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1. BBeaenmne
K HacTosiiiemy BpeMeHH B MHKPOOHMOJIOTMH, Mapa3uTOIOTUU, MOJEKYJISPHON
OMOJIOTUU W SIHUJIEMHOJIOTHH HAKOIUICHBI OOIIMPHBIC JaHHBIE O OaKTepusx, a

TO4YHEE 0/00:

® X MYTSX IMepeaadn
® OakTepusiX, OOIMUX IS YEIIOBEKA, )KUBOTHBIX U PACTCHUN
® X 00pase KU3HU

o 3360J’I€BaHI/I§IX, KOTOPBIC OHU BBI3BIBAIOT.

W3ydenne pa3sHOOOpazus MHUKPOOPTaHM3MOB Kak B BO3AyXe, Tak W Ha
Pa3IUYHBIX MOBEPXHOCTAX C KAXKJBIM T'OJJOM IPHOOpETAET BCe OOJIbLIEE 3HAUECHUE
U SIBJISIETCS] BXKHEUIIEH 3a/1aueld, KOTopas HallpaBlieHa Ha 00ecrieueHue 3/J0POBbs
moznelt. C pa3BUTHEM METanojMCcOB COCTaB OKPY’KAIOIIEH ero MUKPOOHOTHI CTall
MEHSThCS, U3BMEHUJIACh U HMHTEHCUBHOCTh KOHTAKTOB C HUMH. VIMEHHO 1o3TOMYy B
COBPEMEHHOM MHpPE BBICOK PHUCK Tepefaurd MHPEKIMOHHBIX 3a00JIeBaHUN depe3
OOIIECTBEHHBIN TpaHCTIOPT. ['OpOACKOM TpaHCHIOPT — OTHOBPEMEHHO M UCTOYHHK,
U IpueMHUK 3arps3Henus. CornacHo ganueiM ¢ Equnoro TpancnopTHoro noprania

[https://transport.mos.ru/] ~ eXeJHEBHO  MWIUJIMOHBI  JIIOJAEH  MOJB3YHOTCA

o011eCTBEHHBIM TpaHcopToM. Hanbosee nmpeanouTuTenbHbIC BUJIBI TPAHCIIOPTA —
ATO METPO W HA3eMHBIA TpaHCHOPT (aBTOOYCHI, MapIIPyTKH, TpamBauh U T.H.)

(pucyHoxk 1).


https://transport.mos.ru/

CPEAHECYTOYHBIN
MACCAXKHUPOIIOTOK
OBIIECTBEHHOTO TPAHCIIOPTA
MOCKBbBI B PABOYUH AEHb, MJIH
MOE3/J0K

= Metpou MUK = MII/J HITIT =Takcun = KapuepuHr

Pucynoxk 1. CpenHecyTOUHBIM MacCa>kUpPONOTOK OOIECTBEHHOTO TpaHCIOpTa

MockBbI B pabounii 1eHb.

Uepes rpsA3HbIe PyKH, IPU KallUIe ¥ YMXaHUW HA TTOPYYHH, CUJCHbS, CTEKIA U

MMPOYHUC MOBCPXHOCTHU MMOITAJat0OT MHOI'OYMUCIICHHBIC MI/IKpO6I/IOTI>I YCJIOBCKA.

HekoTopble BHENIHME MHUKPOOPTaHU3MBI CIIOCOOHBI HAaHECTH BpEJ 3J0POBBIO
JOJIeH, a IpyTrue, HaPOTUB, BAXKHBI JI Pa3BUTHUSI UMMYHHOU cucTeMbl. [loaTomy
MHEHHE, YTO BCE OAKTEPUU — 3710, OT KOTOPHIX HYKHO M30aBIATHCS, OMIUOOYHO.
OrpomHoe KOJHNYECTBO OakTepuii HEOOXOIMMO YEJIOBEKY.

[https://www.atlasclinic.ru/microbiota-test/] MukpoOuoTta BIuseT Ha:

® UMMYHHUTET

® CHHTE3 BUTAMHUHOB rpynmnsl B u K
e cocrosHue XXKT

® DpACILICIJICHUE JIAKTO3bI U INIFOTEHA
® YPOBEHb BOCIAJICHUS

® HacTpoeHHe

Bonpocel snuaeMuonoruueckoi 6€30MacHOCTH paccMaTpUBAIOTCA TOJIBKO B
HEKOTOPBIX CaHUTapHbIX npasBwiax. Hanpumep B IlocranoBieHuun ImaBHOrO

roCyapCTBEHHOTO caHUTApHOTrO Bpaua Poccuiickoit @enepanuu ot 16.10.2020 Ne


https://www.atlasclinic.ru/microbiota-test/

31, HOpMHUPYIOTCSI BO3AYIIHbIE TTOKA3aTENN CPEbI B KEIE3HOJOPOKHBIX BaroHax,
B CaJoHaX CaMOJETOB M Ha BOJHOM TpaHcmopte. [l aBTOOYCOB M MpPOUYUX

HA3eMHbBIX MapIIPYTOB OAKTEPUOJIOTMUECKUE MOKA3aTeIU HE HOPMUPYIOTCSI.

Panee naHHOe wcciaegOBaHUE MPOBOAUIOCH POCCUUCKUMHU YYEHBIMH W3
Yuusepcutera UTMO coBmecTHO ¢ amepukaHckuMu kojuieramu [Klimenko u mp.,
2020]. Haubonee pacnpocTpanéHHble BUabl Oaktepuilt B MockBe — 3to Dietzia,
Brevundimonas, Pseudomonas, Arsenicicoccus, Stenotrophomonas. Ilpu ananusze
He ObUTM OOHapykeHbl maroreHbl — u3 10 OosnesHeTBopHBIX Oaktepuii, [JHK
KOTOPBIX MOT BBISIBUTH UCIIOIH30BaHHBIN METO/I, TOCTOBEPHO HE OBLIO HAICHO HU
onHo#. Ho 3T0 He 3HauuT, 4TO X TaM HeT. MccaenoBanue He ObLIIO HAMTPaBJICHO Ha
oOHapy>XeHHE MaTOreHHbIX MHUKpoOOB. Ilpumensiemsblii crnoco® aHanu3a He
YyBCTBUTEJIEH K BuUpycaMm, Tpubam u mnpocrtedmum. Taxxke mogo0HOe
UCCJIeIOBaHUE IPOBOJIAITN poccuiickue y4€HbIE “HanuoHanbHOTOo
UCCJIEIOBATEILCKOTO IIEHTPA OANUACMHUOJIOTHH W  MHKPOOWOJOTHH HMMEHU
nouetHoro akajgemuka H.®. Tamanen” B gexabpe 2021 roma. HaumbGonee
pacnupoCTpaHEHHbIE PO ObLTH
npeAcTaBieHbl Acinetobacter, Streptococcus, Staphylococcus u Ralstonia,
KOTOpbIE IIMPOKO PACIPOCTPAHEHBI B OKPYXKAIOIIEH Cpele U SBIAIOTCS

CUMOHOHTaMHM C KOoxkel yenoseka. [Pochtovyi u np., 2022].

1.1. Ilean padoTsI
HccnenoBath MUKPOOMOTY OOIIECTBEHHOT'O TpaHCHOpTa (METPO, aBTOOYCHI U

MapIIpyTKa) Ha HAIMYUE OTEHIIMAIbHBIX BO30YyIuTENeH HHPEKIIUA.

1.2. 3apa4ym padorsI

1) WccnenoBaTh HayyHYIO TUTEpPATypPy HA JAHHYIO TEMY.

2) Cpaenarb 1moceB MHUKPOOMOTHI Ha CIielUalibHble NUTaTelbHble cpenbl (LB,
MaxkKonkn).

3) IlpousBecTr BU3yalbHbIM aHAIN3 OJIYYEHHBIX KYJIbTYP.

4) Tlom  pyKOBOACTBOM  KaHAWAAaTa  OMOJIOTMYECKMX  HAyK  CHeNaTh

MUKPOIIPENAPATHI U3 MOJyYEHHBIX KYJIBTYP.


https://www.zotero.org/google-docs/?4JfmXM
https://www.zotero.org/google-docs/?4JfmXM
https://www.zotero.org/google-docs/?qFLmfh

5) IIpoBecTr MUKPOCKOTMPOBAHUE MOTYUYEHHBIX MUKPOIIPETIAPATOB.

6) [IpoBecTu aHanu3 pe3ybTaTOB MUKPOCKOITMPOBAHUSI.

7) B nab6oparopuu Beigenuts JHK wu nposectu IILP, snextpodopes, 16S

CEKBEHUPOBAHHUE.

1.3. TI'mmote3a
B oOmecTBeHHOM TpaHCHOPTE MOTYT COACPKAThCSA MHUKPOOPTaHU3MBI,

BBI3BIBAIOIINE Yy JIIOJEH pa3IuyHbIe 3a001€BaHMsL.



2. MarepuaJjbl 1 METObI

2.1. Marepuausbl

O6opynoBaHue:

e Komnba

e (CrepunbHbie yamiku [letpu

® DJIEKTPOHHBIE BECHI

e (CrnupTOBKa

e Ma30k 13 OOIIECTBEHHOTO TPAHCIIOPTa
e PaznuThie NUTATENIBHBIE CPEIBI

e UYamku [letpu ¢ BeIpalieHHBIMU KYJIBTYpaMu
e Jlyna

e YucToe cyxoe nIpeaMETHOE CTEKIIO

e Boma

® MukpoOHOIOTUYECKUE UTIIBI

e [lokpoBHOE CTEKIIO

e [lunerka

e bakrepuanbHas neTis

e buHOKyIspHBIM MUKpockonn Mukpomen 3 Bap 2-20

PeakTuBwI:

o Crupt (96%)
e PacTtBOp reHnmMaH-BuoseTa
e PactBop Jlroross

o ODykcuH

2.2. Ot6op npod
Jns  uccnemoBaHuss MUKPOOMOTHI MPOOBI OTOMpanuM B Tpex Haubosee

NOMYJISIPHBIX BUJIaX TPAHCIIOPTA: aBTOOYCE, MapIIPyTHOM TaKCH U METPO. AHaAIN3



IPOBOJMIN B aBTOOycax MapmipyToB 98, 173, mapuipyTHoM Takcu 895, a Takxke
noe3fgax Kamyxcko-Puwxckoit u JlroOnumHcko-[MUTpoBCKOW JnHMIA MeTpo. B
KaKJIOM BHJI€ TPAHCIIOPTA IPOBOIUIIN OLEHKY OOCEMEHEHHOCTH YTPOM U BEYEPOM,
npoObl Opaiu C pa3IMYHBIX MOBEPXHOCTEH (METAIIMYECKUE U IJIACTUKOBBIC

IMOPYYHH, CTCKJIO, TKAHb ITIOCATOYHBIX MGCT).

Taxxe Obula B3siTa IpoOa C MOBEPXHOCTH METAUIMYECKHUX MOPYYHEH IOCie

00pabOTKM MOE3/1a B JIENIO YTPOM.

[TpoOb1 oTOMpanu mpu MOMOIIM OJHOPA30BBIX CTEPHIIBHBIX 30HIOB C BATHBIM
TAMIIOHOM C IUIOWaa¥ NpuOm3uTensHo 20 cM? B ABYyX IOBTOPHOCTSX B SHBAPE

2023.
[TonHbIM IEpedeHb B3ATHIX P00 npeacTasieH B Tadmune 1.

Tabnuna 1. Ciucok uccieIoBaHHBIX B padOTe MOBEPXHOCTEN

Bun
Ne IHoBepxHOCTH Bpems cyTok
Tpancnopra
1 Merammuueckue YT1po
2 MOPYYHU Beuep
3 [IimacTukoBas cnMHKa Yr1po
ABTOOYC
4 CTyJIa Beuep
5 YT1po
Crexno
6 Beuep
MapupyTtHoe TkaHb MOCaTOYHBIX
7 Beuep
TAKCH MECT
Metpo. CMbIB
11ocie Merammyeckue
8 Y1po
Je3uH(peKnnu NOPYYHU
BAaroHOB
Merammyeckue
9 Metpo Beuep
NOPYYHU




10 Crekio
Beuep
Merammuueckue
11 YT1po
NOPYYHU
12 Crekio Y1po

2.3. KyabTHBHpOBaHHE MUKPOOPraHU3MOB

Otob6panHbie TPOOBI BHICEBAIM HA JIBE MUTATEIbHbIE cpebl: LB r/n (tpunron —
10, apoxokeBoit skcTpakT — 5, NaCl — 10, Arap - 15) 17151 mojcyeTra o01ero MEKpoOHOTo
gucia (OMY) u arap MakKonku /1 (NaCl — 5, Jlakroza — 10 r, CoJivt )KeTYHBIX KUCIIOT
— 1,5 r, [lankpeatnueckunii ruaponn3ar xenatuna 17 r, Heitpanensiii kpacHbii — 0,03,
[TenrroHoBast cmech (MsCHOM U Ka3ewHOBHIN) — 3, Kpucrammmdeckuit (pruoneToBbIin —
0,001, Arap — 13,5) nmua CeneKTUBHOTO OMNpEACNICHUsT JHTEpoOaKTepui u
rpaMOTPULIATEILHBIX MUKPOOPTaHU3MOB.

CrepuibHYIO IUTATENBHYIO CPEAY PA3IUMBAIIA IO CTEPUIIbHBIM Yamikam [letpu
HaJ| CHUPTOBKOH (pabouee MECTO MPEeABAPUTENBHO MPOTEPIU CIIUPTOM, pabOTall B
nepyaTkax, coOJ0/1as aCeNTUYECKYIO0 TEXHUKY ).

JIs KOHTPOJST BO3MOKHOTO HalMuus OaKTEPUATBLHOIO 3apa)KEHUsl YallKu
MIpeABapUTEIIbHO UHKYOHpOBanu 3-4 IHSA NpU KOMHATHOW TeMIepaTrype, yOeKaasch,
YTO MPU3HAKU POCTA OTCYTCTBYIOT.

IToces IMPOU3BOAUIIM MCTOAOM LITPpHUXA 11O CXEMC, IOKa3aHHOM Ha PI/IcyHKe I.



Ilo xoay
Nocend

= -

Pucynox 2. [ToceB 6aktepuii METOIOM MITpUXA

[Tocne ocymecTBiaeHus nocepa yamku [letpu HHKyOMpOBaIu B TEpMOCTATE IPU
25°C no mnosBieHHus KOJIOHUH. [lofCUET KONOHWMN W PErucTpauuio pe3yiabTaToB

MPOBOJIUIIN Ha 13 CyTKH.

2.4. Omnpenenenue O01mero MukpooHoro Ynciaa u BusyajibHasi

perucrpanusi pe3yJabTaToB

[Tocne wHkyOanuu 3acessHHBIX dYamiek [leTpu mpom3BOAUIM BHU3YaJbHOE
MCCJIEIOBAHUE BBIPAIICHHBIX KYJIBTYP: C TOMOIIBIO JIYIIbI ONIPEACIISIA pa3Mep, hopMmy,
penbed, MOBEepXHOCTh, IBET KOJIOHUM. J|ONOJIHUTEIHHO MPOBOJUIMN MOICUET KOJTOHUMN

Ha yamkax [lerpu.

OOCeMEHEHHOCTh HNCCICAOBAHHBIX HOBGpXHOCTGﬁ BBIYHCIAJIM HCXOAA M3

KOJIMYECTBA BBIPOCIINX KOJIOHUH U IIomaaun B31TOro Ma3Kka.

2.5. IlpurorosjieHHe MUKPOIIPENapaTOB METOAOM Pa3AaBJICHHON KAILIH

I[J'IH IMPUTOTOBJICHHUA MUKPOIIPCIIAPATOB IINICCHCBBIX FpI/I6OB HCIIOJb30BaJIN
METO paBHaBHCHHOﬁ KaIllJIu. I[JIH 9TOro Ha YHUCTOC CYXO0€ MNPCAMCTHOC CTCKIIO

MUIICTKON HAHOCHJIM KaIlllo BOJbI, C IIOMOLIBIO 6aKTepI/IaJ'II>HBIX HUT'OJIOK CO6I/IpaJ'II/I



HEOOJBIIIOE KOJMYECTBO HCCIEAYEeMON KyJIbTYpbl, BHOCHIM €€ B KaIUIl0 BOJABI U
OCTOPOKHO pacHpeiessiyidi B JKUJAKOCTH JJIsl TMOJYyYEHUS OJHOPOJHON B3BECH.
[IpuroToBICHHYIO KAaIlll0 HAKPHIBATM MOKPOBHBIM CTEKJIOM, M30eras oOpa30BaHUS
My3bIPbKOB BO3/ayxa. Eciy yacTh ®UAKOCTH BBICTyNANA 3a Kpasi MOKPOBHOI'O CTEKIIa,
U3JIUILEK CPeJibl yOUpalid Y3KOoi MoJIoCcKoM (huiibTpoBaiibHOM Oymaru [HeTpycos u nip.,

2005].

2.6. IlpuroroBjieHue (PMKCHPOBAHHBIX MPENAPATOB 0aAKTEPUH 1

okpamuBanue no I'pamy.

[IpenmeTHOE CTEKIO MPOTrpeBaiv HAJl IUIAMEHEM COUPTOBKHU U J1aBaJN OCTHITh.
Jlasiee Ha MpeAMETHOE CTEKJIO HAHECIM KaIUIK BOJbl. baKTEpUOJIOrMYeCKOW METIEN
HaOpau HeOOJIBIIOE KOJTUYECTBO KYIbTYPhI U CI€TaIN Ma30K Ha MPEIMETHOM CTEKIIE.
Ma3ok ocTaBWIM TPOCOXHYTh Ha BO3AyXe M 3adukcupoBanu rmiameHeM. Jlaiee
OKpalllMBaJid Ma30K PaCTBOPOM TI'€HIIMaHBHOJIETa B TeueHue 1-2 MuHyThl. CiieloM Ha
Ma30K HAHOCHJIM PACTBOP JIFOTOJISI U BBIAEPAKUBAIU 1-2 MUHYTHI O TOYEPHEHUS Ma3Ka.
CinuBanu pacTBOp JIFOTOJISI M MHPOMBIBAIM Ma30K CIHUPTOM JO €ro OCBETJICHUA.
JIOTIOJIHUTENIBPHO OKpalluBalid MpenapaT PyKCUHOM B TedeHuu 2 MuUHYT. [Ipenapat

IIPOMBIBAJIN BOAOMW, MPOCYIINBAIN U MUKpockonupoBanu [Herpycos u np., 2005].

2.7. CseroBasi MUKPOCKONHNS B CBETJIOM I0JIe

I[J'ISI MMPOBCACHUA  MHKPOCKOIIMHK  HCIIOJIb30BaJIX CBETOBOU MHKPOCKOII

Mukpowmen 3 Bap 2-20.

[IpuroToBNEeHHBINM Ipenapar MOMEIANd Ha NPEIAMETHBIM CTOJHUK, NPU ITOM
HY’KHBI JUISl MCCIEAOBAHMS y4YacTOK IIpernapara yCTAaHABIMBAIW B LEHTPE IOJIA
3penus. GOKyCUPOBKY HauYMHAIM C OOBbEKTUBA, JAIOIIEr0 HAMMEHBIIEE YBEJIUYEHUE.
J1J11 3T0r0 0OBEKTUB 8X OMYCTHIIN C TIOMOILBI0O MAKPOMETPUUECKOTO BUHTA TaK, YTOOBI

PacCTOAHUC OO IIpcliapara OBLIO OKOJIO 8 MM. FJ'UII[}I B OKYJIIP, MCIJICHHO BpalllaJIu


https://www.zotero.org/google-docs/?YKGjYu
https://www.zotero.org/google-docs/?YKGjYu
https://www.zotero.org/google-docs/?HbfiOx

MaKpOMETPUUECKUI BHMHT, MOJHUMAs TyOyc 1O MOSBICHHsS KOHTYpPOB IIperapata.
OcTop0XHO Bpaliasi MUKPOMETPUYECKUN BUHT, OCYIIECTBIISIIA TOHKYIO (POKYCUPOBKY
n300paxenus. [IpocMaTpuBain HECKOJIBKO TMOJICH 3peHHs. 3aTeM MOAHUMAIU TyOyc
U, Bpallas peBOJbBEP, 3aMEHAIN OOBEKTHB ¢ yBenunueHueM 8x Ha 40x. HabOmronas

cOOKY, C TOMOIIIbI0 MAKPOMETPUUECKOTO BUHTA OMYCTHIIM TYyOYC ¢ OOBbEKTUBOM MTOYTH
710 COIPUKOCHOBEHUS C TIpenapaTtoM. [ Tsaas B OKyJisip, MEIJICHHO MTOJHUMAIU TyOycC

110 MOSABJICHUSI KOHTYPOB Mpenapara, 8 MUKPOMETPUUECKUM BUHTOM YTOUYHUIU (POKYC.

Jlisi mpocMOTpa MHUKpOTNpEnapaToB rpuOOB HCMONb30BaIM 00beKTUB 40x. Jlns

OaKTepHabHBIX KYJIbTYP UCHOJIB30BAIM 00beKTUB 100X ¢ UMMEPCHOHHBIM MAcIlIOM.
YBenuyeHue okyJsipa BO Bcex ciaydasx obuio 10x.

2.8. Bbiaeaenue JJTHK u3 6akrepuii

s Beigenenust HeouuteHHod JIHK w3 Oaktepuil mcmnonb3oBaiu 3KCmpecc-
meton. [oToBuy GakTepuanbHble cycnensuy miotnocteio 108 KOE/Ma1 (0OD600 =
0.3) B cTepusbHOM Bome MilliQ, uHky6upoBasau 10 MUHYT IpHU
98°C, mnocne uero mnepenocwau Ha -80°C wa 30 wmuHyT. PasmopaxkuBaiu,

nentpudyrupoBamu npu 11 000 g u mepeHoCWId CynepHATaHT, COACPKAIIMIMA

HeounieHnyto JIHK, B uncTyo npoOupky.

KomuuectBOo u YUCTOTY IOJIYUYCHHBIX 06pa3u03 OILICHHBAJIK, HCIIOJIb3ys

cnexktpodoromerp NanoProteometer N60 (NanoProteometer, ['epmanus).

2.9. IlIposenenmue ITIP

['enomubiii puHrepnpuHTHHT ocymecTBasm Metogom BOX IILP [Lee, Wong,
2009]. Hnsa  »roro mpoBoawnu IIIP ¢ mnpaiimepom BOXalR (5°-
CTACGGCAAGGCGACGCTGACG-3’). Merong mno3BOJS€T TPYNIHUPOBATH H

muddepeHupoBaTh CXOAHBIE IMITAMMBI Ha OCHOBE IMOJYYEHHOTO MATTEpHA TOJIOC


https://www.zotero.org/google-docs/?H8BXLl
https://www.zotero.org/google-docs/?H8BXLl

[THP npoxykra. [l npoBeaeHus: GUATEPIPUHTHHTA, TSI KaXKI0TO 00pasiia CTaBUIIH
BOX IIIP B aByx moBropHOCTAX. Kaxknmas peakuus conpeprkana KOMIIOHEHTHI,
nepeuncienHbie B Tabmuie 2. Y cnoBus TepMOLMKINPOBaHUs Obln caeaytomue: 95°C
- 10 munyt, nanee 34 uukia 95°C - 1 munyra, 52°C - 1 munyra, 72°C - 2 MUHYTBHI.

[Tocne 72°C - 10 munyT u Xpanenue npu 12°C.

Ta6numna 2. CoctaB peakimonHoi cmecu st BOX TP (Ha oaHy peakiuio)

Kommnonent O0beM HA peakIuIo
qPCR Mix (EBporen, Poccust) S MK

dNTP Mix 0,7 MK

[Ipaitmep BOXalR (10 MM) 1,4 mMxn

Bona (Milli-Q) 17 Mxn

JAHK (20 &r) 1 MK

OBBbEM 25 MK

s cexkBenupoBanus 16S pPHK npoBoawmm peakuuto ¢ mpaitmepamu 27F (5'-
AGAGTTTGATCCCTGGCTCAG) wu 1492R (5-GGCTACTTGTTACGACTT)
[Chen u np., 2015]. Kaxxnas peaxius comepxajia KOMIIOHEHTHI, NIEPEUYHCICHHBIE B
Tabnuue 3. YcnoBus TepMoIuKIMpoBaHus Obutn cneayromue: 95°C - 5 MmunyT, ganee
34 mukia 95°C - 20 cexynn, 52°C - 20 cexynn, 72°C - 1 munyTa. ITocne 72°C - 5 MunyT

u xpanenue npu 12°C.

Tabnmuna 3. CocraB peakimonHoit cmecu [TIIP-npogykra st cekBeHupoBanus 16S

pPHK.

Kommnonenr Ha 1 peakuuio



https://www.zotero.org/google-docs/?G6YnAb

5xScreenMix (EBporen, Poccus) 3,5 MK
[paitmep 27F (10 MM) 0,7 MKn
[Tpaiimep 1492R (10 MM) 0,7 Mxn
JAHK (20 &r) 1 MK
Bona (Milli-Q) 25,7 MK
ObBbEM 35 Mk

2.10. IIpoBeneHnmne ropu3OHTAIBHOIO 3JIEKTPOodope3a B arapo3HoM reJie

[Tomyuennsie IILP mpomykTsl pasgensyii ¢ MOMOLIBIO  3JeKTpodopes
npoBouiH B 1% arapo3Hom rene ¢ HanpspkeHueM 14 B/cm renst v BU3yanu3upoBaiiu

I[O6aBJ'I€HI/IGM B I'CJIb 6p0MI/ICTOFO OTH M.

Jnst nmpurotoBnenusi rens ucnoib3oBanu TAE Oydep. [ns nposenenus

anekTpodopesa ucnosibzoBanu kamepy BioRad (CIIA).

2.11. IIpoBeneHne KAMWIJIAPHOIO dJieKTpodopesa

Kanumnsapueiid  snextpodope3 NPOBOAMIM C TMOMOIIBIO CHCTEMBI IS
IPOBEICHUs KallWJUISIPHOTO 3JeKTpodope3a B aBTomarnueckoMm pexume QIAxcel
Advanced, Qiagen (I'epmanms). Qs mpoBeaeHUs aHaIu3a HCIOJIB30BaId HaOOp

QIAxcel DNA High Resolution Kit cornacHo pekomeHAaIUsAM MPOU3BOIUTES.

Ananus n BU3YyAJIM3alIUI0 PC3YJIbTATOB IMMPOBOAWIIN IIPU ITOMOIIXU BCTPOCHHOI'O

I10.



2.12. CexBenupoBanmue 16S nocaenoBareabHoctu pPHK

CexBenupoBanue no Conrepy [Sanger, 1981] Bemmonnsnu Ha 3aka3 B OO0

“Cunroi’.

2.13. AHajau3 pe3yJIbTATOB CEKBEHHUPOBAHMS

[Touck cxoaHbIX nocienosareabHocTeit ObLT BoIToHeH B NSBI BLAST.

2.14. MecT0 ¥ CPOKHU BBINOJHEHHSI padoThI

Mecro:

1. lkonwsuas nadopatopus (I'BOY mikona Ne962)

2. UHCTUTYT OMOOpraHnyeckoit xuMun uM. akagemMukoB M.M. [llemskuna u FO.A.
OunnnukoBa Poccuiickoii akamemuu Hayk. JlabopaTopusi MOJEKYJISIpHOU

ononmxkenepuu. OTen MOJEKYIIPHONU OMOJIOTHH U OMOTEXHOJIOTHH PACTEHUN.

CpoKu BBITIOJIHEHUS PaOOTHI:

11 ssaBaps 2023 roga — 31 sauBapsa 2023 roaa


https://www.zotero.org/google-docs/?broken=Md1Ufc

3. Pe3yabTaThl U 00CyKIeHHE

3.1. UccaenoBanue Mop(oJIOrH4ecKOro pa3Hooopa3ust MUKPOOPTraHU3MOB

B pesynbrare caenaHHOro noceBa MUKpOOUOTHI OOLIECTBEHHOIO TPAHCIIOPTA,
HAOJIIOAIM POCT MHKPOOHBIX KOJIOHHMK pa3nuuHoro mopgoruna. I[locpeacrBom
BU3YaJbHOI'O  MCCJIEJOBAHMS  OBLIM  BBIJCJIECHBI  CIEAYIOUIME  MOP(OTHUIIBI

MHUKpPOOPraHU3MOB, MIpecTaBieHHbIE B Tabnuie 3.

Tabnuua 3. Mopdosiorust KOJIOHUH MUKPOOPTraHU3MOB



No Mopdonorust KOJOHHM KommenTapuii
1 I'nmankue, OexKeBOro OTTEHKA, ['pub
Kpail HEPOBHBIN
2 ['magkue, 6€XeBOro OTTEHKA, bakrepuu. I pammionoxurenbHbie
Kpail HEPOBHBIN OalILIBL CO CLIOpaMu
5 I'manxwue, :xE€nT0-3€1EHOTO bakrepuu. I pamiionoxurenbHbie
LIBETA, Kpal POBHBIN KOKKH
6 ['magxue, cBeT0-0€KEBOTO bakrepun. I pamiionoxurenbHbie
OTTEHKA, Kpall POBHBIN CapLMHBI
7 | I'magkue, OpaHXkeBOTO OTTEHKA, ['pub
Kpail pOBHBIN
8 [IlepoxoBaTkie, KpacHO- ['pub
PO30BOTO LIBETA, Kpall POBHBIN
14 I'mapkwue, )xenToBaToro bakrepuu. I pamionoxurenbHbie
OTTEHKA, Kpal POBHbIN CapLHBI
19 I'mapkwue, 3e1€HOBATOrO bakrepun. [ pamoTpunarenbHble KOKKA
OTTEHKAa, Kpall HEPOBHBIN
20 [lTepoxoBaTkie, KpacHO- bakrepuu. I pammonoxurenbHbie

PO30BOI0 LIBETA, KPal POBHBIN

KOKKH

B o6meii cnoxxnoctu Obuto oOHapy)eHO 9 MOP(OTHUIIOB KOJOHUHM, Cpeau

KOTOPBIX 3 ObLIIM 00pa30BaHbI IJIECHEBHIMU IprOaMu U 6 OaKTEPUSIMHU.




B GonpmmHCTBE cyuaeB poCcT KOJOHHM HaOMoaancs Toiabko Ha cpeae LB. Ha
cpene MakKonku He ObUIO TOKa3aHO pOCTa YHTEPOOAKTEPUH, U3 YETO MOMKHO C/IENIaTh
BBIBOJI, 4YTO CAHUTAPHO 3HAYMMbIE MHKPOOPraHU3MbI (KUIIEYHAsT TMaJOyKa,

KJIEOCHEIITbI, CATIbMOHEIUIBI U T.J1.) B BBICEBAEMBIX MPOOAX OTCYTCTBOBAJIH.

B KOHTpOJBHBIX yYallkaXx, Ha KOTOpblE HE IMPOU3BOJIWIM  BBICEB
MUKpPOOPTaHU3MOB, NPHU3HAKOB POCTAa OOHAPYKEHO HE ObUIO, YTO MOATBEPKIACT

aKKypaTHOCTh CTEPUIIBHON paOOTEHI.

Pa3znooOpa3zue HabmI01aeMBIX KOJIOHHM MOKa3aHO Ha PUCYHKE 2.

Pucynox 3. Mopdoioruueckoe pazHo0Opa3ye BHIPOCIIUX KOJTOHHM.

1 - Komonun riagkue, cpeaHero pasmMepa, OSKEBOIro IBETa, I[BET pacIpeaeicH
PaBHOMEPHO, Kpail HEPOBHBIN, HECUMMETpUYHBIE. 2 - KOJOHUY rIagkue, CpeaHero
pa3mepa, KENTO-3€NEHOTO LBETA, LBET PACIPEIEIEH PAaBHOMEPHO Kpaill POBHBIM,
cumMerpuusbie. 3 - 1) Kononun rimankue, 60ibimoro pazmepa, 6emoro 1sera, BeT
pacripeniei€H  paBHOMEpPHO, Kpaill  HEpOBHBIM, OejloBaThie 1O  Kpasw,
HECUMMETPHUYHBIE, KJI0uKoBaThie. 2) Kononuu rinaakue, CpelHero pazmepa, KEITo-
3€JIEHOTO 1IBETA, IIBET pacipeAesi€H paBHOMEPHO, Kpail pOBHbBINA, CHMMETPHUYHBIE. 4
- Komonuun rnaakue, cpenHero pasmMepa, CBETJIO-O€KEBOro ILIBETa MO KpasM U

CBETJIO-KENITHIE B CEPJLICBUHE, Kpall pPOBHBIM, cUMMeTpuuHble. 5 - KonoHun



LIEPOXOBATHIC, CPEIHEr0 pa3Mepa, KPacHO-pO30BOIO LIBETA, Kpal pPOBHBIM,
cuMmmMmeTpuuHbie. 6 - KonoHnuun mepoxoBateie, CpEIHETO pa3Mepa, KpacCHO-pPO30BOTO
LIBETa, Kpall pOBHBIM, CHMMETPUYHBIC. 7 - KOJIOHUY TIIaIKue, MENKHE, OPAHKEBOTO
L[BETA, Kpail pOBHBIN, HECUMMETpHUUHbIE. 8 - KOJIOHNM rajkue, CpeAHEro pa3Mepa,
OeoBaTOro OTTEHKA, Kpall HEpOBHBIN, HecUMMeTpuuHbIe. 9 - KonoHuu riaakue,

MeJIKHe, OEI0BATOr0 OTTEHKA, Kpasi POBHbIE, CHMMETPUYHBIE.

HaunbGonee wacto BcTpeuaeMbiMu MOp(HOTHUTIAMU KOJIOHWW OBLIM TJIAJIKHE,
CpeIHEero pa3Mepa, KENT0-3eJIEHOr0 1BETa, IBET pacipeneséH paBHOMEPHO Kpail

POBHBII, CHMMETPUYHBIE KOJIOHUHU.

C mopdomornyeckoit TOUKH 3peHHS OOJBITUHCTBO BRIPOCIINX OaKTepuid ObLTH
rpaMIoIoKuTeabHbIMU (PrucyHOK 3) 1 npeacTaBisiig u3 cedst 1M00 capiuHbl, TM00
cropooOpa3yroiine NajJouku co CropaMu pa3Ho cteneHu 3penoctu (PucyHok 4).
Cpenn rpamMoTpUIIATENbHBIX MOPGOTHUIIOB B OCHOBHOM BCTPEUAIUCh MEJIKUE

IIaJIOYKH.

COOTHOLLEeHNE rpanosioKUTENbHbBIX U FpamMoTpuUaTesibHbIX
bakTepui

MpamoTpuyaTtensHsle
20,0%

["pamnonouTensHble
80,0%

PI/ICYHOK 4. CooTHoIlICHHE I'paMIIOJIOKUTCIIBHBIX W TI'PaMOTPHLATCIbHBIX

OakTepuid.



Pucynox 5. PaznooGpazue mopdorunoB obHapykeHHBIX Oaktepwmii. 1, 2, 5, 6 -
cnopooOpa3zytomue ¢Gopmbl. 3, 7 - TpaMIOJIOXKUTEIbHbIE KOKKUA. 4,8 -

rpaMOTpHULATCIIBHBIC ITAJIOUYKH

CoryiacHO MaHHBIM JIMTEPATypPhl, BHUJOBOW COCTaB MHUKPOOHOTHI
aBTOOYyCOB, uccieaoBanHbix B 2021 rony B Hmwxaem HoBropoae, B 0CHOBHOM ObLI
MpeAcTaBiieH OakTepusiMu poaoB Staphylococcus, Acinetobacter, Bacillus,
Pseudomonas, Pantoea [benosa u np., 2021]. Kpome TOro, CymecTByOT TakK e
myOJIMKAIMK, MTOCBAIIEHHBIE aHAN3Y MUKPOOMOTBI MOCKOBCKOro MmeTpo. Tak, B
uccinenoBannu 2020 roma roBOpUTCSA, YTO HauOoliee MPEICTaBICHHBIMH ObLIN
MIPEJCTaBUTENH POAOB Stenotrophomonas, Pseudomonas, Dietzia, Brevundimonas,
Staphilococcus, Rhodococcus, Erwinia. B ToOM HUcCClIeIOBaHUU aBTOPHI IPUXOJISIT
K BBIBOJIY, YTO OCHOBHBIMU UICTOYHUKAMH OaKTEPHUIl B TPAHCIIOPTE SBIISAIOTCS MOYBA
M yesoBedeckas KOKa M, YeM BBIIIE MacCaXKUPOIMOTOK, TEM BBIIIE U MUKPOOHOE
pazHoobpasue. Kpome TOoro, aBTOphI OTMEYAIOT, YTO B TAHHOM HCCJICIOBAHHUH HE
OBLJIO BBISIBIEHO TPUCYTCTBUSL CEPHE3HBIX IMATOTCHHBIX MHKPOOPTAaHU3MOB
[Klimenko u mp., 2020]. B ucciaegoBanuu 2022 roga roBOPUTCS, YTO aBTOpaM
yAQJIOCh YCTaHOBUTH 15 Hambosiee BCTpEUYaeMbIX BHE 3aBUCUMOCTH OT BPEMEHU

roja ¥ TIacCaXXUPOMOTOKa pPOJOB OaKTepHii, BCTPEYAEMBIX B MOCKOBCKOM


https://www.zotero.org/google-docs/?LxQTEG
https://www.zotero.org/google-docs/?4JfmXM

metrpomnonutere. Cpenu stux ponoB Cutibacterium, Arthrobacter, Psychrobacter,
Corynebacterium, Ralstonia, Streptococcus, Staphylococcus, Acinetobacter,
Metylobacteriaum, Azotobacter, Delftia, Flavobacterium, Rheinheimera u npyrue

[Pochtovyi u np., 2022].

Cpenu oOHapy>KeHHBIX B 3TOM paboTe 6akTepuil HabI01a]Tu MHOYXKECTBO
cnopooOpa3zyromux Gopm, KOTOpble MOTYT OBITh MpEACTaBUTENSIMU pojia Bacillus.
OT10 pazHooOpa3Has rpymmna O0akTepuid, JIs KOTOPOH XapaKTepHa CIOCOOHOCTh K
00pa30BaHUIO IHIOCIIOP, PACIIOIOKEHHBIX B KJIETKE IO LEHTPY, CPEeIu KOTOPBIX
CYIIECTBYIOT KaK MMaTOT€HHBIEC PEICTABUTENH, TAKHE KaK BO30YIUTEIb CHOMPCKOM
s3Bbl  Bacillus anthracis, Tak ® CcOBepIIEHHO 0€300MIHbIC ITOYBCHHBIC
MPEJCTABUTENIM TAaKWe KaK TUMOBOW B, Bacillus subtilis (ceHHas mnajioyka)

[Harwood, 1989].

['paMrionokuTenbHbIe KOKKH MOTYT OTHOCHTBCS K XapaKTEPHBIM IS
MUKpOOMOTBI ~ KOXXM  4YelloBeka poaam  Staphylococcus,  Streptococcus,
Microbacterium u apyrum. Jljis 6oniee TOUHOM uaeHTUGUKAMKN TpedyeTcs Oomee

ACTAJIIBHOC U3YYCHUC BBIACIICHHBIX INTAMMOB.

CpCHI/I IIJIICCHCBBIX FpI/I6OB B OCHOBHOM OBLIU O6H3pY)KeHI)I MNpeaACTaBUTCIN C

XOpouIio pasBUTBIM MHUOCIHUEM, HO IINIOXO BBIPAXXCHHLBIM CIIOPOHOIICHHUEM, 4YTO

3aTpyaHsAET uxX Mopdonornyeckyro uaeHtudukanuo (PucyHok 5).

Pucynok 6. Paznoo6pasue MopoTunoB oOHapy>KEHHBIX TPHUOOB.


https://www.zotero.org/google-docs/?qFLmfh
https://www.zotero.org/google-docs/?zzZ0f5

CooTHolleHne rpuboB 1 6akTepuii

Cpubbl

Bakrepun

Pucynok 7. CooTHolIeHHE TPUOOB U OaKTEpUiA.

OTHU JaHHbBIE COTJIACYIOTCS C UCCIIEJOBaHUEM, OIyOIMKOBaHHBIM Poccuiickumu
aBropamu B 2018 rony, Tak k€ OTMETUBILIKMMH, YTO B MPOOAX BO3/1yXa, OTOOPAHHBIX B
OOIIIeCTBEHHOM TpaHcHopTe MOCKBBI, Mpeobsaganu canpoTpodHbie OakTepuu, a

rpuObI COCTABIISIIN JIMIIIb Malyto 4acTh [ Tuxonos, Hukonaesa, [Tunerysn, 2018].

B opHoit u3 mpob ObLT OOHApYy»XEH MHKPOMHMIIET CO CIIOPOHOIICHHEM,

XapaKTEpHbIM ISl TpUOOB poaa Aspergillus.


https://www.zotero.org/google-docs/?FE93ZO

Pucynox 8. Mukpomuriet co ciopoHoieHueM. Aspergillus.

C MEeIUIIMHCKOW TOYKHU 3PEHUSI CTOUT OTMETUTh, YTO HE CMOTPSA Ha TO, YTO
npeAcTaBuTenu poaa Aspergillus - oObIYHBIC MMOYBEHHBIC OOWTATENH, KOTOPHIC
TaK)Ke aKTUBHO UCITOJIB3YIOTCSI B OMOTEXHOJIOTHUH, B PSI/IC CIIy4aeB OHH MOTYT OBITh
omacHsl [Scott, 2007]. B wactHOCTH, ASpergillus MOTYT BBI3BIBaTH 00JIE3HB JIETKHUX,
acTepruie3.3To 0COOCHHO YacTO BCTPEUYAETCs Y MallMEHTOB C COMYyTCTBYIOIUMU
3a00/ICBaHUSMH JTBIXATCIIBHBIX TyTeW, TaKUMH KaK MYKOBHUCIHII03, acTMa,
XpoHuyeckas o0cTpykTuBHas 0ose3Hb Jierkux (XOBJI) u 6ponxoskrassl [Al-Alawi
u 1p., 2005]. Kpome Toro, pa3zBuBasich Ha MPOAYKTAX MUTAHUS U 3€pHE, aClIEpruiiia
MOTYT BBIJICNIATHh OIMACHBIE JUISl YEeJIOBEKAa TOKCHHBI, TAKUE KaK OXPOTOKCUHBI U

a(hIaTOKCUHBI, ABJISIONINECS TenaTokanieporeHamu [Scott, 2007].

3.2. UcciienoBanue reHeTHYECKOro pasHoo0pa3usi MUKpPOOPraHUu3MOB

[TockonbKy  BU3yalbHO  HACHTUGUIMPOBATH  OaKTepUM  HEBO3MOXKHO,
JanbHeIIee uccileJOBaHUE PEIIeHO ObLIIO MPOBECTU MOJIEKYJISIPHO-OMOJIOTHYECKUMHU

METOJaMH.

JUis 3TOro B MEpBYIO oOYepenb ObUIO PEHIEHO NPOBECTH THUIUPOBAHHE C

MTOMOIIIBIO MOJIEKYJISIPHOTO (PMHTEPIIPUHTHHTA JJIsl pa30MEHMs IITAMMOB Ha TPYIITIHI B


https://www.zotero.org/google-docs/?nPsDte
https://www.zotero.org/google-docs/?4h5Vop
https://www.zotero.org/google-docs/?4h5Vop
https://www.zotero.org/google-docs/?pgCvvt

COOTBETCTBHUM C TMOJYYEHHBIMU ‘“‘OTHEYaTKaMH NaibleB”. MOoONeKyIspHBbIil
(UHTEepIPUHTUHT - 3TO TPYyIIa METOJOB, HAMpaBJICHHAs HA TO, YTOOBI TUIIUPOBATH
YKUBbIE€ OpraHu3MbI 110 nocnegoBarenbHocTy ux JJHK He npuberas Kk CEKBEHUPOBAHUIO
(nemocpeacTBeHHOMY TpouTeHuto nociuenoBarenbHoctu JIHK) . B aroit pabote Obut
ucrnonb3oBad Meton BOX IIHP [Belkum, Hermans, 2001], ocHoBaHHBII Ha
amrundukann BOX-moBTOpOB, MOBTOPSIOMIUXCS PETYISTOPHBIX KOHCEPBATUBHBIX
Y4acTKOB. Y Pa3HbIX BUJOB M JaXK€ IITAMMOB OaKTEpHUil OHM MOTYT pacrojiararbcs
CJIerka Mo-pazHomy, a no3ToMy jnuHa u Haoop ITLP-nponykToB, KOTOpbIE BO3MOXKHO
MOJIYYUTh JUISI aMIUTM(UKAIUU JTUX YYacTKOB OyIyT YHHKaJIbHBI IS Pa3HbIX

OaKTepuii, 4TO MO3BOJIAIET KOCBEHHO OIEHUTh Pa3HOOOpa3re ITUX OAKTepUH.

Pe3ynbTaThl nMpoBeeHHOTO (PMHTEPIPUHTHUHTA MPEACTaBICHBI HA PUCYHKE 5.
Kak BUAHO M3 MpPUBEAEHHOTIO PUCYHKA, HECMOTPSI Ha OTHOCUTEIBHO OJHOOOpa3HYIO
MOpP(OJOTHIO BBIPOCIIMX KOJOHUHM (mpeoOnagaHue 2-3 OCHOBHBIX THIIOB) H
MOP(POTUIIOB ~ MUKPOOHBIX  KIETOK  (mpeoOsialaHhe  TPaMIOJIOKUTEIbHBIX
cropooOpazyromux (GopM Hu capiiH, a TakXe TpaMOTPUIIATEIbHBIX NaNI0YEK), C
FeHETUYECKOM TOUKM 3peHHUs HaOJII0AaeTCsl BBICOKOE pazHOooOpa3zue 0OHApY>KEHHBIX

MTaMMOB.

@
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Pucynox 9. I'enomHbIe PUHTEPIIPUHTHI UCCIIETOBAHHBIX OAKTEPHIA


https://www.zotero.org/google-docs/?pLiNRG

I[lo  cymmapHeiM  pe3ynbraraMm  MOPQOJOTHYECKOTO0  aHaIW3a |
buHrepnpuHTHUHra, OO BEIOpaHO 4 00pasiia, OTINYAIOIIUXCS KaK MOP(POJIIOTHYECKH,

TaK U MO MOJYyYEHHOMY (PUHTEPIIPUHTY.

Jlns Bcex o0pa3noB Oblia mpoBeaeHa amruinduianus ydactka 16S pPHK,

BU3yaJIM3allisl B arapo3HOM Tejie MOATBEpAuiIa, 4TO JUIS KaKJOro ImTamMma ObLT

YCHEIIHO MOJIy4eH (PparMeHT 05KU1aeMOM JJIUHBI.

M 2 14 16 19

Pucynox 10. Dnekrpodope3 B 1% arapo3nom rene ydactkoB 16S pPHK BeiOpanHbIx

mraMMoB. M - mapkep (Evrogen kb Ladder). 2, 14, 16, 19 - Homepa 06pa3os.

B Tabnuiie 4 yka3aHbl XapaKTEepUCTUKU BBIOPAHHBIX IITAMMOB U PE3YJbTAThI

MPOBEICHHOI0 aHaIu3a nocieaoparensHocret 16S pPHK.

Tabmuua 4. XapakTepUCTUKU IITAMMOB OakTepuil M pe3yibTaThl aHaIu3a

nocienoBarensHoctei 16S pPHK.

Mopdomnorus kononuit | Mopdomnorus kinerok | PesynpraT moucka
cxoxactra 16S pPHK
B NCBI BLAST

2 ['mankue, cpennero ['pamnonoxurensubie | Kurthia

pa3Mepa, 6exeBoro | cnopooOpasyromniue zophii/Bacillus




OTTEHKAa, Kpan

MAJIOYKU CO CIIOPOH,

thermophillus

0e)KeBOro OTTEHKA,

MAJIOYKHU CO CIIOPOU MO

HEPOBHBIN CMEILIEHHOM OT LIEHTPa
14 I'mankue, cpennero ['pamnonoxurensubie | Micrococcus luteus
pasmepa, JKEJITOBATOrO | CapLIMHBI
OTTEHKA, Kpall pOBHBIN
16 I'mankue, cpennero | ['pammnonoxurensusie | Bacillus megatherius
pa3mepa, CBETJIO- cropooOpasyroiue

OTTEHKA, Kpan

HEPOBHBIN

Kpal pOBHBIN LEHTPY
19 ['mankue, manenbkoro | I'pammnonoxurenbHsie | Agrococcus
pa3mepa, 3eJIEHOBATOrO | KOKKH

Hwuxe IMPUBCACHLI HauboJee CXOAHBIC MOCICAOBATCIIBHOCTH, COIIACHO aHAJIN3Y

MOJIyYEHHBIX TociieqoBaTenbHocTel B 0aze OanHbix NCBI BLAST.
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select all 700 sequences selected GenBank Graphics Distance tree of results ~ MSA Viewer

Desciption Scienlif5 Name S':ta):e ST:::(L g::g v:ue I:ee;t Acci_en Accession
v v v v v

Bacillus megaterium strain HTI 16 16S ribosomal RNA gene, partial sequence Priestia megaterium 1437 1437  99% 00 99.13% 1462 MK521052.1
Bacillus sp. (in: Bacteria) strain CR4 16S ribosomal RNA gene, partial sequence Bacillus sp. (in: firmicutes) 1437 1437  99% 00 99.13% 1032 MF919472.1
Bacillus megaterium strain KU143 16S ribosomal RNA gene, partial sequence Priestia megaterium 1435 1435 100% 0.0 98.88% 1466 KX037158.1
Priestia megaterium strain V1 16S ribosomal RNA gene, partial sequence Priestia megaterium 1435 1435 99% 00 99.00% 1457 MW541935.1
Priestia megaterium strain SX1 16S ribosomal RNA gene, partial sequence Priestia megaterium 1434 1434 99% 0.0 99.00% 1459 MF431747.1
Bacillus megaterium strain P3 16S ribosomal RNA gene, partial sequence Priestia megaterium 1434 1434 98% 0.0 99.49% 1424 KP241857.1
Priestia megaterium strain BEhA_23 16S ribosomal RNA gene, partial sequence Priestia megaterium 1434 1434 97% 0.0 99.74% 936 ON025948.1
Bacillus megaterium strain ROA047 16S ribosomal RNA gene, partial sequence Priestia megaterium 1432 1432 99% 0.0 98.88% 1431 MT525296.1
Bacillus megaterium strain ROA024 16S ribosomal RNA gene, partial sequence Priestia megaterium 1432 1432 99% 0.0 98.88% 1483 MT510154.1
Priestia megaterium strain FDU301 chromosome, complete genome Priestia megaterium 1432 19926 99% 0.0 98.88% 5272433 CP045272.1
Bacillus aryabhattai strain PR-D07 16S ribosomal RNA gene, _partial sequence Priestia aryabhattai 1432 1432 99% 0.0 98.88% 919 MT453908.1
Bacillus megaterium strain NEPZ-22 16S ribosomal RNA gene, partial sequence Priestia megaterium 1432 1432 99% 0.0 98.88% 1480 MT184834.1
Priestia megaterium strain S188 chromosome, complete genome Priestia megaterium 1432 17087 99% 0.0 98.88% 5278689 CP049296.1
Bacillus megaterium strain SXO6NA 16S ribosomal RNA gene, partial sequence Priestia megaterium 1432 1432 99% 0.0 98.88% 1393 MT052643.1
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Micrococcus hidews strain M1 165 ibosomal RNA geos. parlial secusnce Micrmcrccus ks 14100 1410 99% 00 98.8E% 1418 MNSOS154A
Micraceccus hiteis strain KUK 2:23 165 ribosomal RNA gene. panial sequence MicrpEneous hleis 1410 1410 98% 0.0 O9988% 1477 MNAZE4ER]
Microcoous hatous strain ATCE 4608 chromosoma, complate genamag Microcnosus him 1410 2820 88% 0.0 '98.86% 2560556 CPOIEZM 1
Migroeoecys Ivisws strain 3GAINA27 shromosome. comelsle genome Microcncous hisus 1410 2814 -98% 0.0 90.488% 2570740 CPOZSEIGZ
Micrococeus lileus sirain B34 18 fibos RNA gine, partial sequence Micraenoeis hlous 1410 1410 99% 00 9886% 1251 MK1Z34991
Micrococrus sp. stran SKRMO01-00 165 ribosomeal ANA gane. namis! sequenca MicmiEncous sn, 1410 1410 99% 0.0 9888% 1459  MKAOASS0Y
B Micrococous sp. stran COREL-4D 165 ribesomal FNA gene, perial sequence MiGroeaeaus sp, 1410 1410 99% 0.0 9888% 1344 MHFO71851
B Micmoooous sp. stain GOR-S0-18 TSBA 163 ribesomal ANA pene. parial sequancs Micrrocous sp. 410 1410 89% 00 S88E% 1244 MHTOISROA
Migmooeoys sp. stian Acling-33 489 dhosomat RNAgens, paisl sequence Mllcrocoecus 50, 1410 1410 99% D0 9886% 48T MHSTI5ZRA
Microcorus ltpus strain NCTCE8ES genome assembly, chromosame: 1 i ciag hdnuy M T 5 1410 2820 99% DO 98.88% 2495693 LS4A3096.1
B3 Micrococcus luteus sirain 840 168 ribosamal RNA oene. pansl seouence Mizrococous hieus 1410 1410 99% 0.0 9848% B85S MH279vE2d
Micrococcus lulgus sirain JK4 163 ribosomal FNA gene; padial $eouenco Microcooons heeus 100 1410 88% 00 9886% 1504 MPAS04GE1
Mlcrococou sipaver 163 rbosomal BNA gene, narial sequence Micmcocous goaveras 1410 1410 83% 00 98.86% 1200 MGEGEI01T
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B3 DE3  99% 0.0 B5.80% 144

shrain W2 165 rbosomal RNA gang. partial sequoncs

BE3 DAl 9a% 00 B5.80%W 1546

. BTG o978 09% 0.0 B8568% 1375
. BTE 978 9% 0.0 8568w 1515 KATO2ITON
ih. 76 97¢ 9% 0.0 8568 1473

omal R4 gene. parial sequent aro. 970 96% 080 B603% 1453

Uncultined Bacius sp. chons bh2 185 nhosontal RMNA gEne, partial seguenc ., BBE 968 96% 00 8554% TEO

Uncultyred compost bacten 5 NA gane. clone P - BES 965 9T% 0.0 B570% 1483

Bagillus tharmaonhies staamn ANSKO3 ribosomal RMA pene. parkad Beauenas Siminovilchia th... 963 963 99% 0.0 B8542% 1480
Bacilis thermonhibes stram YPYE 165 nbosomal RMA gpne. partial saouance Seninowichia th... 961 961 B6% D0 B5.98% 1405

n THE 185 ribogomal BN oene, pertlal saquence Kurihia zopfs 4B 048 06% 0.0 8557% 1484

am WBIGP 4 165 nbosomsd RMA gena, partial seouence Kurihia zopf B4E D48 6% 0.0 855 1484

acilyg =p. cione BLO1EETS 165 rbdsomal RNA gene, partal sesuance unculbired Bacll.,, 813 o3 82% 0.0 B8548% O DOTESET21

CEN<B< <N BB RN B E<H<

Kurthis: zopfi shrin 36-¥T 165 911 811 g% 00 B45E% 1455
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[Tomy4yeHHBIE MaHHBIE COTJIACYIOTCS C OINKMCAHHBIMA B HAyYHBIX CTaThiIX
[Klimenko u np., 2020; Pochtovyi u np., 2022] HabnroAeHUSIMEU O TOM, YTO Haubosee
9acTO MHUKpPOOMOTa OOINECTBEHHOTO TPAHCIOpPTa B OCHOBHOM TIPEJCTaBJICHA
MMOYBCHHBIMH BHUJIAMH W OOWTATENSIMH KOXXM YEJIOBEKa. A TakK XK€ TMOATBEPKIACT
BBIIBUHYTO€ HaMd B pasaene 3.1. TpeanoiokeHHe O POAONPHHAICKHOCTH

BBIJICTICHHBIX OakTepuit k Bacillus v Micrococcus.

3.3. UcciienoBanue YUCIACHHOCTH MUKPOOPraHU3MOB HA Pa3JIMYHbIX

NMOBEPXHOCTAX

KomnuectBO  MHUKPOOPraHW3MOB, BBICEBA€MBIX €  IIOJYYEHHBIX  IPOO,
U3MEHSIIOCHh B TeueHue aus. Kak mokazano Ha Puc.10 u Puc.11, xak asis npo0, B3AThIX
B METPO, TaK U B aBTOOYCE, Ha YalIKax ¢ YTPEHHUX MPOO KOJIMYECTBO KOJOHHI OBLIO

CYmCCTBCHHO MCHBIIC, YEM B BCUHCPHUC HACHI.


https://www.zotero.org/google-docs/?etoeLb

ObcemeHeHHOCTb HOBerHOCTem B Ha3eMHOM TpaHcCropTe

YTpo Beuep

ABTOOYC. ABTODYC. ABTOBDYyC. CTekno MapwpyTtka. TkaHb
MeTannuyeckne AnacTukoBas CrnuHKa oBuBKN
nopy4Hn cTyna

Pucynok 15. O6ceMeHEeHHOCTh pa3IMYHbIX OBEPXHOCTEW B HA3EMHOM TPAHCIIOPTE.

Tax, B mpo0ax 00111eCTBEHHOT'0 TPAHCIIOPTA, KOJIMYECTBO KOJIOHUN BEYEPOM B 2-
4 paza mpeBbIIaI0 3HAYCHUS, MOJyYeHHBIE yTpoM. [Ipu 3TOM Ha BceX McCieIOBaHHBIX

IMOBCPXHOCTAX JOCTUTAJIACh IPUMCPHO OAWMHAKOBAA YUCIICHHOCTh MUKPOOPIraHNU3MOB.

Jist ipo0, B3s1THIX B MeTpo (Puc.11), Habmromaercs cxoHas TuHAMUKA, OTHAKO
BUJIHA Pa3HUIIA MEXK]y KOJMYECTBOM KOJIOHUM B MpoOax, B3ATHIX C MOBEPXHOCTH
CTEKJIa M C IUIACTUKOBBIX mopydHeil. Takum oOpa3om, MOXKHO 3aKJIHOYUTh, YTO Ha

CTEKJIE B METPO MUKPOOPTaHW3MOB HAKATIJIMBAETCS OOJIBIIIE.

AHanu3 npoObl, B3ITON mocie 00pabOTKK B METPO MOKA3bIBAET, UTO HECMOTPSI
Ha TO, YTO HCCIEAOBaHHAs MOBEPXHOCTh HE Oblia aOCOJIIOTHO CTEPUJIBHOM, YEro B
MPUHITUIIE CJIOKHO OBUIO OBl TOOWTHCS, TaKylo OOpabOTKYy MOXKHO CUMTaTh Oosee
abpdextuBHON. B 3TMX npobOax HaOMOAANIM JIUIIb €AWHUYHBIE KOJOHHH,
o0pa30BaHHBIE TPAMITOJIOKUTEIHLHBIMU CapIIMHAMH, BEPOSTHO OTHOCSIIUMHUCS K

Micrococcus. CriopooOpasyromnux ¢opM o0HapyKEHO HE OBLIO.
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ObpaboTka B feno Crekrno MnacTvkoBble NOPYYHN

Pucynox 16. O6ceMeHEHHOCTh pa3IMYHbIX TIOBEPXHOCTEN B METPO

BbiBOABI

[IpoBeneHHble HUCCIIEIOBAHUSI MUKPOOUOTHI OOIIECTBEHHOIO TPAHCIOPTA MOKA3aju,
YTO HAa METATMYECKUX TMOPYUYHSX, IJIACTUKOBBIX IMOPYYHSAX M CHUHOK CTYJIHEB U
CTEKJIE CKAIUIMBAETCS PA3IMYHOE YHCIIO MHUKPOOPraHu3MOB. [laTOreHHBIX BHIIOB HE
0OHapy’KeHO. BbUIM BBISBIEHBI OPraHU3MBbI, BXOJISAIINE B COCTaB MHUKPOMIOPHI PYK
yeJIOBEKa. Onnako HEOOXOAMMOCTh Pa3pabOTKH METOAMYECKUX JOKYMEHTOB,
HOpMUpYIOHIUX NokazaTtean OMY Ha MOBEPXHOCTIX B TPAHCIOPTE U HOPMUPYIOLIUX

npaBuiIa 1e3UHGEKINU aBTOOYCOB, OCTAETCS aKTyaIbHOM.
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