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Changing the intestinal microbiota of chickens in ontogenesis
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This paper presents the results of a molecular genetic analysis of the changes in the composition of the microbiota of the blind
processes of the intestine of the hens of the industrial loam "Lohmann Brown" during ontogeny. According to the results of the
analysis of taxonomic affiliation it is established that over 70% of the phylotypes belong to the three phylums - Firmicutes,
Bacteroidetes and Proteobacteria, less represented were Actinobacteria, Tenericutes and Fusobacteria, and a significant
number of unidentified bacteria was detected. During ontogenesis, birds exhibited marked changes in the ratio of the number
of phylotypes and taxonomic groups of the intestinal microbiota. At the age of 20-40 weeks, the birds showed a significant
increase in the representatives of the Clostridia class involved in the metabolism of carbohydrates, acid-utilizing bacteria of the
order Negativicutes and bacteria with high antagonistic properties (Bifidobacteriales, Bacillus), as well as a significant decrease
in the content of a number of opportunistic and pathogenic taxa - family Enterobacteriaceae, the order of Pseudomonadales,
phylum Tenericutes. The greatest homogeneity of the bacterial community of the blind processes of the gastrointestinal tract
in laying hens was revealed at the age of 20 weeks, which is confirmed by the estimation of biodiversity by means of ecological
indices.

Keywords: bacterial community; microbiota; blind intestinal processes; chickens; Lohmann Brown cross; T-RFLP analysis
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B HacToseM wccnefoBaHUW MpeAcTaBieHbl pesynbTaTbl MOAEKYNASAPHO-TeHETMYeckoro aHaan3a W3MEeHeHUst CocTaBa
MUKPOBMOTLI CenbIX OTPOCTKOB KULLEYHMKA KYP MPOMBbILLAEHHOrO Kpocca «J/loMaHH BpayH» B TedeHue OHTOreHesa. 1o
pe3ynbTaTaM aHanM3a TakCOHOMUYECKOW MPUHAAIEXHOCTU YCTaHOBAEHO, UTO (Bbille 70% GUNOTUNOB OTHOCUTCH K TPeM
¢dunymam - Firmicutes, Bacteroidetes n Proteobacteria, meHee npegctaBneHbl 66111 Actinobacteria, Tenericutes n Fusobacteria,
a TakXe BbISIB/IEHO MPUCYTCTBUE 3HAUMNTENBHOIO KOIMYeCTBa HenaeHTUMLIMPOBAHHbLIX bakTepuii. B TeueHMe oHTOreHesa y
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NTUL, HabA4annce 3aMeTHble N3MEeHEeHUS COOTHOLLEHNS Konnyectea GUAOTUMOB Y TaKCOHOMUYECKUX FPYynn MUKPOOUOTHI
KnweyHrka. B Bo3spacte 20-40 Hegenb y NTUL, OTMeYEHO AOCTOBEpPHOe yBenu4eHue npeactasuTeneri knacca Clostridia,
y4acTBYHOLLMX B METaOONV3ME YINeBOA0B, KNCNOT-yTUAM3NPYOLLMX 6akTepuii nopsagka Negativicutes 1 6akTepuii € BbICOKUMMN
aHTaroHMCTNYeCcKMn CBOCTBaMU (Bifidobacteriales, Bacillus), a Takxe JOCTOBEPHOE CHUXKEHME COAepXXaHUS psaa YCI0BHO-
naToreHHbIX 1 MaTOreHHbIX TAaKCOHOB - ceMelcTBa Enterobacteriaceae, nopsgka Pseudomonadales, ¢unyma Tenericutes.
Hanbonbluas ofHOPOAHOCTb bakTepnanbHOro coobLectBa cnenbix oTpocTkoB XKT y Hecyllek BbisiBeHa B 20-HegeNbHOM
BO3pacTe, YTO NOATBEPXKAAETCSA OLeHKOM 61MOpa3Ho06pasms Npy MOMOLLY 3KONOTMYECKMX NHAEKCOB.

KntoueBble cnoBa: 6akTepuasbHoe CoobLLeCcTBO; MUKPOBMOTA; Cenble OTPOCTKM KULLIEYHUMKA; KYpPbl; KPOCC «/ToMaHH BpayH»;
T-RFLP-aHann3

BeeaeHune

MTNLEBOACTBO ABNSETCSH O4HOW 13 BeAyLLMX OTpac/iel CenbCKOoro X03aMcTBa Halllen CTpaHbl 6narojaps BbICOKMM NMoKasaTesisam
NMPOMn3BOACTBa MsAcCa NTULbI U AnL. OAHaKo CeroAHs B JaHHOW chepe cneupmanncTbl OTMeYatoT psig npobnem, CBA3aHHBIX C
MHTeHMdMKaL el NPon3BoACTBA NTULEBOAYECKON NMPOAYKLMN.

MUVKpOOpraHm3mbl, HacensoLe XenygouHo-kuiweyHbl TpakT (KKT), obecneurBatoT OpraHn3M X0351MHa MuUTaTe/lbHbIMU
BellleCcTBaMM 3a CYET MUCMOb30BaHUS COOCTBEHHBIX LIeNIN030IUTNYECKUX U aMUNOAUTUYECKX GepMEHTOB, B CBA3U C
MOJIHbIM VX OTCYTCTBMEM Y CENbCKOXO35ACTBEHHOM MTULBI, @ TaKXXe BUTaMUHaMK, aHTUOMOTUKaMK, 6eikaMu, FTOPMOHaMU 1
Apyrumin coegnHeHnamm (Tarakanov, 2006; Stanley et al, 2014).

BakTepunanbHoe COO6LLECTBO NULLEBaPUTENBLHOMO TPakTa B TeUeHMe XU3HW NTULbl NpeTeprneBaeT psj nocaefoBaTe/lbHbIX
N3MEHEeHW, CBA3aHHBIX C PAAO0M GaKTOPOB, OCHOBHbIMU U3 KOTOPbIX ABASIOTCA POCT U PasBUTME KULLEYHOTO TPaKTa, Pexunm
KOPMJIEHUs1 1 CcOCTaB Kopma. MNpy 3TOM MUKPOOPraHM3Mbl KULLIEYHMKA BbICTYMAlOT B KayecTBe BbICOKOUYBCTBUTE/IbHOM
WHANKATOPHOWM CUCTeMbl, KOTOpasi pearvpyeT B OTBET Ha Mpoucxogdlime mameHeHus. CTOUT OTMETUTb, YTO M3MeHeHue
3KOMI0rNYeckoro COOTHOLUEHUA MeXAy O6AMraTHbIMU BUAAMU MUKPOOPTraHM3MOB MULLEBApPUTENBHOrO TpakTa He BCeraa
0Ka3bIBaeT MOMOXNTENBHOE BO3AENCTBME Ha MeTaboyeckie NpoLLecchl 1 COCTOsSHME 340poBbsA NTuLbI (Torok et al,, 2011). B
CBSA3W C 3TWM, aKTyalbHbIM SIBNSETCS BOMPOC WN3y4YeHUst Ka4eCTBEHHOro M KOAWYeCTBEHHOro coctaBa MMKPobuoTbl XKT B
npovecce oHToreHesa NTuL,

Pa3paboTka 1 NpyMeHeHne COBPEMEeHHbIX TEXHOJIOTMIA, HanpaBAeHHbIX Ha peanv3aLuio MakCManbHOW NpoAYKTUBHOCTY,
TaKMX KaK YacTble BakLMHaLMW, LUMPOKOE MPUMeHeHe aHTUBNOTNKOB N XMMUYECKNX aHTUbaKTepuranbHbIX CPeACTB, HepeaKo
NPUBOAAT K YXYALIEHWIO 340POBbsi MTULbI, CBA33HHOMY C PasBUTUEM HEKOHTPONMPYEMbIX CeKyHAAPHbIX WH)eKuui -
Ca/lbMOHE//1e30B, KaMMnMI06aKkTeprno30B, CTadpUIOKOKKO30B, KIOCTPUAMO30B, a Takxke MOAMMUKPOBHbLIX 3aboneBaHWi
(Dzhavadov et al., 2016; Collier et al., 2008). MNaToreHHble MUKPOOPraHV3Mbl BbI3bIBAOT HapyLLeHWe coCTaBa KULLEeYHOM
MUKPOBUOTBI, M3MEHEHWS TONMLUMHBI, BHELLIHErO B1AA, MbILLEYHOro TOHYCa, MPOYHOCTM 1 NMOBbLILUEHHOV MapaLie/ItoasapHO
MPOHNLIAEMOCTN CTEHOK KMLLIEYHMKa A5 TOKCUYeCKUX MeTabosnToB, YTO B UTOre HeraTMBHO OTPAaXaeTCs Ha COCTOSHWM
3/,0p0BbSA U NPOAYKTUBHOCTY CTaja.

CHWXeHVe pucka pasBuUTUS WMHOEKUMOHHBLIX NaToNoOrMin y NTUL, LUMPOKO CBA3bIBAOT C GOPMUPOBaHMEM 3/0pPOBOM
MUKPOOMOTLI MULLLEBAPUTENBHOMO TPakTa, KOTOpas CrNocobHa obecneynTb BbICOKYH Pe3NCTEHTHOCTb K KOAOHM3aumn
KuLweYyHnka natoreHamu (Yeoman et al., 2012; Callaway et al., 2008; Kerr et al., 2013) 6narogaps CMHTE3Y UMW NETYUUX XKUPHbIX
kmncnot (JIKK), 6akTepnounHOB U APYrnX, CAEPXMBAOLLMX POCT U pa3BUTME NaTOreHHbIX BUAOB, coeanHeHuni (Brisbin et al.,
2011; Dobson et al., 2012; Messaoudi et al., 2012).

Jlo 90-X rof,0B NPOLLIOro CTONETUS NCCEf0BAHNSA MUKPOOPTraHN3MOB B Pa3HbIX 3KOCUCTEMAX BbIV OFpaHNYeHbl U3yYeHnem
KyNbTUBMPYEMbIX LUTAMMOB Ha WCKYCCTBEHHbIX MUTaTeNbHbIX cpefax. CyLlecTBeHHO pacluMpUTb MOHMMaHWe CocTaBa
MUKPOBMOTLI MO3BONNIO Pa3BUTVE METareHOMHbIX METOA0B U3yYeHNss MUKPOOPTraHN3MOB, BaXKHO 0CO6EHHOCTLIO KOTOPbIX
MOXHO CUMTaTb OTCYTCTBME HEOBXOANMOCTU B KY/IbTUBMPOBaHUN MUKpoopraHn3mMoB (Park et al., 2008; Amann et al., 1995).
OTOT MOMEHT $ABAAeTCH MPUHLMMWANBbHBIM B MOHMMaHUW CyLLecTByloLero 61opasHoobpasns, Mockonbky Ao 99%
MUKPOOPraHn3mMoB brochepbl He MOAAAITCA KY/IbTUBVPOBAHMNIO Ha UCKYCCTBEHHbBIX MNTaTeNbHbIX Cpeax, HO MPpu STOM MOTyT
nrpaTb BaXKHyH akonormnyveckyto ponb (Dibner et al., 2008).

B uenom psge pabot 6bina jaHa MHOMOCTOPOHHSAS XapaKTepucTKa MUKPOBUOTLI KMLLIEYHMKA LibINAAT-6poiiniepos, KoTopas
no3BonWna [JeTajbHO OXapakTepusoBaTb P BaXHbIX 3akOHOMepHocTeli B  QYHKUMOHMPOBAHUM 3TOM  CNOXHOW
MUKpoburoakocuctemsl (Mohd Shaufi et al., 2015; Wei et al., 2016).

OAHaKo NoAo6HbIe NCCIef0BaHNSA B OTHOLLEHUN Kyp-HeCcyLLiek NPakTU4ecky OTCYTCTBYIOT, HECMOTPS Ha BbICOKYHO MOTPEebHOCTb
B TaKUX AaHHbIX.

Liensto faHHOM paboThl ABNAETCS MCCnefoBaHMe cykueccnn baktepmanbHoro coobLiectsa XXKT NTML, MPOMbILLIEHHOro Kpocca
«JTomaHH BbpayH» B npouecce oHTOreHesa C NCNob30BaHNEM MOJIEKYNAPHO-reHeTnyeckoro metoga T-RFLP.

MaTepuranbl U MeToAbl

OT60p 0b6pasuos

O61BeKTOM nccnefoBaHns bl Kypbl SUYHOMO Kpocca «/lomaHH bpayH» pasnnuyHoro Bospacta: 4, 20, 40 n 60 Hegenb.
NccnepoBaHvsa npoBeseHbl B MONEKyNSAPHO-reHeTnyeckol nabopatopum OO0 «BNOTPO®+» 1 mexayHapogHOM nabopaTtopun
MO/IEKYNSAPHON FeHEeTVKN U FeHOMUKM MTULbl MOCKOBCKOW rocyAapCTBEHHOM akajeMuUn BeTepUHAPHOW MeanunHbl 1
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b6uoTtexHonornm - MBA nmeHun K.N. CkpsabrnHa-(MockBa) C cobnogeHrieM BCex TeXHOornyecknx napametpoB. KopmneHue
NTULbI OCYLLIECTBASASIN BPYYHYIO, CyXMMW MOAHOPALMOHHBIMU KOMOVKOPMaMK B COOTBETCTBUM C HopMamu BHUTU.

OT60p COAEPXKMMOrO CenbIX OTPOCTKOB KULIEYHMKA A5 MOJIEKYNAPHO-TeHeTUYeCKMX NCCeA0BaHWM NPOBOAMAN OT 5 ronos
13 KaX/0 BO3PaCTHONM rpynnbl NTUL, NPV yboe CO CTPOrnM CObt04eHeM CTEPUABHOCTY MO YCTaHOBEHHbIM TPeboBaHVAM.
CocTaB MuKpobHoro coobuectsa XKT nccnegosanu metogom T-RFLP aHanmsa (Fisinin, 2013).

ToTtanbHyto AHK 13 o6pa3yoB Bblgensam ¢ noMoLlbio Habopa «Genomic DNA Purification Kit» («<Fermentas, Inc.», Jlntsa)
COMIacHO MHCTPYKUMK npoussogutend. JHK-amnanéurkaumo nposognan ¢ ucnonbsosaHvem JHK-amnandukatopa Verity
(«Life Technologies, Inc.», CLLA) ¢ noMoLLeto 3ybakTepranbHbeix npariMepos: 63F (CAGGCCTAACACATGCAAGTC) - ¢ MeTKOM Ha
5'-koHue (pnyopodop D4 - WellRed) n 1492R (TACGGHTACCTTGTTACGACTT), KoTOopble Mo3BOASKT aMnanduumpoBaTb
dparmeHT reHa 16S pPHK ¢ nosunumsamm ot 63 go 1492 (Hymepauvs ykasaHa ans reHa 16S pPHK Esherichia coli) B pexxnme: 95°C
-3 MuH (1 umkn); 95°C-30 ¢, 55°C-40c, 72°C- 60 ¢ (35 yuknos), 72°C - 5 MUH.

dnyopecuyeHTHO-MeyeHble aMmnanKoHbl reHa 16S pPHK ouunwanu ¢ nomousbo 3M pactBopa ryaHUAMH-U30TUOLMOHATa Mo
CcTaHaapTHol metoaumke (Bryukhanov et al., 2012). KoHeuHyto KOHLeHTpauuo ToTanbHon JHK B pactBope onpegensnu c
nomoLlbo payopumeTpa Qubit («Invitrogen, Inc.», CLLIA) c ncnonb3oBaHveM Habopos «Qubit dsDNA BR Assay Kit» («Invitrogen,
Inc.», CLLUIA) cornacHO pekoMeHAaLmsaM Npon3BoANTENS.

Pectpukumto 30-50 Hr AHK nposogunn pectpuktasamm Haelll, Hhal n Mspl, cnegya pekomeHzauum W3roToBUTENs
(«Fermentas», Jlntea), B TeueHne 2 4 npu 37°C. NpoayKTbl PeCTPUKLMM OCaXAANN STAHOOM, 3aTeM fobasnsanm 0,2 MKn
Mapkepa MosiekynspHoro Beca Size Standart-600 («<Beckman Coulter», CLLIA) n 10 mkn ¢opmamuaa Sample Loading Solution
(«Beckman Coulter», CLLIA). AHanu3 nposoauan ¢ nomoLsto CEQ 8000 («Beckman Coulter», CLLA) cornacHo pekoMeHAaumsm
npoussoguTens. MNorpelwHocTb Nnprbopa CEQ 8000 cocTtaBnsina He 6onee 5%. BbluncneHve pa3mepoB MUKOB U UX NOLLAAN
nposoAWnn B nporpammMe Fragment Analysis («Beckman Coulter», CLLIA), Ha 0CHOBaHMM Yero BbiAeNsAN NOATUMbI (GUAOTUMbI)
C MPUHATON B UCCNe0BaHNN NMOTPELLHOCTBIO B 1 HYKNeOTUJ 1 OMNpesensinn UxX OTHOCUTENbHOE CofepXXaHne B MUKPOOHOM
coobuecTBe.

MPUHaANeXHOCTb 6akTepuin K onpejeneHHO TakCOHOMUYEecKon rpynne onpeaensnu C WUCNonb30BaHWEM MPOrpamMmbl
Fragment Sorter [http://www.oardc.ohiostate.edu/trflpfragsort/index.php). MaTemaTuueckyto 1 ctaTucTMueckyto 06paboTky
pe3ynbTaToB, pacyeT 3KON0rNYeckKUX UHAEKCOB JOMUHMPOBaHMA CUMMCOHa 1 61nopasHoobpasuns LLieHHOHa npoBoanan B
nporpamme Past [http://folk.uio.no/ohammer/past/).

Cnincok cokpawjeHuid: MLP - nonumepasHas uenHas peakuus, T-RFLP-aHanu3 (NonvMopousMm AAvH TepMUHaNbHbIX
PeCTPUKLMOHHBIX GparMceHToB).

Pe3yanaTb| n o6cy>Kp,eH|/|e

B 3TOoM uvccnefoBaHWM, MCMONb3Ys MONEKYNsipHO-reHeTUYeckuii Metoj T-RFLP, Mbl Bnepsble npoaHannsnpoBann cocTas
6aKTepmanbHoro coobyectea XKT Kyp B mpoLecce OHTOreHesa.

B npegcTaBneHHOM nccneAoBaHNM HaMK BblV M3yYeHbl 0COBEHHOCTM COCTaBa MUKPOBMOTLI C1eMblX OTPOCTKOB KMLLEYHMKA.
Mo cBUAETENbCTBY 6ONBLUMHCTBA aBTOPOB HaMbOMbLUMIA WHTEpeC MpeAcTaBaseT MUKpobroTa MMEeHHO 3TOoro oTjena
NULLIEBapUTENBHOIO TpakTa MTUL, TAe COAEPXMMOe 3aJepXMBaeTcd Ha Haubonee JAVTeNbHbIA Mepuoi W MpoTekaroT
3HayMMble npoLeccsl MUKPOBHOW depMeHTauum KOPMOB, B T.Y. pacliensieHne knetyaTkn. Kpome Toro, B 3TOM oOTjene
KMLLEYHVIKA Y MTUL, BbISBAAETCS HanbosibLuee 61opasHo0bpasme 1 KoamuecTso 6aktepuii (6onee 10" KOE/T) no cpaBHEHNIO C
APYrMM OTAeNaMU MULLIEBAPUTENBLHOTO TPAKTa, rAe UX YMCIeHHOCTb peaKko npesbiluaet 108 KOE/r (Wei et al., 2013).
NccneposaHusa 66111 nposefeHbl Ha OAHOM U3 Hanbosiee pacnpoCcTPaHEHHbIX MPOMbILLIEHHbIX Kpocce SUYHOM NTULbl -
«J/lomaHH BpayH» B BO3pacTe 4, 20, 40 n 60 Hegenb. Hecylwkn n 6poinepbl UMeT psj BaXHeENLNX reHeTU4eckmux u
dur3nonornyecknx 0CobeHHoOCTen, CBA3aHHbLIX C OTINUYNAMK B HaMpaBieHNsSX UX Cenekummn - yayylleHneM penposyKTUBHbIX
CBOWCTB Y Kyp-HeCyLLeK 1 NoBbILLeHMEeM XVNBOW Macchl y LbINAsT-6poinepos (Nangsuay et al., 2015). 3To BANSET He TONbKO Ha
CyLeCcTBEeHHble PasnnNyng TeMrna pocTa, HO M Ha pasHULy B MeTabosnyeckyx MNOTPebHOCTAX, MOoTpebneHnn KOPMOB,
3¢ deKTUBHOCTY YCBOEHUSA NUTaTeNbHbIX BellecTs (Sawicka et al., 2015). C 3TUM Takxe CBA3aHbl 3HaYUTe/IbHble Pa3NNyns
YCNOBWUI BbIpalLMBaHs, KOPMIEHUS, COAePXaHNA, BaKLMHALNW LbINAAT-6POANepoB 1 Kyp-HecyLLek.

NHTepec K M3y4YeHUI0 MUKPOBMOTbI KULLEUYHWKA B YKa3aHHble MNepuojbl OHTOreHesa cBA3aH C GU3NONOTNYECKUMN
O0COBEHHOCTAMM Kyp-HecyLLeK, 1 UX OTAUYUAMMN OT LbINAaT-6polinepos. B Bo3pacTe 4 Hejesb Kypbl-HECYLLKW B CPeHEM UMEOT
B 2-4 pa3a MeHbLUYO XVBYO Maccy Mo CPaBHEHWIO C bpoiiepamu, AN KOTOPbIX YKa3aHHbIA CPOK ABAAETCA MepuojoMm
du3monormyeckor 3penoctu, Kkorga nposogutca mx ybor (Nangsuay et al., 2015). K 20-HegenbHOMY nepuogy HecyLuKu
[OCTUTAIOT NOJIOBOV 3peNoCTY, T.€. BO3pacTa Havana anLeknagKkuy, KoTopblli B cpejHeM cocTaBaseT okono 1,5 neT, nocteneHHo
CHMXAasACb A0 YPOBHS 60% 1 HXXE MO CPaBHEHMIO C MEPUOAOM MuKa sinLeHockocTr (95-100%).

T-RFLP-aHann3 6akTepuanbHOro coobliectea dienbiX OTPOCTKOB KWULLEYHMKA MO3BOJINA  YCTaHOBUTL MPUCYTCTBUE
3HaYUTENBHOro KonyecTsa $pUA0TUNOB MUKPOOPTraHN3MOB, 0bLLee YNCIO0 KOTOPbIX COCTABAANO0 B 3aBUCUMOCTM OT Neproja
OHTOreHesa ot 94.104£5.05 go 142.00+7.20 (Tabn.1).

Mo pe3synbTaTam OLEHKN TaKCOHOMMWYECKON MPUHAANEeXHOCTN cBbille 70% ¢uNoTUNOB BbISBNEHHBIX GUNOTUMOB ObIIO
OTHeceHO K Tpem dunymam - Firmicutes, Bacteroidetes n Proteobacteria (puc.1). B meHbllell cTeneHn y Kyp 6biau
npeactaeneHbl b6aktepun ¢unyma Actinobacteria, B MMHOpPHOM KoAM4yecTBe O6HapyXeHbl MpejcTaBuTeny ¢Guaymos
Tenericutes 1 Fusobacteria.

YacTb $p1I0TUNOB He YAaN0Cb UAEHTUGULIMPOBATL N OTHECTU K OnpeseneHHOMY TakCoHy. [pucyTcTBMe B NULLEBAPUTENIbHOM
TpakTe HenAeHTUGULIMPOBAHHbIX MUKPOOPraHN3MOB CBUAETENLCTBYET O MOCTOAHHOM NPUCYTCTBUN HEN3BECTHbIX TAKCOHOB B
XKT nTuruel 1 NprUBOANT K HEOBXOANMOCTU AOMOAHUTENBHBIX UCCIEL0BaHNN UX PONN.

Ukrainian Journal of Ecology, 7(4), 2017
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Puc. 1. CoctaB ¢unymoB 6aKkyTepransHOro coobLLECTBA CenbiX OTPOCTKOB KMLLIEYHVIKA KYp B OHTOreHese.

OTMeTUM, UTO MOoJTlyYeHHble pe3ynbTaThl B LLe/IOM COOTBETCTBYHOT COBPEMEHHbIM NpeAcTaBNeHNaM O MUKPOBUNOTE KMLLEYHNKa
nTuybl (Diaz-Sanchez et al., 2013).

CpaBHUTeNbHLIA aHann3 b6akTepranbHOMO COO6LLIECTBA COAEPXMMOro C/enbiX OTPOCTKOB KULLEYHMKa MTULbl MO3BOAWA
YCTaHOBUTb CTaTUCTUNYECKN 3HaYVMbIE Pa3INUNSA B COCTaBe MUKPOBUNOThI, CBA3aHHbIE C MepUOAOM OHTOreHesa.

B TeueHue Bcero cpoka cofepXxaHuns y NTUL, MPOUCXOANI0 U3MEHeHMe ObLLLero KOAnMYecTBa TakCOHOMUYECKNX eAnHNL, (purC.
1). HanbonbLuee uncno GnnoTMNOB y NTUL, HabA4anock B Bo3pacte 4 Hegenb - 142+7.2 (P < 0.05).

B npouecce oHTOreHesa UWCNEHHOCTb 6akTepmanbHbIX GUAOTUNOB Yy NTULBI CHUXaeTCd. MUHMMaNbHOe KONNYecTBo
durnoTrnos Habatoganock B 20-HefenbHOM BO3pacTe.

B Bo3pacte 60 Heaenb, KOTOPLIA XapakTepu3yeTcs CyLIeCTBEHHbIM CHUXKEHMEM SMLIeHOCKOCTU Yy ATUL, AaHHOro Kpocca,
Haba4anocb yBennyeHne Konmyectsa GUAOTUMOB, O4HAKO UX YMCNO B CPeAHEM OKasanocb B 1.2 pasa HuXe, yem B 4-
HefenbHOM BO3pacTe.

N3meHeHne KonnuecTBa TaKCOHOMWYECKUX eAMHUL, B TeyeHue OHTOreHesa B C/lenblX OTPOCTKaX MATUL, MOXHO
O0XapaKTepu3oBaTb MPY MOMOLLM 3KONOTMYECKNX WHCTPYMEHTOB OLeHKW 6uopasHoobpasuns (tabn. 1).  CpaBHeHue
3KOMOrMYecknx MWHAEKCOB 61opasHoobpasna CBUAETENLCTBYIOT O HaubonblUell OfHOPOAHOCTM COCTaBa MUKPOBUOTHI
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KMLWeYHVKa Hecywek B 20-HefenbHOM Bo3pacTe. B 3TOT nepuoj HabntoAanncb HavMeHblUMe MokasaTenn KHAeKca
6110pa3Ho06pa3ng LLeHHOHa 1 MHAEeKCa JOMUHVPOBaHNA CUMMICOHa.

Tabnuua 1. ViHgekcel 6ropa3Hoobpasmsa 6akTepransbHOro CoobLLecTBa C1enbiX OTPOCTKOB KULLEUHKA Kyp

Bospact ntuybl (Hegenb)
NHaexc bropasHoobpasus

4 20 40 60
ObLuee koNMYecTso GUIOTUMNOB 142.00£7.20 94.10+5.05 124.54+4.90 121.6516.01
Aons H‘:}"'Mie::m"'n‘i";:“;'opye“"b'x 15.09 0.42 14.05 +0.64 10.23+0.38 24.09 +0.92
VHagekc LeHHoHa 4.09+0.18 3.35+0.18* 412+0.18 412+0.21
ViHaekc CUMACoHa 0.96 +0.03 0.89+0.02 0.97 +0.03 0.98 + 0.04

*npu P <0.05

Pe3ynbTaThl OLEHKM KONMYeCTBa TaKCOHOMUYECKMX eAMHILL, @ Takxke aHar3a b1opa3Hoobpasnst MMKPoObMOLIeHO3a Ha OCHOBe
3KONOrMYecknx WHAEKCOB B MpoLecce OHTOreHesa MTULbl MO3BOASAIOT NPEANONAOKUTE  Haanuue ornpejeneHHomn
NepUOANYHOCTY B Pa3BUTUN MUKPOBHOIO COOBLLIECTBA KMLLIEYHMKA.

Co06LLanock 0 HaMYMM TakoM 3aKOHOMEPHOCTU B pasBuUTUN MUKpobuoLieHo3a XXKT y 6poinepos, KoTopas 3aBucena oT psja
$aKTOpOoB, B UMCie KOTOPbIX PaLMoH, CTpecc, aHTnbrnotmkotepanus (Lu et al.,, 2003). AHanorM4yHble N3MEHeHNs B COCTaBe
MUKPOBHOro coobLLeCcTBa CnenbIX OTPOCTKOB KMLLIEYHMKA OblIV 3aPUKCMPOBAHbI Y HAEeK B Mepuoj BelpawmBaHus 3-4 n 11-
18 Hegenb (Scupham, 2009).

AHanNM3npys coctaB MUKPOBMOLIEHO3a C/eMnbIX OTPOCTKOB KMLLIEYHMKA Kyp Kpocca «/ToMaHH bpayH» BbisiBNeHbl 3HaUNTe/IbHble
n3MeHeHUs B cocTaBe ¢unyma Firmicutes, obLias o8 KOTOPbIX COCTaBsANa B COO6LLecTBe 60/1ee M0M0BUHbI - OT 51.63+2.48
4,0 65.80+2.99%.

N3 npepcTaBneHHbIX Ha pucyHKe 2A AaHHbIX BUAHO, YTO 06LLas 019 BXOASALLMX B cocTaB puayma Firmicutes npeacraButenei
knacca Clostridia, obnagaroLx CNocobHOCTBIO K MMAPONIN3Y YIeBOAOB PacTUTeNbHbIX KOPMOB C 06pa3oBaHMEM NeTyuux
XNPHBIX KMcnoT (JDKK), gocTurana MakCMManbHbIX 3Ha4YeHUA y NTuupl - K 40-HegensHoMy Bo3spacTy (P < 0.05), nocteneHHo
CHUXKasnAchb K 60 Hegenam (P < 0.05).

Y ntiy, Habnoganocb AOCTOBEPHOE yBennueHve LeNNI030AUTUYeCcKX MUKpoopraHnsmoB cemeincts Clostridiaceae,
Ruminococcaceae 1 Eubacteriaceae (P < 0.05) k 20-40-HegenbHOMY BO3PacTy, B TO BPeMs Kak A0S LIefIH0N0/1030AUTUYECKNX
bakTepuii cemelictBa Lachnospiraceae B faHHbIV Nepurog bbiia HanMeHbLuel (P < 0.05).

YpoBeHb npeacraBieHHOCT MUKPOOpraHu3MoB ¢unyma Bacteroidetes (B T.4. poaoB Bacteroides, Prevotella), BkntovatoLmin
6aKTepumn Co CXOAHbIMU CBOMCTBaMM - CMOCOBHOCTBIO PepMeHTMPOoBaTb Kpaxmai, KneT4aTky 1 HeKoTopble Apyrie yrneBojbl,
6e/Kn 1 Ae3aMUHNPOBATb aMUHOKNCIOTHI, YBEINYMBANCA, HauYMHaa C 4-HefeNbHOro Bo3pacTa, AocTuras Makcimyma k 20-
HegenbHoMy Bo3pacty (P < 0.05), cyLectBeHHO CHuXasAck K 60-Hegensam (P < 0.05) (puc.1).

CopepxaHve KNCIOT-yTUAN3MpyoWwmx b6aktepuii knacca Negativicutes, CBS3aHHbBIX C YCBOEHMEM NETYYMX XMPHbIX KNCAOT
(/DKK), B T.4. YKCYCHOWM, MPOMWNOHOBOI, MAacCNsHOW, BajepuaHOBOM W W30BanepmaHOBON KWUCIOT, obpasyeMblX Mpwu
pacLLlenieH11 MOHOCaxapoB, O/INrO- U MOANCcaxapuA0B KOPMOB, OCTUrano Makcumyma y ntuu, B 40-HejenbHOM Bo3pacTe.
NHTepecHble BO3paCcTHbIE M3MEHEHUS OTMeYeHbl B OTHOLLEHWU OBANraTHLIX NpeacTaBuTeneil KUWeyYHmka ntuubl (puc. 26) -
MOJIOUHOKUNCALIX 6akTepuii pogos Lactobacillus v budunaobakTepuin nopsiaka Bifidobacteriales, koTopble 6narogaps cMHTesy
UMW PasaNYHbBIX OPraHnyecknx KUCNoT 1 6akTepuoLMHOB CNOCOBHbLI K aHTaroHUCTUYECKOMY BbITECHEHWUIO 13 KULLEYHKKa
naToreHoB, BKNOYasA CallbMOHENbI, MPoTen, CTadUIOKOKKN, KMLLEYHYIO Nanoyky, NCeBAOMOHa/bI, CTPENTOKOKKN.

YpoBeHb naktobauunn 6ein HanbonblwnmM B 4-HefgenbHoM Bo3pacTte - 11.24+0.42% (P < 0.05), a k 40-HefenbHOMY CpOKy
BblpaLLMBaHNSA MaKCUMabHO CHXXANCH 40 ypoBHS 2.37+0.12% (P < 0.05). O6paTHas 3aBUCMMOCTb HabAtoganack B OTHOLLEHUN
MMEILLMX CXOAHble CBOMCTBA W paHee He CUYUTaBLUMXCA O6NUraTHbIMW 0bUTaTeNsgMu KuLLeYHrKa bakTepuii poga Bacillus,
CMOCOBHBIX MO CBEAEHVAM pPsja aBTOPOB, K KOJOHM3aLMN NULLEBapUTEeNbHOMo TpakTa NTuLbl . Hanbonbluas Aons 6akTepui
poaa Bacillus BbisiBneHa y nNtuL, B Bo3pacTe 40 Hegenb - 14.40+0.65% (P < 0.05). CogepaHne B coOobLLeCTBe NpeacTaBuUTenen
nopsgka Bifidobacteriales y nTuLbl Takke 4OCTUIAaN0 MaKCMMabHbIX 3HadeHUI K 20-40-HegenbHOMY BO3pacTy - 40 3.32+0.12%
(P <0.05).

Jlonsa B coobLLecTBe Apyrix 1akTobakTepuin pofos Enterococcus, Leuconostocs coobLuecTse 6bI1 MUHOPHOW, 1 CYLLECTBEHHO
He 3MeHsANacb B TeYeHne OHTOreHesa.

Jlona Bo3byanTeneli pasinyHbIX 3a601eBaHNN U3MEHANACh B 3aBMCMMOCTI OT CPOKa CogepXaHuns HecyLlek (puc 2B n 2. Ux
MUHUMaNbHaa CyMMapHas AONS y Hecyllek BbiaBnanacb B nepuog 40-60 Hegenb (P < 0.05). Cpean 6akTepuii, Bbi3blBatOLLMX
NHbEKLUMOHHbIe 3aboneBaHns, y NTUL, JeTeKTUPOBaHbI BO3byAUTeNn kamnunaobakTeprosa (cemeiictea Campylobacteraceae -
Arcobacter, Campylobacter), nactepennesa (cemenctso Pasteurellaceae - Pasteurella, Haemophilus), nnctepnosa (pog Listeria),
MUKonnasmosa (bunym Tenericutes - Mycoplasma), HekpoTuyeckoro aHTepuTa (unym Fusobacteria), rTHOMHO-HEKPOTUYECKIX
nHbekunin (pog Staphylococcus). CopepxaHne 60MbLUIMHCTBA NePeUnCIeHHbIX MUKPOOPraHN3MOB B COOOLLeCTBE KMLLIEYHMKA
NTUL, 66110 MUHOPHBIM, 3@ UCKOYEeHEeM nacTepens, MMKonaasm 1 ¢ysobaktepuii.

N3 npepcTtaBneHHbIX Ha pucyHKe 2I faHHBIX BMAHO, YTO MaKCMMasibHOE COAepXaHue YCNOBHO-MAaTOreHHbIX 6akTepuii
cemelicTB Enterobacteriaceae, Pseudomonadaceae 1 nopsigka Actinomycetales BbisiBneHo y ntuL, B Bo3pacTte 60 Hegenb (P <
0.05), yto CBMAETEeNnbLCTBYeT O HEeKOTOpPOM HecbanaHCMPOBAHHOCTUM MUKPOOHLIX COOOLLECTB NTUL B AaHHble Mepuogbl
OHTOreHesa.
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Puc. 2. iameHeHVst MUKPOBUOTbI CNIEMbIX OTPOCTKOB KMLLIEUHMKA KYP.

B Bo3pacte 20-40 Hejenb y HecylleK BbIBNEHO JAOCTOBEPHOE CHUXXEHVe COAepXaHus psaja YC/0BHO-MATOreHHbIX Y
naToreHHbIX TaKCOHOB - cemeiicTBa Enterobacteriaceae, nopsgka Pseudomonadales, dunyma Tenericutes.

BbisiBNeHHble 3aKOHOMEPHOCTM CBUAETENBCTBYHOT O HaAMYMW OTPULATENBHON CBSA3W MPOLEHTHOro CoAepXaHus psaa
naToreHHbIX MMKPOOPraH13MOoB C A0/1ei MpejcTaBmTeNneil HopMaabHOM MUKPOBUOTbI KMLLeYHMKa. O60CHOBaHHOCTE HaTN4YMs
TakMX 3aKOHOMEPHOCTe MOATBEepPXAaeTcd OMybAMKOBaHHBIMY AaHHBIMW O 6akTepuocTaTMYeckMX CBOMCTBaX (3a cyeT
[eiCTBUS CUHTe3MpyeMbIX CrekTpa MeTabonnToB, B T.4. JIETYYUX XUPHbLIX KUCAOT, 6akTepuOLMHOB) MpejcTaBuTesei
HOPManbHOM MUKPOBMOTLI KMLLEYHMKA B OTHOLLEHWM psja MaToreHoB, B T.4. SHTepobakTepuii, NceBAOMOHAS,.

BuiBOAbI

B HacTodALleM ncaejoBaHm C npMMeHeHnemM MoaekynapHo-reHeTn4eckoro MeToa T-RFLP BrepBble 6bin NpoaHanmM3npoBaH
cocTaB bakTepuanbHOro coobLectsa cienbix oTpocTkoB XKKT Kyp kpocca «/lomaH BpayH» B TedeHne oHToreHe3a. PesynbTathl
npoBeAeHHbIX I/ICCJ'Ie,CI,OBaHI/IIZ CBMNAETENbCTBYHOT O Hannynnm y Kyp 3aMeTHbIX N3MEHeHUN B 6aKTep|/|aan0M COO6IJ.|,€CTBe
cnenbiX OTPOCTKOB KMLLUEeYHKKa B TedeHe OHTOoreHesa.

MI/IKp06I/IOLI,6H03 nTnubl B 20-Hep,ean0M BO3pacTte XapakTepunsoBanca HambonbLUen OAHOPOAHOCTBO COCTaBa, O 4YeMm
CBMAETENbCTBYHOT AaHHbIE aHaln3a 6|/|opa3Hoo6pa3|/|ﬂ Ha OCHOBe 3Ko/1orm4yecknx NHAeKkcoB.

B 20-40-HegenbHbIV Nepunog y NTUL, HabArAAeTCs CyLLeCTBEHHbIN CABUT B COCTaBe MUKPOBMOLIEH03a cienbix oTpocTkoB XKT.
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OTmeueHo yBennyeHne npeactasutenein knacca Clostridia, yuacrBytoLyx B MeTabonnsme yrieBoA0B, KUCA0-YTUAN3NPYHOLLMX
bakTepuii knacca Negativicutes n 6akTepuii C BbICOKMMU aHTaroHUcTU4ecknmmn ceoncteamu (Bifidobacteriales, Baciflus), a
Takke AOCTOBEPHOE CHUKEHME CoAepXaHUs psja YCNOBHO-MNATOreHHbIX U MaToreHHbIX TaKCOHOB.

MonyyeHHble pe3ynbTaTbl aHaAM3a CoCTaBa MUKPOOWMOTLI KMLLIEYHMKA BrMOJHE 3aKOHOMEPHbI W WUMEKT HarAsagHyH
B3aMMOCBA3b C QU3MONOTMYEeCKUM COCTOSHMEM MTul. B Bo3pacTe 4 Hegenb nuLLeBapuUTENbHbIVM TPakT Kyp-HecyLuek
HefOCTaTOYHO Ppa3BUT, B CBA3M C 4YeM HabnogaeTca HekoTopas AecTabunmsaumsa MUKPOBMOIKOCUCTEMbl KULLEYHMKA,
XapakTepuslyemasi BbICOKMM COAEPXaHWEM YC/IOBHO-MATOMEHHbIX W MaTOreHHbIX MUKPOOPraHu3mMoB. B 20-HegenbHOM
BO3pacTe HecyLlKy AOCTUraloT nepuoga ¢GU3MoNornyeckor 3penoctu, Y HUX HabtoAaeTcs BbICOKAA YPOBEHb SAWNYHOWA
NPOAYKTUBHOCTW, MOCTENEHHO CHMXKatoLLencsa K 60-HeenbHOMY BO3pPacTy.

B Lienom, mony4eHHble B pesynbTaTe NpoBeAeHHOM paboTbl AaHHbIe 06 M3MEHEHUAX COCTaBa MUKPOBUNOTLI KALLIEYHMKA NTULbI
B TeYeHMe OHTOreHe3a, MOXHO paccMaTpvBaTe B MJaHe BO3MOXHOCTU WX MPUMEHEHUs ANS pasBUTUA OTpacIu
MPOMBbILLNEHHOrO BbIPALLMBAHNA MONOAHSAKA N COAEPXKaHNsA B3POCION NTULbI, NOAyYeHns 6osiee MPOAYKTVBHOIO 340pPOBOro
CTafa 1 3K0N0rnYeck YACTOM NPOoAYKLMM NTULEBOACTBA.
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