMmoTpst Ha OTCYTCTBHE TaHHBIX KacaTeIbHO 3 ()EKTUBHO-
CTH BBICIAHMs MPOCTEHIIUMHU OHOIUIEHOK Y. PestiS, BbIlIeNepeuncieHHbIC (aKThl MOITBEp-
KTAI0T HAJTMYKE Y IIOYBCHHBIX TPOCTEUIIIMX MEXaHH3MOB, 0J1aroiapsi KOTOPSIM OHHU MOT'YT BITH-
SATh Ha TIOMYJISIIUIO BO30YIUTENS YyMbl U OJTHUMH U3 MIEPBBIX CIIOCOOHBI BCTYINATh B KOHTAKT C
OTJENbHBIMH KJIETKAMH WU ONOTICHKAMH BO30OYINUTENS YyMBI.

CeleKTHBHOCTh MMUTAHUS MPOCTEHIINX 00YCIOBICHA (QU3NICCKUMH OTPAaHHYCHUSIMH PO-
TOBOTO armapara, OJHaKO y OHOIUICHKO-aCCOIMHUPOBAHHBIX MPOCTCHITNX 3aXBaT MUIIU OCY-
MIECTBJISIETCS IMTyTeM (paronuTo3a, 9TO CHUMAET OTpaHIYEHUS Ha pa3Mep GaroiuTUPyEeMbIX da-
ctur [Ekelund, Renn, 1994]. Takxe otcyTcTBHE MOABMXKHOCTH Y Y. pestis yBennunBaet 3 dek-
TUBHOCTb NMUTAHHUS UMH MPOCTEHITNX. B 0CHOBE N30MPATEIIbHOTO MUTAHUS MPOCTEHIIIMMU MO-
KET JIeKaTh M30eraHue MPOCTCHITUMHI TOKCUYECKHUX BEIECTB, MPOIYIIUPYEMBIX HEKOTOPBIMHU
oaktepusimu [Jousset et al., 2008; Pedersen et al., 2011]. B cinyuae Bo30yauTeliss 4yMbl 3TOTO
s¢dekra He ycTaHOBIECHO, HanpoTuB, ameObl Hartmanella rhysodes u Vahlkampfia hartmanni
TIPOSIBJISUTN TIOJIOKUTEIBHBIA TAKCHC K KileTkaM Imramma Y. pestis EV, 3axBareiBast KiieTku Oak-
TEpUi U MOTPYyIKas UX B IIUTO30JIb B cocTaBe (harocom [Hukynbiua u ap., 1992].

CornacHo MexaHu3My (harouuTos3a, nepeBapruBaHnue KIETOK OakTepuii B cocTaBe ¢aro-
COM MPOUCXOMT 32 CUET JTHU30COMATBLHBIX (PEPMEHTOB, B TO BpeMsI KaK B CIIy4ae ¢ BO30OyIuTeieM
YyMBbI CIUSHUS (aro- v JIM30COMBI HE TPOUCX0oauT. HampoTu, OOJNBIIMHCTBO OaKTEpUATIBHBIX
KJICTOK JIOKAJTM3YIOTCS BHE JTM30COMAIIBHBIX KOMITAPTMEHTOB KJIETKH aMeObl B TPOCTOPHBIX Ba-
KYOJISIX, B KOTOPBIX cojiep:karcs oT 2 10 10 Mopdomorndeckn HEM3BMEHEHHBIX 0aKTepuil, 4acTh
U3 KOTOPBIX HAXOAMUTCS B COCTOsIHMM JeneHus [ Hukynpmuna u ap., 1992; Benavides-Montafio,
Vadyvaloo, 2017]. Otmeuasioch Takxe, YTO KJICTKA BO3OYAUTENST YyMbl MOTYT BBIXOJHUTH U3
amMe0 M PpEIUTMIIMPOBATHCSA BHEKJIETOYHO, a 3aTeM IMOBTOPHO 3apaxarbh ameO [Benavides-
Montafio, Vadyvaloo, 2017]. Ananoru4nasi ctparerus uzoeranus ¢aromnuTo3a BHyTPU MaKpo-
¢aroB m ame0 mcmonb3yercs matoreHHsIMu Oakrepusimu L. pneumophila, F. tularensis u C.
jejuni [Bozue, Johnson, 1996; EI-Etr et al., 2009; Olofsson et al., 2013].

[To mpuuuHE TOTO, YTO MPOIIECC 3aXBaTa U NePeBaprUBaHUs OAKTEPHil MyTeM (arorurosa
cONMMKaeT MPOCTEHIIMX ¢ Makpodaramu, MPearoiaraeTcs, 4To MPH 3apakeHUU aMe0 KIeTKaMu
Y. pestis MoryT ObITh 3a/ICHICTBOBAHBI TC e MOJICKYJISIPHBIC MEXaHU3MBI, YTO U B ClIydac HHU-
nrpoBanus Makpodaros muekonuraromux [Al-Quadan et al., 2012; Shi et al., 2021]. Dxcnepu-

MCHTAJIbHO JOKAa3aHO, YTO aKTHBATOP TPAHCKPUIIITUH PhoP u cucrema CCKPCIHMH TPCTHCTO TUIIA
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(T3SS), sBnstroriyecs KJIIFOUEBbIMU IETEPMUHAHTAMU BHYTPUKIETOYHOTO B3aUMO/ICHCTBHSI BO3-
OyauTens YyMbl U (paroUTHPYIOUIMX MaKpo(aros, Urpat0T HEMAJIOBAXKHYIO POJIb IPHU B3aUMO-
nevictBun Y. pestis ¢ amebamu [Benavides-Montafio, Vadyvaloo, 2017]. MyTaHTHBIC IIITAMMBI
C WHAKTHUBUPOBAHHBIM TeHOM PhoP TepstoT criocoOHOCTh BBDKHUBATH NP COKYJIBTUBUPOBAHHUH
¢ aMme0aMu, YTO COOTBETCTBYET MPOIECCaM, MPOUCXOIAIINM MPH B3auMoeiicTBuu Y. Pestis ¢
makpodaramu. [Tpu aktuBau T3SS npoucxoauT npekpamieHue GarouTapHOro MoriaomeHus
KJIETOK BO3OYAUTENS UyMbl aMe0aMy, aHAJIOTUYHO TOMY, UTO MPOUCXOAUT MPH 3apaKEHUU MaK-
podaro. CrienyeT 3aMeTUTh, uTo akTuBU3aIsa T3SS npoucxoaut nmpu 37 °C, B TO BpeMs Kak
BCTpeya ame0 M KIETOK BO3OYIUTENS 9yMBbl B OKPYKAIOIIEH Cpeie MPOUCXOAUT MPH MEHBIITNX
TEeMIIepaTypax, 3a UCKIFOUEHUEM CUTYallUU, TPU KOTOPOH B OPraHU3M MIIEKOIHUTAIOIINX MOTYT
nonacte uHUIMpoBaHHbIE Y. pestis mpocteiimue. B octampHbIx ciaydasx T3SS B ycmoBusix
OKpY’Karollei cpeibl MHAKTHBUPOBaHA M HE OYIET BIMSTh Ha B3aUMOAeHcTBUs ameO u Y. pestis.
W3BecTHBIM MEXaHU3MOM, UCTIOIB3YEMBIM BO30YIUTEIIEM YyMBI JUIsl IPEIOTBPAIICHUS 3aKHC-
JeHus: (HarocoMbl M TOCIEAYIONIETO 3a ATHM JIM30COMAIBHOTO TepEeBaApUBAHUS, SIBISIETCS HC-
nosib3oBanue Ocnka Rablb I'Tda3 knerku makpodara [Connor et al., 2015]. Ilpu cpaBHeHUN
HYKJICOTUTHBIX TTOCIIEJIOBATEIHHOCTEH ITeHa C MOJHBIMA T€HOMHBIMU MOCIIEI0BATEIEHOCTIMU
A. castellanii u D. discoideum 0b110 0OHapY»EHO CXOACTBO HocieAoBaTeabHoCcTeH 99,8 %. Jlns
yCTaHOBJICHUS! (DYHKIIMOHATBLHON OPTOJIOTUYHOCTH MPOJYKTOB ATHX T'€HOB B aMe0ax U Makpo-
¢aroB TpedyeTCs MpoBeIeHUE NalbHEHIMX uccaeaoBanuii [Markman et al., 2019].

[ToMuMO KJIETOK MPOCTEHIINX B Ka4eCTBE PCINIMKATUBHON HUIIHM, BO30YIUTEIh TyMBI
MOJKET MCIIOIB30BATh KJIETKH MPOCTEHIINX M ISl MEePEKUIaHU HEOMaronpusaTHBIX YCIOBUN
OKpYXaromiei cpesibl. YHUKaIbHOW 0COOCHHOCTBIO Psijia MTPOCTEUIITNX SBIISETCS CIIOCOOHOCTD
3aMeUIATh METa00IMYECKUE TIPOIECCHI, TIEPeX0s B MHIIMCTHPOBaHHOE cocTostHne. [lokazaHo,
4TO TpU KyJIbTUBHpOBaHMU amed H. rhysodes na raszone Y. pestis EV uHImcTupoBanue 0OCHOB-
HOW Macchl aMe0 MPOMCXOIUT Ha 2—3 CYT, B TO BpeMsl KaK B JKUIKOW cpejie 00pa3oBaHKE IHCT
A. castellanii ¢ naxonsmmmucs BuyTpu kierkamu Y. pestis 367 mpoucxoaut Ha 3—4 cyt [Hu-
KyJbIIUH U Ap., 1992; Ornogun u ap., 2017]. K MoMeHTy MHITUCTUPOBAHUS OCHOBHAs Macca
OakTepuil mepeBapuBaeTcs amebaMu, OJJHAKO B IIUTOITIA3ME OTMEYAETCS] COXpaHCHHE eIMHIY-
HBIX KJIETOK OakTepuil BO3OYAUTENS YyMbl B MHIUBHIYJIBHBIX BaKYOJSIX, OKPYKCHHBIX dHJIO-
MJIa3MaTHYEeCKUM peTUKyIyMoM [ Hukynwime u ap., 1992; Komens u ap., 2016; Ornoaus u ap.,
2017]. Takxe ObUTH OTMEUYEHBI CITydau THOEIU OTACIHHBIX aMEOHBIX KJIETOK, EePEIOTHEHHBIX

KieTkaMu Y. Pestis, ¥ BBIXOJIOM KJIETOK OakTepuii B OKpyKaromyw cpeay [Hukynabimua u ap.,
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1992; Ornoaun u np., 2017]. Kpome nucroodpasyrmonmx amed K COXpaHCHHIO BO30YAUTEINS
9yMBbI CIIOCOOHBI COIMANIbHBIE TeTeporamHbie ameObl D. discoideum, BHYTpU criop KOTOPBIX
Y. pestis CO92 MokeT BBLKHBAThH U Pa3MHOKATHCS [P CPOKaX He MeHee 48 U mociie 3apakeHus
[Markman et al., 2019].

J1s u3y4eHus MPOIECCOB, CBSI3aHHBIX C COXPAHEHUEM STHOJIOTUYECKOT0 areHTa YyMbI B
MEKAIMU300THIECKUE MTEPHUOJIBI, 0CO00E 3HAYCHHE NMEIOT HCCIICIOBAHMS ClIOCOOHOCTH Y. pestis
BBDKHMBATh B KJIETKaX MPOCTEUIINX B T€UEHUE UIUTEIHLHOTO IPOMEXYyTKa BpeMeHu. [Ipu Kyib-
TUBHPOBAHUH BO30YAUTEIS YyMBI ¢ KIeTKaMu 1. Pyriformis 0akrepuu nepexoanin B HEKYIb-
TUBUPYEMYIO (DOPMY U COXpaHsUTHCH B HHPY30pUIX 10 14 MecsleB, perUCTPUPYICh TOJIBKO Me-
togom IIIIP [ITymkapesa, 2003]. IIpu MoaenMpoBaHUM 3aCYNIJIMBBIX KIMMATHYECKUX YCITOBHI
oKpy>karoriei cpenbl (mpu temieparype 26 °C u 20 % BiIaXHOCTH BO3Ayxa) ObLIO MOKa3aHo,
YTO IITAMMBI BO30YTUTENSI YyMbl OCHOBHOTO TIOJIBUJIA COXPAHSIOTCS B KJIETKax ame0 Ha mpoTsi-
KEHUU 2—4 MECSIIEeB, BBIICTSAACH OakTeprosiorndeck, 9to B 10—20 pa3 mosbie, 4eM B YHCTON
kynbtype [Komens u ap., 2016]. B uckycCTBEeHHOM MOYBEHHOW CUCTEME MTPU COKYJIbTUBHPOBA-
HuK Y. pestis ¢ uagysopusmu T. pyriformis ycTaHOBICHO COXpaHEHUE BHICOKOBUPYJICHTHOTO
mraMmMma OakTepHit 10 cemu Henenb [bpeneBa, Mapamosud, 2008].

Coxpanenue 6akTepuii B TPOCTEHIIINX MOXKET 3aBUCETh OT TeHETUYECKUX OCOOCHHOCTEM
mraMMa. Y CTaHOBJICHO, YTO IITaMMbl Y. PestiS, JTHIIICHHbIC OCHOBHBIX MJIa3MHUJI, UCUE3al0T U3
accollMalliy C MPOCTEUITUMU uepe3 4 4, B TO BpeMs KaK ITaMMbl OaKTEpPHil ¢ TIOJHBIM I1J1a3-
MUJIHBIM MpoduieM coxpansuiuch o 15 cyt [[Tymkapesa, 2003]. [Ipu MoxenupoBaHuu 3acyii-
JIUBBIX YCIIOBUM BBISIBJIEHO Pa3jU4Me B IJTUTEILHOCTH COXPAHEHHs IITAMMOB OCHOBHOI'O U He-
OCHOBHOTO TMOJIBUIA, YTO MOXKET OBITh CBSI3aHO C HATMYMEM AIbTEPHATUBHOTO MEXaHU3Ma CO-
xpa"eHus. Tak, mTaMMbl HEOCHOBHOTO TOJIBUA CIIOCOOHBI MPOAYIIUPOBATH MACCUBHYIO OMO-
TUICHKY, TTPEIOXPAHSIONIYI0 OaKTEPHH OT BBICHIXaHHS M HEOIArOMpPUSTHBIX BO3JICUCTBUI OKPY-
JKAIOIIEeH Cpelbl, TAKUM O0pa3oM, HE HYXJasCh B 00pa30BaHWUU aCCOIMAIIMN C TMTOYBEHHBIMHU
ame0aMHu, 94TO MOATBEPIKIACTCS YCTAHOBICHHOW MOHIKEHHON PE3UCTEHTHOCTHIO K (haromuTu-
POBaHUIO MPOCTEUIITUMU. B TO jk€ BpeMsi IITaMMbl OCHOBHOT'O TIO/IBH A MOTJIH BEIOPATh IPYTYIO
CTpaTeruio MepexuaHrs HeOJaronpusITHhIX MEPUOOB, UCIOIB3YS JIJISl STOTO aCCOLMAIUU C

IPOCTEHIIMMHY, YBEJINYUBAs JUIMTEIBHOCTh cBoero BbkuBaHus B 1020 pa3 [Kowens u np.,

2016].
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E1te ogHOM TpymIoi opraHu3MoB, ¢ KOTOPOH BO30YAUTENSI YyMbI MOXKET CTOJKHYTHCS B
HIOYBCHHOM OHMOIICHO3€, SIBJISTIOTCS HEMATO/IbI, IMUPOKO PACIIPOCTPAHEHHBIC B IOYBEHHBIX OHO-
1ieHo3ax. CBOOOJHOKHMBYIITME HEMATOIbI OKa3bIBAIOT 3HAYMTEIHHOE BIMSHUEC HA TOYBEHHBIN
OWOIIEHO3, IPHHUMAs AKTHBHOE y9acTHE B ACCTPYKIIUM OPTaHMYECKUX OCTAaHKOB ¥, HAPABHE C
NPOCTEUIITMH, BBICTYTIasi OCHOBHBIM PETYJISITOPOM YUCIIEHHOCTH 0aKTePHATBHBIX MOITYIISIIHA
[Yeates, Coleman, 1982]. SIBnssich OakTepHOSITHBIMU OpraHU3MaMH, HEMATOIbI MOTYT HAIps-
MYIO0 KOHTAaKTHPOBATh KaK C OTJICIbHBIMHU KieTKaMu Y. PestiS, Tak u ¢ KJIETKaMH B COCTaBe Oak-
TepUaIbHON OMOTUIEHKH. biaromaps CBOMM MPEBOCXOISIIUM pa3MepaM OaKTepHOsTHbIC HeMa-
TOJIbl HE TaK TECHO KOHTAKTHUPYIOT CO CBOCH JKEPTBOM, PE3yJIbTATOM YETO CTAHOBHUTCS OTCYT-
CTBHUEC aKTUBHOMU CEJICKIINU OaKTEPUi U OCHOBHBIM OTPAHUYCHHEM CITY)KUT Pa3Mep pOTOBOTO afl-
napata Hemaron [Avery, Shtonda, 2003]. B To e BpeMsi orpaHHYCHHBIC CBEICHUS CBUICTEIIb-
CTBYIOT O HAJIMYWU THIIEBBIX MPEINOYTCHUN B OTHOIIICHUHU OTIPEICICHHBIX OaKTepUH, peryIn-
pyeMbIX peaknusMu xemoTakcuca [Salinas et al., 2007]. Kpome Toro, Hemaroapl BMecTe ¢ Oak-
TEpUATbHBIMU OMOTUICHKAMU MOTYT TIOTJIOTHTh M HaXOJAIIHECs TaM KIETKH aMe0. B akcnepu-
MEHTAJIBHBIX YCIOBHUAX ycTaHOBJIeHO, uTo Caenorhabditis elegans moxket ObITh HHGUIIIPOBAH
L. pneumophila, coneprkaBiimMucs B OMIOMIEHHBIX U MEPETEPTHIX C MMOMOIIBIO POTOBOIO all-
napaTta HeMaTo/Ibl KJIETKaxX ame0, B Pe3y/IbTaTe Yero KJICTKU OAKTepUil KOJIOHM3UPOBAIU KHUIIICY-
HbIN TpakT Hematon [Rasch et al., 2016].

W3BecTHO, uTO B3aumozeiicTBue Y. pestiS u Hemarox 00yclioBIIeHO 0Opa3oBaHUEM Mac-
CHUBHOU OMOIUICHKH Ha KYTHKYJIE HEMATO/I, BEPOSTHO, P KOHTAKTE HEMATOJbI BO BpEMs JBH-
KCHHSI C OTJCIbHBIMU KJIIETKAaMH WJIM OWOTUICHKOH Bo30Oymutens uymbl [Darby et al., 2002;
Joshua et al., 2003; Epomienko u ap., 2012]. buoruieHky perucTpupoBaiu B 00JIaCTH TOJIOBBIX
OpraHoOB, Ha KOHYMKE XBOCTa, OJIHAKO IMATOTCHHOE BO3AeHCTBHE Y. PEStIS CBA3BIBAIOT UMEHHO C
JIOKaJIu3aIye ONOIJICHKA B 00JIaCTH ToJIOBBL. B 9TOM cimyyae GoraTasi monucaxapuiaMu mMat-
pulia OMOTUICHKH OJOKHMPYET MUTaHWE HeMaToJ, mpuBoas k rudenu [Darby et al., 2002; Tan,
Darby, 2004]. [dns obpa3oBaHusi OMOIUICHKH HEOOXOAMMBI TeHbI hMS-omepoHa, mpu TOM 4TO
yTpara Bcel 00JacTH MUTMEHTAIMHU, B KOTOPOW OH PACIOJIOKEH, KaK ¥ TOYCUHbIC MYTaI[MH B
TeHax MPHUBOIAT K MOTEPE CIOCOOHOCTH (HOPMUPOBATH OMOIJICHKY Ha KyTHKYJe HemaTo sl C.
elegans [Darby et al., 2002, Epomenko u ap., 2012]. YTpara mazmua Y. pestis He BnuseT Ha
(dopmupoBaHre OHOIUICHKH Ha HeMaToax [Epomienko u ap., 2012]. M3BecTHO, YTO HEMATOIbI

MOTYT OBITH YCTOWYMBHEI K 00pa3oBaHHIO HAa HUX OuoruieHku. Ha monensHom opranmsme C.
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elegans ObLTO YCTaHOBJIEHO, YTO MyTalluu B reHax Hemaron Srf-2, srf-3 u srf-5 usmensror mo-
BEPXHOCTHBIC XapaKTEPUCTUKU KYTHKYJIbI U TIPEIOTBPAIIAIOT aITC3UI0 OAKTEPHil, KaK U B T€HAX
bus, bah-1, bah-2, bah-3 [Joshua et al., 2003; Darby et al., 2005].

Kpome oOpazoBanust OMOMIIEHKH BO30YIUTENb YyMbl MOXKET BBI3bIBATh TMOEIb HEMATO]
C TIOMOIIBIO0 TOKCHUH-OMOCPEIOBAHHOTO MEXaHNU3Ma, KOTOPBIi CBSI3aH ¢ HAKOIUIEHHEM BO30yaH-
TeJs B KUIIeUHUKe. BeisBieHo, yTo mytamuu B reHax ompT, Y3857 u yapH, cBs3anHbie ¢ BUpY-
JIEHTHOCTBIO JIPYTUX OaKTEepUaTbHBIX MATOTCHOB, a Takke B reHax Y0340, y1021, y2663, y3913,
y0941, y4018 arTeHyupyrOT UX BUPYJICHTHOCTH JIJI HEMaToJ. Takke yCTaHOBJICHO, 4To (pak-
TOPBI BUPYJEHTHOCTH, 3aKkoaupoBanHsble B Iasmugax pCD1 u pPCP1, He BnusroT Ha BUPYJICHT-
HocTh Y. pestis ms C. elegans [Styer et al., 2005].

Crnenyromieit rpynmnoi opraHu3MoB, TOTEHITUATIBLHO CTIOCOOHBIX BCTYNATh BO B3aUMO,1EH-
ctBUs ¢ Y. pestiS u oka3pIBaTh BIMSHHE Ha SMH300THYCCKUN MPOIECC B MPHPOIHBIX OdYarax
YyMBI, SIBJISTIOTCS HEMATO[Ibl, Mapa3suTHPYOMKe B O10xax. CIeKkTp HEMaTO-ITapa3uToOB OI0X
BKJIIOUAeT MeNKux cnupypull, unspuar (orp. Filariida u Spirurida), npencraBureneit mepme-
taa (cem. Mermithidae) u Hanbosiee yacTo BCTpedaeMbIX B 0J0Xax IPeACTaBUTEICH POJOB
Psyllotylenchus, Howardula, Neoparasitylenchus, Bradynema,  Aphanitylenchus,
Spilotylenchus, Rubzovinema otpsina Tylenchida [Py6moB, 1981; Cino6onsniok, 1991; Koshel et
al., 2014]. Ha tepputopuun Bonro-Ypaibckoro crernHoro u ['opHO- ANTalicKOro BBICOKOTOPHOTO
NPUPOIHBIX oyaroB uymbl Poccuiickoii deneparnyiy ObUT BBISIBICH MOTUTOCTAIBHBINA BH]T SHTO-
Morapa3uTHueckux Hemaroa R. polyxenica, napasutupyromiuii Ha 6 Bugax 61ox (C. tesquorum,
Amphipsylla rossica, Ctenophthalmus secundus, A. primaris primaris, Rhadinopsylla li
transbaicalica, R. dahurica) [Epomienko u nap., 2016; Ornonun u ap., 2018; Koshel et al., 2014].
OTcyTCTBHE CTPOTOW TOCTATBHOM CHEU(DUUYHOCTHA U MIMPOKOE PACIPOCTPAHEHHUE PTOTO BUIA
obecreynBaeT YHUBEPCATHbHOCTh MHBA3MH ATUMHU HEMATOJaMHU M TMOBBIIIAET UX 3HAYUMOCTH B
MIPUPOJIHBIX OYarax.

[Ipenmonaraercs, 9To Mapa3UTHYECKUE HEMATOIbl MOTYT MPUHUMATh YYaCTHE B PACIIPO-
CTPaHEHUU BO30YIUTEIIS YyMbl B TIpeJieiaX MOYBEHHOTO OMOIIEH03a U BBIHOCE 33 €0 MPE/ICIIbI
COTJIACHO TUTIOTE3€ BEPTUKAIBLHOU TpaHCMUCCHUU. B COOTBETCTBUM C )KHU3HEHHBIM ITUKJIOM HEMa-
TOJI, 5TU OPTAaHU3MbI Ha JTUYMHOYHOU CTaIMU MHOHUIUPYIOT JUIUHKH OJIOX M 3aTE€M JIOKAIH3Y-
IOTCS B TeMOIIeNIe HaceKoMoro. biarogapst cnocoOOHOCTH MPUKPEIIATHCSA K TTOBEPXHOCTHBIM U

BHYTPHUIIOJIOCTHBIM CTPYKTYypaM HEMaTOJ B BHUJE OHMOILICHOK, Y. PEStiS MOKET BHIHOCHTHCS B
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Ha3eMHBI OMOIIEHO3 TIPY MOMOIIM TPaHCIAPBAIBHOW Mepenayn OakTepuii HemaronaMu 0JIo-
XaM, KOTOpbIC B CBOIO OuUepe/lb TPAHCMHCCHUBHO 3apakaloT muiekonutaromux [[lormoB u ap.,
2006; ITomos u ap., 2007; TTonos u ap., 2008; Kyteipes u ap., 2009; ITomos u ap., 2011]. Oc-
HOBHBIM TOJIO)KCHUEM ITOH THUIIOTE3bI SBJISICTCS CIIOCOOHOCTh BO3OYAMTENSI YyMbl 0OPa30BbI-
BaTh OMOIJICHKY Ha KyTHKYJe HemaToa [ Buasesa u np., 2009; Epomenko I'.A., 2012; Darby et
al., 2002; Joshua et al., 2003], B To BpeMst Kak BO3MOXXKHOCTb COXPaHEHHSI M PaCIPOCTPAHCHHUS
HEPCHHUI B COCTaBE HEMATO/I KOCBEHHO JIOKa3bIBAIOT B3auMooTHoieHus Y. pseudotuberculosis
B KOMILIEKce ¢ TnurHKamu HacekoMbix Galleria mellonella, saromonaroreHHpIME HEMaTOJAMK
Steinernema u ux ecrectBeHHbIM cumoOuronToM Xenorhabdus [Gengler et al., 2015]. Ycranos-
JeHo, yTo npu BHeceHuu Y. pseudotuberculosis B kumeuynnk Hemaroa Steinernema sp. au6o B
TeMOIIC)Ib JIMYUHKKA OOJBIIOW BOCKOBOW MOJH HEMATOJbl OCYIISCTBISIM IMEpeHoc Y.
pseudotuberculosis B momocTe Tena JWYMHKKA HACEKOMOIO, Tae OaKTepuajibHbIC KICTKU
YCIIEITHO Pa3MHOXAJIMCh W CHOBA HACEISUIM DHTOMOIIATOTEHHBIX HEMAaTOJI, KOTOPhIC MEPEHO-
cwm Y. pseudotuberculosis B HOBYIO JINYMHKY HACEKOMOTO Ha MPOTSHIKEHUH KaK MHHUMYM 7
WHQPEKIIMOHHBIX IMKJIOB Ha MpoTshkeHuH 14 Henmenb. EcimM B aHAIOTWYHBIX SKCIIEPUMEHTAX
Y. pestiS cMOXeT KOJOHHU3MPOBATh SHTOMOMAPA3UTUUYCCKUX HEMATOA M MPOTUBOCTOSNTH aHTH-
MUKPOOHBIM BEIIECTBAM, NMPOYIIUPYEMbIM THIIOTCTHYCCKUMH SHIOCUMOMOHTAMH, TO ITH PE-
3yJbTAThl AayT HOBOE MOHMMAHHUE JOJTOBPEMEHHON MEPCUCTEHIMKM B SHACMHUYHBIX Odarax
qyMBI U OYIYT CIY)KUTh I0KA3aTEIIbCTBOM TMIIOTE3bl BEPTUKAIBHON TPAHCMHCCHUH.

[ToMHMO BO3MOKHOTO TIPSIMOTO BO3JCHCTBHS Ha BO3OYAMTENSI YyMbI, HTPasi POJib B BbI-
HOCE M3 TIOYBEHHOTO OMOTOIA B HA3EMHBIH, YHTOMOIIAPa3UTHUECKUE HEMATOIbI CITOCOOHBI KOC-
BEHHO OKa3bIBaTh BO3JICHCTBUE HA BO30YIUTEIS YyMbI Yepe3 HEMATO/I, BN Ha X PEIPOIAYK-
TUBHYIO CIIOCOOHOCTH HOCHUTENEH W MPHUBOJSA K TMOCIH MMaro. B COBOKYIMHOCTH C BBICOKHM
YPOBHEM 3apakKEHHOCTH 0JI0X HEMATOAaMH, Y psiJia BUJOB JOCTHraOmM 35 %, HeMaTo bl pac-
CMaTPHUBAIOTCS B KAYECTBE €CTECTBEHHBIX PETYIATOPOB YUCIEHHOCTH OJI0X, CITIOCOOHBIX BIIMSATH
Ha MHTEHCUBHOCTH AMHM300THUYECKUX MPOLIECCOB B MPUPOIHBIX ouarax 4yyMsl [ EporieHnko u np.,
2016; Koshel et al., 2014]. B To ke BpeMsi MEXaHU3MBbI, TPUBOIAIINE K KACTPAIIUU ¥ HHTEPCEK-
CYaJIbHOCTH OJIOX Tapa3sMTUYCCKMMH HEMATOJIaMH, OCTAOTCS HEU3BECTHBIMHU. B03MOXHO, B
9TOM TIPOIIECCE MOXKET YUaCTBOBATh OaKTepHabHAsI MUKPOOHUOTA, B TOM YHCJIC aCCOIIMHUPOBAH-
Hasl C TMapa3suTHYECKUMU HeMaToaamu. [IpuMepoM Takoro B3aMMOICHCTBHUS SIBIIAETCS CUMONO03

Oaktepuii Xenorhabdus u Photorhabdus ¢ saTOMOmaToreHHsIMu HeMaToZamu Steinernema u
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Heterorhabditis, mpu koTopoM maToreHHOEe ACHCTBHE Ha HACEKOMBIX OKa3bIBAIOT MMEHHO OaK-
tepun-cumbuontel [Goodrich-Blair, Clarke, 2007]. Tem He MeHee cocTaB U 3HAYCHHUE MUKPOO-
HBIX COOOIIECTBA Mapa3suTapHON CHCTEMBI «0JI0Xa-HEMATOAa» OCTAOTCS B 3HAYUTEIBHOM CTe-
NICHH HEW3BECTHBIMH, HECMOTPS Ha BO3MOXKHOE BIMSHHUE ATOH CHUCTEMBI Ha SMU300THYECKHE
TIPOIIECCHI B MPUPOIHBIX OYarax 4yMbl.

Kpome Toro, nzydenne MUKpOOHOMa 3TOM CHCTEMBI BaKHO C TOYKH 3PEHUS OMUCAHHS
MHKPOOKPYXCHHUS, B KOTOPOM MOXET OBbITh BbIsiBiicHa Y. PestiS. B Tom 4wmciie 3HaYMTENbHBIH
BKJIaJI BHECIIO OBl OOHapyXeHHE CTIeU(DUIHOTO TSl OJIOX MM DHTOMOIIAPA3UTHUSCKUX HeMa-
TOJ PHAOCUMOHMOHTA, CLIOCOOHOTO MHTUOUPOBATH POCT BO30yauTENst uyMbl. 3BeCTHO, 4TO CO-
obmiecTBa OakTepuid, BXOAIIME B COCTaB MUKpoOHMOMa OJI0X, BAPbUPYIOT HE TOJBKO MEKIY
0CO0SMH OJTHOTO BHJI, HO TAKXKE MEX/Ty OT/ICITbHBIMH MOMYJISIIUSIME BHYTpH Buia [Jones et al.,
2010; Jones et al., 2012]. Paznuuus B cocTaBe MUKpOOMOMa MOT'YT BJIUSTH Ha Pa3HbIC aCIICKThI
KU3ZHEACATEIHLHOCTH 0JI0X, B TOM YHCIIE U 3()PEKTUBHOCTH NIEpeaaun Bo30yauTens 4ymbl. U3y-
YeHHUE KOMITO3UIIMOHHOTO COCTaBa OaKTepUil M B3aUMOJICHCTBHI MEXIy HUMH, BO30OYIUTEIEM
YyMBI, TAPA3UTHICCKHMH HEMATOAaMH U OJI0XaMH MOYKET UMETh pelllaroliee 3HaueHUe I 00-
Jee TIIy00KOTO TOHUMAHHMSI 3KOJIOTUH YyMBI M MOKET B KOHEYHOM UTOTE IMMPUBECTHU K JTyUIIEMY
NIPOTHO3UPOBAHUIO BembImek aymbl [Jones et al., 2013]. YcraHoBIeHO, 4TO BO30YIUTEIh TyMBI
croco0eH M3MEHATh OaKTepHaIbHBIE COOOIIECTBA 0JI0X, OKa3biBask BIMSHUE HA YHCICHHOCTD
OTIpeIeJICHHBIX OakTepuaibHbIX JTuHME [Jones et al., 2013]. Tak, y undurupoBanubix Y. pestis
070X 3HAYUTEITHPHO CHU3MJIACh YHCICHHOCTh TPaMITOIOKHUTEIBHBIX Firmicutes, B TO BpeMs Kak
YHCIIEHHOCTh TpaMOTpullaTelbHbIX Proteobacteria yBenmmuumnack. [Ipomykiust GakrepuormHa
MECTUIIMHA BO30YIUTETIEM YyMbl HE MOXKET OOBSCHUTH TO SIBICHUE, TOCKOJIbKY OH HE OKa3bl-
BACT BIIMSTHUS HA TPaMIIOJIOKHUTEIBHBIX U PSIJ] TpaMOTpUIIaTeNbHbIX Oaktepuii [Brubaker, 1991].
Jpyrumu BO3MOXHBIMH O0BSICHEHUSIMUA MOTYT CIY>KUTh CYIIIECTBOBAaHUE MHOTO OaKTepUOIINHA,
BO3JICHCTBYIOIIETO HAa FPaMIIOJIOKUTEIIbHbIC OaKTEpUH, BIUSHUE YyBCTBAa KBOpyMa Y. pestis Ha
JPYTHE TOMYJISIUU OaKTepui, PU3n0IOTHUECKH NI UMMYHHBIN OTBET 0JI0X Ha HH(HUITMPOBa-
HKE BO30yIUTEIeM YyMbl KOCBEHHO BJIMSCT Ha BCe co00IIecTBO OakTepuii B 1iesiom [Jones et al.,
2013].

B koHTeKkcTe M3ydeHus: Bompoca coxpaneHus Y. PestiS B MEKIMU300THICCKHUE TIEPHO,TbI
BaXHBIM SIBJIICTCS PACCMOTPEHHE MPOJIODKATEIBHOCTH XKU3HW HEMATOJI M COXPAHCHUS B HUX
OaxTepuil. I3BeCTHO, 4TO MPU HACTYIUICHUH HEOJIArONPHUSATHBIX YCIOBUH (BBICOKAS WIIH HU3KAS

TCMIICpATypa, HU3KUMN YPOBCHB BJIAJKHOCTH, BBICOKAs INIOTHOCTD HOHYJ’I}IHI/II/I) HCMATOJbI OTpAAA
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Rhabditida Ha THYMHOYHOMN CTaIUK CTIOCOOHBI IEPEXOIUTh B aJIbTEPHATUBHYIO CTAIUIO Pa3BU-
TS (IMYIMHKA Jayspa), 3ameuist cBoit Metabomu3m [Riddle et al. 1981]. Kak Obuto nokazano
11 MoJiesibHOTO 00BbekTa C. elegans npoaomKUTeIbHOCTD JKU3HH BMECTO CPEHET0 MoKa3aTeJst
B 3 Henmenu yBenuuwiack 10 18 nexens [Mayer, Sommer, 2010], npu BBeieHUN B aHAOHMO3 JTH-
yuHku nayspa C. elegans BeicylnBaHHEeM C MOCICIYIOUIMM 3aMOpPaKUBAHHEM YAaJOCh JI0-
OUTBCS COXpaHEHUS KU3HECITOCOOHOCTH Ha MpoTsHKeHUU Oojiee 16 mecsues [Shatilovich et al.,
2023]. Takke 0 OecrpereaeHTHBIX CIIOCOOHOCTAX COXPaHCHHS KH3HECIIOCOOHOCTH HEMATO.I
TOBOPHT BhIesicHHe HeMaTo bl P. kolymaensis u3 Be4Hoit Mep310Thl, OCTaBaBIICHCS B COCTOSI-
HUH KpUnToOro3a Ha npoTsbkenuu 46000 net [Shatilovich et al., 2018; Shatilovich et al., 2022].
Uro kacaercsi OaKTEepHii, TO B 3aBUCUMOCTH OT TEMIIEPATyphI, TPH KOTOPOW ObUIM MHKYOUPO-
BaHbI HeMaTo bl Steinernema sp. MW8B B ¢uspacteope (4 °C u 16-28 °C) 1uTenbHOCTh COo-
xpaHeHus kieTok Y. pseudotuberculosis B xeymo4HO-KUIIEYHOM TPAKTE HEMATO] BapbHPO-
Basia oT 6 Henenb 10 14 Henenb coorBeTcTBeHHO [ Gengler et al., 2015]. AnutenbHoe coXpaHeHHE
OakTepuii BHYTpU HEMATO BO3MOXKHO OJ1aroaps HATMYHIO 3aIlIUTHOW KYTHKYJIBI U 3a11acy JIu-
NUJIOB, OJIarojapsi KOTOPhIM YHTOMOIIATOTeHHBIE HeMaTo bl S. glaseri Ha ctaauu WHOEKIIMOH-
HOW MOJIOAM CIIOCOOHBI BBKMBATh B IMOYBE Ha MPOTSHKEHUH HECKOJIbKUX MecsieB [Abu Hatab
etal., 1998; Gengler et al., 2015].

[ToMuMO OnUCaHHBIX B3aUMOJICHCTBHM, HENb3sI HE YIOMSHYTh O BO3MOXHOW POJIA IPO-
CTCHIITMX ¥ HEMATO]I B BOJIFOIIMH U CTaHOBJICHUH Y. PestiS kak matoreHa. bakrepuosgabie mpo-
CTCHIIIME pacCMAaTPUBAIOTCS B KAYECTBE «TPCHUPOBOUYHBIX TUIOIIAOK» U KTPOSTHCKUX KOHEW,
BHYTPHU KOTOPBIX MOXKET MPOXOAUTH 0TOOp Hanbosee BUPYICHTHBIX (OpM OakTepuii AJist mpo-
CTeHmuX 1 MakpodaroB MICKOMHUTAIOIINX, PA3MHOXKEHUE, COXPAHEHUE C TTOCIEAYIOIINM pac-
npocTpaHeHHEM B oKpyxkaroriei cpene [Barker, Brown, 1994; Molmeret et al., 2005]. O cxox-
HBIX MIPOIECCax BHYTpH pona Yersinia cBuaeTenbcTBYeT d3P(EKT MOBBIMICHUS BUPYJICHTHOCTH
MOCJIC TAaCCUPOBaHUS Ha UH(PY30PUSX, aHATOTHYHBIH TAKOBOMY ITOCJIE MPOXOXKICHUS Yepe3 Te-
pHUTOHEaNbHBIE MaKkpo(daru MOPCKUX CBUHOK W Oenbix Mbimied [JlutBu, [Tymkapesa, 1994].
Kpome Toro, mpocTeiime MOTyT CITYUTh «IUIAaBUJILHBIMH KOTJIAMW», BHYTPH KOTOPBIX OaKTe-
UM, HAXOJISAIITUECS B OJTHOW BaKyOJIHM UITH JIFOOOM JPYroM KOMIApPTMEHTE KIETKHA, MOTYT 0OMe-
HUBATHCS TCHAMH U TUTA3MUJAMH MEXIy COOON M OpPraHM3MOM-XO3SMHOM, B TOM UYHCJIE U Te-
HaMK ycToitunBocTH K anTHOMoTukam [Moliner et al., 2010; Bertelli, Greub, 2012; Gomez-
Valero, Buchrieser 2013; Cairns et al., 2018; Nguyen et al., 2020]. [Tomumo ame0, HHTEHCUDU-

MUPOBATH IIPOLHECCC TOPU3OHTAJIBHOT'O IICPEHOCA TCHOB MOXKCT 06p330BaHI/Ie 6I/IOHJ'IeHOK, BHYTpPH
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KOTOPBIX YBEIMYHMBAETCS YaCTOTa OaKTEpUATbHONH KOHBIOTAIMU 10 CPABHEHUIO C TUIAHKTOH-
ueiMu popmamu [Hausner, Wuertz, 1999]. KonbioraTuBHbIi 00MEH IUTa3MH]T aHTHOUOTHKOPE-
3UCTEHTHOCTH MeXKAY Y. pestis u E. coli 6s11 3adrkcupoBaH B cpeiHel KUIKe 010X B arperarax,
OKpPY)KCHHBIX BHCKJICTOYHBIM MaTPHUKCOM, HamoMuHarommx Oworuienky [Hinnebusch etal.,
2002]. cxost U3 3TOT0 MOYKHO MPEAOI0KHUTh, YTO TIEPEHOC TEHOB MOYKET MPOUCXOAUTH TAKKE
B OHMOIUICHKaX, 00pa30BaHHBIX HA BHEITHUX W BHYTPEHHUX MOBEPXHOCTIX HEMATOJ. DTO JaeT
BO3MOJKHOCTb JUISI BBIIBMIKCHHS HOBBIX THIIOTE3 O MPOUCXOXKICHUHU TUTa3MH]l BO30OYIUTEIS
qyMbl. BBISIBIIEHO CXO/ICTBO BUAOCTICIU(UIHOH TIa3Mu bl pFra Bo30YaUTENs 9yMbl C TUIa3MH-
namu Salmonella enterica ser. Typhi u 6akrepuii poma Photorhabdus [Prentice et al., 2001,
Duchaud et al., 2003; Wilkinson et al., 2009], npu ToM, 4TO MOCJIEIHUE U3BECTHBI B KAYCCTBE
YHJIOCUMOMOHTOB SHTOMOITATOTCHHBIX HEMATOJI M IIPOBOIUPYIOT THOETh HaceKOMBIX. Kpome
TOT0, XapaKTepHas /I mTaMMoB Y. pestis ¢punoreHernueckoit muann 4. ANT mnazmuma pTP33
COJICP’KHT B CBOEM COCTaBE YUACTKH, IO AMUHOKHCIOTHBIM TIOCIIE0BATEILHOCTSIM TOMOJIOTHY-
HbIe parMeHTaM (paroB baxTepuii-cuMOMOHTOB HacekoMmbIx Sodalis glossinidius u cumMOnOHTOB
SHTOMONIATOreHHBIX HeMaTon P. asymbiotica, P. luminescens, X. bovienii [AdanacbeB u np.,
2016]. ITpucyTcTBHE B COCTaBE IJIa3MHUJBI 3THX Y4aCTKOB MOXET CBHICTEILCTBOBATH O KOH-
TakTe MpeaKoBoi Gopmbl Y. pestis 3Tol GriIoreHeTHYECKOW JIMHUN C COOOIIECTBOM OpPTaHM3-
MOB «HACEKOMBIE — SJHTOMONIATOT€HHbIE HEMATOJIbI — OAKTEepUaATbHbIE CHMOHOHTHI — OaKTepH-
anbHble (haruy». Bece 3T PakThl B COBOKYIMHOCTH JUIIHUNA pa3 MOMYEPKUBAIOT TECHBIC CBSI3U
Mexay Y. pestiS ¥ mouBeHHON MHKpOGayHOH M BO3MOXHYIO POJIb B SBOJIIOIUK BO30YIUTEIIS
qYMBI.

Takum 006pa3oM, pacCMOTpPEHHBIE CBEACHHSI TTOATBEPKIAIOT CYIECTBOBAHNUE B3aUMOOT-
HOIICHUH Mexay Y. pestiS 1 MoYBeHHBIMU MPOCTEHIINME U HemaToaamu. [IpocTelinme MoryT
BBICTYIIATh B KAUECTBE PEIUTMKATUBHOMN U 3aIIIUTHOMN HUII [T BO30YIUTEINSI YyMBI, 0OecrednBast
coxpaHeHwue 10 14 Mecs1eB, ToT/1a Kak MOYBEHHBIC HEMATO bl MOT'YT IIPUHUMATh YYaCTHE B TIEP-
CUCTEHIIMH U PAaCIPOCTPAHCHUH BO30YIUTENS YyMbl B TIOYBEHHOM OuoTore. B 3Toit cBs3m ak-
TyaJIbHBIM SIBJIICTCS M3YYCHHE BUJIOBOTO COCTaBa IMOYBEHHBIX MPOCTCHINNX, CBOOOIHOKHUBY-
IIMX HEMATO]] U HEMATO I-TIapa3uTOB 0JIOX, IIMPKYJIUPYIONINX HA TEPPUTOPUSIX PATHUHBIX TTPH-
ponHbIX o4aroB. Kpome toro, Heob6xoaumo 0osiee MOTHOE U3YYeHHE OCOOCHHOCTEN U 3aKOHO-
MEPHOCTEH WX B3aUMOJICHCTBHM, OIIEHKA OKa3bIBAEMOT'0 BO30OyauTeNIeM yyMbl 3 dekra Ha uc-

CJIeAyEeMBbII OpraHu3M, B TOM YHCJIE U HA MOJIEKYJISIPHOM YPOBHE, KOTOPBIM OCTA€TCs IIPAKTHUYE-
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CKH Hen3ydeHHbIM. [Ipu paccMoTpeHun Bompoca coxpaHneHus Y. PestiS B Te4eHHe MEeXIIHU300-
TUYECKUX MIEPUOJOB, BAXKHBIM SIBJISACTCSA U3YUCHUE TOJITOBPEMEHHBIX B3aUMOJIEHCTBUM OpraHu3-
MOB Ha MOJIEKYJSPHOM, OPraHU3MEHHOM U MONYJSALMOHHOM ypoBHsX. Oco0oe 3HaueHue JUIs
ITIOHUMAHHsI MEXaHU3MOB YH300THUH YyMbl UMEET U3YYCHUE B3aUMOJCHCTBUM OPTraHU3MOB, BbI-
JIeJIEHHBIX Ha TEPPUTOPUH OFHOr0 Ononeno3a. KonmudectBo Takux padbot orpanuueHo [Komensb
u 1p., 2016; Ornonun u ap., 2017] HecMoTpsl Ha TO, YTO MIOHUMAHUE 3aKOHOMEPHOCTEN B3au-
MOOTHOUIEHUH OpPraHU3MOB, SIBISIOUIMXCS WIEHAMH YCTOWYMBOIO COOOIIECTBA, MOMOXKET
JydIlle paCKpbITh MEXaHU3M COXpaHEHMs BO30YIUTENs U MHULUAIIMH STIM300THYECKUX MTpoLec-
COB B IPUPOJHBIX ovyarax uyMbl. OCOOEHHO aKTyalbHO U3y4YE€HHE B3aUMOECHCTBUI OpraHu3MOB
C TEPPUTOPUHU AaKTUBHBIX B HACTOsALIEE BpeMs B Poccuy pUpOIHBIX 04aroB 4yMsl, K KOTOPBIM

oTHOCATCS ['OpHO-AJTaliCKNi BBICOKOTOPHBIN U TyBUHCKMI TOPHBIN OYary.
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COBCTBEHHBIE UCCJIEAJOBAHUA

I''/TABA 2 MATEPHUAJIBI U METO/IbI

2.1 llITammbl 0aKTepHil, HCIOJIb30BaHHbIEC B padoTe, H YCJIOBHSA UX KYyJIbTHBHUPOBAHUS

KynbrusupoBanue mrammoB Y. pestis npoBoauiu B reucHue 24 — 48 u npu 28 °C wiu 37
°C Ha II0THOM U kuaKkoi cpenax LB (pH 7,2). B pabote ncmonbs3oBanu 39 mmrrammoB Y. pestis,
1 mramm Y. pseudotuberculosis u 1 mrramm Escherichia coli. Pa6oty ¢ kynbrypoit Y. pestis Beiu
B COOTBETCTBHUHU C CAHUTAPHBIMU IpaBuUiamMu U Hopmamu 3.3686-21 "CaHuTapHO-31HU1EMHUOIIO-
rudeckue TpeboBaHus o NPOPUIAKTUKE HHPEKIMOHHBIX Oone3Hel". CBeeHus o UCIob30-

BaHHBIM IIITAMMaM TPHUBEACHBI B Tabuie 2.1.

Ta6muma 2.1 — [lITammbr 6akTepuii, HCIIOJIB30BaHHBIE B paboTe

No Iramm Pervon BeieaeHus / ouar T'on, 0OBEKT BBIACICHUS
2 3 4
1 938 (1435) Keipreizcran / AK(i&I/ICKI/II/I Bol- | 1955r,, CephlIi CypoK Marmota
CoKoropHsbiii (33) baibacina
5 A-744 _«_ 1963 r., CepRIii CYpOK M.
baibacina
3| 14/1646 [14/1646] e 1959 1., ceprrit cypox M.
baibacina
4 KM2080 (48) KblprIzI3CTaH / BerHevHapBIH- 2015r., CepBIH CypOK M.
CKHUH BBICOKOTOPHBIH (32) baibacina
Congo Logo [Congo
5 belge Logo] Konro 1968 r., monyden
6 Kenya Osala Kenns 1968 r., moayuen ot H. Mollaret
7 Kenya u To-To —— 1968 r., moxyuen ot H. Mollaret
8 Kenya Ackliora —— 1968 r., monyuen ot H. Mollaret
9 102 Kenya —— 1968 r., moay4uen ot H. Mollaret
10 | 171 (256) Manbpwxypust Kurait (BHyJTIII)/IZI;HM Mo#iro- 1928 r., B
11 | 172 (257) Manpwxypust —— 1928 r., uenoBek
12 | 173 (258) Manpwkypust —— 1928 r., uenoBek
13 918 (P-47) Kuraii Kurait 1952 r., cycnuku
14 919 (P-82) Kuraii e 1953 r., cepas Kpbica Rattus
NOrvegicus
15 920 (P-100) Kurait —— 1954 r., cyciauku
16 1-3101 [37] Mownromnus, aitmak X2HTHN 1987 ., Biim
1984 r., conepxxumoe rue3ia
17 1-3102 [86] —— JUTMHHOXBOCTOTO CYCITHKA
Spermophilus undulates
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1 2 3 4
18 1-3033 [99] —— 1983r., rapbaran M. sibirica
19 231 (;;%]i/ic;l;]ronm —— 1931 r., uenoBek
137 (19) bepaun Monro- o
20 s [137 (19 Bepsmn)] Mowuronus 1932 r., rapbaraun M. sibirica
21 236 (%Zzg%zl;]ronﬂﬂ Momrosnus, aiimak 3aBXaH 1936 r., tapbaran M. sibirica
22 235 (%21?))51\(/[2(114)1:1I“OHI/I${ —— 1936 r., uenoBek
23 N-839 Momnromus, aitmak YBC 1960, MOHTOJIbCHT RHITyXa ©.
pallasi pallasi
24 n-3240 Mouromnus, aiimak basH-Yiruii 1988 I, ATTanCKui Cypox
M. baibacina
25| KMI1190 (1-3244) - 1988 1., mamyxa xaypexas
Ochotona dauurica
26 11-3647 s 2018 r., anraiickuii Cypox
M. baibacina
7 11-3662 e 2018 r., ocTaTOK CTOJIA XMITHOM
TITUIBI
. . 1971 r., ATMHHOXBOCTHIN CYCIIHK
28 2060 [2060] P® / TyBunckui ropHsiii (37) Spermophilus undulatus
29 | KM 932 (11-3223) [894] e 1987 r., 6;1oxu Citellophilus
tesquorum
30 M-1944 (3) —— 2012 r., rapbaran M. sibirica
31 209 e 2015 r., AMTMHHOXBOCTBINA CYCIIHK
S. undulatus
30 M-1951 [ucx. U-1454- | P® / I'opHo-AnTtaiickuii Beico- | 2012 r., IIMHHOXBOCTBINA CYCITUK
Anr.] KOropHbIii (36) S. undulatus
2016 r., anraiickuii Cypox
33 45 — M. baibacina
34 848 e 2017 r., JININHHOXBOCTBIN CYCIHK
S. undulatus
35 216 e 2017 r., antaiickuii cypok
M. baibacina
36 276 e 2018 r., anraiickuii Cypok
M. baibacina
2019 r., AMTUHHOXBOCTHIH CYCITUK
37 M-2033 (1097) —— S undulatus
2020 r., anTaiiCKuil CypoK
38 50 i M. baibacina
1941 r., nonyuen n3 Hayuno-uc-
39 BV s HAVDT B CJIEZIOBATENILCKOTO NHCTUTYTA
STUIEMHOJIOTHH U THTUEHBI
(HUMOT)
Yersinia
40 | pseudotuberculosis 68 - 1961 r., nonyueH
(43/3)
41| Escherichia coli OP50 B nmony4en u3 «Caenorhabditis Ge-

netics Center»
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2.2 AHaIu3 OMOXMMHYECKHX CBOMCTB IITaMMOB Y. pestis

Onpenenenue afeHUTpUGULUPYIONIEH U (PEPMEHTATUBHON aKTUBHOCTEH MO OTHOIICHUIO
K TTIMLEPHUHY U caxapaM IPOBOIWINA B COOTBETCTBUU C IPAKTUUECKUM PYKOBOACTBOM «Jlabopa-
TOpHasl TMarHOCTHUKA OMACHBIX MHPEKIMOHHBIX Oone3Hei» [[IpakTuyeckoe pykoBoacTBo «Jla-
OopaTopHasi IMarHoCTHKa ONMACHBIX MH(PEKIMOHHBIX Oone3Hen», 2013 ].

Onpeodenenue oenumpugpuyupyoweti cnocoornocmu. OaHy TETIIO OAHO-IBYXCYTOYHOMN
KyJabTypbl Y. pestis 3aceBamu B 1 M Oynsona LB (pH 7,2+0,1) ¢ mo6asnenuem 0,1 % Hutpara
kamust (KNOs3) u uakyOuposanu npu temrepatype 28 °C B Teuenue 72 4. [1o ucreuenuu Bpe-
MeHU B cpeny nobasisiu 0,5 M peaktusa ['pucca. [losiBieHre MaIMHOBOTO OKpalTMBaHUS CBH-
JIETENIbCTBOBAJIO O TOM, YTO MCCIEAYEMbIN IITaMM 00JIalaeT NEHUTPUPUIUPYIOLIEH aKTUBHO-
CTBIO.

Depmenmayusl enuyepura, pamHo3wl, meaubuosvl, apabunossvl. OIHY METIIO OTHO-/IBYX-
CyTOUYHOM KyJIbTyphI Y. pestis 3aceBanu B xuakux cpenax ['mcca (1 % nmentonnas Boaa (pH 7,2),
1 % cyberpat (yraneson, rimieput), 1 % unnukarop Annapene) u KyabTuBupoBanu mpu 28 °C B
tedenune 1-3 cyT. 3mMeHeHue 1BeTa cpelibl CBUJETENBCTBOBANIO O CIIOCOOHOCTH LITaMMa BO3-
OyauTens 4yMbl GepMEHTHPOBATH UCCIIETYEMBIii CyOCcTparT.

Jlns Gojiee TOMHON XapaKTEPUCTUKH OMOXUMHUYECKHX CBOWCTB ImTaMMoB Y. pestis uc-
nosib3oBanu Habop API 20 E (Bio-Mérieux, ®@pannus), Birodaromuii 20 OHOXUMUYECKUX Te-
CTOB U IIpeIHa3HAYCHHbIN JUIsl MACHTU(PUKALMU NpeJcTaBuTeNnel cemeiictBa Enterobacteriaceae
U IpYyTUX TPaMOTPHULIATEIBHBIX Majouek. M3 cyTouHo# KyabTypbl BO3OYAUTENS YyMbI TOTOBUIIH
CYCIIEH3UIO B (DM3MOJIOTUYECKOM pacTBope B KoHueHTpauuu 5x108 KOE/mu, xoTopyro 3atem
BHOCWJIH B JIYHKH CTPHUIIa TECT-CUCTEMBI COIVIACHO MHCTPYKLUMHU npousBoautens. Habop uHKy-
oupoBanu mipu 28 °C B TeueHue 18—24 4, mocine 4ero mpoBOAMIN YUET pe3yIbTaTOB PEAKIUi 10

W3MEHEHHUIO OKpaIlIUBaHUs CYOCTPATOB B JIyHKaxX Habopa.
2.3 Onpenenenne 4yBCTBUTEJIBHOCTH K 0akTepunoparam JI-413C u IlokpoBckoii
Ha nosepxHocTs vaiek ¢ TBepaoi cpenoit LB (pH 7,2) nanocwin 18—20 yacoByto KyJib-

Typy Intamma Y. PestiS u pacrnpenensiiv ¢ OMOIIbIO mimaresis. Ha pa3Hble cerMeHThI Yalliku

[Terpu Hanocunu no oanou karuie (0,02—0,03 mut) ywymnHoro JI-413C u uymnoro ITokpoBckoit
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6axtepuodaros. HymHoit 6akreprodar [lokpoBckoii HCIIOIB30BAM C pa3BeIEHUEM /10 TUarHo-
CTHUYECKOO paboyero TUTpa, yKa3aHHOrO Ha ynmakoBKe npenapara. Ilocie moacymmuBaHus mo-
ceBbl KynbTuBUpoBanu npu 28 °C B TeueHue 15—18 4. [losiBeHre Ha ra3oHe «CTEPUIIbHBIX IIs-
TE€H» CBUJCTEIBCTBYET O JIU3HUCE KYIbTYpbl OakTepuodaramMu U MPUHAIJICKHOCTU HCCIeaye-

MOro mTamMMa K Buay Y. pestis.

2.4 Onpenenenne NPU3HAKA MUTMEHTCOPOIMU

W3 xynpTypsl mtamma Y. pestis, BeipamieHaoi npu 28 °C B TeueHue 24 4, TOTOBHIIA MHK-
pOOHYIO B3BECh B (DM3HOJIOTUYECKOM pacTBope B KoHnentpamuu 5 x 102 KOE/mn. Ha TBepayro
cpeny LB, conepxarryto 0,05 mr/mn Konro kpacuoro (pH 7,2), nanocunu 0,1 M1 mpuroToBieH-
HOW B3BECH U paclpeIesIsuii 10 TOBEPXHOCTH mimnateneM. MHKyOaiuio moceBoB MPOBOIUIH TPH
28 °C B teuenue 1-2 cyt, mocne yero BeyaepkuBanu mpu 4 °C B teuenne 2—3 cyT. Llltammer,
CrocoOHbIe COPOMPOBATH HA MIOBEPXHOCTH KIETOK MUTMEHT U3 CPEJIbl, POPMUPOBAIN KOJIOHUU
TEMHO-KpacHOTo 1BeTa. LlITaMMbl, JHUIIEHHBIE 3TOM CIOCOOHOCTH, (POPMUpPOBATU OECI[BETHHIC
KOJIOHWH. B KadecTBe OTpUIIATEIFHOTO KOHTPOJIBHOTO 00pa3iia CIOIb30Ban mramm Y. pestis
EV HUUDT [IIpaktrueckoe pykoBOACTBO «JlabopaTtopHasi TMarHOCTUKA OMACHBIX WH(EKITH-

OHHBIX OoJe3Hel», 2013].

2.5 OnpenesieHHe NMUTATEJbLHBIX MOTPeOHOCTEIH ITaMMOB Y. pestis

OnpenescHue MUTATEIbHBIX MOTpeOHOCTEH mTamMMoB Y. PestiS mpoBOAMIN HA MHUHH-
MaJbHOM CUHTETHYECKOH cpene, Bkitouarotnieit 1,2 % munumanbusiii arap (Difco) ¢ mobasne-
aueM: KoHPO4 — 25 MM, MgClz — 2,5 MM, FeCl2 — 0,1 MM, MnCl2— 0,01 MM, CaClz — 2,5 MM,
NazS203— 2,5 MM, NH4CIl —10 MM, D-rmroko3sr — 10 MM, aMHHOKHCIOT B KoHIIeHTparuu 0,5
MM ((dheHunanaHuH, METHOHWH, TPEOHHH, IIUCTEHH, JICUIIWH, U30JICHIINH, BaJIMH, apTUHUH, Ce-
pHWH, TUPO3HH, JIN3HH, MIPOJIMH, aJJaHWH, TPUNITO(aH, TUCTUINH, acTlaparnHOBask KKCIIOTa, TITH0-
TaMUHOBAs KUCJIOTA, aJICHUH, TJIUIMH). AHAIN3 BBIIOIHSIN B COOTBETCTBUU C ONMCAHHBIMH Me-
tonukamu [ Kyxiiesa u ap., 2013; Brubaker, 1970]. AykcoTpodHOCTH 10 0JTHOH U3 aMUHOKHUCIIOT
YCTaHABJIMBAJIA MO OTCYTCTBHUIO POCTa MCCICAYEMOTO IITaMMa Ha cpejie, B KOTOPOH MPHCYT-

CTBOBAJIN HCO6XOILI/IMBIC KOMIIOHCHTHI, 3a UCKIIFOYCHHUECM 9TOM aMHUHOKHUCIIOTHI.
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2.6 Onpenesnienue 3aBUCMMOCTH POCTAa 0T MOHOB KaJiblus mpu Temmneparype 37 °C

W3 xynpTypsl mtamma Y. pestis, BeipamieHHol npu 28 °C B TeueHue 24 4, TOTOBHIIA MHK-
pOOHYIO B3BECh B (DU3HOJIOTMYECKOM pacTBope B KoHueHTpauun 5 X 103 KOE/mn. Ha TBepayio
cpeny Xuryun-Cmura (MarHueBo-okcajnaTHbIM arap) HaHocunau 0,1 M mpuUroToBiIeHHOM cyc-
NEH3UU U paclpeiessuid 10 TTOBEPXHOCTH C MoMoIbto mmatesns. [loceBbl MHKyOUpOBaliu Mpu
37 °C B Teuenue 48 4, mocje 4ero NPoOBOJAUIN yUeT KOJIOHUH, AJI pocTa KOTOPHIX HE TpeOoBa-
JIOCh HAJIMYKE MOHOB KaJIbLIKA. 3aTeM TeMIEpaTypy KyJIbTUBUPOBAHUS IITAMMOB MOHUKAIIH JI0
28 °C u yepe3 24 4 y4UTHIBAIN KOJIMYECTBO BHIPOCIINX KaJTbIIUA3aBUCUMBIX KOJIOHUN. B kaye-
CTBE KOHTPOJILHOTO o0Opasiia ucrnosb3oanu mramm Y. pestis EV HUUDT [IIpakruueckoe py-

KOBOJICTBO «JIabopaTopHas THarHOCTHUKA OMAaCHBIX HHPEKIIMOHHBIX Ooe3Hei», 2013].

2.7 OnpeneseHue MJIa3MHIHOIO COCTABA

OmnpezeneHue mIa3MUIHOTO cocTaBa mpoBoauitn o metoay C. Kado, S. Liu [Kado, Liu,
1981]. [MonHyro MeTIIFO CyTOYHOU KYIbTYphI Y. pestis cmemmBaiu ¢ 200 MKJI CBEKEITPUTOTOB-
neHHoro nusupytomero pactBopa (Tris — 50 MM, 2,5 % SDS, 2N NaOH, pH 12,2-12,55) u
uHkyoupoBanu rnpu 68 °C B reuenue 20 muH. [locie sToro k odpasziam godasisum 12 MK pac-
tBopa NaOH u 200 Mk cMmecu denon-xsnopodopma U MepeMeniuBaiy MoKkauuBaHueM. 3aTeM
oOpasubl ieHTpudyruposanu npu 12000 o6/mMun B Teuenue 10 mun. [locne nentpudyrupoa-
HUS BEPXHIOI BOAHYIO (ha3y, comepkanryto JIHK, oroupamm, cmemmBanu ¢ 10 MK kpacuTens
(OpomdenonoBbIi cuHU) U BHOCWIN B JIyHKH 0,8 % arapo3Horo resns. DnekTpodopeTruueckoe
paznenenue miasmuy nposoawiu npu 81 MA, 100 B, 50 Bt B Teuenne 2 4. [lo okoHuaHuO
anekTpodopesa rens okpammmBaiu 0,001 % pacTBopoM GpPOMHUCTOTO TUIUS B TeUEHUE 2—5 MUH

¥ IPOCMATPHUBAIIU C UCIIOJIB30BAaHMUEM UCTOYHUKA yabTpaduonaeToBoro (YD) uznyueHus.
2.8 loryyenne KOMIETEHTHBIX KJIETOK U Tpancopmanusi mramMmmoB Y. pestis
[ToAroToBKY KOMIETEHTHBIX KJIETOK OCYyIecTBIsIN cornacHo Meroanke R. Conchas, E.

Carniel [Conchas, Carniel, 1990]. BakTepuanbHyto KyabTypy BblpaimuBany Ha arape LB npu 28

°C B Teuenue 48 4. [lonHyro netio KyJIbTyphl 3aceBayid B Oyib0oH LB 1 KynbTuBHpOBanu npu
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28 °C B Teuenue 12-24 4 npu 250 06/mun no konuenrpanuu 1 x 10 KOE/mn. Bee manumyns-
LMY IPOBOAWIN Ha Jiby. Co 1Ha npoOupku codupanu | mul Belpociiel KyJabTyphl, OCaA0K OT-
JIeJSUTH OT cynepHaTanTa neHtpudyrupoBanueM npu 6000 06/mMuH B Teuenue 2 muH. OO6pazo-
BABLIMKCS 0CaOK MpoMbIBaIM 800 MK JEMOHU3UPOBAHHOM BOAOM, aKKypaTHO PECYCIIEH3UPO-
Bany U ieHTpudyruposanu npu 6000 06/muH B TeueHne 2 MuH. OTMBIBKY OaKTepHAIBHBIX KJle-
TOK OT cpeJibl HOBTOPsUIM 5 pa3. [locne mocnenneit oTMbIBKM K ocaaky nobasisin 200 Mk 10
% ruuepuHa, OCTOPOKHO TOMOTEHU3UPOBaNH U IIeHTpudyruposanu npu 6000 o6/MuH B Tede-
Hue 1 mun. Ocanok pecycnen3upoBaiu B 50 mxn 10 % rnunepusna.

[Tporienypy Tpancdopmarimu KieTok mrammoB Y. pestis mrazmumamu PTurboGFP-B u
pKatushka2S-B (Esporen, Poccust) ocyIiecTBISIIA B COOTBETCTBUU C MHCTPYKIUEH IPOU3BO-
JMTENS MeToIoM dJiekTponoparuu B nmpudope Gene Pulser Xcell (BioRad, CIIIA). B krooBery
JUTSL DJIEKTPOINOpAIuU TepeHoCcHIn 50 MKII CBEKENPUTOTOBICHHBIX KOMIIETEHTHBIX KJIETOK B
xonuenTpanun 1 x 101 KOE/mn u 1 Mk pactsopa, copepxkantero JJHK BeKTOpHOMN Mua3sMusl
B KoHIIeHTparuu 500 Hr/MKI1. B anexTponoparope BRIOUpaid pesKuM, ONTUMAIIbHBIN JIJIs1 TpaHC-
dopmanuu kierok 6akrepuii (E. coli): Hanpsbkenue 2,5 kB, ¢pukcupoBaHHas eMKOCTh 25 MKD,
conpotusienue 200 Om. TpancpopMupOBaHHbBIE KIETKH MOCIE IEKTPONOPALUU TEPEHOCHIIN
B nutatenbhyto cpeny S.O.C. (Invitrogen, CIIIA) u kynpruBupoBanu mnpu 28 °C B TeueHue 1
yaca npu 250 06/muH. Ilocne atoro knetku BeiceBasiv Ha yauku [letpu cpenst LB ¢ 50 en/mn
aMIUIITHHA 1 UHKyOupoBanu nipu 28 °C B Teuenue 48 yacoB. Beipociine KoJIOHIH MpocMaT-

puBain C UCIIOJB30BAHUEM NCTOYHHUKA y.HBTpa(l)I/IOIIeTOBOFO N3ITy4YCHUA.

2.9 OnpeneeHue BUPYJEHTHOCTH ITaMMOB Y. pestis in vivo

PaboTy ¢ ®KHUBOTHBIMU IPOBOIMIN B COOTBETCTBUH C TPEOOBAHUSIMH CJIETYIOIIUX HOpMa-
TuBHBIX TIOKyMeHTOB: CanlluH 3.3686-21 «CanutapHO-3nuAeMUOTIOTHYECKHE TPEOOBaHUS TIO
npodunakTuke HHYEKITMOHHBIX Oose3Hel»; EBponelickast KOHBEHIUS O 3aIIUTE TTO3BOHOYHBIX
KUBOTHBIX, UCIOJIB3YEMbIX JUIsI SKCIIEPUMEHTOB MJM B MHbIX HayuHbIX Heisx (ETS N 123)
(CtpacOypr, 1986); MexmyHapogHble pEeKOMEHIAINH (3TUYECKHI KOIEKC) 10 MTPOBEACHHUIO Me-
JTMKO-OMOJIOTHYECKUX MCCIIEIOBAHUHN C UCTIOIh30BAaHUEM >KMBOTHBIX [be3onmacHocTh paboThl ¢
MUKpoopranu3zmami ..., CII 3.3686-21; EBponeiickas KOHBeHIUA ..., 1986; MexayHapoaHbie
pexoMeHAanuu ..., 1985]. 3apaxenue OecropogHBIX OENBIX MBIIIEH MPOBOIWIM TOAKOKHO

B3BecsaMu Y. pestis B o6beme 0,2 mi B konuentpanusax 1 x 102 KOE/mn u 1 x 10* KOE/mn. Ha



43

Ka)</Iblil BapUaHT ITaMMa U 103y Opanu no Tpu Mely. HaOnrogeHue u ydyer naBIIMX KUBOT-
HBIX OCYLIECTBIISIN Ha MPOTSDKEHUN 8 THEN ¢ MOMEHTA 3apakeHus. [[aBImX sKUBOTHBIX BCKPBI-
BaJIM ¥ OLIEHUBAJIM [1aTOJIOT0aHATOMUYECKYIO KapTUHY. JlJI1 BBIACICHUSA YACTOU KYIbTYPBI OCY-
IIECTBJISIM TIOCEB BHYTPEHHUX OPraHoOB (JIETKUE, IIEUYEHb, cele3eHKa) Ha yaku [letpu co cpe-
noit LB, mopdororuto 6akrepranbHbIX KIETOK OLEHUBAIN METOIOM MUKPOCKOIIMH OTIIEYaTKOB

BHYTPEHHUX OpPraHOB Ha IIPEIMETHBIX CTEKJIAX.

2.10 BoigesieHue mouBeHHbIX aMed

Brinenenue ame6 nmpoBoauian Ha TBepoit cpeae NGM cienyromero cocraa: 3 T NaCl,
17 r arapa, 2,5 r menToHa, 1 M1 XoJecTepuH B 3THiIOBOM criupte (5 mr/mi), 1 ma 1 M OGydepa
KPO4 pH 6,0 (35,6 r KoHPOg4, 108,3 r KH2PO4, monmuts Bogoi 10 1 1), 1 M 1 M MgSOs, 1 mn
1 M CaClz, nonuth TUCTHILTUPOBAHHOM BOAOM 110 iuTpa. JlJis mepeBo/ia CoAep>KaBIINXCs B 00-
pasliax Mmo4Bbl MPOCTEHIINX U3 (PU3UOTOTUYECKN HEAKTUBHOM CTAaIUU ITUCT B CTAUI0 TPO(HO30-
UTOB U TOCJEAYIOIIEr0 Pa3MHOXKEHUSI TMOYBEHHBIC BBITSKKU KYJIbTUBHPOBAIM HA IJIOTHOU
cpene NGM c razonom mramma E. coli OP50 npu 22 °C B teuenue 6 cyt. Jns momydeHus
KyJIbTYpbl ame0, cBOOOJIHON OT MOCTOpPOHHEH MUKPOGMIOPHI, MO KOHTPOJEM JYIbI C YalleK
[Terpu mukpoOuoIornueckoi netieit oroupanu He meree 200 kineTok amed B MPOOUPKHU THUIMA
smmeHaopd, coxepkaBmmx 1 M pacTBopa aHTUOMOTUKOB (110 20 e7/MJI CTpEeNTOMUIIMHA, TeH-
TaMUIIMHA U aMnuuuuinea) B Oypepe AB (1 r uutpar narpus, 0,98 r MgSO4 x 7TH20, 0,355 ¢
Na:HPOs x 7H20, 0,34 v KH2PO4, 0,02 r Fe(NHa4)2(SO4)2 x 6H20, nonutk Bogo# no 1 1) u
WHKYOHpOBAJIM B TeueHUE CyTOK. [1o nucteueHun cpoka Juisi OCBOOOKIEHHUSI OT aHTHOMOTHYE-
CKHX cpelcTB 00pasisl neHTpudyruposanu npu 4000 06/MuH, 0caok pecycrneH3upoBaiu B 1
M Oydepe AB u noBTopsiiu npouenypy. [lonydeHHbie cycrieH3un XpaHuId MpH TeMIepaType
4 °C. Jlns pa3MHOXKEHHSI KyJIbTYp ame0 HCIOIb30BaIM KUJKYIO UTaTenbHyto cpeny PYG (20
T TETITOH, 2 T APOXKIKEBOU IKCTPAKT, 18 T rimroko3a, 1 r nurpar Hatpus, 0,98 r MgSO4 x 7H20,
0,355 r NaoHPO4 x 7H20, 0,34 r KH2PO4, 0,02 r Fe(NH4)2(SO4)2 x 6H20, nonuts Bomoit 10 1

1) ¢ Jo0aBIECHNEM aMIUIIWILTNHA B KOHIIeHTpauu 50 en/mit.
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2.11 BeigesieHre MOYBEHHBIX HEMATO/

Brigenenue siinekaaaynmx HeMaTo I U3 MOYBEHHBIX 00pa3I0B MPOBOAUIN HA TBEPAOH
cpeae NGM c razonom E. coli OP50. HaBecky noussl (12 r) moMmeIaiyu Ha CyTOYHbIE Ta30HbI
¥ MHKyOupoBanu B kimMmaTudeckoi kamepe KBF 720 (Binder, I'epmanust) mpu Temmepatype 22
°C ¥ OTHOCUTENBHOM BiIaxkHOCTU Bo3ayxa 60 %. B teuenue 14-21 nneil copeprkapiinecs: B
MOYBE HEMATO/Ibl PA3MHOKAIUCH Ha OaKTEpUaTbHOM Ta30HE U OTKJIAIbIBAIM OOJIBIIIOE KOJHUYe-
cTBO siull. [lodydeHne akCeHMUeCKUX KyJIbTyp HEMATO] MPOBOIUIN METOJAO0M MOCIEeI0BaATEb-
HOTO TIepeceBa OTACIbHBIX 0co0el Ha HOBBIN ra3on E. coli OP50 wiu npu ormbiBke suil 4 %
riyrapaibaeruom [Brenner, 1974].

C nosepxHoctu yaniek [letpu MukpoOuosornueckon netien Aiila HemaTo/] IepeHOCUIIN
B npobupku ¢ Oydepom M9, nociie yero 106aBisiyiv paBHbI 00beM pacTBopa 4 % rayTapaib-
Jeruaa Ha ToMm ke Oydepe u uakyoupoBaiu nipu temmepatype 4 °C B teuenue 4 4. OTMBIB
OMOMAacChI OT TIIyTepaibAerua IpoOBOAMIN IBaX b B Oydepe M9 nocpenctBom neHTpudyru-
poBanus npu 2000 06/muH B Teuenue 30 cex. B koHIle OTMBIBKH K ocaaky gobasmsum 100 Mk
Oydepa M9, mocie yero CycreH3uo HAaHOCHIIM Ha Yaiku [leTpu ¢ cyrounsiM razoHoM E. coli
OP50. Yepes HeckonbKo qHEHN MHKYyOauu npu temmeparype 22 °C u3 sauil pa3BUBAIOCH HOBOE

nokosieHue HemaroA. [lonmydeHnsie KynbTypsl HeMaTo Xpanuwiu rpu 4 °C.

2.12 Boigenenue JJHK 0akrepuii, amed u HeMaTO]

Okerpakiuro JJTHK mrammoB Y. pestiS ocyriecTBisum coryiacHo TpeboBanusm MY 1.3.
2569-09 «Opranuzanust paboThl Ta0OpaTOpPUi, UCTIOIB3YIOIIUX METOJbI aMIUTM(PUKAIIUU HYK-
JIEMHOBBIX KUCJIOT NP paboTe ¢ MaTepuaioM, coepKamumM MUukpoopraausmel [-1V rpymnm na-
ToreHHocTH». Brinenenune OaxtepuanbHoit [IHK mnpoBoaunu ¢ ucnonp3oBaHuem Habopa
AxyPrep (AXYGEN Biosciences, CIIIA) cornacHo HHCTpYKIMH Tpou3BoauTens. [Ipenapater
JAHK, monyuyeHHbIe B pe3yabTaTe SKCTPaKIUK, ucnob3oBanu B [P u 115 npoBeieHus noinHo-
reHoMHoro cekBennpoBanus. Beinenenune JJHK n3 06pa3iio ame6 1 HeMaTo [ OCYIIECTBIISIH C
UCTIOJIH30BAaHUEM KOMIUIEKTa peareHToB Juia skcTpakiuu JJHK u3 6nonormueckoro matepuana

«IHK-cop6-21» (AmmunCenc, Poccusi) B COOTBETCTBUU C MHCTPYKLIHUEH MTPOU3BOAUTEIS.
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2.13 lotumepa3Hasi HenHasi peakuust

B 3aBucuMOCTH OT ASTMHBI HapaOaTHIBAEMOTO MPOAYKTa UCTIOIB30BAIM HECKOJIBKO KOM-
IJIEKTOB peakTUBOB. i monydeHus: JUIMHHBIX ¢parmeHToB (6osiee 800 m.H.) UCIIOIB30BAIU
Habop buoMactep LR HS-IIIIP-Color (2x) (bnomadbmuxkc, Poccus) B cOOTBETCTBHH ¢ PEKOMEH-
nanusaMu mpousBogutens. s koporkux ¢parmeHToB (10 800 1.H.) mpUMEHsII HA0OPHI KOM-
nanuii Thermo Fisher Scientific (CIIIA), SibEnzime (Poccust). O6beM peakHOHHON CMECH CO-
ctaBisan 25 M. KommonenTsl cmecu Bkmrovdanu: 2,5 min 10x TP 6ydepa ans Taq JJHK-
nosmmmepassl, 1-1,2 Mk 25 MM MgCly, 2,5 mxa pactBopa tHT® (o 2 MM kaxioro 1e30Kcu-
nykieosunrpudocdarta), 0,2 mxi 5 en/mxn Taq JJHK-nmonumepassl. Peakimonnyto cmech 10BO-
K A0 15 MK JeMOHU30BaHHOM BOJI0M. 3aTeM B Kaxayto mpooupky BHocwiu o 10 mxn JJHK
mramMMa. B KauecTBe OTpHUIIATENLHOTO KOHTPOJIA B peakinoHHyto cmech BMecto JJHK mobas-
s 10 MKJT IEMOHU30BaHHOM BOJIBI, B KAYECTBE MOJIOKUTENBHOTO KOHTPOs — 10 M JJHK
KoHTpoJIs. {15 kaxkmoit mapsl mpaitmMepoB ycioBus npoBeaeHus [P mogbupanuck nHIUBHITY-
abHO. B 0000111eHHOM BUJIE ONTHUMHU3UPOBAHHBIC YCIOBUS BBHITJISAST CIEIYIONIMM 00pazoM:
daza nenarypanuu JTHK (94-95 °C — 4-15 mun); nenarypanus (94-95 °C — 15-30 ¢); omxur
npaiimepoB (54-57 °C — 15-60 c); snonramust (68—72 °C — 20—60 c); ¢uHanbHAS >IOHTALUS
(68—72 °C — 2-9 muH). KosinyecTBO MUKIIOB aMITTH(HUKAIIMK BapbUPOBAIO B mpeaenax ot 20 10

40.

2.14 CexBennpoBanue JJTHK

CexBeHUpPOBAaHNE TPOBOMIM Ha 0a3e 1abopaTOPUU FTEHOMHOTO U IPOTEOMHOIO aHAJIHM3a
®KVYH Poccuiickuii mpoTHBOYYMHBII HHCTUTYT «Mukpo6» Pociorpedbnanzopa. CexkBeHnpona-
HHE TMOJHOTCHOMHBIX IMOCJICI0OBATEILHOCTEH mTaMMOB Y. pestis mpoBoauiu B cucteme lon
GeneStudio S5 System (Thermo Fischer Scientific, CIIIA). O6paboTKy AaHHBIX CEKBEHHPOBa-
HUsE 1 cOOpKY reHoMa (e NOVO BBIMOJHSUIM ¢ MCMONb30BaHueM mnporpamm lon Torrent Suite
software package 5.12 u Newbler gsAssembler 2.6. [TocnenoBaTenbHOCTH pUIOB COOUpPATU B
TeHOM, MOKPBITHE KOTOPOro mo reHomy pedepercaoro mramma CO92 (Homep noctyma B

GenBank NC _003143.1) coctaBuiio He MeHee 95 % ¢ 60-KpaTHBIM MPOYTEHUEM.
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OnpeneneHne HYKICOTUIHBIX MOcienoBareabHocTel yuacTkoB renoB pPHK OGaxrepuid,
ame0 M HeMaToJ, Mony4YeHHbIX B pe3ynaprate [11P, npoBoanin Ha KamUJUISIPHOM CEKBEHATOpe

ABI PRISM 3500 XL (Applied Biosystems, CIIIA).

2.15 Onpenesenne CHCTEMATHYECKON IPUHAAJIECKHOCTH ameld, HeMaTo/, OaKTepui

AHanu3 NOJIy4eHHBIX B pe3yJbTaTe CEKBEHUPOBAHMS HYKJICOTHIHBIX TIOCIIEI0BATEIbHO-
CTEN MPOBOJWIM IIPY BEIPABHUBAHUH MOCIEA0BATEILHOCTEN T€HOB OPraHU3MOB, JETOHUPOBAH-
HBIX B MeXKAyHapoaHo# 6a3e nanabpix NCBI GenBank mporpammoit NCBI BLAST anroputmom
megablast [Johnson et al., 2008]. CuctemaTndecKkyro MPUHAUICKHOCTD BBIJICICHHBIX IITAMMOB
ame0, HeMaTo1 U OaKTEpHil MO MOJYYEHHBIM IMOCIEA0BATEILHOCTSIM I'€HOB yCTaHABIMBAIN Ha
OCHOBAHUU MPOILEHTAa TOMOJOTUUA C UMEIOLIMMHUCS B OTKPBITOM JOCTYIE IMOCJIEI0BATEIBHO-
cTsMH opraHu3MoB B 0a3e nanHbix GenBank NCBI. [TpuHagie:xxHOCTh K OTHOMY POAY yCTaHAaB-
JUBAJY MIPYU TOMOJIOTHU nocaeaoBaTenbHocTeil He MmeHee 90 % u nokpeitun 100 %, kK ogHOMY

BUY — HEe MeHee 99 % romosiorun nocieaoBaTeabHocTe U TOKpbITUM 100 %.

2.16 ®uiioreHeTHYECKH aHAJIN3 aMe0, MOYBEHHBIX H JHTOMONIAPA3ZUTHYECKHX HEMATO/

BripaBHMBaHHE HYKJICOTHUAHBIX MOCIEIOBATEIbHOCTENH OCYHIECTBISIN B MHpPOrpamMme
MEGA 7.0 u MEGA 11 [Kumar et al, 2016] u amroputmom mufft [URL:
https://www.ebi.ac.uk/Tools/msa/mafft/ (mara oOpamenus 26.02.2024)]. ®uroreHeTHUECKYIO
PEKOHCTPYKIIMIO TTPOBOAMIIN ¢ ToMoIibio nporpamm MEGA 7.0 u Mega 11 ¢ ucnons3oBanrem
metoga Maximum Likelihood u sBomonmonnoit moaenu Tamura-Nei [Tamura, Nei, 1993].
OnpeneneHne CTaTUCTUUECKON TOCTOBEPHOCTH TOIMOJIOTMH (PUIOTEHETHUYECKUX JIEPEBBEB U UX
BETBEW OCYHIECTBIISIOCH METOJIOM OyTCTpern-aHaliKu3a ¢ KOJUYeCTBOM UTepanuii, paBuom 500
[Felsenstein, 1985]. I1pu mpoBeneHNH PUIOTEHETUIECKOTO aHAIHM3a MCIIOIB30BAINCH HYKIICO-
TUJIHBIE MTOCIEA0BATEIFHOCTH MITaMMOB U3 0a3bl 1aHHbBIX GenBank NCBI. Beibopku mtaMMoB,
MCIIOJIb30BAHHBIX B JIAHHOM HCCIIeIOBaHUM it ananu3a reHoB pPHK, npencraBnens: B Tabm-

max 2.2-2.5.
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Tabauma 2.2 — Hykaeortuaneie mociemoBatenbHocTH rena 18S ame6 Acanthamoeba spp.,

HCII0JIb30BaHHbBIC B paboTe

Ne Bun Nzonar Howmep noctyna
2 3 4

1 A. astronyxis Ray & Tiayes ATCC AF019064
2 A. polyphaga CCAP 1288143; ATCC AY026244
3 A. sp. OB3b_3A AB425945
4 A. polyphaga OX-1 CCAP 1501/3c AF019051
5 A. tubiashi OC-15C ATCC 30867 AF019065
6 A. comandoni ATCC 30135 AF019066
7 A. culbertsoni Lilly AL ATCC 30171 AF019067
8 A. healyi ATCC 30866 AF019070
9 A. lenticulata Jc-1 U94739
10 A. palestinensis 2802 ATCC 50708 AF019063
11 A. polyphaga Page-23 ATCC 30871 AF019061
12 A. triangularis SH621 ATCC 50254 AF346662
13 A. palestinensis Reich ATCC 30870 uo07411
14 A. griffini S-7 ATCC 30731 u07412
15 A. castellanii Neff ATCC 30010 u07416
16 A. castellanii ATCC 30011 u07413
17 A. castellanii Ma ATCC 50370 u07414
18 A. sp. Fernandez ATCC 50369 U07409
19 A. rhysodes Singh ATCC 30973 AY351644
20 A. sp. UWC-9 ATCC PRA-3 AF132134
21 A. sp. PN13 AF333609
22 A. jacobsi AcaP13 cl2 KY513791
23 A. sp. U/H-C1 AY026245
24 A. sp. Ac-Ela Gu808277
25 A. tubiashi CDC,Vv621 KC822461
26 A. sp. USP-AWW-AG8 KJ413084
27 A. sp. OSU 04-020 DQ451161
28 A. pyriformis CR15 KX840327
29 A. royreba ATCC30884 CDEZ01000000
30 A. castellanii V006 ATCC 50494 u07400
31 A. hatchetti BH-2 ATCC 30730 AF019068
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3

4

32

A. sp.

AcW61

MZ272149

Ta6muma 2.3 — HykieoTuiHbIe MOCIeA0BaTEIFHOCTH PUOOCOMAIBLHBIX T€HOB (4acTh reHa 175,

crneticep ITS1, ren 5.8S, cneiicep ITS2, yacTe TeHa 26S) TUKTHOCTEIUIN, HCTIOJB30BaHHBIC B

pabote

Ne Bun Nzonar Howmep nocryna
1 2 3 4

1 Dictyostelium sphaerocephalum 118B AM282604.1
2 Dictyostelium sphaerocephalum 89G AM282604.1
3 Dictyostelium sphaerocephalum 14A AM282600.1
4 Dictyostelium sphaerocephalum 20B AM282601.1
5 Dictyostelium mucoroides G81 HQ141467.1
6 Dictyostelium mucoroides - AF351197.1
7 Dictyostelium sphaerocephalum GR11 HQ141477.1
8 Dictyostelium sphaerocephalum 88A AM282602.1
9 Dictyostelium rosarium M45 AM168065.1
10 Dictyostelium macrocephalum B33 AM168049.1
11 Dictyostelium clavatum Tns-C-189 AM168034.1
12 Dictyostelium intermedium PJ11 AM168044.1
13 Dictyostelium brunneum WS589 AM168031.1
14 Dictyostelium giganteum WS589 AM168042.1
15 Dictyostelium septentrionalis AK2 AM168067.1
16 Dictyostelium mucoroides var. stoloniferum FOII-1 AM168055.1
17 Dictyostelium mucoroides 89C AM282596.1
18 Dictyostelium mucoroides 115A AM282597.1
19 Dictyostelium capitatum 91HO-50 AM168032.1
20 Dictyostelium mucoroides AR4B AM282599.1
21 | Dictyostelium pseudobrefeldianum 91HO-8 AM168059.1
22 Dictyostelium brefeldianum G121 HQ141450.1
23 Dictyostelium mucoroides S28b HQ141468.1
24 Dictyostelium mucoroides 1C AM282595.1
25 Dictyostelium mucoroides 1333B AM282598.1
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26 Dictyostelium citrinum OH494 AM168033.1

27 Dictyostelium discoideum CF3B JF930875.1

28 Dictyostelium purpureum WS321 HQ141472.1

29 Dictyostelium firmibasis WS-14 LC159264.1

30 Polyspondylium violaceum - HQ732199.1
Tabnmuna 2.4 — Hykineotuanele mocienoBaTenbHOocTH ydacTka reHa 18S pPHK

CBOOO/THOXKHUBYIITUX HEMATO/I, MCIIOJIB30BAHHBIE B pabOTe

Ne Bug Wzonsar Howmep noctyna
GenBank
1 2 3 4
1 Panagrolaimus detritophagus voucher Ugentwbert-29 GU014546.1
2 Panagrolaimus davidi — AJ567385.1
3 Panagrolaimus artyukhovskii LKC44 MK®636578.1
4 Panagrolaimus facetus RCGT20148 KY119819.1
5 Panagrolaimus subelongatus spTreatment_8 KY119732.1
6 Panagrolaimus sp. 4164 MK301117.1
7 Panagrolaimus sp. AHB-2020 MW412913.1
8 Panagrolaimus sp. Rigidusl MK547102.1
9 Halicephalobus gingivalis — AF202156.1
10 Halicephalobus sp. 10B MKO087051.1
11 Halicephalobus gingivalis 46B946C9 JX674039.1
12 Turbatrix aceti — KU180673.1
13 Turbatrix aceti — AF202165.2
14 Plectonchus wyganti PIChWyg1l KJ636307.1
15 Plectonchus sp. JH-2004 AY593920.1
16 Plectonchus sp. PDL0025 AF202154.1
17 Panagrobelus stammeri PGBeStal FJ969134.1
18 Panagrobelus sp. GS b4 LC382055.1
19 Panagrobelus stammeri — AF202153.2
20 Panagrellus sp. 2 GVDU-2019 MN082327.1
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21 Panagrellus redivivus — AF036599.1
22 Strongyloides stercoralis — M84229.1
23 Fictor sp. 1VS-2014 RS9001 KJ877233.1
24 Fictor sp. 2 VS-2014 RS9002 KJ877234.1
25 Sudhausia aristotokia RS9011 KJ877231.1
26 Sudhausia crassa RS9012 KJ877232.1
27 Sudhausia floridensis NKZ361 LC214841.1
28 Micoletzkya palliati — JX163974.1
29 Diplogasteroides asiaticus — LC027672.1
30 Diplogasteroides luxuriosae NKZ304 LC099973.1
31 Diplogasteroides magnus RS1983 KJ877214.1
32 Neodiplogaster unguispiculata DS124 MHO048997.1
33 Tylopharynx foetidus whb3 EU306343.1
34 Diplogasteriana schneideri RS5440 KJ877203.1
35 Acrostichus floridensis NKZ366 LC374587.1
36 Diplogastrellus gracilis SB306 KJ877216.1
37 Pseudodiplogasteroides sp. VS-2014 SB257 KJ877217.1
38 Oigolaimella attenuata SB353 KJ877219.1
39 Rhabditolaimus leuckarti RS5525 JQ005865.1
40 Koerneria hylobii RS5529 KJ877224.1
41 Koerneria sp. RS1982 JX163979.1
42 Diplogasteroides sp. Fuchsnema VS-2014 KJ877228.1

RS5537

43 Diplogasteroides halleri RS5531 KJ877227.1
44 Fictor platypapillata SERB/M9/Vessu OP473973.1
45 Rhabditidoides humicolus RGD243 LC095813.1
46 Poikilolaimus regenfussi SB199 AF083022.1
47 Poikilolaimus oxicercus 788 FJ040436.1
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Tabauna 2.5 — HykiaeoTHIHbIE TOCIEN0BATENLHOCTH PHOOCOMABHBIX TeHOB (4acTh reHa 18S,
creticep ITS1, ren 5.8S, cmeiicep ITS2, yacTe rena 28S) sHTOMONApa3UTHUUYECKUX HEMATO/,

HCIIOJIBb30BaHHBIC B pa60Te

Ne Bun Nzonar Howmep nocryna
1 2 3 4

1 Rubzovinema sp. EIK-2013 KF155281.1
2 Rubzovinema sp. EIK-2013 KF155282.1
3 Rubzovinema sp. EIK-2013 KF155283.1
4 Deladenus siricidicola Qingdao MW487900.1
5 Deladenus posteroporus 8714 KY098774.1
6 lotonchium ungulatum lung2-Nara LC625870.1
7 Anguina tritici — ON146309.1
8 Ditylenchus dipsaci Pla2 GQ469496.1
9 Ditylenchus gigas — LR536599.1
10 Ditylenchus weischeri 751 CT-(C11F19-SK) MG386879.1
11 Subanguina radicicola XQHOO 00202 JN885538.1
12 Litylenchus coprosmate _ GU727548.1
13 Subanguina moxae XQHOO 0010 JN865234.1
14 Ditylenchus destructor Imawa25 MT492484.1
15 Neoditylenchus sp. NK-2021 Xo LC631546.1
16 Sychnotylenchus sp. NK-2021 Ht LC631545.1
17 Sphaerulariamvespae — AB300595.1
18 Pratylenchus scribneri XC-382-1 MT586763.1
19 Pratylenchus vulnus APv KY424235.1
20 Pratylenchus penetrans — FJ799117.1
21 Zygotylenchus gansuensis A22712 KJ129772.1
22 Nacobbus aberrans N5 DQ318714.1
23 Belonolaimus longicaudatus BLGr17 DQ672380.1
24 Trophurus wuhuensis WHI-5 MF139732.1
25 Pratylenchus neglectus 016B MG205580.1
26 Hoplolaimus columbus — DQ309584.1
27 Hoplolaimus seinhorsti FJJY01 KX446971.1
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28 Helicotylenchus multicinctus ZZHM 0908 KF443216.1
29 Helicotylenchus crenacauda — DQ309586.1
30 Howardula sp. SP-F AF519222.1
31 Howardula sp. SP-B AF519223.1
32 Howardula neocosmis — AF519226.1
33 Howardula aoronymphium E334 AF519224.1
34 Howardula sp. SP-PS AF519231.1
35 Howardula sp. SP-MA AF519233.1
36 Howardula sp. SP-A AF519232.1
37 Litylenchus crenatae mccannii 104H81 MK292137.1

2.17 ®ujoreHeTH4eCKUl AHAJIN3 BO30YAUTENS] YYMbI

Jlns BeisiBieHust KOpoBbix SNPS B reHoMax Y. pestis ncnonp3oBanu nmporpammy Wombac
2.0 [URL.: https://github.com/tseemann/wombac (zara o6pamenus 26.02.2023)]. 13 nmony4en-
HOTO MacCHBa JAaHHBIX yJalsuiu ydyacTku romoruiasuu [Cui et al., 2013] u Ha OCHOBE BBISIBJICH-
HBIX KOpOoBbIX SNPs cTpousiu 1eHaporpaMmy ¢ moMoIbio mporpammel SeaView 5.0.5 anroput-
MoMm Maximum Likelihood (momens HKY85) ¢ 1000 OyrcTpen-perunkamu. Buzyanuzanmro
rpadoB (UIOreHETHYECKOTO JepeBa mpoBoawiau B mporpamme FigTree 1.4.3 [URL:
http://influenza.bio.ed.ac.uk/software/Figtree (mata oOpamenus 23.04.2022)]. B ¢unorenern-
YeCKOM aHaliu3e OBLIM WCIOJB30BAaHBI MOJHOTC€HOMHBIE TIOCIEAOBATEILHOCTH IIITAMMOB

Y. pestis, nenonupoBaHHbIC B MeKAyHapoaHOU 0a3e naHHbiXx NCBI GenBank (Tab6muma 2.6).

Tabnuma 2.6 — Homepa nmoctyma u ¢uinoreHeTudeckas MPUHAAIC)KHOCTh HCIIOIb30BAHHBIX

mramMmoB Y. pestis, nemoxupoBanHbIX B 0a3e qanHbix NCBI GenBank

No [Itamm Y. pestis dunoreHeTUYeCKasi BETBb Howmep nocryna

1 2 3 4

1 620024 0.PE7 GCA_000323485.1
2 Pestoides F 0.PE2 GCA_000016445.1
3 Pestoides A 0.PE4a GCA_000182545.1
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4 1-2422 0.PES GCA_003122795.1
5 164 0.ANT1 GCA_000323185.1
6 42013 0.ANT1 GCA_000323365.1
7 CMCC49003 0.ANT1 GCA_000324225.1
8 945 0.ANT1 GCA_000323665.1
9 CMCCB8211 0.ANT1 GCA_000324345.1
10 42095 0.ANT1 GCA_000323425.1
11 CMCC42007 0.ANT1 GCA_000324185.1
12 CMCC43032 0.ANT1 GCA_000324205.1
13 B42003004 0.ANT2 GCA_000169675.1
14 2330 0.ANT2 GCA_000320465.1
15 231 0.ANT3 GCA_000734805.1
16 CMCC38001 0.ANT3 GCA_000324165.1
17 A1956001 0.ANT3 GCA_000323705.1
18 42082 0.ANT3 GCA_000323385.1
19 CMCC21106 0.ANT3 GCA_000324065.1
20 42091 0.ANT3 GCA_000323405.1
21 A-1836 0.ANTS GCA_002412255.1
22 Nairobi 1.ANT GCA_000835005.1
23 Antiqua 1.ANT GCA_000013825.1
24 UG05-0454 1.ANT GCA_000169615.1
25 CO92 1.0RI1 GCA_000009065.1

xpomocoma — NC_003143.1

26 34008 2.ANT1 GCA_000323305.1
27 34202 2.ANT1 GCA_000323325.1
28 Nepal516 2.ANT1 GCA_000013805.1
29 2 2.ANT2 GCA_000320445.1
30 351001 2.ANT2 GCA_000323345.1
31 CMCC347001 2.ANT2 GCA_000324125.1
32 G1996006 2.ANT2 GCA_000324885.1
33 G1996010 2.ANT2 GCA_000324905.1
34 CMCC348002 2.ANT2 GCA_000324145.1
35 1-1996 2.ANT3 GCA_001601285.1
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36 CMCC92010 2.ANT3 GCA_000324505.1
37 CMCC95001 2.ANT3 GCA_000324545.1
38 CMCC96001 2.ANT3 GCA_000324565.1
39 CMCC96007 2.ANT3 GCA_000324585.1
40 CMCC67001 2.ANT3 GCA_000324305.1
41 CMCC104003 2.ANT3 GCA_000323905.1
42 CMCC51020 2.ANT3 GCA_000324245.1
43 CMCC106002 2.ANT3 GCA_000323925.1
44 CMCC64001 2.ANT3 GCA_000324265.1
45 H1959004 2.ANT3 GCA_000324965.1
46 5761 2.ANT3 GCA_000323465.1
47 735 2.ANT3 GCA_000323585.1
48 KIM10 2.MED1 GCA_000006645.1
49 C1976001 3.ANT1 GCA_000323765.1
50 7 3.ANTL GCA_010974835.1
51 CMCC71001 3.ANT1 GCA_000324325.1
52 C1976001 3.ANTL GCA_000323765.1
53 71021 3.ANTL GCA_000323525.1
54 MGJZ6 3.ANT2 GCA_000325265.1
55 MGJZ7 3.ANT2 GCA_000325285.1
56 MGJZ9 3.ANT2 GCA_000325305.1
57 MGJZ11 3.ANT2 GCA_000325205.1
58 MGJZ3 3.ANT2 GCA_000325245.1
59 MGJZ12 4.ANT GCA_000325225.1

2.18 CraTucTu4ecKuii aHAJIN3

DKCTIIEpUMEHTHI TIO OTIPEJICIICHUIO OMOXUMUYECKUX CBOMCTB MITAMMOB, TUTATEILHBIX T10-
TpeOHOCTEH, COBMECTHOMY KYJIbTUBHPOBaHUIO Y. PestiS ¢ amebamu, aHaIM3y BBIKHBAEMOCTH

HEMAaTOA BBIITOJHAJIN HE MCHEC, YCM B TPCX MMOBTOPAX.
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[lpu ompeneneHUH NUHAMUKH M3MEHEHHUS KOHLEHTpauuu Y. PestiS mpu COBMECTHOM
KYJIbTUBUPOBAHUU ¢ aMe0aMH IS KaXKJI0T0 SKCIEPUMEHTAIIBHOr0 o0pasna (Ha OCHOBE TPEX H3-
MEpeHuil) Ha MPOTSHKEHUHM BCEro 3KCIEPUMEHTA ObLIU pacCUUTaHbl 95-NpOLEHTHBIE JOBEPH-
TEJIbHBIE UHTEPBAJIBI I ypoBeHs 3HaunMoctu 0=0,05.

AHanu3 BEBDKUBAEMOCTH HEMATO]] TIPH KYJIbTUBHPOBAHHU Ha Ta3oHax ¢ Y. pestis mpoBo-
iy ¢ nomoleko nporpammsl PRISM (Bepeus 9.5.0). s pacuera BBIKMBAEMOCTH HCTIOIB30-
Banu MeTo/] Kannmana-Meiiepa, cpaBHEHHE KPUBBIX BBKUBAEMOCTH OCYLIECTBIISUIN € TIOMOIIBIO
norapupmMudeckoro panrosoro kpurepust (Mantena-Kokca). DkcnepruMeHTalIbHbIN 00pasen

CUUTAIIA 3HAYMMO OTJIMYAIOIIUMCS OT KOHTPOJIBHOIO MPH p-ypoBHE 3HaunMocTh MeHee (,05.
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TJIABA 3 XAPAKTEPUCTUKA CBOMCTB IITAMMOB Y. pestis
AHTAYHOI'O BUOBAPA ®UJIOTEHETUUYECKOM JUHUU 4.ANT,
KOHCTPYUPOBAHMUE ®JIYOPECHEHTHBIX HITAMMOB

B nactosmuii MmomeHT ['OpHO-ANTaiiCKMil BBICOKOTOPHBIA OYar SIBJISETCS OJHUM M3
HanboJiee SMU300THYECKH aKTUBHBIX o4aroB Poccuiickoii Meneparuu [[TomoB u ap., 2024].
ONU300THYECKAs AKTUBHOCTh O4ara BIEPBBIE BhIsIBIEHA B ouare B 1961 r. u ¢ Tex nop sBisieTcs
nocrosiHHOM. C 2012 1. B ['opHO-AsTalickoM BHICOKOTOPHOM Ouare, IOMUMO PaclpOCTPaHCH-
HBIX paHee Ha 3TOW TEPPUTOPUHU IITAMMOB alTaliCKOro OMoBapa IEHTPAIbHOA3UATCKOTO IMO/I-
Buna (0.PE4a), BbIensrOTCSI BHICOKOBUPYJICHTHBIE ITAMMBI OCHOBHOTO MOABHUIA AaHTUYHOTO
onoBapa (unoreHernyeckor muaun 4. ANT [Bamaxonos u ap., 2013]. IlItammer 4. ANT Taroke
pacrpocTpaHeHsl B TpaHCrpaHndHoM CaitmroreMckoMm u Xyyx-Copx-MyHnx-Xaupxan npuposa-
HBIX ouyarax 4yyMbl B Monronuu u B TyBuHCcKOM ropHom ouare B Poccuu. B niepuoa ¢ 2014 o
2016 rr. Ha Tepputopun Pecnybnuku AnTail €XKerogHO pEerucTPUPOBAIN MO OJHOMY CIIy4aro
3a0boJieBaHMs YyMoii uesioBeka [ Kyreipes u nip., 2014; bagaxonos u ap., 2016]. Hanmnuue akTuB-
HOTO 3MHU300TUYECKOTO MPOIIECCa, BhIICICHUE SMUACMUYCCKH 3HAYMMBIX IITaMMOB Y. Pestis u
JOCTYITHOCTH 00pa3IioB MOYBEHHOTO OMOIIEH03a HOP TPHI3YHOB U3 [ OpHO-ANTaICKOTO BBICOKO-
TOPHOTO Ouara MO3BOJISIIOT MPOBECTH MPHUOIMIKEHHOE K MPHUPOIHBIM YCIOBHUSM IKCIIEPUMEH-
TaJbHOE MOJCIUPOBAHHUE B3aMMOJICUCTBUS BO3OYIUTENS YyMbl C WiCHAMHU Mapa3uTapHON CHU-
cteMbl [ opHO-AJITalicCKOTO 0Yara Jijisi BBISIBJICHUS OCOOCHHOCTEH 3KOJIOTHH BO30OYIUTENS KaK B
ATOM SHJIEMUYHOM PETHUOHE, TAK U 3aKOHOMEPHOCTEH MEePCUCTEHIINU BO30YIUTEIS YyMbl B IPY-
IUX IPUPOJHBIX OUarax yymbl. Beiiesnenre KyJabTyp U3 MECT C BbISIBICHHOUW B HACTOSIIIIEE BPEMSI
AMU300TUYECKOM aKTUBHOCTHIO [ OpHO-AJNTaliCKOro BBICOKOTOPHOTO OYara Mpe0CTaBIsieT BO3-
MO>KHOCTh UCIOJIb30BaHUS B HKCIIEPUMEHTAaX aKTyaJlbHbIX HA JAHHBIA MOMEHT IITAMMOB BO3-
OyauTesnss YyMbl U KYJIBTYp TMOUYBEHHBIX OPTaHU3MOB, aIalITUPOBAHHBIX K OOMTAHUIO B OJTHOM
ouornienosze. [lonmyuenue cBeneHuii 0 (PEHOTUITUYECKUX CBOWCTBAX COBPEMEHHBIX IITAMMOB
Y. pestis nuanu 4. ANT, B TOM 4rciie MOTPEOHOCTH B (pakTOpax pocTa, HEOOXOIUMO JIJIS MO/~
00pa ONTUMAJILHBIX YKCIIEPUMEHTAIBHBIX YCIOBUN MPU MOJICTUPOBAHUN B3aMMOJICUCTBUN Op-

TaHHU3MOB.
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3.1 ®eHoTHNIHYECKHE ¥ TEHETHYECKHE 0COOEHHOCTH IITAMMOB Y. pestis
u3 'opHO-AJITalicKOro BHICOKOTOPHOTO 04ara B CPaBHEHHH €O ITAMMAMM AHTHYHOI0

OuoBapa U3 APYrux NPUPOIHBIX 0YAT0B YYMbI

B ¢Bs131 ¢ 3MM300TUYECKOM AKTUBHOCTBIO B IPUPOAHBIX Oo4arax 4yMsl ['opHoro Aunras n
TyBbl 0CO0YI0 aKTyaJIbHOCTh PUOOpPETAET U3yYeHHE (PEHOTUIIUYECKUX U F'€HETUYECKUX OCO-
OeHHOCTEH mTaMMOB Y. PestiS, BbIICICHHBIX HA 3THX TeppuTopusx. s yctaHoBieHUs: HeHO-
TUIMYECKUX U TEeHETHYECKUX 0COOEHHOCTEN U OTIMYUIN B SKOJIOIMH IITAMMOB (pUoreHeTnye-
ckoit muauu 4. ANT HE00X0MMO MPOBECTH X CPAaBHEHUE CO LITAMMAaMU JAPYTUX PUIOTEeHETH-
YeCKUX JIMHUN aHTHYHOTO OroBapa. J{Jis 7Toro HaMu UcCIieT0BaHbl CBOWCTBA IITAaMMOB Y. pestis
AHTUYHOT 0 OMOBapa pa3HbIX GUIOTE€HETUYECKUX JIMHUMN, BBIJICIIEHHBIX HA TEPPUTOPUAX pa3Iny-
HBIX IPUPOJIHBIX 0YaroB Mupa. /laHHble 00 NCIOIB30BaHHBIX IITAMMAaXx Ipe/icTaBlIeHbl B ['1aBe
2 Marepuansl u metoasl (Tabnuma 2.1).

N3yyenne OMOXMMHYECKHX CBOWCTB IITAMMOB Y. pestiS aHTHYHOro OmoBapa.
HITamMmer Y. pestiS pa3nu4HbIX MOABHIOB U OMOBapOB OTJIMYAIOTCS 1O PALY OMOXUMHUYECKUX
cBOMCTB. OCHOBHBIMM OMOXMMHUYECKUMU OCOOCHHOCTSIMU ILITAMMOB, OTHOCSILUXCS K aHTHY-
HOMY OMOBapy OCHOBHOTO mojBuaa Y. pestis, siBiisercs Hamuune (GepMEeHTAIUN apaOMHO3bI U
[JIMLEPUHA U PEeIyKUHUHU HUTPATOB MPU OTCYTCTBHM (PEPMEHTALMH PAaMHO3bI U MEIMOUO3bI.
Y CcTaHOBIICHO, YTO IPUYNHON HECTIOCOOHOCTH IITaMMOB Y. PestiS ocHOBHOTO moBHAa (hepMeH-
TUPOBATh MEINOUO3Y SIBISIETCS BHEAPEHUE MOOMIIBHOTO AsieMenTa [S285 B ren ranakrosuamnep-
mea3esl MelB [Epomenko u ap., 2011; Charusanti et al., 2011], B To BpeMs kak HECIIOCOOHOCTD K
YTUIIN3ALUH PAMHO3bI B KAUECTBE €JMHCTBEHHOT'0 YIJIEPOIHOTO CyOCTpaTa Npenoa0kKUTEIbHO
3aKJII0YaeTcs B TOUEYHOM MyTalluu B T€HE TpaHCKpUIIMOHHOTO akTuBaTopa RhaS [Kyknesa u
ap., 2008 ]. depMeHTaLMS TIULIEpPUHA XapaKTepHa AJI IITAMMOB aHTUYHOTO U CPETHEBEKOBOIO
OMOBapOB OCHOBHOI'O TMOJIBUJIA, TOTJAa KaK IITAMMbI BOCTOUHOTO OMOBapa yTpaTHJIA 3TO CBOM-
CTBO B pe3ynbTare aenenun pazmepom 93 m.H. B rene glpD (YPO3937), xomupyromem aspoo-
Hy10 Tmiepoi-3-pocharaeruaporenasy [Motin et al., 2002].

[Tpu uccnenoBanny OMOXUMHYECKON aKTUBHOCTH B3SITHIX B HCCIIEIOBaHKE 38 MITaMMOB
Y. pestis anTuaHOTO OMOBapa pa3HbIX (HMIIOTEHETUICCKUX JIMHHIA, BBIJICIICHHBIX HA TEPPUTOPHSIX
["'opHO-ANTalicCKOrO BRICOKOTOPHOTO M TYBHHCKOTO TOpHOro o4yaroB uyMbl Poccuiickoit dene-
pauuu, B Monronuu, Kuraiickoit Hapoanoit Pecyonuke, Keipreizckoit Pecniyonuke, Keanu u

Hemoxpatuueckoit Pecriybnuke KoHro, BbIsSIBIIEHBI XapaKTepHbIE JUIsl IITAMMOB 3TOro OHoBapa
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OCHOBHOT'O MOJIBU/Ia OTHOIIIEHUS K MOHO-JMCaxapuaaM U TITUIEPUHY, 8 UIMEHHO CIIOCOOHOCTH K
(dbepMeHTanMK apabUHO3bI U TIIMLEPUHA IIPU OTCYTCTBUH (DepMEHTAIIMN PAMHO3bI U METUONO3BI.
Hanuuue neHuTpuUIUpYIONEH aKTUBHOCTH Y HCCJIEIOBAHHBIX IITAMMOB TakKKe MOITBEP-
KJIAeT WX MPUHAICKHOCTh K aHTHYHOMY OmoBapy. Mckmodenue coctaBmin mramm Y. Pestis
235 (21), Beiaenennsiii B 1936 1. B aiiMake 3aBxaH MOHTOJINHN, HE Py YIOIINN HUTPATHI, HO
10 HAJIMYMIO 3aMeHbl eauHuaHoro Hykiacotuaa (SNP) B rene YPO3183 omHo3HauHO OTHOCH-
Ml kK rpymmne 3.ANT2 antuudoro 6uoBapa [Epomienko u ap., 2014; Kykiesa u ap., 2015].
[IpoBeneHHBIN aHAaTU3 MYyTalMid, CBA3BIBAEMBIX C OTCYTCTBUEM ACHUTPUDUKAIIMHN Y IITAMMOB
CpPEeHEBEKOBOT0 OMOBapa OCHOBHOTO MojBHUja (3ameHa Hykieotuna G—T B mo3unuu 613 B
rere NApA) u 6rMoBapa MUKPOTYC IIEHTpaIbHOA3uaTCKOTO noBua (3ameHa G—A, 1021 B rene
napA) [Deng et al., 2002; Zhou et al., 2004] He BbIABMI 3THX MyTanuii y mtamma Y. pestis 235
(21) u, cnemoBaTeiabHO, MPUYUHA OTCYTCTBUU JEHUTPUDPHUKAIIMU y ITOTO IITaMMa aHTHYHOTO
OnoBapa BbI3BaHA PYTUMH MPUUYUHAMH, KOTOPBIE MPEICTOUT BBISICHUTD B IaIbHEUIIIEM.

Kpome ocHOBHBIX OMOXMMHUYECKHX OCOOCHHOCTEN /Jisi BceX 38 MCCieI0OBaHHBIX IITaM-
MOB aHTUYHOTO OMOBapa BO30OyAUTENS YyMbl ObLTa TTOKa3aHa aKTUBHOCTH [3-rajakTo3uaassl (op-
toHuTpodenmi-fD-ranakronupano3uasa), a y mramma Y. pestis 236 (22) BeisiBiieHa croco0-
HOCTb K OKHCJICHUIO aMUTIAJINHA.

dustoreHeTHYEeCKHii aHaIU3 WTaMMOB Y. Pestis anTuuHoro 6umosapa. /s onpenere-
HUSl QUIOTCHETHYECKON MPUHAJUIC)KHOCTH B3SATHIX B MCCIEOBAHHUE IITAMMOB B MOMYJISIIUOH-
HOM CTPYKType aHTUYHOro OMoBapa ObLI MPOBeIEH (PUIOTEHETUYECKUI aHajIu3 UX IMOJHOTe-
HOMHBIX IIOCJIEA0BATEIBHOCTEN. BCEro uisi mpoBeIeHHs aHajln3a UCIOJIb30BaHO 57 MITaMMOB
Y. pestis pa3nuuHbIX (QUIOrEHETHUSCKUX JTMHUNA U3 Pa3HBIX 0YaroB MHpa, U3 KOTOPHIX 15 mo-
cienoBarenbHoCcTeR B3sTO M3 0a3el maHHeIx NCBI GenBank, ocranpabie 42 mraMma CeKBEHH-
poBanbl B0 ®KYH Poccuiickuii npoTHBOUYYMHBIN HHCTUTYT « MUKPOOY.

Ha ocHoBanuu BbIsiBIeHHBIX 1756 KopoBbix SNPs nmoctpoena eHaporpaMma, npeacTaB-

JeHHas Ha pucyHke 3.1.
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Pestoides - CCCP, ner nassbis
HeT JAHHbI
Mosvonus, 1974
Kuvaid, 1983
i, 1971
Hraii, 2003
Krprenseras Pecryfmka, 1939
Krnpricras Pecmyfinma, 2015
Krprenseras Pecrydmma, 1983
Kuapriascicas Pecmyfinm, 1955
Krprinicas Pecryfmima, 1947
Knpriacras Pecmyfinim, 1963
Kuraii, 1976
Mowurams, 1931
Monroms, 1936
Monvomnn, 1932
Monvonua, 1936
Monuomua, 1960
Monronns, 1998
Mpan/Kypaucran, 1968
Kuraii, 1954
Korraii (BryTpennss Monroms), 1932
Kuraii (BiyTpenmas Monram), 1032
Korraii (BuyTpennas Monromis), 1932
Haraii, 1952
Kuaii 1953
Poceus, 1970
Monronus, 1983
Monroms, 1987
Monronua, 1984
Karrai, 1996
Hemaz, 1967
CTIIA, 1992
Kennn, ner sannsix
Ketma, Het aannwx
Keirna, et manmmx
Kerma, net nammes
Termra, 1985
JPIC, 1965
JIPK, 1rer Tanmimne
Pocens (Trna), 1971
Pocena (Trra), 1987
Monranus, 2002
TPocens (Trna), 2015
Pocens (Trma), 2012
Monroana, 1988
Morraama, 1968
Pocenn (Aaraii), 2019
Monrazia, 2018
Poccun {Aurraii), 2020
Mosromas, 2018
Pocena (Aaraii), 2012
Pocen {Aarait), 2017
Pocenn (Aarait), 2016
Tocens (Arait), 2017
Pocenn {Arait), 2018
Kuraii, 1962

OPEZ
0 PEda
0.PE3

0.ANT1

0ANTZ

ANTS

0.ANT3

3ANTI

2 MED1

2,ANT3

ZANTZ2
ZANT1
|LORT

LLANT

4 ANT

0.PET

Brinonnen ¢ nomoipeio nporpamm Wombac 2.0, SeaView 5.0.5 (anroputm Maximum
Likelihood, monens HKY85, 1000 6yTcTpen-perimk)
Pucynok 3.1 — ®dunoreHeTHYSCKHUT aHa M3 mtaMMoB Y. PestiS aHTHYHOro OMoBapa Ha OCHOBE

1756 xopoBbix SNPS 57 mTaMMOB U3 IPUPOJIHBIX 04aroB MUpa

duoreHeTuYECKoe AepeBo, moiydeHHoe B xojne SNP-aHann3a reHoOMOB IITAaMMOB BO3-
OyauTeNs YyMBI, IEMOHCTPUPYET NOMYJISLUOHHYIO CTPYKTYPY IITAMMOB aHTHYHOTO OMOBapa u
MO3BOJISICT OINPENEIUTh (PUIOTEHETUYECKYIO MPUHAUIEKHOCTh UCCIIEIOBAHHBIX B HACTOSIIEH
pabore mtaMMOB. B ocHOBaHUM JIeHAPOrpaMMBbI pacioflaratoTcs taMMbl TUHUH 0, K KOTOPBIM
oTHOCsTCS mTamMMbl Y. pestis HeocHoBHBIX moaBHIOB (0.PE7 — tbeTckuii, 0.PE2 — kaBka3ckuii,
0.PE4a — nentpanpHoa3uatckuii (antaiickuii 0uonap), 0.PES — ynereiickuii) 1 mrtaMMbl OCHOB-
HOTO NOJBUIa aHTHYHOTO OnoBapa ¢umoreHernueckoit auann 0.ANT u3 ogaro Keipreizcrana
u Kuras. icnons3yemsbie mrammbl iuaun 0.ANT Obltu BbIAeNieHbl HA TeppuTopuu Keipreizckoi
Pecny6inknu B AKCaliCKOM BBICOKOTOPHOM OdYare 4ymbl B CEpeIUHE MPOIUIOTO CTOJNETHS U B
BepxuenapbsiHckoM BbICOKOTOpHOM oyare B 2015 r. Onu 00pa3yioT 1Be OTJeNbHbIE (puioreHe-

tuueckue BeTBU — 0.ANT3, pacnipoctpanennyto takxe B Kurae, u 0.ANTS, yHukanbHyto s
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Tepputopuun KbIprei3ctana, OTXoAsS1IME OT IPEBHETO CTBOJIA 3BOIOLMH. [loMumo uccienoBan-
HBIX IITAMMOB K Tpymme mraMMoB JuHUM 0 oTtHOcAT ¢umnorenernueckue BetBu 0.ANTI u
0.ANT2, yaukanpHbIe 17151 Tepputopun Kuras.

rammel muaun 1.ANT xapakrepnsl s LlentpansHoit 1 Boctounoit Appuxu (/IPK,
Kenus, Yranma, 3am6us) [Heisch et al., 1953; Morelli et al., 2010; Respicio-Kingry et al., 2016;
Nyirenda et al, 2016; Nyirenda et al., 2017]. G. Morelli ¢ coaBTOpamu B 3TOH TpyIIIIE IITAMMOB
BeIZIeTIUIA TpH (prntoreHeTudeckue BeTBu: 1.ANT1, k koTopoit oTHOCsATCs mTammbl U3 [IPK u
VYraugsl, a Takke 1. ANT2 u 1.ANT3, pacupoctpanennsie B JIPK u Kenuu [Morelli et al., 2010].
B namiem ucciaenoBanuu mrammsl Y. pestis gpumorenernueckoit muaun 1. ANT nenstcs Ha 1Ba
oTnenbHbIX moakiactepa. [lItamm Y. pestis Congo Logo kimacrepuzyercst co mrammoM Y. pestis
Antiqua ¢uiorenernueckoit BetBu 1.ANT1, BbinenennsiM Ha tepputopuu [IPK B 1965 r.
[IItammbl u3 Kenuun o0pasyrot oOmuii kimactep co mrammoM Y. pestis Nairobi, Tak:ke BbIICICH-
HBIM B 3TOM cTpaHe B 1985 r., o1HAKO MPUHAAJIEAKHOCTh 3TUX IITAMMOB K KOHKPETHBIM (hUII0-
Tr€HEeTUYECKUM BETBAM BHYTpU JuHUU 1. ANT HeusBecTHa.

Apean mrammoB ¢unorenerndeckoit imann 2. ANT pacrionoxen B LlenTpanbpHoi A3uu,
a umeHHo B Henaine, Kurae, MoHronuu u conpeaenbHbix ¢ HUMU Tepputopuii Poccuiickoit de-
nepanuu (3abaiikanbckuil crenHoit ouar yymsl) [Kyknesa u np., 2013; Kyknesa u np., 2015;
Cui et al., 2013]. B »amrem uccie0BaHMH MCIOAL30BaHbl 3 mtamMMa auauu 2. ANT, BelaeneH-
Hble Ha Tepputopun Manpuxypuu (ceituac Buyrtpennsiss Mouronus, Kuraii) B 1928 1., 3
mramma u3 Kurtas 1952—-1954 rr. u 3 mramMma u3 aiimaka X3HTHI B MOHT 011U, BBIICJICHHEIC B
90-x romax mpomuuioro croierus. [lo pesynabTatam (UIOTEHETUYECKOTO aHAIHM3a BCE JTU
HITAMMBI OTHOCSITCS K (punoreHeTnueckoit BeTBu 2. ANT3, olHaKO BHYTpU 3TOW TPYIIIBI IIITaM-
MOB pacroJjararoTcs JBa 000co0eHHbIX Kiactepa. [lepBbiii knactep npeAcTaBlieH MITaMMaMU
Y. pestis u3 Kuras, k0 BTOpOMy OTHOCSTCS IITAMMBI BO30YyAUTES YyMbl ©3 MoHroymu u Poc-
cun. [Ipu stom, mramm Y. pestis U-1996 u3 3abaiikaabCKOro CTEIMHOTO OdYara JOCTaTOYHO
CUJIBHO OTJIMYAETCSl OT MOHTOJIbCKHUX IITAMMOB.

[tammbl punorenerudeckoit uauu 3. ANT pacnpocTpaneHsl Ha TEPPUTOPUH MOHTO-
mun u Kwuras: ans Kurtas xapakTepHO NPUCYTCTBHE INTaAMMOB (UIOTEHETHYECKOW BETBU
3.ANT1; nns Monronuu — mrammoB 3.ANT2 [Kykiesa u ap., 2015; Cui et al., 2013]. [dns ana-
nu3a ObUIM B3SITHI 5 IITAMMOB, BBIJICJICHHBIX Ha TeppuTopur Monronuu B nepuos 1931-1960
IT. U3 pa3HbIX aiiMakoB (XoHTHH, YBC, 3aBxaH). B pe3ynbTare ananu3a puaoreHeTH4ecKux cBsi-

3el YCTaHOBJIEHA UX MPUHAMICKHOCTH K BeTBU 3. ANT2. IIpu paccMoTpeHun monyiasiiiuOHHON
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CTPYKTYpPHI 3TOH T'PYIIIBI BUAHO, UTO KIMHUYEeCKUEe mTamMmbl 231 (14) u 235 (21) knactepusy-
IOTCSI BMECTE, HECMOTPS Ha pa3HOE MECTO U BpeMms BelaeneHus (aitmak XoHTHH, 1931 1. 1 aiimak
3aBxaH, 1936 r. COOTBETCTBEHHO).

[tammbl punoreneruyeckoit tuauu 4. ANT pacnpocTpaHeHbl Ha TEPPUTOPUSIX IPUPO/I-
HbIX 04aroB yyMbl P® (Pecniyonmuk TeiBa u Antait) 1 Monrommu. MccnenoBano 15 mrammoB
Y. pestis anTuuHoro 6uoBapa unoreHernyeckon JuHuU 4. ANT, BbIIeIeHHBIX 3/1eCh B 1971—
2020 rr. B coOoTBEeTCTBUHU CO CBOEH MPUHAIC)KHOCTBIO K (prutoreHeTndeckor TuHuM 4. ANT
mTaMMbl GOPMUPYIOT OAUH o01mumid kiactep. [Ipu Gonee moapoOGHOM pacCMOTPEHUH MOMYJIs-
UOHHON CTPYKTYPbI 3TOM (PUIOreHEeTHYECKOM rPpyIIIbl OTMEYAETCS TOCIeA0BaTEIbHAs KacTe-
pHu3alys rpynmn MTaMMOB B 3aBUCHUMOCTH OT BPEMEHHU U MecTa BblaelieHus. Tak, OTenbHbIN
HanOoJiee 3BOMIONMOHHO paHHuU Kiactep 4.ANT oOpaszoBan mrammamu Y. pestis 2060 wu
Y. pestis KM932, BbiiesieHHBIMU Ha TEpPUTOpPHH TYBHHCKOTO TOpHOTO odara yyMbl B 1971 u
1987 r. cooTrBeTcTBeHHO. Jlanee mociie0BaTeIbHO pacnoiokeHsl mTamm Y. pestis MGJZ12 u3
Monromnuu 2002 r. BbIACTEHUS, OTACIBHBIN KJIACTEP COBPEMEHHBIX IITaMMOB U3 THIBBI U KJa-
ctep mramMmMmoB Y. pestis u3 Monromuu 1988 r. Beigenenus. Eme oquH KiacTep mpencTaBiIeH
coBpeMeHHbIMU mTaMMamu u3 Antas (2012-2020 rr.) u Monronuu (2018 r.).

M3ydyeHne mMUTATeILHBIX MOTpeOHOCTEH mTaMMOB Y. PEStiS aHTHYHOTO OMOBapa.
CrnemayronuM maroM uccieoBaHus ObLIO MPOBEACHUE CPABHUTEIHLHOTO aHAIN3a MUTATeIbHBIX
norpeOHOcTel mTamMMoB Y. PestiS aHTHUHOTro OMoBapa pa3HbIX (PUIOreHETUYCCKUX JIMHUH. [Jis
OTpeieICHHS TUTATEIbHBIX MOTPeOHOCTEH ITaMMOB Y. PestiS ux BbIceBaiu Ha Jaiiku [leTpu ¢
arapom Difco ¢ noGaBneHuem ompezeneHHOro Habopa aMUHOKUCIOT (MaTepuanbl U METOIbI
2.1.7). BHayane 115 BcexX MITaMMOB MTOJAOMpaJICSs MUHUMAJIbHBIN HAOOp aMUHOKHCIIOT, o0ecre-
YUBAIOMIMN POCT OaKTEPHATBHBIX KOJOHUM, 3aTE€M METOJIOM HCKIIOUCHHS] OJHOW aMHHOKHC-
JIOTHI U3 COCTaBa MUTATEIBHON Cpelbl IO OTCYTCTBHIO POCTa JIENalld 3aKII0YeHHe 00 ayKco-
TPO(PHOCTH IITAMMOB T10 3TOW AMHUHOKHUCIIOTE.

[To pe3ynbraTaM MpPOBEICHHOTO HWCCIICIOBaHMs BCE IITaMMbI Y. PestiS aHTHYHOTrO
OunoBapa SBJISIOTCS ayKcoTpodaMu MO TpeM aMHUHOKHUCT0TaM (deHuaJaHuH, MeTUOHUH, TPEO-
HUH), KaK W [ITaMMBbI Jpyrux 0uoBapoB Y. pestis ocHoBHoro moasuna [Kyknera u ap., 2013].
[ToMuMO OOIIMX MUTATENHHBIX TOTPEOHOCTEH MITAMMBI aHTUYHOT'O OMOBapa pa3HbIX (UIOreHe-
TUYECKHUX TPYIIT UMEIOT JIOTIOJIHUTENIbHBIC TUTATEIbHBIE MOTPEOHOCTH, KOTOPBIC MOKHO pa3jie-

auTh Ha YeTsipe rpymisl (Pucynok 3.2, Tabmmna 3.1).
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Pestoides A
1-2422
164
— B42003004

14-1646
A-1836
938
4‘ [ 231
A-744

€1976001
231 (14
L 235 (21)
137 (19 Berlin)
236 (22)
1-839
MGIZS

KIM10

920 (P-100)
171 (256)
173 (258)
172 (257)
918 (P-47)

919 (P-82)
1-1996

13033

13101

1-3102
351001

Nepal5lé
o9z
102 Kenya
Kenya Ackliora
Kenya Osala
Kenya To-To
Nairobi

4|i\.ul1qua
Congo Belge Logo

ararensupie norpebnocrn wramvos ¥ pestis:
#* 5 ammmoucnor (Phe, Thr, Met, Cys, Leu)

@ 5 asamoxncnor (Phe, Thr, Met, Cys, Pro) 13662
B 4 asunokuciors (Phe, Thr, Met, Cys)
A 3 avmnosncaon (Phe, Thr, Met) 1-3647

0.01

| L X J EEEE EEEEER EEEEE B EH *%

PEppppEpEPPEF EEHO

Pestoides ' CCCP, wer nanubix
HET AALHBIX
MeorroTma, 1974
Kuraii, 1985
Kuraii, 1971
Kwrafi, 2003
Kripreisckan PeciyOnuka, 1959
Kupremcxkas Pecnybnna, 2015
Kripremckan Pecnybnmea, 1983
Koprerckan Pecnyfnnka, 1955
Kriproisckan Pecnybunka, 1947
Kuprersekas Pecnybnuia, 1963
Kurnaii, 1976
Maowrromia, 1931
Mouronns, 1936
Mouroana, 1932
Moo, 1936
Monroms, 1960
Monromis, 1998
Hpan/Kypouctan, 1968
Knrafi, 1954
Kurafi (Buyrp. Mouronus), 1932
Knraii (Buyrp. Morroms), 1932
Kuraii (Buyrp. Monronus), 1932
Knrait, 1952
Kurali, 1953
Pocena, 1970
Mouroansa, 1983
Monromms, 1987
Mouronns, 1984
Kunaii, 1996
Heuau, 1967
CIITA, 1992
Kewnmia, HeT qanHETX
Kennsa, HeT JaHHEIX
Kenus, et aaumieix
Kenus, HET 1aHHbIX
Kenus, 1985
UPK, 1965
JIPK, HCT NAHHBIX
Pocensa (Lsisa), 1971
Poceus (Twsa), 1987
Mouroms, 2002
Pocenst (Temsa), 2015
Pocena (Tesa), 2012
Mowouns, 1988
Mowrromws, 1988
Pocena (Aarai), 2019
Morroaima, 2018
Poccua (Anrait), 2020
Moo, 2018
Pocena (Aarai), 2012
Poccus (Aarai), 2017
Poceus (Aorait), 2016
Poccus (Arait), 2017
Poccus (A.rraii), 2018

0.PE

0.ANTI

0.ANT2

0.ANTS

0.ANT3

3ANTIL

3ANT2

2MEDI

2.ANT3

2.ANT2
2ANTL
1.0R1

LLANT

4.ANT

VcaoBHBIE 0003HAYEHHUS IMPHUCBOCHBI ITaMMaM, JIJIs1 KOTOPBIX B HACTOAIIEM HCCICI0BAHUN

OBLITM U3YYEHBI MUTATCIBHBIC IIOTPEOHOCTH

Pucynok 3.2 — [IuTtarenbpHble MOTPEOHOCTH ITAaMMOB Y. PestiS anHTu4HOro OHoBapa

B 3aBUCHUMOCTH OT (I)HHOFCHGTHHGCKOﬁ MPUHAIJICKHOCTHU
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Ta6muna 3.1 — OTauuus pa3nuyHbIX mMTaMMOB Y. PestiS aHTHYHOro OnoBapa B 3aBUCUMOCTH

pocTa OT COCTaBa aMUHOKHUCIIOT

No DuUIOreHeTHYECKNE BETBU IIITAMMOB
—— [TutaTenbHble MOTPeOHOCTH Y. pestis
1 bennnananu, METHOHUH, TPEOHHH, LMCTEHH, 0.ANTS
JIeHIMH
5 (dbeHmIanaHH, METHOHUH, TPEOHHH, IIMCTEHH, 1 ANT
NPOJIMH
0.ANT3
1.ANT (Y. pestis Kenya To-To)
3 (heHnIaNaHuH, MEeTHOHHUH, TPCOHUH, IIUCTEHH 2.ANT3
3.ANT?2
4.ANT (TwiBa u Aurrait)
4 (dheHunanaHuH, MCTHOHUH, TPCOHUH 4. ANT (Monromnus, TeiBa u Anraii)

BriepBrie ymanock ycTaHOBUTH, UYTO MITaMMBI uioreHeTndeckoi BeTBu 0.ANTS He crio-
COOHBI CUHTE3UPOBAaTh (PEHUTAIAHIH, METUOHUH, TPEOHHUH, IIUCTEUH U JeHuuH. [lITaMMbl, BbI-
OpaHHBIE U ATOTO UCCIIEIOBAHUS, OBLIN BBIJIEJICHBI OT OJJHOTO HOCUTEIA (CephIil CYpOK) B pa3-
HBIX MPUPOJHBIX ouarax KbeIprei3cTaHa B pa3InyHblid niepuoa Bpemenu. Tak, Y. pestis 14/1646
ObuT BIZICNCH B 1959 1. B AKcaiickoM BBICOKOTOpHOM ouare, Y. pestis 48 8 2015 r. B BepxueHn-
apbIHCKOM BhICOKOTOpHOM. Panee aykcotpodHocTs mrammoB BeTBU 0.ANTS paccMmarpuBaiu ¢
NPUBA3KONM K ONpeAesieHHOMY npupogHomy odary Keipreiscrana [KykimeBa u np., 2013,
Kyknesa u ip., 2021], B To BpeMs Kak IpOBEEHHBIN (PUIIOTeHETHYECKUI aHAIIN3 B COBOKYITHO-
CTH C OIpe/IeJIEHUEM MTUTATENbHBIX MOTPEOHOCTEN MO3BOJIUIIN YCTAHOBUTD CBSA3b aYKCOTPO(HO-
CTH TIO JISUIIMHY ¢ 3BOJMOIIMOHHOM BeTBbIO 0.ANT5 anTruHOTO 6MOBapa MTaMMOB BO3OYIUTEIS
YyMBl.

Bropyro oTnuuaroniyrocs Tpyrnny COCTaBWIM ITaMMbl Y. PestisS ¢uioreneTnyeckoi
BeTBU 1.ANT, KOTOpBIC )i pOCTa, IOMUMO TpeX OOIIMX Ui BCeX mTaMMoB Y. PestiS ocHOB-
HOT'0 TIOJIBUJIa AMUHOKHCIIOT, HYK/IaJIUCh TAK)KE B IUCTEHHE U poiuHe. MckitoueHnue coctaBui
mramM Y. pestis Kenya To-To, He nposBISBIINI ayKCOTPO(GHOCTH O MPOJIMHY, paCIojiarar-
IIMHCS B OTAEIBLHOM KjacTtepe co mrammoM Y. pestis Nairobi. YcTaHOBIeHO Takke, 4TO 100aB-
JIEHUE B MUTATENbHYIO Cpely JIEHIIMHA YCHUIIMBAJIO POCT BCEX IITAMMOB, BBIJIEJICHHBIX HA TEPPU-
Topur aPUKAHCKOTO KOHTUHEHTA. DTO MOXKET OBITh CBSI3aHO C HAPYIICHHEM CTPYKTYPHI TCHOB
MyTH CUHTE3a JICUIIMHA, MPOAYKTHI KOTOPHIX, HE YTPATUB CBOEH (DYHKIITMOHATBHOCTH, KaTAJIU3H-
PYIOT peakluy CUHTE3a JICHITHA ¢ 0oJiee HU3KOU CKOPOCTHIO.

Haubonee mmpoko pacnpocTpaHEeHHbIM COYETaHHEM aMUHOKHUCIIOT, HEOOXOAUMBIM IS

OOJIBITMHCTBA (DUIIOTCHETUYCCKUX JTMHHUIA M MTaMMOB Y. PestiS aHTHuHOro OMoBapa, SIBJISETCS
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COBOKYITHOCTh YEThIPpEX aMHHOKHUCIOT — (peHHJIaJaHWUH, METHOHUH, TPEOHUH U nucrenH. K
rpynie MTaMMOB, HYKAAIOIIMXCS B 3TUX (haKTOpax pocTa, OTHOCITCS mTaMMbl BeTBeit 0.ANT3,
1.ANT (mrramm Y. pestis Kenya u To-To), 2.ANT3, 3.ANT2 u psa mrammoB auaun 4. ANT u3
Pecnyonuk Anait (Y. pestis 50, Y. pestis 1097) u TeiBa (Y. pestis M-1944, Y. pestis KM932,
Y. pestis 2060).

B otaenbayto rpynmny Boien psx mramMmmMoB ¢unorenetndeckoit Betsu 4. ANT, KoTopbiM
JUTSI TIOJTHOIIEHHOT'O POCTa AOCTaTOYHO MUHUMAJILHOTO Ha00pa U3 TpeX aMUHOKHUCIIOT. bosbinas
YacTh B3ATHIX B UCCIIEIOBaHUE TaMMOB U3 TyBUHCKOT0O TOPHOTO 04ara (MCKIF0UEeHHUE COCTaBUI
BbIIeIeHHBIH B 2015 1. mramm Y. pestis 209) sBiusioTcs aykcoTpodaMu MO IMUCTEHHY, B TO
BpeMsi KaK y OOJIBIIMHCTBA MITAMMOB U3 ['OpHO-ANTalickoro oyara pocT He 3aBUCUT OT ITUCTe-
uHa. B To ke BpeMs B3sATHIE B UccienoBaHne MTaMMBI Y. pestis 4. ANT, BblieIeHHbIC Ha TeppH-
Topur MOHTroNIMYU, HE MPOSIBISIIOT ayKCOTpoduu 1Mo 3Toil amMmuHOKHCIoTe. Pacnipenenenue 1u-
CTEMH-3aBUCUMBIX M HE3aBHUCUMBIX IITAMMOB, BbIJIEIICHHBIX Ha Tepputopusax PO u Monronuun

MPUBEACHO HA pUCYHKE 3.3.

2060
KM932
MGIZ12
209
M-1944
[-3240
1-3244
1097
13662
50
{ 1-3647
- [-1454
848
- 45
216
— 276

Poccus (Teisa), 1971 Poccus
Poccus (Teisa), 1987 Tepa B B
Mownromms, 2002

Poccus (TeiBa), 2015

Poccus (Teisa), 2012 AnTai

Mouronus, 1988
Mownronusa, 1988 AAA A
Poccus (Anrait), 2019
Mownromus, 2018

Poccus (Anrait), 2020

Momnronus, 2018

Poccus (Auraii), 2012

Poccus (Anraii), 2017

Poccus (Anrait), 2016 . i
Poccus (Anraif), 2017 Kuraii A
Poccus (Anrait), 2018 A

MoHroansa

dddddd 14 Idd | 2 J

KpacHbIM IBETOM OTMEUYEHBI IITAMMBI, HE HYKJAIOIIHUECS I POCTa B IUCTEUHE,
CHUHHM IL[BETOM — ayKCOTPO(HBIE 10 IUCTEUHY

Pucynok 3.3 — MecTa BbineneHust mrammoB Y. pestis ¢puioreHetnyeckoit Betsu 4. ANT

CoracHO TUTEpaTypHBIM JTAaHHBIM, IITaMMBbI Y. Pestis n3 TyBHHCKOT0 TOpHOTO OJara 3a-
BUCST OT NMPUCYTCTBHSI B Cpe/ie METHOHMHA | IIMCTEWHA, TOT/Ia KaK (eHMIATaHUH WHTCHCH(DH-
npoBai ux poct [banaxonos, 2000]. Kpome Toro, orMedeHa reorpadudeckas mpuypouYeHHOCTb

ITAMMOB C OTMpe/IeICHHBIMU MTUTATEIbHBIMU TTOTpeOHOCTsAMHU [ banaxonos, 2000; OnurnieHko,
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Kytoipes, 2004]. Tak, B 3amagHoi 4acTH o4ara MPUCYTCTBYIOT BapHaHThI IrTaMMoB Y. Pestis,
3aBHCHMBIC OT METHOHWHA U IIUCTEHHA, B TO BPeMs KaK B BOCTOYHOW YaCTH 04ara pacripocTpa-
HEHBI BapUaHTHI, 3aBUCUMbIE TOJILKO OT MeTHOHHMHA. [lo pe3ynpTaram HalIMX WCCIEAOBAHUMA
OombIIIast YaCTh IIUCTENH-3aBUCUMBIX IIITAMMOB PACIOIaraeTcsi B BOCTOYHOM yactu ovara. Bos-
MOYHO, YTO OTJIMYHS B pe3yJIbTaTax 00yCIOBJICHBI PA3IMYHON BEIOOPKOW 1rTaMMoB Y. pestis u
Pa3IMYHASMH B METOJUYECKUX TIOJIX0/[aX TIPH OTIPEICIICHUH TTUTATEIIbHBIX TOTPEOHOCTEH IMITaM-
MOB.

I'eneTnyeckune npuunHbl aykcoTpodHocTH. 11 yCTAaHOBICHUS! T€HETUYECKUX TPHU-
YUH 3aBHCHMOCTH POCTA IMMTAMMOB BO30YIUTENS YyMbI OT (heHUJIAIAHWHA, TPCOHWHA U METHO-
HUHA MIPOBEJICH CPAaBHUTEIBHBINA aHANN3 TOCIEA0BATEILHOCTEH TeHOB METAa0OINYECKUX MyTel
CHHTE3a 3TUX aMHUHOKHUCIIOT y pedepeHcHbIx mTamMMoB Y. pestis CO92 u Y. pseudotuberculosis
IP 32953. Hannuue myTtanuii, IpUBOIAIINX K U3MEHEHUIO AMUHOKHCIIOTHBIX MOCIIEI0BATEb-
HOCTEH MPOJYKTOB ICHOB M XapaKTePHBIX i Buaa Y. PestiS, MoATBEpKICHO CPaBHECHHEM CO
Bcemu npeactaieHHsiMA B NCBI1 GenBank momHOreHoMHBIMY TTOCTIEI0BATEIEHOCTSIMH, U3 KO-
Topeix 1041 mocienoBaTeTbHOCTh OTHOCUTCS K BUAy Y. pestis. Ciucok BceX TeHOB, aHAITH3UPO-
BaHHBIX B ’TOM HCCJICJOBAHNH, TIPUBEJICH B TAOIUIIE 3.2, pe3yJIbTaThl CPABHEHUS MTPEICTABIICHBI
B Tabnure 3.3.

B nensix morcka oTiMUMi B reHaX OMOCHHTE3a aMUHOKHUCIIOT Pa3IMYHBIX (PHIIOTCHETH-
YEeCKUX TPYII aHTHYHOTO OMOBapa OCHOBHOTO MOABH/IA TIPOBOIMIIN CPABHEHHUE MTOCIIEIOBATEb-
HocTeit reHoB 48 mtammoB Y. pestis antuanoro ouosapa u3 NCBI GenBank ¢ ycranoBnenHoi
¢dwitoreneTrueckoit npuHaanexxuoctero [Cui et al., 2013] u 38 mramMMoB, paccMaTpUBaEMBIX B
HACTOSIIEeM UcciieoBaHuu. PesynbraTel cpaBHeHus 82 renoB (Tabmuma 3.2) mramMoB Y. pestis
AHTUYHOTO OMoOBapa ¢ pazNU4YHON (PUIOreHETUYECKON MPUHAMJIEKHOCThIO 0000IIEHbI B Ta0-

mure 3.4.

Tabnuua 3.2 — [lepeueHs ucciIeIOBAaHHBIX T€HOB META0OIMUECKUX MyTel CHHTEe3a (eHuIana-
HUHA, TPEOHWHA, METUOHHHA, I[IUCTEHHA, JICUIIMHA, IPOJIMHA, a TaK)Ke F€HOB, YYaCTBYIOIUX B

obmeHe cepbl. O003HAYCHHS T'CHOB JaHbl M0 reHomy mTamma Y. pestis CO92 (Ne mocryma

GenBank: GCA_000009065.1)

Ne I'en Konnpyewmslii mpoaykT

1 2 3
DeHWIATAHUH

1 \ YPO3281 pheA \ xopuzMaTMmyTasa / mpedeHaTIeTHIporeHas3a
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[Tponomxkenune Tabauipr 3.2

1 2 3
2 | YPO1353 npeArnoaraeMasl XOpu3MarMyrasa
3 | YPO3285 tyrA T-0enok [BKIIIOYALT: XOpU3MATMYyTa3y U pedeHaTIeruIporeHasy|
4 | YPOO322 tyrB aMHHOTpaHc(epa3za apoOMaTHIECKUX aMUHOKHUCIIOT
5 YPO3343 BEPOSITHBIN BHEKJICTOYHBIN OCJIOK, CBS3BIBAIOIINI PaCTBOPEHHBIC
BellecTBa (IUKJIOTeKCaIMeHWIIICTHIpaTasa)
Tpeonun
6 | YPO3719 apk JM3UH-4yBCTBUTENIbHAS acnapTokuHasa [l
7 YPO3949 asd acmapTaTnoyalbIerHIeTHIPOreHa3a
8 | YPO1357 ItaA L-ayu10-TpeoHHHAIIB 101432
9 | YPOO116 metL OudyHKIIMOHAIBHAS acllapTOKUHA3a/ToMocepuHaeruaporenasa Il
10 | YPOO0459 thrA OnyHKIIMOHATbHAS aCTIapTOKHWHA3a/TOMOCEPHHACTHIpOreHasa |
11 | YPOO0460 thrB rOMOCEPHUHKHHA32
12 | YPOO0461 thrC TPECOHMHCUHTA3a
Jleinun
13 | YPOO0533 leuA 2-M30TpONUIMaIaTCHHTa3a
14 | YPOO0530 leuD MaJasi CyObeIMHUIIA 3-U30TPONIIIMAJIATICTHIPATA3bI
15 | YPOO0531 leuC Oonpmas cyObeTMHUIA 3-H30NPONHIMAIIATIeT UPATa3bI
16 | YPOO0532 leuB 3-M30MponUIMaNIaTICTHAPOreHa3a
17 | YPO3899 ilvE aMHHOTpaHc(epa3za aMHUHOKHCIIOT C Pa3BETBICHHOMN IIETIBIO
IIpoann
18 YPO1851 poaA Ou(yHKIMOHANbHBIN O0enok PutA (BkitoyaeT: npoauHAeruapore-
Hazy " JenbTa-1l-nupponun-5-kapOokcunar)
19 | YPO3221 proA ramma-riryramriocdaTpenykrasa
20 | YPO3222 proB rJIyTaMaT-o-K1MHa3a
21 | YPO0942 proC npejnosaraeMas TUPPOIMH-S-KapOOKCHIIaTpeAyKTa3a
22 | YPO1781 pip MPOJIMHUMHHOINIENTHIa3a
IIncTenH u 00MeH cepbl
23 | YPO4018 cysM nupuokcatb(ocdarzaBUCUMBbIi 0eJIOK (IMCTEMHCHHTA3a)
24 | YPOOO70 cysE cepuHaneTuiTpancdepasa
25 | YPO2992 cysK MUCTEMHCHHTAa3a A
26 | YPO3147 TIpeArnoaraeMblil mupuI0Kcambdochar3aBUCUMbIN OEIOK
27 | YPO3010 npeanoaaraeMblii 0esok
28 | YPO3011 cysM LUCTEUHCHHTAa3a B
29 | YPO3012 cysA AT®-cBs3pIBaromuii 0enok cynb(paTTpaHCHOPTHON CUCTEMBI
30 | YPO3013 cysW nepmeasHbiid 6e10k CysW cynb(paTTpaHCIOPTHON CHCTEMBI
31 | YPO3014 cysT nepmeasHblii 6e10k CysT cynbhaTTpaHCIOPTHON CHCTEMBI
32 | YPO3015 cysP THOCYJIb(ATCBSI3bIBAIOLTNI OEJI0K
33 | YPO1771 sdaA L-cepunaernaparasa
34 | YPO0914 serA D-3-¢docdorauneparnerugporeHasa
YPO1288 TIpeJIoIaraeMplii OEJIOK CeMeCTBa JeTUPOTeHAa3 2-THIPOKCHKHC-
35 70T, cniemuduunbii 1 D-uzomepa (D-3-pochorauueparaeruapo-
reHasa)
36 | YPO1389 serC ¢bochocepunamuHoTpanchepasza
37 | YPOO0278 metC LIUCTATUOHUH OeTa-auasa
38 | YPO0681 metC TpeJIoiaraeMasi IUCTATHOHWH OeTa-ras3a
39 YPO3006 npeanoiaraeMas aMMHOTpaHCc(epasa (LMCTenH-S-KOHbIoraT 6era-
JINa3bl)
40 | YPO1410 aspC acraprataMHHOTpaHc(epasza
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[Tponomxkenune Tabauipr 3.2

1 2 3

41 | YPOO116 metL OnGyHKIIMOHATbHAS acllapTOKKWHAa3a/ToMocepuHaeruaporeHasa Il

42 | YPOO0459 thrA OM(yHKIIMOHAIBHAS aCTIAPTOKUHA32/TOMOCEpPHH IETHIporeHasa |

43 | YPO3719 apk JM3UH-4yBCTBUTENIbHAA acnapTokuHasa [l

44 | YPO3949 asd acmapTaTnoyalbIeruIeTHIPOreHas3a

45 | YPOO0931 metK S-a/IeHO3MIIMETHOHUHCUHTETA3a

46 | YPO3384 mtn Hykneosumaza MTA/SAH (aneHO3MIrOMOIIMCTENH HYKJIE0311a3a)

47 YPO3300 luxS 0€JI0K, IPOAYLIUPYIOIIHIA ayTOMHIYKTOP-2 (S-pruO0O3UITrOMOIIH-
CTEHUH JINa3a)

48 | YPO3012 cysA AT®-cBs3pIBaromnii 0EIOK CHCTEMBI TPAHCTIOPTA CYNIb(ATOB

49 | YPOOO79 shpl CBSI3BIBAIONINI OEJIOK CHCTEMBI TPAHCTIOPTa CYNb(aToB

50 | YPO3013 cysW nepmeasa CysW cucTeMbl TpaHCIIOpTa CyJIb(paToB

51 | YPO3014 cysT nepmeasa CysT cucreMsl TpancnopTa cyiab(paToB

52 | YPO3015 cysP THOCYNb(aT-CBSI3bIBAIOIINHI OEIOK

53 | YPO3365 cysN cyopenuuuna 1 cynmsdaraneHmmnTpanchepassl

54 | YPO3366 cysD cyobenununa 2 cynbharageHumnTpanchepassl

55 | YPO3364 cysC aJICHUIICYIb(aTKUHA3A

56 | YPO3529 amtA 0eJIo0K cemeiicTBa HHO3UTOIMOHO(OChaTa3

57 YPOO0182 ssiA MIpeInoyiaraeMblii TaypHUH-CBSI3bIBAIOIIHI MPEAIICCTBEHHHK TIe-
pHUIIa3MaTHYECKOTO OeIKa

58 YPO0183 ssiB MperoaraeMblii TaypruHOBBIN TpaHCOPTHBIA ATO-
CBSI3BIBAIOIIUH OETI0K

59 YP0O0184 ssiC MpernoaraeMplii 6e0K epMeasbl TPAHCIOPTHOM CUCTEMBI Tay-
pHuHa

60 | YPOO0185 ssiD npeAnoJaraemMasl TaypuHIMOKCUT€Ha3a

61 YPO3624 ssuA MIpeIIoIaraeMplii OEJIOK, CBSI3BIBAIONINK amudaTHIecKue cyibdo-
HaThI

62 YPO3626 ssuC npearnoaaraeMas nepMeasa CUCTEMbI TPAHCIIOPTa aTM(PaTUIECKUX
cynb(oHaTOB

63 YPO3627 ssuB npenmnonaraemMblii AT®-cBs3bpIBatOMINA OEIOK CUCTEMBI TPAHC-
nopra andaTuyeckux cyab(poHaToB

64 | YPO3623 ssuk npeanonaraemas NAD(P)H-3aBucumas pegykraza FMN

65 | YPO3625 ssuD AITKaHCYTH(OHATMOHOOKCUTCHA3a

66 YPOO0122 KOHCEpBaTUBHBII FMIOTETHYECKUN OeoK (THOCYIb(aTcyabdo-
TpaHcdepasza)

67 | YPO1194 npeanosiaraeMas cyiabporpancepasa

68 | YPO3371 cysl cynsputpenykrasza [HAJIOH] 6eTta-KOMIOHEHT TeMOTIPOTEHHA

69 YPO3372 cysJ cynsputpenykrasa [HAJIPH] draBonpoTenHOBBIH alib(a-KoMITo-
HEHT

70 | YPO3727 metA romocepuH-O-CyKImHUATpancepasza

71 | YPO2965 dmsA MpeInoaraeMplii 60K e A TUMETUIICYTb(OKCUAPETYKTA3hI

72 | YPO2966 dmsB TpeArnoaraeMblii 0esok 1enu B nuMeruncynb)oKcuapeyKTaspl

73 | YPO2967 dmsC npeanosiaraeMblil 6enok nenu C AuMeTHIICyIb(OKCHIPETYKTa3bI

74 | YPO3325 dmsA TIpeATNoIaraeMblid O€JIOK 1enu A AUMETHICYITb()OKCHIPETYKTa3bI

75 | YPO3324 dmsB npemnosiaraeMblil 6enok 1nenu B nuMernicynbpokcuapeaykrasbl

76 | YPO3323 dmsC npenmnoynaraemMplii 6enok renu C TMMeTUICYIb(QOKCHIPETYKTa3hI

77 | YPO1317 MIPEANOJIaraeMbIi SKCIOPTUPYEMBIN OEIT0K

78 YPO1318 npeanoiaraemas ABC-tpancnoptaas AT®-cBs3biBaromias cyob-
eIMHUTIA
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79 YPO1319 npezArnoaracMasi TpaHCIIOPTHAsI MHTETpaJIbHAsI CYObEeIMHHIIA MEM-
opanst ABC

80 | YPO4109 npezarnoaracMas epMeasa CUCTeMbl TPAHCTIOPTAa aMUHOKUCIIOT

81 | YPO4110 ABC Ttpancnoprtep nepmeasa

82 YPO4111 MIpeIoIaraeMblil TIEPUTIIA3MATHIECKHUA OSJIOK, CBSA3BIBAIOIIUI

PaCTBOPCHHEIC BEIICCTBA

[Ipu cpaBHEHNU TOJTHOTEHOMHBIX MTOCJIEI0BATEIBHOCTEN IITAMMOB BO30OYIUTENECH YyMBbI
U mceBaoTyOepkyne3a, cekBeHupoBaHHBIX B @KYH Poccuiickuii mpoTUBOYYMHBI HHCTUTYT
«Muxkpo6» u B3sateix u3 NCBI GenBank, B 4 reHax merabonndyeckux myteil (eHUIaTIaHUHA,
TPEOHWHA, METUOHMHA U LUCTEHWHA OBLIO BBISBICHO 4 MYyTaIlMH, IPUBOJSAIINE K N3MEHEHUIO
AMUHOKHCJIOTHBIX TTOCJIEIOBATEIBHOCTEN MPOTYKTOB 3TUX I'€HOB, 3 U3 KOTOPBIX SIBISIOTCS HE-
cuHoHuMuaHbIME SNPs (ot anri. non-synonymous SNP, nSSNP) u oxna MHOXeCTBeHHas 3a-

MeHa HykieoTuaoB (Tabmuna 3.3).

Tabmuna 3.3 — Myranuu B TreHax MeTa0ONMYECKUX IyTell (QeHWIanaHuHa, TPEOHMHA,

METHOHMHA U IUCTCHHA, OOIIKe I BceX mTamMmoB Y. pestis

3ameHa
I'en Konupyemslii mpoayKT HYKJIEOTHU- Koopmina- | 3amena amuko-
a 161 SNP KHACJIOTBI
1 2 3 4 5
DennnanaHuH

YPOO0322 | amuHoTpaHcdepasza apomMaTu- . AspArg—GluSe

tyrB* YECKUX aMUHOKHCIIOT TC—GA 1080-1081 r
YPO3343* uHKHOFeKcaITH;::HHHemﬂpa_ G—A 544 Asp—Asn
YPO3281 HUKJIOTeKCaIuEeHUIAeTUIpa- IS-s1eMEHT B CnBur pamku

pheA Tasa CUHTBIBAHUS

Tpeonun
YP;;iZlQ J'II/ISI/II-:_I-;—IyBCTBI/ITeJ'ILIIIJIaSI ac- AT 234 Glu—Asp
PTOKHHA3a
MeTHOHUH

YPOO0115 CnBur pamku

metB LUCTaTUOHUH Y-CUHTa3a G—mner 088 JE—

S-MeTmnrerparuapodonat-
YI;SEJ E 2 TOMOLIMUCTEHH METUATpaHCche- C-T 620 Ala—Val
paza
ucrenn
YPO3370 3-pocoanenosun 5- Henerus 8 CnBur pamku
dochocynbharpenykrasa 461 n.h.
cysH (PAPS) ILH. CUUTHIBAaHUS

* MyTaIuu B TeHaX OOHApYKEHBI B HACTOSAIIEM HUCCIEIOBAaHUHT
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Buocunmes ¢penunananuna. JIns ycTaHOBIEHUS NPUYUH ayKCOTPOPHOCTHU BO30OYIU-
TeJlsl 9yMBI 110 (heHMITaNaHuHy ObLTH paccMoTpeHsl TeHbl PheA, tyrA, tyrB, YPO1353, YPO3343
(Pucynok 3.4). Panee ocCHOBHOUM NMpPUYMHOW HAPYIICHUS CHHTE3a 3TOW aMHHOKHCIIOTHI CUMTa-
J0Cch BHeApeHne MoomipHOro 31emenTa 1S100 B ren pheA GudynkmonansHoro epMeHTa Xo-
pusMaTMmyTaza-nipedeHaTAeruapaTasa u, Kak cielICTBUe, HapylIeHHe ero (YHKIMOHAIBHOCTH
[Parkhill etal., 2001]. B Hamem ncciieoBaHHH YCTaHOBJICHO MPUCYTCTBUE ATOM MyTaIllMH y BCEX
(bUTOTeHETHYECKUX BETBEH aHTMUHOTO OMOBapa, 3a uckiaoueHneM rpynn mramMmmoB 0.ANT1 u
2.ANT1 (Tabauna 3.4). OgHako B cUily OTCYTCTBHUS Y HAaC IITAMMOB 3THX (PUIOTEHETUUSCKUX
BETBEH M KaKUX-JIMOO JAHHBIX 00 MX MUTATEIBHBIX TOTPEOHOCTAX HE IPEICTABIISETCS BO3MOXK-

HBIM OIIEHUTH POJIb ATOH MYTaIlUU B MIPOSBICHUH ayKcoTpodHOoCTH Y. Pestis 1o ¢peHmIaianuny.

Hopismar
o

[led, TPO1333, TPO3285 (nd)]

( [Ipedenar

YPO3343

YPO3343,phed| |FPO0322(n7B) |

.

O
THpYEaT L-aporenar
YPOO322(tvrB)
O

Demmm-

G @
LAy ks,

et
Oy

-
al

KpacHbIM 11B€TOM OTMEUEHBI T€HBI C paHee BBISBICHHBIMU M OOHAPYKECHHBIMU B pPaMKax
HACTOSIIETO UCCIIEIOBAHUS MyTallUsIMU

Pucynok 3.4 — Merabonudeckuii myTh cHTE3a (peHmnananuaa Y. pestis

Hamu npu ananuse mnociaegoBaTeIbHOCTEH T€HOB METa0OJINUECKOTro MyTH CHHTEe3a ¢e-
HUJIAJIAHWHA B3SATHIX B UCCIIEIOBAHUE IITAMMOB aHTUYHOTO OMOBapa pa3IUYHbIX (QUIOTCHETH-
YecKux JUHUN ObuH BeIsiBIEHBI NSSNP, mpuBogsime kK cMeHe aMMHOKHUCIIOT B OCJIKOBBIX MPO-
nykrax. B rene tyrB mrammoB Y. pestis, koaupyromieM aMHHOTpaHc(hepasy apoMaTHUECKUX
aMHHOKHCJIOT, 10 cpaBHEHHIO ¢ TeHoM Y. pseudotuberculosis IP 32953 npou3soriuio 18e aMHHO-
kucioTHbIX 3aMeHbl (TC—GA B nmo3urusax 1080—1081 ot nHavana rena, AspArg—GluSer), B TO

BpEeMsI KaK B MOCJIEIOBATEIPHOCTH TeHa MuKIorekcaqueHmiaeruapartassl YPO3343 Obln BhIsSIB-
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neH oguH nsSNP (G—A B no3unuu 544 ot Haudana rena, Asp—Asn). Takum oOpa3om, BbIsB-
neHHoe npucyrcreue nsSNPs B renax tyrB u YPO3343, a Takxe BHeApeHUE MOOMIIBHOTO 3JIe-
menTa 1S100 B rer pheA MoryT ObITh PACCMOTPEHBI B KAUECTBE BEPOSTHBIX MIPHUUH ayKCOTPO(h-
HOCTH 10 (peHWIIAJIaHUHY.

buocunmes mpeonuna. AHann3 MeTabOJIMYECKOTO MyTH CUHTE3a TPEOHWHA BO30YAH-
TEJIS YyMbI TIPOBOJIWIIM TIpU cpaBHeHMH TeHoB apk, asd, ItaA, metL, thrABC (Pucynok 3.5). B
reHe apk, KoaupyroleM JTM3UH-9yBCTBUTENIbHYIO acraprokunasy 111, y Bcex mraMmMoB Bo30Y-
nuTens ayMbl BelsiBiieH oauH NSSNP (A—T B mo3uruu 234 ot Hayana rena, Glu—Asp). B npy-
TUX WUCCIEOBAaHHBIX T€HAX MyTalluid He oOHapykeHo. Takum oOpa3om, B pe3ysibTaTe aHaln3a
TCHOB CHHTE3a TPEOHHHA HE ObUIO BBISIBJICHO SIBHBIX MYTAaIlMi, CIIBUTAIONIUX PAMKY CUUTHIBA-
Hus. 3BecTHO, yTO OOMEH TPEOHMHA U IMIHMIMHA B OaKTepHaIbHON KIIETKE TECHO CBSI3aH C 00-
MeHOM a3oTa. CUuTaeTcs, YT0O UMEHHO C HEXBATKOW TOTO 3JIEMEHTA CBsi3aHa yHHUBEpCaIbHas
JUTst INTaMMOB Y. PEstiS OCHOBHOTO MOJIBH 1A IIOTPEOHOCTH B TPEOHUHE, B CBSI3H C YEM TOTIIONIE-
HUE a30Ta MPOUCXOAUT MeHee 3(PPEKTUBHO MOCPEACTBOM MPeoOpa30BaHU aMUHOKHUCIIOT, B pe-
3yJbTAaTe YE€T0 CKOPOCTh POCTa U Pa3MHOXKEHUsI OaKTepUaIbHBIX KJIETOK CYIECTBEHHO 3aMe]l-
nsiercst [Charusanti et al., 2011]. [o 3Toit mpuYKHE psii aBTOPOB CBSI3BIBAET 3aBUCUMOCTH POCTA

Y. pestis ot TpeoHMHA HE ¢ AYKCOTPOPHOCTHIO, a ¢ 3ameaneHueM pocta [Charusanti et al., 2011].

Tmnpm O%—] 1?0135?ﬂmjl—'$ Tpeorm

[YPO0461(thrC)
O-thocdo-L-
$ TOMOCEpHH
[YPO0460(thrB)

Tomocepims

[YPOO116(metL), YPOO459(thrA)|

L-acriaprar YPOOI1o{metL) v

0— YPO0459(thr4) —=»o{FTPO3949(asd)»O

YPO371 .Glrfnil:'kf L-4-acmaprim- L-acmaprar-4-
tbocdar CEMMATETETH

KpaCHbIM OBE€TOM OTMCUYCHBI I'CHBI C O6Hapy)KGHHBIMI/I B paMKax HaCTOAIICTO UCCIICTOBAHUA
MyTalusIMu

Pucynok 3.5 — Meraboanueckuii myTh CHHTE3a TpeoHHHa Y. Pestis
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Buocunme3z memuonuna. MeTHOHNH, SBISACH OJHON U3 JBYX CEPOCOJIEPKALUX aMU-
HOKHUCIIOT, UTPaeT BaXKHYIO pojib B oOMeHe cepbl (Pucynok 3.6). [Ipu cpaBHEHUU MOTHOTEHOM-
HBIX MOceaoBaTebHOCTel mTammoB Y. pestis CO92 u Y. pseudotuberculosis IP 32953 Obuta
BBISIBJICHA JICJICIIMS TyaHHHA B Mo3uIiuu 988 reHa muctatnoHuH Y-cuatasbl metB [Parkhill et al.,
2001]. BoocaencTBuu MPUCYTCTBHE 3TONW MyTAI[MM YCTAHOBICHO TOJBKO y IITaMMoB Y. pestis
OCHOBHOTO TIOJIBHJIA, TOT/Ia KaK y HEOCHOBHBIX IOJBHUIOB, CIIOCOOHBIX K CHHTE3Y METHOHHHA
(KaBKa3CKOTO0, yJIETEHCKOT0, IEHTPATbHOA3UaTCKOI0), 3Ta MyTalus oTCyTCTBYeT [OIMHOKOB U
1p., 2011]. IIpu cpaBHEeHNHU TIOC/IeTOBaTeIbHOCTEH MEtB BEIBIIEHO TPUCYTCTBHUE JIETEIIUN HYK-
JICOTH/A Y BCEX IMMTAaMMOB aHTUYHOTO OMOBapa. DTa MyTalus MPUBOJIUT K CABUTY PAMKH CUH-
ThIBaHUS TeHa MEtB u, kak ciencTBue, K ayKCOTPOMHOCTH y MITAMMOB aHTUYHOTO OHOBapa 1o
METHOHHHY.

Cunte3 metnonnHa y Y. pseudotuberculosis mpoucxonut nByms myTsimu. B iepBom ciy-
gae B Ka4eCTBE CyOCTpaTa HMCIOIb3yeTCs TOMOIMCTEHH U yYacTBYIOT MPOIYKTHI TeHOB MELA,
metC, metH. B konupytomiel mociieqoBaTeIbHOCTH S-METUITETParuapooIaT-roMOIMCTEHH-
MeTriaTpanchepassl metH, momumo npucyrcTByromei y Bcex mrammoB Y. pestis nSSNP (C—T
B no3unmu 620 ot Hauana reda, Ala—Val), y mrammoB nuaun 4. ANT u3 PecniyOnuku AnTait
P® 1 Monrosuu BbIsSIBJIEHA JOCTATOYHO MPOTSHKEHHAs: MHCEPLIUS IJTMHOM B 74 11.H. BoisiBIeHHas
myTarus y mramMmoB JuHu 4. ANT MoXeT ObITh UCIIOIB30BaHA B TMATHOCTUYECKHUX IETAX B
kauectBe JIHK-mumenu, yaukansaas s mrammoB 4. ANT u3 CaitiroreMckoro (B cOCcTaB Ko-
TOpOoro BxoauT ['opHO-AnTalicKuii BEICOKOTOPHBIN oyar Ha Tepputopuun Poccuiickonr denepa-

uun) u Xyyx-Copx-Mynx-XaupxaH NpUPOIHBIX OYArOB YyMBI.
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KupHbiM mIpUPTOM OTMEUEHBI T'€HBI C BBISBIEHHBIMU MYTallUSMU,
XapaKTEPHBIMH I ITAMMOB aHTUYHOTO OHOBapa
Pucynok 3.6 — MeTtabonuueckuii myTh CUHTE3a IUCTEMHA, METUOHMHA

u oOMeHa cepsbl Y. pestis
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Kpome romormcrenna, Y. pseudotuberculosis moskeT wucHoap3oBaTh S-MeTHI-5-
THOAJICHO3MH B Ka4eCTBE CyOCTpaTa, OCYIIECTBISS CHHTE3 METHOHHWHA C TOMOIIBIO (PepMEHTOB
orepona MtNKADCB. I1pu u3ydennn Metaboanueckux myrei mramma Y. pestis CO92 ycranos-
JICHO, YTO 3TOT IyTh YTPATHJ CBOIO (PYHKIIMOHAIHFHOCTD 32 CYET BOSHHUKIIEH JIEIENNH, COXpa-
uuBIKch y mrammoB Angola u Pestoides F [Charusanti et al., 2011]. ITpu cpaBHEHHH T€HOMOB
Y. pestis HaMu YCTaHOBIICHO, YTO Y4aCTOK Pa3MepOM OKOJIO 8 THIC. I1.H. OTCYTCTBYET B TeHOMaxX
IITaMMOB OCHOBHOTO, THOSTCKOTO U IIEHTPAIbHOA3HUAaTCKOTO TIOJIBUIOB, HE IIPETEPIICB H3MCHE-
HUI y aHTOJIBCKOTO, KaBKa3CKOTO, YJIETEHCKOro M IMMWHXaWCKOro moaBuaoB. Kpome omepoHa
mtnKADCB Ttakke npowusoriuia snuMuHaius reio BZ18 137 u BZ18 138 (o renomy Y. pestis
Pestoides F). B renome Y. pestis CO92 no mecTy neieluud COXPaHWINCh UHTAKTHBIMH TCHBI
hxuB u YPO3249, cootBercTBytomme renam BZ18 131 u BZ18 139 y Y. pestis Pestoides F.
VYTpaTta 3TOro peruoHa MorJia MPOU30UTH B PE3yJbTaTe JACITCILHOCTH MOOUIIBHBIX T€HETHYEC-
CKHX 3JIEMEHTOB Wi (haroB. Takke JJIs BCEX IMTaMMOB YYMbI B OTJIHYHE OT IITAMMOB IICEB-
N0TyOepKyJe3a BhISIBJICHO OTCYTCTBUE T'eHa 1,2-AUTUAPOKCH-3-KETO-5-METHITHOIICHTCH THOK-
cureHasbl YPTB0876, koTopoe Takke MOKET OBITh CBS3aHO C HK3MEHCHHUSAMU B ITYTH YTUIU3AIUN
meTroHNHA. ClleyeT 3aMeTuTh, 9To yTpata reHoB MNKADCB ¢epMeHTOB, KaTamu3upyONIX
pEaKIuy 3TOTr0 MyTH CHHTE3a METHOHHUHA, MPOU30IILIa KaK B TeHOMAaX IITaMMOB OCHOBHOTO TIO/I-
BUJIa, ayKCOTPO(HBIX M0 METHOHHHY, TaK M y MTaMMOB Y. PeStiS anTaiiCkoro U ruccapckoro
OMOBapOB IEHTPATHLHOA3UATCKOTO MOJIBU/IA, IS KOTOPHIX JOKa3aHO OTCYTCTBHE TOM ayKco-
Tpoduu. ITO TMO3BOISAET MPEANOIOKUTh OTCYTCTBUE BIUSHUS BBISIBICHHON /TSN HA H3Me-
HCHHE MUTATEILHOW MOTpeOHOCTH Y. PestiS B OTHONICHHH METHOHHMHA. YTO KacaeTcs yTpaThl
reHa 1,2-IuruapoKcu-3-KeTo-5-MeTHITHONIEHTeH quokcurerassl YPTB0876 B renome Y. pestis,
TO MPUCYTCTBUE 3TOH MYTaIlUU Y BCEX COBPEMEHHBIX IIITAMMOB TOBOPUT 00 OTCYTCTBUU €€ BITHU-
SIHUS Ha aJanTalHio0 pa3HbIX MOMYJIAIHUA K YCIOBHUSAM Pa3HBIX MPUPOJIHBIX OMOIIEHO30B.

Buocunmes yucmeuna. Kax v METHOHWH, IMCTEHH SBIISIETCS CEPOCOACPIKAIIECH aMHHO-
KHUCIIOTON U TECHO CBSI3aH ¢ 0OMeHOM cepbl U MetroHuHa (PucyHnok 3.6). M3BecTHO, 4TO B pe-
aKIUAX TIePexoJia OJJHOM aMHUHOKHUCIIOTHI B JIpyryro (0OpaTHBIA MyTh TPaHCCYJIb(MUPOBAHMUS)
NPUHUMAIOT y4acTHUEe [MCTAaTUOHWH-P-CHHTA3a W UCTATUOHWH-Y-JIMa3a: UCTaTHOHUH-[3-CUH-
Taza yCKopsieT 00pa30BaHKE IUCTATHOHMHA 32 CUET KOHJEHCAIMu L-roMoIucTenHa u cepuHa,
TOI/Ia KaK MMCTATHOHUH-Y-JIMAa3a KaTaIU3UPYyeT CUHTE3 IIMCTEHHA U3 nucTarnonnHa [Guédon,
Martin-Verstraete, 2006]. Kak ynomsiHyTo BBIIIE, Y ITaMMOB Y. PEStIS OCHOBHOTO TIOJIBUIA TSH

OUCTAaTHOHHNH B'CI/IHTaSa metB HApYIICH B PC3YJIbTATC CABUI'd pAMKHU CYUTBIBAHHA. Yro kacaercs
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reHa [UCTAaTUOHUH Y-JIMa3bl, TO TOMOJIOTHYHBIE MTOCIIE0BATEILHOCTH ObLIIM OOHAPYKEHBI HE Y
Bcex mpencrtaBurenedl poma Yersinia. Ilpu cpaBaenun rena UPtH Y. enterocolitica subsp.
enterocolitica 8081 (AM286415.1) Hamu ycTaHOBIIEHA HACHTHYHOCTD STHX MOCIEIOBATEIBHO-
creit 81,53-99,56 % npu nokpeituu 97—-100 % y Y. enterocolitica, Y. aldovae, Y. kristensenii,
Y. frederiksenii, Y. canariae, Y. hibernica, Y. rohdei, Y. mollaretii, Y. alsatica, Y. bercovieri, Y.
aleksiciae, Y. intermedia, Y. massiliensis, toraa kak y Y. pseudotuberculosis u Y. pestis Obutn
BBISIBJICHBI JIMIIIb HEOONbIHE cCXOAHBIE 00sacT 3Toro reHa (10 % mokpeitue, 81,67 % unen-
TUYHOCTB). M3 3TOro MOXXKHO 3aKJIIOUHUTh, YTO B PE3YJIbTaT€ MYTAllMM B T€HE IIUCTATUOHUH-Y-
nuassl UPtH Bo30ymuTens nceBnoTyOepKyiie3a yTpaTuil ClIOCOOHOCTh KaTalu3upoBaTh CUHTES
[UCTENHA U3 IUCTATHOHNHA, OJTHAKO COXPAHIII CTIOCOOHOCTH IEPEBOIUTH ITH CEPOCOIEPIKAIIINE
AMUHOKUCJIOTHI OJTHA B JIPYT'YIO 33 CUET aKTUBHOCTHU ITUCTATHOHUH-P-CHHTa3bl. UTO Kacaetcs
BO30YyIUTENS YyMbI, TO OH YTPATWJI U BTOPOH MyTh MEPEX0/1a MEXKITY aMUHOKHCIOTaMU TI0 TIPH-
YUHE CBUTAa PaMKH CUUTHIBAHUS T'eHA IUCTAaTHOHUH-P-cHHTa3a MEtB, B pe3ynprare 4ero myTu
CUHTE3a METHOHMHA M UCTeHHA Y. PeStiS CBsA3aHbI TOJHKO OOIUMHU METa0OIUTAMH.

Panee B MeTaboMyeckoM IyTH CHHTE3a IMCTEHHA B reHe CYySH, komupytomeM ¢ocdo-
aneHosuHdpochocyaphar peaykrasy, y mramma Y. pestis CO92 Obuta BBISBICHA JECHUS
BOCHMH Iap ocHOBaHwMii (B mo3uiusax 463—470 ot Hauana rena) [Parkhill et al., 2001], mpucyt-
CTBYIOIIIAsl, KaK 0Ka3aJI0Ch, Y BCEX IITAMMOB BO30YyAUTENs 4yMbl. CIBUT paMKH CUYUTHIBAHUS B
ATOM T€HE MPHUBEN K HEBO3MOXKHOCTH CHHTe3a cynbduta u3 pochoanenosundocdocynbdara,
MOJIYYEHHOTO B XOJIe Mpeodpa3oBaHuil Cynb(}aToB, MOTydaeMbIX OaKTEPHAIBHOU KIETKOU M3
OKpyxaromieit cpenpl. M3-3a orcyrcTBus cydctpaTta s CynbPUTPEIYKTa3bl, KJIETKA BBIHYX-
JIeHa UCIOJIb30BaTh JIPYTUE CEPOCOAEpIKAIINEe COCIMHEHUs, TAKHE KaK THOCYJIb(aT U aJKaH-
cynbdoHaThl. B cBsi3u ¢ pasHOOOpazuemM HEOOXOAMMBIX JJII CHHTE3a IIUCTEUHA CyOCTpaToB U
(hakTOM HE3aBUCHUMOCTH POCTA HEKOTOPBIX IITAMMOB OT IPUCYTCTBUS B CpeJie IIMCTEUHA HAPY-
nrenue B rene CysH Y. pestis He ABAsSCTCS MPUYMHON ayKCOTPO(YHOCTH MO 3TOM aMUHOKHCIIOTE.
Hamu myist ycraHOBIEHUS IPUYHUH AYKCOTPO(YHOCTH IMITAMMOB BO30YIUTENSI YYMbI B OTHOIIICHUHN
[IMCTeUHA ObUTH MPOAHATM3UPOBAHBI HYKJICOTHUIHBIC MOCIEIOBATEILHOCTH 59 T'e€HOB, OTBET-
CTBEHHBIX 32 METa00IM3M cepbl U cuHTe3 nuctenHa (Tabnuma 3.2). Pe3ynbrarel cpaBHEHHS HYK-
JICOTUTHBIX TTOCJICIOBATEIILHOCTEN TeHOB MeTaboIM3Ma cephl U IUCTEUHA, a TakKe (eHuIana-
HUHA, TPEOHHHA, METHOHHHA, JICHI[MHA U mpoJinHa 86 rmrraMMoB Y. PestiS anTuuHOro OMoBapa u

Y. pseudotuberculosis IP 32953 npexacrasiieHs! B Tadmuie 3.4.
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Ta6Jmua 34— CpaBHeHI/Ie H3MCHYHMBOCTH I'CHOB, YHACTBYIOIIINX B OMOCHHTE3€¢ AMUHOKHUCIIOT y

mramMmoB Y. PestiS anTuaHOro OMoBapa pa3HbIX (HUIIOTEHETHYSCKUX BETBEH

. MyTanus, Ho3unus
I'en Koaupyemblii mpoaykT OT Hauana reHa™ dunoreHeTuyecKas
BETBb, ITAMMBI
1 2 3 4
DeHWIATAHUH
0.ANT2, 0.ANT3,
0.ANTS5, 1.ANT,
YPO3281 XOPHSMATMYTa3a® urcepis 1S100 2. ANT2, 2.ANTS3,
pheA npedenaTaeruaparasa 3 ANTL 3 ANT?
4. ANT
Tpeonun
YPO1357 C—A (680) .
ltaA TPEOHHHAJIB10J1a3a Gly—Asp 2.ANT2 (Kuraii)
MeTHOHWH, IIUCTEHH U 0OMEH Cepbl
YPO3722 S-MeTmiteTparuapodoat- uncepuus 74 mH. | 4. ANT (Monronus, Pec-
metH TOMOLIMCTEMH METHATpaHchepasza (2937-3010) nyonauka Anraii)
YPO0278 C—T (467)
metC UCTEUH-S-KOHBIOTUPOBAaHHAS -TTH- Pro—Leu LANT (Kenus)
YPO3006 aza G—C (1139)
metC Ser—Thr 2.ANT
YPO3384 G—A (475)
mtn aJICHO3MJITOMOLIMCTEHHHYKIIC031 1232 Ala—Thr 1.ANT (ZIPK)
4. ANT (Mowuromnus, Pec-
YPO3011 | S-cynbdo-L-mmucrenn cunaraza (O- nenenyst 52 1.H. nyonuka Aurait, Y. pestis
cysM aretni-L-cepuH3aBucumast) (734-785) M-1944, Y. pestis 209 u3
PecniyOnuku ThiBa)
Jenenns 3 ILH.
(547-549) 0.ANT3, 1.ANT
YPO0182 cyOcTpar-cBsA3bIBAOIINN O€I0K nenenus 91 n.H.
SSIA TPaHCIIOPTHOI CUCTEMBI TaypHHA (616-705) LANT (Kemm)
nenenus 18 m.H.
(1042-1059) LANT (JIPK)
0.ANT1-2.ANT2
3.ANT1, 3ANT2, 4. ANT
uHceprus 30 11.H. (Y. pestis 2060, Y. pestis
6 ) 56 KM932 u3 PecrryOnmku
tpossze | oo e T
SSUA Y p p 2.ANT3, 4. ANT (Mos-
CTEMBI
ronus, PecryOnuka An-
uHcepuus 15 m.H. Taii, Y. pestis M-1944,
Y. pestis 209 u3 Pecny6-
Ky ThiBa)
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[Tponomxenue Tabauusr 3.4

1 2 3 4
nenenus 36 1.H. Jluaus 1 (LLANT, 1.0RI,
(655-690) 1.INT)
YPO3372 | ¢naBonpOoTEHHOBBIN (.-KOMIIOHEHT nexenus 18 1.H. 0.ANT1 -0.ANT5
cysJ cyneputpenykraszsl (HAJIDOH) (673-690) 2.ANT1 -4 ANT
G—T (369)
Glu—Asp 3.ANT2
nepmeasa ABC-tpancnoprepa no- A—T (638) 2.ANT3 (Buytpennss
YPO4110
JISIPHBIX @MUHOKHCJIOT Gln—Leu MoHuroswst)
npeznonaraemas nepmeasa ABC TC (35) 4. ANT (Y. pestis 2060,
YPO1319 TPaHCIIOPTHOM cucTeMbl D- Y. pestis KM932 u3 Pec-
Val—Ala
METHOHHHA nyOsinku TriBa)
MpEe/IIoIaraeMblii CyOTpaT-CBsI3bIBa- B
YPO4111 IOIIHIA OETTOK TPAHCIIOPTHOH CH- z[eneum19933) . (1 1LANT
CTEMBI MOJIIPHBIX AMHHOKHUCIIOT
YPO3625 JeNenus S 1. H.
ssuD TKaHCYTb(POHAT MOHOOKCUTECHA3a (901-905) 0.ANT?2
YPO2965 | cyOwmenunanma A aHa3poOHOM nTume- G—T (1172)
2.ANT
dmsA TUJICYTb(MOKCUA-PETYKTA3bI Arg—Leu
YPO0079 CyOCTpaT-CBsA3BIBAIOIINI OETIOK } GA (88) 3.ANT2_ (Y. pestls_ 137
cynbhaT/THocyab(ar TPaHCIOPTHOU (29) Berlin, Y. pestis 236
sbpl Asp—Asn
CHCTEMBI (22))
JleuuH
YPO0533 nexenus 11 1.H.
leUA 2-M30TPONTMIMATaTCUHTA32a (1409-1419) 0.ANT5
4.ANT (Mownromnus, Pec-
YPIS[?BSBZ 3-M30MponuIManaT AeTuAporeHasa G—A(98) myGamua Agrait, Y. pestis
P ACTHAD Arg—His M-1944, Y. pestis 209 u3
PecniyOnuku TwiBa)
YPOO0530 | mainas cyObeauHuUIA 3-H30MPOITHII- G—A (157)
1.ANT
leuD MaJIaT JIETH/IpaTa3bl Gly—Ser
IIpoun
YPO1851 o-1-nupponun-5- GA (8)
poaA KapOOKcHIIaTAeruIporeHasa (pery- 1.ANT
Ser—Asn
nstop TpaHckpunimu RHH-tumna)
C—-T (149)
YPO3222 riTyTamaT-5-KiuHa3a Ser—Phe HANT UIPE)
proB YT 1100 1.ANT (Y. pestis
Nairobi)
YPO.1781 MPOJIMH UMHUHOIIETITH1a3a 1S100 LANT (Y' pestis
pip Antiqua)

* KoopauHathl yka3zaHbl 110 TiocienoBarenbHocTsM renoB Y. pseudotuberculosis IP 32953

(cepotum I) (Ne nocryna GenBank: GCA_000047365.1).

[To pe3ynbpTaTaM cpaBHEHHS MTOCIEA0BATEIEHOCTEN T€HOB TPAHCIIOPTHBIX OEITKOB U (ep-

MEHTOB, YYaCTBYIOIIMX B OOMEHE CEPhI U CHHTE3€ [IUCTCHHA U METHOHMHA, Y ITaMMOB Y. Pestis
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¢dunoreHeTHUECKUX BETBEH aHTUYHOTO OMoBapa B 14 reHax BbIsIBICHO 19 MyTanuii, mpuBoas-
MUX K WM3MEHEHUIO aMUHOKHCIIOTHON TOCTEeNOBaTeNbHOCTH Oenka (JeNerun, WHCEPIIHH,
NSSNP) (Tabmuna 3.4). Kpome Toro, y OOJIBIIMHCTBA TPYMI MITAMMOB BBHISIBIICH XapaKTEPHBIH
Ha0Op MyTanui, KOTOPBII MOXKET OBITh UCTIOJB30BAH KaK JJISi yCTAHOBJICHUS MPUYHH ayKCO-
TPO(HOCTH TI0 IUCTEUHY, TaK U I quddepeHmanum 3Tux GunoreHeTnyeckux BeTse (Tad-
numa 3.5).

AHanu3 MoJy4eHHbIX JaHHBIX YKa3bIBAeT HA TO, YTO KPOME OOIIETOo JJIs BCeX MTaMMOB
BO30YIUTENS YyMbI CIBHTa paMKH CUMTBHIBaHUs B reHe CySH, y mrammoB Y. pestis Bcex ¢uiio-
TeHETUYECKHUX JIMHUA aHTUYHOTO OMOBapa MPHUCYTCTBYIOT MyTallMu B reHax SSUA (Koaupyet
cyOcTpaTt-cBsI3bIBAIONIUI 0€JI0K CyJIb(OHATHON TPAaHCTIOPTHOU CHUCTEMBI) U CYSJ (KoaupyeT o-
KOMIIOHEHT Ccyib(puTpenyKkrasbl). HapyieHnue cTpykTyp 3TUX T'€HOB y BO30ynuTeNs YyMbI (a
umeHHo y Y. pestis KIM10+ u Y. pestis CO92) o cpasaenuto ¢ Y. pseudotuberculosis IP 32953
ObuTo ycranosieHo panee [Chain et al., 2004], ograko npu cpaBHEHUH TOCIIEAOBATEIBHOCTEH
ATUX F'€HOB BHYTPH aHTHYHOTO OMOBapa HaMU BBISIBIICHBI Pa3IUYHbIC BAPUAHTHI MYTAIIU, CBSI-
3aHHBIE C Pa3HBIM KOJUYECTBOM HYKJICOTHUIOB, MOJBEPTIIUXCS ACTEIUU WIKH UHCepIu. Tak, y
Y. pseudotuberculosis IP 32953 B rene CysJ HaOJIIOIAIOTCS TPH MOBTOPA MOCIEIOBATEIIEHOCTH
JUIMHOM 18 I.H., TOTJ]a KaK y MTaMMOB aHTUYHOT'O OMOBapa MPUCYTCTBYET JINOO J[Ba MOBTOPA
(memeuust 18 m.H. y Bcex rpynm, kpome 1.ANT), nu6o ogun (menernus 36 M.H. y MITaMMOB
1.ANT). I'en SSUA BO30YyIuTEINISI YyMBI PETEPIIET OOpaTHBIE U3MEHEHUS!, HAKATIUBAsI TOBTOPSI-
IOIIKMeCs MmocieaoBaTeIbHOCTH AnuHor 15 m.H. B rene Y. pseudotuberculosis IP 32953 conep-
YKHUTCS TOJIBKO OJMH MOBTOP JUTMHOM 15 1.H., y OOJBIIMHCTBA ITaMMOB Y. Pestis mpucyrcTByer
Tpu nostopa (nucepuus 30 m.H.), y mrammoB BeTBU 2.ANT3 u3 Kuras, Poccun, Monronuu u
4. ANT u3 Monrosmu, Peciyonuku Antaii, Pecriyonmku Teia (Y. pestis M-1944 u 209) npu-
CYTCTBYIOT TOJIBKO JBa MoBTOpa (MHcepuus 15 m.H.). BeposiTHO, MyTaliuu B 3TUX T€HAX MOTJIA
MPUBECTU K OTCYTCTBUIO CEIEKTUBHOTO JABIICHUS HA COXPAHEHUE MEJIOCTHOCTH JAPYTUX KOJH-
PYIOILINX TOCIEeI0BATEIbHOCTEH MPOTYKTOB, yUYAaCTBYIOIIUX B CHHTE3€ METHOHHHA, IICTENHA U

B 0OMEHE Cepbhl.
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Ta6nuna 3.5 — XapaktepHblit npoduib MyTamuii taMMoB Y. PestiS pa3Hbix GUIOreHeTHYECKUX BETBEH aHTHYHOIO OMOBapa B reHaX CHHTE3a

nuCcTenHa, MCTUOHHHA U oOMeHa CCPLI

[ [06] (o] ~~ ) —_~ —_~ —~ —_ -~ —~ T
N Q (= : : = = = = [+ : Z

i SE| 3&| Z = = z E = = = = Z = iO' = 2a 3& 5 a3
S 22822 8 | 2] 2 e« |zl ®le x| 9|0 |az3zdz 2| &
+ n »n| < + i £ - P - o - c i < W n wn|l £ ~
< > K| > wn| = N N ~ < < < < ~ ~ o 2 O %l O % < P
T |lo&l g ¢ < < Q < < < —~ — P S | gg el 5 —
T | @ o £ 7 > @ 2 ‘% ‘% 2 2 > o | > = re
= = S A A @ @ 2 * o o o > S =1

0.ANT1 + +

0.ANT?2 + + +

0.ANT3 + + +

0.ANT5 + +

1.ANT (IPK) + + +
1.ANT (Kenns) + + +

2.ANT1 + +

2.ANT?2 + +

2.ANT3 + + + +

3.ANT1 +

3.ANT?2 + + +

4 ANT*3 + +

4 ANT*4 + + +

4 ANT*® + + + +

*1 myrarus B rene YPO4110 xapakrepHa s mraMMoB u3 Kuras, oonactu Bayrpenneit Monronuu (171 (256), 172 (257), 173 (258)); *2 myrarus
B rere Spbl xapakrepna s mrammoB 137 (19), Berlin, 236 (22); *3 rpynna mtammoB 4. ANT u3 TeiBet (2060, KM932); *4 rpynna mtammoB 4. ANT u3
Pecnyonuku Teia (M-1944, Y. pestis 209); *5 rpynna mrammoB 4. ANT u3 P® (PecniyOnuku Anraii) 1 MoHTOIMH
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YacTb BBISBIEHHBIX MYTallUid MPHUCYTCTBYET B IeHAaX, CBA3AHHBIX C TPAHCIOPTOM Be-
IIECTB KJICTKOM M3 BHEIIHEH cpenbl (SSIA, SSUA, sbpl, YPO1319, YPO4110, YPO4111). Hapy-
[ICHUSI B TUX F'€HaX MOTYT OBITh KaK CIIEJICTBUEM yTpaThl (YHKIIMOHATHHOCTU (DEPMEHTOB, UC-
MOJIB3YIOIINUX TPAHCIIOPTUPYEMBIE B KJIETKY BEIIECTBA B KAUECTBE UCXOIHBIX CyOCTPaTOB, TaK U
CaMOCTOSATEIBHBIMU SBOJIIONIMOHHBIMU COOBITHSMH, KOTOpPHIE TPUBEIH K ayKCOTPO(GHOCTU
MITAMMOB IO 1HMcTenHy. Hampumep, myraimusi B TeHe cyOcTpaT-CBs3bIBalOIIEero Oenka SSUA,
YYaCTBYIOLLIETO B TPAHCHOPTE CyJb(ATOB U3 BHEIIHEH Cpeibl, MOIJIA TPOU30MTH YK€ MOCIe
HapyleHus: GyHKIHOHAIbHOCTH pocdoaneno3un dochocynbdar peaykrassl (CysH), yaacTy-
01N B ACCUMUJISIIIUOHHON CyNnb(aTpenyKIu ¢ 00pa30BaHUEM CYJIb(uTa.

Ha ocHoBaHMM JaHHBIX HACTOSIIIETO U paHee MPOBEICHHBIX UCCIIEIOBAHHIMN YCTaHOBJICHO,
YTO rpynna mraMMoB ¢unoreHetndeckoid muHuu 4. ANT HEoZHOpPOJHA B OTHOLIEHUH ayKCO-
Tpo(HOCTH MO LKCTEUHY. B CBSA3M ¢ 3TUM UMEET CMBICI MPOBEACHUE aHAIM3Aa 110 IOUCKY I'eHe-
TUYECKUX MIPUYUH ayKCOTPOPHOCTH B OTHOIICHUH [IUCTEMHA UMEHHO Ha TIPUMEPE 3TON TPYIIIHI
mramMmMoB. Ommpasich Ha GEHOTUITMYECKHE MTPOSBICHUS, TaHHBIC (PHIIOTEHETHYECKOTO aHaIn3a
U CPaBHEHHMSI CTPYKTYp TeHOB mTammbl Y. pestis muuuu 4. ANT Oblin pa3jienieHbl Ha 4 TPYIIIbL:

1) aykcotpodHbie Mo nucTenHy mrammel Y. pestis u3 Pecnyonuku TreiBa (1971 u 1987
IT.);

2) BapuaOebHbIC TI0 ayKCOTPO(HOCTH MO MUCTEHUHY TaMMbl Y. Pestis u3 Pecriyonuku
TriBa (2012 1 2015 rr.);

3) BapuabebHBIC TT0 ayKCOTPOMHOCTH MO MUCTEHHY IITaMMbI Y. pestis u3 Pecmyonuku
Anrait;

4) He 3aBHCSINKE OT IUCTEHHA TaMMbI Y. Pestis u3 MoHroauu.

K nonyssiiuy mTamMMoB, ayKCOTPO(HBIX MO HUCTEUHY, OTHOCATCS IITaMMbI Y. Pestis
2060 u Y. pestis KM932, BbiienieHHbIC HAa TeppUTOpUU TYBUHCKOTO 04ara 4yMbl BO BTOPOH I10-
JIOBUHE TpoNuIoro croserus. IlpeamiecTByromee COBPEMEHHBIM mTamMMam Y. pestiS iauHuu
4. ANT mosoxeHre Ha HBOJIIOIIMOHHOM JIepeBe CONMMKACT ATH IITAMMBI C IPYTUMH (DUIIOTeHE-
TUYECKUMU JTUHUSMU aHTUYHOTO OMOBapa, 0 4YeM TaKyKe CBHIIETEIbCTBYET uHcepius 30 m.H. B
re’e SSUA. Dta MyTalus MpeacTaBisieT coO0i /1Ba MOBTOpA MO 15 M.H. U IPUCYTCTBYET Y BCEX
¢unorenernueckux muHui 0.ANT-3.ANT, Torna kax y apyrux mrammoB tuaud 4. ANT B aTom
y4JacTKe TeHa SSUA COIep)KUTCS TOJTBKO OJMH TIOBTOP UTHHOH 15 1.H. Takke y 3TUX MITaMMOB

BBISIBJIEHA YHUKaJIbHAs MyTallus B TeHe npeanosnaraemoit nepmeassl ABC-Tpancnoprepa D-me-
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truonnHa YPO1319. Cnenyet ckazaTh, YTO 3TH IITAMMBI BBIJICJICHBI B 3aMaJHON YacTu TyBUH-
CKOro ropHoro ouara Ha Tepputopuu Kaprunckoit o6nactu. [lo nurepaTypHbIM JaHHBIM W3-
BECTHO, YTO BapuabeIbHOCTh 3aBUCUMOCTH POCTA B OTHOIICHUH ITUCTENHA CBSI3BIBAIIN C Feorpa-
¢ueii [banaxonos, 2000; Ouumenko, Kyteipes, 2004 ], oJHaKO IUCTEUH-3aBUCUMBIE IIITAMMBI,
HAIpOTHUB, BBIJIEISUIMNCh B BOCTOUYHOM YacTH o4ara, 4To He COOTHOCHUTCS C HAllMMH PE3yJbTa-
TaMH.

K crnexgyrommm 1ByM MOMyNIANUSM OTHOCATCS IITaMMBbI 13 TyBUHCKOTO (BBIEIIEHBI B BO-
crouHoi yactu ouara B XXI| Beke) u ['opHO-AnTalicKoro o4aroB 4yMbl, BapuabebHbIE 1O OT-
HolIeHUIO K mucTeuny. [lItammer u3 TeiBEI 00pa3yroT 000cOOIEHHBIN KiIacTep B COCTaBe 00-
HIEeTo KiacTepa co mramMMmamu u3 PecryOnuku Antait u Monronuu. Bee aTu mtamMmmel 001a1a10T
00IIIMM BapUaHTOM MYTalluK B TeHe SSUA (uHcepuus 15 1.H.), a Takke nenenueit 52 m.H. B TeHe
cysM, koaupyromem S-cynbdo-L-nucrenncunTaszy. B kaduecTBe cyOcTpara sl peakidu 3TOT
depment ucnonszyer O-anerun-L-cepun, coeMHEHHE, HEOOXOUMOE ISl CHHTE3a ITUCTEHHA.
BeposiTHO, neneuus HapylaeT CTpyKTypy 3TOro (pepMeHTa, BCIEIACTBUE UYEro Bech cyOcTpaT
OyZeT UCIoJIb30BaH /I CUHTe3a nucTtenHa. OTHAKO MHTAKTHBIA BapUaHT 3TOTO IeHa MPUCYT-
CTBYET y MPOTOTPOHOro mpenka Bo30yautens aymbl, Y. pseudotuberculosis. Tem He meHee,
BHYTPU MOMYJIAINNA ITaMMOB U3 Anrtasi u TeIBbI HaOmOAaeTCs BapuabeIbHOCTh 3aBUCUMOCTH
pocra mrammoB oT 1ucterna (Y. pestis M-1944, Y. pestis 1097, Y. pestis 50 sBistiroTcst aykco-
TpodaMu), UTO HE MO3BOJIAECT OJTHO3HAYHO OOBSICHUTH BIMSIHUE DTHX MyTalluil Ha ayKCoTpod-
HOCTb IIITAMMOB.

EnuncTBEHHON MONMY IAIMEN IITAMMOB, HE IPOSABIISIBIIEH 3aBUCUMOCTH POCTA OT IPUCYT-
CTBUS B CpeJ/ie LIUCTEUHA, SIBISAIOTCS IITaMMbl BO3OYIUTEIS YyMbl, BbIIEJICHHbIE B IPUPOIAHBIX
ouarax Ha Teppuropur Monronuu B 1988 u 2018 rr. OgHako oTiIMUNiA B HyKJIEOTHIHBIX I1OCTIE-
JIOBATEIBHOCTSIX T€HOB CHHTE3a LIMCTEHHA, METMOHMHA WIM OOMEHa cepbl OT IITAMMOB U3
['opHO-AnNTaliCKOTO OYara HaMu He BBISABIICHO. [[oMHMO ONMCaHHBIX BBIIIE MyTalHid ObljIa BbI-
sIBJIEHA o01Iast 1711 3TOM TPYMIIbI IITAMMOB U IITaMMOB U3 ['opHO-AnTaiickoro ouara uHcepIus
B 74 m.H. B rene metH, xoTtopas Taxke He KOPPEIUPYET C OTCYTCTBHEM ayKCOTPO(PHOCTH IITaM-
MOB.

BrisBiennas BapuabenbHOCTh ayKCOTPO(PHOCTH M0 HUCTEHHY BHYTPH TPYIIIHI IITAMMOB
Y. pestis ¢punorenernueckoi auanu 4. ANT npuBiekaeT BHUMaHHE 110 MTPUIMHE BAKHOCTH 3TOU
AMHHOKHUCIIOTHI JJI MATOT€HHBIX MUKpoopranu3moB. [loaBeprasice BO3AEHCTBUIO OKCHIATUB-

HOTO CTpECCa B OPraHHU3MC MIICKOIIMTAIOIICTO XO34WHA, IIATOICHHBIC 6aKTepI/II/I Bblpa6OTaJ'II/I
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CTpaTeruy 3allUThl C MOMOIIBIO PAZla CEPOCOAEPKAIIMX MOJEKYN (THOPEAOKCHH, MUKOTHOI,
[JIyTaTHOH, THOJbI), B CUHTE3€ KOTOPBIX HEMOCPEACTBEHHOE Y4YacCTHUE NPUHUMAET LIHUCTEUH
[Turnbull, Surette, 2010; Burns-Huang, Mundhra, 2019]. 3HaunMOCTh 3TOM aMHUHOKHCIOTHI
HOIYEPKUBAIOT padOTHI, COTIACHO PE3yIbTaTaM KOTOPBIX MyTallMM B F€HaX CUHTE3a UCTEHNHA
NPUBOJIST K TOBBIMIEHHON BOCIPHHMYHBOCTH K OKHACIUTEIILHOMY cTpeccy mTamMMoB S. typhi-
murium, Brucella ovis, M. tuberculosis [Turnbull, Surette, 2010; Burns-Huang, Mundhra, 2019;
Varesio et al., 2021]. O ponu MeTaboIH3Ma Cepbl B IPUCIIOCOOJICHHN BO30YIUTEIS YyMbI K Me-
HSIOIIMMCSL YCJIIOBHSIM OKpY>Karolel Cpebl CBUACTENbCTBYIOT U3MEHEHHSI YPOBHEH 3KCIpec-
cun reHoB tauABCD, ssuEADCB, cysPUWAM, sbpl, YPO1316-YPO1319 u YPO4108-
YPO4111 Y. pestis B oTBeT Ha OOJBIIMHCTBO SKOJIOTHUYECKHX CTPECCOB (CABUTH TEMIICPATYP,
OCMOTHYECKUH CTpecC, BBICOKAas OCMOJISIPHOCTh M COJIEHOCTb, OKCUJATUBHBIM U KHCIOTHBIN
cTpecc, HU3KHMi yposenb M@?*, sxene3Hoe ronoganue, 06paboTKa aHTUOMOTHKAMH) U CTPEMH-
TEJILHOE TMOTJIONICHHE CYNIb(aToB U3 cpeapl KiaeTkamu Y. Pestis mpu Bo3IeHCTBIE Ha HUX OKCH-
natusHoro crpecca (H202) [Zhou et al., 2006; Han et al., 2007]. BeposiTHO, BBISBIEHHAS Bapu-
abeNpHOCTh ATOTO MPHU3HAKA y IITAMMOB BO30yauTeNs 4yMbl 13 [ 'opHOTO AnNTast SIBISIETCS CIe-
CTBUEM aJaNTallUU K YCIOBHSIM MECTHBIX OMOIIEHO30B.

Buocunmes neiiyuna. B Hamem ucclieJOBaHUN 3aBUCUMOCTH POCTa MITaMMOB Y. pestis
OT IIPUCYTCTBUSA B cpefie JeiuHa Obuia BeisiBieHa y rpynn mrammoB 0.ANTS u 1.ANT. ns
OTpe/ieNIeHNs MPUYUH BbISBIEHHBIX MOTPEOHOCTEN OB MPOBEIEH CPAaBHUTEIbHBIN aHANIN3 Te-
HOB IIVE n leUABCD, ipoyKThl KOTOPBIX YY4aCTBYIOT B CHHTE3€ 3TOM aMHUHOKHUCIIOTHI (PrucyHOK
3.7). B pe3ynbTate CpaBHEHHS MMOCIIEI0BATEIBHOCTEH HaieHa nenenus 11 m.H. B reHe 2-u3o-
nponwiManarcuHTasbl leUA (o3unusix 1409—1419 ot Havana reHa), yHUKaIbHAS JIJIS ITAMMOB
Y. pestis pumorenernueckoit BetBu 0.ANTS. BeposTHO, uTO HapyiieHne (yHKIHMOHATbHOCTH
3TOro (hepMeHTa BCIEACTBHE CIABUTA PAMKH CUMTBHIBAHHS MPUBEIO K ayKCOTPO(PHOCTH ITHX
IITAMMOB B OTHOIIICHHUH JICHIIMHA. Tak ke B HYKJICOTHIHOM MocienoBareabHOCTH TeHa leuD,
KOAMPYIOUIETO Mallyl0 CYObeIMHUIlY 3-M30mponuiMalaTiAeruaparasbl, BbisiBiIeHa nsSNP
(G—A B mo3unmu 157 ot Hauana rena, Gly—Ser), xapakrepHast [yt mramMmmoB Y. pestis ¢uto-
reHeTudeckor muHun 1.ANT. MoxHO TIPeAnoa0oXuTh, YTO CMEHA TIUIIMHA Ha 00Jiee pa3BEeTB-
JICHHBIM CEpUH C AOMOJHUTENBHON TUAPOKCUIBHOMN IPYNIION MOTJa U3MEHUTh KOH(OpMAIUIO
3TOro (pepMeHTa U MOBJIUSTH HA €T0 AKTUBHOCTbH, YTO MOTJIO Obl O0OBSCHUTH C1a0bIi POCT Tra30-
HOB IIITAMMOB Ha cpejie 0e3 einHa. Takke cleayeT OTMETHTb, YTO y TPYIIIBI ITaMMoB Y. Pes-

tis pumorenernueckoit muaun 4. ANT (kpome mrraMMoB u3 TwIBBI, BbiAeIeHHBIX B 1971 u 1987
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IT.), HE SBJSIFOLIMXCS ayKCOTPO(aMu Mo JICHIMHY, B TeHE 3-M30NPONUIMAIATICTHIPOTreHA3bI
leuB mpucyrcrByer nsSNP (G—A B no3urun 98 ot Havyana rena, Arg — His) [Epomenko u np.,

2018], uro cBUAECTEILCTBYET 00 OTCYTCTBHH BIMSHHE 3TOH MyTallMK Ha aKTUBHOCTH (DEPMEHTA.

23 0TIp OTTT-
MAanaT (2R 38)-3-
TPOO330(lenl)| - TPOO330lenl)| (© ME0TpOmTT-

YPO0531¢leuC) YPO0531{leuC) MATAT
POO532leul

(28)-2-
0T 0TIV ATAT Z—

{28)-2srzomporm-3- +
OKCOCYHEIHHAT
o CIIOHTAHHO
2-0KCOMI0EATepaT Fp—
OKCOMEHTAHOAT

YPO3899(inE)

A O

L-nefmme

Jenenns 11 n.H. (1409-1419) nsSNP (157)
IIItamMer 0.ANTS ITTtamMmmer 1.ANT

leuAd leuB leuC leuD

% ) Y —

L o o o [ [ | oo o o o |

PestoidesF (0.FE)

R RN R Y B i Y A R RN Y R Y Mtima ‘l.ANIJ
PeatoidesF (0.PE) Congo Logo (1.ANT)
14-164¢ (0.ANTS) Kenya Osala (1.ANT)
43 (0.ANTS) Kenya To-To (1.ANT)
Antiqua (1.ANT) Kenya Ackliora (l.ANT)
C0%2 (1.0RI) 102 Kenya (1.ANT)
KIMLO (2.MED1) €092 (1.0RI)
KIM1O0 (2.MED1)

b

A — MeTaboJIM4eCcKuil MyTh CUHTE3a JIeHIMHA Y. PEStiS (KpaCHBIM [IBETOM OTMEUCHBI
TeHbl C OOHAPYKEHHBIMH B paMKaX HACTOAIIETO UCCIIEeI0BaHUS MyTallUsIMU, XapaKTePHbIMU
JUTSL IITAMMOB aHTHYHOTO OMoBapa); b — myraruu B renax onepona leUABCD mramMmoB
Y. pestis Bereii 0.ANTS u 1. ANT antudnoro 6muoBapa (BU3yaln3upoBaHbl B IPOrpaMMe
Mega 7.0., koopaAuHaTBl MyTallK IPUBEJICHBI OT Hayaja reHa)
Pucynok 3.7 — 'eHeTnyeckas K3MEHUMBOCTh META00IMYECKOr0 MyTH JIEHIIMHA ITAMMOB

BO30YAHTENS YyMbl aHTUYHOTO OHOBapa



83

Buocunmes nponuna. J1na onpejeneHrs reHETUYECKON MPUYMHBI BBISIBJICHHON ayKCo-
Tpo¥H B OTHOIICHUH MPOJMHA Yy mTamMMoB Y. pestis ¢pumorenerndeckoit muaun 1.ANT Obu10
IPOBEACHO CpaBHEHHE IIOCIIEI0BAaTEILHOCTEH TeHoB PoaA, proABC, pip MeTabonmyeckoro
nyTy 3ToM aMuHOKHUCIOTH (Pucynok 3.8). Tak, y Bcex mTaMMOB ATOW TpyMIbl OOHAPYXKEH
nsSNP (G—A B nmo3umuu 8 ot Havasa rena, Ser—Asn) B rere PoaA §-1-mupponun-5-kapbokcu-
JATACTUIPOTCHA3BI, ABIISIOIICHCS TaKkke peryaaropoM Tpanckpumnuu RHH-Tumna. B rene proB,
KOAWPYIOWEM TiryTaMHuH-5-kuHa3y BbisABIeH nsSNP (C—T B mo3umuu 149 ot Havana rena,
Ser—Phe), xapakTepHbIii TOJIBKO I TPYIIIIBI ITAMMOB, BbiesieHHbIX B JIPK. Takxke mpu aHa-
nau3e TeHoMoB ITamMmoB Y. pestis Antiqua u Y. pestis Nairobi B reHHBIX MyTsIX MpoJIMHA yCTa-
HOBJICHO IIPHCYTCTBHE MOOMIBHBIX 3yeMeHToB 1S100, Hapyimaromux CTpyKTYphl T€HOB PIp U
proB cooTBeTCTBEHHO, B TO BpeMsl Kak B IpyTUX reHoMax Y. Pestis ananu3upyemMoi rpymiisI 1mo-
NOOHBIX SIBJICHUW HE BBISIBICHO. TakuM 0O0pa3oM, HECMOTPS Ha MPUCYTCTBUE MYyTallMi B T€HAaX
OMOoCHHTE3a MPOJIMHA, €IUHON MPUYHHBI, OJJHO3HAYHO OOBSICHSIONIEH ayKCOTPOPHOCTh B OTHO-
IIEHUH 3TOM aMUHOKUCIIOTHI, BBISIBUTH HE YAAJIOCH.

Tmyramar

O4———

YPO3222{proB)

Lrmyrarom-F O

YPO3221{prod)

YPOI83 I {poad)

. . [Tpomm
L-rmyTamar-3- P, T— - TPOOS42{proC) O F

CEMMATETETH —

5-wapboKcHIaT

YPOI781(pip)

IMerrmam

KpaCHBIM OBETOM OTMCYCHEI I'CHEI C BBIAABJICHHBIMU B paMKaX HACTOAIICTO UCCICA0OBAHUSA MY~
TalUsAMHA, XapaKTCPHBIMU IJI IITAMMOB aHTUYHOT O 6I/IOBapa

Pucynok 3.8 — MeTabonuueckuii myTh CHHTE3a MpoirHa Y. Pestis

Takum oOpa3oM, MPOBEIEHO H3yYCHUE OMOXUMHUUYECKUX CBOMCTB 38 mrammoB Y. pestis

OCHOBHOTO TMOJIBUJIa aHTUYHOTO OMOBapa M3 pa3IMUHbIX 04aroB mupa nepuoaa 1928-2020 rr.
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Bce n3ydenHble mTamMmbl 0o0dajand TUINUYHBIMU JJI LITAMMOB AHTHYHOrO OuoOBapa CBOMi-
CTBaMH, a UMEHHO JICHUTpU(UKaLMel, pepMeHTaLEN IIMLepruHa U apaOuHO3bI IPU HECTIOCOO-
HOCTH YTUJIM3UPOBATh PAMHO3Y M Menuouo3y. Ilpu nmpoBeneHnn GpuioreHeTuyeckoro aHaan3a
YCTAHOBJIEHO, YTO B3AThI€ B HCCIEAOBAHUE IITAMMBI BO30YIUTENS YyMbl IPUHAJIEXKAT K PUIIO-
renetndeckum BeTBsiM 0.ANT3, 0.ANTS, 1.ANT, 2.ANT3, 3.ANT2, 4. ANT. Ilo pe3ynbTaTtam
U3yYEHUS MUTATEIbHBIX MOTPEOHOCTEH IITAMMOB KaXJ10M (PMIIOreHEeTHUECKOM BETBH YCTaHOB-
JIEHO, YTO IOMUMO TPEX aMUHOKHUCIIOT (TPEOHNUH, METUOHHH, (PEHIIIAJIAHUH ), HEOOXOJUMBIX TSI
pocTa ITaMMOB OCHOBHOTO MOJABHU/A, /Ul MOJTHOLEHHOIO POCTa YaCTH IITAMMOB TakXe HeoO-
XOJIMMO TPUCYTCTBUE B cpeje JIeHLMHA, IPOJuHa U IUcTerHa. [Ipyu n3ydeHun NUTaTeIbHbIX
norpeOHocTel mramMmmoB TUHUM 4. ANT U3 pa3HbIX reorpapuueckux pailoHOB yCTaHOBJICHA Ba-
prabenbHOCTh 3aBUCMMOCTH POCTa KYJIBTYp OT MPHUCYTCTBUA B cpeiie nucrenHa. Heonnopon-
HOCTbH Tpymibl mtammoB Y. pestis muann 4. ANT B OTHOIICHUN 3aBUCIMOCTH POCTA OT IIUCTEHHA
MOJKET OBITh CBsI3aHa KaK C 3aKOHOMEPHBIMHU HBOJIIOIMOHHBIMU ITPOLIECCAMHU, TPOUCXOASIIUMU
BHYTPU BUJA BCIEACTBUE MPUCTIOCOOIEHUS K MAPA3UTUUECKOMY CYILIECTBOBAHUIO, TAK U C ajarl-
Tale K KOHKPETHBIM JIaHAAapTHO-TeorpapudeckuM yciaousMm. Hannuue aykcorpodHocTH
10 KOMIUJIEKCY TUTATENIbHBIX MOTPEOHOCTEN M HaTMYle MHOKECTBEHHBIX MYTAllUi B T€HaX Me-
TaOONMYECKUX MyTel aMHHOKUCIIOT TPEOHWHA, METHOHWHA, (peHMIIallaHUHA, [TUCTEHHA, JIeH-
L[MHA, [IPOJIMHA, a TaKXe oOMeHa cepbl CBUJETENbCTBYET O ACTPaJallMi TeHOMa BO30YyIUTeNs,
HEBO3MOXKHOCTH CaMOCTOSITEIIbHOTO CYIIeCTBOBaHUs Y. PestiS aHTUYHOro OHoBapa B MPHUPO/I-
HBIX OMOLIEHO3aX M HEOOXOAMMOCTH HCHOJB30BAaHUS IPYTMX OPraHU3MOB, MHUTATEIbHBIE pe-
CYPCHI ¥ BBICOKAsi YUCIEHHOCTh KOTOPBIX 00E€CIIEUNT COXpAaHEHUE U PAa3MHOKEHHE BO30OYTUTEIIS.
Taxoke aHamu3 METa0OIUYECKUX MyTeH CHHTE3a aMUHOKHUCIIOT IO3BOJIMI BBISIBUTH PsiJl 3aMEH,
BIUSIOIMX Ha (QYHKIMOHAIBHOCTh (PEPMEHTOB, KOTOPhIE MOTYT ObITh UCIIOJIb30BAHbI B Kaye-
CTBE TEHETUYECKUX METOK JUIS THIUPOBaHUS U AuddepeHranyuy mraMmmoB Y. pestis pasmmy-
HBIX (DUIIOTEHETUYECKUX TPYII aHTUYHOro OMoBapa. AKTYyaJlbHOCTh U3YUYEHUS T€HETUUYECKUX
XapaKTePUCTUK MITaMMOB Y. Pestis moauepkuBaercs: 00bsiBiacHHOM B 2022 1. BcemupHO# opra-
HU3a1uen 3npaBooxpanenus 10-neTHe cTparerneit rao0albHOr0 TEHOMHOTO Ha30pa 3a 1MaTo-

TeHHBIMHU OpraHU3MaMH, CIOCOOHBIMU BBI3BIBATh dMUAeMUH U anaemuu [Carter et al., 2022].



85

3.2 [loayvyeHue peKOMOMHAHTHBIX (IyOpecHeHTHBIX IITaAMMOB Y. pestis
¢pusoreneruueckoii 1uHuU 4. ANT ¢ ncnoabzoBanuem miaasmMmua pTurboGFP-B u

pKatushka-2S

JIiist mpoBeIeH s SKCIIEPHMEHTOB 0 U3YyYCHHI0 OCOOCHHOCTEH nepcucteHimu Y. pestis
[P yYaCTUU WICHOB MOYBEHHOW MUKpOGayHbl, B TOM YKCJE MO YCTAHOBIEHUIO JIOKAIU3alUN
OaKTepUaJbHBIX KIETOK BHYTPU MaKpOOpraHu3Ma, HEOOXOJUMBbI 0COObIE METOJIMYECKUE TOJI-
X0Jpl. TpaulIMOHHBIE 3TAIbI TIPOOOIIOATOTOBKU 00pa3IIoB ISl MUKPOCKOTMPOBAHUS TPEOYIOT
CHEeUaIbHBIX PEAKTUBOB, 000PYI0BaHUS U BpEMEHHBIX 3aTpat. KpoMe Toro, 601bIIMHCTBO Me-
TOJIOB HE TIO3BOJIAIOT MPUKU3HEHHO HAOII0aTh 32 B3aMMOJICHCTBUSMU OpTraHU3MOB. B cBsI3U C
TUM BO3HUKAET HEOOXOAMMOCTh BBEACHHMSI JIETKO AETEKTUPYEMON METKU B U3y4aeMblil OakTe-
pUATBHBIN 1ITaMM, Ojarojapsi KOTOpod OyIeT BO3MOXKHA BHU3yalH3alls KJIETOK OakTepuit
BHYTpH JIpyrux opranu3MoB. HanGomnee npoctbiMu 1 3pPEeKTUBHBIMU B UCTIOJIB30BAHUU SIBJISI-
10TCs (IIyopecueHTHbIE O€JKU, T€Hbl KOTOPHIX BBOJASTCS B OaKTEepHaJIbHbII T'€HOM B COCTaBE
wiazMu. Takum 00pa3oM, CIEAYIOIIUM 3TAallOM HACTOSIIETO MCCIeOBaHMs ObUIO KOHCTPYH-
poBaH#ue ¢uryopecieHTHOro mramma Y. pestiS aHTHYHOTro OHoBapa OCHOBHOT'O ITOJIBH/IA.

JUisi KOHCTpYyHpOBaHUS (PIyOPECHEHTHBIX IITAMMOB HCIOJIB30BAIM JIBa BApHAHTA BEK-
TOPHBIX KOHCTPYKIIMN, HECYIINX JIBa pa3HbIX (ayopecieHTHhIX Oenka. [lnazmuna pTurboGFP-
B (EBporen, Poccust) pasmepom 4103 11.H. ”MeeT B CBOEM COCTaBE I'€H 3€JICHOT0 (PIIyOpECICHT-
Horo Oenka TurboGFP ¢ makcumymom Bo3Oyxaenus/ucnyckanus 482/502 um. [Ipyrum BekTo-
pom crana mazmuaa pKatushka2S-B (Eporen, Poccust) pasmepom 4138 m.H., koTopasi coaep-
JKUT TeH KpacHoro (ayopecrienTHoro Oenka Katushka2S ¢ makcumymom Bo30OykieHus/uciyc-
kaHus 588/633 HM. ABTOHOMHOCTbh KOHCTPYKIMI 00yCJIOBJI€HAa HATMYMEM B HUX TOYKH Hauyaja
permmukauu ColEl. IToMuMo 3TOro BEKTOpHBIE TIA3MUJBI B CBOEM COCTaBE UMEIOT CEJIEeKTH-
BbIil TeH [-JlakTamasbl, 00eCceurnBaoIIe YCTOMUYNBOCTh K aMITULIUIUIMHY, YTO TTO3BOJISIET MPO-
BOJMTH OTOOP 1I€NIEBBIX KOJOHUM OaKTepuil OT IPYruX MUKPOOPraHU3MOB.

B xauecTBe peluIMeHTHOTO UCIOIB30BAIM IITAMM aHTUYHOTO OMOBapa OCHOBHOTO MO/~
Buja Y. pestis 216, Beaenennsiii B 2017 1. ot ceporo cypka (M. baibacina) na Teppurtopun
['opHO-ANTaliCKOTO BBICOKOTOPHOr'O 04ara 4yMbl. KOMIIETEHTHbIE KIETKH IOJIYyYaI 10 METO-
nuke R. Conchas, E. Carniel [Conchas, Carniel, 1990]. ITpoueaypa TpanchopMaiiiu KJIeTOK Me-
TOJIOM DJIEKTPOTIOpaluy ImTamMMoB Y. pestis rurasmuaamu PTurboGFP-B u pKatushka2S-B 6sina

OCYHICCTBJICHA B COOTBCTCTBUU C HHCTpYKHI/Ieﬁ IIPOU3BOAUTEIIA U OIIMCaHAa B COOTBCTCTBYHOIICM
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paznene 2 Marepuansl U MeToIbl. Mopdosorus nmpoueamux TpaHcopMalnio KIETOK U KOJI0-

HUU BO30YIUTENS YyMbl ITPEICTAaBIEHA HA pUCYHKE 3.9.

A — etk Y. pestis KM2083, mmna BostHbI sMuccuu 502 M, yBenuuenue 1500x; b — kinetku
Y. pestis KM2084, niuna BoaHbl aMuccun 633 HM, yBenuuenue 1500x; B — kononuu Y. pestis
KM?2083, nnuna BostHbl SMuccun 502 M, yBennuenue 100x; I' — komonuu Y. pestis KM2084,
JuTHA BOJIHBI dMuccun 633 uMm, yBenuuenue 100x. Mukpockon Axio Imager Z2 (Carl Zeiss,

I'epmanus)
Pucynok 3.9 — Mopdonoruueckre cBoMCTBa KIIETOK U KOJIOHUH 1mTaMMoB Y. Pestis mocie

tpanchopmaruu mwasmugamu PTUurboGFP-B u pKatushka2S-B

[MTony4eHHbIe peKOMOMHAHTHBIC (IIYOPECICHTHBIC MITaMMbI Y. PestiS 1enoHupOBaHbI B
['ocynapcTBeHHON KOJIEKIIUU MaToreHHbIX Oakrepuil Ha 6aze PKVYH «Poccwuiickuii HaydHO-
UCCIIEIOBATEIbCKUI MPOTUBOUYYMHBIM MHCTUTYT «Mukpo0» PocmnorpebHanzopa moja Home-
pamu: Y. pestis KM2083 — coneprxut masmuay pTurboGFP-B; Y. pestis KM2084 — coaepxut
iazmuay pKatushka2S-B.

Ha motHoit nmutarensHolt cpene LB mramMbl GopMUPYIOT KOJIOHUU KENTO-3€JIEHOTO

WJIH PO30BOTO 1IBETA, CTPYKTYpa ¥ MOP(OIOTHs KOTOPHIX HASHTUYHA HCXOJHOMY TamMMmy. [lpu
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IPOCMOTPE MOJIT MUKPOCKOIIOM TOJI IEWCTBUEM ONpPEIEICHHON JJIMHBI BOJHBI KOJIOHUU (IIyo-
pecUMpOBajM, a KICTKH UMEIH BHUJ SIPKO OKPAIICHHBIX OUMOSIPHBIX MAJIOYEK 3€JIEHOTO HIIH
KpPacHOTO IIBETa B 3aBUCUMOCTH OT BCTPOEHHOH B T€HOM ITaMMa Iia3Mujsl. B Oynbone LB
XapakTep pocTa MOJYYCHHBIX PEKOMOMHAHTHBIX MTAMMOB aHAJIOTHYEH UCXOIHOMY 32 HCKIIIO-
YeHHEM CJIa003aMETHOTO 3€JICHOTO MM PO30BOT0 OTTEHKA MPHUAOHHOTO ocazaka. [Ipu cpaBHe-
HUU OMOXMMHYECKHUX CBOIMCTB YCTAaHOBJIEHO OTCYTCTBHE PA3IMYMI MEKY UCXOTHBIM U PEKOM-
OMHAHTHBIMU mTaMMaMu. DITyopeCcIIeHTHBIE ITAMMBI 00JIaJJAal0T YYBCTBUTEILHOCTHIO K OaKTe-
puodaram ncepaotyodepkynesHomy, JI413-C u yymHomy IlokpoBckoii B AMArHOCTHYECKOM TH-
Tpe

OTtcyTrcTBHE BIUSHUS TPaHCHOPMAIIUH IJIa3MUIaMU HAa BUPYJIEHTHOCTh IITAMMOB Y (uIy-
OPECIICHTHBIX W MCXOJHOTO INTaMMOB, a UMEHHO COXpPaHEHHE IETEPMUHAHT BUPYJICHTHOCTU
(o6mactu hms-omepona u iasmuael PpCad) y GayopecieHTHBIX U UCXOJHOTO ITAMMOB, J0Ka-
3aHO 3aBHCHMOCTBIO POCTA OT HAIIMYHKS B MUTaTeIbHOM cpene nonos Ca* mpu 37 °C u croco0-
HOCTBIO COpOMPOBATH MUTMEHT U3 CPeibl, coAepikaiien kpacurensb (Konro kpacusriit). [Ipu npo-
BEPKE BUPYJICHTHOCTH PEKOMOMHAHTHBIX IMITAMMOB IN VIVO METOJOM TIOJIKOKHOTO 3apakKCHUs
OeCIIOpPOTHBIX OEJBIX MBIIICH YCTAHOBJICHO, YTO BCE IITAMMBI BHI3BIBAIIN THOEIB )KUBOTHBIX B
no3ax 1x10° u 1x10* KOE/mn. BekpbITHE NaBIIMX )KUBOTHBIX MOKA3a]10 TUITMYHYIO MATOJIOTO-
AHATOMHUYECKYIO KapTHHY YyMBI, TP ITOCEBE OTIEYATKOB OPTaHOB (PETHOHAPHBIE TUM(POY3ITBI,
Ne4YeHb, CEJIE3€HKa) Ha TUIOTHBIE CpeJibl uepe3 48 4 BBISABISIN OKpalleHHble KoJoHuu. [1pu npo-
CMOTpE Ma3KOB-OTIIEUYAaTKOB OPTaHOB U KPOBH KUBOTHBIX BO BCeX 0Opa3iiax OblUTH OOHApYKEHBI
oumnosnspHbie KieTku Y. pestis, odnamarormue GpryopecieHIIneii B 3eICHOM U KPACHOM CITEKTpax

Ha 3 u 4 kpecrta (Pucynok 3.10).
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A — nerkue; b — kpoBb; B — nedens; I' — cenezenka. Mukpockon Axio Imager Z2 (Carl Zeiss,
I'epmanus). J{nuna BoHbl 3muccuu 502 HM, yBenudenue 1500x
Pucynok 3.10 — ®nyopecrennus kietok Y. pestis KM2083 B Ma3kax opraHoB MaBIIMX OeCIo-

POIHBIX MBIIIEH

JUist yCTaHOBJIEHHUS BO3MOKHOCTHU MCIIOJIb30BaHUSI PEKOMOMHAHTHBIX (DIIyOpecleHTHBIX
mramMmoB Y. pestis, copepxanux miazmuasl PTUrboGFP-B u pKatushka2S-B, npu uzyuenun
B3aUMOJICHCTBUS C MPOCTEHIINMH, POBOJMIA COBMECTHOE KYJIbTUBHUPOBAHUE ATHX OPTaHU3-
MOB. AKCEHHYECKYIO KyabTypy akantameO A. castellanii 13A, BbiencHHYIO HAa TEPPUTOPHH
['opHO-ANTaliCKOrO BEICOKOIOPHOTO OYara 4yMsl, KylIbTuBHpoBanu B cpeae PYG npu 22 °C no
HAKOIUIEHUS KOHIEHTpauuu Tpodo3ouTtos ot 1x10% no 1x10°8 kneTok/Mi1, OTMBIBAIIM B COIEBOM
pactBope AB u nientpudyrupoasiin B Teuenue 15 mun Ha ckopoctu 4000 06/mMuH. PekomOu-
HAHTHBIN (ITyopecleHTHBIH mTaMM Y. pestis kynpruBupoBanu Ha cpene LB (pH 7,2) ¢ no6as-
nenueM 50 ex/mn amnunuiHa pu 28 °C B Tedenue 24 4. CycneH3uIo KJIETOK ImTamma B Oy-
depe AB B kornentparuu 1x10° KIeTOK/MII 00BEAUHSIIHN C KyJIbTYPOH akaHTaMe6 B COOTHOIIIE-
aHuu 10:1 (10000 xnerok Y. pestis k 1000 kinetok amed B 1 mMi1) u KysibTuBHpOBaiu 1ipu 22 °C u
BIaxxHocTH 60 % B Teuenue 21 aus B Oydepe AB ¢ nobasnenuem 50 en/mi1 aMIUITUIUIMHA.

[To okOHYaHWU BPEMEHH SKCIIEPUMEHTA TOTOBWIIA Ma3KH sl (PIIyopeclieHTHONH MUKPO-

ckonuu. Ha npeameTtHoe ctekino Hanocuiau 10 Mk o6pasiia, moJacymuBaid U (UKCUPOBAIHN B
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70 % cnupre B TeueHue 30 muHyT. [IpM COBMECTHOM KyJIbTUBHPOBAHUU PEKOMOMHAHTHBIX
mraMMoB Y. pestis ¢ kietkamu ame6 A. castellanii 13 A B sxuakoit cpejie Ipu MPOCMOTPE Ma3KOB
YCTAHOBJICHO MPUCYTCTBUE OAKTEPHUANBHBIX KJIETOK BHYTpH ame0 u B cynepHaTante. Kietku
BO30yIUTENS] YyMbl YETKO BU3YaJIU3UPOBAIMCH B BUAE OUMOJSAPHBIX MAJOYEK 3€JIEHOTO WIIU
KpacHOTO LIBETA.

Takum 00pa3oM yCTaHOBIIEHO, YTO TpaHChOpMAIHs TUIa3MUAAMH, HECYIIIUMH B CBOEM
COCTaBe TEHbl, KOJAUpYyrolue (IyopecleHTHbIE O€lKH, HE NpUBENa K U3MEHEHHUIO KYJbTY-
panbHO-MOP(OTOTHUECKUX U OMOXUMHUYECKUX CBOMCTB, YyBCTBUTEIBHOCTU K OakTepuodaram
¥ BUPYJICHTHOCTH ITaMMOB Y. pestis. KiieTku Bo30yIuTemns 4yMbl YeTKO BU3YAITU3UPOBAIUCH B
Ma3Kax-OTIeUaTKaX OPTaHOB MaBIIMX XKUBOTHBIX M BHYTPH KJIeTOK ame0 A. castellanii. Micriomns-
30BaHHE MITAMMOB, YKCIIPECCUPYIOUINX (IyOpECLIEHTHBIE O€IKH, B SKCIIEPUMEHTaX 10 B3aUMO-
nevictBuio Y. pestis ¢ amebamMu U ¢ MaKpOOPraHU3MOM J1a00PaTOPHOTO KUBOTHOTO YIPOINACT H
YCKOPSIET MPOIIecC ACTSKIIMH U OTPECIICHIS MECTOHAX0XKICHHS KieTok Y. pestis B oOpa3zax 3a
cyeT pryopeciieHIIuU B U3BECTHOM 00s1acTu criekTpa. CmocoOHOCTh pacTH Ha cpeiax, CoaeprKa-
MIMX aHTUOMOTUK aMITUIIMIIINH, Tae€T IPEUMYIIECTBO MPHU CEIEKIIUU IEIEBBIX O0BEKTOB OT KO-
JIOHUH, 00pa3zyeMbIX TOCTOPOHHENH MUKPOQIOPON U3 OPraHOB NMABUINX KUBOTHBIX.

B I'mae 3 no pe3ysbpTataM M3ydeHUs] CBOWCTB IITaMMOB Y. pPestis aHTuyHOTO OMOBapa
pasubix punorenerndyeckux auHuM 0.ANT3, 0.ANTS, 1.ANT, 2.ANT3, 3.ANT2, 4.ANT ycra-
HOBJICHO, YTO IIITAMMBI 3TOM IpyNIbl 001a1al0T THIUYHBIMU JIJIS1 IITAMMOB @aHTUYHOTO OMoBapa
cBoiictBamMu. OOIIMMH MUTATENBHBIMUA NOTPEOHOCTAMHU UCCIIEAYEMBIX TPYII IITAMMOB SIBJIS-
I0TCS 3aBUCUMOCTB POCTa OT MPUCYTCTBUS B Cpejie TPEOHUHA, METUOHWHA, (DeHUJIaJIaHuHA, TO-
rJ1a KaK /Ui pa3uyHbIX (PUIOT€HEeTHYECKUX IPYII YCTAHOBJIECHBI JOMOJHUTENbHbIE TOTPEOHO-
CTH B JICUIIMHE, IPOJIMHE U IucTenHe. BHyTpu Buaa Y. pestis, a Takke BHYTpH Pa3InIHbIX (U-
JIOT€HETUYECKHX TPYII aHTUYHOTO OMOBapa BISIBICHBI MyTallMU B FTeHAX CUHTE3a ATUX aMUHO-
KUCH0T. OTIUYUTENbHON 0COOEHHOCThIO IITaMMOB (usoreHeTnueckoit muuun 4. ANT sBnsercs
BapuabenbHOCTh 3aBUCMMOCTH POCTa OT MPUCYTCTBUS B CPE/Ie LIUCTEUHA, KOTOpask MOKET OBITh
CBsI3aHA C MPUCTIOCOOTICHUEM K OTpeieieHHBIM OnoIieHo3aM. Pe3ynbraTsl (hprUiIoreHeTH4eckoro
aHaM3a, aHaJlM3a 3aBUCUMOCTH POCTa OT LIMCTEUHA U CpaBHEHUs 59 reHoB OMOCHHTE3a IUCTe-
uHa U 0OMeHa cepbl MO3BOJIMIH BBISIBUTH 4 OTIENbHBIC MOMYJISIUN Cpeau (PUIOTeHETUIECKON
muHun 4. ANT. Ilonynsuus mraMMoB n3 ['OpHO-AJNITaliCKOTO BBICOKOTOPHOTO Oyara JIEMOH-

CTpHUpoOBaJIa BapI/Ia6eHbHOCTB 3aBUCUMOCTH POCTA OT HUCTCUHA U 06J1az[ana CXOJHBbIM HpO(i)I/IJIeM
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MyTalil Co MITaMMaMH, BbIJIEIEHHBIMU Ha TEPPUTOPUM MOHTOIMH, YTO MOATBEPXKIAET OIpe-
JIeNIEHUE ITOT0 ovara Kak ceBepHoii yactu CaitmoreMckoro oyara Monronuu. BeisiBiieHHbIC 3a-
BUCHUMOCTH pocTa mramMmoB Y. pestis muaun 4. ANT oT mpuCyTCTBUSI B Cpe/ie aMHHOKHCIIOT
HEOOXOAUMBI JUTSI TUTAHUPOBAHUS YKCIIEPUMEHTOB MO0 MOJICTHUPOBAHHUIO B3aUMOICHCTBHS C TIOY-
BEHHOI MUKpodayHOil. J{1s ganbHENIINX SKCIIEPUMEHTOB 10 U3yYEHUIO B3aUMOJICHCTBUS BO3-
OyauTeNst YyMbl ¢ WIEHAMHU MOYBCHHONH MHKPO(GAyHBI ¢ MOMOIIbI0 1asMug PTurboGFP-B u
pKatushka2S-B Obutn ckoHCTpYHpOBaHbI (pIyopeciieHTHBIe mTaMMbl Y. Pestis, ynporaromme
JETEKINI0 OAKTepUAIbHBIX KJIETOK B 00pazax 3a cueT (hayopecueHIMH B 3aJlaHHOW 00JacTH

CIIEKTpA.
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TJIABA 4 AHAJIN3 B3AUMOJIEHCTBHS IITAMMOB Y. pestis
®UJIOTEHETUYECKOM JIUHUU 4.ANT C IPOCTEHIIINUMMU U3 IIOYB
TOPHO-AJITAMCKOI'O BBICOKOTOPHOI'O OYAT A

HecMoTps Ha Gosee 4yeM BEKOBYIO MCTOPHUIO M3Yy4YEHUs MPUPOAHONW OYaroBOCTU YYMBI,
BOIIPOC coXpaHeHus Y. PestiS Bo BpeMsi MEXAMHU300THYECKUX MEPHOIOB HE TePsIeT CBOCH aKTy-
aibHOCTH. OHUM U3 BO3MOKHBIX MEXAHHW3MOB NEPCUCTEHLUU BO30OYAUTENS YyMbl SIBIISETCS
UCMOJIb30BaHNE BO30YyAUTENEM MOYBEHHBIX IPOCTEHIINX B KAUYECTBE PE3EPBYapOB, B KOTOPHIX
Y. pestis MOXET pa3MHOXKATBCS U TEPEKHUIATh HEOJIATONPHUSATHBIC YCIOBUS OKpPY)KaIoIICH
cpensl. [l1g npoBeieHust NpUOIMKEHHBIX K PEaIbHBIM YCIIOBUSAM SKCIIEPUMEHTOB Haubosiee 11e-
J€CO00pa3HbIM SIBIISIETCSI MCIOJIb30BAHME OPraHU3MOB, BBIJEIIEHHBIX C TEPPUTOPUU OJHOTO
ouoneHo3a. C 3Toi LEebIo A U3YYEHUs B3aUMOJIEUCTBUN MOTYT OBITh MCIIOJIb30BAHBI KYJIb-
TYpBI IPOCTEHIINX U MITAMMBI BO30YAUTENS YyMbl, BBIJICIEHHBIE U3 SIIM300THYECKH aKTUBHBIX
B HACTOSIIIUM MOMEHT O4YaroB, OJHUM U3 KOTOPBIX sIBisieTCs ['opHO-ANTaiiCKnii BBICOKOTOPHBIN
oyar gymbl. [loMiUMO U3ydeHHs 3aKOHOMEPHOCTEH B3auMoaecTBus Y. pestis ¢ mpocteHmmmu,
aKTyaJIbHBIM SIBJISIETCS] BOIPOC BIMSHUS TTUTEILHOTO COKYJIBTUBUPOBAHUS C MMPOCTEUILIMMU Ha
OCHOBHBIE CBOMCTBA BO30YUTENS UyMbl, HEOOXOAUMBIE IS COXPAHEHU S SMUAEMUYECKOTO T10-
TeHIMaa mraMMoB Y. pestis. Takum 00pa3oMm IeNIbI0 JAHHOTO pa3jiesa ObLIO H3YYCHHE B3au-
MojeiicTBrif mTamma Y. pestis ¢punorenetrueckoit muauu 4. ANT 1 KynbTypsl aMme0, BbIICICH-
HBIX Ha TeppUTOpHH ['OpHO-ANTAlCKOrO oYara 4ymbl, U ONPEAEICHUE BIMSIHUS JIUTEIBHOTO

COBMCCTHOT'O KYJIbTUBHUPOBAHHWA HA CBOMCTBA B036y,Z[I/IT€J'I$I YYMBI.

4.1 CucremaTudecKkasi NPUHAAJIEKHOCTD MPOCTENIINX W3 NMOYB HOP IPHI3YHOB

I'opHO-A/ITaliCKOT0 BHICOKOTOPHOI'0 04ara

Pa3nooOpasue mpocTeHImx U3 MoYB HOP TPHI3YHOB OIICHUBAIN HAa YYACTKAaX C BBIPAYKEH-
HOW AMU300THYECKONW aKTUBHOCTBHIO [ OpHO-ANTANCKOTO BBICOKOTOpPHOTO odara uymbl. COop
po0 ocymecTBisuik B 2016 1. Ha 10 yyactkax (¢ Homepamu 1, 2, 4, 5, 8, 9, 10, 13, 18, 20) o
METOJly KOHBepTa Ha 4eTbIpex riayouHax (ot 10 mo 120 cm), 06bequHsIs HAaBECKH MTOYB B OJHY B
1ensx (GOpMHUPOBAHUS HE3aBUCHMOW W PEMpPE3eHTATUBHOW BBIOOpKM mpocTedmux (PucyHox

4.1). Belaenenne akCEHMYECKUX KYJIBTYp HNPOCTEHIIMX MPOBOIUIN MYTEM KYJIbTHBUPOBAHUS
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BBITSDKEK TOYBBI Ha MI0THOU cpege NGM ¢ razonom E. coli OP50 u B skuaKoil muTaTeabHOM
cpene PYG c¢ nobGasnennem antuomuoTukoB (I'1aBa 2 Matepuainbl U METOIBI).
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Pucynok 4.1 — Mecta c6opa rnpo0 mouBbI U3 HOP TPHI3YHOB HAa TEPPUTOPHUU

['opHO-AnTaliCKOrOo BBICOKOTOPHOI'O O4Yara 4yMbl

B pesynbrare KyIbTUBUPOBAHUS BBITSDKEK MTOYBBI M3 HOP TPHI3YHOB MOJIYYEHBI 15 Kyb-
Typ TPOCTEHIINX, IO MOP(POIOTUYECKUM MTPU3HAKAM OTHOCSIIUXCS K JBYM Pa3HBIM Tpymram
(Pucynok 4.2). IlepByto rpymniy cocTaBiIsuId NpOCTeillne, KIETKH KOTOPhIX 00ianamn ame0o-
uaHoU GopMoil U ObUTH CITOCOOHBI K 00pa3oBaHuto 1UCT. Ko BTOpOi rpymme n30IupoBaHHbBIX
U3 TIOYB MPOCTEHINX ObUTM OTHECEHBI OJHOKJIETOYHBIE OPTaHU3MbI, 00Pa3yIOIINE arperaTsl C
GhopMHUPOBAHUEM CIIOKHBIX TUIOOBBIX Tesl. Cyas mo Mopdosoruu, 3TH OPraHU3MbI OTHOCSITCS
K rpynie KJIeTo9HbIX MukcoMutieToB Dictyostelium. IlItammpl mpocTeiiimmx 0003HAYMIIH 110 HO-
MepaM TOYeK, U3 KOTOPHIX ObLIM cCOOpaHbl 00pa3Ilsl MOYB, ¢ JOOABICHUEM HayalbHBIX OYKB
TpyNI, K KOTOPBIM OBUTH OTHECEHBI OPraHu3Mbl. TakuM 00pa3oM U3 y4acTKOB ¢ HOMepamu 1, 2,
4,5,10, 13, 18 u 20 Ob111 MOTYYEHBI KYJIBTYPHI IIMCTOOOpazyromux amed 1A, 2A, 4A, 5A, 10A,
13A, 18A u 20A, u3 touek 4, 5, 10, 13 8, 9 — kynapTyph!l quktnoctenua 4D, 5D, 8D, 9D, 10D,
13D, 18D.
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A — tpodozoutsl nucroobpazyronmx amed, mukpockor Axio Imager Z2 (Carl Zeiss, ['epma-

Hus), yenuuenue 100x, b — mmomoBsle Tena npocreimux poaa Dictyostelium,
crepeomukpockon SteREO Discovery.V8 (Carl Zeiss, ['epmanus), yBenunuenue 40x
Pucynok 4.2 — Mopgosnorust npocTelInx, BbIAEICHHBIX U3 I0YB HOP TPHI3YHOB

u3 ['opHO-ANTalicKOro oyara 4yMbl

B ocHoBe cucTeMaTuku MPOCTEUIINX JIEKAT OCOOCHHOCTH MOP(OJIOTHUH, B YACTHOCTH
IUCT /TSI IUCTOOOPA3YIOMIMX aMed M COPOKapIioB (TJI0J0BBIE Tela, HECYIIUE CIOPHI) IS IUK-
tuoctenu. OJHaKo 1Mo NPUYMHE BBICOKON M3MEHYMBOCTU MOP(OIOrHYECKUX TPU3HAKOB OIpe-
JIEJICHHE CUCTEMATUYECKON TPUHAJIEKHOCTH IIPOCTENIINX SABIIETCS CII0KHOM 3a7a4en, B 0CO-
OCHHOCTH Ha TOAPOJAOBOM ypoBHE. M3BeCTHO, UTO N3MEHEHUE MOP(OTOTUH ITUCT aMeO 3aBUCUT
OT YCJIOBUH KYJbTUBHUPOBAHMSI, @ BEICOKAs N3MEHYUBOCTH (DOPMBI COPOKAPIIOB MUKCOMHUIIET JIe-
JIaeT HEBO3MOXHBIM MTOUCK U OIpe/ieJIeHUE B3aUMOCBSA3H MEKY MOP(OJIOTuel 1 TAKCOHOMUEHN
[Stratford, Griffiths, 1978; Schaap et al., 2006]. B cBsi3u ¢ 3TUM yCTaHOBJICHHE CHCTEMaTHYC-
CKOM NMPUHAAJIC)KHOCTH BBIACICHHBIX aMe0 MPOBOIMIM 10 00Jiee YCTOWYMBBIM MTPU3HAKAM, Ta-
kM kak JIHK opranusmoB. B kauecTBe reHETMUECKHMX MapKepoB Hcrnoiab3oBain redsl pPHK
NPOCTEHIINX, IOCTATOYHO MOJHO MPEJCTaBIEeHHbIC B 0a3ax JaHHBIX U 00JIaJal0NIUe BHICOKON
BapuabeNbHOCTHIO HYKJICOTUIHBIX MTOCJIEI0BATEIHHOCTEHN C BBICOKUM pa3pelieHueM, ooecrneyu-
BAIOIIUX OIPEACIICHUE CUCTEMAaTUYECKOT0 MOJI0KEHUS OPraHu3Ma 110 poa U BUA.

Hyxneotuaabie mociie1o0BaTeIbHOCTH YYaCTKOB pUOOCOMANIbHBIX T€HOB LIMCTOO0Opa3yto-
mmx ame6 momydanu B I[P ¢ mpaiimepamu JDP1/JDP2 na ¢parment rema 18S pPHK
(5'GCCCAGATCGTTTACCGTGAAZ', STCTCACAAGCTGCTAGGGGAGTCA3Z', temmne-
parypa omxkura — 59 °C) [Schroeder et al., 2001]. Ins padotsr ¢ pogom Dictyostelium namu

ObUIH paccuMTaHbl cnenn(uIHbIE npaiMepsl AR D F/AR D R
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(5TCCCTGCCCTTTGTACACAC3', 5TATTCCGTCTTCACTCGCCG3', temmneparypa OT-
xwura — 55 °C) Ha HYKJICOTUIHBIE TTOCJIEI0OBATEIbBHOCTA PETUOHA, COJIEPKAIIETO KOHCEPBAaTUB-
HbI€ y4acTKu reHoB 178, 5.8S, 26S u pazaenstoniye ux nocjie10BaTeIbHOCTH BHYTPEHHUX CIICH-
cepoB ITS1 u ITS2 (3Tu oOpraHu3Mbl OTIMYAIOTCS OT APYTUX SYKAPUOT MEHBIINM KO3 PuiireH-
tom cequmenTtanuu pPHK [Kessin, 2001]). Pacder npaiiMepoB MpOBOIUIN C IIOMOIILIO OHJIAHH-
cepuca Primer3Plus Ha ocHOBe mocieoBaTeNbHOCTEM W3 MEXAYHAPOTHOM 0a3bl JaHHBIX
NCBI GenBank. ITocne onpeneneHuss HyKJI€OTUIHBIX MOCIEI0BaTENbHOCTEN MPoayKToB 1P
METOJIOM KalUJUIIPHOTO CEKBEHHWPOBAHMS OCYIIECTBIISIIM aHAJIM3 MOJTYYEHHBIX JaHHBIX C TO-
MOILBIO JIOKaIbHOTO BhIpaBHUBaHU nporpammoit NCBI BLAST anropurmom megablast. [lan-
HBIE€ CpaBHEHMs OOIIMX YYacTKOB TMocliieqoBaTenbHocTelt reHoB pPHK mpocteitmux mous
['opHO-AJNITaICKOTO BBICOKOTOPHOTO OdYara ¢ IOCJIEI0BATEIbHOCTSIMU, MPEIACTABICHHBIMUA B

6a3e qanubix NCBI GenBank, nmpeacrasnenst B Tabnuiie 4.1.

Tabnuua 4.1 — AHanu3 HyKJICOTUIHBIX MOCIEA0BATEILHOCTEH PUOOCOMAIBHBIX T€HOB KYJIBTYP

aMe6, BBIACJICHHBIX M3 IIOYB rOpHO'AHTaﬁCKOFO BBICOKOI'OPHOI'O o4Yara 4yMbl

Ha3Banue Jnna [TocnenoBarenbHOCTh ¢ Hanbodb- | ITokpeiTue, | aeHTHUHOCTS,
u3ojsAta | ¢pparMeHra, [ITUM TIPOLIEHTOM COBIAJICHUH % %
IL.H.
1 2 3 4 5
Yuyacrok 18S Acanthamoeba spp.
1A 452 A. castellanii Neff ATCC 50373 100 99,34
2A 416 A. castellanii Neff ATCC 50373 100 99,76
4A 446 A. castellanii Neff ATCC 50373 97 100,00
S5A 431 A. castellanii Neff ATCC 50373 99 97,25
Acanthamoeba sp. RS1F2.SAR 99 100,00
10A 448 A. castellanii Neff ATCC 50373 99 100,00
13A 449 A. castellanii Neff ATCC 50373 100 100,00
18A 443 A. castellanii Neff ATCC 50373 100 99,79
20A 457 A. castellanii Neff ATCC 50373 100 99,13
¢parment 17S — ITS1-5.8S - ITS2 — pparment 26S pPHK Dictyostelium spp.
1D 928 D. mucoroides G81 100 99,35
2D 876 D. sphaerocephalum 89B 100 100,00
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[Tponomxkenue Tabauubl 4.1

1 2 3 4 5
4D 928 D. mucoroides G81 100 99,89
5D 886 D. mucoroides G81 100 99,89
8D 877 D. sphaerocephalum 89B 100 99,89
9D 928 D. mucoroides G81 100 99,89
10D 928 D. sphaerocephalum 89B 100 99,89
13D 928 D. mucoroides G81 100 99,78
18D 727 D. mucoroides G81 100 99,59

Ilo pe3ynpraTaM aHanu3a HYKJIECOTHIHBIX IOCIIEIOBATEIBHOCTEH ydacTka reHa 18S
pPHK (pazmepom ot 431 no 457 n.H.) muctooOpaszyomux amed (n3omstoB 1A, 2A, 4A, 5A,
10A, 13A, 18A u 20A) yctaHoBieH BeIcOKUH mpotieHT romoioruu (97-100 %) ¢ mocnenoBa-
TEJIBHOCTSIMH TeHOB ameb poma Acanthamoeba mpu mokpsitun renoma 99—100 %, uro omHO-
3HAYHO JTOKA3bIBACT MPUHAJIC)KHOCTH BBIJICIICHHBIX aMe0 U3 mo4B ['opHO-ANITalicKOTO BHICOKO-
TOPHOTO OodYara K 3ToMy poay. Kpome Toro, HAeHTUYHOCTh HYKJICOTHIHBIX MOCIIEIOBATEIHHO-
creit 18S pPHK 06pa3ios 1A, 2A, 4A, 10A, 13A, 18A 1 20A u nenmoHupoBaHHOM B 6a3€ TaHHBIX
NCBI GenBank nykneoruanoii nocienoBatenbHocTu A. castellanii Neff ATCC 50373 Bbimie
99 % cBUAETEILCTBYET O BUAOBOM MPUHAIJICKHOCTH BIICICHEHHBIX ame0 K Buay A. castellanii.
[TpouenT romonoruu yyactka reHa 18S pPHK nzonsita SA oTinnuaercs oT ocTanbHbIX 00pa3iioB
u3 1ouB ['opHOTO AITas, CXOACTBO C pedepeHCHON Mociea0BaTeNbHOCTRIO A. castellanii Neff
ATCC 50373 cocraBnsier 97,25 %, 4TO HE MO3BOJSAET OJJHO3HAYHO CYJIUTh O BUJOBOU MPUHA/I-
JICKHOCTH 3TOr0 OpraHu3Ma.

[Tpu ananmuze yuactkoB reHoB pPHK ame0 pona Dictyostelium, monyueHHbIX B X0/1€ Ka-
nuusipHoro cekpeHuposanus [ILIP-ponykToB pasmepom ot 876 1o 928 m.H., ObliIa BRISIBJICHA
BBICOKasl CTEIIEHb TOMOJIOTHH MOCJeA0BaTENIbHOCTEH necneayemMbix mramMmmMoB (99—-100 %) ¢ no-
cienoBarenbHocTamu Dictyostelium pu 100 % nokpeiTuu. Ha ocHOBaHMM CpaBHEHUS MOCIIe-
JIoBaTeIbHOCTEN ycTaHoBJIeHa romodorus (99,35-99,89 %) uzonstos 1D, 4D, 5D, 9D, 13D,
18D ¢ D. mucoroides G81, Ttorga kak wmsonarsl 2D, 8D, 10D mambosee Ommsku k D.
sphaerocephalum 89B (99,89-100 %). OgHako B pe3ynbTaTe aHajau3a IOCIEI0BATEILHOCTEH
17S-ITS1 panee Obut0 MpemIoxkeHo otHecty n3ousAT D. mucoroides G81 k koMIuIeKcy BUIOB

D. sphaerocephalum [Romeralo et al., 2010]. C y4eToM BO3MOKHOI'O paCX0KICHHUS MPOLIEHTOB
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TOMOJIOTUM BHYTpH BUna D. sphaerocephalum no nocnegoatenbHocTsM [TS1-5,8S-1TS2, pas-
Horo 0-1,75 % [Romeralo et al., 2007], u mony4eHHBIX JaHHBIX B X0JI¢ CPAaBHEHHS HYKICOTHI-
HBIX TociefoBarenbHocTet ame0 u3 ['opHoro Anras (Tabmuua 4.1), MOXKHO KOHCTaTUPOBATH
MPUHAJIC)KHOCTD BCEX BBIJICNICHHBIX U30JISITOB K BUNY D. sphaerocephalum.

B nensx ycraHoBineHUsT (GUIIOTEHETHISCKUX CBS3CH MPOCTEHUINNX, BBIICICHHBIX U3 MIOYB
HOp TPBI3YHOB ['OpHO-AnTaiickoro ovyara 4yMsbl, Obljia cpOpMUpOBaHA BBHIOOpPKA MOCIEIO0BaA-
tenpHOCTE reHoB pPHK wucciemyembix 00pa3noB u JApyrux NpeACTaBUTENECH pPOJIOB
Acanthamoeba u Dictyostelium u3 6a3sr manusix NCBI GenBank. ®umoreHeTHUeCKHiT aHATN3
Y BU3YAJIM3ALUIO TIOJIYYEHHOM JEHAPOrpaMMBbl POBOAWIM B ITporpamMMe Mega 11 ¢ ucnons3o-
BanueM anroputma Maximum Likelihood (monens Tamura-Nei). Koncencycnoe aepeBo moiy-
yainu metoaoM Oytcrper ¢ 500 moBTopeHusiMu. Pe3ynbraTel GUIOreHeTHUeCKOro aHajan3a rnpej-

CTaBJICHBI HA pUCYHKax 4.3 u 4.4.
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Acanthamoeba castellanii 1A Altai —
Acanthamoeba castellanii 4A Altai L ]
Acanthamoeba castellanii Volgo Uralsky
Acanthamoeba castellanii 18A Altai —
Acanthamoeba castellanii 13A Altai G
Acanthamoeba castellanii 2A Altai G
Acanthamoeba castellanii 10A Altai —
Acanthamoeba castellanii 20A Altai —
U07416.1 A castellanii Neff ATCC 30010 T4G oo
U07413.1 A. castellanii ATCC 30011 T4A T4
AF346662.1 Acanthamoeba triangularis SH621 ATCC 50254 T4F
AF005995.1 Acanthamoeba lugdunensis
Acanthamoeba sp. 5A Altai —
U07414.1 Acanthamoeba castellanii Ma ATCC 50370 T4B
U07409.1 Acanthamoeba sp. Fernandez ATCC 50369 T4C
AF019061.1 Acanthamoeba polyphaga Page-23 ATCC 30871 T4E
AY351644.1 Acanthamoeba rhysodes Singh ATCC 30973 T4D
Acanthamoeba sp. Prikasp peschan
Acanthamoeba sp. Prikasp Severo Zapad _
U07412.1 Acanthamoeba griffini S-7 ATCC 30731 T3
AF019068.1 Acanthamoeba hatchetti BH-2 ATCC 30730 T
KJ413084.1 Acanthamoeba sp. USP-AWW-AG8 T19
AF132134.1 Acanthamoeba sp. UWC9 ATCC PRA-3 T13
U07400.1 Acanthamoeba castellanii V006 ATCC 50494 T1
AY026245.1 Acanthamoeba sp. U/H-C1 T16
KY513791.1 Acanthamoeba jacobsi isolate AcaP13 cl2 T15
CDEZ01022775.1 Acanthamoeba royreba ATCC30884 T22
DQ451161.2 Acanthamoeba sp. OSU 04-020 T20
MZ272149.1 Acanthamoeba sp. isolate AcW61B T23
98 r AF019067.1 Acanthamoeba culbertsoni Lilly A-1 ATCC 30171 T10
AF019070.1 Acanthamoeba healyi ATCC 30866 T12
AF333609.1 Acanthamoeba sp. PN13 T14
U94739.1 Acanthamoeba lenticulata strain Jc-1 T5
- U07411.1 Acanthamoeba palestinensis Reich ATCC 30870 T2
A AB425945.1 Acanthamoeba sp. OB3b 3A T2/6B
P AF019063.1 Acanthamoeba palestinensis 2802 ATCC 50708 T6
53 [ AY026244.1 Acanthamoeba polyphaga CCAP 1501/3b ATCC 30872  T2/6A
55 - AF019051.1 Acanthamoeba polyphaga OX-1 CCAP 1501/3c T2/6C
KX840327.1 Acanthamoeba pyriformis CR15 T21
89 r GUB08277.1 Acanthamoeba sp. Ac-Ela T17
KC822461.1 Acanthamoeba sp. CDC:V621 T18
100 |~ AF019066.1 Acanthamoeba comandoni ATCC 30135 T9
5o | AF019065.1 Acanthamoeba tubiashi OC-15C ATCC 30867 T8
66 - AF019064.1 Acanthamoeba astronyxis Ray Hayes ATCC 30137 T7

[Tporpamma Mega 11, anropurm Maximum Likelihood, mogens Tamura-Nei,
500 6yrcrpen-peruk. CTpenkaMu OTMEUEHBI U30JISITHI U3 [ opHO-AuTalickoro ovara
Pucynok 4.3 — Ananu3 GuIoreHeTHYECKHX CBsA3el mpocTeriux poaa Acanthamoeba

pa3IMYHbIX FEHOTUIIOB U3 10YB [ 'OpHO-AJITaliCKOro BBICOKOTOPHOI'O oYara

0 TocaeaoBaTebHOCTAM yyacTtka 18S pPHK
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Ha ocHoBanum ananusa nanubeix reHoB pPHK k Hacrosimiemy MOMEHTY BHYTpU BUJa
Acanthamoeba Beinemnsitor 23 renoruna [Putaporntip et al., 2021]. Han6osee MHOTOUHCIICHHOM
rpynnou siBisieTcsi reHotun T4, K KOTOPOMY OTHOCSITCSI MCCIIeIOBaHHbIE B HacTOAIIEH paboTte
KynbTypbl akaHTaMe0 (PucyHok 4.3). Bxoasiue B 3TOT reHOTHIT BUJbl aKaHTaMeO BBI3BIBAIOT
aKaHTaMEeOHBI KepaTUT W I'PaHyJIeMaTO3HbII aMeOHbIN sHIEPaNuT, npu ToM uTo 86 % Bcex
CllydaeB akaHTaMeOHOI'0 KepaTHTa BbI3BaHbl MeHHO reHoturiom 14 [Diehl et al., 2021]. 13o-
astel A, castellanii 1A, 2A, 4A, 10A, 13A, 18A u 20A B COOTBETCTBHH C paHEe YCTaHOBJICHHBIM
IPOIICHTOM HMICHTHYHOCTH KJIaCTEPH3YIOTCsS ¢ THUMOBbIM mrTammoM A, castellanii Neff ATCC
30010 cybrenoruna T4G co cTaTMCTUYECKH 3HAUMMOM MOAJEPKKOIM BeTBU, paBHOU 94. D10
MOJITBEPKIAET MPUHAIICKHOCTD UCCIIETYEMBIX KYJIbTYpP MPOCTEUIITNX, BBIJICJICHHBIX HA PA3HBIX
ydacTkax [ opHO-ANTalCKOro BBICOKOTOpHOTO ouyara, k Buay A. castellanii. Wzomsr
Acanthamoeba sp. SA dbopmupyet obmuit kiractep ¢ A. lugdunensis u A. triangularis SH621
ATCC 50254, uyTo 1Mo3BOJSET cAeNaTh BBIBOJ O MPHUHAMICKHOCTH 3TOT0 M30JSTa K APYroMy
BUJY U CYOTE€HOTHITY.

Taxxe crnenyer OTMETHTbD, YTO U30JISTHI akaHTaMeO, paHee BBIJCIICHHBIE HA TEPPUTOPHUH
MIPUPOTHBIX 09aroB 4yMbl [Ipukacmus, OTHOCATCS K TOMY e TeHOTUIY T4, 9TO U BBIJICJICHHBIC
HaMu akaHTameObl u3 ['opHO-AnTalickoro BbicokoropHoro ouara. Mzomnster u3 [lpukacmmii-
ckoro necuyanoro u [Ipukacnuiickoro CeBepo-3anagHoro o4aroB 00pa3yroT €UHBIN KIacTep ¢
A. rhysodes Singh ATCC 30973 u A. polyphaga Page-23 ATCC 30871 (cyorenorurnoB T4D u
T4E cootBeTcTBEHHO), a A. castellanii n3 Bonro-YpanabCKoro CTEMHOTO oyara BXOJUT B 00JIb-
o oOmuii kiactep ¢ A. castellanii u3 I'opHo-Anraiickoro ouara. BeisiBienue akantame0 Ha
ITHX TEPPUTOPHSIX CBUICTEIBCTBYET O IMPOKOM pacripocTpanennu Acanthamoeba spp. rexo-
tuna T4 B moyBax NpUPOHBIX 0YaroB YyMbl CTeMHOU 30HbI Poccun. ['nobansHoe pacnpoctpa-
HEHHE akaHTaMeO B OKPYIKaIoIIeH cpejie, YyCTOMIMBOCTD IIUCT K €€ HeOJaronpusITHBIM BO3/ICH-
CTBHSIM, a TAK)KE MHOTOYHCIICHHBIC TTyOJIMKAIINHY 110 OOHAPYKEHHUIO MTATOTeHHBIX BUPYCOB U OaK-
Tepuil B akaHTaMe0ax MO3BOJSIOT TOBOPUTH 00 UX BO3ZMOXHOW POJIM B COXpaHEHUU BO30YU-
TEJIsl 9YyMBI B TI0YBaX Ha TEPPUTOPUH IPUPOTHBIX ouaroB uymel [Aksozek et al., 2002; Marciano-
Cabral, Cabral, 2003; Greub, Raoult, 2004].

[Tpu ananuze ¢unorennn nukrtuocrenun (Dictyostelia) Ha ocHOBaHUM MOJEKYISPHBIX
nanubix reHoB 17S pPHK Bce Buanl Obutn pasneneHbl Ha 4 OCHOBHBIX rpymmbl [Schaap et al.,
2006]. Ycranosneno, uto Dictyostelium siBrnsieTcs mapadguieTHdyecKuM TaKCOHOM C Pa3iind-

HBIMH MOp(l)OJ'IOFI/I‘IeCKI/IMI/I IMPpU3HAKaMH, HC3aBUCUMO BO3HHKABIIMMHA B IIPOHCCCC 3BOJTIOIUHN
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[Schaap et al., 2006; Romeralo et al., 2010]. Buxgsr D. mucoroides u D. sphaerocephalum, x
KOTOPBIM ¢ HAHOOJBIIMM TPOICHTOM TOMOJIOTHH OTHOCSITCSI H30JIATHI, BBIJICICHHbBIC U3 MOYB
['opHO-ANTaiiCKOT0 BHICOKOTOPHOTO OYara, BXOJST B 4 IPyIIly, B KOTOPOH B3aUMOOTHOIICHHUS
Ha BHJIOBOM YPOBHE SIBJISIOTCS HAMMEHEE pa3pelieHHbIMU. B 1ersix aHanu3a GuioreHeTuye-
CKUX CBsI3el BBIJICIICHHBIX Ha TeppuTopuu ['opHO-AnTaiickoro ouara aymsl Dictyostelium spp.
Obu1a copMHupoBaHa BbIOOpKa U3 29 mocieaoBaTeabHOCTEH 17 BUIOB 3TOM TPYIIBI OpraHu3-
MOB. JIJIsT YKOpEHEHHMsI IEHAPOTrPaMMbI MCITOJIb30BAIH MOcieqoBareabHOCTh Polysphondylium
violaceum [Schaap et al., 2006]. Pe3ynbraTsl (HHUIOreHETHUYESCKOIO aHAJIKM3a MPEACTABICHBI Ha

pucyHke 4.4.
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82 - AM282604.1 Dictyostelium sphaerocephalum 89G
70 |L AM282605.1 Dictyostelium sphaerocephalum 118B
71|—2D ¢
10D <
8D  ¢Gmm
AM282601.1 Dictyostelium sphaerocephalum 20B
AM282600.1 Dictyostelium sphaerocephalum 14A
AF351197.1 Dictyostelium mucoroides
1D ¢
13D ¢
4D <
5D  ¢mmm
HQ141467.1 Dictyostelium mucoroides G81
9D ¢
18D
AM168068.1 Dictyostelium sphaerocephalum GR11
AM282602.1 Dictyostelium sphaerocephalum 88A
AM168065.1 Dictyostelium rosarium M45
AM168034.1 Dictyostelium clavatum TNS-C-189
—— AM168044.1 Dictyostelium intermedium PJ11
AM168049.1 Dictyostelium macrocephalum B33
AM168031.1 Dictyostelium brunneum WS700
100 - AM168042.1 Dictyostelium giganteum WS589
100 - AM168067.1 Dictyostelium septentrionalis AK2
AM168055.1 Dictyostelium mucoroides var. stoloniferum FOII-1 _
AM282596.1 Dictyostelium mucoroides 89C
AM282597 1 Dictyostelium mucoroides 115A
AM168032.1 Dictyostelium capitatum 91HO-50
AM282599.1 Dictyostelium mucoroides AR4B i
AM168059.1 Dictyostelium pseudobrefeldianum 91HO-8 cybraana
HQ141450.1 Dictyostelium brefeldianum G121
HQ141468.1 Dictyostelium mucoroides S28b
AM282595.1 Dictyostelium mucoroides 1C
AM282598.1 Dictyostelium mucoroides 133B N

[ AM168033.1 Dictyostelium citrinum OH494
100 - JF930875.1 Dictyostelium discoideum CF3B
[ HQ141472.1 Dictyostelium purpureum WS321
100 - LC159264.1 Dictyostelium firmibasis WS-14
HQ732199.1 Polysphondylium violaceum
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[Tporpamma Mega 11, anroputm Maximum Likelihood, mogens Tamura-Nei, 500 OyrcTpen-
peruiuk. CTpenkaMy OTMEYEHBI U30JThI U3 I'0pHO-AnTalickoro oyara
Pucynok 4.4 — Ananu3 GuIoreHeTHUECKHUX CBsi3el mpocreiimmx poaa Dictyostelium u3s mous

I'opHO-AnTaiickoro BBICOKOTOPHOIO 0Yara 1o Mnocjiae0BaTeIbHOCTSIM T€HOB

175-1TS1-5.85-1TS2-26S pPHK
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B cooTBeTcTBUUM ¢ YCTaHOBICHHBIM MPOIEHTOM T'OMOJIOTHH BCE UCCIICTyEMbIC U30JISATHI
u3 ['opHO-ANTaiicKOro BRICOKOTOPHOT'O o4yara oopa3oBaiu oOLui KilacTep ¢ MpeICTaBUTEISIMU
D. sphaerocephalum n HexotopsiMu u3onstamu D. mucoroides. Kak o6cy:xmanocs panee, U3o-
astel D. mucoroides B cybkmane 4C4 ObUlO pemIeHO OTHECTH K KOMIUIEKCY BHIOB D.
sphaerocephalum, Toraa kak cyokmaay 4C1 ¢ BXoAAIIMM THUIOBBIM HM30jsToM D. mucoroides
S28b mpunsTo cuntaTh BuaoM D. mucoroides [Romeralo et al., 2010]. [TonydeHHBIE pe3yabTaThI
B OUEPEIHOM pa3 o0pamarT BHUMaHie Ha HE0OX0AUMOCTh IEPECMOTPa TAKCOHOMHYECKOTO TT0-
JIOCHHS KaK TPYIIIHI B [IEJIOM, TaK ¥ OTCIBHBIX U30JIATOB, & TAK)KE HA HEOOXOAMMOCTh CUCTE-
MaTH3aIMA OPTaHU3MOB C OTIOPOH MPEK/Ie BCEro Ha TeHETHYECKUE CBOWCTBA OPTAaHNU3MOB, a HE
Ha ux Mopdooruro. Ha BO3MOXHYIO pOJIb JUKTHOCTEIIH] B YIaCTUH B MEXaHU3ME COXPAHCHUS
BO30YAMTENS YYMbI YKa3bIBalOT MMOBCEMECTHOE pacmpocTpaneHue Dictyostelium spp. B mouBax
Ha TEPPUTOPUU 3EMHOTO Iapa, a Takke (aKThl COXPAHEHHUS MATOreHHBIX Oaktepuii L.
pneumophila, V. cholerae, P. aeruginosa, S. enterica, Y. pestis B kieTkax ame0 3TOro poja
[Swanson et al., 1999; Pukatzki et al., 2002; Pukatzki et al., 2006; Jia et al., 2009; Peracino et
al., 2010; Markman et al., 2018].

Takum oOpaszom, myTeM aHain3a HYKICOTHAHBIX MocieaoBaTenbHocTel TeHoB pPHK
oTpeJiesieHa CUCTEMaTHIeCcKas MPUHAIC)KHOCTh MPOCTEHINNX, BBIJICTICHHBIX U3 TIOYB HOP T'PhI-
3YHOB C DIU300TUYECKHU AKTUBHBIX TEPPUTOPHUM ['OpHO-ANTaliCKOTO BBICOKOTOPHOTO Ovara, K
A. castellanii u D. sphaerocephalum. TlonmydeHHbIC JaHHBIE MOTOJHSAIOT 3HAHUS O COCTaBE MPO-
CTEHIINX W JOMHHHUPYIONINX BHJaX OTIEIbHBIX MOYBEHHBIX OMOIEHO30B MPHUPOJIHBIX O0YaroB
yyMbl. BBHTy CBOE# BBICOKOW YHCICHHOCTH, IIMPOKOTO PACIIPOCTPAHEHUS B Pa3UYHBIX T€O0-
rpaduyecKux peruoHax u (akToB B3aUMOJICHCTBHIA C MATOTEHHBIMU OAKTEPHUSIMHU, B TOM YHCIIC
U ¢ Y. pestiS, BeIJICICHHBIC TIPOCTEHIITNE MOTYT PaCCMAaTPUBATHCS B KaYECTBE MOTCHIIMATBHBIX
pe3epByapoB BO30YAUTENS UyMbl B IOYBEHHOH (aze. [y moaTBepKaeHNs 3TOro IpeanoaoxkKe-
HUS M U3YYCHUSI 0OCOOCHHOCTEH B3aUMOJICHCTBHUI ¢ BO30YAUTEIEM YyMbI B TATBHEHIIINX JKCTIE-
puMeHTax ucnoib3oBanu u3oaaT A. castellanii 13A, BeiieeHHbIi Ha TeppuTopuu ['opHO-AJl-

TaMCKOIro BBICOKOT'OPHOI'O O4Yara 4yMhbl.
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4.2 MoaeaupoBaHHe JI0JrOBPeMEHHOT0 COXpaHeHHsI B akaHTamedax Y. pestis
¢ ucnoJsib3oBanueM (payopecuenTHoro mramma 4. ANT ¢ naazmugoit pTurboGFP-B n

AHaJINn3 THHAMHUKH BSaHMOI[eﬁCTBHﬂ mrTraMmma B03ﬁylll/ITeJIﬂ YyYMbI U aKaHTame0

JI71s1 ycTaHOBJIEHUS BO3MOKHOCTH MCIIOJIb30BAHUS KJIETOK amMed BO30OYyIUTEIEM YyMbI B
KaueCTBE 3alUTHON M PETUIMKATUBHOM HUII U BBISCHEHUS 3aKOHOMEPHOCTEH B3aUMOICHCTBHS
ATUX OPraHU3MOB HamOoJiee MEePCIEKTUBHBIM SBIISIETCSI UCIIOIb30BaHUE OOBEKTOB, a/IallTHPO-
BaHHBIX K OJHUM U TeM ke (akTopaM okpykaromieh cpeapl. C 3TOH 1ENbI0 JJIS MOCTAHOBKH
9KCICPUMEHTA UCTOIb30BaHbI mTaMM Y. pestis KM2083 u A. castellanii 13A, ncxoaHo Bbiae-

JICHHBIC HA OJTHOM y4acTke ['opHO-AnTaiickoro npupoaHoro oyara yymsl (Pucynok 4.5).

o1
> N
Poccus '\}

CunuM 11BeTOM oTMe4eHO MecTo BhiencHus A. castellanii 13A, kpacueim — Y. pestis 216
(MCXOHBIN IIITaMM, HCIIOJIb30BaHHBIN 15 TIoaydeHus (ayopectieHTHOTO Y. pestis KM2083)
Pucynok 4.5 — Mecra Boinenenus Y. pestis KM2083 u A. castellanii 13A wa tepputopun

I'opHO-AnTaiicKOro BHICOKOTOPHOT'O O4Yara 4yMbl

KynbsTuBUpOBaHue 00pa3iioB B KIUMaTHIECKOM kKamepe (Temmneparypa 22 °C, BI1aKHOCTh
60 %) mo3BOMMIIO MPUOIU3UTHCA K ONTUMAIBHBIM KIMMATHYECKUM YCIOBHSIM OKPYKaIOILICH
cpenbl. B kauecTBe cpepl A1 KyIbTUBUPOBAHUS UCTIONB30BaIH coyieBoil Oydep AB ¢ 50 en/mn
AMIUIITAHA JUTS TIOIICPKAHUS COXPAaHEHUS] PEKOMOMHAHTHOM IJIa3MHU/TbI BHYTPH KJIETOK BO3-
oynutens uyMbl. bBydep AB ucnonb3yetcs ais coxpaneHusi aMme0 1 COIePKUT HEOPTaHUUECKHE
COJIM MarHus, HATPHsI, KaJIKs, J)KeJie3a, OJTHAKO B HEM OTCYTCTBYIOT HEOOXOAMMBIE JIJIsl BEIKHUBA-
HUSI ¥ pa3MHOXeHUs Y. PestiS opraHnyecKre BemecTBa, B TOM YUCIIC aMUHOKUCIIOTHI (heHMIaa-
HIWI, TPEOHUH ¥ METUOHHH, 0€3 KOTOPBIX, KaK MIOKa3aHO B MPEIbIIYyILIEH TJIaBe, pOCT BO30YAH-
TEJls IYyMbl HEBO3MOKEH. JTa cpefia He CIIocoOHa obecnieunTh coxpaneHue Y. pPestiS B TeueHue

JINTCIIBHOT'O BPCMCHU. OTCYTCTBI/Ie JOIIOJIHUTCIIbHBIX OPraHUYCCKUX BCUICCTB B CPCIAC OBLIO
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HCOOXOJAUMBIM yCIOBHEM HMHTEHCHU(HUKAIMU (paronnuTo3a KIeTok Y. pestis ameO0aMu v UCIOIb-
30BaHHA KIeTok A. castellanii Bo3OyauTeem 4ymbl B Ka4ecTBE peCypCHOM 0a3bl, peIUIMKATHB-
HOH ¥ 3alllUTHON HUIII.

[HTamm Y. pestis KM2083 BriceBanu Ha yamiky Iletpu ¢ arapom LB u uHKyOMpoBamu
npu 28 °C B TeUEHUE CYTOK, IMOCIIE YEero Jesiajii B3BECh B KOHIIEHTpAIUU 1x10° KOE/ma B co-
aeBoM Oydepe AB. OtmbiThie oT nutaTenbHoit cpeasl PYG tpodosoutsr A. castellanii 13A B
KOHIIEHTPalHH1 1x10° knmeTox/MII B OTIEITBHBIX npoOupkax OOBEAUHSIN CO B3BECHIO IITaMMa
Y. pestis KM2083 g0 mosryueHust OmpeaeIeHHbIX COOTHOIIEHUH ¢ KileTkaMu ame0. 3aTtem 00-
pasisl KyJIbTUBHpOBau Ipu temmneparype 22 °C u Biaxxnoctu 60 % u BeiceBasm 100 MK co-
KYJIbTYPBI HCXOJIHOTO 00pasia u B pa3zBeneHusx B 10 u 100 pa3 Ha muTaTENbHYIO TBEPIYIO CPEAY
LB.

N3ydenue ocodenHocTeil B3anmoneiictBusi Y. pestis u A. castellanii na TBepmoii nu-
TaTeJbHOM cpeae. J[7s 3TOro SKCIEpUMEHTA HCIOIB30BAIN COKYIBTYPY (PIyopecreHTHOTOo
Y. pestis KM2083 u A. castellanii 13A B cootnomrenuu 0,1 KOE/knetka ame6n1. O0paser 1H-
KyOupoBaju B kiuMaTtudeckoit kamepe npu 22 °C u 60 % BrnaxHOCTU B TeueHue 24 4, mocie
yero 100 mxn o6pasia BeiceBanu Ha yawku [letpu ¢ arapom LB B Tpex moBTOopax u ocTaBisiIn
pu Tex ke napamerpax. [Ipocmotp yamiek ocymectsisui Ha 2, 4, 16 u 21 cyTku ¢ MOMeHTa

BBICEBA, CHUMKH IpeCTaBiIeHbl Ha Pucynke 4.6.

2 neHb 4 neHn 16 nenn 21 neHnb

®dotorpaduu 1—4 mosydeHbl METOJIOM CBETOBOM MHUKPOCKOMNHU, 5—8 — IyopeCcIieHTHOM C
MIpUMEHEHHEM CBETO(HIIbTpa Mpu AJIMHE BOJHBI AMHUccHn — 502 HM. Mukpockon Axio Imager
72 (Carl Zeiss, I'epmanust). YBenuaenue 100x
Pucynok 4.6 — Cokynbrypa A. castellanii 13A u Y. pestis KM2083 Ha m10THO# arapoBoii

cpeae LB Ha 2,4, 16 u 21 quu skcniepuMeHTa
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Ha 2 cyTtku skcnepumeHTa BOKPYT OaKTepualdbHBIX KOJIOHWI HAOII0JaNM CKOIUICHUS
Tpo(030UTOB ame0, HAMOIHEHHBIX KiIeTkaMu Y. Pestis. BeposaTHO, pacmoiokeHHe KIETOK Mpo-
JTUKTOBAHO MOJIOKUTEIHHBIM TAKCHCOM 10 OTHOIICHHUIO K KOJIOHUSM BO30yautTess yyMbl. Ha 4
CYTKH HaOJIt0IeHUs 3aUKCHPOBAHO HHITUCTHPOBaHKE yacTh KiteTok A. castellanii, mpomomxas-
mieecsi BIUIOTh JIO0 KOHIA JKCIIEpUMEHTA. PaHee YCTaHOBJIIEHO, YTO NMPU KYJIbTHBHUPOBAHUU
Y. pestis Ha TBepaoii muTaTteapHON cpene ¢ amebamu H. rhysodes ameObl mepexoanan B Heak-
TUBHOE COCTOSIHUE Ha 2—3 JieHb dKcriepuMenTa [Hukynpimus u ap., 1992], a npu coxybTHBHU-
posanuu Y. pestis ¢ A. castellanii B sxuakoit mutarensHol cpeae PY G uHIMCTHPOBAHKE KICTOK
ame0 Habmoganu Ha 3—4 IeHb, YTO COBIAJACT C pe3yiIbTaTaMu dKcriepuMenTa [OriIoauH u ap.,
2017]. Ha 16 neHp HaOJItO/ICHUS Ha MUTATEILHOM CPe/ie YacTh MOMYJISIUU KJIETOK €Ile MPe/-
CTaBJIEHAa aKTUBHBIMH (pOpMaMu, IPUYEM NPU CpaBHEHUH (PoTorpaduii ogHOro mosis Habmroae-
HUS B pa3HbIX criekTpax (Pucynok 4.6, 3 u 7) dayopectienHius kiaetok Y. pestiS npucyrcTByer
Kak B Tpodo3ouTax, Tak u B nucrax. Ha 21 cyTku skcrepuMeHTa BCs MOMYJSALUS akaHTameO
COCTOsIJIa M3 TPYII IKCT, 000JOYKHA KOTOPHIX (prryopecumpoBain B 3eeHOM criekTpe. Kpome
TOTO, YCTAHOBJICH (DaKT (JOPMHUPOBAHHS HA MMUTATESIHLHOW CpPE/ie BTOPUYHBIX KOJOHUH Y. pestis,
BEPOSITHO CBSI3aHHBIN C IMEPEABIKCHUEM amMeO 110 TTOBEPXHOCTH arapa C MOCISAYIOMUM pa3py-
HICHHEM 000JI0YEK U BBIXOJIOM KIJIETOK BO30YAUTENS YyMBI.

BroisiBeHHe 3akoHOMepHOCTel B3anMooTHomeHnu#i Y. pestis m A. castellanii na mpo-
TskeHUH 14 1Hell B KUAKON MUHUMAJbHOW cpene. J[JIsi yCTaHOBJICHUS 3aKOHOMEPHOCTEM
B3aMMOJICHCTBUSL KYJIbTYp Ha MPOTsHKeHHH 14 nHel OBITM HMCIOJB30BaHBI COOTHOIIEHUS
Y. pestis KM2083 u A. castellanii A13 — 3 KOE/ame6a, 2 KOE/ame0a, 1,5 KOE/ame0a, 1
KOE/ame6a, 0,5 KOE/ame6a, 0,3 KOE/ame6a, 0,1 KOE/ame6a. KoHTpoJIbHBIM 00pa31ioM sIBJISI-
nack B3Bech mramma Y. pestis KM2083 B konuentparuu 1x10° KOE/Mn B 6ydepe AB 6e3 1o-
OaBiieHUs KIeTOK akaHTame0. OOpasipl KyIbTUBHPOBAIH B KIIUMATHYECKOM KaMepe B MOCTOSH-
HBIX YCIIOBHSIX TEMIICPATyPhl U BIAXXHOCTH. B TeueHne sKkcriepuMeHTa KoHIeHTpamuio Y. pestis
KM2083 B 00pa3iax onpeaensiiy eKeTHEeBHO BbiIceBOM Ha arap LB B nicxoHOM KOHIIEHTpaIuu
u B 10-100 xpatHbIX pasBeneHusix B Oydepe AB. Pesynbprarel m3MeHEHHsS KOHIIEHTPALUN

Y. pestis KM2083 npezacrasiensl B Tabnuiie 4.2 1 Ha pucyHke 4.7.
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1 (3 KOE/ame6a)
5 (0.5 KOE/ameGa)

——2 (2 KOE/ameGa)
—6 (0.3 KOE/ameGa)

——3 (1.5 KOE/ameGa)

— 7 (0.1 KOE/ameGa)

JHH

——4 (1 KOE/ameGa)

K (1-10"3 KOE/yx)

JloBepUTENIbHBIN UHTEPBAJ TPEX U3MEPEHUH ITPEICTABIIEH IIJITAHKAMH IIOTPEIIHOCTEM,
ypoBeHb 3HaunmMocTu 0=0,05

Pucynok 4.7 — I3amenenwust konteHTparuu Y. pestis KM2083 B cokybType

Tabmauma 4.2 — U3menenue konteHTparmu Y. pestis KM2083 B cokyabType ¢ A. castellanii 13A

c A. castellanii 13A na npotsbkenuu 14 nHei

Ha MPOTSHKEHUU 22 MeCSIEB SKCIIEPUMEHTA

Jau Konrnenrpanus KOE Y. pestis KM2083 B o6pa3iax
(MecsB) Nel Ne 2 Ne 3 Ne 4

(3 KOE/ame6a) (2 KOE/ameba) (1,5 KOE/ame6a) | (1 KOE/ame6a)
1 2 3 4 5
1 2800+277,2 3760+1711 1410+27,7 1237,5+£239,1
2 3340+508,3 51404+2993,5 1150+485,1 3050+1870,9
3 3400+277,2 8447+2000,9 1967,5+441,1 4387,5+£647,3
6 4630+249,5 13135+2500,7 5940+360,3 8522,5+1071,2
7 9390+1787,8 16885+5366 11580+1746,2 9260,5+797.,9
8 151504+69,3 23780+6236,9 15150+623,6 16212,5+4012,5
9 8750+539,3 26100+3789,7 11300+1247,3 17175+1421,8
10 41000+£2633,2 36325+2452,3 18700+1524,5 234504+2271,5
13 — 20100+£6452,6 — 19975+7187,1
14 8750+2009,6 21750+£3442,7 11100+277,2 25325+3732,5




[Tponomxkenue Tabmauupl 4.2

106

1 2 3 4 5
21 — 2325+1311,8 — 35000+13078.,9
28 — 5675+1467,3 - 103650+25822,2
(1 mecsr)
ol - 4175424718 - 2333+333,1
(2 mecsia)
120 - 14804266.5 - 5100-977.8
(4 mecsia)
150 - 0 - 11740+2024,8
(5 mecstieB)
18l - 0 - 2120+337,2
(6 mecsi1ieB)
206 _ _
(7 mecsitieB) 0 2042
20 MecsteB 790+291 0 140+83,1 0
22 Mecsna 45+7 0 225+48,5 0
Tlom Konrnenrpanus KOE Y. pestis KM2083 B o6pa3iax
(Mecsb) Ne 5 Ne 6 No 7 K
(0,5 KOE/ame6a) | (0,3 KOE/ame6a) | (0,1 KOE/ame6a) | (1-10° KOE/mi)
1 517,5+£140,7 280+27,7 155+20,8 —
2 3770+1281,9 165+34,6 195+103,9 7800+3506,3
3 3830+1483.4 245+20,8 340+41,6 —
6 3045+495,1 6465+159,4 480+41,6 12450+11849,5
7 3277,5+597 — 625+48,5 —
8 3542,5+437,3 11500+692,9 865+131,7 24100+1940,3
9 3935+467,2 5160+2009,5 905+242,5 —
10 4982,5+701,8 16550+720,3 12454+34,6 28500+5544
13 2663,3+791 — 1705+34,6 11750+346
14 5297,5+505,7 13250+1870,9 2010+£512,8 —
21 8150+2008.,9 — 13620+582 450+207,9
28 12533+384,7 - 4183342544 850+277,2
(1 mecsi)
o 1925+800,3 - 845044696 105+20.8
(2 mecsma)
120 0 - 6600867 0
(4 mecsmia)
150 0 - 24733+9293 0
(5 mecstieB)
181 0 - 35904718 0
(6 mMecs1eB)
206
(7 mMecsineB) 0 - 80+16 0
20 mecsieB 0 90+13,8 120+28 0
22 mecsna 0 225+50,5 540428 0

[TpuMedanue: He MPOBOIUIH BBICEBBI U3 COKYIBTYp (—), pocT Komonuii Y. pestis KM2083 orcyt-

ctBoBau (0)
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Ha npoTsikennn nepBbIX IBYX HE/IENb pe3Kue KojieOaHusi KOHLIEHTPAIMil TO3BOJIHIIN BbI-
SBUTH OOLI[ME 3aKOHOMEPHOCTH U3MEHEHUH KoHILIeHTpauuii. Jlo 8 nHs Bo Bcex oOpasiax npouc-
XOJUT MOCTENIEHHOE HAKOIUIEHHE OMoMacchl OaKTepui, MOCe Yero OTMevaroTcs KosjeOaHus
KOHIIEHTPAIIUX, BEPOSITHO CBSI3aHHBIC C BIMSHUEM aKkaHTaMe0 Ha TOMYJISIUI0 BO3OYAHUTEIsS
gymbl. Ha 9 cyTku B 00pa3iax mpoucXoauT 3aMe/JICHHE CKOPOCTH POCTa KOHIICHTPAIINH, Y psaa
o6pastos (3 KOE/ame6a, 1,5 KOE/ame6a, 0,3 KOE/ame6a) B 3Toii Touke HaOII01aeTCs ajcHue
koHieHTpanuu Y. pestis KM2083. Ha cienyromiue cyTku ObUTO 3apHMKCHPOBAHO YBEIUYCHHE
KOHIIEHTPALlUX BO30OYAUTENSI YyMbI BO BCEX SKCIIEPUMEHTAIBHBIX 00pa3iax 10 MaKCUMaIbHBIX
sHauycHwuit (Tabnumna 4.2, PucyHok 4.7), mociie 4ero 3HaueHUs KOHIIEHTPALUH COKPAIIIaoTCs 10
npenbaymero yposs. [loBblieHre KOHIIEHTPAIIUU OaKTepUaIbHBIX KIETOK Ha 8 CYyTKU MOTJIO
MOBJICYH 32 COOOM pa3MHOXKEHHE aMe0 1 HHTEHCU(UKAIIUIO (aroiuTo3a.

B xoHTpOIEHOM 00pa3iie Ha MPOTSHKEHUH MTEPBBIX JTHEH dKCIIEPUMEHTA HAOIF01aJICs POCT
KOHIICHTpAIUU KJIETOK Y. Pestis, pe3ypbTaToM KOTOPOTO CTAlI0 JOCTUKCHHE MAaKCHMAaIbHOTO
3HaueHUs KOHIeHTpanuu Ha 10 cyTku. MOXKHO TIPE/IOJIOKHTh, YTO TaKas BBICOKAss CKOPOCTh
Pa3MHOXKEHHSI B KOHTPOJIBHOM 00pa3iie MoAIepKUBaIach 3a CUeT HAKOIJICHHBIX B KJIETKaX IH-
TaTeNbHBIX BeriecTB. OHAKO B MOCIEAYIOIIUME AHH JKCIIEPUMEHTa KOHICHTpamus Y. pestis
Hayajia CHIKAThCs, B OTJINYHE OT 00pa3IoB ¢ cooTHoIEeHHIMHU KoHlleHTpanuii 2 KOE/ame6a, 1
KOE/ame0a, 0,5 KOE/ameba, y koTopbix Ha 13 neHb U3MepeHHs HaOII0AaJICs MOBHIIIIEHNUE KOH-
neHrparuu. [Ipu uzydennu B3aumozerictuii Y. pestis ¢ A. castellanii B sxxuakoii mutarensHOM
cpene LB konneHTparus kiaetok Y. pestiS KOHTpOoJIbHOTO 00pasiia, B KOTOPOM KJICTKH aKaHTa-
Me0 OTCYTCTBOBAJIH, IOCTHUTIIA MAaKCUMAJILHOTO 3HAYCHUS Ha 4 CYTKH M HA IPOTSHKEHUU TI0CTIe-
nyrommx 10 cyTok KyJIbTUBHPOBAaHUS OCTaBajdach HAa CTAJMU IUJIATO, TOTJA Kak B oOpasliax C
aMe0aMH 10 JIOCTIKCHUIO MaKCHMAITBHBIX KOHIIEHTPAIMIA Ha 5-¢ CYTKH HAOJI0 1Ak KOJIeOaH s
KOHIIGHTpanui 10 14 nHs cokynbTuBHpoBanus [Orioaud u ap., 2017].

BoisiBiieHHe 3aKOHOMepHocTell B3amMooTHomeHnmii Y. pestis m A. castellanii mpu
JAJMTEIHLHOM COKYJbTUBHPOBAHUM B JKUAKOH MUHUMAJIBLHOI cpeae. /s ycTaHOBICHHS 3a-
KOHOMEPHOCTEH 0oJiee ITMTEILHOTO CYIIECTBOBAHUS BO30OYIUTEINS YyMbl B COKYJIBTYPE C ame-
0aMu dKCIIEpUMEHTaIbHBIC 00pa3ibl B COOTHOMICHHUSIX KOHIeHTparui Y. pestis KM2083 u
A. castellanii A13 2 KOE/ame6a, 1 KOE/ame6a, 0,5 KOE/ame6a, 0,1 KOE/ame0a npoaosmkanu
BbICEBATH Jayee. B TeueHue AByX MOCIEAYIONINX Heaelb (3—4 Heleau COKYIbTHBUPOBAHHMS) 00-
pasiibl BeiceBanu | pa3 B HelelNto, a B JAJIbHEUIIIEM OIpe/ielieHue KOHIICHTPAIUi TTPOBOIMIIN

CIKECMCCAYHO Ha ITPOTAKCHUN 7 MCCAIICB, 4 3aTCM UCPC3 20m 22 MCCsi1a € Havajla OKCIICPUMCHTA.
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OOpasipl ¢ COOTHONICHUSMH KOHIeHTparmii Y. pestis KM2083 u A. castellanii A13 3
KOE/ame0a, 1,5 KOE/ame6a, 0,3 KOE/ame0a BriceBaiu Ha MPOTSKEHUU MEPBBIX JIBYX HEJETb
IKCIIEPUMEHTa, U 3aTeM depe3 20 u 22 Mecslia ¢ Havajia SKCIepuMeHTa. B kauecTBe KOHTPOIIb-
HOro o0pasla HCHOIb30BalM B3Bech mTamma Y. pestis KM2083 B xonnentpauuu 1x103
KOE/mn B 6ydepe AB 6e3 noOaBneHus KJIETOK akaHTaMeo.

I[To pe3ynpTaTaM 3KCIIEPUMEHTA JUIUTEIBHOCTHIO 22 MECAIIa YCTAHOBJICHO, UTO B COKYJIb-
Type ¢ amebamu A. castellanii 13A sxu3HecrnocoOHbIe KIICTKHA BO30OYAUTENS YyMbl COXPAHSIOTCS
Ha MPOTSHKEHUHU Topas3zo Ooliee JIMTEIBLHOTO MEPHo/ia BpEeMEHH, YeM B 0Opasiax 0e3 akaHTa-
Me0. Tak, Kk KOHITy 9KCIIepUMeHTa uepe3 22 Mecsia )Ku3HecrmocoOHsle kireTku Y. pestis KM2083
COXpaHUIUCh B 00pa3iiax ¢ koHueHnrpanusamu 3 KOE/ameba, 1,5 KOE/ame6a, 0,3 KOE/ame0a,
0,1 KOE/ame6a. KneTku Bo30yauTeNIsE 9yMbI OBLTH JIOKAITHM30BaHBI BHYTPU KJIETOK ITUCT aKaH-
tameb (Pucynok 4.8). O6pazen ¢ konuentpanueit 1 KOE/ameba coxpanuiics B TeueHue 7 mecs-
1eB, obpaser] ¢ koHueHtpanueit 2 KOE/ameba — 4 mecsneB, oOpasen ¢ koHreHTpamuei 0,5

KOE/ame6a — 2 MecsiieB (epectaB BbICEBATHCS OJHOBPEMEHHO C KOHTPOJIBHBIM 00pa3IioMm).

CrpenkaMu Moka3zaHbl KJIeTKH Y. Pestis BHyTpu mucthl ameObl. Mukpockon Axio Imager Z2
(Carl Zeiss, I'epmanus). CBeTodMIbTp € JUIMHOM BOHBI 3Muccuu 502 HM, yBenndenue 1500x
Pucynok 4.8 — ®otorpadus mucter A. castellanii 13A mocie 22 MecsieB COKYIbTHBHPOBAHHMS

C HaXOAUIMMUCS BHYTpH KiieTkamu Y. pestis KM2083

Pe3ynbpTaThl aHaNM3a TUHAMUKY KOHIIeHTparuii Y. pestis KM2083 B oOpasiax yka3biBaeT
Ha ee «IUKIMYECKU» XapakTep, 00yCIOBICHHBIN yepeoBanueM Qa3 mogbeMa u najaenus (Pu-
cyHOK 4.9). HaGmo1aeMbie MOBBIIICHUS KOHIICHTpAIUK Y. PestiS B KCIIepUMEHTAIbHBIX 00pas3-
[[aX B OTCYTCTBHE OPTaHUYECKHX BEIECTB CBHUJETEILCTBYIOT O BIUSHUM akaHTameO Ha TOITy-
JISIIIAIO BO30YAMTEIIS YyMbI M TOKA3bIBAIOT MX POJIb B coXpaHeHuu Y. pestis. Uepes mecsiin coB-

MCCTHOT'O KYJIbTUBUPOBAHUSA BO BCCX SKCIICPUMCHTAJIBHBIX 0613331_[21)( Ha6n10z[an1/1 IIOBBIIIICHUEC
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KOHIeHTpalmu Y. pestis, 3HaYuTeNpHO NpeBbIIaBInee npeaspaymee 3Hadenue (Tabmuma 4.2,
Pucynok 4.9). Kpome toro, B o6pasuax ¢ koHuentpamusmu 1 KOE/ame6a u 0,1 KOE/ame0a,
BBICEBABIINXCS JIOJIBINE OCTANBHBIX, HA 5 MECSIII COKYIbTUBUPOBAHMS TAK)KE HAOIIOIAIIN Pe3KOe
HOBBIIICHUE YUCICHHOCTH Y. PEStiS. MOKHO NpPEAIOIIOKUTh, YTO YBEITHUCHHE KOHIICHTPAIHH
OaKkTepUaNBHBIX KIETOK SBIILIOCH CIEICTBHEM pa3MHOXKCHUs KIETOK Y. pestis B amebax u ux
BBIXOJIOM BO BHEIIHIOIO CPEy, TOT/Ia KaK COKpAIIeHNe YHCICHHOCTH Y. PestiS mpoucxoauiio B
pe3ynbTaTe MOCIEeYIOUEro pa3sMHOXKEHHU aMe0, pocTa (haroUTUpyroIiel akTUBHOCTH aMel U

rudenn CBO6OZ[HI>IX 6aKTepI/IaJII>HI>IX KJICTOK B OTCYTCTBUC ITUTATCIIbHBIX BCIIICCTB.

KOE/Mn
120000

100000

80000
—— 2 (2KOE/ameba) —4 (1 KOE/ameGa)

—5 (0.5 KOE/ameGa) 7 (0.1 KOE/ameGa)
K (1-10"3 KOE/y)

60000

40000

20000 I']T B

0 31 62 03 124 155 186 JHH
JloBepUTENbHBIN UHTEPBAJ TPEX U3MEPEHUM MIPEICTABJIEH [JIAHKAMU IIOTPEIIHOCTEM,
ypoBeHb 3HaunMoctu 0=0,05
Pucynok 4.9 — Msmenenue konrentparmu Y. pestis KM2083 B cokynbrype ¢ A. castellanii

13A Ha poTSHKEHUU 7 MECSIIEB

AHanmu3 U3MEHEHUsI KOHIICHTpAluil KJIeTOK Y. PestiS B KOHTPOJIBHOM 00pasiie JT0Ka3bl-
BAET, YTO MOCTE TOCTHKEHHSI MAKCUMAaJIbHON KOHIIEHTpauuu Ha 10 CyTKH YMCICHHOCTh OaKTe-
pHUANbHBIX KJIETOK Hayaja COKpalaThCsl B OTCYTCTBUE KoeOaHUM UX YuCIeHHOCTU. BeposTHo,
1ocJie McuepnaHusi HAKOIJIEHHBIX B KJIETKaX MUTATEJbHBIX BEIIECTB MOIMYIISIHS BO3OYAUTENS
YyMbI HE MOIJIA MTO/JIEP>KUBATh TAKUE BBICOKHE TEMIIBI POCTA, CIEACTBUEM YErO CTAJI0 CTPEMHU-

TCJIIBHOC COKpAICHHUEC €€ YUCIICHHOCTH.
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Taxum oOpa3om, 1Mo pe3yabTaTaM HaOIOACHHS 3a COKYIbTypoii Y. pestis u A. castellanii,
MHKYOMpYEeMOW Ha TBEPAON NMUTATEIbHON CPEJIE, YCTAHOBJIEH MOJOKHUTEIbHBIN TaKCUC KIIETOK
akaHTame0 M0 OTHOWICHHIO K OaKTepHalbHBIM KOJIOHHSIM, YTO SIBIISIETCS HEOOXOIMMBIM yCIIO-
BUEM B3aUMOJICHUCTBYS MEX/Y MOIYJISIUSIMEI OPraHI3MOB. BEIsIBIIEH BpeMEHHOH OTPE30K Tepe-
xoma kieTok A. castellanii B HeakTHBHOE COCTOSHUE HA TBEPAOH MUTATEILHOM Cpe/e, HAYajio
KOTOpPOTO COBIAJAET C paHee MPOBOIUMBIMH SKCIICPUMEHTAMH, @ HHIIUCTHPOBAHHUE BCEH MOITY-
JSUUY TPOUCXoAUT Mexkay 16 u 21 nqusamu. Taxxe popMupoBaHue Ha MUTATEIBHOU Cpeie BTO-
PUYHBIX KOJIOHHU BO30YIUTENS YyMbl, W3HAYAIBHO JUIICHHOTO MOJBUKHOCTH, HATJISAHO Jie-
MOHCTPHPYET y4acTHE KIETOK MPOCTEHINX B IIepeHOce KyabTyp Y. pestis.

MopenupoBaHue CUTyallH, B KOTOPOH €INHCTBEHHO BO3MOXKHBIM CIICHApUEM ISl BBI-
xuBaHuUs Y. Pestis B okpyxKaroleit cpesie B OTCyTCTBHE HEOOXOIUMBIX OPTraHUYECKHUX BEIICCTB
¥ aMUHOKHCJIOT OBLIO MCITOJIb30BAHUE MMPOCTCHIINX, & TAKIKE HCIOJIH30BAHUE OPTraHU3MOB, BbI-
JIETICHHBIX C TEPPUTOPHIA OJHOTO OMOIEHO3a, TIO3BOJIMIIO CO3aTh Hanboee MpUOIMKEHHBIE K
TPUPOIHBIM YCIIOBHS JUTsI B3AUMOACUCTBHSI IBYX KyJIbTyp. OTMEUEHBI KoJeOaHHsT KOHIICHTPA-
i Y. pestis ¢ 8 cyTok u mpogoinKaBIIrecs 10 KOHIA ABYXHEAETHHOTO CPOKa IKCIIEPHMEHTA.
MO>KHO MPE/IIONI0KUTh, YTO BBISIBIICHHBIC KOJICOAHHS KOHIICHTPAIMH Ha 8 JICHb OTPAYKAIOT MO-
MEHT Hayalia B3auMOJICHCTBHI IBYX KyIbTyp. Kpome Toro, npu AMUTEIHHOM COKYITHTHBHPOBA-
Hum Y. pestis u A. castellanii yepe3 1 u 5 mMecsitieB ObUITH OTMEUEHBI PE3KUE MOBBIIICHHUS KOH-
HeHTpanuii Y. pestis, CBUICTENbCTBYIONINE O PA3MHOXKCHUU BO3OYIUTEINS 33 CUCT MUTATSIbHBIX
pecypcoB, MpeaocTaBisieMblx ame6amu. [1o OKOHYaHUHM BpeMEHH dKCIIEpPHMEHTa depe3 22 Me-
csilla OT Havajla COKYJIbTUBUPOBAHHS B 4 M3 7 SKCIEPUMEHTAIBHBIX 00pa3iax ¢ pa3iIu4HbIMU
COOTHOIICHUSIMU KOHIeHTparuii Y. pestis u A. castellanii ycranoBiieHO MpUCYTCTBUE JKHU3HE-
CMOCOOHBIX KJIETOK BO30YIUTENSI YyMBI, YTO JJOKAa3bIBACT BOZMOXKHOCTh COXpaHeHus Y. Pestis B

acconuanmm C KICTKaMH akaHTameO B IToYBax IIPUPOAHBIX O4YAaroB YyMEI.
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4.3 Bansinue NJUTEJILHOTO COCyIecTBOBaHMs Y. PeStiS  akaHTamMed HA cOXpaHeHHe

(eHOTHIMYECKNX, TeHETHYECKUX H BUPYJIEHTHBIX CBOMCTB KJIeToK Y. pestis

JUis OLIEHKM BIUSHUA JJIMTEIBHOIO COBMECTHOIO KYJIBTHUBHUPOBAaHUSA B Cpele C
A. castellanii 6e3 nomOTHHUTENEHBIX MUTATEIHHBIX BEIIECTB HA CBOWCTBA BO3OYAUTEINST TyMBI
IPOBEICH CPAaBHUTCIIbHBIM aHaIn3 CBOWCTB mrtamma Y. pestis KM2083 1o u mocjie COKyIbTH-
BUpoBaHMs. B rmpoluecce u3zydeHHs KyJIbTypaibHO-MOP(OJOTMYECKUX CBOWCTB MITaMMa
Y. pestis KM2083 mocje COBMECTHOrO KyJIbTHBUPOBAHUSA YCTAHOBJCHO, YTO KJIETKH 3TOTO
HITaMMa TMPEACTABISUIA COO0M OMMOISPHO-OKPALLIEHHbIE TPaMOTPHULATENIbHBIE MAJIOUYKH, Ha
IUIOTHOW mUTaTenbHoi cpene LB oOpa3oBbiBaiu eIMHUYHBIE KOJIOHUU TUMTMYHOU R-dopmel, 9
% u3 KOTOPBIX TMPOAyIHpOoBaI (IyopecieHTHhINH 0enok. OOpa3oBaHUe KOJOHUN KJIETOK, HE
CUHTE3UPYIOIHUX (PIIyopectueHTHBIH 0eoK uin yrpatuBiux miazmMuny pTurboGFP-B, moxer
OBITH CIIEJICTBUEM JIETPa/lallii B Cpelie aHTUOMOTHKA aMIUIIMIIIINHA, CIOCOOCTBOBABIIIETO OT-
O00py OakTepHalbHBIX KJIETOK C PEKOMOWHAHTHOW Masmuaou. JlJis manmpHEHIero aHaausa
CBOMCTB ObUTH OTOOpaHbI Mpou3BoAHbIC mTaMMa Y. pestis KM2083 kak coxpaHHBIIHE, TaK U
yTPaTUBILIUE CBOMCTBO (DIIyOpPECIICHIINH.

AHnann3 OMOXUMHUYECKHX CBOWMCTB HE BBISBHII OTIMYUNA MEXKIY UCCIEIOBAHHBIMU KYIIb-
Typamu mtamma Y. pestis KM2083. Bce tpu BapuanTa (ncxonusiid mramm Y. pestis KM2083, a
TaKKe MPOIYIUPYIOIINHI U HE MpoayHupyrommuil payopectienTHbii 6enok TurboGFP npousso-
HBIE ATOTO IIITAMMa IOCJIe COKYJIBTUBHPOBAHUS ¢ aMebaMu) 00Jiajany CBOWCTBOM JIEHUTPHU(H-
Karuu, epMEHTAIINH TJIFOKO3bI, apaOMHO3bI, MAHHO3bI, OPTO-HUTPOEHUI-B-raJakTo3uaapadu-
HO3BI, TJUIEPUHA, IPU OTCYTCTBUU (PEPMEHTAIIMH PAMHO3bI, MEJTMOUO3bI, JTAKTO3bI, CaXapo3bl,
copOuTa, HHO3UTA, MOYCBHUHBI. 3aBUCHMOCTh POCTa MPOU3BOAHBIX mTamMMa Y. pestis KM2083
OT MPUCYTCTBUSA B cpejie PeHmIaJaHnHa, METUOHUHA ¥ TPEOHUHA HE U3MEHUJIIACH.

CoxpaHeHue OCHOBHBIX JETEPMHHAHT BUPYJICHTHOCTH (IU1a3Mua KaJlblUN-3aBUCUMO-
CTH U XPOMOCOMHasi PgM-00JIaCTh MATMEHTAIIMHN) B TIOJYYEHHBIX KYJIbTypax mramma Y. pestis
KM2083 6bu10 MOATBEPKICHO OTCYTCTBHEM pocTa Ha cpeae Xuryuu npu 37 °C u copbumeit
KosioHusiMU turMenTa (KoHro kpacHslif) U3 MIOTHOM NMUTaTEIbHON cpenbl. BupyneHTHOCTh uc-
xoaHoro mramma Y. pestis KM2083 u ero npou3BOIHBIX ITOCIIEC COKYJIbTUBUPOBAHUS (TIPOTYIIH-
pyrolue u He mpoayiupyroiiue diyopecienTHblit 6eok TurboGFP) onennBanu takxke in vivo

MOJKOKHBIM 3apakeHHEM OecHopoiHbIX Oenblx Mbimeidl B gozax 1x10° KOE/mm m 1x10%
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KOE/mn. BoisiBrieHo, 4TO BCe KYJIbTYpbl BbI3bIBAIH THOENb J1a00PAaTOPHBIX )KUBOTHBIX B UCIIOJIb-
30BaHHBIX J03aX, IPU BCKPHITHHM HAOIIOIATU TUIUYHYIO MMaTOJOTUYECKYI0 KapTUHY, B Ma3Kax
U3 OPraHOB >KUBOTHBIX MPHUCYTCTBOBAIM KJIETKH Bo30yauTens yymbl. Ha pucynke 4.10 npen-
CTaBJICHbI M300pKEHUST Ma3KOB-OTIEYATKOB BHYTPEHHUX OPraHOB >KMBOTHBIX C KIJIETKaMU
KyJbTyp Y. Pestis mocie coOKyabTUBUPOBAHUS ¢ amedaMu, npoayuupyromieit (Pucynok 4.10, A

u B) u ve npoayuupyromeii guryopecuentasiii 6emok TurboGFP (Pucynok 4.10, b u I).

A —Y. pestis KM2083 (c 6enxom TurboGFP) B cenezenke npu ayinHe BOIHBI 3MHuccHU 502 HM;
b — Y. pestis KM2083 (6e3 6enka TurboGFP) B sierkux, okpammanue mo ['pammy;
B —Y. pestis KM2083 (¢ 6enkom TurboGFP) B neuenu nipu jyinHe BOJIHBI SMHcCcUU 502 HM;
I' — Y. pestis KM2083 (6e3 6enka TurboGFP) B kpoBu, okpaimnnBanue 1o I'pamy.
Muxkpockon Axio Imager Z2 (Carl Zeiss, ®PT"), ysenuuenue 1500x

Pucynok 4.10 — Knerku Y. pestis KM2083 B ma3kax-oTnedaTkaXx OpraHOB MaBIINX KHBOTHBIX

Bnusiaue coxynsTrBHpOBaHUs ¢ A. castellanii B Teuenue 22 mecsieB Ha TUa3MHUIHBINA
cocraB Y. pestis (pCad, pFra, pPst) ouenuanu metogom ITL[P ¢ momorisio TecT-cuctemsl «I'eH
Y. pestis unenrudukanus — PI'®y» (perucrpannonnoe ynocroseperne ®CP 2011/12105) u me-
togoMm C. Kado u S.T. Liu [Kado, Liu, 1981]. ¥V kietok ogHo# kononuu (0,9 % oT uccienoBaH-

HbIX) ObUIa yTpaueHa Iuia3Mujaa pPst, 4To MoXeT ObITh CBA3aHO C HaxoxjaeHHeM Y. pestis B
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KECTKUX YCJOBHUSAX KYyJIbTHBUPOBAHUS B TEUECHHUE DKCIIEPUMEHTA. TakkKe y MCCIEeIOBAHHBIX
KyJbTYp LITaMMa ObLJIO YCTAHOBJIEHO coxpaHeHue miaasMuael pTP33, xapakrepHoit nis duio-
renetudeckoii ymuuu 4.ANT. Tlo pesyiapTaraM HCClIeOBaHUN KyIbTyp ITamma Y. pestis
KM2083 B cOOTBETCTBUM C HU3KOW YaCTOTOM yTpaThl INIa3MUIbl pPst MOKHO KOHCTaTHPOBAThH
OTCYTCTBHE 3HAUMMOI'O BIUSHUS COBMECTHOI'O KYJIBTUBHUPOBAHUS C aMe0aMu Ha IUIa3MUIAHBINA
COCTaB BO3OYAUTEIST YyMBI.

Jlig onipeeneHus BIUSHUS JJIMTENBHOIO COCYIIECTBOBAHMS C aMe0aMu Ha HYKJICOTH/I-
HYIO [TOCJIEIOBATEILHOCTH XPOMOCOMBI BO30YTUTEIIS YyMBI BBITIOJTHEHO IMOJIHOT€HOMHOE CEKBe-
HUpOBaHKE IBYX BapraHTOB mrtamma Y. pestis KM2083 (mpoayupyromiuii U He MPOoyIHPYIO-
i GIyopecieHTHBIN OeoK) Mmociie COBMECTHOTO KyabTHBUpoBaHUs ¢ A. castellanii. B pe-
3yJbTaTe CPaBHEHUS MOJYyYEHHBIX MOCIIEA0BATEIbHOCTEN C CHKBEHCOM UCXOIHOTO IITaMMa 00-
HapykeHbl 4 o6mme SNPs, xapaktepHbie 711 000MX BapHaHTOB IMOCJE COKYJIbTUBHUPOBAHMS,
cpenu KOTopbIX ABe HecMHOHUMUYHBI (Tabmumna 4.3). [Tomumo o6mux SNPs, B XxpoMocoMHOiM
MOCJICIOBATEILHOCTH He mpoaynupyromero 6emok TurboGFP mramma Y. pestis mpucyrctso-
Banu eme 5 SNPs (1Be HECHHOHUMUYHBIE, OHA MPUBOJUT K CTOM-KOJOHY, IBE€ B MEKT€HHOM
IPOCTPAHCTBE). BhIsBIEHHBIE MyTallUU HE 3aTPOHYJIM T'€HbI, ONPEEIAIONME OCHOBHBIE CBOM-
CTBa BO30YIUTENS YyMBI.

Takxum 06pa3oM, B pe3ysibTaTe CpaBHEHUS HCXOIHOTO BApUAHTA U MPOU3BOAHBIX IITAMMA
Y. pestis KM2083 ycTaHOBJICHO OTCYTCTBHE BIHSIHUS JJTUTSIBHOTO COBMECTHOTO KYJIBTHBHPO-
BaHus ¢ A. castellanii 13A Ha mopdonorndeckue, OMOXUMUYIECKHE CBOMCTBA, BUPYJICHTHOCTD U
FeHEeTHUYECKHE IETEPMUHAHTHI BUPYJICHTHOCTH BO30YAUTENS YyMbl. DTO MOKET CBUIETEIBCTBO-
BaTh O CIOCOOHOCTH aKaHTaMeO BBICTYINATh B KAUECTBE 3AIIUTHBIX U PETUTMKATUBHBIX HUIII BO3-
Oynmutens: Oe3 BIUSHHS HA OCHOBHBIC (haKTOPBI BUPYJICHTHOCTH Y. PEStIS B MOYBE MPUPOIHBIX

04aroB 4YyMBI.



114

Tabmauma 4.3 — BeIsiBIIeHHBIE HYKJICOTHIHBIE TTOJUMOP(GHU3MBI TPOU3BOAHBIX mITaMMa Y. pestis KM2083 mocite Ky/IbTUBUPOBAHUS B TEUCHHE

22 mecsues ¢ A. castellanii 13A

Bapuat MyrTarnusi, KOOpIAUHATHI 110 TCHOMY
p I'en Koaupyewmslii mpoaykT Y. pestis CO92 (ID NCBI GenBank:
HrTamma NC_003143.1)
1,2* YPO_RS10010 benok P-koiblia 6a3aJIbHOTO TEIbIIA JKTyTHKA C—A, 2050377, Arg—Ser
1,2 YPO_RS10405 benok, cogepxaniuii qomen perenropa toll/uarepneiikuna-1 G—T, 2124310, Lys—Asn
1,2 tssF Cyb6benunuiia 6a30Boii muacTuHku cucteMbl cekpennu VI tuma TssF G—C, 1686038, cuHoHuMHYHAaS
1,2 Mexresmas o0- - A—G, 2125597, cuHOHUMHUYHAS
JacTh
2 YPO_RS10640 benok, conepxamunii Kap60xcn§§§2§ﬂa30noao6ﬂbm PETYJISITOPHBIIA A—T, 2187586, Tyr—Phe
2 YPO_RS15035 ®ocdaraza PAP2 / 6enox ceMeigTCBTaIl/I ¢ocaraz nBoitHOMN cienupuy- T—A, 3144064, lle—Lys
2 YPO_RS04100 [MupunokcansdocdaT-3aBucumas aMuHOTpaHchepasza C—A, 684581, Ser—cTon-ko10H
2 Mexrennas 00- 3 AT—TA, 1094928-1094929, cuHOHUMHY-
JacTh Hast
2 MesxreHHas 00- 3 AT—TA, 4626509-4626510, cunoHUMMY-
JacTh Hast

[Tpumeuanue: *1 — npomsBoaubii Y. pestis KM2083, npoxyuupyrommii TUrboGFP, 2 — mpousBoausrii Y. pestis KM2083, He npoayuupyromuii
TurboGFP.
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[To pe3ynbpTaTtam MCClIeAOBaHUN B TIaBe 4 B MOYBaX Ha MU300THYCCKU aKTUBHBIX y4acT-
kax [OopHO-ANTalCKOTO BBICOKOTOPHOTO oOvYara YCTAHOBJICHO IPUCYTCTBUE MPOCTEUIINX
A. castellanii u D. sphaerocephalum. B coOOTBETCTBHH C IIHPOKHM reorpaduyecKuM pacipo-
CTpaHCHHEM, BBICOKOW YHCIICHHOCTBIO ATHX aMe0 B IMOYBaX, a TAK)KE M3BECTHBIMH (haKTaMH B3a-
UMOJICHCTBHIA C TATOr€HHBIMH MUKPOOPTaHM3MaMHU, MOKHO TIPEIMOIOKHUTD X POJIb B )KU3HECH-
HOM ITUKJIC ¥ COXPAHCHHWU BO30YIUTES YyMbl B MIPUPOJIHBIX odyarax uymbl. [1o pe3yiabTatam
HaOJII0ICHHS 3a COKYIBTYpoit Y. pestis u A. castellanii, nakyOupyemoii Ha IUIOTHON TUTATE b~
HOM cpejie, YCTAHOBJICH MOJIOKHUTEIbHBIA TAKCHUC KIETOK akaHTaMeO 10 OTHOIICHHIO K OaKTe-
pHAIBLHBIM KOJIOHHSIM U (HOPMHUPOBAHUE Ha MUTATSILHON Cpe/ic BTOPUUHBIX KOJIOHHH BO30Y/IH-
TEJIS 4yMBI, YTO YKa3bIBACT HA HAJTMYHE B3aMMOJICHCTBUN MEX Iy IByMsl KyinbTypamu. COKYITb-
tuBrpoBanue Y. pestis u A. castellanii B xwunkoit cpeqie B OTCyTCTBHE MUTATEILHBIX BEIICCTB, B
TOM YHCIIC HEOOXOAUMBIX IS POCTA BO3OYIUTENS YyMbl aMHHOKHUCIIOT (PeHUIAIAHUHA, METHO-
HUHA ¥ TPEOHHHA, TTO3BOJMIIO YCTAHOBUTH 3HAYUTEIILHO 00JIee UTMUTEIbHBINA CPOK COXPaHCHHS
KHU3HECITOCOOHBIX KJIETOK BO30YAUTENS UyMbI 10 22 MECSIIEB [0 CPABHEHHUIO ¢ KOHTPOJIbHBIMH
obpasuamu. CieayeT OTMETHTh, YTO MPU JUIMTEIBHOM COKYJIbTHBHPOBaHHH Y. PEStiS wu
A. castellanii B »xwuakoi cpeie Ha MPOTSHKECHUH 7 MECSIICB IIPU MOJACUYETE KICTOK akaHTaMeO B
o0pasiiax moMIUMO HEAaKTUBHBIX ()OPM, PUCYTCTBOBAIIN aMeOOUIHbIE TPOPO30UTHI, CIOCOOHBIE
BCTYIAaTh BO B3aWMOJICHUCTBUS C KICTKAMHU BO30YAUTES YyMbl. Takke yCTaHOBJICHO, UTO JIJTH-
TENIbHOE COKYJIbTUBHPOBAHHWE OPraHM3MOB HE TMPHUBEIO K HM3MEHEHHIO OCHOBHBIX CBOWCTB
Y. pestiS u BUPYJICHTHOCTH, YTO SBJISIETCS BaXKHBIM apryMEHTOM B ITOJIb3Y PACCMOTPEHUS aKaH-
tTame0 B Ka4eCTBE 3alIMUTHBIX U PEIUTMKATUBHBIX HUIII, ITOIACP/KUBAIOIINX MOTCHIIMATBHO BUPY-

JICHTHBIH TyJT KJIeTOK Y. PestiS B Mo4Be MPUPOIHBIX 0YAroB YyMBbI.
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TJIABA 5 AHAJIM3 B3AUMOJIEMCTBHA Y. pestis C HEMATOJAMM.
OIPEJEJEHUE CUCTEMATHYECKOHN NPUHAJIJIEXKHOCTHA HEMATO/I U3
I'OPHOI'O AJITAA U TYBbBI

Opnolt u3 HanboJee MUPOKO MPEACTABICHHBIX TPYIII OPraHU3MOB MTOYBEHHOT'O OHOIE-
HO3a, HAPSAY C MPOCTEHIIIMMH, SBJISIOTCS HeMaTo bl [lokazaHo, 9TO BO30YIUTENb YyMBI CITO-
co0eH 00pa30BBIBaTh HA KYTHKYJIE HEMATO]| OMOIICHKY, KOTOpasi OJIOKUpYET MUTAaHUE U TPH-
BoauT K ux rubenu [Darbi et al., 2002]. Takxe omy0IMKOBaHbBI JaHHBIE O HECBA3aHHOM C OHO-
IUICHKOOOPa30BaHUEM MEXaHU3ME THOEIM HEMATO T TI0]T BO3/ICHCTBUEM TOKCUYCCKUX BEIIECTB,
BbIIeIsseMbIX Y. pestiS B moiocte Hemarona [Styer et al., 2005]. [/lanpHeiiiee pa3BUTHE 3TO
HAIPABJICHUE WCCIICIOBAHUN MOYYHIIO TIOCTIE BBISBICHHS TOJUTOCTATBHBIX Mapa3suTHUISCKUX
HemaToJ 1 Rubzovinema spp., mopaxaronux 010X, OCHOBHBIX BEKTOPOB Tiepeaaun Y. pestis [Epo-
HIeHKO U Jip., 2016; Ormonun u np., 2018; Koshel et al., 2014]. CoBokymHOCTh HaKOILICHHBIX
JAHHBIX MPUBEJA K pa3pab0TKe TUIMOTE3bl BEPTUKAIBHON TPAHCMUCCUU BO30YIUTEINS YYMBI, CO-
IJIACHO KOTOPO TUYMHKHU Mapa3uTUIECKUX HEMATO I, HHPUIIMPOBAHHBIEC BO30YIUTEIEM YyMBI,
3apaKaroT JINYMHKHU 0JIOX, TEM CaMbIM CITIOCOOCTBYsI TabHElIIeMy BoIHOCY Y. PestiS u3 mouseH-
HOTO B Ha3eMHbIN OnorieHo3 [[lomos u ap., 2007; Kyteipes u ap., 2009; Ilomos u np., 2011]. B
CBSI3M C OTUM aKTyaJIbHBIM SIBISICTCSI M3yYEHUE TPECTABUTEIICH HEMATO SITU300THYCCKH aK-
TUBHBIX TEPPUTOPUI MPUPOIHBIX OYArOB YyMbI, HCCIIEIOBaHWE B3aWMOJCUCTBUN C HUMHU
Y. pestis, a Taxke onpe/ieieHne MUKPOOHOTO OKPYKEHHS Iapa3uTHYCCKUX HEMATO/I, C KOTOPBIM
KJIETKU BO30YIUTENS YyMbl MOTYT TUTIOTETHYECKH B3aUMO/ICHCTBOBATH HA MPOTSKEHUU CBOETO

JKHU3HCHHOI'O LIUKJIA.

5.1 Anaim3 B3anmojeiicTBust Y. pestis pusorenernyeckoii uaun 4. ANT
€ MOYBEHHBIMHM HEMATOAAMHM M3 NPUPOAHOro OuoneHo3a I'opHo-Anraiickoro

BBICOKOTOPHOI'0 04ara 4yMbl

ITouBeHHBIEC HEMATOABI ABISIOTCS OJJHUMH M3 MaCCOBBIX WIECHOB ITOYBEHHOT0 OMOIIEHO03a,
nocTturas uncnennocty nopaaka 107 ma 1 m? [Back et al., 2002]. CBo60AHOKUBYIIME HEMATOIbI
OKa3bIBAIOT 3HAYUTEIHLHOE BIMSIHUE HAa TTIOUBCHHBIN OMOIICHO3, MPUHUMAsI aKTUBHOE YJYacTHE B

ACCTPYKIUU OPTAaHUYCCKUX OCTAHKOB U ABJIASICH OCHOBHBIM PETYJISITOPOM YHUCJICHHOCTH OakTe-
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pUanbHBIX NONyIsuuid. Bo BpeMst 3n1300THII BEPOSITHOCTh KOHTAKTa HEMATO/I C KJIETKaMU BO3-
OyauTeneM 4yMbl YBEJIMUMBACTCS 3a CUET MONaJaHusd UHPUIIUPOBAHHBIX OCTAHKOB KUBOTHBIX,
0JI0X ¥ MPOIYKTOB MX KU3HEACSATEIILHOCTH B TOYBCHHBIA OMOIIEHO3 U BKIIIOUEHUSI UX B IETPUT-
HbIC MUIIEBbIC IIeNMU. B CBs3M ¢ 3TUM BO3pacTaeT aKTyalbHOCTh U3YUYEHHUsS BUJIOBOIO COCTaBa
HEMATO/]] IPUPOIHBIX 0YAroB YyMbl M X B3auMooTHoIeHuH ¢ Y. pestis. L{enecooOpa3HbIM sB-
JS€TCA U3y4YeHUE OTHOIICHHUI OpPraHu3MOB, BBIJICJICHHBIX U3 OJHOTO MPUPOJHOTO OHOILIEHO3a

AKTHUBHOT'O B HACTOAIICC BPCMA ropHO'AHTaﬁCKOFO IIPUPOAHOI'0 o4Yara 4YyMmanl.

5.1.1 Onpenesienne cucTeMaATHYECKOH MPUHAIJIEKHOCTH MOYBEHHbIX HEMATO/I U3 HOP

rpbI3yHOB ['0pHO-ANTalCKOr0 BHICOKOTOPHOT0 049ara 4yMbl

OneHky BUAOBOTO pa3zHOOOpa3usi CBOOOJHOKMBYIIMX HEMATOJl TOYB HOpP TPHI3YHOB
["'opHO-ANTaliCKOTO MPUPOTHOTO OYara YyMbl IPOBOJIUIIHU C UCIIOIB30BAaHUEM MPOO, COOPAHHBIX
B 2016 . MecTta u iporiecc cbopa mpo6 onmcan B noariase 4.1 rinasel 4. HaBecky moussI (1 1)
nomernany Ha ra3oH E. coli OP50 na arape NGM, yBnakHsu GU3pacTBOPOM U HHKYOUPOBAIH
B KiIuMaTuueckoit kamepe npu 22 °C u Bnaxxnoctu 60 %. [Ipu BeIX0oA€ HEMATO Ha TOBEPXHOCTH
arapa OTJENIbHBIX 0c00el U3 Kax a0l TOYKH cOopa 00pas3IoB NMepecakuBalid Ha HOBBIE YaIIKU
[TeTpu ¢ ra30HOM KHILIEYHOW Manoyku. B nemnsx n3daBieHus OT COMyTCTBYIOMIENH MUKPOQIOPHI
HEMATO/l TIOCJIeI0BaTeNbHO NepecakuBany Ha yamku [lerpu ¢ arapom NGM mbo oTmbiBaiin
siflla HEeMaTOoJl B PacTBOpPE IIyTapoBoro anpjaeruna [Brenner, 1974]. 3 aByx mouBeHHBIX 00-
pasnoB moa Homepamu 10 1 13 ObuTH BBIZICIICHBI HEMATO/BI, BIIOCIICICTBUU 0003HAYEHHBIE 110

mecty Boeiaenenus 10H u 13H cootrBercTBenHO (Pucynok 5.1).

20 pm

A — Mecra BbIieNIeHUsT HeMaTo 1 U3 pod mous, b — momoBo3penas ocods HemaTonbl 13H
c sitiiamu, mukpockon Axio Imager Z2 (Carl Zeiss, ['epmanus), ysenuuenue 100x
Pucynok 5.1 — IlouBeHHbIE HEMATO/bI, BBIACIEHHBIE U3 IOYB [ OpHO-ANTalICKOr0 NPUPOIHOTO

odara 4yMmsl
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s Beiaenenus JJIHK HemaTon MCHOIb30Baji KOMIUIEKT PEAreHTOB JJIsi SKCTPAKIUU
JHK u3 6uonorunueckoro marepuana «IHK-cop6-/1» (Ammin-Cenc, Poccus) B cooTBeTCTBUU
C MHCTpYyKUUen npousBoautes. s monyyenus reneruueckoro matepuaina 10 B3pocibIx oco-
Oeil HeMaTo MoMeIIalId B TPOOUPKY ¢ PU3paCTBOPOM. Y CTAaHOBJIECHUE CUCTEMATUUYECKOMN MPH-
HAJJIEKHOCTH HEMATOJ OCYIIECTBIISUIA MIPH aHalin3e (PparMeHTOB HYKJICOTHUIHBIX MOCIEI0Ba-
tenbHOCTel reHa 18S pPHK manoii cyoseananibl pudocomsl, monydeHHbIx MeTooM [P co
cnenuuuasivu  npaiimepamu SSU18A  (5'AAAGATTAAGCCATGCATG3") u SSU26
(5'CATTCTTGGCAAATGCTTTCGS') [Blaxter et al., 1998].

CpaBHeHUE NOJYyYEHHON HYKJIEOTHIHON mocneaoBareabHocTH oopasua 13H pazmepom
922 m.H. ¢ ACNOHMPOBAHHBIMH TOCeA0BaTeIbHOCTAMU B 0a3ze manHbIX NCBI GenBank anro-
purMoM Megablast mo3BoIKuI0 BBISIBUTH POJICTBO HEMATO/I, BBIICICHHBIX U3 MOYBBI [ opHO-AJI-
TaHCKOTO BHICOKOTOPHOTO ouara, ¢ Hemarogamu Panagrolaimus sp. 4164 (Ne NCBI GenBank
MK301117.1) [Holterman et al., 2019] pu niporienTe uaeHTUIHOCTH 97,79 % M OOIIUM ITOKPHI-
THEM MocienoBareiabHocTel 97 %. Ha ocHOBaHMM MOJIyYEHHBIX JAaHHBIX MOKHO CII€TIaTh BHIBOJ]
0 MIPUHAJUIKHOCTHU MCCIIeayeMol HeMaTo bl K poay Panagrolaimus, Ho /Ui BUOBOH MICHTH-
¢uKanuy B UCNOJIb3yeMOM 0a3e TaHHBIX COAEPKUTCS HETOCTATOYHO MH(popManuu. Bo3moxkHo,
B MEXIYHapOJHBIX 0a3ax JaHHBIX OTCYTCTBYIOT HYKIJIEOTHJIHBIE MOCIEI0BATEIHLHOCTH 3TOTO
BUJIA JINOO 3T HEMATO/IbI OTHOCSTCS K paHee He ONMCAHHOMY BHULY.

J171s1 yCTaHOBJIEHUSI CUCTEMATUUECKOT0 MOJ0XKEHUS U3y4aeMoil HemaTo bl U3 ['opHO-AJl-
TaliCKOTO BBICOKOTOPHOTO ouara B ceMelicTBe Panagrolaimidae 611 mpoBeieH ¢umoreHeTye-
CKUI aHAIM3 TIOy4YeHHOH nocnenoBatenbHocTH TeHa 18S pPHK o6pasna 13H. Chopmupoan-
Hasi BBIOOpKA JaHHBIX BKJIOYAsa 22 HYKICOTHHBIE IMOCIENOBATEIBHOCTH MpEACTaBUTENCH
ATOr0 CEMENCTBA, B KAUECTBE KOPHS MCIOJIb30BaJIH MOCIEI0BATEIbHOCTh TeHa Majlol cyObeIu-
HUIBI prOocombl HemaTo el Strongyloides stercoralis (Ne NCBI GenBank M84229.1.), Bxozs-
uieit B undpaotpsan Panagrolaimomorpha [Holterman, 2019].

[To pe3ynpraTam gunorenernueckoro ananusa Panagrolaimus sp. 13H u3 'opro-Anraii-
CKOT'0 odYara 4ymbl pacrosiaraercsa B ogHom oOmiem kiactepe (100 % OyrcTpen-moanepixka
BETBH) C APYTUMU IpeJcTaBUTEIsIMU Panagrolaimus, 4ro moaTBepxaaeT ee mpuHaIIeKHOCTD
K aromy poay (Pucynok 5.2). Ilo naHHbIM nuTepaTypbl M3BECTHO, YTO HEMAaToJ poja
Panagrolaimus coriacHo kiaccupuKaIMy Mo TUIY MATAHUS OTHOCAT K U30MpaTeIbHBIM OaKTe-

puo-nerpurodaram [["arapun, 2001], uro cornacyercs ¢ HammMu HabmoneHUsIMU. Kpome Toro,
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NPEJICTABUTEIIH STOTO POJa PACIPOCTPAHEHBI B Pa3IMYHBIX TUTIAX MTOYB U OMOIeH030B Peciy0-
JUKA AJNTaid, B TOM YHCIIE U Ha TIPUPOTHO-0YArOBON TEPPUTOPHH, YTO TOBBIMIAET BEPOSITHOCTH
BCTPEYH 3TUX HEMATOJ C KJIIETKaMu BO30yauTels uyMbl B mouBe [Cymyk u ap., 2022; Oglodin

etal., 2019].

GU014546.1 Panagrolaimus detritophagus
AT567385.1 Panagrolaimus davidi
MK636578.1 Panagrolaimus artyukhovskii
KY119819.1 Panagrolaimus facetus
KY119732.1 Panagrolaimus subelongatus
MK301117.1 Panagrolaimus sp.

Panagrolaimus sp. -—ssess

MW412913.2 Panagrolaimus labiatus

MK547102.1 Panagrolaimus rigidus

99

AF202156.2 Halicephalobus gingivalis
il 100 || MK087051.1 Halicephalobus sp.
03 ' TX674039.1 Halicephalobus gingivalis

KU180673.1 Turbatrix aceti
100 ' AF202165.2 Turbatrix aceti
KJ636307.1 Plectonchus wyganti
AY593920.1 Plectonchus sp.
AF202154.2 Plectonchus sp.
99 || FJ969134.1 Panagrobelus stammeri
LC382055.1 Panagrobelus sp.

98 .
AF202153.2 Panagrobelus stammeri

[ MN082327.1 Panagrellus sp.
100 — AF036599.1 Panagrellus redivivus

M84229.1 Strongyloides stercoralis

Crpenkoii BeiienieHa HeMaToa Panagrolaimus sp.13H u3 'opHo-ATalickoro BBICOKOTOPHOTO
oyara yyMbl. AHaJIHM3 BBITIOJHEH B mporpamme Mega 7.0 meromom Maximum Likelihood
Mozenbio Tamura-Nei. 3HaueHUs1 OyTCTpeN-MOAKPETIICHUs] BETBEH, peBbimatomtue 75 %,
MIPUBE/ICHBI PSIJIOM C BETBSIMU
Pucynok 5.2 — AHanu3 GpuioreHeTHUECKUX CBsi3el Hemarox poaa Panagrolaimus u3s I'opHo-

AnTalickoro BBICOKOTOPHOT'O ouara 4YyMbl 10 IocJieioBaTeNbHOCTH y4yacTka reHa 18S pPHK

[Tpu ananmze nocnenoBatenbHOCTH yuacTtka reHa 18S pPHK o6pasma 10H pasmepom 830
II.H. yCTAaHOBJICHO, uTO TipH 99 % paBeHCTBE IJIUH HYKJICOTHIHBIX MOCIEA0BATEIIBHOCTEH 0a3bl
naaabeix NCBI GenBank HauGobImii IpOIeHT UASHTUYHOCTH OBLIT BBISIBJICH C TIOCTIE0BATEIb-
HocTsimu Fictor sp. (Ne NCBI GenBank KJ877233.1) u Sudhausia aristotokia (Ne NCBI
GenBank KJ877231.1), cxoactBo ¢ koTopsiMu cocTaisieT 83,14 % u 83,16 % coOTBETCTBEHHO.
BrisiBI€HHBIN HU3KHI MPOLEHT HUACHTUYHOCTU MEXIY MOCJIEI0BATEIIbHOCTIMU MOXET TOBO-

PUTH O MPUHATICKHOCTH HEMATO bl U3 ['OpHOTO AJTas K paHee He OMMCAHHOMY POY WU POAY,
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HYKJICOTUHBIE I1OCIJIEJIOBATEIBHOCTH KOTOPOro HE ObUIM JAECTIOHMPOBAHBI B MEXKJIYHAPOJHbBIE
0a3bl JaHHbIX. 11 ycTaHOBJIEHUS 00JIee TOUHOTO CUCTEMATUYECKOTO MOJIOKEHHUS HEOOXOAUMBI
Oosiee MoApoOHOE MOP(POIOrHUECKOE U3YUEHUE HEMATO A U 00Jiee MPOTSKEHHBIN y4acTOK T€HOB
pPHK, B Tom uncie nocienoBatenbHOCTH MeXIeHHbIX crielicepoB ITS1 u ITS2.

[Tpu nocTpoeHnn GUIIOTeHETHUECKOTO JepeBa JIIsl BHIOOPKU ObUIN UCIIOJIb30BaHBbI 25 1o-
cnenoBatenbHocTel reHa 18S pPHK Hemarton, otHocsammxcs k cemeiictBy Diplogasteroidae. B
KadecTBe KopHs Obuiu BbeiOpanbl Poikilolaimus regenfussi m P. oxicercus cemeiicTBa

Rhabditidae. Pe3ynbrarsl hHUI0reHETUYECKOTO aHAIN3a IIPEACTABIICHBI Ha Pucynke 5.3.

g9 - LC027672.1 Diplogasteroides asiaticus
-l: LC099973.1 Diplogasteroides luxuriosae NKZ304
'— KJ877214.1 Diplogasteroides magnus RS1983
— JQO005865.1 Rhabditolaimus leuckarti RS5525
KJ877217.1 Pseudodiplogasteroides sp. VS-2014 SB257
-|: LC095813.1 Rhabditidoides humicolus RGD243
— KJ877216.1 Diplogastrellus gracilis SB306

KJ877219.1 Oigolaimella attenuata SB353
-|: OP473973.1 Fictor platypapillata SERB/M9/Vessu
KJ877228.1 Diplogasteroides sp. Fuchsnema VS-2014 RS5537
KJ877227 1 Diplogasteroides halleri RS5531

10H 4

KJ877233.1 Fictor sp. 1 VS-2014 RS9001

KJ877234.1 Fictor sp. 2 VS-2014 RS9002
KJ877231.1 Sudhausia aristotokia RS9011
KJ877232.1 Sudhausia crassa RS9012
LC214841.1 Sudhausia floridensis NKZ361
JX163974.1 Micoletzkya palliati
“j[ KJ877203.1 Diplogasteriana schneideri RS5440
9

5 L LC374587.1 Acrostichus floridensis NKZ366

|: MH048997.1 Neodiplogaster unguispiculata DS124
98 L EU306343.1 Tylopharynx foetidus wb3

|: KJ877224.1 Koerneria hylobii RS5529
98 L JX163979.1 Koerneria sp. RS1982
AF083022.1 Poikilolaimus regenfussi SB199
100 L FJ040436.1 Poikilolaimus oxycercus 788

Crpenxkoii Beiienena Hemaroaa 10H u3 'opHo-AnTalicKoro BEICOKOTOPHOTO OYara 4YyMpl.
Amnanu3 BeImoaHeH B mporpamme Mega 7.0 metogom Maximum Likelihood monensto Tamura-
Nei. 3HaueHus OyTcTpen-noKpeIUieHus BETBEH, npeBbliatomue 75 %, mpuBeAeHbI PSIIOM C
BETBSIMU
Pucynok 5.3 — ®unoreHeTnueckuii aHaiau3 cBsi3eil HemaTo| cemeiicTBa Diplogasteroidae u3
1ouBbl ['0pHO-ANTaICKOT0 BHICOKOTOPHOI'O O4ara 4yMbl

10 rocJeoBaTeNnbHOCTH yyacTka reHa 18S pPHK
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dunoreHeTHYeCKui ananu3 nocaeaopatenbHoCcTH pPHK Manoii cyobenuHuIb: pudoCcoMBI
II03BOJIMJ BBIABUTH AuBepreHuuto usonsara 10H u3 'opHo-AnTalickoro oyara 4ymsl OT IpyTHX
ponoB cemeiicTBa Diplogasteroidae, B3aTeix B uccinenoBanue (Pucynok 5.3). Takxke B cOOTBET-
CTBHH C pe3ysibTaTaMH aHaju3a TOMOJIOTHH InpeactaButesid pogos Fictor u Sudhausia ssis-
1oTcs cectpunckumu kiaaamu (100 % OyTcTpen-noaaep:kka BETBU) B OTHOIIIEHUU HCCIIETye-
moro uzonsita 10H. Cnenyer ckazaTh, 4To MHOTHE NpecTaBuTenu cemeiictBa Diplogasteroidae
XapaKTEepU3YIOTCs CIOCOOHOCTBIO BCTYIATh B accolldalliu ¢ HacekoMmbIMu. [lpeacraButenu
ATUX POJIOB paccMaTPHUBAIOTCS B KAaUE€CTBE HEMATO[, MMAPAa3UTUPYIOIIMX HAa HABO3HBIX JKYKax
poxa Onthophagus (Herrmann et al., 2013; Kanzaki et al., 2017; Mahboob, Tahseen, 2022).
Brigenenue cBoboaHokUBYIKX popm Hemartox Fictor setosus u Fictor denticulatus ¢ Teppuro-
pHii CKOTHBIX JBOPOB TOBOPHUT O HAIMYHU CBOOOJHOKUBYIIUX (opM 3THX BUI0B [Yousuf, Ma-
hamood, 2017]. BeineneHHass HaMu HEMAaTo/a U3 MOYBHI [ OpHO-AJITaliCKOTO BHICOKOTOPHOTO
oudara cBOOOJTHO pa3BUBajach M pa3MHOXKajgach Ha arape NGM, ucnonb3ys B KaUeCTBE UCTOYU-
HUKA MMUIIA CTaHIapTHYIO KyibTypy E. coli OP50, HO Henmb3s UCKITF0YaTh BO3MOXKHOCTH TOTO,
YTO OHA TaKXKe CIIOCOOHA BCTyNaTh BO B3aMMOJICHCTBUE C HACEKOMBIMHU, KaK U MPEJACTaBUTENIN
POACTBEHHBIX €11 TAKCOHOB.

Takum oOpa3om, Mpu aHaIM3e MOYBEHHBIX OUOIIEHO30B ['OpHO-ANITaliCKOTO BBHICOKOTOP-
HOTO OYara 4ymbl HAMH OBLITH BBIJICJICHBI JBa MPEACTABUTEI CBOOOHOKUBYIIIUX HeMaTo 1. Ha
OCHOBAaHUHU aHAM3a HYKIJICOTHIHBIX mocienoBareinbHocteld pPHK manoit cydbenuuuisr pubo-
COMBI YCTAQHOBJIEHA CHCTEMAaTH4yecKas MPUHAMJCKHOCTh OJHOTO U30JsTa K  POIY
Panagrolaimus. CucreMaTH4ecKyo MPUHAIICKHOCTh APYroro U30JiATa YCTAHOBUTH HE y/a-
JIOCh 32 HEMMEHUEM COOTBETCTBYIOIIMX JAHHBIX B TEHETUYECKUX 0a3axX JaHHBIX, MOXKHO T'OBO-
PUTH TOJBKO O €T0 MPUHAJIEKHOCTH K ceMelicTBy Diplogasteroidae, onHako cyns mo ¢umore-
HETUYECKOMY POJACTBY C HEMATOJaMHU-TIapa3uTaMH HACEKOMBIX IMPEJICTaBUTENb ITOW TPYIIIIbI
HEMAaTOJ] MOXKET OKa3bIBaTh OMpE/ICTICHHOE BIUSHUE HA TIApa3UTAPHYIO CUCTEMY BO3OYIUTENsS
gyMbl. BO3MO>XHO, 3TOT U30JIST BBISBICH BIEPBbIC WM SBISETCS MPE/ICTABUTEIIEM HEU3BECT-
HOTO B HACTOSIIIMI MOMEHT TakCoHa. B ciexyromiem noapaszaene OyJeT pacCMOTPEHO BIUSHUE

Y. pestis punorenernueckoii muann 4. ANT Ha HemaTo Panagrolaimus sp. 13H.
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5.1.2 U3yueHnune ocoOeHHOCTEl OMONIEHK000pa3oBaHusl U BiausiHus Y. pestis

¢punorenernyeckoi iunuu 4. ANT Ha HemaTo]

W3BecTHO, uTO Y. PestiS MOKeT BHI3BIBATH THOEIF HEMATO/I P TIOMOIIY JABYX Pa3iIiy-
HBIX MEXaHU3MOB: CBA3aHHOTO ¢ OMOIUIEHKOOOPAa30BaHUEM U HE3ABUCAIIETO OT 3TOM CIIOCOOHO-
ctu. CoriiacHO EPBOMY CIICHApHIO, BO30OYAUTENIb YyMbl 00pa3yeT MacCUBHYIO OMOIUICHKY Ha
MOBEPXHOCTU KYTHUKYJIBI HEMATOM, TEM CaMbIM UMMOOWJIN3YET HEMATO/] U OJIOKUPYET UX MHUTa-
uue [Eporrenko u ap., 2012; Darby et al., 2002]. Bropoii MexaHu3M ObLI BBISIBJIIEH Y IITAMMOB
Y. pestis, yrpaTUBIINX CIIOCOOHOCTh K 00pa30BaHUIO0 OWMOIICHKHU, U 3aKIFOYAJICS B BBIICICHUH
TOKCHYECKUX MPOAYKTOB B MPOCBET KuIlleyHrKa HemaTon [Styer et al., 2005]. Cnenyer orme-
TUTh, YTO B TIOAABISIONIEM OOJIBIIMHCTBE YKCIICPUMEHTOB BiHsiHUE Y. PeStiS u3yvanu Ha Mo-
nenpHOM opranusme C. elegans, Torma kak 0coOyr0 akTyallbHOCTh UMEIOT BBISIBJICHUSI OCOOCH-
HOCTEW B3aUMOJECHCTBUN OPraHU3MOB, SIBJISIOIUXCS WIEHAMH 0JHOTrO OuoreHo3a. C 3Toi 11e-
JIBIO B OKCIIEPUMEHT OBLIU B3ATHI (DyopeceHTHbIH mTamMm Y. pestis KM2083 nunuu 4. ANT u
aKCeHWUeCKas KyJabTypa Hemaroa Panagrolaimus sp. 13H, BeiieIeHHBIE C OJHOM TEPPUTOPHUA
AKTUBHOT'O B HACTOSIIMIA MOMEHT ['OpHO-AJITaliCKOr0 BHICOKOTOPHOI'O O4Yara YyMmal.

Cytounsie razonsl Y. pestis KM2083 u E. coli OP50 rotoBuim, HaHocs 0,1 Mt B3BecH B
koHuenTpanuu 10° KOE/mi B gpuspactsope Ha uamku [leTpu ¢ TBepoii araposoii cpenoiit NGM
U nHKYOupys ux mpu 22 °C. KynbTypy HeMaTo/| mpeBapuTeIbHO BhIpamuBaiu Ha cpeae NGM
no cragauu L4. Jlanee Ha wamiku [letpu (qmuamerpom 90 Mm) ¢ 6akTepraibHbIM Ta3oHOM Y. pestis
KM2083 non xontposieMm crepeomukpockomna «Stemi-2000C» (Carl Zeiss, 'epmanus) mome-
mjanu 20 HeMaTo U KyJbTUBUPOBAIIA B KIMMATUYECKON KaMepe B TEYEHUE CYTOK MPU TOU Ke
temneparype. [lo mpomecTBun BpeMeH! MHKYOAlUK Ka)Klyl0 HEMATOJly MepeMelad Ha OT-
nenpHyro yamky [etpu (amamerpom 55 mm) ¢ razorom E. coli OP50 u B TeueHHe 3KCIIepuMEeHTA
€XXEJIHEBHO OI[CHUBAIM KOJIMYECTBO KMBBIX M MaBIIUMX HemaToJ. Hemarona cunranace nmorud-
i€, eclii OHA HE pearupoBalia U He MPOsIBJIsija ABUTaTeIbHOM aKTUBHOCTU B OTBET Ha pa3jpa-
xarouuil pakTop n3MeHeHUs: ocBenleHus. [Ipu BBISIBICHUU fiill HAa OaKTEpHUATbHBIX ra30HAX
B3pOCIIYI0 HEMATOJly OTCa)KMBAJIM Ha HOBBIM ra3oH. B KOHIE 3KCiepUMEHTa MPOCMOTP YalleK
[leTpu B BUAMMOM M 3€J€HOM CHEKTPax OCYIIECTBISUIM MOJA MHKpockomoMm Axio Imager Z2
(Carl Zeiss, 'epmanus). 3a KOHTPOJIb OBUTH B3SITBI HEMATO/IbI, KyJbTUBUPOBAHHBIC B TCUCHHE
BCET0 BPEMEHHU dKCIIepUMeHTa Ha ra3one E. coli OP50. DkcriepuMeHT MpOBOAMIH B TPEX OHO-

JIOTHYCCKUX ITOBTOPHOCTAX.
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[To npomectBuu 14 nHel co nHA Hayana SKCIEPUMEHTA HA TOBEPXHOCTH HEMATO/ B 00-
JIACTH MOJIOBBIX OPT'aHOB U XBOCTA 3a(hUKCHUPOBAHO 00pa3oBaHKUe OUOIIJICHKH IITaMMoM Y. pestis
KM2083 (Pucynok 5.4. A, B), He mpuBouBIIeH K UMMOOWIN3aKK HeMaToa. Kpome Toro, B
kumeyHoM Tpakte Panagrolaimus sp. 13H npucyTcTBoBaIo CKOIJICHHE KJICTOK BO30YIUTEIIS

gymbl (Pucynok 5.4. C).

Muxkpockon Axio Imager Z2 (Carl Zeiss, I'epmanus), yBenuuenue 100x

Pucynok 5.4 — buornenku ¢uryopecuentHoro mramma Y. pestis KM2083 B 06sacTH BYJIbBBI
(A) n xBocta (B) nHemarton Panagrolaimus sp. 13H u ckoruteHust KJI€TOK BO30YIUTENS UyMbl B

KHIIeyHoM Tpakte HemaTo bl (C)

[TomryueHHBIE TaHHBIE 0 OMOTUIEHKOOOPAa30BaHUH UCCIEAYEMOTO IITAMMa COOTHOCSITCS C
pe3ylibTaTaMu JAPYrux uccienopareneil. Tak, oOpazoBaHue OUOIUIEHKU B 00JIACTH TOJIOBBIX Op-
raHoB ObLTIO 0OHapYXkeHO Ha KyTukyJse Hematon Tylenchida u Rhabditida u3 Ilpukacnuiickoro
necyanoro, Bonro-VYpaneckoro crennoro u Ilpukacnuiickoro CeBepo-3amnagHoro CTEMHOrO
ouaroB yymsl [Komiens, 2014], omyxmmmii 1 B3ayThiid xBocT C. elegans nabmronaics npu uHpu-
upoBanum Y. pestis [Styer et al., 2005]. BeposiTHo, siBJICHHS OITyXaHUsI XBOCTA U OUOIICHKO-
0o0pa3oBaHusl B 3TOM OOJIACTH CBSI3aHO C aAre3uel KIETOK BO30YIUTENsT UyMbl K pEIenTopaM
SMUKYTHKYJBI HemaTo [Darby et al., 2007]. JIroGombITHBIM siBJIsIeTCS (DAKT OTCYTCTBHSI B HACTO-
AIIeM UCCIIEI0BaHNH 3aPUKCUPOBAHHOTO 00pa30BaHus OMOIIJICHKH B 00J1aCTH TOJIOBBI HEMATO

Panagrolaimus sp. 13H, B To BpeMs kKak B Ipyrux uccienoBanusx Ha mozaenau C. elegans sro
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SIBJICHHE pacCMaTpUBacTCs Kak yHHBepcanbHoe [Epomenko u ap., 2012, Darby et al., 2002]. B
OTJENBHBIX paboTax UMEHHO 3TO SBJICHHE OJOKHMPOBAHHS TOJOBBI M POTOBOTO OTBEPCTHUS pac-
CMaTpHUBAJIOCh B KaueCcTBe MpUYKMHBI rnOenu Hemaron [Darby et al., 2002].

[1o oKOHYaHHUM FKCIIEPUMEHTA C YYETOM KOJIMYECTBA NOTUOIINX 0c0o0ei MPOBOAMIIN pac-
YyeT BbDKHBAEMOCTH HEMATO/I, KyJIbTHBUPOBAaHHBIX Ha razoHax Y. pestis KM2083 B Teuenue cy-
ToK (PucyHnok 5.5). B coorBeTcTBHM € p-ypOBHEM 3HAUUMOCTH, paBHbIM 0,35, cienaH BbIBOJ 00
OTCYTCTBUU Pa3INUYUil MEXKIy KOHTPOJIBHBIM U SKCTIEPUMEHTAIbHBIM 00pa31ioM, OATBEPKICH-
HBIX CTATUCTUYECKU. DTO MOKET CBUJETEIILCTBOBATH 00 OTCYTCTBUM HETaTUBHBIX BIUSHUN BO3-

6YI[I/IT€JI$I YyMBbI Ha MPOAOJDKUTCIBHOCTD JKU3HHU HEMATO/.

BEPOATIOCT
BbI:KMBAHHHA

-o E.coli QP30
& Y. pestis KM2083
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Pucynok 5.5 — Pe3ynbraThl aHanu3a BeDKHBaeMocTH HeMaTo | Panagrolaimus sp. 13H
Ha MPOTSDKEHHUH JABYX HEJIENb, TOCe 24 94 COBMECTHOTO KyJIbTHBUPOBAHMS HEMATO]] HAa Ta30HE
Y. pestis KM2083 (skcniepuMeHTanbHbIi 00pasen) u Ha ra3one E. coli OP50 (koHTposbHBIN

obpasen), p-ypoBenb = 0,35

Psin uccnenoBaresneil B LEsX OLEHKM TOKCHYECKOTO BIMSHUS BO3OYIUTENS YyMbl Ha
HEMAaTo/ BHE 3aBUCHMOCTH OT OMOIUIEHKOOOpa30BaHMS KyJIbTHBHPOBAIN MOAEIbHBIN Bui C.
elegans N2 Ha ra3onax mramMMoB, JuieHHbIx orepona hmsHFRS [Styer et al., 2005; Bartra et
al., 2008]. CornacHo 3TuM paboTam, OOJBIIMHCTBO 0COOCH HEMATO, KOHTAKTHPOBABIIUX C
KieTkamu Y. pestis B mepuoa Bpemenu ot 1 10 10 cyTok, moru6asno Ha 7—10 geHb SKCIIEpUMEHTA.
[Mpu kyneruBupoBannu Hemaron C. elegans N2 Ha razone Y. pestis KIMS, numerHOro onepoHa
hmsHFRS, B TeueHue cyTok ¢ mocneayroumm mneperocoM Ha E. coli OP50, k 8 aHio skcnepu-
MeHTa HaOroaanu rudenb OonbIuHCTBa ocobeit [Styer et al., 2005]. B To xe BpeMmsi K KOHILY

ABYXHCACIBHOTO 3KCIICPUMCHTA, OIMMCAHHOI'O B HACTOAIICM HCCJICOAOBAHNU, 0oJiee MOJIOBUHBI
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0co0eil He yTpaTuiIH )KU3HECTIOCOOHOCTH, UTO TOBOPUT O HE3HAUYUTEILHOM TOKCUYECKOM BIIHSI-
HuM Y. pestis Ha HemaTo 1 MO0 00 ero OTCYTCTBUHU. YUHUTHIBAsA TOT (DAKT, YTO B3SATHIN B HCCIIC-
noBanue mramMm Y. pestis KM2083 6bu1 ciocobeH 00pa3oBhIBaTh OMOILUIEHKY, MOKHO CIEIaTh
3aKJII0YEHUE O TOM, YTO 3TO CBOMCTBO BO30YIUTENSI YyMbI TaK)Ke HE CIOCOOCTBYET MOBBIIICHUIO
CMEPTHOCTH HCCIIEyeMbIX HEMATO/I.

Panee BBIsSIBIICHO, 4TO TpU KyJIbTHBHpOBaHuU Hemaroa C. elegans Ha ra3oHax mramMmoB
Y. pestis, coaepxamux myrtaiud B renax ompT (ycoA), y3857, yapH, y1021, y0340, y2663,
y3913, y0941, y4018 BbeIKMBaeMOCTh HEMATO]] YBEITUUUBACTCS MPU CPABHEHUHU C KYJIbTUBHUPO-
BaHHMEM Ha ra3oHax ¢ HCXOIHbIM mTammowm [Styer et al., 2005; Bartra et al., 2008]. B cBsi3u ¢
TUM OBLJIO MPEINOJI0KEHO, YTO MPOAYKTHI STUX T€HOB MOTYT OKa3bIBaTh TOKCUYECKOE Jeii-
CTBHE JINOO MMPUHUMATH y4acTUE B MEXaHHU3ME OMOTUICHKO-HE3aBUCHUMOTO JIETAIbHOTO BO3/IEH-
CTBUS Ha HEMaToJ. J[JIs MoMcKa TeHeTUYECKUX MPUYHMH PA3INunil B pe3yIbTaTax aHalu3a BbI-
YKUBAEMOCTH HEMATO]l MEXIy HAIIIUM U BBIIICYITOMSHYTHIMA SKCIICPUMEHTAMHU MPOBE/ICH aHa-
73 TocenoBaTeNbHOCTEH ATHX TeHoB (rmo reHomy Y. pestis KIM10+ (Ne NCBI GenBank
NC_004088.1)) ¢ mocnenoBaTenbHOCTIMH mTamMma Y. pestis KM2083, ucronb30BaBIIerocs B
HACTOSIIIIEM HUCCIeAOBaHUU. B pesynbTaTe cpaBHEHUS] HYKJICOTHUIHBIX IMOCIEAOBATEIHHOCTEH
ycraroBlieHO 100 % MaeHTUYHOCTh aHAIM3UPOBAHHBIX T€HOB, YTO TOBOPUT O MOJIHON (yHKITU-
OHAJIBHOCTH MPOJYKTOB ITHX T'€HOB, TOTJa KaK MPUYMHA OTCYTCTBUS MX TOKCHYECKOTO JCH-
CTBUS HA HEMATO/] OCTAETCSI HESCHOM.

Taroke creayeT IpUHATH BO BHUMaHHUE 0COOEHHOCTh mTamma Y. pestis KM2083, B3sitoro
B HCCIIEJIOBaHHME. DTOT IITaMM OTHOCUTCS K (punmorenerndeckoit nuaun 4. ANT, nis reHoma
ITAMMOB KOTOPOHW XapaKTepHOH OCOOEHHOCTHIO SBIISETCS NPHUCYTCTBUE JOTOJHUTEIHHOU
wiasmuael pTP33 [bamaxonoB u ap., 1991; Ormoaun u ap., 2015; Adanacees u ap., 2016].
Hmerotes sKcriepuMeHTaIbHBIE JOKA3aTENbCTBA CBS3H MPUCYTCTBUS STOM IJIA3MUJIBI C MTOBBI-
HICHHON 4acTOTOW OMOMIIEHKOOOpa3oBaHUs B Oj0oXax M YBEJIMYEHHEM pa3Mepa camoil Ouo-
rieHky [bazanosa u ap., 2018]. Kpome Toro, m000MBITHBIM (PaKTOM SBJISIETCS CXOJACTBO HEKO-
TOPBIX YyYacTKOB IUTa3MUABI C TeHamMu (aros, crenupuuHbIX I OaKTEpUil POJIOB
Photorhabdus, Xenorhabdus u Sodalis, sBnsronumxcss CHMOMOHTaMH YHTOMOITATOI'€HHBIX HEMa-
ton [AdanaceeB u ap., 2016]. Bo3moxHo, mpuodbperenne Bo3OyauTenem uymsl auaun 4. ANT
ATOM TUTa3MUJIBI WIIA OTJICIBHBIX YYaCTKOB MOTJIO MPOM30MTH BHYTPH KHILIEYHOTO TPAKTa HEMa-
TOJI, YTO KOCBEHHO CBHUCTEIHCTBYET O BO3MOKHOCTH BCTPEYH ATHX JABYX OPTaHU3MOB B IPH-

POIHOM OHOIICHO3€ U 00 OTCYTCTBUU TOKCHYECKOTO BO3aeicTBUs Y. PeStiS Ha KpYyTJIbIX YepBen.
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B naGopaTopHBIX YCIOBHUSAX MOKA3aHO, YTO TOUYBEHHBIE HEMATObI MOT'YT JIOKAJIBHO pac-
IPOCTPAHSATH KIETKU Y. PEStiS 1o moBepXHOCTH CyOCcTpaTa Mpy MEPEABIKCHHN C OTXOISIIHMA
C IOBEPXHOCTH KYTUKYJIbI KyCOUKaMU OMOIUIEHKH, TaK U C BBIXOJAIIUMU U3 MUILEBAPUTEIHLHOTO
TpakTa HE MOJBEPTIIMXCS MepeBapuBaHuI0 OakrepuanbHbiMU KieTkamu [Thutupalli et al.,
2017]. Ilpu nabmronennu 3a Hemartomamu C. elegans N2 BbIsIBIIEHO, YTO OHH JOCTATOYHO aK-
TUBHO MEPEBUTAIOTCS 110 NOBEPXHOCTH arapa. Ha ckopocTh nepenBHKeHHsI MOKET BIUATH Kak
HOBEPXHOCTb MEPEIBUKEHUS, TaK U MPUCYTCTBUE MUILEBOro cyocTpaTa (B MPUCYTCTBUE MHUILU
CKOpOCTh cocTaBiseT 31+4 mxm/c, B orcyTcTBHe — 219429 Mxm/c [Ramot et al., 2008]). B co-
BOKYITHOCTH C ITOJIYYCHHBIMH JAHHBIMU 00 OTCYTCTBUU BiusiHus Y. pestis KM2083 Ha npooi-
KHUTENbHOCTH Jku3HU Panagrolaimus sp. 13H moxxHO caenath npearnoiokeHne o BKJaie HeMa-
TOJI B pacpOCTpaHEeHNE BO30OYAUTENS YyMbI B IIOYBE.

Takum 06pa3omM, B 3TOM moapazzerne paccMoTpeHo BiusiHue Y. pestis ¢punoreHeTnyeckoit
muann 4. ANT Ha Hematon Panagrolaimus sp. (o6paserr 13H), BbIe/IeHHBIX HA TEPPUTOPHH
OpUpOJHOro O6uoreHo3a ['opHo-AnTaiickoro BEICOKOTOPHOro ovara yyMmbl. He BBIsSIBIEHO pa3-
JTWYHA B TIPOJODKUTENFHOCTH KU3HU HeMaTo | Panagrolaimus sp. mpu KyiapTHBHpOBaHHU Ha
ra3oHax mrammoB E. coli OP50 u Y. pestis KM2083, 4to cBuaeTenbcTByeT 00 OTCYTCTBUU BITU-
SIHUSL BO30yAUTEN YyMbl Ha HeMaTo . M3ydaemslii mtamMm npoaynupoBai OMOIUIEHKY Ha Mo-
BEPXHOCTSX HEMATOJI B 00JIACTH XBOCTA M MOJIOBBIX OPraHOB, B TO K€ BpeMs UMMOOUIU3aLlUU
HemaroJ Ha ra3oHe mramma Y. pestis KM2083 ne nmpoucxoamio. BHyTpr KUIIEYHOTO TpakTa
HEMaTo,] HaOJIF0TaTCh KOHTJIOMEPAThI M OTACIbHBIC KiIeTkh Y. pestis KM2083. Bee atu dakTsr
TOBOPSAT O BO3MOKHOM PAcCIIPOCTPAHEHUH KJIETOK BO30YIUTENS YyMbl BO BpEeMs IEPEABIKEHUS

HEMAaTO B IIOYBC ITPUPOIHBIX O4aroB YyMbI K POJIM HEMATO/ B MHUIIUAIIUH AMHU300TUM B 04arax.

5.2 CucremaTnyeckasi NPUHALICKHOCTh NAPAZUTHYECKUX HEMATO/A U3 MIPHUPOAHOI0

OnoneHo3a TYBHHCKOIO rOpHOro 04ara 4YyMbl M AHAJIM3 UX MUKPOOHOTHI

CornacHo rumnoTe3e BEepPTHUKAIbHOW TPAHCMUCCUU, HEMATOJbI-Iapa3uThl OJO0X MOTYT
NPUHUMATh y9acTUe B )KU3HEHHOM 1uKite Y. pestis. Hemaroner, Hecymue kietku Y. pestis, odec-
NICYMBAIOT MEPEHOC BO30YTUTENS YyMbI U3 IOYBEHHOTO OMOIIEHO3a B HA3€MHBII NIPU 3apaKeHUN
0J10X Ha TUYMHOYHOM cTaauu. Peanmuzanus 3Toro MexaHu3Ma B COBOKYIHOCTH C paclpocTpa-
HEHHOCTBHIO HEMAaTOJl B MPHUPOAE MPH HACTYIUICHUU OJArompusATHBIX YCIOBHH OKpYXKaroIien

CpCAbl BIIOJIHC O0OBSICHSIET ((BSpBIBHOﬁ)) XapaKTCp Ha4dalla AMU300THUM Ha PAa3HBIX TCPPUTOPUAX
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IIPUPOJHOrO odara 4yMbl. HecMOTps Ha MOTEHIMANIBHYIO POJIb SHTOMOINIAPA3UTUYECKUX HEMa-
TOJ] B 3MMU300THYECKOM TIporiecce Y. Pestis, UMeroTcs orpaHHYeHHbBIC JaHHBIC O CHCTeMaTHUe-
CKOM NMpUHAJIEKHOCTH 3TUX OpraHu3MoB. Kpome Toro, 1aHHble 0 cOCTaBE MUKPOOHOTHI Mapa-
3UTapHON 0JI0X0-HEMATOAHOW CUCTEMBI B JINTEPATYpe OTCYTCTBYIOT. B CBSI3M € 3TMM akTyalib-
HBIM BOIPOCOM SIBJISIETCS M3YYE€HHE COCTaBa SHTOMOIAPA3UTUYECKUX HEMATOJ U UX MHUKpPOO-
HOTO OKPY’KCHUS Ha aKTHUBHBIX B HACTOSILIMN MOMEHT TEPPUTOPUAX [ OpHO-ANTalICKOrO BBICO-

KOT'OpHOI'O U TYBI/IHCKOFO TOPHOI'O0 O4YaroB 4YyMhblI.

5.2.1 OnpeaesieHue CHCTEeMAaTHYECKOM MPUHAJIEKHOCTH SJHTOMONAPA3ZUTHYECKHUX

HeMaToa 0J10X U3 TyBl/IHCKOFO TOPHOTO0 oYara 4YymMbl

B npenpiaynmx uccienoBanusax B 010xax ObUT BBISIBICH ONpPEETICHHBIA CIEKTP HeMa-
TOJI, BKJIIOYAIOIINI MenKux cnupypu, puiisgpuart (orp. Filariida u Spirurida) u npencraBureneit
Mepmetun (ceM. Mermithidae), oqHako UICTUHHBIMY MMapa3uTaMu OJI0X CUMTAIOTCS TPEICTaBH-
tenu poaoB Psyllotylenchus, Howardula, Neoparasitylenchus, Bradynema, Aphanitylenchus,
Spilotylenchus, Rubzovinema [Py61oB, 1981; Cnoboasuiok, 1991; Koshel et al., 2014]. Bsiio
MPEJIIOJIOKEHO, YTO, BHICTYIIAS! B KAUECTBE €CTECTBEHHBIX PETYIISITOPOB YHCIEHHOCTH OJI0X, Ta-
pa3UTUYECKHE HEMATO/IbI MOT'YT BJIMSITh HA MHTEHCUBHOCTD SMTU300THUECKHUX MPOLECCOB B MPU-
poaHbIX ouarax uymsl [[Tonos u np., 2007; Kyteipes u np., 2009; ITonos u ap., 2011; Koshel et
al., 2014]. B cBsi3u ¢ 3TUM aKTyaJIbHbIM HallPaBJICHUEM UCCIICAOBAHUIN ABJSCTCS OMpPEICICHNE
CIIEKTpa HEMAaTO/I-MTapa3UTOB OJIOX B aKTUBHBIX B HACTOsIIee BpeMsl TyBHHCKOIO TOPHOTO ovare
YyMbl, TpaHuyaiiuM ¢ ['opHO-ANTaliCKUM 0Yarom 4yMbl.

Jlns ompeneneHus 3apakeHHOCTH 010X B TyBHHCKOM TOpHOM oyare 4yMbl cOop mpoO
OCYILECTBISIICS COTpyAHUKOM Hpkyrckoro npotuBouymMHoro uHcruryra E.I'. TokmakoBoul u
coTpyaHukamu TyBUHCKON NpOTHBOYYMHOM ctaHumu B Mae 2018 r. B coorBercTBUH ¢ MY
3.1.3012-12 «CO6op, y4eT 1 MOAroTOBKa K JIA0OPATOPHOMY MCCIIEOBAHNIO KPOBOCOCYIIUX YJIe-
HUCTOHOTHMX B IPUPOJHBIX O4Yarax onacHbeIX MH(PEKIMOHHBIX 00Je3Hel». M3BiaedueHrne HemaTo
IPOBOAMIIN COTJIACHO METOAMYECKUM PEKOMEHAALMIM «Bplienenue u onpeaeneHue cucTeMa-
TUYECKOH MPUHAIJICKHOCTH YJHTOMOIIAPA3UTUYECKUX HEMATOI U3 OJI0X B YCIOBUAX IPUPOTHOTO
ouara uymbl» (CapatoB 2014) ¢ Moaudukanuei, 3aKirodaBiieiics B MpeaBapUTeNbHON 00pa-
6oTKe 6110X B 96 % criupTe A UCKITIOYEHHUS TTONaIaHus B 00pa3iibl MOCTOPOHHEH MUKPOQIOPHI

C ITIOBCPXHOCTU 0110X.
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B pesynbraTe 00cienoBanusi BOCbMHU Y4aCTKOB MIPUPOJAHO-0YAroBoi Tepputropun MoH-
ryH-Taliruackoro koxyyHa Peciyonuku TriBa (Kyprak nmpassiid, bopo-1lluseku, Opyrryr ne-
BbIi, Opyrryr [Ipaseiii, Yanarami-/{opryn, Yanels jieBas miomaaka, Owk-Xem, Otok-Xem je-
Bas IUIOUIA/IKa) IPUCYTCTBUE SHTONAPA3UTUUECKUX HEMATO 1 OBLJIO YCTAaHOBIIEHO B 84 o0Opa3nax
omox. BumoBoii coctaB 61ox-HocuTenei npeacrasieH Bugamu C. tesquorum (90,5 % Bcex 06-
pasnoB) u Frontopsylla elatoides. KoiruecTBo MHBa3MpOBaHHBIX CAaMOK 0JIOX 00OMX BUOB Mpe-
obnamano Haja KOJIMYECTBOM HMHBazupoBaHHBIX camioB (C. tesquorum — 82,9 % camoxk, F.
elatoides — 75 % camoxk). IHTeHCHBHOCTh WHBAa3WHM CaMOK Takke Obuta BbIme (B camkax C.
tesquorum ot 1 0 8 mosoBO3pebIX 0co0Oei, B camiiax — oT 1 10 3; B camkax F. elatoides — ot 1
1o 3; B cammax — 1). CienyeT ckazarh, 4TO 1O Pe3yJIbTaTaM U3y4eHUsI MHTEHCUBHOCTH 3apake-
HUA 0JI0X PHTOMOIIapa3uTHIECKUMH HeMaToaamu B iepuoa 2019-2021 rr. koppensuus oT BUaa,
moJjia ¥ 00beKkTa coopa 00X orcyrcTByeT [TokmakoBa u jap., 2022].

Jl1s1 onpenienieHrs CUCTEMATUUYECKON MPUHAIIICKHOCTH HEMATO/I-TIapa3uTOB OJI0X OBLIN
B3ATHI B aHAIHU3 16 00pa3ioB Y HTOMONAPa3UTHIECKIX HEMATO/I U3 CEMH Y4acTKOB TyBHHCKOTO
ouara (Kyprak npassiii, bopo-I1luexu, Opyrryr neBbiii, Opyrryr npasbsiii, Yanaram-/{opryH,
Yanersam, Otok-Xem). M3 atux obpasmos 14 Beimenensl u3 6mox C. tesquorum um 2 — u3 F.
elatoides. BeizeneHHbIe W3 TIOJOCTH TEJIa HEMATOIbI B 00pa3Iiiax MpeICTaBICHbI B HECKOJIBKUX
KU3HEHHBIX (hopMax, a UMEHHO B BUJE OJHOM MJIM HECKOJBKHUX IMOJIOBO3PEIBIX CaMOK, JTMHA
Tea KOTOPBIX B psijie ciaydaeB gocturana 1500 MM, 1 6OJIBIIOTO KOJIHMYECTBA TMUYMHOK Ha pa3-
HBIX CTaIUSIX Pa3BUTHUS MEHBIIETO pasMmepa. M300pakeHne moaoBO3peoi caMKu SHTOMOTIapa-
3UTUYECKON HEeMaToabl OJI0X MPEACTABICHO HA PUCYHKE 5.6. BhIsiBIeHHE B HOCUTEINAX TOJIBKO
TI0JIOBO3PEJIBIX CaMOK B OTcyTcTBHE camIoB B C. tesquorum u F. elatoides u3 TyBuHckoTrO rop-
HOTO oYara MO>XeT CBUJIETEIHCTBOBATH O CYIIECTBOBAHUU KaK MUHHMYM OJTHOM T€HEpaIlluy BHE
MOJIOCTH TeJla HACEKOMOT0. DTa 0COOEHHOCTD JKM3HEHHOTO ITKJIa TApa3uTHIECKUX HEMATO/T SIB-
JSIeTCSl OJIHAM M3 XapaKTePHBIX MPH3HAKOB poaoB Rubzovinema wm Spilotylenchus [Py6mos,
1981; Slobodyanyuk, 1997; Slobodyanyuk, 1999; Slobodyanyuk, 2000; Koshel et al., 2014].
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1 — cTuner; 2 — sKCKpeTOpHas mopa; 3 — MaTKa, HalloJIHEeHHas stiiiiamMu; 4 — ByJbBa; 5 — aHyc;
6 — Mmykpo. Mukpockon Axio Imager Z2 (Carl Zeiss, ['epmanmust), yBenuaenue 100x
Pucynok 5.6 — M300pakeHue MoJoBO3peIoi CaMKi SHTOMOIIAPa3UTHYECKOW HeMaTO bl 610X

C. tesquorum u3 TyBHHCKOTO TOPHOTO OYara YyMbI

OnpeaesieHne HYKJICOTHIHBIX IOCTEA0BATEIbHOCTEH U (PUJIOTeHETHYECKUI aHAJIN3
IHTOMONAPAZUTHYECKUX HEMATOA. B 1enax yCTaHOBICHHS CHCTEMAaTHYECKOTO TOJOKCHHUS
napasutuieckux Hemaron u3 100 Mk oOpasiia, coepkaliux B3poCciIylo 0co0b U INYUHKH, BbI-
nensiin JJHK na6opom «IHK-cop6-Z1» B cOOTBETCTBUM ¢ MHCTPYKLMENH pousBoauTens. Me-
tonom [P nmomydanu mpotskeHHblit yuactok 18S—I1TS1-5,85-1TS2-28S reHoB ¢ moMoristo
npaiiMepoB rDNA2 (S'TTTCACTCGCCGTTACTAAGG3") u 28SR
(5'TTGATTACGTCCCTGCCCTTTS3') [Vrain et al., 1992]. IToce cekBeHUpOBaHMUS MOJTYYEH-
HBIX MIPOAYKTOB HYKJICOTHIHbIE OCIEI0BATEIbHOCTH AaHATU3UPOBAIN C TOMOIIIBIO JTOKAJIHLHOTO
BbIpaBHUBaHUs nporpamMmoii NCBI BLAST anroputmom megablast. M3 nocnenoBarenbHOCTEM
npencrasureneit nudpaorpsaa Tylenchomorpha ¢ HanGOIBIIUM MOKPHITHEM 110 BCEMY aHAJIH-
3UpyEMOMY Y4acTKy Obljla COCTaBJI€Ha BBIOOPKA [l yCTAHOBIIEHUS (PUIIOI€HETUUECKHX CBS3CH.
OUIIOreHETUYECKUN aHAJIM3 U BU3YAJIM3aLHI0 NTOJIYYEHHOM JEHIPOIPAMMBI POBOJMIIHA B IIPO-
rpamme Mega 11 ¢ ucnonp3oBanneM aiaroputma Maximum Likelihood (Momens Tamura-Nei).
Koncencycnoe nepeBo nomyudanu merogom 0yrctpern ¢ 500 moBTopeHus IMU.

B pesynbraTe cpaBHEHUS HYKJICOTHUIHBIX ITOCIEI0BATEIBHOCTEH, COAECPIKALIUX YIaCTKU

renoB 18S, 5.8S, 28S pPHK u mexrennsix Tpanckpubupyemsoix creiicepon (ITS1, ITS2) sanTo-
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MOTMapa3UTHUECKUX HEMATO/, BBIJIEJICHHBIX HA TeppuTOpun TyBHHCKOIO TOPHOTO oYara, ycTa-
HOBJICH HanOOJbININK TpoIeHT cxonacTa (94,43-97,67 %) ¢ nemaTomoir Rubzovinema sp. (Ne
NCBI GenBank KF155281.1), Beigenennoit B Bonro-Ypansckom ctemHoMm ouare (Tabmuia
5.1). Ilpuaumast BO BHUMaHue BapuadenbHocTh yyacTkoB ITS1 u ITS2 no cpaBHeHuto ¢ reHamMu
pPHK Ha ocHOBaHMM BBICOKMX 3HAYEHUH WICHTUYHOCTH W MOKPBHITHUS aHAIU3UPYEMBIX MOCJIe-
JIOBATEIPHOCTEH MOYKHO OJJHO3HAYHO YTBEPKIATh O MPUHAAICKHOCTH HeMaTo u3 TyBHHCKOTO

ropHOro oyara K poay Rubzovinema.

Tabauma 5.1 — CpaBHeHHe MociieoBaTebHOCTEH HeMaToq Rubzovinema sp. (KF155281.1) u3

Bonro-Ypansckoro cremHoro odara W 00pa3noB W3 TYBHHCKOTO TOpPHOTO ouara
(18S — 28S pPHK)
Ne 00-
pasia,
HOMED VICHTHYHOCTS JlimHa nocie-
B |Bun 6;oxu, mon | Mecrto cbopa, 00beKT (%) [ToxpsiTue (%) | noBarenbHO-
NCBI ¢ty (T.H.)
GenBa
nk
88 C. tesquorum, Kyprak npassii, 97,12 99 1011
camerl BXOJIbI HOP
138 C. tesquorum, | Bopo-IlluBekw, cyc: 97.25 100 796
caMKa JIMK JJIMHHOXBOCTBIN
245 e Hanaram-Jlopryx, 97,46 99 413
BXO/IbI HOP
250 —— —— 97,67 99 088
253 —— Yaslsiii, BXO6I HOP 97,47 99 990
254 —— —— 97,46 99 989
268 F. elatoides, Orok-XeM, BXOIbI 9443 99 975
caMKa HOP
269 | F-elatoides, e 95,73 86 707
camerl

Panee memaTo b1 poaa Rubzovinema Obutr BBIZEICHBI OT IIECTH BHAOB 0sox B Bosro-
Ypansckom crenHoM (C. tesquorum, Amphipsylla rossica, C. secundus) u I'opHo-Antaiickom

BeIcOKOTOpHOM (A. primaris primaris, R. li transbaicalica, R. dahurica) ouarax [Epoiienko u
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ap., 2016; Ormoaun u ap., 2018; Koshel et al., 2014]. B nannoit pabote HeMaToAbl ObLIN BbIIC-
JeHbl oT AByX BuaoB 0j0x (C. tesquorum, F. elatoides) u3 TyBHHCKOrO rOpHOTO OYara 4yMel,
IIpY TOM YTO MPUCYTCTBUE HEMaToa poaa Rubzovinema B 6ioxax F. elatoides Obu10 BIIBICHO
BriepBbie. [omyueHHbIe TaHHbIC 0 IPUCYTCTBUU HeMaTo 1 Rubzovinema sp. y 7 BuioB 0J10X, BbI-
JICJICHHBIX HA Pa3HBIX TCPPUTOPHUSIX, PACIITUPSIOT U3BECTHBIN HAM CIIEKTP X035€B U CBHJICTEb-
CTBYIOT O IIMPOKOM PACIPOCTPAHCHHUH MAPA3UTUIECKUX HEMATOJ STOTO POJa B OYarax 4ymbl
cTenHou 30HbI Poccun.

Hyxkieotuaasie mocienoBaTeIbHOCTH ydacTKoB TeHoB pPHK sHTOMOMapasurnueckux
Hemaroa poaa Rubzovinema nemonupoBansl B MexayHapogHoi 6ase manHbsix NCBI GenBank
o Homepamu OR580974-0OR580975, OR580977-OR580980, OR580983, OR660114.

Kak ObuTO yITOMSHYTO paHee, aHAIM3UPYEMbIH YIaCTOK BKIIFOYACT MOCIICIOBATCIIBHOCTH
redoB 18S, 5.8S, 28S u Mexrennsix Tpanckpubupyembix creiicepoB ITS1 u ITS2, xotopsie
UMEIOT Pa3HBIN YPOBEHb BapuaOeTbHOCTH. [JIsl yTOYHEHHS CUCTEMATHIECKON MPUHAICKHOCTH
aHAJIM3UPYEMBIX HeMaToJ M3 TYBHMHCKOrO TOpPHOTO O4Yara 4yMbl BO3HHMKAeT HEOOXOIMMOCTH
OIICHUTh YPOBEHb BHYTPHUBHIOBOM M3MEHYMBOCTH 110 pa3HbIM ydacTkam reHoB pPHK. B kaue-
cTBe pedepeHCHBIX OBUIM HCIOJB30BaHBI IMOCIIECIOBATEIIBHOCTH H30JIATOB R. polyxenica w3
Bonro-Ypansckoro crenHoro ovara. Pe3ynbrarsl cpaBHEHHUS! BCEX JIOCTYITHBIX HYKJICOTHIHBIX
nocienoBatensHocTel renoB pPHK Rubzovinema mpencrasiensr B Tabnuie 5.2. B kauectBe
pedepeHCHON HCIOJIb30BaHa IOCICA0BATEALHOCTh HeMaToasl Rubzovinema sp. u3 Bouro-

VYpanbckoro crennoro oyara (Ne NCBI GenBank KF155281.1).

Tabnuna 5.2 — ['oMosiorust HyKICOTUAHBIX MOCIEOBATEILHOCTEN PAa3IMUHBIX YYaCTKOB T€HOB
pPHK nHematon poaa Rubzovinema mpu cpaBHeHHH ¢ mocienoBaTebHOCTRI0O RUbzovinema sp.
(Ne NCBI GenBank KF155281.1), Beinenennoit uz 6moxu C. tesquorum ¢ reppuropun Bosro-

YPEU'H)CKOFO CTCIIHOI'O o4ara

[Ipo1eHT NAEHTUYHOCTH U pa3MeEpP YUacCTKOB
No obpasma | Bun 6;oxu
18S ITS1 5.85 ITS2 28S
1 2 3 4 5 6 7
Bonaro-Ypanbckuil cTenHon oyar
99,38 % 99,30 % 98,68 % 94,87 % 100 %
KF155282.1 | A. rossica
162 m.H. 287 n.H. 152 m.H. 305 n.H. 62 1n.H.
99,38 % 99,30 % 98,68 % 94,89 % 100 %
KF155283.1 | C. secundus
162 n.H. 287 1.H. 152 n.H. 305 m.H. 62 m.H.
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1 2 3 4 5 6 7
TyBUHCKHUI TOPHBIN o4ar
98,77 % 93,52 % 98,68 % 99,68 % 100 %
88 C. tesquorum
162 1. 292 n.H. 152 .H. 312 m.H. 62 1n.H.
93,39 % 98,68 % 99,68 % 100 %
138 C. tesquorum —
256 n.H. 152 1. 312 n.H. 6 I.H.
96,91 % 89,96 %
245 —— — — —
162 1. 251 o.u.
250 100 % 95,21 % 98,68 % 98,40 % 100 %
162 1.H. 291 n.H. 152 1. 311 m.H. 54 .H.
253 98,77 % 93,52 % 98,68 % 99,68 % 100 %
162 1m.H. 292 n.H. 152 m.H. 312 n.H. 62 n.H.
254 98,77 % 93,52 % 98,68 % 99,68 % 100 %
162 1.H. 292 n.H. 152 1. 312 m.H. 62 1m.H.
) 100 % 92,41 % 97,37 % 91,03 % 100 %
268 F. elatoides
162 n.H. 284 11.H. 152 n.H. 304 m.H. 54 m.H.
) 96,91 % 94,58 % 93,30 % 100 %
269 F. elatoides -
162 1m.H. 259 n.H. 217 n.H. 54 n.1.
I'opHO-AuTalicKuii BEICOKOTOPHBIA O4ar
primaris 82 m.H. 305 m.H. 62 1.H.
3N R. i 97,73 % 91,02 % 100 %
transbaicalica - - 44 1.1. 318 m.H. 62 1m.H.
) 98,39 % 90,71 % 95 %
6N R. dahurica - -
63 1m.H. 318 m.H. 60 m.H.

[To pe3ynbTaTaM cpaBHEHHUS Y4aCTKOB MOCIIE0BATEILHOCTEH M30sTOB RUbzOovinema u3
Bonro-Ypanbsckoro cremHoro ouara, OTHOCSIIUXCSL K ogqHOoMYy Buny [Eporenko u ap., 2016;
Koshel et al., 2014], mosryueHs ciieayromye JaHHble. AHATU3UPyeMbIil yuacTok reHa 18S pPHK
umen pasmep 162 n.H., BapuabenbHOCTh 3ToN obsactu coctasmia 0,62 %. I'en 5.8S Obu1 npen-
CTaBJICH MOJIHOCTHIO ¥ UM pa3Mep 152 1m.H., yCTaHOBJIEHHAs! BApUaOeTbHOCTh MOCIIEA0BATEb-
HocTel paBHsIach 1,32 %. Ananusupyemsii yaactok rena 28S pPHK paszmepom 62 m.H., 1 Ob11
IIOJIHOCTBIO romoJiorudeH. Ilpu paccMOTpeHnn NOCiIeI0BaTEIbHOCTEN MEKTEHHBIX CIIEHMCEPOB

9THUX HEMATOA HAMM BBIABJICHA BHYTPHUBHOOBAA BapI/Ia6eJ'II)HOCTI) IIOCJICA0BATCIIBHOCTHU ITSI,
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paBHas 0,7 % (pa3mep 287 1.H.), BHyTpUBU0BAs BapuaOeNIbHOCTh nocienoBaTenbHocTu [TS2
pazmepom 305 1.H. coctaBmia 5,11-5,13 %.

B mensx nanpHeiliero yTO4HEHHS CUCTEMATHUYECKOTO TMOJIOXKEHUS aHATIM3HPYEMbIX
HeMaToJl U3 TyBHHCKOTO TOPHOTO 04ara 4ymbl BapuaOeIbHOCTh UX MOCIEI0BATEIbHOCTEN ObLIa
COTOCTaBJICHA C MOJYyYEHHBIMH JaHHBIMU O BHYTPUBUIOBON BapuaOenbHOCTH R. polyxenica u3
Bonro-¥Ypansckoro crennoro ouara. Taxke ObUIO MPOBEIEHO CpaBHEHHE MOCIEI0BATEIbLHO-
CTell HeMaTo/, BBIJICIICHHBIX Ha TeppUTOpUU ['OpHO-ANTaliCKOTO 04Yara 4yMbl 1715l pacIiupeHus
JMAHHBIX BHYTPHU 3TON TPYMIBI OPraHU3MOB.

B pesynbprare ananusa ydactka rera 18S pPHK romonorus mocnenoBarenbHOCTEN CO-
craBuia 96,91-100 %, romosorus reHa 5.8S npu cpaBHEHHH C pedEePEHCHOMN MOCIIEI0BATEb-
HOCTBIO MPAKTUYECKHU Y BCEX M30JISTOB OblIa paBHA 98,68 %, cxo/ncTBO ydyacTka 28S Mexmy
aHAJIM3UPYEMBIMH TIOCTIeIoBaTeIbHOCTIMU cocTaBuiio 100 %. [1pu cpaBHEHUH MTOCIIEIOBATEb-
HOCTEW MEXTEHHBIX CIlelicepoB BbIsBIcHa roMosiorus ydactka ITS1 89,96-95,21 %, ITS2 —
90,71-99,68 %. JIro60mBITHEIM (DaKTOM SIBJISIETCS 00JIee BHICOKOE CXOJICTBO M30JATOB 88, 138,
250, 253, 254 TyBuHCcKuX HemaTon 1o y4dacTky ITS2 ¢ pedepeHcHON MoCieT0BaTEILHOCTHIO
Rubzovinema sp. (Ne NCBI GenBank KF155281.1), o cpaBHEHHIO ¢ APYTUMH HU30JIATaMHU U3
Bonro-Ypanbsckoro cremHoro oyara, B TO BpeMs Kak Mo y4acTKy 0ojiee KOHCEpBAaTHBHOTO pe-
ruona 18S pPHK y uzonsaros 88, 138, 253, 254 BapunabenbHOCTh MOCIE0BATEILHOCTEHN 10CTH-
rana 1,23 %. HecmoTpst Ha paznuuue B nocienoBarenbHocti PHK manoit cyonenunauib: pubo-
COMBI, BbICOKasi roMoJiorust yuactka [TS2 mo3BossieT caenaTh NpearnonoKeHue 0 NpuHaIIexk-
HOCTH ATUX U30JISITOB K TOMY e BUAY R. polyxenica.

JI7is yTOYHEHHsI OTHOIICHUH BHYTPH TPYIILI M30yaTOB Rubzovinema obut mpoBenen ¢u-
JIOTEHETUYECKUI aHAJINA3 IO MTOCIIEN0BATENBHOCTIM pa3inyHbiX yyacTkoB reHoB pPHK. I1o npu-
YUHE npejcTaBleHHoCcTH B 0a3e qaHHbIX NCBI GenBank mocienoBaTesHOCTEH pa3HbIX ydacT-
koB reHoB pPHK cTpounu Tpu BapuanTa AeHApOrpam, A TOCTPOCHHS KOTOPBIX UCIIOJIH30BAIH
TpU pa3nu4Hble BHIOOpPKH HemaToj. [lepBas BHIOOpKa BKIIOUaAna MmocieaoBaTenbHOCTH 18S—
ITS1-5,85-1TS2-28S npencrasuteneit cemeiictBa Sphaerulariidae u Tylenchoidea, BTopas co-
CTOsIJIa U3 MOCJICIOBATEIbHOCTEH, BKIFOYAOIINX MeKreHHbIH cnieiicep ITS1 (18S—-1TS1-5,8S)
npencraBureneil cemeiictBa Sphaerulariidae, Tperess — mocnenoBarensHocTei 1TS2 (5,8S—
ITS2-28S) npencraButeneii cemeiictBa Sphaerulariidae. Pe3ynbTaThl mpeacTaBieHbl Ha pH-

cyHke 5.7.
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KF155281.1 Rubzovinema sp. EIK-2013 Volgo-Uralsky
4—

4

Rubzovinema sp. 250 Tuva
Rubzovinema sp. 269 Tuva
Rubzovinema sp. 1N Altai
KF155282.1 Rubzovinema sp. EIK-2013 Volgo-Uralsky
KF155283.1 Rubzovinema sp. EIK-2013 Volgo-Uralsky
Rubzovinema sp. 268 Tuva 4
Rubzovinema sp. 3N Altai

Rubzovinema sp. 6N Altai

LC625870.1 lotonchium ungulatum lung2-Nara
MW487900.1 Deladenus siricidicola Qingdao
KY098774.1 Deladenus posteroporus 8714
gg - LC631546.1 Neoditylenchus sp. NK-2021 Xo
LC631545.1 Sychnotylenchus sp. NK-2021 Ht
MT492484.1 Ditylenchus destructor Imawa25
AB300595.1 Sphaerularia vespae
ON146309.1 Anguina tritici
94 - LR536599.1 Ditylenchus gigas
o3 4] - MG386879.1 Ditylenchus weischeri 751 CT-(C11F19-SK)
GQ469496.1 Ditylenchus dipsaci Pla2
JN865234.1 Subanguina moxae XQHOO 0010
JN885538.1 Subanguina radicicola XQHOO 00202
GU727548.1 Litylenchus coprosmate

Rubzovinema

A — o yuactky 18S—1TS1-5,85-1TS2-28S; b — no yuactky 18S—-I1TS1-5,8S; B — o yuactky 5,8S—1TS2-28S. Ananu3 BbIIOJIHEH

75 %, npuBeneHbl psaaoM ¢ BeTBIMU. CTperkaMu OTMEUYEHbl U30JIThl U3 TyBUHCKOTO TOPHOIO 04ara

Pucynok 5.7 — AHanu3 (puioreHeTHYeCKHX CBsizeil Hemaroa Rubzovinema spp. u3 TyBHHCKOTo ropHOTo odara

B nporpamme Mega 7.0 metogom Maximum Likelihood Mmoaensio Tamura-Nei. 3nauenust OyTcTpen-noAKPETUICHUST BETBEH, MPEBBIMIAIOIINE
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[Ipu paccmoTpeHnn (PUITOTEHETUYECKUX JEPEBHEB, MOCTPOSHHBIX MO Pa3HBIM y4acTKaM
reHoB pPHK, M0xHO BbLAETUTH 00IIME 3aKOHOMEPHOCTH KilacTepu3auuu. Bo Bcex aepeBbsx
npezacrasutean Rubzovinema o0beIMHSIOTCS B 00N KiIacTep ¢ XOpoliei OyTcTpen-moaaepx-
koii (100 %). Kpome Toro, BHyTpH 0OIIET0 KilacTepa BBIACISIOTCS JIBE CTATUCTUYECKU MOAAEP-
YKaHHBIE I'PYIIIBI U30JTOB. B mepBbIit kitactep Bowuiy u30yAThl 88, 138, 253 u 254, yto coot-
HOCHTCS C pe3y/IbTaTaMH aHaJIM3a TOMOJIOTHH nocienoBarenbHoctel (Tabnuma 5.2) u noareep-
JAeT BbICKa3aHHOE BBIILIE TPEANOI0KEHNN 00 OTHECEHUU ITUX U30JIATOB K BUAY R. polyxenica.
["'omonorus uzonsata 138 mo yaactky ITS1 HeMHOTO MeHBIIIE, HO A’TO MOKHO OOBSICHUTDH Oojiee
KOpOTKOM nnuHoi storo ¢pparmenta ITS1 u orcyrcrBuem 28S. Bo BTOpoii KacTep BXOIAT U30-
JAThl 245 1 269, umeroniue UICHTUYHbIE MOCJIeI0BaTEIbHOCTH T'eHa 18S, Torna Kak pa3auyus
B MpoleHTax romonoruu yyactka ITS1 oO6ycnoBieHo Gosiee KOPOTKOH MOCIIET0BATEIBHOCTHIO
3TOrO y4actka. [lo mpuunHe HeOCTAIUX JAHHBIX B TIOCIEA0BATEIBHOCTSIX CAENATh BHIBOJ O
NPUHAIJICKHOCTH K OJHOMY BuAy ¢ usomsitom Rubzovinema sp. (Ne NCBI GenBank
KF155281.1) u3z Bonro-Ypanbckoro CTEHOTO o4ara He MPeACTaBIsSEeTCS BO3MOKHBIM.

O60cobnenHo pacrionaratorcs u3oisaTel 268 u 250 npu Tom, uTo 06a obpaslia UMEIOT
100 % romomnoruto ¢ u3onasatom Rubzovinema sp. (Ne NCBI GenBank KF155281.1) u3 Bouro-
VYpanbckoro cremHoro ouara rno ydactky 18S rena. Takxe ciaeayer OTMETUTb, UTO O MPOLICH-
taMm romosioruu ydactka ITS1 uzonsat 250 umeer Hanbosbilee CXOACTBO ¢ peepeHCHBIM U30-
asitom Rubzovinema sp. cpemu Bcex m3ouisaToB M3 TYBHHCKOTO o4ara W JOCTATOYHO BBICOKHIA
npolteHT romoJioruu obnactu [TS2, Ha OcHOBaHWU Yero ATOT MU30JSAT MOKHO OTHECTU K BUIY
R. polyxenica. Yto xacaetcs uzosnsara 268, To Ha OCHOBaHUM BapuaOEIbHOCTH MOCJIEI0BATEIb-
Hocte#t yuacTkoB ITS1 u ITS2 npu cpaBHeHun ¢ u3oistom Rubzovinema sp. (Ne NCBI GenBank
KF155281.1), paBabiM 7,59 1 8,97 % COOTBETCTBEHHO, HENB3s CIENAaTh BHIBOJ O TIPUHAJICHK-
HOCTH 3THX HEMATO]l K OJJHOMY BUAY.

Takum 00pazoM, B pe3ysibTaTe aHaau3a YSHTOMONAPA3UTHUECKUX HEMATO/I, BbIICTICHHBIX
u3 6sox C. tesquorum u F. elatoides, ycranoBieHa ux npuHaJIe)KHOCTh K poay Rubzovinema.
[To pe3ynbraraM cpaBHEHHsI JAaHHBIX (PHIIOT€HETHYECKOTO aHAIIM3a C AaHAJIM30M TOMOJIOTHH Pa3-
JTUYHBIX y4acTKoB reHoB pPHK MoxHO cnenats BBIBOA O NPUHALICKHOCTH U305TOB 88, 138,
250, 253, 254, Beinenennbix u3 6mox C. tesquorum u3 TyBHHCKOT0O rOpHOTO OYara YyMbl, K BbI-

JICJICHHOMY paHee Ha TeppuTopuu Boniro-Ypaiabckoro CTEMHOro oyara noJIMrocTagibHOMY BUTY
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R. polyxenica. YcraHoBiieHHE CHCTEMATHUECKOW MPUHAICKHOCTH U (DUIOTEHETHYSCKHUX CBSI-
3eil BHYTpH poJia Mapa3uToB 0JI0X HEOOXOAUMO JUIsl paCUIUpPEHUst 3HaHUH 00 3TOM rpyIIe opra-

HU3MOB.

5.2.2 Onpeaesienne cOCTAaBa MUKPOOMOTHI SHTOMONAPAZUTHYECKNX HEMATOX U3

FOPHO-AHTaﬁCKOFO BBICOKOTOPHOTI'O U TyBI/lHCKOFO TOPHOTO MPHUPOAHLIX 0YaroB 4YyMbl

[Tapasutamu 650X sBisI0TCS HeMaTo bl oTpsiga Tylenchida, cmocoOHBIE OKa3bIBATh BIU-
SIHHE Ha PEMPOTYKTUBHYIO CITOCOOHOCTh HOCHTEJCH W MPHUBOAUTH K THOenu umaro [PyOros,
1981]. Oxnako MexaHHU3MbI, IPUBOIAIINE K KACTPALMUA U MHTEPCEKCYaTIbHOCTH OJIOX, OITMCAHBI
HEIOCTaTOYHO M OCTAIOTCS HA YPOBHE TUMOTE3. BO3MOXHO, B 3TOM MPOIIECCe MOKET y4acTBO-
BaTh OaKTepHalibHAs MUKPOOHMOTA, aCCOIMUPOBAHHAS C TTAPAa3UTHICCKUMHU HemaToaMu. B To
BpeMs, Kak posib Oaktepuii Xenorhabdus u Photorhabdus, cumMOHOHTOB 3HTOMOMATOrC€HHBIX
Hemaros Steinernema u Heterorhabditis, B yHHuTOXeHHH HACEKOMBIX-X035ICB TOCTATOYHO U3Y-
yena [Goodrich-Blair, Clarke, 2007], cocraB u 3HaueHHEe MUKPOOHBIX COOOIIECTBA Mapa3uTap-
HOU 0JIOXO-HEMATOTHOW CUCTEMBI OCTAIOTCS B 3HAYUTEIHLHON CTENICHU HEeM3BECTHBIMU. Kpome
TOTO, U3Y4eHHE MHKPOOMOMA ITON CHUCTEMBI JIFOOOMBITHO C TOYKH 3PEHUSI OMHCAHHS MUKPO-
OKPYXKCHHUSI, B KOTOPOM MOXKET CyIecTBoBaTh Y. pestis. Takum 00pa3om, IeNbI0 3TOTo pa3jena
OBUTIO TIPOBEJCHHE aHAIW3a MHUKPOOMOTHI TMapa3UTapHON OJOX0-HEMATOAHOW CHCTEMBI W3
['opHo-Anraiickoro u TyBUHCKOTO IPUPOJIHBIX 04aroB 4ymsl 1o yyactkam reHa 16S pPHK u
reHa JOMAIIHEeTO X035UCTBa peKoMOUHAa3bI IeCA.

O6pa3ip 6:10x Ob1TH cOOpaHbl Ha TeppuTOpuu [ 'opHO-AnTaiickoro ouara yymsl (Pecry0-
muka Anraii, Kom-Arauckuii paiton) u TyBunckoro ouara (Pecny6nuka TeiBa, Monryn-Taii-
ruHcKkuil KoxkyyH) B 2017 u 2018 rr. cooTBeTcTBeHHO. BCero 6b110 mpoananu3upoBano 22 06-
pasma Hemaroj, u3 Hux 16 u3 TyBuHCKOTO ropHOTo M 6 M3 ['OpHO-ANTalCKOr0 0Yara 4yMel.
MaHunyJsiyy o BeIICICHHIO HeMaTo ] 13 0J10X 1 nonydenuto JJHK anamornyael onvcaHHbIM
BBIIIIE, TIPOBOJMBIIMMCSI TIPU OIMPEICICHUN CHCTEMAaTUYECKON MPUHAICKHOCTH YHTOMOIApa-
3UTUYECKUX HeMaTon u3 010X u3 TyBHHCKOTO TOpHOTrO o4ara yymbl. ClemayeT ckas3arb, 4TO
KYJIbTHBUPOBAHHUS HA MUTATEIBHBIX CPENlaX W BBIICICHUSI OAKTEPUATBLHBIX KYJIBTYP B HACTOS-
IEM HCCJICIOBAHUN HE TIPOBOIUIIOCH, aHATTN3 MUKPOOHOTHI OCYIIECTBIISIICS TOIHKO Ha OCHOBE
aHanu3a yyactkoB OakrepuansHoii JIHK. Peakmuro TP npoBoaunu ¢ ucnons3oBaHUEM Mpaii-

MepoB Ha ydyacTku reHa 16S pPHK u rena nomamnero xo3siicta recA (Tabmuna 5.3). Henb3s
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HUCKIIFOYUTH U TOI'O, YTO B 06pa3uax HCMATOA TAKKE MOT'JIa IIPUCYTCTBOBATH MI/IKpO6I/IOTa 6HOX,
rnormnasmas rmpu NpernaprupoBaHni HACCKOMBIX. B cBs31 ¢ 5TUM BBISBIICHHLIC B IOCJIICACTBU U Oax-
TCpUU CIICAYCT paCcCMATPHUBATb B KAa4YCCTBC MI/IKpO6I/IOTI>I Hapa31/ITapH0171 6J'IOXO'H€M3TOI[HOI‘O

CHUCTCMBI.

Tabnmuna 5.3 — Choucok mnpaiiMepoB, HCMOJIb30BAHHBIX IS OMpeaeieHUs MHUKPOOUOTHI

Mapa3suTUICCKUX HEMATO

YyacTok
No | Hasanue | rena (Mu- [TocnenosarenbHOCTh (5°-37) Ccbuika
IIICHB )
. 27F 168 PHK AGAGTTTGATCCTGGCTCAG Deutch et al.
805R (V1-V3) GACTACCAGGGTATCTAATCC 2006
Lane, D.J.
16symbS F | 165 pHK | GGCCCAGACTCCTACGGGAGGCAGCAG (1501)
2
V3-V4
16symbsR | V4 | GCGTGGACTACCAGGGTATCTAATCC Hearllerggzz et
3 | RecA4IF | o TTCGGCAAGGGMTCGRTSATG Vinuesa et al.,
RecA 640R ACATSACRCCGATCTTCATGC 2005

[Tocne ompeneneHus: HYKJICOTHUAHBIX IMOCIIEIOBATEIBHOCTEN MONYUYEHHBIX MPOIAYKTOB
aMIUTU(PUKAITUN METOJIOM KaNWIJISIPHOTO CEKBEHHUPOBAHUS TMOCIEAOBATEILHOCTH aHATU3UPO-
Bai anroputmom blastn mporpammer NCBI GenBank. ITocnemnoBarenbHOCTH OaKTepHid Cuu-
TaJu NPUTOAHBIMHU VISl OTIPEJEICHUS CUCTEMATUYECKON MPUHAJIEKHOCTH IO POJIa TP MOKPbI-
THH TIOCJEA0BaTEIbHOCTEN HE MeHee 95 % u nnentuunocty He MeHee 90 %. Pe3ynbTarhl ana-
Ju3a nocneaoBarenbHocTel yaactkoB reHa 16S pPHK u rena nomarnrsero xo3siictsa recA 6ak-
TepuH, BBISIBICHHBIX B COCTaBE Mapa3uTapHOU 0J10X0-HEMATOAHOM CUCTEMbI, TPUBEICHHI B Ta0-

auue 5.4.
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Tabnuna 5.4 — Pe3ynbTaThl cCpaBHEHUS HYKJICOTUIHBIX MOCienoBaTeNbHOCTEN yuacTkoB reHa 16S pPHK u rena qomainero xossiictsa recA

OaKkTepuii, BBISIBICHHBIX B COCTAaBE Mapa3uTapHOU 0JI0X0-HEMATOIHOM cucTeMbl TYBUHCKOIO TOPHOrO U ['OpHO-ANTaliCKOro BHICOKOTOPHOTO

04YaroB 4yMbI

Hmuna | IlocienoBarebHOCTH C Wnen-
No Ne 06- | Ha3Banue mpaii- | amruiu- HaI/I6OJ'IBH_II/IMUHpOI_IeHTOM Hoxp;ﬂ- THY- Bua 6roxu | Verounuk copa | Mecto cGopa
pa3ua MEpPOB KOHa COBIIAJICHUM, HOMED B The, % | HOCTH,
(m.H.) NCBI GenBank %
1 2 3 4 5 6 7 8 9 10
TyBHHCKHUI TOPHBIH 04ar
16symbS AP022845.1 .
1 87 F/16symbS R 373 Cutibacterium acnes S72 100 99,73 | C. tesquorum Bxoss1 HOp Kyprak npassiit
16symbS AP022845.1 .
2 88 F/16symbS R 373 Cutibacterium acnes S72 100 99,73 | C. tesquorum Bxonwr HOp Kyprak nmpassiit
16symbS AP022845.1 .
3 91 F/16symbS R 373 Cutibacterium acnes SZ2 100 99,73 | C.tesquorum Bxonaer HOp Opyrryr neBblii
16symbS AP022845.1 OpyrTyT mpa-
4 92 F/16symbS R 373 Cutibacterium acnes SZ2 100 99,73 | C.tesquorum Bxozer Hop BBIN
16symbS AP022845.1 Opyrtyr mpa-
> %4 F/16symbS R 373 Cutibacterium acnes SZ2 100 99,73 | C. tesquorum Bxozer Hop BBIN
16symbS AP022845.1 Opyrtyr mpa-
6 % F/16symbS R 373 Cutibacterium acnes SZ2 100 99,73 | C. tesquorum Bxozer Hop BBIN
16symbS AP022845.1
F/16symbS R 373 Cutibacterium acnes SZ2 100 P73
7 111 C. tesquorum Bxonp! HOp bopo-1lIusexn
16symbS 116 LT629691.1 100 92 31
F/16symbS R Pseudomonas sp. BS3779 ’
16symbS AP022845.1
8 112 F/16symbS R 373 Cutibacterium acnes S72 100 99,73 | C. tesquorum Bxob1 HOp Bopo-I1Iusekn
16symbS AP022845.1 CycCliK ITHHHO-
; 138 F/16symbS R 373 Cutibacterium acnes SZ2 100 99,46 | C. tesquorum XBOCTBIN bopo-Hlusekn
16symbS AP022845.1 CycCliK ITHHHO-
10 139 F/16symbS R 373 Cutibacterium acnes SZ2 100 99,46 | C. tesquorum XBOCTBIN bopo-Hlusekn
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1 2 3 4 5 6 7 8 9 10
27F/805R .
11 245 16symbsS 764 OX366362%é2\g°'baCh'a 100 | 100 | C.tesquorum | Bxomsmop | reretAoP-
F/16symbS R y
I'opHo-AnTaliCKHil BHICOKOTOPHBIH 04ar
CP045254.1 Pseudomonas Oropsylla si- . .| Bepmmuna Enan-
12 1 recA 138 sp. DTU12.1 100 93,38 lantiewi Cypok anraiickuii rama
16symbS JF833685.1 Pseudomonas R. li transbai-
13 3 F/16symbS R 143 sp. C95 100 97,20 calica [Mumyxa naypckas Borytsl
165vimbS MF612166.1
14 4 y 418 Brevundimonas diminuta 100 94,50 R. dahurica Bxomb1 HOp IOctrIn
F/16symbS R SASA
16symbS AP022845.1 Amphalius  [[Turryxa MOHTOJTb-
15 > F/16symbS R 323 Cutibacterium acnes SZ2 100 97,21 runatus CKast H0cToin
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IIpu cpaBHEHUU nociieioBaTesbHOCTEN yuacTkoB reHa 16S pPHK u rena nomamisero xo-
3siicTBa reCA npu nokpsituu 100 % u waeHTHuHOCTH, npeBbimaomei 90 %, B 15 o6pasnax
HEMATO/]l YCTAaHOBJICHA TPUHAIIIC)KHOCTh OAKTEpUiA, aCCOIMUPOBAHHBIX C HEMATOaMH, K TAKUM
KjlaccaM OakTepui, Kak o-IpoTeo0aKTepuu, Y-MpOTeo0O0aKTepUu U aKTUHOMUIEThL. COOTBET-
CTBYIOIIHME TTOKA3aTeIN MOKPBITUS U UACHTUYHOCTH TaKKe MO3BOJISIIOT CYAUTh HAM O POJOBOM
MPUHA/UICKHOCTUA BBIABICHHBIX OakTepuil. Tak, B 10 oOpa3max BBISBICHBI OAKTEpUU poja
Cutibacterium, 8 3 — Pseudomonas, B 1 — Brevundimonas, B 1 — Wolbachia. IIpu cpaBHenunn
MUKPOOMOMOB HEMATOJ| M3 Pa3HBIX MPUPOIHBIX OYAroB, YCTAHOBJIEHO, YTO B HEMATOJaX W3
o0oux ovaroB ObLIO BBIABICHO MpucyTcTBHe Pseudomonas u Cutibacterium. Hemartosl, Boije-
JICHHBIC Ha TeppuTOprUH TYBHHCKOTO TOPHOTO OYara, XapakTEepHU30BAIUCh IPUCYTCTBHEM OaK-
tepuii poaa Cutibacterium, Pseudomonas u Wolbachia, Torna xak B Hemaromax u3 ['opHo-Aui-
TalCKOr0 BHICOKOTOPHOI'O oyara OblIM BBIsABICHBI OakTepuu Pseudomonas, Brevundimonas u
Cutibacterium (Ta6numa 5.4).

[Ipu ananu3e HyKJICOTUIHBIX MOCienoBaTeNbHOCTeN yuacTkoB reHoB 16S pPHK u rena
recA pasmepom ot 116 1o 418 n.H. B 4 006pa3nax ObUIM BBISBIEHBI OAKTEpUU, IPUHAJICKAILNE
K KJaccy y-npoTeobakrepuii, Tuny Pseudomonadota. [TporienT cxoactBa, npessimatomuii 90 %
(ot 92,31 mo 97,20 %) mo3BOMUI YCTAaHOBUTH MPHUHAIJICKHOCTH ITUX OaKTEpUil K pojam
Pseudomonas u Brevundimonas. ®akT BbIsIBICHUsT OaKTEPHid ITUX POJIOB SBISJICS B BBICOKOM
CTETNIEHU BEPOSTHBIM, TTOCKOJIBKY OHU TPATUIIMOHHO BXOSAT B COCTAaB MUKPOOUOTHI KaK CBOOO/I-
HoxuByIuX BuaoB (Acrobeloides maximus, C. elegans), Tak ¥ mapa3suTHYECKUX HEMATOJ
(mpencraBuTenu poaos Steinernema, Pristionchus) [Rae et al., 2008; Baquiran et al., 2013; Berg
et al., 2016; Dirksen et al., 2016; Ogier et al., 2020]. BoisBiaenue 6akTepuii STUX POJIOB B IHTO-
MOIIaTOTEHHBIX HeMaToAax Steinernema, KyIbTHBUPOBAHHBIX Ha MPOTSHKEHUH MHOTHX JICT B Jia-
OOpaTOPHBIX YCIOBUSAX, CBHJICTEILCTBYET 00 YCTOHYMBOCTH YCTAaHOBJICHHOH acCOIMAIIUU
«HeMaro1a-0akTepus» U He SBISETCS pe3ylbTaToM Hecnenuduaeckoro 3arpssaenus [Ogier et
al., 2020]. B oTHOmeHHN HEMATO OAKTEPHH ATUX POJOB PACCMATPUBAIOTCS B KAYECTBE YWICHOB
HOPMaJIbHOW MHKPOOHOTHI, HO MEXIY TEM UMEIOTCS CBEJICHUS O HEMATOLMIHOW aKTUBHOCTH
psna mrammoB Brevundimonas diminuta, P. rhodesiae, P. fluorescens B oTHomeHnn noyseH-
HBIX TaJUIOBBIX Hemaroa poga Meloidogyne, mapasuTHpyrOmMX Ha KOPHSX PAacTCHHM, U psaa
mrammoB P. aeruginosa B otHomenuu C. elegans [Moazezikho et al., 2020; Ambreetha, Bala-
chandar, 2022; Ye et al., 2022; Sun et al., 2023].
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[ToMrMoO BBISIBICHHBIX OakTepuii, aCCOIMUPOBAHHBIX C HEMATOAAMH, B HACTOSIIEM HC-
CJIe/IOBAaHHUHU TaKKe ObLIO YCTAaHOBJIEHO MPUCYTCTBHE B Rubzovinema sp. 6aktepwii, cCBeICHUS O
BCTPEYAEMOCTH KOTOPBIX B COCTaBE MUKPOOMOTHI HEMATO/ SBISIOTCS peakuMu. OTHOM U3 HUX
seisiercst Cutibacterium, mpucyTcTBHE KOTOPOH BBISIBICHO B MOJABIISIONIEM OOJIBITHHCTBE 00-
Pa3lioB U3yYEHHBIX SHTOMOIAPA3ZUTUYECKUX HeMaTo. [Ipyu cpaBHeHHH HYKIIEOTHIHBIX MOCIe-
noBarenpHOCTEH yuacTkoB reHa 16S pPHK pasmepom 323-373 m.H. yCTaHOBJIEH BBICOKUHN TPO-
1eHT uaeHTuaHocTH (97,21-99,73 %) ¢ Bumom C. acnes. IIpencraBuTen 3TOro BUaa U3BECTHBI
KaK yCIIOBHO-TIATOT€HHBIN IS YeJI0BEKa BUJ OAKTEPHUid, aCCOIIMUPYEMBIil ¢ KOKHBIMU BOCTIaJIe-
HUSIMU, HO paccMaTpUBaeMbIii KaK M 4acTh HOPMAJbHOU (DJIOPHI KOKHM U JPYTHUX YacTed Tena
[Mayslich et al., 2021]. Ognako coryiacHO pe3yJbTaTaM MeTareHOMHBIX HcciieaoBanuii C. acnes
HIMPOKO PACIpPOCTPaHEH KaK B HA3eMHBIX, TaK U B IOYBEHHBIX U BOJHBIX OMOIIEHO3aX, H MOXKET
SIBJISITHCS YJICHOM MHUKPOOHOTHI TPYTUX OpraHU3MOB [URL.:
https://microbeatlas.org/index.html?action=taxon&taxon_id=90 15360;96 410;97 465;98 53
5;99 663&stattab=map (mara ooOpamienus 03.01.2024)]. Tak, npeacTaBuTeNnH ceMelcTBa
Propionibacteriaceae (Cutibacteriaceae) BbIsiBICHBI B TOYBEHHBIX Hemaronax C. elegans [Berg
et al., 2016], a mpucyrctBre C. aCNes ycTaHOBJIEHO B COCTaBE MUKPOOHOT'O COOOIIECTBA MOP-
ckux HemaTo Daptonema u mopckux nosuxet Capitella teleta [Lancaster, et al., 2018; Jang et
al., 2022]. Yro kacaetcst pyHKIMOHaIBHOM posin C. acnes B cocTaBe MUKPOOHUOTHI, TIPE/Ioa-
raercs, 4YTo MpoaylUpyeMble OAKTEPUSIMH MPOMHOHAT U BUTAMUH B12 HEOOXOIUMBI ISl TTOA-
Jiep>KaHus ONTUMAJIBHBIX YCIIOBHI B KUIIIEYHUKE MHOTOIIICTUHKOBBIX yepBel [Jang et al., 2022].
Kpome Toro, yacte mrammoB C. acnes sieisiroTcst marorenubiMu i C. elegans, Torma kak He-
naroreHHpie C. aCNES He BIMSIOT Ha JUITMTENBHOCTH )XHU3HEeHHOTO 1HKiia C. elegans u npugarot
YCTOWYMBOCTH K YCJIIOBHO-TIATOTEHHBIM OaKTepHsiM S. aureus 3a cYeT aKTHBAIMH CUTHAIBHBIX
nyTeil MMMYHHOU crcteMbl HemaTos [Tsuru et al., 2021].

Emie onHOH BBISABIIEHHOIN OaKkTepUEl B HACTOSIIEM UCCIIEI0BAaHNN, HEXapaKTEPHOU /s
HematoJ, 6akrepus poaa Wolbachia. 13 ogHoro o6pasna sHTOMONAapa3UTUIECKUX HEMATO C
noMouIpio AByX nap npaiimepoB (27F/805R, 16symbS F/16symbS R) Ha paznuunble yyacTku
rera 16S pPHK 6bumn monmy4ens! 1Ba mepekpsIBaomuxcs 1o Jokycy V3 ammiukona. B xone
KalUISIPHOTO CEKBCHUPOBAHUS OBUIM ONPECIICHBl MX HYKJICOTHIHBIE MOCIEI0BATEIEHOCTH
pazmepamu 517 u 480 m.H. COOTBETCTBEHHO. J[TMHa 001Iel HYKICOTHTHOW TTOCTIEA0BATEIHHO-

ctu reda 16S pPHK no nokycam V1-V4 cocraBuna 764 n.H. ¥ 1eNOHUPOBAaHA B MEKTYHApO/I-
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Hyto 6a3y manabix NCBI GenBank mox nomepom OR568562. B pe3ynbraTe cpaBHEHHUS C I0-
cnenoBatenbHOCTIMU B 6a3e nanHbpIx NCBI GenBank npu 100 % mokpsITUH 1oOcie10BaTeIbHO-
creii BeIBiIeHa 100 % wunentnunocts ¢ wm3oisitom Wolbachia 26620, sumocumOHOHTOM
Epistrophe grossularia (GenBank ID: 0X366363.1). 3BecTHO, 4TO IPEACTABUTEIM 3TOTO POaa
SIBIISIIOTCS 00IMTraTHHIMU BHYTPHUKJIETOYHBIMH MUKPOOPTaHU3MaMHU, HUMCIOIIMMU Pa3IMyHbIE SH-
JOCUMOHMOTHYCCKHAE OTHOIICHHS C PSIOM UYICHHUCTOHOTMX M HemaToj. PaHee MpUCYTCTBHUE
Wolbachia 6s110 ycTaHoBICHO Y QuIspHaIbHBIX HeMaTo 1 (mogoTpsa Spirurind) u ¢guromnapa-
sutudeckux Hemaroxa Pratylenchus penetrans u Radopholus similis (momotpsim Tylenchina,
HajgcemeiictBo Tylenchoidea), omHako BbISBICHHE ATHX OaKTEpUil B HAIlEM HMCCIICIOBaHUH,
paBHO KaK U B poJICTBeHHOM rpyme Hematoa Howardula (mogorpsa Tylenchina, HagcemericTBo
Sphaerulariodea), Bxoasmux B 0JJHO HaJACEMEHCTBO ¢ HeMaTogaMu Rubzovinema spp., 3Ha4u-
TeabHO pacimpser cnucok xo3seB Wolbachia [Dudzic et al., 2022]. TIpencraButenu 3Toi
IPYMIbI OAKTPUI BBISBICHBI Y ITUPOKOTO CIIEKTPA YWICHUCTOHOTMX U CIIOCOOHBI OKa3bIBATh BIIHU-
SIHUE HA PEIPOIYKTUBHBIE QYHKIIUU CBOMX X035€B ((peMUHU3aIUs, TaPTEHOreHE3, UTOIIa3Ma-
THYECKass HECOBMECTUMOCTh, rudenb camiioB) [Werren et al., 2008]. Henp3st uckioyaTh BO3-
moxHocTh BimsitHust Wolbachia sp. kak Ha sHTOMOMapa3uTHYECKMX HEMATOJ, B KOTOPBIX OBLT
oOHapy)KeH 3TOT mTamMM, Tak ¥ Ha 0y0X. [llupoko n3BecTeH peHOMEH KacTpaluu 0JI0X, KOTO-
PBIii paHee CBS3bIBAIM C OKa3bIBAEMbIM BIMSHUEM Ha HUX MMapa3uTHYCCKUX HEMATO/I, B TO BpeMs
KaK TOYHBIH MEXaHH3M HE ONMKMCaH. BBUY OTCYTCTBHSI BUIUMBIX U3MEHEHHH Y 0JI0X HapYKHBIX
U BHYTPEHHHUX YacTeil opraHoB ObUI C/I€JaH BBIBOJ O CHIIKCHHH IUIOJOBUTOCTH MOCPEICTBOM
byHKIIMOHANBHBIX HapyiieHu# [Ko3noB u np., 1985]. MokHO peInoIoKUTh, YTO BO3MOXKHYIO
pPOJIb B 3TOM TPOIIECCE UIPAIOT MATOT€HHBIC JUIS WICHUCTOHOTUX MHUKPOOPTraHU3MbI, B TOM
YKCcJIe W BBIABICHHAs B HactosmieM uccienoBanuu Wolbachia. Ognako 310 mpeanonoxeHue
TpeOyeT JalbHEHIIEro H3yUYeHusl Kak pa3Hoo0pa3us MUKPOOHOTHI, aCCOIIMUPOBAHHOM C HEMa-
TOJIaMH, TaK U ¢ (PYHKIMOHAIHHON POJIM B )KU3HEHHOM IIMKJIC HEMATOJ U UX WICHHUCTOHOTHX
XO035ICB.

B pe3ynbraTe mpoBeIeHHOTO HCCASI0BAHUS HAaM HE YIaI0Ch BBISBUTD CIICITU(PHUUHBIX IJIs
pona Rubzovinema Gakrepuii. 3T0 MOKET 3HAYHUTh, YTO ITH HEMATOJIbI HE HECYT COOCTBEHHBIX
YHHUKAJIbHBIX OaKTepUaTbHBIX c000IIecTB. Takke BO3MOXKHO, YTO B MPOIIECCE HACTOSIIETO HC-
CJICJIOBAHUS METOIUUCCKHUE OTPAHUYCHHS HE TIO3BOJIWIN OOHAPYKUTh BUBI OAKTEPHii, COCTAB-

JISIFOLIMX aCCOIMALIMM ¢ HemaTogaMu. Meto BBICOKOIIPONU3BOAUTCIILHOI'O CCKBCHUPOBAHUS SIB-
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asiercs OoJiee MPeanoYTUTENFHBIM JUTSl ATHX LEJIeH W MO3BOJISIET MOXYYHTh OoJbiie HHpopMa-
uu. B To ke Bpems Hanbosee pacpoCTpaHEHHBIMU B psijie 00pa31ioB HEMaTo 1 OblI OaKTepUn
poxos Cutibacterium u Pseudomonas, BerieneHubIx u3 6510x ['opHO-AnTaiickoro u TyBHHCKOTO
o4yaroB. JTH OaKTEpPUU MOTYT SABIATHCS OAKTEPUIMHU-ACCOLIMAHTAMU, HA KOTOpbIE HY>KHO 00pa-
THTh NPUCTAIBHOE BHUMAaHKE ITPU U3Y4SHUU MUKpoOHOTHI Rubzovinema spp. B npyrux npupo-
HBIX O4arax 4yMbl. Pe3yinbpTaTsl HACTOSLIETO UCCIEA0BAHUS CO3/1AI0T OTIPABHYIO TOUKY JUIS TO-
HUMAaHUS B3aUMOJIEUCTBUI MeX Ay 0710XaMH, SHTOMONIAPa3UTUYECKUMH HEMATOJaMH U UX MUK-
pOOMOTOH B YCIOBHSX MPUPOJHBIX 04aroB YyMbl. BeIsiBIeHHbIE OaKTepraIbHble TAKCOHBI O3~
BOJISIT OTCJIEKUBATh U3MEHEHUSI B MUKPOOHMOME, KOTOpble MOTYT IPUBECTH K U3MEHEHUIO Xa-
pakTepa B3auMOACHCTBUS «HEMAToAa-010Xa» C Mapa3UTUYECKOIro Ha MAaTOT€HHBIN 171 HaceKo-
MOT0, a TaKK€ MOTYT OKa3aTh BIMSHHME Ha MMOTEHLUAIbHOE B3aUMO/JIEIiCTBHE C BO30yAUTEIEM
YyMBI.

Takum 00pazoM 1o pe3ysbTaTaM IaBbl 5 B COCTaBE MOYB HOP I'PhI3yHOB ['opHO-AunTaii-
CKOTO BBICOKOTOPHOI'O oOyara 4YyMbl OBLJIO BBISBICHO MPHCYTCTBHE HEMaToj poja
Panagrolaimus u npezacraBurens cemeiictBa Diplogasteroidae. ITonydeHnbl HOBbIC JaHHBIC 00
OTCYTCTBUU BIUsiHUSA Y. PestiS Ha MpoI0KUTEILHOCTh XKU3HU HeMaTo ] Panagrolaimus sp., BbI-
JICJICHHBIX Ha TEPPUTOPUU OJHOTO OMoIeHOo3a. B COBOKYMHOCTH C TaHHBIMU 00 00pa30BaHUU
OMOIIEHKN Ha KYTHKYJIE HEMATO/1 B 00JIACTH TOJOBBIX OPraHOB U XBOCTA U MPUCYTCTBUU KJIe-
TOK Y. pestiS B KUIIEYHWKE HEMATOJ| MOJyYCHHBIC PE3YJIbTaThl MOTYT CBHJCTEIHCTBOBATH O
pOJIM HEMATO/I B MPOLIECCE PACIIPOCTPAHEHUSI BO3OYAUTENS YyMbI B ITOYBE. TakKe yCTaHOBJIEHA
CHUCTEMaTH4ecKas NMPUHAIKHOCTh YHTOMOIIAPa3UTHUECKUX HEMATo 1 010X ¢ Tepputopuit Ty-
BUHCKOT'O TOPHOTO o4yara 4ymbl K poay Rubzovinema, BrisiBJIeHHOMY paHee TakKe Ha TePPUTO-
pusix ['opHO-AnTaiickoro BeICOKOTOpHOro U Bonro-VYpanbsckoro crennoro oudaros. [lomxyuen-
HBIE JIaHHbIE CBUICTEIBCTBYIOT O IIMPOKOM apeajie paclipoCcTpaHEHUs! SHTOMONAPA3UTHIECKUX
Hemato] poaa Rubzovinema B rpanmmax cremHoit 30HbI Poccun. BriepBrie oxapakrepruzoBaHa
MHUKpOOHOTa Mapa3uTapHOi CUCTEMBbI «HEMaToaa-00xa» u3 odyaroB ['opHoro Anras, B cOCTaB
KOTOPOU BXOAAT MpEACTaBUTENN O-IPOTE00aKTepuld, Y-pOTeO0OaKTepril 1 aKTUHOMHULIETOB, a
umenHo poxaa Cutibacterium, Pseudomonas, Brevundimonas, Wolbachia. Hamu o6Hapy»xkeHo
CXOJICTBO B COCTaBE MUKPOOHOI0 coo01ecTBa 0;10X0-HEMAaTOAHON CUCTEMbI BHE 3aBUCUMOCTH
OT TeorpauIecKoro MPOUCXOXKACHUS, a UMEHHO MPUCYTCTBHE OakTepuii pogoB Cutibacterium

u Pseudomonas B Hemaromax u3 I'opHo-Anraiickoro u TyBuHcKkoro ouaroB. Bee atu cBenenus
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pacCIIUPSIOT MPEACTABICHHS 00 YCIOBHIX M COOOIIECTBE OPTaHU3MOB, B KOTOPHIX MOXKET OKa-
3aTbCAd BO30YIUTENb YyMbl B MPOIIECCE CBOETO XU3HEHHOTO IHKIA. JTU (PaKThl JOMOIHSIIOT
MMEIOIIHAECS MPEACTABIEHUS O Apa3sUTAPHON CUCTEME MPUPOAHBIX 0YAroB YyMbl, YTO Ba)KHO
JUTSI TOHUMAaHUS 3aKOHOMEPHOCTEH nX (QYHKIIMOHUPOBAHMUS, A TAKKE JUISI TPAKTUKHU B IIEJIAX OII-
TUMHU3AIMHA KOMIUIEKCA MTPOBOJUMBIX MPOPHIAKTHUECKIX MEPOIIPUITHI HA 0YarOBbIX TEPPUTO-

pUsIX.
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3AKVIIOYEHHUE

B cooTBeTCTBUM C KIIACCHYECKUMH MOCTYJIATAMU TEOPHH MPUPOJTHON 0YaroBOCTH TyMBI
BO30yIuTeIh YyMbI Y. PEStiS coXpaHsaeTCs B IPUPOTHOM OHOIICHO3E, IIUPKYIUPYS MEKTY HOCH-
TeJSMHU (TIPEUMYIIIECTBEHHO TPBI3YHBI) M TIEPSHOCUNKAMU apTpoIoiaMu (OJI0XH, KIICIIH, BIIN).
Ha npoTsbkeHuu JIMTENBHOTO BPEMEHHU TOCIIOICTBOBAJIO MHEHHE O HEBO3MOXKHOCTH COXpaHe-
Hust Y. PestiS BHE mapa3suTapHOW CHCTEMbI «IPbI3yH-010Xa-TpbI3yH». OIHAKO HAKAILUIMBACTCS
Bce OOJIbIIe JAHHBIX, HE COTJIACYIOUINXCS BO BCEM C KJIIACCHYECKON KOHIEMINEeH COXpaHCHUs
BO30YAMTENS M PAaCCMATPUBAIONINX B KaUECTBE CIIE OJHOW YKOJIOTHYECKOW HHUIIU €ro CyIIe-
CTBOBAHUS TOYBEHHBIN OMOIICHO3 U €T0 MUKpPOdayHYy.

Panee B psijie sxcriepuMeHTOB ObLITO TIOKa3aHO coxpaHenue Y. Pestis B acconuanuu ¢ mod-
BeHHBbIMH TipocTeiimmmu — H. rhysodes, T. pyriformis, D. discoideum, A. castellanii u kpyriasivu
yepBsimMu — HemaToamu C. elegans [Hukyabims u 1p., 1992; ITymkapesa, 2003; Komiens u ap.,
2016; Darby et al., 2002; Benavides-Montaio, Vadyvaloo, 2017; Markman et al., 2018]. Pa3pa-
OaThIBAacTCS TUIIOTE3a BEPTHKAIBHON TpaHcMuccuu Y. PestiS, cormacHo KOTOpoil BO30YAUTEIh
YyMbl MOKET IONa/1aTh U3 IOYBEHHOTO OMOTOMNA B HA3€MHBIH, UCTIOIb3Ys aJbTEPHATUBHYIO Ma-
pasuTapHyIO CHUCTEMY TPAaHCMHUCCHUHU «IHTOMOIIAPA3UTHUECKUE HEMATOAbl — Omoxu». OmHAKO
JIOKa3aTeIbCTBA y4YacTHs MOYBEHHBIX OPraHU3MOB (MPOCTEHIINX, HEMAaTol) B KU3HEHHOM
nukiie Y. pestis uMeroT pa3po3HEHHBIN XapakTep, a B SKCIEPUMEHTaX M0 MOJICIMPOBAHHIO B3a-
UMOJICHCTBHS MCTIOIB30BaHbl MY3E€HHBIEC IITAMMBI, JIAOOPATOPHBIE KYJIBTYPHl U BUBI TIOYBEH-
HOU MUKpodayHbl. OTrpaHUUEHHOCTH MOJIy4aeMbIX PE3YJIbTaTOB TAKUX HKCIIEPUMEHTOB CBsI3aHa
C TeM, 4TO mTaMMbI Y. PestiS U mpeCcTaBUTEN MOYBEHHONW MUKPO(ayHbI BBIICICHBI B Pa3HBIX
OPUPOTHBIX OMOTOMAX M HE aAANTUPOBAHBI K IPYT APYTY B MPOLIECCE SBOIOIHH.

B Hamewm uccnenoBaHuu ObLT IPUMEHEH MHOW METOIUYECKHUU TOAXO0]T IO MOJISITUPOBA-
HUIO B3aMMOJEWCTBUSI OPTraHU3MOB, SBOJIIOIIMOHHO MPHUCIIOCOOIEHHBIX K OOMTAHUIO B OJJHOM
ouoreHo3e. B xauecTBe MOIENbHOM AKOCUCTEMBI ObLUT BBIOpaH ['OpHO-ANTaliCKUi BBICOKOTOP-
HBII OYar, B KOTOPOM Ha MPOTSHKEHUH HECKOJIBKHUX JIECATKOB JIET PETUCTPUPYETCS SMU300THYC-
CKas akTUBHOCTb, a ¢ 2012 r. BBISIBIEHO PACIPOCTPAHEHUE SMUAEMUYECKH 3HAYUMBIX U BBICO-
KOBHPYJICHTHBIX ITaMMOB Y. pestis ¢punorenernueckoii suauu 4. ANT. IlItammer 4. ANT 1up-
KYJIMPYIOT Ha SHAEMUYHON TEPPUTOPUH TPEX OJIM3KO PACIIOI0KEHHBIX MPUPOAHBIX 04aros Poc-

CHU U MOHFOHI/II/I, H JO0 CHUX ITIOP BOIIPOC IPOUCXOKIACHUA PACTIPOCTPAHUBIINXCA IITAMMOB BO
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BrOpou nekane XXI Beka B ['OpHO-AJITaAICKOM BBICOKOTOPHOM OYare OCTAETCSA JUCKYCCUOH-
HbIM. [Iprunnoii BeIOOpa ['OpHO-AJITaliCKOTO BBICOKOIOPHOI'O Odara B Kaue€CTBE MOJAEIbHOU
TEPPUTOPHH JUTSI H3yICHUST MEXaHIU3MOB ITEPCUCTCHIIUH Y. PEStiS cTaia BO3MOXKHOCTB IOJTyde-
HUSI CBEXKUX KYJIBTYp OakTepuil U OpraHU3MOB TIOYBEHHOM MUKPO(hayHbI U3 OJHOTO IPUPOJHOTO
ouoTora.

Ha nepBom 3tarne HeoOX0AMMBIM ObLIO MOTYYEHHUE MPECTABICHUS 00 0COOCHHOCTSX CO-
BPEMEHHBIX ITaMMOB Y. PeStiS OCHOBHOTO TOABHA aHTUYHOT'O OHOBapa (HUIIOTCHETHYECKOM
muHud 4. ANT ¥ UX OTJIMYUE OT ITAMMOB JIpyrux JuHUM 3Toro 6uosapa. llItammer 4. ANT or-
HOCATCS K JApEBHEH JIMHUM aHTMYHOrO OMOBapa, BO3HUKIIEH B Touke Oosblioro B3peiBa (Big
Bang) napsiny ¢ apyrumu nunusimu atoro 6uosapa 1. ANT-3.ANT ot npenmectsennnka 0.ANT
[Cui et al., 2013; Valtuena et al., 2022]. C Tex mop 3TH JUHUH SBOITIOIIUOHUPOBAIHN HE3aBUCHMO,
HaKaIUIMBas MYyTallMU B XOJI€ HBOJIOLUOHHOTO MPHUCIIOCOOIEHUS K Pa3IMYHBIM JIaHAMA(THO-
reorpadguueckum yciaousM. llItammer 4. ANT sunemuunsl 1151 I'opaoro Antas u Tyssl B Poc-
cur 1 MoHronuu. B 1pyrux pernoHax Mupa OHM He BCTPEYAIOTCS U IMO3TOMY MajlOJIOCTYITHBI
JUISL U3y4eHUs 3apyOeKHBIM HCCIIEA0BATEISIM.

Jlis cpaBHeHHMS (PEHOTUIHYECKUX CBOWCTB B HCCIEAOBAHUE OBUIM B3ATHI IITAMMBI
Y. pestis OCHOBHOTO MOJBU/Ia AHTUYHOTO OMOBapa, BBIJCICHHBIC B pa3HbIX cTpaHax (Poccuii-
ckas @enepanusi, Monronusi, Kuraiickas Haponnas Pecny6nuka, Keipreizckas PecryOnuka,
Kenus u Jlemokpatudeckasi Pecryonuka Kounro) B nmepuoa 1928-2020 rr. BeisiBnennoe ¢uio-
TEHETUYECKOEe pa3HOOOpa3ne B3ATHIX B UcceqoBaHue mTaMMOB Bo30yauTess uymbl (0.ANT3,
0.ANTS5, 1.ANT, 2.ANT3, 3.ANT2, 4. ANT) npenocTaBuIO BO3MOKHOCTb ITOJTHEE OIICHUTH Ba-
puabebHOCTh KOMILIEKCAa CBOMCTB BHYTPU aHTHUYHOTO OnoBapa. Bce B3sThie B uccienoBaHue
MITaMMBI 00JIaaN TUIIMYHBIMU JJI aHTHYHOTO OnoBapa OMOXMMHYECKUMHU CBOMCTBAMH, HO
OTJIMYAJIUCh PA3IIUYHBIMU MOTPEOHOCTSIMH B (haKTOpax pocTa, CBI3aHHBIMU C UX reorpaduye-
CKUM IPOUCXOXKJIECHUEM U (DUIOTEeHETHYECKOW MpUHAIIeKHOCThI0. [loMuMo yHUBepcambHON
3aBHCUMOCTH POCTa IITAMMOB OCHOBHOTO TOJIBU/Ia OT TPEOHMHA, METHOHMHA U (p)eHUIIAJIaHUHA,
panee nokazanHoi B pabore JI.M. Kyxknesoit u np. [KykneBa u ap., 2013], npumMeHeHHbIH B
HACTOSIIIEM HCCIIEI0BAaHUH MOIX0J] B M3yUYeHUH (DEHOTUITNYECKHUX MPOSIBICHUIN 3aBHCUMOCTEN
pOCTa OT aMHUHOKHCIIOT € ONOPOM Ha (PUIIOTEHETUYECKYIO MPUHAIJIEKHOCTH IITAMMOB TTO3BOJIHI
BBISIBUTH ayKCOTPO(HOCTh OTAETBHBIX (hritoreorpaduyeckux MOmyssui aHTUIHOTO OnoBapa
10 JeHIMHY, IPOJIUHY U 1ucTenny. [Ipu paccMoTpeHnn MeTaboInYecKuX MyTed CHHTe3a aMU-

HOKHCJIOT IITaAMMOB aHTHYHOI'O 6I/IOBapa HaﬁHCHBI MYyTaluu, KOTOPBIC MOTYT BHOCUTH BKJIA/l B
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ayKCOTPO(HOCTH 3a CUET BIUAHUSA Ha (PYHKIMOHATIHHOCTH (hepMeHTOB. KpoMme Toro, BHISBICH-
HbI€ MYTaI[M1 MOTYT OBITh HCIIOJIb30BAHbI B KAUECTBE IEHETUYECKUX METOK i AU pepeHiua-
UM MTaMMOB Y. PestiS pa3auuHbIX (GHUIOTEHETHUYSCKUX TPYIII aHTUIHOTO OHOBapa.

[IpoBeneHHbI HamMKM aHaIW3 (PEHOTUIMYECKUX U TeHETHYECKHMX CBOWCTB ILITAMMOB
Y. pestiS oCHOBHOTO MOJBHa AaHTHYHOTO OMOBapa Pa3InuHbIX (UIOTCHETHYECKUX JTMHUH T103-
BOJIMJI ONPEACTUTh MecTO uccienyeMbix mrtamMoB Y. pestis muauun 4. ANT ¢ Tepputopun
["opHO-AnTaliCKOro BHICOKOIOPHOI'O OYara B CTPYKType aHTUYHOro OuoBapa. VMccnenoBanHble
mrammbl Y. pestis 4. ANT o06namaroT XapakTepHBIMH ISl BCEX IITAMMOB aHTUYHOTO OHOBapa
OMOXMMHUYECKHM CBOMCTBAMHU, a TAK)KE HYKJAIOTCS JAJISi CBOETO POCTa B KIACCUYECKON TpHaJe
AMUHOKUCIIOT — (P€HUJIAIaHUH, TPEOHUH U METHOHUH. OHAKO B OTJIMYHUE OT BCEX IPYTUX JIMHUN
aHTUYHOTrO OnoBapa He Bce momymsiuuu mramMmmoB 4. ANT HyXIalOTCS B aMUHOKHCIIOTE ILIH-
CTeHH. DTO MOKET ObITh 00YCIIOBJIEHO aJanTaneil K KOHKPETHBIM JaHamadTHo-reorpaduye-
CKHUM yCJIOBUSIM. Y CTaHOBJICHHAS 3aBHCUMOCTh pOcTa mTaMMoB Y. pestis muanu 4. ANT ot npu-
CYTCTBUS B Cpe/ie aMUHOKHUCIIOT OblJIa YYTEHA MPH IJIAHUPOBAHUU HKCIIEPUMEHTOB IO MOJIEIH-
POBaHMIO B3aUMOJEHCTBUS C MOYBEHHOW MUKpO(hayHOU. Pe3ynbTaTsl (UI0OreHeTHYECKOro aHa-
Ju3a, aHAJIKM3a 3aBUCHUMOCTH POCTa OT LIMCTEHMHA U CPAaBHEHUS T€HOB OMOCHHTE3a IIUCTENHA U
oOMeHa cepbl MO3BOJIMIIN BBISIBUTH 4 OT/AENbHbIE MOMYIISIUN BHYTPH (PHIIOT€HETUYECKON TUHUU
4. ANT. [Tonynsiust mraMmmoB U3 ['opHO-ANTaliCKOro BBICOKOTOPHOI'O O4ara IEMOHCTpUpOBaia
BapHaleIbHOCTh 3aBUCHMOCTH POCTa OT LIUCTEUHA U 00J1a1aia CXOJHBIM NpoQuiIeM MyTalui
CO IITAaMMAaMH, BbIJIEJICHHBIMU Ha TEPPUTOPUU MOHTOIMH, UTO MOATBEPKAAET OJIM3KOE POACTBO
mramMoB 4.ANT, nupkynupyromux Ha poccuiickoi (I'opHO-AnTalickuil BBICOKOTOpPHBIN) U
MOHTOJIbCKUX 4YacTAx CailllforeMcKoro mpupoJIHOTO odara YyMbl U MPUPOJHOTO OYara 4yMbl
Xyyx-Capx-Mynx-Xaupxad B MOHIOJIHH.

Jljig BU3yanu3aiuy SKCIepuMEHTOB 0 U3YyYEHHUIO0 B3aUMOACHCTBUS BO3OYIUTENS YyMbI
C WICHaMH TOYBEHHOW MHUKpO(DayHbl, a UMEHHO IJIi yCTAHOBIICHUS JIOKAIHU3AIMUA KIIETOK
Y. pestis BHyTpu ame0d 1 HEMATol, OBLIO MPOBEIACHO KOHCTPpYyHpOBaHUE mTaMMOB Y. pestis ¢pu-
norenetndeckoi muauu 4. ANT, npoayuupyromux ¢iayopecueHTHsie Oenku. [onydennsle ¢ mo-
Monibio miazmug PTUurboGFP-B n pKatushka2S-B mraMMbl 3HaUHTEIEHO YIIPOCTHIIN JIETEK-
U0 OaKTepUaNbHBIX KJIETOK B 00pa3lax U CEeJEKIMI0O KOJIOHUHN 3a CYET YCTOMUMBOCTH PEKOM-
OMHAHTHBIX KJIETOK K aMIUIIWIINHY B cpesie U (pIyopecleHINH B 3aJaHHON 00JIacTH CIEeKTpa.
BaKHBIM MOMEHTOM B MCIIOJIB30BAHUU 3THUX IITAMMOB U1 MOACINPOBAHMS B3aUMOAECUCTBHI €

YJIeHAMU TOYBEHHOW MHKpO(dayHbI ObLIIO COXpaHEHHE CBOMCTB MCXOAHOTO mTaMMa Y. Pestis y



148

IITAMMOB-PEIUIUEHTOB TUIA3MH/I. Y CTAHOBJICHO, YTO TPAHC(OPMUPOBAHKE TUIA3MHUIAMH HE
NPUBEJIO K M3MEHEHHUIO KYJIbTYPaTbHO-MOP(}OIOTrHYeCKMX U OMOXUMUYECKUX CBOMCTB, UYyB-
CTBUTEIBHOCTH K OakTeprodaraM ¥ BHPYJICHTHOCTH IITaMMOB Y. PestiS, 4To moaTBepKaacT
BO3MOXXHOCTh HCITIOJIb30BaHUSI CKOHCTPYHMPOBAHHOTO Habopa (QIIyopecleHTHBIX MITaMMOB
Y. pestis ¢punorenernyeckort muHud 4. ANT I u3ydeHus: JTOKaIM3alUd M B3aMMOICHCTBHS
OaKTepUaTBHBIX KJIETOK C MHUKPO- M MAKPOOPTaHU3MaMH.

CrnenyromuM 111aroM MCCiae0BaHus ObLIO BbIAEICHUE TOMUHHUPYIOIIUX BUIOB MOYBEH-
HBIX IIPOCTEUIINX HA PAa3HBIX AMU300TUYECKN aKTUBHBIX ydacTKax ['OpHO-ANTaliCKOro BBICOKO-
TOPHOT'O OYara 4ymbl B IEJIIX JAIbHEUIIEro MOACIMPOBAHMS B3AUMOJICHCTBUN MEXKITY HUMU U
mrammamu Y. pestis punorenernyeckoit munun 4. ANT. B pe3ynbraTe aHain3a mocie0BaTeiib-
Hocteit reHoB pPHK, Bximrouaromux yuactku reHoB PHK oot u manoi cyobseaunui puoo-
COM M PACIOJIOKEHHBbIE MEXIY HUMHU IOCIIEIOBAaTEIbHOCTU T'eHa 5.8S U JABYyX BHYTPEHHHX
Tpanckpubupyemsix cneiicepoB (ITS1 u ITS2), nokazana cucremaTuueckasi NpUHAIEKHOCTh
BBIICJICHHBIX TTpocTeiux K Buaam A. castellanii u D. sphaerocephalum, sBnstomuxcs moBce-
MECTHO PacCHpOCTPAHCHHBIMU OpPTaHW3MaMHU TIOYBEHHBIX JKocucTeM. [IpucyrcrBue ameO
A. castellanii B Beicokux konmeHTparusax (10 300 ThIC. KIETOK Ha 1 T' TOYBBI) B MMOYBEHHBIX
OMoIIeHO3aX MPUPOIHBIX OYaroB YyMbl paHee Obl10 ycTaHoBieHO B CeBepo-3amannom [Ipuka-
criuu ¥ ['opHOM AnTae, yTo yKa3bIBaeT Ha MIMPOKOE reorpa@uueckoe paclpoCcTpaHeHHe ITOTO
Buza [Komens u ap., 2015; Ormoaun u np., 2017]. Kpome Toro, B psijie HcciieI0BaHHUN TOKa3aHa
BO3MOXXHOCTh B3aUMOJICHCTBUI U coxpaneHus Y. pestis B accormanuu ¢ A. castellanii u npy-
ruMu nipencraButensimMu pona Dictyostelium, D. discoideum [Komens u np., 2016; Benavides-
Montafio, Vadyvaloo 2017; Ornoaun u ap., 2017; Markman et al., 2018]. B coBokymHoCcTH ¢
TUMH (haKTaMH BBIICTIEHHBIC TPOCTEHUINNE MOTYT OKa3bIBaTh BIUSHUE HA KU3HCHHBINA ITUKII
Y. pestis, B CBsI3u C UeM pacCMaTPHBAIOTCS B Ka4eCTBE MOTEHIIHAIBHBIX PE3epBYyapOB BO30Y/IH-
TEJsl YyMBI B TIOYBEHHOU (haze B MPUPOJHBIX OUaraX YyMbl U SIBJISIFOTCSI IEPCIIEKTUBHBIMU MO-
JCNIbHBIMUA OPTaHU3MaMH JJTs1 U3YUCHUS B3auMOICHCTBHI ¢ Y. pestis.

JIJis SKCTIepUMEHTa 10 COBMECTHOMY KYJIBTHBHPOBAHHUIO ¢ BO3OYAUTEIIEM YyMbl OBLITU
BeIOpaHbl amMeObI A. castellanii kak Hanbomee mepcrieKTHBHBIEC OPraHU3MBI TSI COXPaHEHUS BO3-
OynuTens 3a cueT oO0pa3zyeMoi UMM 3alllUTHON JBYXCJIOWHOW IIUCTHI, MPEJOXPAHSIONICH OT He-
OJaronpusATHBIX BO3ACHCTBUI OKPYKAIOIIEH Cpeibl. DTH aMeObl B OOJIBITUX KOJTUYECTBAX MPH-

CYTCTBYIOT B IIOYUBAX, B TOM YHUCJIC U B IIOYBC FOpHO'AHTaf/'ICKOFO BBICOKOT'OPHOT'O O4Yara 4YyMhbl,
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[I03TOMY Hau0oJee BEPOSATHBIM SIBJIIETCA KOHTAKT BO30YUTEINS YyMbl HMEHHO C 3TUM JIOMUHU-
PYIOIIMM B [TOYBE BUIOM IpocTeimumx. BaxHoii qeTanpio, 00ycinoBUBIIEl BEIOOP KOHKPETHOTO
U30JISITa MPOCTEUIINX, ObUIa HEMOCPEICTBEHHAs OJIM30CTh YYacTKa €ro BBIACIEHUS C MECTOM
HOJTy4eHUs UCToNIb3yeMoro mramMma Y. pestis. TTo pe3ynbpratam HaOIIOICHHS 33 COKYIBTYPOI
Y. pestis u A. castellanii, uakyOupyemMoii Ha TBEpPAOi MUTATEILHOM cpelie, YCTAHOBJICH IOJIO-
YKUTEJIbHBIN TAKCUC KJIETOK akaHTamMeO K OaKTepuanbHbIM KOJIOHUAM, Kak U B padore C. B. Hu-
KyJIBIIMHA K COaBTOpaMu B citydae ¢ amebamu H. rhysodes u V. hartmanni [Hukynemuu C. B.,
1992]. Taxxe Ha HATHMYKME B3aUMOJCHCTBUI MEXKIY IBYMS UCCIIEIYEMbIMU KYJIbTYPaMH YKa3bI-
BaeT MPHUCYTCTBUE HA MUTATEIHLHOM Cpeie BTOPUYHBIX KOJOHUM BO3OYIAUTEINS YyMbl, BEPOSTHO
00pa30BaHHBIX MPHU MEPEMEIICHNH aMe0 ¢ BHYTPUKICTOYHO JTIOKaTU30BaHHBIMU Y. Pestis.
N3ydenue B3aumoaericTBHid Y. PestiS B COKYIbType ¢ IPOCTEHIITMMH B XKHUIKOM cpeie pa-
Hee MPOBOJUIN B Cpellax, COACPKABIINX MUTATENbHbIE BEIIeCTBA (MUTATEIbHBIA OYIbOH, BbI-
TSKKa M3 MOYBBI, IPYAOBasi BOAA), UTO JO KOHIA HE MO3BOJIJIO CBA3aTh YBEIMUYEHHE KOHIICH-
Tpauuu OaKTEepHATBHBIX KIETOK C B3auMojeHcTBHeM ¢ mpocredmmmu [[lymkapesa, 2003;
Ornoaud u 1p., 2017]. Bo u30exaHne BO3MOKHOTO pa3MHOKCHHUS OaKTEPUi 3a CYET PECypCcoOB
Cpelbl, KyJIbTUBHPOBAHNE OPraHW3MOB MBI IIPOBOJIMIIN B COJIEBOM Oydepe, Mo aepKUBAIOIIEM
KU3HENEATENbHOCTh aMe0, HO He CoJiepiKallleM HEeOOXOIWMBIX OPraHUYECKHUX BELIECTB IS
Y. pestis, B TOM uunciie HEOOXOAMMBIX JJisl pocTa mTaMMoB JTUHUH 4. ANT aMHHOKUCITOT (peHMII-
aJJaHWH, TPEOHUH U METHOHUH. [IprMeHeHne 3Toro METOAUYECKOro MOAX0/1a O3BOJIUIIO OIle-
HUTH BIIMSHHUE (akTopa NpUCyTCTBHS B cpene amed A. castellanii va nuHamuky ducieHHOCTH
BO30yuTeNs UyMbl. B pe3ynbrare COKyIbTUBUPOBAHMS BBISBICHA JUHAMHUKA YUCICHHOCTH TIO-
nysiud Y. pestiS, XxapakTepHOW 0COOCHHOCTHIO KOTOPOH SBMIIMCH KOJICOAHUS YUCICHHOCTH
BO30YIUTENS] YYMBbI, CBUICTEIBCTBYIONINE O HAIMYUHM MEKITOMYJISIIMOHHBIX B3aUMOJICHCTBUN
cokynbTyp. [Ipu cpaBHEHUH ¢ AMHAMHMKOW, MOJYYEHHON MPHU COKYJIHTUBUPOBAHWU aHAJIOTHY-
HBIX OPTaHMW3MOB B MHUTAaTeNhbHOM OynhoHe LB B TeueHue nByX Hejellb, BPEMEHHBIE MPOMeE-
JKYTKH TIOBBIIIICHUH ¥ COKpAIIEHUI YUCIEHHOCTH OaKTepUaTbHOU MOMYJISIIMN COBIAAAIH, B TO
BpeMs KaK B HaIlleM MCCJIEIOBaHUH KoJjieOaHus ObLTH O0Jiee Pe3KUMHU 3a CYET OTCYTCTBUS, IO-
BUMMOMY, HE3aBUCUMOTO OT aMe0d pa3MHOXKEHHSI OaKTepuil B MUTATEbHOM cpene [Ormoaus u
ap., 2017]. Kpome Toro, B HACTOSAIIEM HUCCIICAOBAHUH KOJICOAHHs YUCICHHOCTH HAOJIOJATUCh
yepe3 1 u 5 MecsliieB mocie Hayana COKYJIbTUBUPOBAHUS, UTO TAK)KE CBUIETEIBCTBYET O HAJIU-
YUK B3aUMOJICHCTBUN MEXy MONYJSLUUIMUA OPraHU3MOB, 3aKIH0YAIOUIMXCS B UCTIOJIb30BaHUU

BO30YAUTEIEM YyMbI PECYPCOB aMe0 ISl pa3MHOKEHUS.
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Crenyer 3aMETUTh, YTO MIPH JUIMTEILHOM COKYJIbTUBUpOBaHUM Y. pestis u A. castellanii
B KHJIKOW cpelie Ha MPOTsHKEHUH 7 MecsIeB B o0pas3iax, MOMUMO HEaKTUBHBIX (opMm amel B
LUCTaX, MPUCYTCTBOBAJIN aMeOOUIHbIE TPOPO30UTHI, CHOCOOHBIE MOTJIOMIAThH KIETKH BO30YAH-
TSl YyMbl. DTO CBUIETENBCTBYET O MPUCYTCTBUU B CPEJie Myjia aKTUBHBIX (haroluTUPYIOMINX
KJIETOK ame0, CIIOCOOHBIX BCTYMHUTH BO B3aUMOJICHCTBUS C BBIIIEAIIUMU U3 APYTUX aMe0 U pen-
JTHIUPYIOIUMICS BHEKIIETOYHO KiieTkamu Y. pestis, kak ormeuan J. Benavides-Montaiio ¢ co-
aBTopamu [Benavides-Montano J., 2017]. Pe3yapTaToM MOACIHPOBAHHUS JOJITOBPEMEHHOIO CO-
xpaHeHus Y. pestiS cTano ycTaHOBJIEHUE CIIOCOOHOCTH BO30YIUTENS YyMbI COXPAHATh JKHA3HE-
crocoOHOCTh 110 22 MecsieB B cokynbType ¢ A. castellanii mo cpaBHeHUIO ¢ KOHTPOJBLHBIMU
oOpa3uamu 0e3 ame0, MOJHOCThIO HCUYE3aBIIMMHU Yepe3 2 Mecsla dKcrepuMenTa. Takxke ycTa-
HOBJICHO, YTO JUIUTEIHHOE COKYJILTHUBUPOBAHUE OPTaHU3MOB HE MPUBEIIO K U3MEHEHHIO Mop(do-
JIOTHYECKUX, OMOXUMHUYECKIX M TeHETHYECKUX CBOMCTB Y. pestis. BayxHbIM pe3ysbTaToM 3TOM
paboThI ABIISETCS YCTAHOBJICHUE COXPAHEHUS! BUPYJIEHTHOCTH IITaMMa BO30YAUTENS YyMBbI T10-
cie 22 MecsIeB COKYJIBTUBHPOBAHUS C aMe0aMi B MUHUMAJIBHON cpefie, JOKa3aHHOU (hakToM
COXpaHEHMs TeHETUYECKHUX JEeTEPMHUHAHT BUPYJICHTHOCTU U THOENbIO BCEX B3ATHIX B AKCIIEPH-
MeHT Oenbix Mblmeid. CoxpaHeHHe OCHOBHBIX CBOWCTB M BHPYJIGHTHOCTH Y. Pestis sBisieTcs
BOKHOW COCTABJISIONICH ISl paCCMOTPEHUs akaHTaMe0 B KaueCTBE 3aIIUTHBIX U PETUTUKATUB-
HBIX HUIII, TOIJCPKUBAIOIINX MMOTEHIIMAIBHO BUPYJICHTHBIN 1Tyl KJIeTOK Y. Pestis B mouse mpu-
POJHBIX OYaroB YyMBbl.

JlanbHEWIIUM IaroM HacTOSIIEr0 UCCIEeI0BaHUs ObLIO BBIJICJICHHE U3 TTOYB HOP IPhI3Y-
HOB ['OpHO-ANTaliCKOr0 BEICOKOTOPHOTO OYara 4YyMbl U YCTAHOBJIEHUE CUCTEMATUYECKON MpPHU-
HAJJIEKHOCTU CBOOOJHOXHUBYILIUX HEMATOJ M W3Y4YEHHE MX B3aUMOCHCTBUI CO LITaMMOM
Y. pestis ¢punorenernueckoit muanu 4.ANT. B pesynbrate anammza ydactka reHa 18S pPHK
YCTaHOBJICHO MPUCYTCTBHE HeMaTo poaa Panagrolaimus, oTHocsmuxcst K rpyrine 6akTepro-
NeTpuTO(haroB M paclpoCTPAHEHHBIX B PA3IMYHBIX TUIAX IMOYB U OnorieHo30B PecryOnmku An-
Tal, 4TO NOJYEPKUBAET BEPOATHOCTh BCTPEUM ITUX HEMATOJ C KJIIETKAMH BO30YIUTEINS YyMbl B
nouse [["arapun, 2001; Cymyk u ap., 2022; Oglodin et al., 2019]. Ha ngpyrom yuactke I"opHo-
ANTalCKOrO BBICOKOTOPHOTO oOdYara YyMbl OBLIM BBISIBIEHB HEMATOAbl CeMeicTBa
Diplogasteroidae, oqHako BUIOBYIO MPUHAIICKHOCTh STHX HEMATO]| YCTAHOBHUTH HE YIAIOCh
110 IPUYMHE OTCYTCTBHS HYKJIEOTHIHBIX ITOCJIEI0BATEIBHOCTEN C BBICOKOW CTENEHBIO HJIEHTHUY-

HOCTHM B I'€HETUYECKHX 0a3zax JaHHBIX, YTO MOXKCT CBUJACTC/IILCTBOBATH O TOM, YTO 3TOT HU30JIAT
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BBISIBJICH BIIEPBBIC WM SIBJISETCS MPEICTABUTEIIEM HEW3BECTHOTO B HACTOSIIIUA MOMEHT TaK-
coHa. Ha ocHOBaHHMH pe3yJIbTaTOB (PHIIOTEHETHYECKOTO aHATN3a 3T HEMATO/IbI BXOST B OOIIHIA
KJIacTep C HeMaToJaMH-TIapa3uTaMHi HaCEKOMBIX, U3 YETO MOXKET CJIeI0BaTh BBIBOA 00 ompee-
JICHHOM BJIMSIHUW STHX HEMATOJ] Ha Mapa3uTapHYI0 CUCTEMY MPHPOJIHBIX 0YaroB 4yMel. B skc-
NEPUMEHTE TI0 MOJCIUPOBAHUIO B3aMMOJICHCTBUS OBUIM HCIOJB30BaHBI HEMAaTONbl PO
Panagrolaimus, BeiiesieHHBIC Ha TEPPUTOPHH TOTO K€ y4acTKa o4ara, 4to u mrtamm Y. pestis.
Kpome Toro, BBIOOp 3THX HEMATO 00YCIOBICH IMUPOKUM PACTIPOCTPAHECHHEM 3TOTO POJia B pa3-
JUYHBIX TUHaX 1MoYB PecnyOnuku Antail 1 MpUHAUICKHOCTBIO K TpO(UUECKO rpyrne u3dbupa-
TEJIBHBIX 0AKTEPHO-AETPUTOPATrOB, UTO MOBBIIIAET BEPOSTHOCTH HX BO3MOXKHON BCTPEYH C BO3-
OyauTeneM 4yMbl B mpupoaHoM ouorieHo3e [["arapun, 2001; Cymyk u ap., 2022; Oglodin et al.,
2018]. Ilpu kyasTuBUpoBaHMHM Panagrolaimus sp. Ha ra3oHe (IyOpeCIEHTHOIO IITaMMa
Y. pestis dunorenernueckoit muauu 4. ANT oTmedeHo oOpa3oBaHuEe OMOIICHKH Ha KYTHKYIIE
HEMAaTo/1 B 00JIACTH MOJIOBBIX OPraHOB U XBOCTa M MPUCYTCTBUE KICTOK Y. PEStiS B KHIIICUHUKE
HEMAaTo/JI, KaKk paHee coolIaiy B CBoMX pabortax psaa aBropos [Darby et al., 2002; Buasesa u
ap., 2009; Komens, 2015; Styer et al., 2005]. Kpome Toro, B OONBIIMHCTBE PabOT OTMEUEHO
COKpaIlleHHe JIUTEIHHOCTU XU3HU HEMAaTOJ NMpU OJIOKUPOBAHMH OUOIUICHKOW BO3OyAHMTENs
YyMbI, B TO BpeMs KaK B HaIlleM WCCJICIOBAHUU IOJIYYCHBI JaHHBIC 00 OTCYTCTBUU BIIMSIHUS
Y. pestisS Ha TPOAOIKUTEIIBHOCTD XH3HU Hemaron Panagrolaimus sp. E. U. Komens oTMeuana
OTCYTCTBHUE THOEIN CBOOOTHOKHUBYIIIUX HEMATO]] PU KYJIbTUBUPOBAHUM HA Ta30HAX IIITAMMOB
BO30YAMTEIS UyMbl, U B HAIlIEM MCCJICIOBAHUH MbI HAOJTIOAIU TaKKe ke pe3yabTaThl [Kormennb
u 1ip., 2015]. B cOBOKYITHOCTH ¢ JaHHBIMH O IUPOKOM PACIPOCTPAHSHUH HEMATOJ 3TOTO PoJia,
o0pa3oBaHWM OWOIUICHKH HAa KYTHKYJIC HEMAaTOJ W OTCYTCTBUM HETATUBHBIX BO3JCHCTBHI Ha
HUX Y. pestiS mojydeHHbIC Pe3yJIbTaThl MOTYT CBHJICTEIIBCTBOBATH O IMOTCHIIMAIBHON POJIH
HEMAaTo/1 B MPOIECCE PACTIPOCTPAHECHUSI BO30YIUTEISI YyMBbI B TIOYBE.

[TockonbKy TUIIOTE3a BEPTUKAIBHON TPAHCMHUCCHH MPETYCMATPUBACT y4acTUE B TPAHC-
MUCCHUU BO3OYAHUTENS YyMbl MMAPASUTUYECKUX HEMATOJI Ha TPAHCIAPBAIBHON CTAIUU PA3BUTHSI
3HAYUTEBHBIA UHTEPEC MPEACTABIISIO PACCMOTPEHUE CIICKTPA HEMATO/I, Mapa3uTUPYIOIINUX B
OJ0xaxX, OCHOBHBIX BEKTOpax nepeHoca Y. pestis. Mi3BecTHo, 4To 3Ta IpyIina HeMaTo 1 crocoOHa
PETYIMPOBATh YUCICHHOCTh OJIOX 33 CYET OKa3hIBAEMOT'0 HETaTHBHOTO BJIMSHUS HA PEIPOYK-
THUBHYIO aKTUBHOCTH aprponox [Pyomos, 1981; Ilonos, 2007; Kyrsipes 2009, Koshel et al.,
2017]. Panee na tepputopusix I'opHO-ANTaiiCKOro BEICOKOTOPHOTo U Bosro-YpanbCckoro crern-

HOI'0 04aros Obla YCTAaHOBJICHA NMUPKYIANNUA TTOJUTOCTAJIBHOTO BUAAd SHTOMOIIAPAZUTUICCKUX
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Hemaroa R. polyxenica, mapasutupyroiero Ha 6 Bugax 6mox [Epomenko, 2016; Koshel et al.,
2017; Ornogun 2018], ogHako cucTeMaTHYecKas MPUHAAJICKHOCTh SHTOMOIMAPA3UTHUYCCKUX
HEMAaTOoJI C TEPPUTOPUU TyBHHCKOTO TOPHOTO OYara 4yMbl, rpaHr4amiero ¢ [ opHo-Anraickum
BBICOKOTOPHBIM, OCTaBajlaCh HEU3BECTHOM. B pe3ynbrare aHanm3a mnocienoBaTeIbHOCTEH Mpo-
TsokeHHoro ydactka 18S—ITS1-5,85-1TS2-28S pubocomanpHbIx reHoB Hemartojn Oiox C.
tesquorum u F. elatoides ¢ tepputopuii TyBHHCKOrO TOPHOT'O OYara yCTaHOBJICHA UX CHCTEMa-
THYECKas MPUHAIICIKHOCTE K poay Rubzovinema, a anst wactu HemaTo 1 cuctreMaTryeckast mpu-
HAJIJISKHOCTh yTOYHEHa J1o Buaa R. polyxenica. [TonyueHHbIe JaHHBIC CBUACTEILCTBYIOT O IIIH-
POKOM apease pacpoCTPaHEHHsI YHTOMONAPA3UTUIECKUX HEMATO/T 3TOTO POJia Ha 3HAUUTEIb-
HBIX TIPOCTPAHCTBAX CTEITHOW 30HBI Poccum.

[Tomumo ompeneneHus CreKTpa IHTOMOMAPAZUTHUECKUX HEMATOl, HEMAJIOBAKHBIM SIB-
JSIETCS ONPEeIeIICHUe MUKPOOHOTO OKPY)KEHHS, B KOTOPOM MOXKET cyliecTBoBaTh Y. pestis. Io
ITOW MPUYMHE HAMU ObLIa BIIEPBBIC OXapaKTEPHU30BaHA MHUKPOOMOTA Mapa3UTaPHOU CHCTEMBI
«IHTOMOIIAPAZUTUYECKHE HEMATOABI-0JI0X1» U3 ['0pHO-ANTaliCKOrO BHICOKOTOPHOTO U TyBUH-
CKOr'0 TOPHOT'0 0YaroB YyMbl pH aHanu3e y4acTkoB reHa 16S pPHK u rena nomaminero xo3su-
ctBa recA. B coctaBe MUKPOOMOTHI HAMH BBISIBJICHBI IPEJICTABUTENH O-TIPOTEO0AKTEPHit, Y-TIPO-
TeobaKTepUil M aKTHHOMUIIECTOB, a UMeHHO poza Cutibacterium, Pseudomonas, Brevundimonas,
Wolbachia. O6HapykeHO CXOJCTBO B COCTaBE MHKPOOHOTO COOOIIECTBA OJIOXO-HEMATOIHOMN
CUCTEMBI BHE 3aBUCHMOCTH OT reorpauueckoro MpouCXoxIeHus, a UMEHHO TPUCYTCTBUE OaK-
tepuit ponos Cutibacterium u Pseudomonas B nematonax u3 ['opHo-Anraiickoro u TyBHHCKOTO
ouaroB. Bce 3Tu cBelleHUs pacIIMPSIOT HAIIA MPECTaBICHHs 00 YCIOBHIX U COOOIIECTBE Op-
TaHU3MOB, B KOTOPBIX MOXKET OKa3aThCs BO3OYAMTENb YyMbI B MPOIECCE CBOETO JKU3HCHHOTO
IIUKJIA U TOTIOJHSIOT MMEIOIIHECs] TPEICTABIICHUS O Mapa3uTapHON CHCTEME TIPUPOJIHBIX OYaroB
YyMbI, YTO BaXKHO JJII TTOHMMaHHS 3aKOHOMEPHOCTEH WX (D)YHKIIMOHUPOBAHHUS, W, KaK CIIE/-
CTBUE, ISl ONITUMH3AIUU KOMIUIEKCA MPOBOJIUMBIX MPOPIIAKTHISCKIX MEPOTIPUSATHH.

Hamu B HacTosmieit paboTe paccMOTPEHBI B3AMMOOTHOIIIEHUS! OPTaHU3MOB, BBIJICTICHHBIX
B ['OpHO-AJITaliCKOM BBICOKOTOPHOM ouare 4yymbl. [I0CKOIbKY UPKYIHPYIOIIUE HA 3TOH Tep-
putopuu mTamMmbl Y. Pestis sIBJISIOTCS MOHOMOP(HOW B IBOJIOIMOHHOM IUTAHE TPYIIION, mpa-
BOMEPHO 3KCTPAIOJMPOBAHUE HAIIMX PE3Y/IbTAaTOB Ha BCIO ATy TEPPUTOPHIO, HECMOTPS Ha TO,
4TO B paboTe JIJIs1 MOJISTUPOBAHUS B3aUMOICHCTBUH ObLIH UCTIOIE30BAHBI OPTAHU3MBI C OJTHOTO
yudactka ['opHO-AnTaiickoro BBICOKOTOpHOro ouara. B psjae myOnukanuii 6bu10 mokazaHo oopa-

30BaHKe 00JIee MACCHBHOM OMOTUICHKU Ha a0MOTHYECKHX (TTOJIMCTUPOJT, CTEKIIO) M OMOTUYECKUX
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(kyTHKYIa Hemaro, mpemkenyaok omoxu C. tesquorum altaicus) moBepXHOCTSIX MITaMMaMH
ATOM TPYIIbI, HECYIIUMHU JOMOIHUTENBHYIO Ta3Muy PTP33 1o cpaBHEHUIO C APYTUMH LITaM-
Mam# ocHOBHOro nojBuaa [Komrens, 2015; bazanosa u np., 2017]. B To e Bpems B cocTaBe
MaTpuKca OuorieHkH mramma Y. pestis KM932 dunorenernyeckoit muauu 4. ANT u3 TyBuH-
CKOT'O TOPHOT'O 0Yara YyMbl He ObLIIO BBISBICHO XapaKTEPHOTO ISl BO30OYIUTEINS YyMbl IK30M0-
mucaxapuaa N-anerun-D-riaroko3amuHa, M HNpoayuupyemass UM OMOIUIEHKA OJIOKMpoBana
menblie 50 % Hemaron B skcniepumente [Kormiens, 2015; bazanosa u ap., 2017]. Bo3smMoxHBIM
00BSCHEHUEM 3THX SIBJICHUI MOXeT ObITh anantanus mrammoB 4. ANT k atum 610xaM U PyHK-
IIUOHAJIbHBIN BKJIAJ Tu1a3Musl PTP33 B moBbIlIeHHEe MPOAYKIIMK OuorieHku [basanosa u nip.,
2017]. Taxxe BbICOKA BEPOSTHOCTH, YTO MOJYYCHHBIC HAMH PE3YJIbTAThl BAIUIHBI JJIS BCEX
mraMMoB Y. PestiS OCHOBHOTO MOJIBHIA, TOCKOJIBKY B padore E. M. Komenb mokaszansl oO1me
TEHCHIINH OMOTUUICHKOOOPa30BaHUsS U YCTOMUMBOCTH K (harolMTo3y MPOCTEHIIIMMHI U BHYTPH-
KJICTOYHOMY COXPaHEHHIO, OTIUYHBIC MEKIY ITAMMaMHU BO30YIUTENST TyMbl OCHOBHOTO H HE-
OCHOBHBIX MoaABUA0B [Koriens, 2015].

B pesynbTare BBIMONTHEHUS HACTOSIIETO MCCIEAOBAaHUS OBLTH PEIICHBI BCE TIOCTaBJICH-
HBIC 337]a4M U JIOCTUTHYTA IIeJIb UCCIIE0BAHUS, 3aKII0YABIIAsICS B YCTAaHOBIICGHUU XapaKTepa
B3auMoieicTBUi Y. PestiS ¢ mouBeHHON MHKpodayHOH ['OpHO-ANTaCKOTO BBICOKOTOPHOTO
ouara uymbl. Kitetku ame6 A. castellanii, pacipoctpanennsix oburtateneii mous ['opHoro Aj-
Tasi, MOTYT BBICTYMATh JUIsl Y. PEStiS B poJi MOTCHIIMATBHBIX PETUTMKATHBHBIX HHUIII, JOKa3aTeIb-
CTBOM Y€MY CIYXXHUT YBEIMYCHHE KOHIICHTPAIIMH BO30YIUTEIS YyMBI IIPH COBMECTHOM KYJIbTH-
BUpoBaHuM ¢ ameOamu. Kpome Toro, momyssiius A. castellanii cmoco6Ha moamepkuBaTh -
TENbHOE coXpaHeHue Y. PestiS B OTCYTCTBHE OPraHMYECKHX MUTATEIBHBIX BEIICCTB B MHHU-
MaJbHOM KHUJIKOU cpene. brarogaps CKOHCTPYHPOBAHHBIM IITAMMAaM, TPOTYIHPYIOIIIM (IIyo-
PECICHTHBIN OeNOK, MOoKa3aHa JOKATU3alus BO30YIUTENs YyMbl BHYTPH IIHCT ameO, JeMOH-
CTPHUpYIOIIasi BO3MOYKHOCTh UCTIOIb30BAHMSI IPOCTEHININX B KQUECTBE 3alIUTHBIX HUII. Y. Pestis
oOpa3yeTr OMOIICHKY Ha KyTUKyJie Hemaroa Panagrolaimus sp., Takxe BBIICICHHBIX U3 MOYB
['opHOTO ANTast, M JOKATU3YETCS BHYTPH MUIICBAPUTEIILHOTO TPAKTA, HE OKa3bIBas BIMSHUS HA
AKHU3HECTIOCOOHOCTh HEMATOJ, U3 YEr0 MOKHO CJIeIaTh BBHIBOJI O BO3MOXXHOM Y4aCTHH HEMATO.
B pacrpocTpaHEHUH BO30OYAUTENS UyMBbI B Iipe/ieaxX MOYBEHHOTo OuoTorna. JlanHeie 06 ocoOeH-
HOCTSIX M 3aKOHOMEPHOCTSX B3aUMOJEUCTBUIM C MOYBEHHOM MHUKpO(DayHOH, MOJyYCHHBIE B
HACTOSILIEM UCCIIEIOBAHUY, OMIOJIHAIOT 3HAHUS B 00JIACTH SKOJIOTMHU BO3OYIUTEINS YyMbI H M€-

XaHU3MOB 59H300THUH YyMBI. B COBOKYITHOCTH C NIPUBCACHHBIMU JJTAHHBIMHU BCC 0oxee O4YCBHUIHBIM
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CTAaHOBUTCS y4acTHE MPEJCTaBUTEICH MOYBEHHONH MUKPO(ayHBI B COXPAaHEHHUU U pacIpoCTpa-
HeHuu Y. Pestis B mpeesiax MoYBEHHOTO OMOIIEHO3a IIPUPOIHOTO OYara, a TakkKe UX poJib B aK-
TUBU3AIIMHU SMTU300THIECKUX TPOIIECCOB.

B panpHelmmx uccienoBaHUSAX aKTyalbHBIMU BOIPOCAMU SIBJISIOTCS U3y4€HHUE Ha pac-
IIMPEHHON BBIOOPKE 0coOeHHOCTEH mTamMMoB Y. pestis ¢unorenernyeckort muuuu 4.ANT B
NPUCTIOCOOJICHUH K JIOKAJIBHBIM OHMOIIEHO3aM, 2 UMEHHO (YHKIIMOHAIBHOW POJH TIIa3MUIBI
pPTP33, nu3ydyenue coctaBa MaTpUKca OUOIIJICHKH, BBISIBJICHHUE MMPUYUH U POJIM BapHaOCIHbHOCTH
NOTPEOHOCTH B MUCTEHHE MTaMMOB Y. PestiS 3Toif rpymnmbl. BaxHBIME BompocamMu B 00JIaCTH
W3YYCHHs B3aUMOJICUCTBUS C MPOCTEUIIMMU M COXPAHEHUS B MPUPOJIHBIX OYarax 4yMbl sIBJIsI-
IOTCSI BBISIBIICHHE BIIUSTHHSI OMOTUICHOK Y. PestiS Ha )KU3HEeIeATeIbHOCTh IIPOCTEHIINX 1 BO3/ICH-
CTBUS TIpoIecca BbIeJaHUs MPOCTEUITMMHU Ha MOMYJISIUI0 BO30YIUTENS YyMbl, B TOM YHUCJIE B
MYJIbTUBHJIOBBIX OaKTEpHUABHBIX COOOIIECTBAX, a TAKKE U3yUYEHHUE JIITUTEIILHOTO COXPAHECHUS
Y. pestis B Hemartomax. Takke MEpPCIEKTUBHBIM SIBIISCTCS MOJTYYCHUE BOCIPOU3BOISIICHCS
KYJbTYPBl SHTOMOIIAPA3UTUYECKUX HEMATO M MOJICITUPOBAHUE 3apaKeHUs] TINYMHOK OJI0X MH-
(GUIIPOBAHHBIMI HEMATOAAMU ISl YCTAHOBIICHUS BO3MOKHOCTH BEPTHUKAIBHON TPAaHCMHUCCHH

BO30YIUTEINS UYMBI.
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BbIBO/1bI

1. Irammer Y. pestis ¢unorenernueckort muann 4. ANT u3 'opHoro Antast u TyBsl
UMEIOT OO0IIMe MOTPEOHOCTH POCTa B aMHUHOKHCIIOTaX TPEOHWH, METHOHUH, (PeHHJIAJaHUH C
OPYTUMH IITAMMaMH aHTHYHOTO OMOBapa, HO B OTJIMYHME OT HUX BapuaOeNbHbI MO MPU3HAKY
3aBUCHUMOCTH OT LucTenHa. llltTaMmbl Ipyrux TMHUA aHTUYHOTO OMOBapa UMEIOT TOTIOJTHUTENb-
HbIE TOTPEOHOCTH B JIeHIIMHE U TIpoiuHe. B 14 renax metabonnueckux myTei cepbl U IIUCTEHHA
aHTUYHOTO OMOBapa BBISIBICHO 19 MyTanuii, 11 G0JIBIIKCTBA BOIOIMOHHBIX JTUHUN XapaKTe-
PEH CBOI MYTaIlMOHHBIN MPOQUIH 3TUX TEHOB.

2. CKOHCTPYUPOBaHbI PEKOMOWHAHTHBIC IITaMMbI Y. PeStiS (uIoreHeTHYeCKON JTHHUN
4.ANT c mnazmuaamu ¢ayopecuennuu pTurboGFP-B u pKatushka-2S, He oTnnuatomuecs mno
CBOMCTBAaM M BUPYJEHTHOCTU OT UCXOJHBIX ITAMMOB U MO3BOJIAIOIINE MOJIECIUPOBATH B3aUMO-
NEHCTBUE C 4WieHaMH MOYBEHHOM MHKpodayHbl ['OopHO-ANTaliCKOro BBICOKOTOPHOTO oOyara
YyMBl.

3. B mouBax HOp Tpe3yHOB ['OpHO-ANTAalCKOTO BEICOKOTOPHOTO OYara YyMbl BBISIBJICHBI
ucroobpasyrome ameobr A. castellanii u npencraBurenu mukcomunet D. sphaerocephalum.
B skcriepuMeHTe 0 COBMECTHOMY KYJIbTUBHpOBaHUIO ¢ mpocreiimumu A. castellanii uz Top-
HOTO-AJTaliCKOTO0 BHICOKOTOPHOTO OdYara ycTaHoBJIeHa criocoOHocTh Y. pestis ¢unoreneTmye-
ckoit BeTBU 4. ANT coxpaHsIThCsi B coJieBOM Oydepe B OTCYTCTBHUE HEOOXOAMMBIX OpTaHUYECKUX
BEIIIECTB J10 22 MecsIeB 0€3 U3MEHEHUSI OCHOBHBIX CBOMCTB U BUPYJIECHTHOCTH.

4. YCcTaHOBJIEHO, YTO B TIOUBAX HOP IPhI3yHOB [ OpHO-ANTaliCKOr0 BBICOKOTOPHOI'O OYara
9yMbl PAacHpOCTPaHEHBI CBOOOTHOKMBYIME HEeMaToAbl poxaa Panagrolaimus u cemeiicTBa
Diplogasteroidae. [Toka3zana ciocooHOCTH mTamMmmoB Y. pestis muauu 4. ANT popmupoBath Ono-
IUICHKY Ha KYTUKYJIE MOYBEHHBIX HEMATO/I B 00JIACTH MOJIOBBIX OPTAaHOB U XBOCTa U 00Pa30BBI-
BaTh KOHIJIOMEpaThl KJIETOK Y. PestiS B mumieBapuTenbHOM TpakTe HemaTon. He oOHapyxkeHO
3HAYMMOTO BIIMSHUS Ha MPOIOJDKUTEIBHOCTD )KU3HU HemaTo | Panagrolaimus sp. Ha mpotsoke-
HUH 24 4acoB MX KyJbTHBUPOBAHMs Ha ra3oHe mramma Y. pestis iuauu 4. ANT.

5. BeIsIBIEHO IPUCYTCTBHE SHTOMONIAPa3UTHYECKIX HemaTo | poaa Rubzovinema B 61o-
xax C. tesquorum u F. elatoides u3 TyBuHCKOTrO ropHOTr0 o4ara 4ymbl. B cocTaBe MUKPOOUOTHI
napasuTapHON CUCTEMBI «HeMaToda-0moxa» u3 ['opHo-AnTaiickoro BeICOKOTOpHOTo U TyBUH-
CKOT'O TOPHOT'O 04aroB YyMbI BBISIBJICHBI PEJCTABUTENHN O-IPOTEOO0AKTEPHI, Y-IPOTEOOAKTEPHIt

¥ aKTHHOMMUIIETOB, a UMEeHHO pojoB Cutibacterium, Pseudomonas, Brevundimonas, Wolbachia.
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CIIUCOK COKPAILIEHUH 1 YCJOBHBIX OBO3HAYEHUI

JPK — lemokpatuueckas Peciy6nuka Konro

I.H. — TIap HYKJICOTUOB

[TLIP — monnMepa3Has LienHas peakuus

pPHK — pubocomanbsHas puOOHYKIEOHOBAs KUCIOTA

P® — Pocculickas @enepauus

KOE — kononueoOpa3yrorias equHuIa

IS — uHCEpIMOHHBIE TIOCIIeIOBaTEILHOCTH INSertion sequences

ITS — BHyTpeHHMIT TpaHCKpUOHpYeMbIi criekicep (ot anrd. internal transcribed spacer)
pTP33 — mnasmuaa, XxapakrepHas i mrTamMmoB Y. pestis ¢punoreneruueckoit auauu 4. ANT
SNP — nonumopdusm ennHUYHBIX HyKiIeoTua0B (0T anri single nucleotide polymorphism)

NSSNP — necunonnMuunbiii SNP (oT anrit. non-synonymous SNP)
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IMPUJIO’)KEHHUE A

Homepa noctymna nemonupoBanHbix B 6a3e qaHHbix NCBI GenBank mykieotnanbix mocinemo-

BaTeJIbHOCTEH MPOCTEHIIINX, HEMATOI, OaKTepuit

Howmep nocrymna B
Bup oprannsma, n3onst Y4acTok rena NCBI GenBank
ITpocreiimue poga Acanthamoeba
Acanthamoeba sp. 10A 18S pPHK, ITS1 MG708300
Acanthamoeba sp. 20A 18S pPHK MG706257
Acanthamoeba sp. 20A —— MG706258
Acanthamoeba castellanii 13A —«— OR564022
Acanthamoeba castellanii 18A —— OR564021
Acanthamoeba sp. 5A —— OR564020
Acanthamoeba castellanii 4A —«— OR564019
Acanthamoeba castellanii 2A —— OR564018
Acanthamoeba castellanii 1A —«— OR564015
[Tpocteiimue poaa Dictyostelium
Dictyostelium sp. 17S pPHK MG721535
: : 17S,1TS1, 5.8S, ITS2,
Dictyostelium sp. 265 pPHK MG721534
Dictyostelium sp. 10D —«— MG709140
Dictyostelium sphaerocephalum 13D —— OR568556
Dictyostelium sphaerocephalum 8D —— OR568557
Dictyostelium sphaerocephalum 9D —«— OR568555
Dictyostelium sphaerocephalum 1D —«— OR568551
Dictyostelium sphaerocephalum 2D —«— OR568552
Dictyostelium sphaerocephalum 5D — OR568554
Dictyostelium sphaerocephalum 4D —— OR568553
Hematop!
Panagrolaimus sp. 13H 18S pPHK OR564005
: 18S, ITS1, 5.8S, ITS2,
Rubzovinema sp. 269 285 pPHK OR660114
Rubzovinema sp. 268 —«— OR580983
Rubzovinema sp. 250 —— OR580980
Rubzovinema sp. 254 —«— OR580979
Rubzovinema sp. 253 —«— OR580978
Rubzovinema sp. 245 —«— OR580977
Rubzovinema sp. 138 —«— OR580975
Rubzovinema sp. 88 —«— OR580974
bakrepun
Wolbachia sp. 245 | 16S pPHK OR568562




