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MUKPOBHOJOI'MYECKHUE ACIIEKTBI BBIPAILIUBAHUS BBICIIIHUX
I'PUBOB
doi: 10.53729/MV-AS.2021.03.01
AHHOTaNUA

Poct uncneHHOCTH HaceneHus 3eMHOr0 1iapa, UCTOLIEHUE IPUPOAHBIX PECYPCOB U
CBA3aHHAs C OJTHM HEXBAaTKa IIPOJOBOJBCTBHUS CTaBAT BOMPOC O HEOOXOIUMOCTH
nepepaboTKU MPOU3BOJUMBIX PACTUTEIBHBIX OTXOJIOB C IIENIbIO 3AIIMTHI OKpYKaromlen
cpeapl W MOJy4EHUS QIbTEPHATHUBHBIX HCTOYHUKOB nHIIM. Mcnosb3oBaHue
LIEJUTFOJI030COAEPIKAIMX TTOKHUBHBIX OCTATKOB [IJISl MPOM3BOJICTBA BBICIIMX T'PUOOB
SIBJISIETCSL  ONTUMAJIbHBIM ~PEIICHUEM YKa3aHHBIX TmpoOsieM. Beicokas mnumieBas u
JIEKApCTBEHHAs  IIGHHOCTh  BBICIIMX  TIpuOOB  JI0Ka3aHa  MHOTOYHCJICHHBIMH
uccaeaoBanussMu. OHAKO MPOIIECCH KYJIbTUBUPOBAHUS BBICIINX I'PUOOB CTATKUBAIOTCA
c nmpoOieMol CEeNeKTHUBHOCTH cyOcTpaTa, CHEpXKHBAIOIIEH pocT J3TOH oTpaciu
npou3BoACTBA. K HacToseMy BpEMEHHM HAaKaIIMBAKOTCS JaHHBIE O B3aMMOJICHCTBUU
BBICIIUX TPUOOB U MUKPOOPTaHU3MOB, KOTOPOE OTKPHIBAET BO3MOXKHOCTH YIIPABISIEMOTO
KYJIbTUBUPOBAHUS M HAIPABIECHHOTO OMOCHHTE3a MPAKTUYECKU IIEHHBIX METa0OJIMTOB
BhICIIUX  TpuboB. CTaThs TOCBSIIEHA  PA3MUYHBIM  ACHEKTaM  BO3JIECHCTBUS
MUKPOOPTaHU3MOB Ha MPOIECC BhIPAIIMBAHUS BBICIIMX TPUOOB.

KiaroueBble ciaoBa:  BeIcIIME TPUOBI,  LEJUIIOI030COAEpKAIINUE  OTXOMABI
pacTeHUEBOJCTBA, KOMIIOCTUPOBAaHUE, CTUMYJSINUA  POCTA,  MYTYAJIUCTHYECKHE
B3aMMOOTHOIIEHHsI, MUKOC(epa.

UucneHHOCTh HacelleHUsl 3€MHOr0 Iapa HEYKJIOHHO pacreT. Tak, eciu B Hadaie
XX Beka B MUpPE HACUHTHIBAJIIOCH 1,6 MHMIUIMapja 4eJoBeK, TO 3akoH4MiCcsS oH ¢ 6,0
muumaapaamu.  Cormacio ordery UN  World  Population  Prospects 2015 rona,
KOJIMYECTBO Jtoell B mupe Ha cepenuny 2015 roma cocraBwio 7,3 mMuumapaa, u
nporuosupyercs, yto kK 2030 roxy oHo mocturHer 8,5 mumumapna, k 2050 roxy - 9,7
muutapaa, a k 2100 roxgy - 11,2 mMummapaa, npudem Ooiibliass 4acTh pocta OyAeT
IIPUXOANUTHCS HAa MEHEE Pa3BUTBHIE CTPaHbl. YBEJINYEHHE HacelleHus npuMepHo Ha 80
MUJUIMOHOB KaXK/IbIil TOJ BBI3BIBAET BIIOJIHE OOOCHOBAHHBIE OMACEHUS OTHOCHUTEIHHO
BO3MOYKHOCTH OOECIIEYeHHsT €ero HEOOXOIUMBIM  KOJMYECTBOM MHUINM M JIOJKHBIM
YPOBHEM MEAUIMHCKON ITOMOIIH, & TAK)KE CBSI3aHHOW C 9TUM IOBBIIICHHON HAarpy3Koil Ha
rno0anbHble HJKOCHCTEMBI. YK€ B HACTOSIEe BpeMs HEXBaTKa IPOJOBOJIBCTBUS,
YXYALIEHUE COCTOSIHUSL 370pOBbS M KadyecTBa OKpYXKaloulel cpeabl SBISIOTCA
Cepbe3HBIMU MPOOIEMaMu, OTPULIATEIHHO BIUSIOUIMMU Ha 0J1ar0COCTOSIHHUE YeIOBEKa.
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HecMmoTpst Ha MOCTOSTHHYIO pa3pabOTKy HOBBIX TEXHOJOTHIA ¥ MHHOBALHA, pEIIeHNE
BOIIPOCA YNUPAETCS B OTPAHUUYEHHYIO BO3MOXKHOCTb WMHTCHCHU(DHKAIUU 3eMIICIENIUS U
KHBOTHOBOJCTBA, 4YTO cdopmynupoBano B otdyere ZERI (MccnenoBarenbckas
WHUIMATHBA 10 HYJEBBIM BbIOpocam) XalOuylens: «Mbl HE MOKEM OXKUIaTh, YTO 3eMJIs
OyJeT MpOW3BOAUTH OOJBIIEC - MBI JOJDKHBI JENaTh OONbIIE C TeM, 4TO 3eMils ykKe
MIPOU3BOIUTY. BrICTpOE UCTOLIEHNE TPAAUIUOHHBIX PECYPCOB 3aCTABIISIET JIFOAECH UCKATH
aJIbTEpHATHBHBIE NCTOYHUKH THIIH, YA0OpEeHUil 1 TorumBa. B 3ToM 1utane octpo BcTaeT
Heo0xoIuMOCTh OoJiee IIyOOKOH MepepadOTKH Pa3IMYHOrO pojia OTXOAOB, BOBJICUEHHE
UX B IPOMBIIIICHHBIH 000pOT B Ka4eCTBE BTOPHYHOTO CHIPbSL.

Haubonee pacrpocTpaHeHHBIM OTXOAOM IMPAKTUYECKOW N1EATEIbHOCTH YelIOBEKa,
3arpsI3HAIOLIMM OKPYXKAIOLIYI0 CpENy, SIBJSIOTCS pa3IU4HbIE IOKHUBHBIE OCTATKH U
Ipyrue UeJUTI0N030CcoAepKaliue MOOOUYHbIE MPOIYKTHl CEIbCKOXO3WCTBEHHOU U
IIPOMBIIIJIEHHON JESATEIbHOCTH YEJI0BEKA, MUPOBOE IPOU3BOJCTBO KOTOPBIX COCTABIISAET
okosio 200 mupa T B Tox [1, 2], mepepaboTka U yTHIM3AIUSA KOTOPBIX 3aTpyJHEHA H3-3a
UX CJI0HOI0 XMMHu4eckoro cocraBa. lllupoko pacmpocTpaHeHHbIN npueM U30aBIICHUS
OT HUX IyTeM Cxkuranusi (ocodeHHo B ctpanax IOxuoit u Fro-Boctounoit Aszuu u
Adpukn) B Hacrosiee BpeMs IOIBEPraeTcsi CTPOTOMY 3alpeTy HU3-3a YyCyryOJeHus
MapHUKOBOrO d3(dexTa, BBICOKOTO YPOBHS 3arps3HEHUS BO31yXa, OTPHUIATEIHHO
BJIMSIFOILIETO HA 3/I0POBhE HACENICHHS, THOETH MOJIE3HOW MHUKPOQIIOPHI B MTOYBE U JIPYTHX
OOBEKTUBHBIX TPUYHUH.

OpuuM U3 Hanbosee NPUEMIIEMBIX U JIaXKe ONTUMANIbHBIX PELIEHUH B 3TOM IUIAHE B
XXI Beke mpencTaBisieTcsi IPOU3BOJCTBO BHICIIUX IPUOOB, UTPAIOIIUX BaXKHYIO POJIb BO
MHOTHX aclleKTax O0JarocoCTOsHUs 4YeNOBEKa, KaK JI0Ka3aHO HMX MHOIOBEKOBBIM
UCIIOJIb30BaHUEM. Y TPUOOB €CTh JBa TUIA BHEKJIETOYHBIX (DEPMEHTATUBHBIX CHUCTEM;
TUIPOJIUTHYECKAsT CUCTEMa, KOTOpash MPOM3BOAUT TUIpPOJa3bl, OTBETCTBEHHBIE 3a
pa3iioKeHUEe TMOJIMCAXAapUAOB, M YHUKalbHAs OKHCIUTEIbHAas M BHEKIETOYHAs
JUTHUHOJIUTUYECKAs] CHUCTeMa, KOTopas pasjaraeT JUTHUH U OTKpbIBaeT (DEeHUIIbHBIE
konbla [3]. be3 oTpuLaTenbHBIX NMPABOBBIX, dTUYECKMX M APYTUX IOCIEIACTBUI 3Ta
(¢bopMa OMOKOHBEPCUU HMEET HE TOJBKO OJIArONpPHUATHBIE COLMAIBLHO-3KOHOMHUYECKHE
IIPEUMYIIECTBA, 3aKJIIOYAIOUIMECS] B IIOJYyYEHUU TMPOAYKTOB IHUTAaHUS, HO TaKXke
YBEJIMUYMBAET BO3MOKHOCTH TPYAOYCTPOMCTBA HACETIEHHUS U OKa3bIBAET IMOJIOKUTEIHHOE
BO3JICHCTBUE HA OKPYXKAIOLIYIO CPENY.

IInmesas n 6MoI0rMYECKAs HEHHOCTH BBICIIMX I'PHO0OB

CpenobHble TpuOBl MIMPOKO MOTPEONSIOTCS BO MHOTMX CTpaHaX U SIBJISIOTCS
LIEHHBIMH KOMIIOHEHTaMH PallMOHa M3-3a IPUBJIEKATEIBHOIO BKYCa, apoMara 1 MUIIEeBON
LIEHHOCTH, YTO BO3BOJUT UX B PAHT JIEIMKATECHBIX MPOAYyKTOB. C Apyroil CTOPOHBI, U3-3a
HEBBICOKON CTOMMOCTH IIPOM3BOJCTBA M JOCTYINHOCTH JUISl IIMUPOKUX KPYrOB HACEJICHUs
WX Ha3bIBAIOT «MACOM Uil OemHbIx» [4]. BIaXHOCTH TIJIONOBBIX TEN CBEKHUX
MakporpuboB coctapiseT okono 90%. B mepepacyere Ha cyxoe BEIIECTBO OHU COJIEPKAT
ot 50 1o 65% yrieBonoB, oT 19 m0 35% OENKOB U CPAaBHUTEIHLHO HU3KOE KOJUYECTBO
xupa oT 2 1o 6% [5, 6]. biarogapst BBICOKOMY COJEpKaHUIO HEHACBILEHHBIX XKUPHBIX
KHCIOT (MaJIbMUTUHOBOW, OJIEMHOBOM M JIMHOJIEBOI), OMOJIOTMYECKH aKTUBHBIX OEJIKOB
(epmeHTOB, JTEKTHMHOB, SPrOTHOHEUWHA U Jp.), (PEHONBHBIX COeIUHEHUN ((PEHOIBHBIX
KHUCIIOT U NOJU(EHOJIOB), BATAMMHOB (THAMUHA, pruOoQIiaBUHa, aCKOPOUHOBOM KUCIIOTHI,
HHUAIMHA ¥ TOKO(EPOJIOB) U APYrMX OMOJIOTMYECKU aKTHBHBIX BEILECTB, BBICIINE I'PUObI
MOTYT paccMaTpuBaTbCsi B KayeCTBE BaXKHOIO HCTOYHHMKA HHU3KOKAJOPUHHON
(GYHKIMOHATIBHON MUIIM M HYTPULEBTHKOB [7]. BonbmmM npenMyecTBoM rpuboB Kak
MPOJAYKTOB TMHUTAaHMS SBISETCS TO, YTO OHM B OOJNBIIMX KOJMYECTBAX COJEpKaT
JUETUYECKHUE IUIIEBbIE BOJIOKHA [8] W aHTHOKCHIAHTBL. BbIcOKkoe conepkaHue
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AHTUOKCHJIAHTHBIX COEIMHEHUH, JIETKO AKCTPATUPYEMBIX HETOKCHYHBIM PAaCTBOPHUTEIIEM,
MO3BOJISICT UCIIOJIB30BaTh KCTpakT Agaricus brasiliensis B muieBoii MpOMBIIIIIEHHOCTH B
Ka4eCTBE NPUPOIHOrO aHTHOKcHaaHTa [9].

HNmenHo crpemiieHne K cOalaHCHPOBAHHOMY MUTAHUIO MPHUBEJIO YEIOBEYECTBO K
YBEIUYEHUIO TOTpeOIeHHs MPOAYKIMHU rpudoBoacTBa Bo BceM mupe [10]. B Kurae ona
cocrapisieT 6onee 80% OT MUPOBOIO MTPOU3BOJICTBA, BO BCEM MHUPE MTPOU3BOJICTBO IPHOOB
TaK)K€ HEYKJIOHHO Bo3pacraeT (mo aaHHbIM FAOQO), 0COOEHHO 3TO aKTyaJllbHO MAJs
Pa3BUBAIOIINXCS CTPaH.

OnnuM u3 Haubosiee HIMPOKO KYyJIBTHBHPYEMBIX T'pUOOB B 3alagHBIX CTpaHax
siBJsieTcst Agaricus bisporus, mmMpoko HM3BECTHBINH Kak OCIbIi IaMITMHBOH, 3aHUMAFOIIHIA
9KOJIOTMYECKUE HUIIM, OOraThle JTUTHOIEIUI0I0301. A. DISPOrus Ha mpoTshkeHuu Oosee
200 set ObLT BaXXKHBIM KOMIIOHEHTOM palloHa yeioBeka. OH cocTaBiisieT OOJBILIYIO YaCTh
OT 00mIero KojuuecTBa TpHOOB, MOTPEOIAEMBIX B OOJNBIIMHCTBE 3alaJHbIX CTpPaH.
BropeiM 1o pacnpocTpaHeHHOCTH B Mupe sBisiercss Pleurotus spp. - BeieHka, Tak
Ha3pIBaeMblid ycTpuuHbIi Tpubd. B Kurtae u psme apyrux HOro-BoctouHbIX CTpaHax
npeanouTenue otmaercs Lentinus edodes (mmuTake), a TaK)Ke BBIPAIUBAOTCS
Flammulina velutipes (3umuue wmakporpuOsr), Auricularia auricula (mpeBecHbie
makporpuObl) u Volvariella volvacea (comomennsiii rpu6) [11-14]. Tlomyuwnu
pacrpocTpaHeHHE TakXe JIeKapCTBEHHbIE MakporpuObl, Bkiodas Ganoderma lucidum,
Cordyceps sinensis [15], Phellinus linteus, Antrodia cinnaomea u Xylaria nigripes [12,
16].

Kak mokazan MHOTOJIETHUN OMBIT HAPOJHON MEIUIIUHBI FOTO-BOCTOYHBIX CTPaH —
Kwuras, Anonun, Kopen u n1p., rinogoBele T€a MHOTHX MaKPOMHIETOB XapaKTEPU3YIOTCS
pPSAIOM JOCTOMHCTB HE TOJBKO BKYCOBOI'O W MHIIEBOrO, HO W JIEYEOHOrO XapakTepa.
Tonpko B Kwurae ormedeno cBbime 270 BUAOB TPUOOB, HMEHOIIUX MEIUIIMHCKYIO
3HAYUMOCTb, TPU 3TOM MakpomuieTbl 6ojnee yem 100 BUIOB OOBIYHO HCIIONIB3YIOTCA B
TpaAULIMOHHON MEIUIINHE.

Hcnonb3oBanue rpubOB MOJHOCTBIO COOTBETCTBYET CTAPON KUTAWCKOM MOroBOpKe:
«MenuuuHa ¥ e1a UMEIT 00Iee MPOUCXOXKIEHUE». ODTO YTBEpPXKIACHUE OCOOCHHO
IPUMEHUMO K IpubaM, IMHUTaTeNbHbIe U JiedeOHble CBOMCTBA, a TaKXKe TOHU3UPYIOIUE
3¢ (}eKThl KOTOPBIX B KaueCTBE HYTPUIEBTUKOB WM IHIIEBBIX 100aBOK, yX€ JAaBHO
npu3Hassl [17].

@DeHOoIbHbIE COeAMHEHUS, TEPIIEHBI, CTEPOUIbI U MOJUCAXAPUABI, COIEPIKAIIUECS B
rpubax, OTJIMYAIOTCS PA3TUYHOM OHojoruyeckod akTUBHOCThIO. OHM  00dajgaroT
MPOTUBOBOCHATUTEILHBIMU [18], WMMYHOCTUM YJIUPYIOIIUMU [19-23],
IIPOTUBOBUPYCHBIMU  [24, 25], renaTONpOTEKTOPHBIMH, IPOTHBOAIEPIEHHBIMH,
aHTUOMOTHYECKUMU [26,27], aHTHOKCHIAHTHBIMU [28, 29], THMOX0JIeCTepUHEMUYECKUMH
Y aHTUATEPOT€HHBIMU CBOMCTBAMM M UCIOJB3YIOTCS Ul JIEYEHHS CEPAEYHO-COCYANCTHIX
3a00J€BaHU, TUIIEPTOHHUH, aTepockiepos3a, nuadera [30], mocneacTBui MHPAPKTOB U
uHCynbTOB, Oone3nu [lapkuucona, Ambrreiimepa [31, 32], a Takke, Omaromaps
MIPOTHUBOOITYXOJIEBBIM  CBOWCTBaM, JUISL  CHUIKEHHMSI BEpPOSITHOCTH HWHBa3UU U
MmeTactazupoBanus paka [33-38]. Dtu cBoiicTBa MOATBEPXkIEHBI Kak IN Vitro, Tak u in
vivo [21, 39-42].

OueHb BaXHBIM JUII COBPEMEHHOW MEIUIMHBI SIBISETCS TO, YTO MaKpOTpHUOBI
MPEJICTaBISAIOT €000 HewcueprnaeMblii HCTOYHHMK TIojucaxapuaoB (ocobeHHo P-
TJIIOKAaHOB) M TOJMCAXapUA-IPOTEUHOBBIX KOMILJIEKCOB, 00JaJaloUINX OJHOBPEMEHHO
MPOTHBOBUPYCHBIMH, TIPOTUBOPAKOBBIMH H IMMYHOCTHMYJIUPYIOIIUMHU CBOMCTBaMu [43-
47], yTo MO3BOJSET pa3padaTbIBaTh JEKApPCTBEHHBIE CPEICTBA KOMILIEKCHOTO JEHCTBUS.
[IpeumymiecTBa sl 340pOBBSl Y€IOBEKa TPUOHBIX MUILEBHIX BOJIOKOH 3aKJIOYAIOTCS B
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YKpPEIUICHUHM MMMYHHOM CHUCTEMBI, B CBS3M NPOTHBOPAKOBBHIMHU (DYHKIMSAMH, a TaKXKe
KOHTPOJIEM YPOBHS JIUMTUAOB U TJIFOKO3bI B KPOBH [8].

[loBpexxaenne wiaM  ociabiieHHe MNPUPOIHBIX HMMMYHOJIOTUYECKHX —pPEaKLuit
NalMeHTa, OCOOEHHO HpU XUMHOTEpalMU U paJuoTepalluy, SBISETCS TIJaBHON
npoOIeMOl MpH JICYCHUH OHKOJIOTHYECKUX 3aboneBaHuil. I'puObl CrOCOOCTBYIOT
YIYUIIEHUIO0 KadecTBa XKM3HU OOJBHBIX BBUIY TOTO, YTO OHU aKTHUBHPYIOT IPUPOJHbBIC
MMMYHHBIE OTBETHI OPraHU3Ma U MOTYT HUCIIOJIb30BAThCA KaK MOJACPKUBAIOIIAsl TEpANUs
u g npodunaktuku paka [48]. Pomp Takux cpeactB M3 0a3uaualbHBIX T'pUOOB
BO3pacTaeT B MPO(UIAKTHKE W JICYEHUU BHPYCHBIX MH(EKIUH, a TakKe, BO3MOXHO, B
IIPENOTBPALEHUH OIIyXOJIEBBIX IMPOLIECCOB, KOTOPBIE MOT'YT «3aIlyCKaTbCs» B OpraHUu3Me
YyeJoBeKa MPU BO3/ICHCTBUH BUPYCOB.

X0Ts akTHUBHOE JeiicTBHE IPUOHBIX IPENapaToB YCTYNaeT TaKOBOMY XMMHUYECKH
CHHTE3MPOBAaHHBIX, OHM UMEIOT O0Jiee HU3KYI0 CTOMMOCTb, 4YeM uX ananoru. Kpome roro,
OMOJIOTMYECKHU AaKTHBHBIE BELIECTBA IPUOOB HE OKAa3bIBAIOT TOKCHYECKOTO AECHUCTBUS,
KOTOPOE OTMEYaeTCsl IIPU MPOXOXKICHUU Kypca xumuorepanuu [49].

B nocnennue necsatunerus mnpenaparsl U3 IUIOAOBBIX Tel TpHOOB YCIEUIHO
3aBoeBbIBaOT (apmaineBruueckue pbiHku EBponbl, CIIA u, ocobenno, Smonuu, rie
COCTaBJIAIOT J0 TPETU BCEX IPUMEHIEMBIX HMMYHOKOPPEKTOPOB M OHKOCTAaTHUKOB.
HoBocubupckumu cneumanucramu u3 I'HL{ Bupyconorun u 6uorexHonoruu «Bekrop»
ObUIM YCTAHOBJIEHBl HauOojee NEepCHEKTHBHbIE IITaMMbl TpPHOOB, aKTUBHBIE B
otHomennu BUY-1, BupycoB mpoctoro repreca, 3anaaHoro Hwuula, rpunna pasHbIX
CYOTHIIOB U OPTOMOKCBUPYCOB (HAaTypaJlbHOM OCIIBI U JIp.), IPH 3TOM HEKOTOpPbIE U3 HUX
OKa3aJuCh OJHOBPEMEHHO AaKTHUBHbI B OTHOIIEHUUM Tpex U Oosiee NaTOreHOB.
AOGCOJIIOTHBIM PEKOPACMEHOM CTall IHIMPOKO H3BECTHBIN Oepe30Bblil rpub, WM yara,
(T1o/10BBIE  TEJIa TPYTOBHUKA CKOIIEHHOIO): €ro 3KCTPAaKT MOJABIIsT aOCOJIOTHO BCE
UCCIIEIOBAaHHbIE BUPYCHl. BBICOKYI0 IPOTMBOBUPYCHYIO aKTUBHOCTb IIOKa3aJd U
HEKOTOpBbIE Jpyrue BHJIbI TPDYTOBUKOB, a TaKXe Becelka OObIKHOBEHHAs!, BEIICHKH
aerouHas u ycrpuunas [50].

KynbTuBupoBanue rpuéos

[IpenmymiectBo rpuOOB 3aKiO4yaeTcs B HAIUYUM Yy HHX CIIOCOOHOCTH
BbIpabaThIBaTh TPYIIY CIOXKHBIX BHEKJIETOUHBIX THAPOJIUTHUYECKHX (EPMEHTOB, TaKUX
KaK JlaKKa3a M yHHMBEpCaJbHbIE MEPOKCHUIA3bl, OOECHeUYMBAIOIIUX JOCTYMHOCTh
JUTHOLEIUTIONO03bl Ul JAJIBHEWINEro MCIOJIb30BAaHUSA B  KayeCTBE MCTOYHHKA
yraepogHoro mnutanus [51, 52]. I'puObl MOXHO BbIpalIuBaTh C HCIIOJb30BAHHEM
TPaJMLIMOHHBIX METOJOB BEJIEHUS CEJIBCKOIO XO3SAHCTBA WJIM C HCIOJb30BAHUEM
BBICOKOMHTyCTPUAITbHBIX TEXHOJOTWH B TOPOJACKUX M MPHUTOPOAHBIX ycioBusx [53-55].
IIpoayKTUBHOCTh BBICIIMX T'pUOOB MpPU NPOMBIIUIEHHBIX CIIOCO0aX MX IOJTy4eHUs
nocruraer 120-150 kr ¢ 1M? moe3HO# IUTOMA/IH, 9TO COOTBETCTBYET Moiy4deHuto 4,8-6,2
T cyxoro Oenka ¢ 1 ra B rox [56].

B nocnenHue roxpl  OoNTHMaJbHBIM 4 MPU3HAH  CEJEKTUBHBIM  cyOcCTpar,
OTJIMYAIOIIMACSA OT IIMPOKO PacHpOCTPAHEHHOI'O paHHEE CTEPHIJIBHOrO cyOcTpaTa
OTCYTCTBHEM HEOOXOJUMOCTU OOJBIINX SHEPreTHUECKUX 3aTpaT, OCBOOOKIAIOUINX €ro
OT IJIECHEBBIX I'PUOOB M APYrMX MHUKPOOPTraHU3MOB, KOHKYPHUPYIOIIUX C TpHOaMu 3a
UCTOYHUKM mnuTaHus. Haumbornee pacmpocTpaHEHHBIM M 3KOHOMHUYECKH OIpaBIaHHBIM
CIOCOOOM TMOJIyYeHHs CEJIeKTHBHOIO cyOcTpara uis KyJIbTHBHPOBAaHUS MakKporpuOoB
aBigeTcs crnocod TBepaodaszHOM MHUKpOOHON (depMeHTaluu, WHBIMH CJIOBaMU
KOMIIOCTHPOBAHUS, TTO3BOJIIONINI YTUIN3UPOBATh pa3IndyHbIe OTX0/bl. Takum oOpa3oM,
KOMMepuecKoe MPOU3BOACTBO T'PUOOB OCHOBAHO HA CEPUM CTaAUM TBepoi hepmMeHTaNN
B KOHTPOJHMPYEMBIX YCIOBHMSAX, B KOTOPbIX TIpUOBI COBMECTHO C OaKTepusMHU
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OCYILIECTBISIOT 00pabOTKYy CBIPbS, MUHUMHU3UPYIOT pa3BUTHE T'PHOHBIX KOHKYPEHTOB H
CTHUMYJIUPYIOT MPOIECC TUIOA0HOIIeH s [57-61].

Jns  BelpamuBaHusi TpHOOB  MOTYT  OBITH  HCIIOJNB30BaHBI  Pa3IMYHbIC
JUTHOLEILTIONO3HBIE OTXO/bI arpONPOMBIIUIEHHOTO KOMITJIEKCA - MIIEHUYHAasi U pUCOBast
cojioMa, Jpyrue MOXKHUBHBIE OCTAaTKH, OTPYOH, pHUCOBas IIENyXa, KyKypy3HbI€ MOYaTKH,
MOOOYHbIE TPOAYKTHI JIECHOTO XO34HCTBA, a TaKXe OTXOJbl OJIMBKOBBIX 3aBOJIOB,
Ko(eHWHOTO IMPOW3BOJICTBA, BEIETATHBHASI YacTh TOMWHAMOYpa, CTeONM XJIOMYaTHHKA,
0oTBa apaxmca, CojioMa COH, CTEOIH, JIHCThS TOJyOMHOro ropoxa u np. [62-66], B
pe3yibTare yero oopazyercsi BBICOKOIUTATEIbHAs HKOJIOTHYECKU YncTast Gnomacca.

Haubonee pacnpocTpaHeHHBIM ChIpbeM MJIsi Hpou3BojcTBa rpuboB B HOro-
Bocrounoit A3uu siBnsiercst pucosasi cosioma. [lo manubiv Lin Wang ¢ coaBropamu [67],
IpyH €€ KOMIIOCTUPOBAaHMHM TEMIlepaTypa KOHBEPTUPYEMOW MacChl IOBBIIIACTCS
3HAYUTENBHO OBICTpPEE, YeM TMpPH KOMIOCTUPOBAHMM IIIEHUYHOW COJOMBI, a
COOTHOIIEHHE YIiepoJia K a30Ty CHuXkaercsi OwicTpee. PazHooOpasue OakTepuanbHOTrO
coo0miecTBa KOMIIOCTA U3 PUCOBOW COJIOMBI OBLIO OOJIBIIMM IO CPABHEHHUIO C KOMIIOCTOM
W3 TIICHUWYHOW COJOMBI Ha TMEPBBIX CTAAUSAX KOMIIOCTUPOBAHMS, 3aTEM pa3HUIA
criaaxuBasiack. COOTBETCTBEHHO KOMITOCTUPOBAaHHE PHCOBOM COJIOMBI TPHBOAHUT K
YAYYIICHHOMY Pa3JIOKCHHI0O W aCCUMUILAIMK MPOAYKTOB pacmaiga rpudom A.bisporus,
9TO TOBOPHT O ee Oonbinell dpdekruBHOCTH. COBPEeMEHHBIMH METOJAMH HCCIICIOBAHUS
YCTaHOBJIEHO, YTO  pa3HooOpasue OakTepuil, NMPUHUMAIONIMX YYacThe B Ipoliecce
MOArOTOBKU CyOcCTpaTa, 3HAUUTENbHO OOJIbIIE, YEM COOOLIANIOCh B HCCIIEIOBAHUSX,
OCHOBaHHBIX HAa METOJaX, 3aBUCALINX OT KyJIbTUBHUpOBaHMs. WX XKH3HENEATeIbHOCTh B
OOJNIBIION Mepe 3aBUCHUT OT YCJIOBHH KOMIOCTHpOBaHus. Tak, mopsiok Bacillales
MTOKAa3bIBaET OTHOCUTEIBHO 0O0JIiee BHICOKOE COJAEpKAHME TAKCOHOMUYECKUX E€UHUILL TTPU
OoJiee BBICOKOW TeMIlepaType MacTepH3alfH, YTO TAK)KE OBUIO CBS3aHO C M3MEPEHUSIMHU
BBICOKHX BBIOPOCOB aMMHaKa, 4To 3aMemjiseT pocT Mulienus Agaricus bisporus [60].
Conoma npoca Takxke sBisieTcs 3(pPEKTUBHBIM pecypcoM JUIsl BbIpAllIMBaHus TPHOOB, 110
YPOXKallHOCTH He YyCTymarommm cosiome mnmeHunsl (no 20 kr/m2). Ha ocHoBaHum
cexkBeHupoBanus reHa 16S pPHK Bo BpeMss KOMIOCTHpOBaHUS JAOMUHUPYIOIIUMU
THIIaMH ObLTH Tpu3HaHbl akTHHOOakTepuu: Bacteroidetes, Chloroflexi, Deinococcus-
Thermus, Firmicutes u Proteobacteria. KirodueBbiMu (akTopamMu OKpYKarolei cpespl
JUIL pocTa THX MHUKpPOOPraHM3MOB ObuTu 3HaueHue pH, coiep:kaHue LEUTION03bI U
TeMUIEIUTION03bI, a30Ta, JUTHUHA, a TaKXKe BIAXKHOCTb H 30JbHOCTH [68]. B  memsx
3alIUThl OKPY)KAIOLIeH cpelbl ObLTH MCCIE0BaHbl PA3IMYHbIE IO COCTaBYy CyOCTpaThl, U
OBUIO TOKAa3aHO, YTO JJisi BhIpaniuBaHusi rpuboB Pleurotus mMoryr ObITH HCIIOJIB30BaHbBI
TaK)Ke U TaKHe TOPOJICKUE OTXO/IbI KaK KapToH U Kodeitnas ryma [69].

ITporiecc co3maHusi CEICKTHBHOrO cyoOcTpara s BeipamiuBanus A.bisporus
nojpaszzensercs Ha  ¢a3pl, B  XO0J€  KOTOPbIX  OTMEUYEHa  OIpe/eeHHas
MOCJIeIOBATELHOCTh OaKTepUaIbHBIX M TPHUOKOBBIX COOOIIECTB, OCYIIECTBIISIFOITUX
THJIPOJIUTUYECKOE BO3JCHCTBUE Ha ChIpbe. BHauane mpoucXoguT TepMOOMOJIOTHYECKast
o0paboTka, KOTOpasi MO CYIIECTBY SIBJISETCS OMOKOHBEpCHeEH Chipbsi. Cpa3y Tmocie
mporiecca CMayMBaHMUs CHIPOW CMeCH BOAON Me30(uiIbHBIE OpraHU3Mbl M3 POJIOB
Solibacillus, Comamonas, Acinetobacter, Pseudomonas wu Sphingomonas 6sicTpo
NOTPeOJISIIOT JIETKOAOCTYITHbIE MUTATEeIbHbIE BEIECTBA, TAKUE KaK CBOOOJTHBIE caxapa U
amuHOKHCIIOTH [58, 70]. B 3Tr0 Bpems oOpa3yercs amMMHaK, KOTOPBIA CTUMYIHPYET
pa3BUTHE MHKpPOOPTaHU3MOB-KOHKYPEHTOB, Takux kak Trichoderma spp. [71]. Takum
o0pa3oM, BakHasl poJib MECTHOI MUKpPOOUOTHI BO BpeMsl cieayrouleil (asza 3akitoyaeTcs
B TOM, 4TOOBI CO3/IaTh YCIOBHUS JUIsl €ro yraneHus u3 kommnocta [60]. B aToT e nepuon
MIPOUCXOIUT PA3BUTHE IIEIUTIOIO30PA3PYIIAIOIINX AKTHHOMHIIETOB M TPUOOB, TAKUX KAk
Thermopolyspora, Microbispora u Humicola, oOoramaroomux  3penblif KOMITOCT



MHUKPOBHOJIOI'USA )KOHE BUPYCOJIOT' UL ISSN 2304-585X www. imv-journal.kz

OPOAYKTAMH  pa3siokeHus  1mewnono3sl  [72].  TlpeoGmaganue  pa3HOOOpPa3HBIX
LEJUTIONIOIMTUYECKUX ~ MUKPOOPraHU3MOB  OTKpPBHIBAaeT  OOJIBIION  MOTEHLIMAN s
MOJITOTOBKH CyOCTpaTa K JajbHEHIIEMy BBIpAIIMBAaHUIO IPUOOB.

XoTst rpulbl COCYIIECTBOBAIM W B3aWMOJEWUCTBOBAIM C OaKTEPUSIMU C CaMbIX
pPaHHUX CTaguil CBOEH OHBOJIOIMHM, BCE €IIE€ HEAOCTATOYHO CBEIEHUH 00 3THX
B3auMoJieiicTBUsAX. C MOMOIIBI0O COBPEMEHHBIX METOJIOB HMCCIEAOBAHUS YCTAaHOBIIEHO,
YTO B €CTECTBEHHBIX YCIOBHUSIX OTOOpaHHas rpubaMu MUKpOOMOTa pacrioyiaraercsi BIOIb
MMOBEPXHOCTH MUILIECTHUS UM B HEMOCpPeACTBEHHOHN Onm3octu ot Hero [73]. Cpena BHYTpH
rpuOOB U BOKPYT HUX, MHOTJIa Ha3bIBaeMasi MUKOC(epoi, BIHMIET KaK cama Ha OakTepuu,
TaK U HaxXOIUTCS TMOJ CHJIbHBIM BIUSHUEM OaKTEepHUaJbHBIX COOOIIECTB A0 TaKou
CTENEHH, YTO MHOTHE MaKpOrpuOBl HECIIOCOOHBI MPOHM3BOIUTH ILIOJOBHIE TEla B
cTepuibHOM cpene [74].

B pa6ote Irshad Ul Haq ¢ coaBropamu [75] npuBeseHsl 10Ka3aTelIbCTBA TOTO, YTO
rudpl KaKk MUKOPHU3HBIX, TaK M CanpoTpodHBIX I'puOOB B pe3yibTaTe BBIACICHUS HUMU
YIIEPOACOAEPKAIIUX COSAMHEHUH B MOYBE C OYEHb HU3KUM COAEpKAHMEM YIJepojia
CO3/Ial0T HKOJIOTMYECKHE BO3MOXKHOCTH  POCTa M MPOLBETAHUS TeTePOTPOPHBIX
OakTepuil. Mukochepa mnpeacraBisier coO0i apeHy INepeHoca TEHOB, B KOTOpPOH
MHOKECTBO T'€HOB, BKJIIOYas JIOKATbHO aJaNTHBHBIC, IOCTOSHHO OOMEHUBAIOTCS MEXIY
PE3UICHTHBIMU MUKPOOHBIMH cooOtiectBaMu [76]. [Ipu 3TOM B KauecTBE YCKOpPHUTEICH
SBOJIIOIIMKA B MUKOC(Epe pelIalollyl0 poiib UIPAIOT IUIa3MHJbI, BBICTYNAs B KauecTBE
TOPU3OHTAILHOTO  TeHO(QOHJA W,  CJIEJOBATENbHO,  TPENOCTaBIsIsl  (PaKTOPHI
KOMIIETEHTHOCTH, KaK MECTHBIM OakTepusM, Tak u rpubam. HemaBHue uccnemoBaHus
MOKa3bIBAIOT, YTO MEPEHOC T€HOB OT OakTepuid K rpubaM MojmaeTcsi 0OHapYKEHUIO U
HMMeeT 3BOJIOIMOHHOE 3HaueHue. bonbiol reHodoHa, MPUCYTCTBYIONUN B MUKOChEpeE,
B COYETAaHWU C BEPOATHOCTBIO MEKKIETOYHOTO KOHTAKTa MEXIy OOHUTaTelsIMU
MUKOC(hephl TO3BOJISET YBEIUYUTH YAacTOTYy PEKOMOWHAIMU, U TOITOMY OPIraHU3MBI
OTOMPAIOTCS JIOKAJIBHO /17151 TIOBBIIIEHUS TPUCTIOCOOIEHHOCTH.

Ha npumepe rpuba Rhizopus microspores, Bbi3biBaroriero (¢urodropo3 puca,
MOKa3aHO, YTO B OTCYTCTBUU DHJIOCUMOMOHTA TPUO-XO35IMH J1ayKe TEPSIET CIIOCOOHOCTh K
BEreTaTUBHOMY Pa3MHOXEHHIO, U 00pa30BaHHE CIIOPAHTHEB U CIIOP BOCCTAHABIMBACTCS
TOJBKO TIPH TOBTOPHOM BHEIAPEHHHM JHI00AKTEpUH. DTO TMOKA3hIBAET, YTO CUMOUOHT
MPOU3BOAUT (aKTOPBl, HEOOXOAUMBIE I KU3HEHHOTo IMKJa rpuba [77]. MHTepecHOU
MOJIENTBIO JUTSI M3YYEeHHUSI TPEXKOMIIOHEHTHBIX MHUKPOOHBIX CHMOMOHTOB U MX JBOJIIOLUHU
SABIAETCS  TpUOHO-OaKTepUaNbHO-BUPYCHAas ~ CHUCTEeMa,  [OKa3aBllas  BIIMSHHE
HApHOBUPYCOB Ha OMosoruio rpudos [78].

[Tonp3a g rpuOOB OT GOPMHUPOBAHUS MYTYATUCTHUECKHX B3aMMOOTHOILICHHUH C
OaKTepUsSIMHU 3aKJIIOYAETCS B UX YIYUILIEHHOM IMUTAHUU 33 CYET COBMECTHOIO Pa3I0KEHUS
CIIO’KHBIX TOJINYTJIEBO/IOB, B MOTPEOJICHUU MU JIETYYMX OPraHMYECKUX COEAMHEHU,
CHHTE3MPYEMBIX MHKPOOPTaHM3MaMH, a TaKKe B CEKPEUUH MHKPOOPraHW3MaMHU
AHTUOUOTHKOB,  TOJABJISIONINX  POCT KOHKYPUPYIOIIUX ~ MUKPOMHIIETOB U
o0ecreunBaoIIKX 3allUTy OT Hapa3uToB. B ciyyae sKTOMUKOPU3HBIX TpUOOB (Tprodenu
WIA CMOpYKHM) OaKkTepuu CHOCOOCTBYIOT MX acCOlMalusiM C  PacTUTEIbHBIMU
cumbuonTamu [71, 79-84]. Kpome Toro, TpuOBI CIIOCOOHBI TakKe MOTPEOIATH Onomaccy
OakTepuid, acCCUMHIUPYs OaKTepHUaIbHBIA YIIEpOJA U a30T B KayecTBE HMCTOYHHKA
nuTaTeNbHBIX BemecTB [58, 82]. Co cBoell cTOPOHBI OaKTEPHH YCIEIIHO UCIOJB3YIOT B
CBOEM MeTaboaM3Me TpUOKOBBIE IKCCYAATHI [85], a Takke MOTYT BBI3bIBaTh IIUPOKUI
CrieKTp 3a0o0JieBaHUM, a 3HAYMUT U 3HAYUTEIIbHBIC TIOTepH ypoxas [86, 87].

CylecTBYIOT JaHHBIE O TOM, 4YTO HaJU4Me TOJE3HBIX MHUKPOOPIaHU3MOB B
cyOcTparax Ui BBIpAIIMBaHUS TPHOOB CTHMYIUPYET UX POCT M 00pa30BaHHUE TUIOTOBBIX
ten [88, 89], ymyumas kadectBo M omHOpomHOCTH mpoxykiuu [90]. B HexoTopbhIx
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CIIy4asiX 3TO CBS3aHO C CHHTE30M M CEKpelrel OMOJIOTHYecKH aKTUBHBIX METAa0OJIMTOB,
TaKuX Kak (PUTOrOPMOHBI (AYKCHH, IMTOKUHUH U 3THIICH), & TAK)KE WHI0JOBOH KUCIOTHI
[91, 92]. Kertesz u Thai [58] wucciemoBamu psj ImTaMMOB OakTepuid W TIpuOOB,
CIIOCOOCTBYIOIINX POCTY KYJIbTHBHPYEMbIX BUA0B Agaricus u Pleurotus u Brirodarommmit
Oakrtepun u3 pomoB Bacillus, Pseudomonas wu Bradyrhizobium. B mpouecce
BBIpAl[MBAaHUSI TPUOOB OHU BO3JEHCTBOBAIM HA IMOYBY, cyOcTpar, 000JOYKY WU
Mulenuii rpuda, MOBBIMIAs YpoXkKaid, U COKpaIlas BpeMsl BeIpaluBanus. BzanmoaencTBus
«MUKPOOPraHU3Mbl — TpHUOBI», ONHCAHHbIE HA CETOJHSIIHUNA JEeHb, BKIIOYAIOT
CTUMYJISIIUIO pOCTa MHKOPH3HBIX TpUOOB C OJAHOBPEMEHHBIM YCTAHOBJIEHHUEM
CUMOMOTHYECKHX B3auMOJAEUCTBUN [79], cokpalleHre BpPEeMEHM KOMIIOCTUPOBAHHS U
yaydiieHue kadecta cyOctpata [60], cunepreruueckuit 3pQeKT CTUMYNIALNN Pa3BUTHUSL
MHUIICSIMS 32 CYEeT BBICBOOOXKIACHHMS TUTATeNbHBIX BemecTB [82, 93], a Takke
IUTOIOHOUICHUSI TPUOOB, TO €CTh MEPEKIIIoYeHHE ¢ (POPMUPOBAHHS BETETATUBHOW TKAHU
Ha penpoayKTuBHYyIO [94, 95].

CBenennii 0 6aKTepHsIX, CIIOCOOCTBYIOIIUX POCTY TPHOOB, OTHOCUTEIILHO HEMHOTO.
Coobmrasnoch, uTo aBa mrtamMMa Pseudomonas putida, BbiiesieHHbIC 3 TOKPOBHBIX CJIOEB
A. Dbisporus, MOXHO TpPHUMEHSATh TPH BbIPANIMBAHUU TPUOOB JUIS yBEIHYCHUS
ypoxaitHoct [96, 97]. Hekotopsie uyopecienTHbie mramMmmbl - Pseudomonas,
OOUTAOIME Ha IOBEPXHOCTU munenus  Pleurotus —ostreatus, crmocoOCTBYIOT
0o0pa3oBaHUIO TPUMOPIUS W YCKOPSAIOT pa3Butue Oaszuauoma. llpu wucciemoBaHum
pazHoOOpa3usi, CTHUMYIHPYIOIICH CIIOCOOHOCTH ¥ aHTArOHHUCTUYCCKOW AaKTHBHOCTHU
OaKkTepHalbHBIX H30JITOB U3 IUIOMOBBIX Tei A. DISPOrus ObuUIO BbISABICHO: 36 H30JIATOB,
NPOAYLHMPYIOUNX  WHAONMIYKCYCHYIO  KHCIOTY (KaKk  HW3BECTHO,  SIBIISIFOIIYIOCS
CTUMYJISITOPOM POCTa BBICHIMX pacTeHuii); 19 uzomnsatos, comobunusupyomux docdarsr;
H 29 H30I4TOB, 00JaJaOIMMX IC/UIIONIA3HOM aKTUBHOCTBIO. Okoiio 40 u30I49TOB
MPOSBIIIM AHTArOHUCTUYECKYIO AaKTHUBHOCTh B OTHOIIEHMH OJHOTO WM HECKOJBKHX
natoreHoB [11]. B aTom wuccnenoBanum KyiabTHUBUpYyEMble OaKTepUU, BbIIEICHHBIE W3
wiofgoBoro Tema A. DISpOrus, ObUIM TOPEICTABICHBI CEMbIO  OaKTEpUATbHBIXH
cemeiictBamu. [19Tb0 M3 MIECTHAIIATH CEKBEHUPOBAHHBIX mTaMMoOB Obutn Bacillus spp.,
MOKa3aBIIMMHU BBICOKYI0 AHTHMHUKPOOHYIO AaKTHBHOCTb B OTHOIIEHHMH MATOT€HHBIX
OakTepuii, B 4yacTHOCTH, B. cereus-momoOubiii m3onar DY17, uHrubupoBaBmimii Bce
TECTUpPYEMble HWHAMKATOPHBIE IMATOT€HbI, YTO JIEJaeT €ro NepCHeKTHUBHBIM IS
TaTbHEUITNX UCCIIETOBAaHUH. AHTUMUKPOOHYIO aKTUBHOCTH TPOSIBIIIM TaKXKE INITAMMBI
Streptomyces. B  cenbCKOXO3AHCTBEHHBIX IOYBAX IOBCEMECTHO PACHPOCTPAHEHBI
Pseudomonas spp., HEKOTOpBIE BHIBI KOTOPHIX CHOCOOCTBYIOT pocTy P. ostreatus u A.
bisporus [97]. ®nyopecuupyroue Pseudomonas spp. cocrapmsuti 14—41% ot obuiero
KOoJIM4yecTBa OAaKTepHid, NPUCYTCTBYIOUIMX B TIOKPOBHOM CJIO€, WX MOIYJISIIHS
yBEIIMYMBAJIach BO BpeMs KyibTHBUpoBaHus A. DiSporus, d4ro momoxuTenbHO
CKa3bIBaJIOCh Ha yposkaiiHocTH rpuba [96, 98].

B wuccnemoBanmsx Yan Jun Ma u gp. [99] B OakrepuanbHOM COOOIIECTBE
mwiogoBoro teiaa rpuba Shiraia sp. S9 Taxke mpeobnamanu Bacillus u Pseudomonas.
Hexotopeie um3onster Pseudomonas, takue kak P. fulva, P. putida u P. parafulva,
CTUMYJIMPOBAIH HakKoIUIeHHEe B rpubax THaTypoHOBOM KucioTel. OO0paboTka
oakrepusimu P. fulva SB1 npumepno B 3,25 pa3a akTHBHpOBaJia 3KCIIpeccHio hepMeHTa 1
TE€HOB-TIEPEHOCYMKOB, HEOOXOIUMBIX Il ee OuocuHTe3a W dkccymanuu. C apyroi
CTOpOHBI, B. CEreus mposiBMJI CIOCOOHOCTh YMEHBIIATh €€ TOKCHYHOCTH JJIsi I'pUOOB.
CtuMynupyrolias akTUBHOCTh IiTaMMOB u3 ponoB Bacillus u Pseudomonas na poct
BBICIITIMX TPUOOB OTMEUCHA TaKKe U Apyrumu aBropamiu [88, 96, 97, 99, 101]. BeissieHo,
yro Buael Bacillus spp., B wactHoctm P. polymyxa, y4acTByHOT B MOBBIIICHHH
CEeNIEKTUBHOCTH CyOCTpaTOB JJsl KyJIbTHBHPOBAaHHUS KaK IyTeM HMHIHOMPOBAaHUS pocTa
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tpuxoaepmsl (Trichoderma harzianum), tak u BeieacTBue 3amuThl rpuda P. ostreatus 3a
cueT MHIYKIUM Jakka3. Takum oOpa3om, yrpaBieHHEe MHUKPOOHBIMU COOOIIECTBAMH BO
BpeMs KyJnbTHBHpoBaHus P.ostreatus, Hampumep MOAroToBKa cyOcTpaTa AJs MOAICPKKU
pocra P.polymyxa u apyrux Bacillus spp., mMoxer ObITh CIOCOOOM ONTHMH3AIMN
MPOM3BOJICTBA M HHOTO HCIonb3oBanust rpuboB [102]. MHTEpecHO OTMETUTH, YTO
MaKCHUMaJIbHYI0 aHTarOHHMCTHYECKYI0 aKTHBHOCTH mpotuB T. harzianum MTCC 3178, a
TaKKe JIPYTMX MaTOreHOB, MpoaeMoHcTpupoBanu Bacillus spp., BbineneHHbie U3
COJIOHYAKOBBIX NOYB ['0a. DTO MO3BOIMIIO PEKOMEHI0OBATh X B KAU€CTBE HATYPaJbHOTO
¢byHrunuaa, — AIbTEPHATHBHOIO CHHTETHMYECKHM (DYHTHIMIAM, MCIOJIb3YEMbIM IPH
BbIpamuBanuu rpu6os [103].

Takum oOpa3omM, HOBOE HampaBJICHHWE HCCICJOBAHWN, OCHOBAaHHOE HA
UCIOJIb30BAHUHM MHUKPOOPTaHMW3MOB, CIOCOOCTBYIOIIUX POCTY TIpuUOOB, JTOMOJIHSS
€CTeCTBEHHYI0 MHKpPOOMOTY, TOKPBIBAIOIIYI0 JC(PHUINT NUTATEIbHBIX BEIIECTB MU
OCYIIECTBISIONUINX 3allUTHYI0 (YHKIHIO, PAcCMaTpPUBAIOTCS B KauecTBE IOJIE3HOTO
PYKOBOJCTBa JUIsl OLIEHKH MOTpeOHOCTEH BBICIIMX T'pUOOB U Uid pa3pabOTKU HOBBIX
bopmya s KoMMepYecKuX 100aBok [91].

3akiroyenue

B 3akmitoueHue cienyeT OTMETUTh, YTO IOJIb3a OT BBIPAIMBAHUS BBICIIMX IpUOOB
HE HCYEpIIbIBACTCS JIUIIb MUIIEBOM M OMOJOTHYECKOW IIEHHOCTHIO HX IUIOJOBBIX Tell.
[Iponn3anHpli MuULIETUEM CYyOCTpaT, OCTaBUIMKCA T1OCIE UX KYJIbTHBUPOBAHHUS,
MpeJICTaBIseT co00i OMoMaccy, MPEBBIMIAIONIYI0 TPOU3BEICHHYIO MPOAYKIHIO TprOOB
o Becy He MeHee, 4yeM B 5 pa3 [52], oOorameHHyioo Oelkamu, B COCTaBE KOTOPBIX
peobiagaloT He3aMEHUMbIE AMUHOKUCIIOTHI - JIGHIIUH, TPEOHHUH U JIU3UH, YTO MO3BOJISIET
MCIOJIb30BaTh €ro B KauecTBe KOpMoBOi noOaeku [56, 104-108]. [ns Kasaxcrana on
MOJKET MPEACTABIATH OCOOYIO IIEHHOCTh, MTOCKOJIBKY B KHBOTHOBOJICTBE PECHyOIMKU
omymaercss aeGuIUT KOpMOBOro Oenka mpu Bcero Jymiib 20% o0ecrnedyeHHOCTH
kombukopmamu [109]. B Hacrosiee Bpems ot 80% mo 85% Bcex MNHINEBBIX H
JIEKAPCTBEHHBIX TPUOHBIX MPOIYKTOB MOJTY4YAIOT M3 TUIOAOBBIX TeT M TONBKO 15% wux
OCHOBAHbI Ha AKCTpakTax Muuenus. Mexay TeMm, NpUMEHEHHE SKCTpaKkTa MUIEIUs B
KauecTBE MMILEBOTO OWOMHIPEAMEHTAa MOXKET MPEACTaBIATh CO00M HMHHOBAIMOHHYIO
CTpaTeruio MPeJOTBPAILCHHS /UM YMEHBIIEHUS HETaTUBHBIX MOCIEICTBUI MUKPOOHOM
MOpYM THMILIEBBIX MPOAYKTOB W HUMETh OO0NbIIOe 3HA4Y€HWE Uil MUIIEBOW U
dbapmarnieBTryeckoii mpompinuierHocTH [110].

CybcTpaT MOXeT ObITh MCIOJIB30BAaH Tak)K€ B KaueCTBE TBEPIOro ynoOpeHUs B
pactenueBojctBe [111]. OtpabGoTaHHBIH TPUOHOH KOMIIOCT - 3TO OTXOMBI, KOTOPHIC
MO>KHO PELHPKYJINPOBATh B Ka4ecTBE cyOcTpaTa JJsl MOAAEPKKH HOBOTO KOMMEPUYECKU
KHU3HECTIOCOOHOTO IIMKJIA CeNbCKOXO3SHCTBEHHBIX KYyJIbTYP IPH BHECEHUHM B HETO
HeoOxoauMbIx gobaBok [91, 112]. Kpome TOro, BO3MOXHO €ro MpUMEHEHHE W IS
MIPOU3BOJICTBA YIIAKOBOYHBIX M CTPOUTENBHBIX MaTEpUaANoOB, OMOTOIIMBA U (PEPMEHTOB
[113]. Hanuuue y HEKOTOPBIX Oa3MIMOMHIIETOB IIMPOKOTO CIEKTPa MPOTHBOMUKPOOHOM
aKTUBHOCTH B OTHOUICHHWU YCJIOBHO-NATOT€HHBIX M TAaTOT€HHBIX MUKPOOPTaHU3MOB,
SBJIAIOIIMXCSl  OMAaCHbBIMM KOHTAMHUHAHTaMHM  IHIIEBBIX MPOAYKTOB, IO3BOJIUJIO
MPE/UIOKUTh HCIONB30BaTh MX B KAueCTBE OCHOBBI JJISI IOJMMEPHOTO MOKPBITHS,
o0Jaaro1ero IpOTUBOMUKPOOHBIMU CBOMCTBAMH  JUISI 3AIIUTHI MMUILEBBIX TPOIYKTOB OT
nopud. Bricokas ruaponuTHUecKas akTUBHOCTb TI'pUOOB TMO3BOJSET, KpPOME TOTO,
MPUMEHTh UX JUId OMOpa3IOokKEeHHs] OpraHMYeCKHX 3arps3HUTENel, KCeHOOMOTHKOB U
MPOMBIIUICHHBIX 3arps3HuTeneii [ 114].

buorexHonornueckuii MoTeHUKAI MPOU3BOICTBA BHICIIUX TPUOOB UMEET OOJIbIINE
nepcnekTuBsl. [Iporpecca B 3TOM HampaBlIeHHM CIEAyeT OXHAATh OT pa3pabOTKu

11



Ne 3 (34) 2021

CIOCO0OB yIpaBieHus OMOCHHTE3a TPHOAMH BTOPUYHBIX META0OJUTOB, MPOSBISIONINX
HanboJee BBICOKYIO OMOJIOTHYECKYI0 aKTUBHOCTH. [IpH MCKYCCTBEHHOM BBIpAIllMBAHUU,
OTIMYAIOIIMMCS OT CYIIECTBOBAaHMS B TPHPOJHBIX YCIOBHSIX, B OTCYTCTBHE
€CTECTBEHHOM KOHKYPEHLIMM MEXAYy IMyJIoM OOHapyXeHHBbIX MeTaboJIUTOB U
BO3MOKHOCTSIMM T€HOMa OTMEYAeTCsl OOJBIION pPa3phiB, OOBSICHSAIOUIMICA HATUYAEM
«Momyammx» renoB [115-116]. Bxkiaag MUKpOOHOMOB  pacTeHHH W JKHBOTHBIX B
«paclIMpeHHbI (PEHOTUID» CBOMX XO35€B, XOPOIIO H3YY€H, TOTAAa KaK HCCIIEIOBAaHUS
MUKpPOOHOMOB TpUOOB TOJBKO HayaThl. Y>K€ MOKAa3aHO, YTO KOJUYECTBO OMOAKTHUBHBIX
METa0OJIUTOB TPUOOB, TOJIYYEHHBIX U3 KYJIbTUBUPYEMOTO TprOa, BBIPALICHHOTO
UCKYCCTBEHHBIM METOJIOM, HAMHOTO MEHbIIE, YeM KOJUYECTBO, MOJIYYCHHOE M3 JUKHX
wiogoBeix Ten [117].  Jlukue rpuOBI CUUTAOTCS Takke OoJjee MEePCIeKTHBHBIM
UCTOYHUKOM [(-TJIIOKaHA, MHCIOJB3yeMOTO B IMHUIIEBOW MPOMBIIUIEHHOCTH M B
MeaunuHCKUX mensx [118]. Drto  cBUAETensCTBYeT B TOJB3Y  COBMECTHOTO
KYJIbTUBHUPOBAaHUS TPUOOB C JPYrMMHU OpraHU3MaMmH, B YacTHOCTH, C OaKTepusiMu,
KOTOpOE IMO3BOJUT HE TOJBKO PACKPHITH MEXaHU3MbI MEKBUIOBBIX B3aMMOOTHOIICHHUH,
HO Takke JacT BO3MOXKHOCTb VIPABISEMOro OHOCHHTE3a HUCKOMBIX BTOPHYHBIX
MeTaboMTOB U (hepMeHTOB Makporpubos [116, 119-121].

Crparerusi COKYJIbTUBHPOBAHHS, UMUTHPYIOIIas CUMOMOTHYECKHE OTHOIICHHUS
OpPTaHU3MOB B HX €CTECTBEHHOW cpene OOWTaHMsA, SBISIETCS BecbMa A(PPEKTHBHBIM
MOJIXO0JIOM K BBISBJICHHUIO M HCIIOJIB30BAHMIO MOIIHOTO pecypca MONyuyeHHUs BTOPHUYHBIX
IpUOHBIX  METAa0O0JIUTOB  (HU3KOMOJIEKYJSPHBIX, IOJUCAXapUAOB, IOJMIIENTUIOB),
MPOSBISAIONIMX ~ AHTUMUKPOOHYIO,  MPOTHUBOOIIYXOJIEBYIO M QHTHOKCHIAHTHYIO
aKTUBHOCTbH, CTOJIb HEOOXOAUMYIO B HACTOSIIIEE BPEMSI.
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M.I'. CAYBEHOBA, E.A. OJIETHUKOBA, )X.H. EPMEKBAH, A.A. AUT)KAHOBA,
JA.J1. BOKEHOB
ToBapuILECTBO ¢ OTPAHUYEHHON OTBETCTBEHHOCTBIO «HaydHO — IPOM3BOICTBEHHBIN
LEHTP MUKPOOUOJIOTHH U BUPYCOJIOTUN», T'. ATIMaThI

KOT'APBI CATBIJJAT'BI CAHBIPAYKYJIAKTAPABI OCIPY AIH
MUKPOBUOJOTUAJBIK ACIIEKTIJIEPI

Tyiiin

XKep mapbiHaarel XalblK CaHBIHBIH ©CYl, TAOUFU PECYPCTapAbIH CApKbUIYBI KOHE
OCBIFaH OAMJIAHBICTHI a3bIK-TYJIKTIH JKETICIIeyl KOpIIaraH OpTaHbl KOpFay KoHe Oanama
TaMak Ke3JepiH aly MakcaTblHAa OHAIPIICTIH OCIMIIK KaJIIbIKTaphlH KaiiTa eHIey
KOKETTUIIr Typasibl MOceJie TYFbI3aJibl. JKOFaphl caThlAarbl CaHBIPAYKYJIAKTAPABl OHIIPY
YIIIH KYpaMbIHJa LEJUTI0I03a 0ap eCiMIIIK KaJIbIKTapbIH Malianany OChl Macenenep i
OHTAMJIBI TIeTIiMi OOJBIT TaObLIaIbI. JKOFaphl caThIIaFbl CAaHBIPAYKYJIAKTAPIBIH KOFAPHI
TaraMJIbIK KOHE IOPUTIK KYHJIBUIBIFBI KOINTEreH 3epTTeyJepMeH HonenueHl. Anaifa,
YKOFapbI CaThIJaFbl CaHBIPAYKYJIAKTap Ikl O6CIPY MPOIIECTEPl OCHI CAIAHBIH OCYIH TEXKEUTIH
CyOCTpaTThIH CeNEeKTHBTUIIN mpobiemachiHa Tam Oonanpl. Kasipri yakbeITTa »KOFapbl
caThIJaFbl CaHBIPAYKYIAKTAp MEH MHKPOOPTaHU3MICPIIH ©3apa OPEKEeTTeCyl Typaibl
MOJTIMETTEp >KUHAKTaNaabl, OYJI JKOFapbl CaTblAaFrbl CaHBIPAYKYJIAKTapAbIH 1C KY3iHIE
KYH/IbI MeTaOONMUTTEpiHiH OacKapbhUIATBIH ©CIpy JKoHE OaFbITTaliFaH OWOCHHTE31HE

MYMKIHIIK Oepei. Makaia MHUKPOOPTraHU3MACP/IiH YKOFaphI CaTbLIaFbl
CaHbIpayKyJIaKTapabl ©Cipy MPOIIECIHE 9CEPIHIH dPTYPJIi aCTIEKTUIEpIHE apHaAJIFaH.
Kiarri  ce3nep: JKOFapPbI caTblIaFbl  CaHBIPAYKYIAKTap,  ©CIMIIK

HIapyambUIbIFBIHBIH 1EJITI0I03achl 0ap KalAbIKTapbl, KOMIIOCTTAY, ©CY Il bIHTAJAHABIPY,
MYTYaJHUCTIK KaTbIHAacTap, MUKoOc(epa.

IRSTI: 34.27.19, 62.13.63

M.G. SAUBENOVA, Y.A. OLEINIKOVA, Z.N. YERMEKBAY, A.A. AITZHANOVA,
D.D. BOKENOV
Limited Liability Company “Research and Production Center for Microbiology and
Virology", Almaty

MICROBIOLOGICAL ASPECTS OF GROWING MUSHROOMS
doi: 10.53729/MV-AS.2021.03.01

Summary

The growing population of the world, the depletion of natural resources and the
associated food shortage raise the question of recycling the plant waste produced to
protect the environment and obtain alternative food sources. The use of cellulose-
containing crop residues for the production of mushrooms is the optimal solution to these
problems. The high nutritional and medicinal value of mushrooms has been proven by
numerous studies. However, the processes of cultivation of higher fungi are faced with
the problem of substrate selectivity, which inhibits the growth of this industry. To date,
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data are accumulating on the interaction of higher fungi and microorganisms, which
opens up possibilities for controlled cultivation and directed biosynthesis of practically
valuable metabolites of higher fungi. The article is devoted to various aspects of the
influence of microorganisms on the process of growing mushrooms.

Key words: higher fungi, cellulose-containing crop waste, composting, growth
stimulation, mutualistic relationships, mycosphere.

The world's population is growing steadily. So, if at the beginning of the twentieth
century there were 1.6 billion people in the world, then it ended with 6.0 billion.
According to the 2015 UN World Population Prospects report, the number of people in
the world in mid-2015 was 7.3 billion, and it is projected that by 2030 it will reach 8.5
billion, by 2050 - 9.7 billion, and by 2100 - 11.2 billion, with most of the growth coming
from less developed countries. An increase in the population of about 80 million each
year raises well-founded concerns about the possibility of providing it with the necessary
amount of food and an adequate level of medical care, as well as about the associated
increased pressure on global ecosystems. Already, food shortages, deteriorating health
and environmental quality are serious problems that negatively affect human well-being.

Despite the constant development of new technologies and innovations, the solution
to the issue is limited by the restricted opportunity to intensify agriculture and livestock,
as stated in the ZERI (Zero Emission Research Initiative) report by Habluzel: “We cannot
expect the Earth to produce more - we must do more with what the Earth is already
producing. " The rapid depletion of traditional resources is forcing people to seek
alternative sources of food, fertilizer and fuel. In this regard, there is an acute need for
deeper processing of various types of waste, their involvement in industrial circulation as
secondary raw materials.

The most common waste of practical human activities that pollute the environment
are various crop residues and other cellulose-containing by-products of agricultural and
industrial human activities, the world production of which is about 200 billion tons per
year [1, 2], the processing and disposal of which is difficult due to for their complex
chemical composition. The widespread method of getting rid of them by burning
(especially in the countries of South and Southeast Asia and Africa) is currently subject to
a strict ban due to the aggravation of the greenhouse effect, high levels of air pollution
that adversely affect public health, the death of beneficial microflora in the soil, and other
objective reasons.

One of the most acceptable and even optimal solutions in this regard in the 21st
century is the production of higher mushrooms, which play an important role in many
aspects of human well-being, as proven by their centuries-old use. Fungi have two types
of extracellular enzymatic systems; a hydrolytic system that produces hydrolases
responsible for the degradation of polysaccharides; and a unique oxidative and
extracellular ligninolytic system that degrades lignin and opens phenyl rings [3]. Without
negative legal, ethical and other consequences, this form of bioconversion has not only
beneficial socio-economic benefits in obtaining food, but also increases the employment
opportunities of the population and has a positive impact on the environment.

Nutritional and biological value of mushrooms

Edible mushrooms are widely consumed in many countries and are valuable
components of the diet due to their attractive taste, aroma and nutritional value, which
makes them a gourmet food. On the other hand, due to the low cost of production and
accessibility for the general population, they are called “meat for the poor” [4]. The
moisture content of the fruit bodies of fresh macrofungi is about 90%. In terms of dry
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matter, they contain 50 to 65% carbohydrates, 19 to 35% proteins, and a relatively low
amount of fat from 2 to 6% [5, 6]. Due to the high content of unsaturated fatty acids
(palmitic, oleic and linoleic), biologically active proteins (enzymes, lectins,
ergothioneine, etc.), phenolic compounds (phenolic acids and polyphenols), vitamins
(thiamine, riboflavin, ascorbic acid, niacin and tocopherols) and other biologically active
substances, mushrooms can be considered as an important source of low-calorie
functional food and nutraceuticals [7]. The great food benefit of mushrooms is that they
contain high levels of dietary fiber [8] and antioxidants. The high content of antioxidant
compounds, easily extracted with a non-toxic solvent, allows the use of Agaricus
brasiliensis extract in the food industry as a natural antioxidant [9].

It is the desire for a balanced diet that has led humanity to an increase in the
consumption of mushroom products all over the world [10]. In China, it accounts for
more than 80% of world production; worldwide, mushroom production is also steadily
increasing (according to FAQ), this is especially true for developing countries.

One of the most widely cultivated mushrooms in Western countries is Agaricus
bisporus, commonly known as white champignon, which occupies ecological niches rich
in lignocellulose. A. bisporus has been an important component of the human diet for
over 200 years. It accounts for most of the total mushrooms consumed in most western
countries. The second most common in the world is Pleurotus spp - the so-called oyster
mushroom. In China and a number of other Southeast countries, preference is given to
Lentinus edodes (shiitake), and also Flammulina velutipes (winter macro mushrooms),
Auricularia auricula (woody macro mushrooms) and Volvariella volvacea (straw
mushroom) are grown [11-14]. Medicinal macro mushrooms have also become
widespread, including Ganoderma lucidum, Cordyceps sinensis [15], Phellinus linteus,
Antrodia cinnaomea, and Xylaria nigripes [12, 16].

As the long-term experience of traditional medicine in the southeastern countries -
China, Japan, Korea, etc., has shown, the fruit bodies of many macromycetes are
characterized by a number of advantages not only of gustatory and nutritional, but also
therapeutic nature. In China alone, over 270 species of mushrooms of medical importance
have been recorded, with more than 100 macromycetes commonly used in traditional
medicine.

The use of mushrooms is completely in line with the old Chinese saying: "Medicine
and food have a common origin." This statement is especially applicable to mushrooms,
the nutritional and medicinal properties and tonic effects, which have long been
recognized as nutraceuticals or dietary supplements [17].

Phenolic compounds, terpenes, steroids and polysaccharides contained in
mushrooms have different biological activities. They have anti-inflammatory [18],
immunostimulating [19-23], antiviral [24, 25], hepatoprotective, antiallergenic, antibiotic
[26, 27], antioxidant [28, 29], hypocholesterolemic and antiatherogenic properties and are
used to treat cardiovascular diseases, hypertension, atherosclerosis, diabetes [30], the
consequences of heart attacks and strokes, Parkinson's disease, Alzheimer's [31, 32], and
also, due to antitumor properties, to reduce the likelihood of cancer invasion and
metastasis [33-38]. These properties have been confirmed both in vitro and in vivo [21,
39-42].

It is very important for modern medicine that macrofungi are an inexhaustible
source of polysaccharides (especially P-glucans) and polysaccharide-protein complexes
that simultaneously possess antiviral, anticancer and immunostimulating properties [43-
47], which makes it possible to develop drugs with complex action. The health benefits of
mushroom dietary fiber include strengthening the immune system, in relation to anti-
cancer functions, and controlling blood lipids and glucose [8].
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Damaging or weakening the patient's natural immunological responses, especially
with chemotherapy and radiotherapy, is a major problem in the treatment of cancer.
Mushrooms help to improve the quality of life of patients due to the fact that they activate
the body's natural immune responses and can be used as supportive therapy and for the
prevention of cancer [48]. The role of such agents from basidiomycetes is increasing in
the prevention and treatment of viral infections, as well as, possibly, in the prevention of
tumor processes that can be "triggered™ in the human body when exposed to viruses.

Although the active effect of mushroom preparations is inferior to that of
chemically synthesized ones, they have a lower cost than their counterparts. In addition,
biologically active substances of fungi do not have a toxic effect, which is noted during
the course of chemotherapy [49].

In recent decades, preparations from the fruiting bodies of mushrooms have
successfully conquered the pharmaceutical markets of Europe, the USA and, especially,
Japan, where they account for up to a third of all used immunocorrectors and oncostatics.
Novosibirsk specialists from the State Research Center of Virology and Biotechnology
"Vector" have identified the most promising strains of fungi that are active against HIV-1,
herpes simplex viruses, West Nile, influenza of various subtypes and orthopoxviruses
(smallpox, etc.), and some of them turned out to be simultaneously active against three or
more pathogens. The well-known birch mushroom, or chaga (fruit bodies of the mown
tinder fungus), became the absolute record holder: its extract suppressed absolutely all the
viruses studied. Some other species of tinder fungus, as well as common stinkhorn, lung
oyster, and oyster mushroom have shown high antiviral activity [50].

Mushroom cultivation

The advantage of fungi lies in their ability to produce a group of complex
extracellular hydrolytic enzymes, such as laccase and universal peroxidases, which ensure
the availability of lignocellulose for further use as a source of carbon nutrition [51, 52].
Mushrooms can be grown using traditional farming methods or using highly industrial
technologies in urban and suburban settings [53-55]. The productivity of mushrooms
with industrial methods of their production reaches 120-150 kg per 1 m? of usable area,
which corresponds to the production of 4.8-6.2 tons of dry protein per hectare per year
[56].

In recent years, a selective substrate has been recognized as optimal, which differs
from the widespread early sterile substrate by the absence of the need for large energy
costs, freeing it from mold fungi and other microorganisms that compete with mushrooms
for food sources. The most widespread and economically viable method of obtaining a
selective substrate for cultivating macrofungi is the method of solid-phase microbial
fermentation, in other words, composting, which makes it possible to dispose of various
wastes. Thus, the commercial production of mushrooms is based on a series of stages of
solid fermentation under controlled conditions, in which the fungi, together with bacteria,
process raw materials, minimize the development of fungal competitors, and stimulate the
fruiting process [57-61].

For growing mushrooms, various lignocellulosic wastes of the agro-industrial
complex can be used - wheat and rice straw, other crop residues, bran, rice husks, corn
cobs, forestry by-products, as well as waste from olive plants, coffee production,
vegetative part of Jerusalem artichoke, cotton stalks, peanut tops, soybean straw, stems,
leaves of pigeon peas, etc. [62-66], resulting in the formation of highly nutritious
ecologically clean biomass.

The most common raw material for mushroom production in Southeast Asia is rice
straw. According to Lin Wang et al. [67], when composting, the temperature of the
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converted mass rises much faster than when composting wheat straw, and the ratio of
carbon to nitrogen decreases faster. The diversity of the bacterial community of rice straw
compost was large compared to wheat straw compost in the early stages of composting,
and then the difference was smoothed out. Accordingly, composting rice straw leads to
improved decomposition and assimilation of decay products by the A. bisporus fungus,
which indicates its greater efficiency. Modern research methods have found that the
diversity of bacteria involved in the preparation of the substrate is significantly greater
than reported in studies based on methods dependent on cultivation. Their livelihoods to a
large extent depend on the composting conditions. Thus, the Bacillales order shows a
relatively higher content of taxonomic units at a higher pasteurization temperature, which
was also associated with measurements of high ammonia emissions, which slows down
the growth of A. bisporus mycelium [60]. Millet straw is also an effective resource for
growing mushrooms, which is not inferior in yield to wheat straw (up to 20 kg/m?). Based
on the 16S rRNA gene sequencing during composting, actinobacteria, Bacteroidetes,
Chloroflexi, Deinococcus-Thermus, Firmicutes, and Proteobacteria were recognized as
dominant types. The key environmental factors for the growth of these microorganisms
were the pH value, the content of cellulose and hemicellulose, nitrogen, lignin, as well as
moisture and ash content [68]. In order to protect the environment, substrates of various
compositions have been investigated, and it has been shown that urban waste such as
cardboard and coffee grounds can also be used to grow Pleurotus mushrooms [69].

The process of creating a selective substrate for the cultivation of A. bisporus is
subdivided into phases, during which a definite sequence of bacterial and fungal
communities, which hydrolytically affect the raw material, is marked. First, there is a
thermobiological treatment, which is essentially a bioconversion of the raw material.
Immediately after the process of wetting the crude mixture with water, mesophilic
organisms from the genera Solibacillus, Comamonas, Acinetobacter, Pseudomonas, and
Sphingomonas rapidly consume readily available nutrients such as free sugars and amino
acids [58, 70]. During this time, ammonia is formed, which stimulates the development of
competing microorganisms such as Trichoderma spp. [71]. Thus, an important role for the
local microbiota during the next phase is to create conditions for its removal from the
compost [60]. During the same period, the development of cellulose-degrading
actinomycetes and fungi, such as Thermopolyspora, Microbispora, and Humicola,
enriches the mature compost with cellulose decomposition products [72]. The
predominance of a variety of cellulolytic microorganisms opens up great potential for
preparing the substrate for further mushroom cultivation.

Although fungi have coexisted and interacted with bacteria from the earliest stages
of their evolution, there is still insufficient information about these interactions. With the
help of modern research methods, it has been established that under natural conditions,
the microbiota selected by fungi is located along the surface of the mycelium and in the
immediate vicinity of it [73]. The environment inside and around fungi, sometimes called
the mycosphere, affects both bacteria itself and is strongly influenced by bacterial
communities to such an extent that many macrofungi are unable to produce fruiting
bodies in a sterile environment [74].

Irshad Ul Haq et al. [75] provide evidence that the hyphae of both mycorrhizal and
saprotrophic fungi, as a result of their release of carbon-containing compounds in soil
with a very low carbon content, create ecological opportunities for the growth and
prosperity of heterotrophic bacteria. The micosphere is a gene transfer arena in which
many genes, including locally adaptive ones, are constantly exchanged between resident
microbial communities [76]. At the same time, plasmids play a decisive role as
accelerators of evolution in the mycosphere, acting as a horizontal gene pool and,

25



Ne 3 (34) 2021

therefore, providing competence factors for both local bacteria and fungi. Recent research
shows that gene transfer from bacteria to fungi is detectable and has evolutionary
implications. The large gene pool present in the mycosphere, combined with the
likelihood of intercellular contact between the inhabitants of the mycosphere, allows an
increase in the frequency of recombination, and therefore organisms are selected locally
to improve fitness.

Using the example of the fungus Rhizopus microspores, which causes late blight in
rice, it has been shown that in the absence of endosymbiont, the host fungus even loses its
ability to vegetatively reproduce, and the formation of sporangia and spores is restored
only upon repeated introduction of endobacteria. This shows that the symbiont produces
the factors necessary for the life cycle of the fungus [77]. An interesting model for
studying three-component microbial symbionts and their evolution is the fungal-bacterial-
viral system, which showed the effect of narnoviruses on the biology of fungi [78].

The benefits for fungi from the formation of mutualistic relationships with bacteria
lie in their improved nutrition due to the joint decomposition of complex
polycarbohydrates, in their consumption of volatile organic compounds synthesized by
microorganisms, as well as in the secretion of antibiotics by microorganisms that suppress
the growth of competing micromycetes and provide protection against parasites. In the
case of ectomycorrhizal fungi (truffles or morels), bacteria contribute to their associations
with plant symbionts [71, 79-84]. In addition, mushrooms are also able to consume
bacterial biomass by assimilating bacterial carbon and nitrogen as a source of nutrients
[58, 82]. For their part, bacteria successfully use fungal exudates in their metabolism [85],
but can also cause a wide range of diseases, and hence significant crop losses [86, 87].

There is evidence that the presence of beneficial microorganisms in substrates for
growing mushrooms stimulates their growth and the formation of fruit bodies [88, 89],
improving the quality and uniformity of products [90]. In some cases, this is associated
with the synthesis and secretion of certain biologically active metabolites, such as
phytohormones (auxin, cytokinin, and ethylene), as well as indolic acid [91, 92]. Kertesz
and Thai [58] studied a number of bacterial and fungal strains promoting the growth of
cultivated Agaricus and Pleurotus species and including bacteria from the genera
Bacillus, Pseudomonas, and Bradyrhizobium. In the process of growing mushrooms, they
acted on the soil, substrate, shell or mycelium of the fungus, increasing the yield and
shortening the growing time. The interactions "microorganisms - fmushrooms" described
to date include stimulating the growth of mycorrhizal fungi with the simultaneous
establishment of symbiotic interactions [79], reducing composting time and improving
the quality of the substrate [60], a synergistic effect of stimulating mycelium development
due to the release of nutrients [82, 93], as well as the fruiting of fungi, that is, switching
from the formation of vegetative tissue to reproductive tissue [94, 95].

There is relatively little information on the bacteria that promote the growth of
mushrooms. It was reported that two strains of Pseudomonas putida isolated from the
casing layers of A. bisporus can be used for growing mushrooms to increase the yield [96,
97]. Some fluorescent Pseudomonas strains living on the surface of the Pleurotus
ostreatus mycelium promote the formation of primordium and accelerate the development
of basidioma. Studying the diversity, stimulating ability and antagonistic activity of
bacterial isolates from A. bisporus fruiting bodies revealed: 36 isolates producing
indoleacetic acid (which is known to stimulate the growth of higher plants); 19 isolates
solubilizing phosphates; and 29 isolates with cellulase activity. About 40 isolates showed
antagonistic activity against one or several pathogens [11]. In this study, cultured bacteria
isolated from the fruiting body of A. bisporus were represented by seven bacterial
families. Five of the sixteen sequenced strains were Bacillus spp., which showed high
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antimicrobial activity against pathogenic bacteria, in particular, B. cereus-like isolate
DY17, which inhibited all tested indicator pathogens, which makes it promising for
further research. Strains of Streptomyces also showed antimicrobial activity.
Pseudomonas spp. is ubiquitous in agricultural soils, some of which promote the growth
of P. ostreatus and A. bisporus [97]. Fluorescent Pseudomonas spp. accounted for 14—
41% of the total number of bacteria present in the casing layer, their population increased
during the cultivation of A. bisporus, which had a positive effect on the yield of the
fungus [96, 98].

In studies by Yan Jun Ma et al. [99] in the bacterial community of the fruiting body
of the fungus Shiraia sp. S9 was also dominated by Bacillus and Pseudomonas. Some
Pseudomonas isolates, such as P. fulva, P. putida, and P. parafulva, stimulated the
accumulation of hyaluronic acid in fungi. Treatment with P. fulva SB1 bacteria
approximately 3.25 times activated the expression of the enzyme and carrier genes
necessary for its biosynthesis and exudation. On the other hand, B. cereus has shown the
ability to reduce its fungal toxicity. The stimulating activity of strains from the genera
Bacillus and Pseudomonas on the growth of higher fungi was also noted by other authors
[88, 96, 97, 99, 101]. It was revealed that Bacillus spp. species, in particular P. polymyxa,
are involved in increasing the selectivity of substrates for cultivation both by inhibiting
the growth of Trichoderma (Trichoderma harzianum) and by protecting the fungus P.
ostreatus due to the induction of laccases. Thus, the management of microbial
communities during the cultivation of P. ostreatus, for example, preparation of a substrate
to support the growth of P. polymyxa and other Bacillus spp., Can be a way to optimize
the production and other use of fungi [102]. It is interesting to note that the maximum
antagonistic activity against T. harzianum MTCC 3178, as well as other pathogens, was
demonstrated by Bacillus spp. Isolated from the saline soils of Goa. This made it possible
to recommend them as a natural fungicide alternative to synthetic fungicides used in
mushroom cultivation [103].

Thus, a new line of research based on the use of microorganisms that promote
fungal growth, supplementing the natural microbiota, covering nutritional deficiencies
and performing a protective function, is considered as a useful guide for assessing the
needs of mushrooms and for the development of new formulas for commercial
supplements [91].

Conclusion

In conclusion, it should be noted that the benefits of growing higher fungi are not
limited to the nutritional and biological value of their fruit bodies. The substrate
permeated with mycelium, remaining after their cultivation, is a biomass that exceeds the
production of fungi by weight not less than 5 times [52], enriched with proteins, which
are dominated by essential amino acids - leucine, threonine and lysine, which makes it
possible to use it as a feed additive [56, 104-108]. For Kazakhstan, it can be of particular
value, since there is a shortage of fodder protein in the republic's animal husbandry, with
only 20% of the provision with compound fodders [109]. Currently, from 80% to 85% of
all food and medicinal mushroom products are obtained from fruit bodies, and only 15%
of them are based on mycelium extracts. Meanwhile, the use of mycelium extract as a
food bio-ingredient may represent an innovative strategy to prevent and/or reduce the
negative consequences of microbial spoilage of food and be of great importance for the
food and pharmaceutical industries [110].

The substrate can also be used as a solid fertilizer in crop production [111]. Spent
mushroom compost is a waste that can be recycled as a substrate to support a new
commercially viable crop cycle with the addition of the necessary additives [91, 112]. In
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addition, it can be used for the production of packaging and construction materials,
biofuels and enzymes [113]. The presence in some basidiomycetes of a wide spectrum of
antimicrobial activity against opportunistic and pathogenic microorganisms, which are
dangerous contaminants of food, made it possible to propose their use as a basis for a
polymer coating with antimicrobial properties to protect food from spoilage. The high
hydrolytic activity of fungi also makes it possible to use them for the biodegradation of
organic pollutants, xenobiotics, and industrial pollutants [114].

The biotechnological potential for the production of mushrooms has great
prospects. Progress in this direction should be expected from the development of methods
for controlling the biosynthesis of secondary metabolites by fungi that exhibit the highest
biological activity. In artificial cultivation, which differs from existence in natural
conditions, in the absence of natural competition between the pool of detected metabolites
and the capabilities of the genome, there is a large gap, which is explained by the
presence of “silent” genes [115-116]. The contribution of plant and animal microbiomes
to the "extended phenotype” of their hosts is well studied, while research on fungal
microbiomes has just begun. It has already been shown that the amount of bioactive
metabolites of fungi obtained from a cultivated fungus grown by an artificial method is
much less than the amount obtained from wild fruit bodies [117]. Wild mushrooms are
also considered to be a more promising source of B-glucan used in the food industry and
for medicinal purposes [118]. This testifies in favor of co-cultivation of fungi with other
organisms, in particular, with bacteria, which will not only reveal the mechanisms of
interspecies relationships, but also provide an opportunity for controlled biosynthesis of
the desired secondary metabolites and enzymes of macrofungi [116, 119-121].

A co-cultivation strategy that mimics the symbiotic relationship of organisms in
their natural habitat is a very effective approach to identifying and using a powerful
resource for obtaining secondary fungal metabolites (low molecular weight,
polysaccharides, polypeptides) exhibiting antimicrobial, antitumor, and antioxidant
activity, which is so necessary at present.
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NCCIEJOBAHUE MUKPOBHUOMA KEJYJAOYHO-KHIHNEYHOI'O TPAKTA
KPYIIHOI'O POI'ATOI'O CKOTA IIOPOIbI ABEPIMH-AHI'YC
doi: 10.53729/MV-AS.2021.03.02

AHHOTAUUSA
Llenpto wuccienoBaHusi ObUIO  OMpeAeNieHHe TaKCOHOMHUYECKOM CTPYKTYpBI
MUKpOOMOMa KHINEYHHKA KPYITHOTO pOTAaToro CKOTa Topoasl AOepawH-AHTYC C
MOMOIIBI0 TEXHOJOTMH CEKBEHHPOBAHUS HOBOTO TMOKONEHUs. 16S MeTareHOMHbIN
aHaJIW3, MO3BOJWI ONPEIEIUTh MUKPOOHBIH COCTAaB COAEPKUMOIO KUIIEUHUKA, MUHYS
CTaJAWI0 KyJbTUBUPOBAHMS Ha NUTaTeNbHBIX cpenax. [IpoBeneHa reHeTuyeckas
UACHTUGUKAIMS ¥ TIOIY4eH TAaKCOHOMHYECKHMH TPOQHIb BCEX NPUCYTCTBYIOMIUX
OakTepuii, B TOM YHCIE U HEKYIbTUBHPYEMBIX (OPM.
KiloueBble cioBa: MHKpOOMOM, KpYHHBIA porartblii ckoT, AOepanH-AHrycC,
CEKBEHHPOBAHHUE HOBOTO ITOKOJICHUS.

W3yueHre MHUKpPOOPraHM3MOB Ha MOJEKYJISIPHOM YpPOBHE OTKPBUIO Mepes
YYEHBIMH HOBBIE BO3MOXXHOCTH M3Y4YE€HHS MHUKPO(MIOpPHl OPraHOB M TKaHEW >KUBOTHOTO.
Ha cmeny ycrapeBiieMy TepMHHY «MUKpo(dIopa» MpUXOAUT Oojiee MIMPOKOE MOHSTHE
MO/l Ha3BaHMEM «MHUKpOOMOM». MukpobuoM mnpencraBiser co0oil cooOliecTBo
OaKkTepHii, KOTOpOe KaX/Iblii OpraHM3M HMMEeT BHYTPU M CHapyXu cBoero tena. s
KaXXJI0ro MHAWBHUJA OH ABJIACTCA YHUKAJIbHBIM W COACPKUT B ACCATKHU pa3s 0omnblIe
KJICTOK U T'€HOB, YeM COOCTBEHHBIX I'€HOB OpraHu3Ma. MUKpPOOHOM pEeryinupyeT MHOTHE
KU3HEHHO Ba)KHBIE TPOIECCHl oprann3ma. Ero m3ydeHne HEOOXOAMMO ISl JeTaabHOTO
MOHMMAaHMsI TPOLECCOB, MPOMCXOJAIINX MEXAy MHUKPOOPraHMU3MaMHM, HaceJSIOIIUMU
OHpeﬂeﬂeHHBIﬁ opraH, 1 X B3aUMOCBSA3bIO C KIICTKAMH OpPraHu3Mma.

TpaguMOHHO MHKpOOHAas TMOMYJSALUS H3ydanach IOCPEICTBOM TEXHHUKH
KYJIbTUBUPOBAHHA, IMPOBEACHUA (1)I/I3I/IO.]'IOI‘I/I'-ICCKI/IX A OMOXMMHYECKHX TECTOB. HaHHBIe
METOBI TPYIOEMKH, 3aHUMAIOT MHOT'O BPEMEHH, TPEOYIOT NpeaBapUTEeNbHBIX 3HAHUN O
MHUKpOOpraHusMax jid WX BBIACICHUA U3 COO6H.[CCTB3, HE€ TaK TOYHBI, KakK
UACHTU(DUKAIMS TEHOTUTHYECKUMHU METOJaMU U KPOME TOT0, HE MO3BOJISIOT MOTHOCTHIO
UICHTUQUIMPOBATH BCE MHUKPOOPTraHU3Mbl M3-32 MPHUCYTCTBUS TaK Ha3bIBAEMBIX
«HEKYJIBTUBUPYEMBIX (OPM».

BcecTtoponnee m3ydueHue cocraBa MHUKpOOMOMa OTHAEIbHBIX OPraHoB M TKaHEH
OpPraHU3MOB CTal0 BO3MOXHO ¢ nosBieHHeM NGS-cekBeHHpPOBaHUS HOBOTO MOKOJICHUS
(Next Generation Sequencing). HccrnenoBanue 1Mo 3TOH METOAMKE MPOBOIUTCS Oe3
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CTalu¥ KYJIbTUBHPOBAHH, TO €CTh, U3 O0pa3la HAMpPSIMYIO BBIICISETCS BCS TEHOMHAs
JIHK, xoTopas u mnoJBepraercsi CEKBEHHPOBaHHIO. B oTIuM4HMe OT KIacCHYECKOro
cexBeHupoBanusi 1o Cenrepy NGS-mmatdopmbl TO3BOISIOT MPOYUTHIBATE MHJUIMOHBI
Hebonpmmx ¢parmentoB JIHK mapamnenbHo ¢ AByX CTOpOH, B pe3yjibTare 4Yero
II0JIy4aeTCs OIPOMHOE KOJMYECTBO JIaHHBIX. 3a OJMH 3aIllyCK CEKBEHATOPOB HOBOI'O
MOKOJIGHUSI MOXKHO ONPEIENIUTh OT HECKOJbKHX JIECATKOB ThICSY 0 HECKOJIbKHX
MUJUTHAPIOB HYKJICOTHU/IOB B 3aBUCUMOCTHU OT MOCTABJICHHBIX 3ajad.

K coxanenuto, HCIONb30BaHHE JaHHOW TEXHOJOTMH Ha >KMBOTHBIX €Ille
HEJOCTaTOYHO PACIpPOCTPAHEHO M3-32 CTOMMOCTH aHaJIW3a U  HEIOCTYIHOCTHU
TexHojoruu. HecMoTpst Ha 3T0, B MOCIIEIHIE TOAbI B MUPOBOW HayKe aKTUBHO M3Yy4aeTcs
MUKpPOOHOM TMPOTYKTUBHBIX >KUBOTHBIX. JKBauyHBIE J>KUBOTHBIC, BKIIIOUAs KPYIHBIA U
MEJKUH poraThlii CKOT, COCTABJISIIOT Ba)XHbIH HCTOYHHMK MHUIIEBBIX MPOIYKTOB st
genmoBeka. OHH  SBISIOTCS  XO35ICBAMH  CJIOXHOTO  KHIIEYHOTO  MHKPOOHOMa
(BKiItOYaromero OakTepuu, apxew, MPOCTEeUIINe U T'puObl), KOTOPBHIA B CBOIO OuYepellb,
obOecrieunBaeT BBIPAOOTKY Pa3IUYHBIX (EPMEHTOB, HEOOXOJHMMBIX I PACHICTUICHUS
pPACTUTENBHBIX BOJIOKOH HA JIETy4yHE >KUPHBbIE KHUCIOTHI U MUKPOOHBIN ChIpOil OenokK.
CocTtaB MHUKpOOHOTO COOOIIECTBA, YJaCTBYIOIIUHA B MUKPOOHOM MeTabonm3me pyora,
MpeACTABISACT OONBIION HHTEPEC I KOPMJICHUS KUBOTHBIX [1].

JKelyqo4HO-KMIIEYHbI ~ TpPakT  KBAYHBIX  MMEET  IIMPOKHM  JHana3oH
MHUKPOOPTaHHU3MOB, YTO 3aTPYIHSET BOCIPOHU3BEICHHE YCIOBUHM ISl MX ONTUMAIbHOTO
pocta. bosbiias 4yacte MHKpPOOOB HE KyJbTHBHpPYETCS IN VItr0 W HE MOXET ObITh
BhIpallleHa Ha TaOOpaTOPHBIX MUTATEIbHBIX cpeaax. BoipamuBanue aHa3poOOB JOBOJIBHO
CIIO’KHO H3-32 HEOOXOIUMOCTH UCKIIIOUEHHS KUCIOPOJIa, MEIUIEHHOTO pOCTa MUKPOOOB H
CII0)KHOCTH APYrux TpeboBaHuil Kk pocty [2,3,4].

MarepuaJjisbl 1 METOIbI

O6pa3ub! pexanuili oTorpany U3 IpsIMON KUILIKK OT TPEX I0JI0B KPYIHOTO pOraToro
ckota AOepIuH-AHTIYCCKOW TMOpOABI CEAbMOIO MOKOJEeHHs AJIMAaTMHCKON oO0xacTu.
[IpoGpl HEMenneHHO 3aMOpaXMBalIM B CyXOoM Jbay U Xpanwi npu -80 °C B
MOpO3UIbHON KaMepe 110 Boiaenenus JTHK.

MuxkpoOnyto JIHK u3 ¢ekanuii skcTparupoBaiy ¢ MOMOIIbIO Habopa Juis Kaja
QIAamp DNA (Qiagen, Banencus, Kanudopuus). 3arem uzmepsiiin konentpanuto JJTHK
¢ nomotisio pryopumerpa Qubit® 2.0 [5]. ['unepBapuabensHbie obnactu V3-V4 rena
16S rRNA ammnudunuposanu ¢ nomotbto [P u3 20 Hr TotansHo# ounmenHoi JTHK
amanTuBHbIME  onuronykiaeotugamu  lllumina, coBmecTuMbiMu ¢ TTaTdopmoi.
ITocnenoBarensHOCTH paimMepoB ObuIH CIEYIOIINUMU: 341/357F,
CCTACGGGNGGCWGCAG wu 805/785R: GACTACHVGGGTATCTAATCC [6].
Konnentpanuto u pasmep JIHK ompenensnu ¢ ucnonmszoBanuem BioAnalyzer 2100
(Agilent, ITanmo-Anbro, Kamudopuus). AMIUIMKOHBI ouMiand Habopom Agencourt
AMPure XP (Beckman Coulter Genomics, JlanBepc, Maccauycerc). bubmmoreku
TOTOBWJIM B HECKOJBKO OJranoB: noixydeHue [ILIP-npoaykra ¢ yHUBEpcaabHBIMHU
IpaiiMepamu, OLIEHKa €ro KauyecTBa U KOJIMYECTBA, OYMCTKA, IPUCOEANHEHNE MHIEKCOB
[llumina B TIIIP mare, ouncTKa, OllcHKa Ka4eCTBa W KOJIMYECTBA MPOJAYKTA C HHIAEKCAMH,
HOpMasu3aius, o0beIMHeHNe, NeHaTypanus ouommuotek. [1yn OubnnoTek cekBeHUpOBaIn
B cekBeHarope [llumina MiSeq ¢ momompio Habopa pearerTos [llumina MiSeq, cormacHo
MPOTOKOIY MPOU3BOAUTENA. BTOpuuHBI aHanmu3 wiM 00paboTKa JaHHBIX OblIa
MPOBEACHA C MOMOIIBIO MporpaMMmHoro obecrieuenus MiSeq Reporter software (MSR).
TakcoHoMuYeckass MACHTU(PHUKAIMSA MUKPOOPTaHU3MOB MTPOBOJIMIIACH ITyTeM aHaiu3a V3
u V4 peruonoB 16S rRNA rena 6akrepuii B MexxayHapoaHoi 0aze manabix Greengenes
database (http://greengenes.lbl.gov/).

38


http://greengenes.lbl.gov/

MHUKPOBHOJIOI'USA )KOHE BUPYCOJIOT' UL ISSN 2304-585X www. imv-journal.kz

PesyabTaTel U 00cyKIeHHE

WUnentudukanuss nOpucyTCTBYIOMMX B 1pobe OakTepuil MpoBoAMIIach IO
CIICAYIOIIMM TaKCOHOMHYECKUM YPOBHSAM: LIAPCTBO, PHIIyM, KIlacc, MOPSAIO0K, CEMEHCTBO,
POIl ¥ BUJIL.
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Pucynok 1 - CpaBHeHUE OTHOCUTENBHOM yncieHHOCTH (%0 OT 00IIero KOJIu4ecTBa)
OCHOBHBIX OaKTepUATBHBIX TUIIOB, O0HAPYKEHHBIX B MUKPOOHOME KHIIIEYHHKA KPYITHOTO
poraroro ckora

Kaxk mokasaHo Ha PUCYHKC 1, OOJIBIIIUHCTBO OIICPaTUBHO TAKCOHOMHNYCCKUX CAUHUAILL
(OTU) B dekanusix ckora mopoasl AdepauH-AHryc ObLIH OTHECCHBI K TunaM: Firmicutes
(55%), Proteobacteria (16,8%), Actinobacteria (9,1%), Bacteroidetes u Euryarchaeota
(5,1%), Verrucomicrobia (1,6%), Cyanobacteria (0,4%), Synergistetes (0,3%). Bouiu
B3ATBl CpEIHHE pe3ysibTaThl MO BceM JKUBOTHBIM. K Tumy Firmicutes, onocuiuchk
cienyrormme  cemeiictea:  Clostridiaceae  (19,7%),  Lachnospiraceae  (7.1%),
Veillonellaceae (0.5%), Ruminococcaceae (3.4%), Peptostreptococcaceae (2.1%), u
Turicibacteraceae (0,4%). Cpeau Tuma Bacteroidetes npucyrcTBOBaIO CeMEHCTBO
Bacteroidaceae (0,9%).

-
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0

Pucynok 2 - MukpoOHBbIi mpoduiib 6aKkTepraIbHOrO COO0IIeCcTBa KUIIEYHUKA Ha YPOBHE
ceMelicTBa
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W3 pucyHka 2 BUJHO, YTO HAa YPOBHE OaKTEpUAIbHBIX CEMEHCTB Yy KOPOB HOPOJbI
AbepauH-AHryc npeBanupoBain cemeiictBa Enterobacteriaceae (6,7%), Planococcaceae
(5,9%), Moraxellaceae (4,1%), Methanobacteriaceae (3,3%), Coriobacteriaceae (2,5%),
Corynebacteriaceae (1,8%), Porphyromonadaceae wu Erysipelotrichaceae (1%),
Peptococcaceae (0.5%).
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Pucynok 3 - MukpoOHbIii mpoduias 6akTepruabHOTO COO0IIecTBa KUIIIEYHHKA HAa YPOBHE
poza

Kak mokazano Ha pucynke 3, poxsl: Alkaliphilus (7,0%), Clostridium (6,6%),
Acinetobacter  (4,1%), Solibacillus (4,2%), Blautia (3,2%), Colomator wu
Methanobrevibacter (3,0%), Coriobacteriaceae (2,5%), Serratia (2,3%), Ruminococcus
(2,2%), Escherichia (2,6%), Butyrivibrio u Corynebacterium (1,8%), Oscillospira
(1,2%), Akkermansia u Enterococcus (0,8%), Mogibacterium (0,6%), Bacillus (0,5%),
Lactobacillus (0,3%) Obl1i TakcoHaMu OaKTEpHiA MPSMOI KHIIIKH.

[To nuWTepaTypHBIM HCTOYHHMKAM, OTHOCHTEIbHAS YHCIEHHOCTh MpPEICTaBHTENCH
tuna Bacteroidetes (5,1%) B MHKpPOOHOM COOOINECTBE MMHUINEBAPUTEIBHOTO TPaKTa
camxaetcs, korqa KPC ckapMIMBarOT OOJBIIMM KOJHUYECTBOM 3€pHA, YTO IMO3BOJISIET
tuny Firmicutes  (55,0%) wu npyrum yCIOBHO-TIATOTCHHBIM THIIAM, TaKUM Kak
Proteobacteria (16,8%), pa3mHOkaTbcst ObICTpEe B €AMHHILY BPEMEHH, YTO MPUBOAUT K
yBenmuueHnuto goau Firmicutes u Proteobacteria [7,9]. OgHako wccienoBaHust APyrux
aBTopoB [10] GBUIM MPOTHBOIOJOKHBIMHU, YTO TOATBEPIKIACT HAIIU MCCIICAOBAHUS, TaK
KaK >KHBOTHBIX B JJAHHOM XO3SMCTBE CKapMJIMBAIU (ypaKHOW NHETON (CHUIIOC, CEHaX),
0e3 100aBJICHUS KOHIICHTPUPOBAHHBIX KOPMOB. Tak)ke yBEIWYEHHE OTHOCHTEIHHOM
YHCIIEHHOCTH TakCOHOB Firmicutes waGmrogaercst B TpyIie KUBOTHBIX C TOBBIIICHHON
3 PeKTUBHOCTHIO KopMiteHust [21].

OtHocutenbHO Bacteroidetes m3BecTHO, YTO MAHHBIA THI SBJISETCS MEPBUYHBIM
JECTPYKTOPOM CJIOKHBIX TMOJMCAXapUIOB B KJIETOYHOW CTEHKE pacTeHuil. IToCKONbKY
CKOT moJiaraetcsi Ha 3TH (pepMeHTHI s YPGEKTHBHOTO PA3JIOKEHUS W TIEPeBAPUBAHUS
KJIETYaTKH, yBEIMYEHHE KOJMYecTBa CooTHomeHus Firmicutes k Bacteroidetes B
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nuiieBapenue HexenarenbHo [7,9]. Tunsr Proteobacteria u Cyanobacteria (0,4%)
CIIOCOOCTBYIOT BBICOKHM IMOKa3aTeNsiM MPHPOCTa Macchl Teja )UBOTHOTO [8]. OmHako
4ype3MEpHOEe  KOJIMYECTBO mpexacraBurenicii  tunma Proteobacteria  cmocoGcrByer
BoCHajeHuto Kuineynrka [24]. B wactHocTr, Mao u mp. [11] u Li u ap. coobumwmu [12],
YTO 3HAYMTEIBHOC YBEJIMUCHHUEC KOPMIICHHS 3CPHOM YBEIMYHMBAJIO YHUCICHHOCTH
Proteobacteria, Torma xak Khafipour u np. [13] u Plaizier u ap. [14] ne HaGiromanu
storo s¢dekra. Tun Euryarchaeota (5,1%) sisisiercst Hanbosiee mpeo01aaroiuM THIIOM
apxeii, KOTopble BhIpabaThiBatoT MeTaH [23].

Otpsin Bacteroidales (2,5%), (tun Bacteroidetes), KOTOpBI BKJIIOYACT BHIBI,
KOJUPYIOIIHE IMUPOKHHA CIEKTP CIOCOOHOCTEH K PAa3IONKEHHUIO MOJHCaXapuoB
pacTteHuii, a Takxe cemelictBo Ruminococcaceae (3,4%) (tunm Firmicutes) Obutn
HanboJIee MHOTOYHCIICHHBIMA TaKCOHAMH y BCEX KUBOTHBIX, MONYyYHBIIUX (Qypax [7].
Otpsin Bacteroidales Oosee MHOrOuMCIIeH B paliOHaX C BBICOKHM COJCPKAHUEM
bypaxa, ¥ 3TO CBA3aHO C MEPEBAPUBAHUECM KJICTYATKH U OMOTHIPOTreHU3ANNCH KUPHBIX
kuciot B pyoue [25]. CemeiictBa Bacteroidaceae (0,9%) u Peptococcaceae (0.5%) -
MOJIe3HbIe OaKTEpUU H3-32 UX CIIOCOOHOCTH CHHTE3MPOBATh BUTAMHUHBI, OMOTaTh
MUIIEBAPCHUIO, CTUMYJIMPOBATh HMMYHHYIO (YHKIMIO W [OAaBISATh IaTOTCHHBIC
MUKpPOOBI [24].

CewmeiictBa Enterobacteriaceae (6,7%) wu Turicibacteraceae (0,4%), mnoka3anu
3HAYUTEIBHO OOJiee BBICOKYIO YHMCICHHOCTh B TPYIIIE JKABOTHBIX, KOTOPBIX KOPMHIIH
3epHOBBIMU KyJIbTypaMH, TOT/Ia KaK mpeacTaBuTenu Bacteroidaceae Obuiv 3HAYUTETIHHO
BBIIIIE 110  YHCICHHOCTH B  TPYyNIE  JKABOTHBIX, MHUTAMOMICHCS  TPaBOM.
Enterobacteriaceae Bkitouaer B ce0s1, HapsAy CO MHOTMMH O€3BpEIHBIMA CHMOUOHTAMH,
MHOTHE HW3BECTHBIC MATOTeHBI, B HamieM ciydvae, pon Serratia (2.3%) [15] u poxn
Escherichia (2.6%). Bunsl, otHOcsmmuecs k poxy Escherichia, sisisirorcst oOutarensmu
XKKT TemaoKkpoBHBIX JKHBOTHBIX, HO MHOTHE W3 HHMX MaTOreHHble. VI3BeCTHO,
yro Escherichia, Haxomsich B KHIICYHHKE, TOPMO3SAT KHUILICUHBI TPAH3UT U
JIBUTATEIbHYIO aKTUBHOCTH KUIIKH [27].

Otpsin Clostridiales (37.6%), Tun Firmicutes mpeo6manan y ObIYKOB ¢ OOJIBIIHNM
ADG (mpusec) [8]. Cemeiictea Clostridiaceae (19,7%) u Veillonellaceae (0,5%), a
takxe pox Clostridium (6,6%) y4acTByrOT B MeTabommu3Me sxeauHoi kucmotsl [8,15]. B
mporiecce KU3HEACSITeIbHOCTH KIOCTPUINH MTPOAYIIMPYIOT KOPOTKOIICTIOUSUHBIC YKUPHBIE
kuciotel. CemetictBo Clostridiaceae BaxHo i TepeBapyBaHUS YIJICBOJOB M OCIIKOB.
Oo6wme Clostridiales c¢Bs3aHo €O CHMXKEHHEM BOCHAJICHUS KHUINCYHHKA H3-3a
noBbIIeHHOM dKcnpeccun 1L-10 B ToncTo kuike [25].

IMpencraButenu cemeiictBa Ruminococcaceae (orpsa Clostridiales) cesizanbr ¢
MepeBapuBaHUEM KJIETYATKHA, (EPMEHTHPYIOT KpaxMal W MpPeBpalialoT MePBUYHBIC
JKEITYHbIC KUCIIOTHI BO BTOpUYHbIC. Hanbojee MHOTOUMCIIEHHOE CEMEHCTBO B TpYIIIE,
MUATAIOIICHCS TPaBOM, BO3MOXKHO TOTOMY, YTO 3Ta Tpymnna OaKTepuil 3aBUCUT OT
MUIIEBBIX BOJIOKOH B KauecTBe McTo4YHMKaA 3Hepruu [15, 25]. Ruminococcaceae o6bu10
Oonbire y ObrukoB ¢ OompimuM ADG. Kak m Lachnospiraceae (tun Firmicutes, orpsia
Clostridiales), moBeimennsie ypoBHH Ruminococcaceae ykasbiBaroT Ha 0OoJiee MOJTHYIO
bepMeHTaMI0O ¥  yBEJIHYEHHE YCBOSIEMBIX IMHMTATCIBHBIX BEIIECTB, JOCTYITHBIX
XKHUBOTHOMY [8].

B cemeiictBax Lachnospiraceae (7,1%) u Ruminococcaceae mnpuCyTCTBYIOT
alleTOreHbl. AIIETOTCHBI MOTYT CIIY)KUTh TOTJIOTUTENIEM BOJOPOJa M YBEIMYHBAKOTCS,
€CITi MPOU3BOACTBO MeTaHa cokparmaercs [8]. Ilossiennsie ypoBHH Lachnospiraceae
MOT'YT yKa3bIBaTh Ha 0OJiee aKTHBHYIO (DEPMECHTAIIMIO B CIICTION KHUIIKH, YTO TPUBOIMUT K
YBEJIMUEHUIO KOJIMYECTBAa MHTATEIbHBIX BemecTB 3a cyer abcopobupyembix JDKK
(IeTyunx KHPHBIX KHCJOT), JOCTYIHBIX JKHBOTHOMY. Mmuorue Lachnospiraceae
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MPOU3BOAAT OYyTHUpAT B pe3yJbTaTe IEPeBapUBAHMs YIIICBOJOB, KOTOPBIA SBISIETCS
MUTATEIbHBIM ~ BEHIECTBOM Ui KHINCYHHKA. bojee  BBICOKas  YHUCICHHOCTh
Lachnospiraceae B rpymmax >KHBOTHBIX C BbICOKUM ypoBHeM RFI (morpeGienue
OCTaTOYHOTO KOpMa) MOXKET YKa3blBaTh Ha yCWJeHHE MeTabonu3Ma OyTupaTta W,
cienoBarelibHO, Ha 3ddekruBHocTh Kopmienus [8,20]. Lachnospiraceae Taxxke
bepMeHTHPYIOT TIEKTHH [25].

[TpeoOiamanre OTHOCHTENIBHOM YHMCICHHOCTH cemeicTB Lachnospiraceae (7,1%),
Enterobacteriaceae (6,7%), Turicibacteraceae tun Firmicutes (0,4%), B oTimume OT
Ruminococcaceae (3,4%), Porphyromonadaceae (1,0%), Bacteroidaceae (0,9%),
yKa3plBae€T Ha TO, YTO >XKMBOTHBIX KOPMHJIM 3epHOBOM muertoii [15]. Lachnospiraceae
ObuTH O0JIee MHOTOYHCICHHBIMU y OBIYKOB ¢ HAaMMEHBIIUM KosmdecTBoM ADG. Shabat u
Ip. OOHApYXWIHM, YTO Yy JOWHBIX KOPOB C HaWMeHbIned 3((eKTHBHOCTHIO KOpMa
(6compmum  RFI) Obuto  Gombmie mpencraBurteseir Lachnospiraceae. Li u Guan
obnapyuiu, uro Lachnospiraceae 6w cBsizanbl ¢ BeipanuBanuneM KPC ¢ Gosbimnm
RFI (menee 3¢ (ekTHBHBIM); OHAKO 3TH HAOIIOJCHHUS POTHBOIOIOKHBI HAOIIOCHUAM
Myer u ap., koTopble 00HapyxuiH, uTo Lachnospiraceae 6osiee MHOTOYHCICHHBI CPEIn
Ob1ukoB ¢ HauOonpmum ADG [8, 17,18, 19].

IIpencraButeneii cemeiictBa Erysipelotrichaceae (1.0%) Obu10 Gouibllie B Clienoi
kumke ObrakoB ¢ HamOompimmMm ADG u HammenpmuMm  ADFIl  (cpemnecyrounoe
notpebnenue kopma). Erysipelotrichaceae cBs3an ¢ MeraboaM3MOM JHIHMIOB U
Bocriasiecauem. CemeiictBo Coriobacteriaceae (2.5%) tun Actinobacteria (9,1%),
MOJYJIMPYeT MeTabOoJIM3M JIMITUI0B y skuBoTHOTO. COriobacteriaceae Obuia MOBHIIICHA Y
ob1ukoB ¢ 6onpium ADG [8].

[Iupoxo u3BectHsiii poa Lactobacillus (0,3%), tun Firmicutes, orpsa Clostridiales
SIBJISICTCSL TIPOM3BOJAMTENIEM MOJIOYHOM KHUCIIOTHI (JJaKTaTa) U3 Kpaxmaia, HaOJIoAaroTCs
€ro BBICOKHE YPOBHU OTHOCHTENBbHOW umcieHHoctd y KPC 3epHOBOro oTkopMa.
MorouHasi KHCIOTa He METa0OIM3UPYETCsl )KUBOTHBIM, OHa BMECTO ATOTO MOTJIOIIACTCS
4yepe3 CTeHKH pyOla, BBI3BIBACT IMOBBINICHWE COJACP)KAHUS MOJIOYHOW KHCIIOTHI W
cHmkenre pH B kpoBu, B pyOue Takxke npoucxonut Hakoruienue JOKK, okasbiBaroiee
naryOHOe BIMSHHE Ha MUKPOOHMOTY M XMBOTHOE. DTH Pe3KHE M BHE3AITHbIE M3MEHECHUS
NPUBOIAT K CHWXeHuto pH B pyOie u yBenuueHuto konmuectBa BuioB Lactobacillus.
Pomer Lactobacillus, Clostridium, nenaror »kemdHble KHCIOTHI JOCTYIMHBIMH IS
nanpHewmei onorpancdopmaruu. Poasr Lactobacillus ' Ruminococcus (2,2%) Obutn
3HAYUTEJIBHO BBIIIE B TOIIEH KHIIKE TPYIIbBI )KUBOTHBIX, MOJYYaBIIEH 3epHO, TOTa KaKk
Solibacillus (4,2%) ObLT 3HAYMTENLHO BBIIIC B TPYIIE, MOJyYaBIICH TPaBIHOC MUTAHUEC
[15, 20].

Pon Butyrivibrio (1.8%) npunamiexutr k cemeiictBy Lachnospiraceae [8].
Butyrivibrio cBs3an ¢ pacmagoM reMHIEIION03b6I B pyOlle U KOHEYHBIM MPOIYKTOM
(bepMeHTaIuu ABISIETCS OyTUPAT, KOTOPBIH SBISETCS BaXKHBIM HCTOYHUKOM SHEPTUU IS
SMUTEIMAIBHBIX KJICTOK KHUINEYHUKA, Takke kak u Blautia (3.2%) [8,21]. UnensdToro
polla 4acTo MACHTHU(PHUIMPOBAINUCH KaK CBA3aHHbIE C OBbIYKAMHU, KOTOPBIX 3(h(HEKTHUBHO
xopmuiu [21]. Butyrivibrio pasnmaraer nuktuH, QeHunanaHuH, TUPO3UH M TpUNTodaH
[8,26].

Pox Ruminococcus - camblii MHOTOUMCIICHHBINH pon Tuma Firmicutes. Kopmiienue
3¢pPHOM B II€JIOM acCCOLUUPYETCS C YBEIMYCHUEM OTHOCHUTEIBHOTO COJICPIKAHUS
Ruminococcus u cokpamenus poxa Acinetobacter (4,1%) [13]. Pox Ruminococcus
UIrpacT OCHOBHYIO POJIb B Pa3lIOKEHHH PYOIIOBOM HEUTIOI03bI (Torcaxapuasl) [8,22].
RUMINOCOCCUS BXOJUT B YMCIIO OCHOBHBIX HACIEIYyEMBIX OAKTEPHiA, YTO COOTBETCTBYET
KIro4eBoil ponu B memwmononuse [16,21]. Pox Akkermansia (0,8%) cmocoGcTByrOT
Bocnianiennto [8,24]. Pox Escherichia (2,6%) npomyuupyer TOKCHYHBIE COCAMHEHHS
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nyreM ¢epmentanuun OenkoB [24]. Escherichia albertii  (2,3%) - Haubosee
MHOTOYHCIICHHBIA BHJ U3 OOHAPYXKCHHBIX, SBISETCS €Ae-MO3UTUBHBIM IITAMMOM
Escherichia coli, ormuyaronuiics ot 0osranoit E.colli manmumnem momonnurensHoro eae
eena [29]. Hdons komu GakTepwii CYIIECTBEHHO YBEIMYMBACTCS MPH BOCHIATUTEIBHBIX
mporeccax u npuBoAMT K aucbakrepuosy.Pox Bacillus (0.5%) obiagaer aHTUMUKPOOHOM
aktuBHOCTRIO [8].Poxm Methanobrevibacter (3,0%), — camblii pacrpoCTpaHEHHBIH PO
IPOAYLIEHTOB MeTaHa B pybOie. OOmeii ueproit Oakrepwii pona Blautia seisercs
yTUIIM3AIMs BOJOpOJAa W JHMOKCHIA yriepojga C MHpOAyKIWEH aneratoB (YKCYCHOMH
kuciote). Caloramator - wmamow3ydeHHBIE poJ  TePMODWIBHBIX  OaKTEPHid,
npuHamnexkammii k  tamy Firmicutes (3,0%) [27].Pox Lysinibacillus (1,1%) -
BepeTeHOOOpa3Hbple  OaKTEpPUH, BBIACIACHBI W3  Pa3]IMYHBIX OOBEKTOB,  BKJIOYAs
CEJIbCKOXO3SMCTBEHHbIC  TOYBBI U 3aBOJICKAE  CTOYHBIC  BOJIBL EcrectBeHHO#
9KOJIOTHYECKOM HuInel Oakrepuii poma Lysinibacillus cumrtaercs mousa. B mporecce
MeTabosiu3Ma MOTYT HCIOJIB30BaTh KHUCIOPOa, METabOJM3HPYIOT pa3jindHbIe caxapa u
apyrue npocteie yriaeBoasl. Pox Alcaliphilus (7,0%) u Clostridium ydactBytoT B oOMeHe
BEIIECTB M YCBOCHHMM IHUTATENbHBIX BemiecTB. IlpencraButensr poma Alcaliphilus -
peptidifermentans (1,9%) mukpoopraHu3M, CIIOCOOHBIH K (DepMEHTAIlMK TMENTHIOB |
Boccranosieauto Fe (111) [28].

3aki0oueHune

B HacTostimem ucciae0BaHul HaMU 9KCIIEPUMEHTAIBHO OBbLI pacImu(poBaH COCTaB
MHKpOOHOMa  KHIIEYHHKA  MPUBO3HBIX  KOPOB  mOpoabl  AGepauH-AHryC ¢
ucnonszoBanueM NGS-cekBenupoBanus Ha npudope MiSeq Illumina.

B pesynbrare uaeHTHdUKAIIMHA COCTaBa MUKPOOHOMa OBLIO YCTAHOBJIEHO BBICOKOE
OMOJIOrHYECKOe Pa3HOOOpa3re MUKPOOHOM MOIYJISIHH.

Oco00 OmacHbIX MAaTOTCHOB Y JKUBOTHBIX HE 0OHapyxeHo. OJHAKO MPHUCYTCTBYET
3HAUMTENbHAs JOJI YCIOBHO - IIaTOT€HHBIX MHKpPOOpraHu3moB (poasl Serratia,
Escherichia), kotopsie mpu ocimabiaeHun 00IIEr0 ¥ MECTHOTO HIMMYHHTETa B OPraHH3Me
MOTYT CTaTh MPUYMHON OUCOMO3a W TATOJOTUYECKOro Tporecca. B cBsi3u ¢ 3THM,
HEOOXO0MMO OOpaTHTh BHUMaHHE Ha CABUT B CTOPOHY IMOJIC3HOH MHKPOQIOPHI MyTEM
YBEJMUYCHHS YUCIICHHOCTH MOJIE3HBIX MHKPOOPTaHH3MOB.

Habmromanack BBICOKas OTHOCHTENbHAs 4HCIEHHOCTH THIOB Firmicutes (55,0%),
Proteobacteria (16,8%), cemeiicte Enterobacteriaceae (6,7%), Lachnospiraceae (7,1%),
poxa Ruminococcus (2,2 %) HecMOTps Ha TO, YTO YKUBOTHBIX KOPMHUIH (DyparkHOM
nuetoii. I'pymnma KMBOTHBIX HMeeT 3(P(QEKTHBHOCTH KOPMIIEHHS, TaK Kak Ha 3TO
yKa3bIBaeT yBEIMYEHHOE KoJIMuecTBO TumoB Firmicutes, Proteobacteria, cemeiictBa
Coriobacteriaceae (2.5%), poxa Butyrivibrio (1.8%). YBenuuenue npeacTaBuTesiei Tuma
Euryarchaeota (5,1%), poma Methanobrevibacter (3,0%) sBiseTcs CBUAETEIHCTBOM
BBIPAOOTKH JKUBOTHBIMH METaHa, HEOJIArONMPHSTHO BIUSIOIIETO HA OKPYKAIOIIYIO CPETY.
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A.T. IOYFAJIUEBA !, C.T JOVFAJIMEBA? B.C.APBIHFA3UEB?,
T.A. JABPEHTBEBA®
'«Kasak Mam  IIapyambUIBIFBl  JKOHE XKCMILON  OHIIPIiCi FRUIBIME  3epTTey
uHCTUTYTHD JKIIC, Anmatel
2 (MUKPOGHOTIOTHSI JKOHE BHUPYCONOTHS FHUIBIMH OHIIpicTiK opranbisn JKIIC,
AnMatel

ABEPJIUH-AHI'YC T¥KbIM/IbI IPIKAPA MAJIBIHBIH ACKA3AH-IIIEK
KOJ MUKPOBUOMACBIH 3EPTTEY

Tyin

JKanyapiapaplH MHUKpOOMOMACHIH KOHE OHBIH KBI3METIH TEpPEeHIpPEeK TYCIHY ipi
Kapa Majfa XeMm Oepy[iH THIMIUIrH apTTBIPYAbIH JKaHa CTpaTervsulapblH Tal0yra
keMekTecenl. OchkiFaH OaiylaHBICTBI O1371H 3epTTeyiMi3miH Makcatbl AOepauH AHTYC
CUBIPJIAPBIHBIH, 1IIEK MHKPOOMOMBIHBIH TaKCOHOMUSUIBIK KYPBUIBIMBIH aHBIKTAy OOJIIBI.
Xana OybIH Ti30€KTEy TEXHOJOTHICHIH KOJIJaHa OTBIPHII, 16S MeTareHOMUSIIBIK Tajaaay
KYPrizinai, Oy imeK KypaMbIHIaFbl MUKPOOTHIK KYPaMbIH aHBIKTayFa MYMKIHJIIK Oep/ii.
16S meTareHoMHKachl KOPEKTIK OpTajiapaa ecipy Ke3eHIH alfHalbIN OTil, chiHamaja 6ap
OakTepusIap bl aHBIKTAY KOHE CATBICTBIPY YIIIIH KOJIaHBUIAIBI.

Tyiiinai ce3aep: MUKpoOHOM, ipi Kapa Mai, abepArH aHTyChI, Keleci OybIH Ti30eri.
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Summary

The aim of the study was to determine the taxonomic structure of the intestinal
microbiome of Aberdeen Angus cattle using a new generation sequencing technology.
16S metagenomic analysis made it possible to determine the microbial composition of the
intestinal contents bypassing the stage of cultivation on nutrient media. Genetic
identification was carried out and a taxonomic profile of all bacteria present, including
non-cultivated forms, was obtained.

Key words: microbiome, cattle, Aberdeen Angus, next generation sequencing.

The study of microorganisms at the molecular level has opened up new
opportunities for scientists to study the microflora of animal organs and tissues. The
outdated term “microflora” is being replaced by a broader concept called “microbiome”.
The microbiome is a community of bacteria that every organism has on the inside and
outside of its body. For each individual, it is unique and contains tens of times more cells
and genes than the body's own genes. The microbiome regulates many of the body's vital
processes. Its study is necessary for a detailed understanding of the processes occurring

46



MHUKPOBHOJIOI'USA )KOHE BUPYCOJIOT' UL ISSN 2304-585X www. imv-journal.kz

between microorganisms inhabiting a particular organ and their relationship with the cells
of the body.

Traditionally, the microbial population has been studied through cultivation
techniques, physiological and biochemical tests. These methods are laborious, time-
consuming, require prior knowledge about the microorganisms of interest to isolate them
from the community, and are also not as accurate as identification by genotypic methods
and, moreover, do not allow the complete identification of all microorganisms due to the
presence of so-called "uncultivated forms".

A comprehensive study of the microbiome composition of individual organs and
tissues of organisms became possible with the advent of Next Generation Sequencing
(NGS). A study using this technique is carried out without a stage of cultivation, that is,
all genomic DNA is directly isolated from the sample, which is subjected to sequencing.
Unlike classical Sanger sequencing, NGS platforms allow millions of small DNA
fragments to be read in parallel from two sides, resulting in a huge amount of data. For
one launch of the new generation sequencers, it is possible to determine from several tens
of thousands to several billion nucleotides, depending on the tasks.

Unfortunately, the use of this technology on animals is not yet widespread due to
the cost of analysis and the unavailability of the technology. However, in recent years, the
world science has been actively studying the microbiome of productive animals.
Ruminants, including cattle and small ruminants, constitute an important source of food
for humans. These animals are hosts of a complex gut microbiome (including bacteria,
archaea, protozoa and fungi), which in turn provides the various enzymes needed to break
down plant fibers into volatile fatty acids and microbial crude protein. The composition of
the microbial community involved in the microbial metabolism of the rumen is of great
interest for animal feeding [1]. The gastrointestinal tract of ruminants contains a wide
range of microorganisms, which makes it difficult to reproduce the conditions for their
optimal growth. Most of the microbes are not cultured in vitro and cannot be grown on
laboratory culture media. The cultivation of anaerobes is quite difficult due to the need to
exclude oxygen, the slow growth of microbes, and the complexity of other growth
requirements [2,3,4].

Materials and methods

Fecal samples were taken from the rectum from three heads of cattle of the
Aberdeen-Angus breed of the seventh generation of the Almaty region. Samples were
immediately frozen on dry ice and stored at -80 °C in a freezer until DNA extraction.

Microbial DNA from feces was extracted using a QlAamp DNA feces kit
(Qiagen, Valencia, CA). Then, the DNA concentration was measured using a Qubit® 2.0
fluorometer [5]. The V3-V4 hypervariable regions of the 16S rRNA gene were amplified
by PCR from 20 ng of total purified DNA with adaptive Illumina oligonucleotides
compatible with the platform. The primer sequences were as follows: 341/357F and
805/785R: GACTACHVGGGTATCTAATCC [6]. DNA concentration and size were
determined using a BioAnalyzer 2100 (Agilent, Palo Alto, CA). Amplicons were purified
with the Agencourt AMPure XP kit (Beckman Coulter Genomics, Danvers, MA).
Libraries were prepared in several stages: obtaining a PCR product with universal
primers, evaluating its quality and quantity, purification, attaching Illumina indices in the
PCR step, purification, evaluating the quality and quantity of the product with indices,
normalization, pooling, and denaturation of libraries. The library pool was sequenced in
an Illumina MiSeq sequencer using the Illumina MiSeq reagent kit according to the
manufacturer's protocol. Secondary analysis or data processing was performed using
MiSeq Reporter software (MSR). Taxonomic identification of microorganisms was
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carried out by analyzing the V3 and V4 regions of the 16S rRNA gene of bacteria in the
International Greengenes database (http://greengenes.Ibl.gov/).

Results and discussion
The bacteria present in the sample were identified according to the following
taxonomic levels: kingdom, phylum, class, order, family, genus, and species.
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Figure 1 - Comparison of the relative abundance (% of the total) of the main
bacterial types found in the intestinal microbiome of cattle

As shown in Figure 1, most of the OTUs in the faeces of Aberdeen Angus cattle
were categorized as Firmicutes (55%), Proteobacteria (16.8%), Actinobacteria (9.1%),
Bacteroidetes and Euryarchaeota ( 5.1%), Verrucomicrobia (1.6%), Cyanobacteria
(0.4%), Synergistetes (0.3%). The average results for all animals were taken. The
following families belonged to the type Firmicutes: Clostridiaceae (19.7%),
Lachnospiraceae  (7.1%), Veillonellaceae (0.5%), Ruminococcaceae (3.4%),
Peptostreptococcaceae (2.1%), and Turicibacteraceae (0.4%). The Bacteroidetes type
included the Bacteroidaceae family (0.9%).
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Figure 2 - Microbial profile of the intestinal bacterial community at the family
level
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As shown in Figure 2, the families Enterobacteriaceae (6.7%), Planococcaceae
(5.9%), Moraxellaceae (4.1%), Methanobacteriaceae (3.3%) prevailed at the level of
bacterial families in  Aberdeen Angus cows. Coriobacteriaceae (2.5%),
Corynebacteriaceae (1.8%), Porphyromonadaceae and Erysipelotrichaceae (1%),
Peptococcaceae (0.5%).
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Figure 3 - Microbial profile of the intestinal bacterial community at the genus
level

As shown in Figure 3, the genera Alkaliphilus (7.0%), Clostridium (6.6%),
Acinetobacter (4.1%), Solibacillus (4.2%), Blautia (3.2%), Colomator and
Methanobrevibacter (3.0%), Coriobacteriaceae (2.5%), Serratia (2.3%), Ruminococcus
(2.2%), Escherichia (2.6%), Butyrivibrio and Corynebacterium (1.8%), Oscillospira
(1.2%), Akkermansia and Enterococcus (0.8%), Mogibacterium (0.6%), Bacillus (0.5%),
Lactobacillus (0.3%) were taxa of rectal bacteria.

According to literature sources, the relative number of representatives of the
Bacteroidetes type (5.1%) in the microbial community of the digestive tract decreases
when cattle are fed a large amount of grain, which allows the type Firmicutes (55.0%)
and other opportunistic types such as Proteobacteria (16,8%), multiply faster per unit
time, which leads to an increase in the proportion of Firmicutes and Proteobacteria [7,9].
However, the studies of other authors [10] were opposite, which confirms our studies,
since the animals in this farm were fed with a fodder diet (silage, haylage), without the
addition of concentrated feed. Also, an increase in the relative abundance of Firmicutes
taxa is observed in the group of animals with increased feeding efficiency [21].

Bacteroidetes are known to be the primary destructor of complex polysaccharides
in the plant cell wall. Because livestock rely on these enzymes to efficiently break down
and digest fiber, increasing the ratio of Firmicutes to Bacteroidetes in digestion is
undesirable [7,9]. The types Proteobacteria and Cyanobacteria (0.4%) contribute to high
rates of weight gain in the animal [8]. However, excessive amounts of the Proteobacteria
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type contribute to intestinal inflammation [24]. In particular, Mao et al. [11] and Li et al.
[12] reported that a significant increase in grain feeding increased the abundance of
Proteobacteria, whereas Khafipour et al. [13] and Plaizier et al. [14] did not observe this
effect. ... The Euryarchaeota type (5.1%) is the most predominant type of archaea that
produce methane [23].

The order Bacteroidales (2.5%), (type Bacteroidetes), which includes species
encoding a wide range of plant polysaccharide degradation abilities, and the
Ruminococcaceae family (3.4%) (type Firmicutes) were the most numerous taxa in all
fodder animals [7]. The order Bacteroidales is more abundant in diets high in forage, and
this is associated with the digestion of fiber and the biohydrogenation of fatty acids in the
rumen [25]. The families Bacteroidaceae (0.9%) and Peptococcaceae (0.5%) are
beneficial bacteria due to their ability to synthesize vitamins, aid digestion, stimulate
immune function, and suppress pathogenic microbes [24].

Families Enterobacteriaceae (6.7%), Turicibacteraceae (0.4%) showed
significantly higher numbers in the grain-fed group, while Bacteroidaceae were
significantly higher in numbers in the grass-fed group. Enterobacteriaceae includes,
along with many harmless symbionts, many known pathogens, in our case Serratia
(2.3%) [15] and the genus Escherichia (2.6%). Species belonging to the genus
Escherichia are inhabitants of the gastrointestinal tract of warm-blooded animals, but
many of them are pathogenic. It is known that Escherichia, being in the intestine, inhibits
intestinal transit and intestinal motor activity [27].

Order Clostridiales (37.6%), type Firmicutes prevailed in gobies with a large
ADG (weight gain) [8]. The families Clostridiaceae (19.7%) and Veillonellaceae (0.5%),
as well as the genus Clostridium (6.6%), are involved in the metabolism of bile acid
[8,15]. In the process of vital activity, clostridia produce short-chain fatty acids. The
Clostridiaceae family is important for the digestion of carbohydrates and proteins. The
abundance of Clostridiales is associated with a decrease in intestinal inflammation due to
increased IL-10 expression in the colon [25].

Members of the Ruminococcaceae family (order Clostridiales) are associated with
the digestion of fiber, ferment starch and convert primary bile acids into secondary ones.
The most numerous family in the grass-eating group, perhaps because this group of
bacteria depends on dietary fiber for energy [15, 25]. Ruminococcaceae were higher in
gobies with high ADG. Like Lachnospiraceae (type Firmicutes, order Clostridiales),
increased levels of Ruminococcaceae indicate more complete fermentation and an
increase in assimilable nutrients available to the animal [8].

The families Lachnospiraceae (7.1%) and Ruminococcaceae contain acetogens.
Acetogens can serve as a hydrogen scavenger and increase if methane production is
reduced [8]. Elevated levels of Lachnospiraceae may indicate more active fermentation in
the cecum, resulting in increased nutrient availability from the absorbed VFA (volatile
fatty acids) available to the animal. Many Lachnospiraceae produce butyrate through the
digestion of carbohydrates, which is a nutrient for the intestines. A higher abundance of
Lachnospiraceae in groups of animals with high RFI (residual feed intake) may indicate
an increase in butyrate metabolism and, therefore, feeding efficiency [8,20].
Lachnospiraceae also ferment pectin [25].

The prevalence of the relative abundance of families Lachnospiraceae (7.1%),
Enterobacteriaceae (6.7%), Turicibacteraceae type Firmicutes (0.4%), in contrast to
Ruminococcaceae (3.4%), Porphyromonadaceae (1.0%), Bacteroidaceae (0.9%)
indicates that the animals were fed a grain-based diet [15]. Lachnospiraceae were more
abundant in gobies, with the least amount of ADG. Shabat et al. Found that dairy cows
with the lowest feed efficiency (highest RFI) had more Lachnospiraceae. Li and Guan
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found that Lachnospiraceae were associated with raising cattle with higher RFI (less
efficient); however, these observations are in contrast to those of Myer et al., who found
that Lachnospiraceae were more abundant among gobies with the highest ADG [8, 17,
18, 19].

The family Erysipelotrichaceae (1.0%) was larger in the caecum of gobies with
the highest ADG and the lowest ADFI (mean daily feed intake). Erysipelotrichaceae is
associated with lipid metabolism and inflammation. Family Coriobacteriaceae (2.5%),
type Actinobacteria (9.1%), modulates lipid metabolism in an animal. Coriobacteriaceae
was elevated in gobies with high ADG [8].

The genus Ruminococcus is the most numerous genus of the Firmicutes type.
Grain feeding is generally associated with an increase in the relative abundance of
Ruminococcus and a reduction in the genus Acinetobacter (4.1%) [13]. The genus
Ruminococcus plays a major role in the degradation of rumen cellulose (polysaccharides)
[8,22]. Ruminococcus is one of the main inherited bacteria, which corresponds to a key
role in cellulolysis [16,21]. The genus Akkermansia (0.8%) promotes inflammation
[8.24]. The genus Escherichia (2.6%) produces toxic compounds by fermenting proteins
[24]. Escherichia albertii (2.3%), the most abundant species found, is an eae-positive
strain of Escherichia coli, which differs from ordinary E. colli by the presence of an
additional eae gene [29]. The proportion of collie bacteria increases significantly in
inflammatory processes and leads to dysbiosis. The genus Bacillus (0.5%) has
antimicrobial activity [8]. The genus Methanobrevibacter (3.0%) is the most common
genus of methane producers in the rumen. A common feature of bacteria of the genus
Blautia is the utilization of hydrogen and carbon dioxide with the production of acetates
(acetic acid). Caloramator is a poorly studied genus of thermophilic bacteria belonging to
the type Firmicutes (3.0%) [27]. The genus Lysinibacillus (1.1%) is a spindle-shaped
bacteria isolated from various objects, including agricultural soils and factory wastewater.
The natural ecological niche of bacteria of the genus Lysinibacillus is considered to be
soil. In the process of metabolism, they can use oxygen, metabolize various sugars and
other simple carbohydrates. The genus Alcaliphilus (7.0%) and Clostridium are involved
in metabolism and assimilation of nutrients. A representative of the genus Alcaliphilus is
peptidifermentans (1.9%), a microorganism capable of fermenting peptides and reducing
Fe (111) [28].

The well-known genus Lactobacillus (0.3%) type Firmicutes, order Clostridiales, is
a producer of lactic acid (lactate) from starch and its relative abundance is high in grain-
fed cattle. Lactic acid is not metabolized by animals, it is instead absorbed through the
rumen walls, causing an increase in lactic acid and a decrease in blood pH, and VFA
accumulates in the rumen, which has a detrimental effect on the microbiota and the
animal. These abrupt and sudden changes result in a decrease in rumen pH and an
increase in the number of Lactobacillus species. The genera Lactobacillus, Clostridium,
makes bile acids available for further biotransformation. The genera Lactobacillus and
Ruminococcus (2.2%) were significantly higher in the jejunum of the grain-fed group,
while Solibacillus (4.2%) was significantly higher in the herbal-fed group [15, 20].

The genus Butyrivibrio (1.8%) belongs to the Lachnospiraceae family [8].
Butyrivibrio is associated with the breakdown of hemicellulose in the rumen and the end
product of fermentation is butyrate, which is an important energy source for intestinal
epithelial cells, as is Blautia (3.2%) [8,21]. Members of this genus have often been
identified as associated with gobies, which effectively fed [21]. Butyrivibrio degrades
pictin, phenylalanine, tyrosine and tryptophan [8,26].
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Conclusion

In this study, we experimentally deciphered the composition of the intestinal
microbiome of imported Aberdeen Angus cows using NGS sequencing on the MiSeq
[llumina device.

As a result of identifying the composition of the microbiome, a high biological
diversity of the microbial population was established.

Particularly dangerous pathogens in animals have not been found. However, there
is a significant proportion of opportunistic microorganisms (genera Serratia,
Escherichia), which, with a weakening of general and local immunity in the body, can
cause dysbiosis and a pathological process. In this regard, it is necessary to pay attention
to the shift towards beneficial microflora by increasing the number of beneficial
microorganisms.

There was a high relative abundance of types Firmicutes (55.0%), Proteobacteria
(16.8%), families Enterobacteriaceae (6.7%), Lachnospiraceae (7.1%), genus
Ruminococcus (2.2%), despite the fact that the animals were fed a forage diet. The group
of animals has feeding efficiency, as indicated by the increased number of types of
Firmicutes, Proteobacteria, the family Coriobacteriaceae (2.5%), and the genus
Butyrivibrio (1.8%). The increase in the type Euryarchaeota (5.1%), the genus
Methanobrevibacter (3.0%) is evidence of the production of methane by animals, which
adversely affects the environment.
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MACHPEAEBA
«MUKpOOHOIIOTHS KSHE BUPYCOJIOTHS FRUIBIMU OHAIPICTIK opTanbiFrby JKILC, Aamats

CYTKbILIKbLJIIbl BAKTEPUSIJIAP ESCHERICHIA COLI (E.COLI) IIIEK
TAAKITACBIHA KAPCbI KOPCETETIH AHTAI'OHUCTTIK KACUETTEPIH
3ETTEY

doi: 10.53729/MV-AS.2021.03.03

Tyiiin

Kazipri HapbIK 3aMaHBIH/IA Ta3a CYT OHIMAEPIH LIBIFAPAThIH OHAIPICTEPMEH KaTap,
KypaMbIHa TaiIachl3 KOCTajap KOCHII ©HIM IIbIFapaThiH eHipicTtep kesznmecemi. Com
cebenTi CyT CyCBHIHAApPHl OHIIPICIHIErl, COHBIH INIHAET HApPBIKTaFbl KOJIJAHBICTAFbI
OHIMJIEP/IIH camajblK KOPCETKILIH 3epTTey MaHbI3Abl Mocenenepain Oipi  Oobin
Tabbanbl. CYT CYCHIHJAPBIHBIH CalajiblK alKbIHIAYIIbI (haKTOpJIapblHA JTOPYMEHIED,
KeMipcynap, akybl3, Mail MeJIepiepi MEH KbIIIKbUILABIFI CHUSKTBI KOPCETKIIITEP
KATKAHBIMEH, O0acThl opi MaHBI3Ibl KOPCETKINI — KypamblHAA CYTKBIITKBUIIBI
OakTepusapbiH 00ybl ekeHairi oenrini. CyTKbIIKbULIB OakTepusuiapabiH Escherichia
coli (E.coli) mTamMMbpiHA AQHTarOHHUCTIK KAaCHET KOPCETYi OJIapIblH ar3afarbl MaHbI3IbI
POJTIH aKbIH/TaiTbI.

KinTri ce3nep: cyrkpimkbuias 6akrepusi, Escherichia coli (E.coli), anTaronucrik
KacHeT.

AnaM ar3achblHAAFbl CYTKBIILIKbUIIBI OAKTEpHsIIapAblH KOHIEHTPALMUACH TYPAKThI
emec. Onap/blH caHbl MEH TYPJIK KYpaMbl CHIPTKBI JKOHE 1K1 (hakTopiapra (TaMaKkTaHy,
Iopi KaOblujay, KOpIIAaFaH OpPTaHBIH JacTaHybl, CO3bUIMAlbl aypynap XoHe T.0.)
OaiinanbIcThl ©3repeai. OcbiraH 0ailylaHbICThI CYTKBIIIKBUIIBI MUKPO(IIOpaHbl KETKUTIKTI
MeJIIep/ie YHeMi ycTam Typy KaxkeT. MukpoduopaHbl KalbIIThl TYpAE YcTayra
KYpaMbIHJa JaKTOOAKTEpHsChl Oap KBIIIKBUT CYT ©HIMAepi Kkemekrtecedl. Omap
npobuoTUKTEp Aen atanaabl. CyTKbIIIKBUIAB OaKTepusiiIapbl 6ap eHiMaep opTypai:

- alipaH;

- PSDKEHKa;

- HOTYPT;

- IPOCTOKBAIIIA;

- AIIBITKHI;

- HUA0GWIB1 CYChIH XoHeE T.O.

byn enimaepaiH GapibIFbl KaFbIMJIbI oMi Oap JKOHE CYT aKybI3bIHBIH KOTEpilTy
KaFaalbIHIa ac KOPBITYFa OH acep ereai. Onapra KaThICKaH JIaKToOaKTepusIapaan 6acka
OHJIIpYLIUIep KypaMblHA MalJalibl KacHeTTepl 3epTTENreH >XoHEe 3epTTey OapbIChIHIA
TONENJICHIeH apHaibl mTammaap Kocaisl. KypambIHIa CYTKBIIIKBUIABI OaKTepHsIapbl
O0ap a3bIK-TyNIKTepai Oana jKachlHAA KOJJAaHy KYIITI MUMMYHUTETTIH KaJbINTACybIHA,
TIHAEP MEH ar3ajapiblH KaJblIThl JaMyblHAa bIKOAT eredl. MyHnail eHimaepai
KOJIZITaHATBIH Oanayiap OeJICeH/ I, MYKHUST, aKImapaTThl )kKakchl MeHrepei [1,4].

Byn camagarbl anFamkel ambulylap atakTel opbic-(paniy3 Ouornorsr M. H.
MeunukoBka Tueciai. FampiM cay imek MHKpOQIOPAChIH JTAKTOOAKTEPHUSIIAD APKBLIBI
KaJMblHA KeNTIpy MYMKIHAIMH 3epTTeli. ApMaHIIbUIAPIBIH Y3aK JKOHE KBIHBIP
SKCIIEPUMEHTTEPIHIH OapbichiHAa bonrap TasKachlHbIH KaCHETTEePIH 3€PTTEAl HKOHE COJl
3aMaH OOMBIHIIA >KaHA KBIIIKBUI CYT ©HIMI — HOrypT ’kacaabl, o OipiHII yaKbITTa
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MEYHHMKOBCKAasi MPOCTOKBamachl Jen aranabl. Wnbst Wnpud  cyT  KBIIIKBUIABI
OakTepusIapIblH aJaM HMMYHHUTETIHE OH acepl Typaibl Ooipkam xkacaabl. OHBIH
TEOPUSICHIHBIH '>KachblHA" KapamacTaH, OChl cajlaJjarbl HAKThl 3€pTTEyJiep >KaKbIHAA
oTKi3uimi. Toxipube OappiChIHIA JIAKTOOAKTEpHsUIAp aWKbIH  aHTHOAKTEPHUAIIIIbI
KacHeTTepre ue eKeHi aHbIKTanabl. Onap maroreHi MUKpOOPTaHU3MIEPTe KapChl OPEKeT
€Te aJlaJibl, COHFBLIAPIBIH OCJICEHITITIH TOMEHIETE 1l JKOHE 3USHIBI OaKTepusiap MEH
CaHBIpAyKYJIaKTapael  kKOsabl. MukpoOTapra Kapchl OpeKeT CYT  KBIIIKBUIIBI
OakTepusIapIbiH KbI3METI OapbhIChIHA OHIPUICTIH TYPJIl 3aTTap/IblH KOMETIMEH JKY3€ere
acChIPBUIAJIBL:

- CyTeri aCKbIH TOTBIFbL;

- aHTHOMOTHUKTED;

- OpraHuKajIbIK KbIIIKbUIAAP;

- UMMYH/IBIK OaKTEpHOLIMHIED KOHE JIakToOarmnianap [5,6].

HapbikTarbl CYyT CYCHIHIAPBIHBIH  CamajblK  KOPCETKIIUTEPiH  aWKbIHIAY
MakcaTblH/a oOJapAaH OeJiHIm aJblHFaH CYTKBIIIKBUIABI MHUKPOOPTaHU3MIEPIiH
MaTOTeH/I1 JKOHE MIAPTTHI MATOT€HII MUKPOOPTaHU3MJIEpPre aHTarOHUCTUKAIBIK KAaCHETiH
3eprrey.

3epTTey KYMBICHIHBIH MiHJIETTEPI:

- CYT CYCBIHIApbIHAH CYTKBIIIKBUIIBI MHKPOAF3aJIapabl OO aiy;

- CYT CyCBhIHAapblHAH O6JIHIN albIHFaH CYTKBIIIKBUIIBI MUKpoar3anapabiy E.coli
KapChl aHTarOHHUCTIK OEJICEHIUTITIH 3epTTey.

AHTaroHusM — ar3ajap apacbIHAarbl CUMOMOTHUKAIIBIK KAThIHACTAP/ABIH HETi3Ti
TYpJepiHiH Oipi, HOTMKECIHIE e3apa iC-KUMBUIFA KaTbICYIIbUIApAbIH Oipi (aHTaroHUCT)
0OoCeKeIEeCTIK KacHeTTepi: aHTHUOMOTHKAIBIK 3aTTap ©HiMI, JKOFapbl OOMWJIBIK >KOHE
OelliMaeny MYMKIHIIKTepI €ceOiHeH eMip CypreHi YIIiH KypecTe CeleKTHBTI
apTHIKIIBUIBIK aja/ibl.

[TaToren i skoHE MAPTTHI-IATOTEH I MUKPOOPTaHU3M/IEP MTaMMIAPbIHA KATHICTHI
JOPITIK  3aTTHIH AHTArOHHUCTIK OENCEHAUIINH TEeCT-IITaMMAAPABIH OCYiHIH KEeIliry
aiimakTapbl OOMBIHIIA TBHIFBI3 OpPTaJa KEWIHre KalJIbIpbUIFaH aHTAarOHU3M 9JIICIMEH
AHBIKTAUIBI. SIFHU, CYTKBIIIKBUIIB MUKpOAF3aJIapAblH OENCeHAUTIr oNapIblH MaTOreH/ Il
MUKpOaF3ajiapFa Kapchl TYPYbIH apTbipasl [3].

Marepuasniap MeH dictep

3eprrey Hbicanbl peringe FOOD MASTER, Adal, [Tomuk B nepesHe sxone JLC
kedupiept anbiHAbl. CYTKBIIKBUIAB OAKTEPHSIIAPbIH aHTArOHUCTIK KACHETIH aHBIKTAy
AnMaThl TEXHOJIOTUSUIBIK YHHMBepcHUTeTiHIH «Taram Kayincizairi» FeuisiMu-3eprrey
WHCeTUTyTHIHA KYPrI3UIIL

CyT eHiMIepiH KBIMIKBUIABIKKA TalAay OalfbIHIBIK MEH KayiMCi3fiKTi aHBIKTAY
YIIiH XKypri3iieni. byn kepceTkii eHaipicTe €, ChIHAK 36pTXaHAChIH/IA Ja 6T€ MaHbI3/bl.

KBIIKBUT CYT ©HIMJIEpiH JaifbIHay CYT HEMece KUIereili albITyFa Heri3/ieireH,
CYT KBIIIKBUIIBI OaKTEpUsIIapAbIH Ta3a JaKbUIIAPbIMEH KYJIbTUBUPIICY/, KEHIe allbITKbI
MEH CipKe KBIIIKBIILIbI OakTepusiiap Kocbliaabl. Coi ceOenTeH KbIIIKBUI CYT OHIMAEPAiH
KBIIIKBULABUIBIFBIH aHKTAY OHIMHIH OaIFBIHIBUIBIK KOpceTKImmiHiH Oipi. KplKplias! cyT
oHe CYT eHimaepaiH 6api TepHep OoMbIHIIIA aHBIKTAIAIBL.

CemteiMaputsIirel 100-men 250 oM’ NediH Koyibara MUCTUIIBJICHTEH CYIbI KOHE
OHIMJ1 OipiHII KecTele KOpPCeTUIreH KeJieMJe ©JIlien CcalblHaIbl, YII TaMIIIbI
¢denondranenn tambizanbl. Kinmereiniep MeH amblFaH CYT OHIMAEPIH Tanjgay Ke3iH[e
MUINETKAMEH allbIHFaH KOCMaHbl 3-4 peT Kyy apKbUIbl OHIMHIH KaJBIKTapbhlH KoyiOara
amapapl, cofaH KeiiHn (peHondranenHHiH 3 TaMIIBICKIH KOCAbl XKoHE | MHHYT immHe
HKOFAJIBIN KETIEHTIH KoHEe 0OAy/AbIH OaKbUIay TaJIOHBIHA COUKEC KENETIH QJICI3 KbI3FbUIT
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0osy maiima OonFaHfa JEHiH CUITI epiTIHIICI MEH TYpaKThl apajacThlpy Ke3iHze
TATPIACHI.

CyTTiH Kypamac eHiMi YIIiH TUTPJIEYIIH COHBIH JoJl aHBIKTAY YIIiH TUTPJICHICH
CBIHAMAHBIH JKaHBIHAA cyTTiH 10 cM® xoHe TasapTsumran cymei 40 cM® chiHamach Gap
0aKpUIay KOIOACKIH KOSIIBI.

Kecte 1 — OHiMAEp MEH TUCTUIIBIACHTEH CYBIH KOJIEMi

Ne OHiMIep aTaynapsl OHIM KeieMi, oM’ HHCTHHH?HFCEI cy
KeJeMi, CM
1 CyT, KypambIHIacyT O0ap eHIM 10 20
2 Cyrt Kypama eHimi 10 40
3 Knereii 10 20
4 [IpocrokBamia, anmpodwiuH, aiipas, | 10 20
KBIMBI3 OHE 0acKa Jla CYT KBIIIKbUIJIbI
eHIMIep1

CyYT KbIIKBUIABI CYCHIHHBIH KbIIKbUIABUIbIFBIH TepHep (T) rpamycsl OolibiHINa
ecnrenineni. Turpneyre skymcairaH CUITIHIH MOJIIEpiH ajblHFAaH OHIMHIH KeJieMiHe
KeOenTie .

Kedupaen cyTKbILIKbULIBI OakTepusuiapabl Ol aly oJiCii CYTKBIIIKbUIIBI
OakTepusIap/ el 06Ty aaabplHAa ojlapFa KOPEeKTik opTa Aaibiaaaiasl. MEMCT 10444.11-
89 OolibIHIIA CYTKBIIKBUIAR OakTepusuiapasl MPC arap KopekTi oprachiHAa eMmip
cypeni.

MPC arap xopekTik optaceiH aaibiHaay: 500 M Cyasl ejIien apHaiibl bIABICKA
Kyiibutagel. MPC arap yHTarbiH 34 T 31eKTpOHBI JJabopaTopusuiblK TapaszsiveH (HIIB,
200 r) esnmieHin, *bUITBIIFAH CyFa YHTAKThI cana/ibl. KOpeKTik opTa KaiiHam KeTney YIIiH
OCJICeH/Il apallacThIPbUIAABl KOHE JKeNe TOpi3Al KeWINKe >JKaKpIHIaraHaa, KoJjioara
Kyhb1abl. Kellin gaifblH KOPEKTiK OpTaHbl 3aJalIChI3aHIbIPY KEPEeK. ABTOKIABTHI KOCHITI,
KBUTBITBUIAABI. ABTOKIJIAB KbIIBIFAHHAH KEHiH, KOPEKTIK OpTa CAaJbIHBIN, aBTaKJIaB
OeKITiTIMN, HBIK Ka0blIaAbl. 1 SMUHYT 3a1aIChI31aH IbIPAIbL.

AstoknaBTaH 1mblkkaH MPC arapaer namunap 6okcra netpu Tadakmanapsiaa 30
M1 Kyibuibel. KopekTik opra KataitFanbiH 30 MUHYT KO3FaIbICCHI3 TYPAIbI.

CyYTKBIIKBUIABI OaKkTepusiapabl kepupaan Oemnin any: namuHap 6okctsl (BABHII-
01-«Jlamunap-Cy») 3anaichl3NaHAbIPBIN, COUP MIambl Karbuiagel. ChrIAbIMIBUTBIFET 100-
250 ma xonbara 90 M pusMKanbIK epTiHAl KyHbliabl, 10 M nuneTka apKbuibl Kedupai
anbin, (U3MKAIBIK epiTIHIIre Kocaabl. 3-4 peT alblHFaH CYUBIKTBHIKTBIH KOMeTiMeH
MUIeTKagarbl KeQUpIiH KalabFbl KybU1abl. Kegup TonbikTall epireHiie apanacTblpajbl.
Keiiin MPC arap KOpekTik opTachlHa IIBIKAH CYHBIKTBHI MUMETKA apKbUIbl 3-4 TaMIIIbI
TaMbI3aabl. OHBI 3aTATBI3IAH/IBIPBUTFAH IIITATEh APKBUIBI KOPEKTIK OPTAHBIH OCTiHEe
ToNbIFbIMEH Jkasiabl. [lerpu Tabakmanapein 37°C Tepmoctarka (TC-1/80 CITY) xosibl.
Hortmxeci 36-48 caraTrrad KeiiH anbIH/bI.

AHTaroHuCTiK OEJCEHJUTKTI TeCT-IITaMMFa OallIaHBICTBI KOPEKTIK OTpachl
oenrini 6onanel. E.coli immek Taskmiacel DHI0 arap KOpekTik opraceiHaa ecipeni. DHJO
arap KOpEKTiK OpTachlH HaiipiHmay yuriH: 500 M cynbl KacTproiTe eJien KYWbLIabl.
DOHpo arap yHTarblH 21 rp anekTpoHabl jaboparopusuiblk TapasbiMer (HIIB, 200r)
enmer, 37°C KbpUITBUIFaH CyFa caiaMbl3. KopekTik opTa KaifHam KeTrey YIIiH OelceH Il
apayiacThIP/IbI, JKeJie TOpi3/i OonaFaHa, Kojaoara Kysibl.

ABTOKJIaBTBI KYMBICKA JaWlbIHJAAI, NalbIH KOPEKTIK OpPTaHbI ay3blH THIFBIHIAI
opan 15 wmuHyrTa 3anancei3gaHabipanbl. KoOpekTik OpTaHbIH CybIFaHAa IETPU
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tabakmanapeina 30 wmu-geH Kysapl. Karaiirannan keifin E.coli imexk TasKmrachiH
17IMEKIIeH Oip KOJUIOHHUSCHIH aJIbITl, DHJI0 arap O€TiHe MTPUX KYpPri3ei.

Kopekrik oprara mpobupka apkpiibl 4 OWIIBIK skacanansl. MPC arap KopekTik
OpTachIHAA ©CIPIITeH CYTKBIMKBUIAL OaKTepHsUIapAbl OMIIBIKKA OTHIPFRI3bLIA L. Keliin
KOpeTik opraHbl Tepmoctatka 37°C camanmel. 24-48 carar ecipill HOTIKEIEpiMi3i
QJTBIHA]TBI.

HoaTu:xesiep MeH Tasjgayiaap

3eprrey Hbicanbl petinge «<FOOD MASTERy, «Adaly, «JloMuKk B JepeBHE» JKOHE
«JLC» kedupnepnin imriHeH Oeiill  ajbIHFaH CYTKBIIIKBUIABI MHKpOAar3ajapablH
AQHTArOHMUCTTIK OCJICEHILTITTHIH HOTHXENIEpI.

Cypet 1 — «JLC» kedupinin E.coli mraMMbl apKbUTbI aHTAarOHUCTIK OCJICCHILTITH
aHBIKTAY

Hormxecinne 48 cararran eTkeHHeH keiiiH «JLC» kedupi E.coli mrammra
AQHTArOHUCTIK OeNCeHAUTITiH alWKbiH KopecTTi. CYTKBIMIKBUIIB MHUKpOAF3ajiap imiex
TasKUIaJapblHa Kapchl TYPBIN, ©CKEH KAJIOHMSHBIH OpTalla ecy Y3bIHABIFBI 23,75 cM
KYpaJsl.
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Cyper 2 — «Jlomuk B gepeBHe» kedupiHi E.COl imraMMbl apKbUTbI aHTarOHUCTIK
OeNICeHAUIITH aHbIKTay

Hormxecinne 48 caraTtan eTkeHHeH KeifiH «J/{omuk B aepeBHe» kedupi E.coli
IITAMMFa aHTArOHUCTIK OCJIICEHIUTIriH KaKChl KopceTTi. CYTKBIIIKBUIIBI MUKpPOAF3aIap

IIIeK TasKIIachlHa KapChl TYPHIN, 6CKEH KAJOHUSHBIH OpTalla 6cy Y3bIHIBIFbI 26,75 cM
KYPaJbl.

Cyper 3 — «Adal» kedupinin E.coli mrraMMbl apKbLITbl aHTarOHUCTIK
OeNICeH/IUIITIH aHBIKTaY

Hotmxecinme 48 carar erkeHHeH keiiin «Adaly kedupi E.coli mrammra

AQHTAaroOHUCTIK OenceHUTITiH KopecTTi. CYTKBIIIKBUIIBI MUKPOAF3aJiap 1IIeK TasKIIachlHA
KapChl TYPHII, OCIM MIBIKKAH KyJIbTypaiapblH OpTaIla 6Cy Y3bIHIBIFEI 25,5 cM Kypauibl.
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Cyper 4 — «<FOOD Master» xedupinin E.coli mramMMbl apKbLUTbI aHTArOHUCTIK
OeNICeHAUIITH aHBIKTAY

Horwxkecinge 48 carar orkennen keiiin «FOOD MASTER» kedupi E.coli
[ITaMMFa AHTArOHUCTIK OeJceHAuniriH kepceTTi. CYTKBIMIKBUIIB MHUKpOAF3ajlap 1IIeK
TasKLIaChIHA KapChl TYPHII, OCII IIBIKKAH KYIbTypalapAblH OpTallia ecy Y3bIHIbIFbI 27,75
CM Kypauasl.

Kecte 2 — Cyt cycbiHmapbiHan OetiHIn aibliHFaH OakTepusiiapsiHbiH E.COli mTaMbina
AHTArOHUCTIK OeICceH IiIiri

ChIHaMa DHJIO KOpeKTiK OpTachiH/Ia KYJIbTYpPaHbIH 6CY AUAMETPi, MM
omepi «/lomux B «FOOD
o “Le> JEPEBHEY «Adab MASTER»

1 22 27 26 26
2 26 28 27 o8
Opramia 23,75 26,75 255 2725
CaHbl

3epTTey HOTHKeCI OOWBIHINA CBhIHAKKA AalbIHFAH OHIMIEPIH CYTKBIIIKbUIIBI
MUKpoar3anapsl E.coli iiek TaskiracblHa KaTep TypyFa KaoineTi 6ap ekeHi TaiaeH/Ii.

KopbITbIHABI

Creinakka ansiaran «KFOOD MASTER», «Adaly, «lomuk B nepeBHe», «JLC»
keduprepaiy KommaHusuTapsl HapblkTa OpHBI epkekme. «FOOD MASTER», «Adal»
koMmmaHusicel Kazakcranaplk cyH eHimuepiH 90-mibl KbUTgaphl mibiFapa Oactaabl. Al
«lomuk B nepeBHKe» Peceit denepanuscorna 1997 sxputel ambunel. JLC KazakcTaHHBIH
cyT eHuipici 2010 OipiHmn cyT eHimzaepiH miblFapa Oactaabl. Kasip Hapeikra OipiHimi
OPBIH aJIaTBIH CYT OHIMJIEP/IiH canachl 3epTTeY HOTHKECIHIE TOIICIICH/II.

AHTaroHMUCTIK OEJICEHTIKTI 3epTTey OapbhIChIHAA ChIHAKKA AJbIHFAH Ke(pUpIiH
TOPT TYpiAe TATOTEHJI MHKpOar3ajapFa Kapchl Typy KaOimeri OenceHIi eKeHl
nonenaeHin, E.coli mTaMMbIHA KOFapbl aHTATOHKUCTIK OEJICeH TITIK KOPCETTI.
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M. b. EPJIEHEEKOBA, C.JI. )KAHTJIECOBA, ® K. AJIAIMJIAP,
A.l. MACUPEAEBA
TOO "HayuHO-pou3BOACTBEHHBIH LIEHTP MUKPOOHUOIOTHH U BUPYCOJIOTUN", ATTMATBI

HCCJIEJJOBAHUE AHTATOHUCTUYECKON AKTUBHOCTH
MOJIOYHOKHUCJIBIX BAKTEPHUI MTPOTUB KUIEYHOM MMAJIOYKH
ESCHERICHIA COLI (E.COLI)

AHHOTANUA

B coBpeMenHOE pHIHOYHOE BpeMsi HApsAy € MPOU3BOJCTBOM YHUCTHIX MOJIOUHBIX
MPOAYKTOB BCTPEUYAOTCS MTPOU3BOJICTBA, TPOU3BOISIINE TPOAYKIIUIO C TOOABICHUEM B €€
coctaB Oecrnojie3HbIX J100aBOK. [lo3TOMY OJHHMM M3 BaXXHBIX BOIPOCOB SIBJISIETCS
W3YyUeHHE KAYECTBCHHBIX ITOKA3aTeNeH CYIIECTBYIOMMX MPOJAYKTOB B MPOU3BOJICTBE
MOJIOYHBIX HAIMTKOB, B TOM 4YHCJ€E, Ha pPBIHKE. M3BECTHO, YTO K Ka4eCTBEHHBIM
OTpeAessIoNUM (haKTOpaM MOJIOYHBIX HAIMUTKOB OTHOCSTCS TaKHe IOKa3aTeiH, Kak
CoJiepKaHWE BHTAMHHOB, YIJICBOJOB, OEJIKOB, XHPOB M KHCIOTHOCTH.Kpome TOTO,
MPOSIBIICHUEM KHCIIOMOJIOYHBIMH OaKTepPHSIMH aHTarOHUCTUYECKUX CBOUCTB, OCOOCHHO K
mrammy Escherichia coli, onpeznensier ux BaxHyt0 poyib B OpraHu3Me.

Kuio4ueBble cj10Ba: MOJIOYHOKHUCIBIE OaKTepHH, KUIIeYHas manouka, Escherichia
coli (E.coli), antaronrctuueckne CBONWCTBA.
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Summary

In modern market times, along with the production of pure dairy products, there
are industries that produce products with the addition of useless additives to its
composition. Therefore, one of the important issues is to study the quality indicators of
existing products in the production of dairy beverages, including ones on the market. It is
known that the qualitative determinants of milk drinks include such indicators as the
content of vitamins, carbohydrates, proteins, fats and acidity. Also, the manifestation of
antagonistic properties in fermented milk bacteria, especially against Escherichia coli
strain, determines their important role in the body.

Key words: lactic acid bacteria, Escherichia coli (E. coli), antagonistic property.

The concentration of lactic acid bacteria in the human body is unstable. Their
number and species composition vary depending on external and internal factors
(nutrition, medication, environmental pollution, chronic diseases, etc.). In this regard, it is
necessary to constantly maintain a sufficient amount of fermented milk microflora.
Fermented milk products containing lactobacilli will help to maintain the microflora in
the norm. They are called probiotics. Products containing fermented milk bacteria are
diverse:

- kefir;

- ryazhenka;

- yogurt;

- curdled milk;

- yeast;

- cidophilic drink, etc.

All these products have a pleasant taste and have a positive effect on digestion in
conditions of high milk protein content. In addition to the lactobacilli present in them,
manufacturers add special strains to the composition, the useful properties of which have
been studied and proven in the course of research. The use of foods containing fermented
milk bacteria in childhood contributes to the formation of strong immunity, the normal
development of tissues and organs. Children who consume such products are active,
attentive, and learn information well [1,4].

The first discoveries in this area belong to the famous Russian-French biologist
I.I. Mechnikov. The scientist investigated the possibility of restoring healthy intestinal
microflora with lactobacilli. In the course of long and persistent experiments, the
dreamers studied the properties of the Bulgarian stick and created a new fermented milk
product — yogurt, which at first was called Mechnikov's curdled milk. llya llyich
suggested the positive effect of lactic acid bacteria on human immunity. Despite the "age"
of his theory, specific research in this area has been conducted relatively recently. During
the experiment, it was found that lactobacilli have pronounced antibacterial properties.
They are able to counteract pathogenic microorganisms, reduce the activity of the latter
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and destroy harmful bacteria and fungi. Antimicrobial action is carried out with the help
of various substances produced during the activity of lactic acid bacteria:

- hydrogen peroxide;

- antibiotics;

- organic acids;

- immune bacteriocins and lactobacilli [5,6].

Study of antagonistic properties of lactic acid microorganisms isolated from them
to pathogenic and conditionally pathogenic microorganisms in order to determine the
quality indicators of dairy beverages on the market.

Tasks of the research work:

- isolation of fermented milk microorganisms from milk drinks;

- the antagonistic activity study of lactic acid microorganisms isolated from dairy
beverages study against E.coli.

Antagonism is one of the main types of symbiotic relationships between
organisms, as a result of which one of the participants in the interaction (the antagonist)
gets a selective advantage in the struggle for survival due to competitive properties: the
product of antibiotic substances, high longitudinal and adaptive capabilities.

The antagonistic activity of the drug against strains of pathogenic and
conditionally pathogenic microorganisms is determined by the method of delayed
antagonism in a dense environment in the zones of growth retardation of test strains. That
is, the activity of lactic acid microorganisms increases their resistance to pathogenic
microorganisms [3].

Materials and methods

«FOOD MASTER», «Adal», «/lomuk B nepesue», and «JLC» kefirs were taken
as the objects of the study. The antagonistic properties of fermented milk bacteria were
determined at the Research Institute "Food Safety" of the Almaty Technological
University.

The analysis of dairy products for acidity is carried out to determine the freshness
and safety. This indicator is very important both in production and in the testing
laboratory.

The preparation of fermented milk products is based on the fermentation of milk
or cream, the cultivation of pure cultures of lactic acid bacteria, sometimes yeast and
acetic acid bacteria are added. Therefore, the determination of the acidity of fermented
milk products is one of the indicators of the freshness of the product. All fermented milk
and dairy products are determined by Turner. In a flask with a capacity of 100 to 250 cm®,
distilled water is packaged and the product in the volume indicated in the first table, three
drops of phenolphthalein are instilled. When analyzing cream and fermented milk
products, the resulting mixture is pipetted 3-4 times and the product remains are
transferred to the flask, then 3 drops of phenolphthalein are added and titrated with
constant stirring with an alkali solution until a weak pink color appears, which does not
disappear within 1 minute and corresponds to the control indicator of the dye.

For the composite product of milk, to accurately determine the end of titration, a
control flask with a sample of 10 cm® milk and 40 cm? purified water is placed next to the
titrated sample.
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Table 1- Volume of products and distilled water

Product names Product volume, cm® Volume of distilled water,
No cm?
1 Milk, a product containing milk 10 20
2 Dairy products 10 40
3 Sour cream 10 20
4 Sour milk, acidophilus, ayran, koumiss 10 20

and other lactic acid products

The acidity of the lactic acid drink is determined by the Turner degrees (T). The
amount of alkali spent on titration is multiplied by the volume of the resulting product.

Method for isolating lactic acid bacteria from kefir: before isolating lactic acid
bacteria, prepare a nutrient medium for them. Lactic acid bacteria according to GOST
10444.11-89 live in MRS agar medium.

Preparation of the agar MPS nutrient medium: 500 ml of water is measured and
poured into a special container. MRS agar powder is weighed on a 34 g electronic
laboratory scale (NIP, 200 g) and the powder is placed in shimmering water. The nutrient
medium is actively mixed so that it does not boil, and, coming to a jelly-like form, it is
poured into a flask. After that, the finished nutrient medium must be neutralized. Turn on
the autoclave and warm up. After warming up the autoclave, the nutrient medium is laid,
the autoclave is fixed and securely closed. Decontaminate for 15 minutes.

The agar of the MRS from the autoclave was poured 30 ml into petri dishes in a
laminar flow box. The nutrient medium freezes for 30 minutes without moving.

Isolation of fermented milk bacteria from kefir: neutralize the laminar flow box
(BAWnNp-01 - "Laminar-C") and burn an alcohol lamp. In a flask with a capacity of 100-
250 ml, 90 ml of physical solution was poured, 10 ml of kefir was extracted through a
pipette and added to the physical solution. 3-4 times with the help of the resulting liquid,
the remainder of the kefir was washed off on a pipette. Kefir is mixed until completely
dissolved. After the MRC, 3-4 drops of liquid are instilled through a pipette that goes out
on the agar culture medium. It is completely distributed over the surface of the nutrient
medium using a sterile spatula. Petri plates are placed on a thermostat of 37°C (TS-1/80
SPU). The result was obtained in 36-48 hours.

The antagonistic activity depends on the test strain. E. coli is grown in the Endo
agar culture medium. For the preparation of the nutrient medium "ENDO agar™: 500 ml
of water is poured out, weighing in a saucepan. Endo agar powder is weighed 21 g with
an electronic laboratory scale (NIP, 200 g) and placed in shimmering water at 37°C. The
nutrient medium was actively mixed so that it did not boil, and when it became jelly-like,
it was poured into a flask.

The autoclave is prepared for operation, the finished nutrient medium is
decontaminated in 15 minutes, wrapping the mouth in a cork. When the nutrient medium
cools, 30 ml is poured into petri dishes. After solidification, E. coli is taken with a hook
and drawn with strokes on the surface of the Endo agar.

4 depressions are made on the nutrient medium through a test tube. MRS plants
lactic acid bacteria grown in agar culture medium in a groove. Then the nutrient medium
is placed in a thermostat at 37°C. Cultivate 24-48 hours and get the results.
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Results and discussion

The object of the study is the results of the antagonistic activity of lactic acid
microorganisms isolated from kefir kFOOD MASTER», «Adal», «/lomuk B nepeBHe »
and «JLCy.

Figure 1. Determination of the antagonistic activity of Kefir «JLC» against E. coli
strain

As a result, after 48 hours, kefir «JLC» E. coli clearly showed antagonistic activity
to the strain. The average growth length of colonies, in which lactic acid microorganisms
resisted E. coli, was 23.75 cm.

Figure 2. Determination of the antagonistic activity of Kefir «/lomuk B 1epeBae»
against E. coli strain
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As a result, after 48 hours, «/lomuk B nepeBue» Kefir showed good antagonistic
activity of the strain E. coli. The average length of colony growth, in which lactic acid
microorganisms resisted Escherichia coli, was 26.75 cm.

Figure 3. Determination of the antagonistic activity of Kefir «Adal» against E. coli
strain

As a result, after 48 hours, kefir «Adal» showed antagonistic activity against the
strain E. coli. Fermented milk microorganisms resist Escherichia coli and have an
average growth length of grown crops of 25.5 cm.

Figure 4. Determination of the antagonistic activity of Kefir kFOOD MASTER»
against E. coli strain

As a result, after 48 hours, kefir kFOOD MASTER» showed antagonistic activity

against the strain E. coli. Fermented milk microorganisms resist Escherichia coli and
have an average growth length of cultivated cultures of 27.75 cm.
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Table 2 - Antagonistic activity of E.coli strain of bacteria isolated from milk drinks

Sample Culture growth diameter in ENDO nutrient medium, mm
number «JLC» «JIOMHUK B JIepEBHE» «Adal» «FOOD MASTER»
1 22 27 26 26
2 26 28 27 28
3 23 25 25 27
4 24 27 24 28
Average 23,75 26,75 25,5 27,25
number

According to the results of the study, it was found that the tested products have the
ability to threaten E. coli.

Conclusion

Proven companies «<FOOD MASTER», «Adal», «/lomuk B mepeBHe», «JLC»
kefirs occupy a place in the market. The company «<FOOD MASTER», «Adal» began
production of Kazakh Dormice in the 90s. «/lomuk B nepeBHe» was opened in the
Russian Federation in 1997. «JLC» started milk production in Kazakhstan in 2010. The
quality of dairy products, which now occupy the first place in the market, was proved as a
result of the study.

During the study of antagonistic activity, it was proved that all tested kefirs have
an active ability to resist pathogenic microorganisms, demonstrating high antagonistic
activity to E. coli strain.

References:

1 Tamim A.l., Robinson R.K. Jogurt i drugie kislomolochnye produkty: nauchnye
osnovy i tehnologii. SPb, Professija, 2003: 664.

2 Alves, R. C. Dias, A. C. DeCastro, L. W. Riely, B. M. Moreira. J. Clin.
Microbiol, 2006, 44: 3640-3646.

3 Molochnikov V.V. Problemy kachestva moloka-syr'ja. V.V. Molochnikov, T.A.
Orlova. Pererabotka moloka, 2008, 9: 16-17.

4 Polishhuk P.K., Derbinova Je.S., Kazanceva N.N. Laboratornyj praktikum po
mikrobiologii moloka i molochnyh produktov.: Legkaja i pishhevaja promyshlennost, M.,
2010: 200.

5 Cherkasov S.V., Semenov A.V. Mikrobnaja reguljacija antagonisticheskoj
aktivnosti laktobakterij. Sibirskij med.zhurnal, 2012, 2: 78-82.

6 Chernysh A.Ju. Antagonisticheskoe dejstvie probioticheskihlaktobakterij v
otnoshenii patogennyh streptokokkov razlichnyh serologicheskih grupp. Avtoref. kand.
med.nauk. SPb., 2011: 19.

67



Ne 3 (34) 2021

MPHTU: 62.09.39

O.H. LIEMIIIYPA, XX.b. CYJIEMMEHOBA, XX.K. PAXMETOBA,
K.H. LIEMIIIEEBA, 5.T. ICMAWJIOBA
TOO «HayuHOo-1TpoU3BOICTBEHHBIN LIEHTP MUKPOOHUOJIOIMH U BUPYCOJIOTUNY, T'. AJIMaThI

N3YYEHUE BUOCOBMECTUMOCTU MYTAHTHBIX HITAMMOB
KJIYBEHBKOBBIX BAKTEPUI U PGPR BAKTEPUI, IEPCIIEKTABHbLIX B
KAYECTBE OCHOBbI MUKPOBHBIX ITPEITAPATOB

doi: 10.53729/MV-AS.2021.03.04

AHHOTADUSA

B cratee nmpusedenvi  pezynbmamvi  uccie0o8anus  OUOCOBMECMUMOCTU
MYMAaHmMHuIX wmammos kiyoernvkosvix u PGPR GakTepuii (pu300akTepHii) ¢ 1EIbl0 UX
COBMECTHOTO MTPUMEHEHHUS JIJIsl KyJIbTyp Mama u ¢aconn. [lo pesynbraraMm mpoBeIeHHBIX
WCCIIC/IOBAaHUI  OMPE/ICICHBI IITAMMBI, TPOSBUBIIAE KOHTAKTHYIO MPOTPECCHUI0 U
HeiiTpanmurer - Pseudomonas putida M-1 wu Phyllobacterium sp. 35M; mrammbl
Bacillus subtilis M-2 u Chryseobacterium rhizoplanae 1M okazamuce Hambolce
MEPCICKTUBHBIMU B OTHOIIEHHWH COBMECTHOTO KYJIBTHBHPOBAHHS. TakuMm o00pasom,
oIo0OpaHbl KOHCOPIMYMBI Ha OCHOBE MYTAaHTHBIX INTAMMOB a30T()HKCHPYIONIMX U
pOCTOCTUMYIIUPYIONIMX OakTepuii Pseudomonas putida M-1 wu Chryseobacterium
rhizoplanae ms pacrenwmii mama u Bacillus subtilis M-2 u Phyllobacterium sp. 35M - mis
pacrenuii pacomnu.

[TonydeHHbIE  pe3yabTaTbhl  OTKPBIBAIOT ~ BO3MOXKHOCTH ~ KOMOMHHUPOBAHHSI
MyTaHTHbIX mTaMMoB PGPR ¢ pocroctumynupytomieii aktuBHOcThio — (Pseudomonas
putida M-1, Bacillus subtilis M-2) u knyoenskoBbix 6akrepuii (Phyllobacterium sp. 35M,
Chryseobacterium rhizoplanae) ¢ azordukcupyromieit akTHBHOCTBIO C IENIBIO MTOTYUECHHUS
Ha MX OCHOBE OMoTIpenapara ¢ COYeTaHHBIMH CBOMCTBaMHU.

KualoueBble  cioBa: PGPR  Oaktepmm,  KIyOCHBKOBBIE  OakTepuw,
OMOCOBMECTHMOCTb, Tpernapar, Maii, Gpacoib

Ucnonw3oBanne PGPR OGaktepuii, crmocOOHBIX CTUMYJIHMPOBAaTh POCT PACTEHHIH,
HIMPOKO BOIILIO B MPAKTHKY COBPEMEHHO# arpoduoTtexuonoruu [1].

PriHok OGuomnpemnapatoB Ha ocHoBe mrtamMmMoB PGPR sBisiercss 6ypHo pacTymum
CErMEHTOM MHUPOBON SKOHOMHUKH U OLIEHUBAETCs B Oojiee YeM OJMH MUJUIMAp] J0JIapoB
CUIA ¢ nporao3amu JeCsITHKPATHOTO pocTa B epuoz ao 2025 roaa [2].

C pa3BUTHEM HOBEUIIUX TEXHOJIOTMH B CEIbCKOM XO3SMCTBE OIHUM W3
NOMYJSAPHBIX ~ HAampaBJIeHUH SABISETCA CO3JaHHME KOMIUIEKCHBIX —OuONpenaparos,
COCTOSIIIUX M3 HECKOJIBKUX PAa3IM4YHBIX IITAMMOB MHKpoopranu3MoB [3-6]. D10
HaIpaBJICHUE CTAHOBUTCS NEPCIEKTUBHBIM, MOCKOJBKY, JOIOJIHSS ApPYr Apyra, 3Tu
MUKpPOOPTaHW3Mbl HUMEIOT Oonee 3ddekTUBHOE JeiicTBHE 1O CpPaBHEHHIO C
MOHoOIIpenaparamu [7].

[Tpu co3gaHnM MHOTOKOMIIOHEHTHBIX CYXHX INpENapaToB HE BCETJa YUUTHIBAETCS
OMOCOBMECTHUMOCTh M OCOOEHHO, KOTJa MO TEXHOJIOTUU CMEIIUBAIOT YK€ BBICYIICHHBIE
MOHOKYJIBTYpPBI. B 3TOM cilydae HEBO3MOKHO MPOTrHO3UPOBATH MOBEIEHUE KYIBTYP.

[Ipu cozpaHMM K€ >KUIKUX MHOTOKOMIIOHEHTHBIX IpernapaTtoB pa3padOTUHKH
CTAJIKMUBAIOTCS € MPoOIeMOoil 0TOOpa MTaMMOB, UCIIBITAHHBIX HA OMOCOBMECTUMOCTD yXKeE
Ha OJTare KOHCTPYMpOBaHHUS Ipernapara. B cBsS3M ¢ 3TUM, HaMu ObUIa H3y4eHa
omocoBmectTuMocTh mTamMMOB PGPR u kimyOeHBKOBBIX OakTepuii s JanbHEHIICH
pa3paboTKH KOHCOPLIMYMa MUKPOOPTaHU3MOB.
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Just oToli menu ObUTa TOCTaBlieHa 3a/Jada H3y4yeHUs OMOCOBMECTUMOCTH
IITAMMOB, BBIJICJICHHBIX W3 KIyOeHbKOB coun M Mmama, U PGPR Oakrtepuii. OueHky
OMOCOBMECTHMOCTH UCCIIETyeMbIX OAKTEpUN OMPENSISUIA METOAOM TEPIICHIUKYISIPHBIX
IITPUXOB U METOJIOM JTYHOK.

O0BEeKTHI M MEeTOABI MCCJIe10BAHUSA

OObexTamMu HCcleoBaHMS SBWIMCH MyTaHTHble mrTammbl PGPR - Gaxrepuit
Pseudomonas putida M-1, Azotobacte chroococcum M-1, Bacillus subtilis M-1, Bacillus
subtilis M-2 w xiyOenbkoBbix Oaktepuii Chryseobacterium rhizoplanae 1M u
Phyllobacterium sp. 35M, mnosaydeHHble B pe3yjbTaTe MyTareHe3a C HCIIOJb30BaHHEM
Y ®-006syueHusl. B kauectBe MmyrareHa ()U3MYECKOW MPHPOIBI  MPUMEHSIH
YIbTPaQHUOICTOBBIC JTYYH JUIMHOW BOJHBI 260 HM, IpH KOTOPO# HAOIIOAACTCS MAaKCUMYM
noryiomenus Y @-csera monekynamu JTHK.

V®-myTareHe3 MPOBOAMWIA IO METOMLy, OMHCaHHOMY KamalaKumari et al. [8].
Enunnunsie kononun PGPR Gakrepuit cycnenaupoBaiu B 3 MJI KUJIKOW MUTATEIHLHOMN
cpensl. [Tocne atoro 0,5 M kaxkaoro obpasna g06aBisu K 50 M1 )KUAKON MUTATEIBHON
cpensl W KyibruBupoBand mpu Ttemmeparype 30°C (200 o6/MuH) 10 Tex mop, IOKa
ONTHYECKasi TUIOTHOCTh He focturana 600 ex. Yepe3 6 yacoB MHKyOalMu MOTydeHHAS
KyJIbTypallbHasl HUJIKOCTh JOJDKHA COOTBETCTBOBATH KyJbType cpemneil ¢assl. [locie
sToro otoupanu 20 Ma KyIbTypalbHOW KUAKOCTU U IeHTpudyruposaiu B TeueHue 10
munyT pu 1700 06/mMuH. Ocanok pecycnenaupoBanu B ¢ocharaom O0ydpepe (pH - 7,0),
mociie 4ero 15 mul cycrneH3uu moJIBepraaoch Bo3aeicTBU0 Y D-i1ydeld ¢ HCMOIb30BaHUEM
Y® namnset (30 Bt) pymHOM Botabl 260 HM B Teuenwue 30, 45 u 60 MuHyT (paccTosHUE 10
namnbl 10 cm). Jlanee ucronb3oBaiu cepuiiHbIe Pa3BEACHUS ISl BHIYUCICHUS MPOICHTA
JETaTbHOCTH.

OneHky OHMOCOBMECTUMOCTHU UCCIIEAYyEeMbIX OaKTepuil OMNpeAeNsuii METOJI0M
JYHOK W METOJOM MeprneHIuKyIsspHeix mTpuxoB [9]. Onpenenenne KOE OGakrepwii
POBOAMIOCH Mo MeToxy Koxa [10].

[TomryueHHble NaHHBIE O0padATHIBAM METOJAOM BAapPHUAIMOHHO-CTATHCTUYCCKOTO
aHanu3a, IpUHUMas KpuTepreM BepostHocty P < 0.05 [11].

Pe3yabTaTsl H 00Cy:KICHUE

Jns wccnenoBanusi ObUTM B3SATHI MyTaHTHBIe mTamMmbl PGPR  Gakrepmii ¢
POCTOCTHMYJIUPYIOLICH AaKTUBHOCTBIO [12] ¥ MyTaHTHBIC INTAMMBI KIIyOCHBKOBBIX
Oaktepuii ¢ azordukcupyrorieii aktuBHOCTHIO [13]. MccnenoBanne 6HOCOBMECTUMOCTH
mramMmmMoB PGPR 1 ki1yOeHbKOBBIX OakTepuil MPOBOIMWIM METOJIOM MEpHEeHIUKYISIPHBIX
LIITPUXOB, OCHOBAaHHOM Ha aHaJM3€ XapakTepa pocTa KOJOHHUH OakTepud npu HX
COBMECTHOM pPOCTE B 4amkax IleTrpu, 4yTo mpeanonaracT COBMECTHOE KyJbTUBUPOBAHUE
OaxkTepuaibHBIX IITAMMOB Ha IUIOTHOW MUTATENBLHON cpejie.

OTO0 MO3BOJWIO HAM Pa3JeNINTh UX Ha 4 IPYMIbL:

1 - xoHrakTHas perpeccus (IOAABIEHHWE POCTa MCCIEAYEMOro IITamma
M0JICEBAEMOM KYJIbTYpOi);

2 — HelTpanuTeT (He3aBUCUMBIN POCT UCCIIEAYEMOTO | ITOICEBAEMOTO IIITAMMOB);

3 - KOHTaKTHas porpeccus (CTUMYIMPOBAHUE POCTA IPYT JIPYTra);

4 — aHTaroOHU3M.

VYcrnoBueM s BKJIIOYEHHUS IITaMMa B KOHCOPIMYM  ObLJIO  Hajluuue
B3aMMO/JICHCTBUS TUINIA «HEUTPAIUTET)» WU «KOHTAaKTHasi mporpeccusi». llpu 3amepxkke
pocTa OAHOIrO IITaMMa KyJNbTYpbl NPUHATO CUMTaThb HecOoBMeCTHMbIMH. lIpu ycnoBun
OMOCOBMECTUMOCTH HCCIEAYEMBIX IITAMMOB 30HBI POCTa CIMBAIOTCS 0e3 0OpazoBaHUs
YETKUX TPAHULL.
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Onpenenenre OMOCOBMECTHMOCTH OAaKTEPH MOKa3aja0, YTO MYTAHTHBIE IITaMMBbI
PGPR GakTepuii n KiyOCHBKOBBIX OakTepuil OOHAPYKWJIM KOHTAKTHYIO PETPECCUI0 U
AQHTAarOHU3M I10 OTHOILIECHHIO KO BCEM HCCIIEAYEMBIM IITAMMaM KIyOCHBKOBBIX OakTepuil
(Tabnuua 1, pucyHok 1).

Tabnumna 1 - BHOCOBMECTHMOCTh MyTaHTHBIX IITAMMOB KITyOeHbKOBBIX 1 PGPR
OakTepuii

PGPR 6akrepun Kny6enbkoBbie OakTepuu (HOMEpa ITaMMOB)
3M 19M 25M 35M 45M IM
Pseudomonas putida M-1 4 4 4 2 1 3
Azotobacter chroococcum M-1 1 4 1 1 1 1
Bacillus subtilis M-1 1 1 1 4 4 4
Bacillus subtilis M-2 1 1 4 3 1 3

a - aHTaroH"u3Mm, 0 - KOHTaKTHas perpeccusi; B - HeﬁTpaJ'IHTeT

Pucynoxk 1 — OnieHka 6MOCOBMECTUMOCTH HCCIIETYEMBIX KYJIbTYP METOIOM
MEePHEHANKYIISIPHBIX IITPUXOB

Bbicokast aHTarOHUCTHYECKast aKTUBHOCTh HAOJI0amach y mramMma Pseudomonas
putida M-1 no otHomreHuto Kk mrammaMm 3M, 19M u 25M 1 KOHTaKTHas perpeccus - K
mrammam 45M u 1M. lltamm Bacillus subtilis M-2 oka3ancs HECOBMECTUMBIM CO BCEMU
uccneayembiMu mrammaMu PGPR GakTepuii 3a uckimtoueHueM mramma 1 M.

[IITaMMBbI, TPOSBUBIIINE KOHTAKTHYIO MPOTPECCUIO U HeHTpanuTeT - Pseudomonas
putida M-1 wu Phyllobacterium sp. 35M; mmrammer Bacillus subtilis M-2 n
Chryseobacterium rhizoplanae 1M okasanuch HanboJee MEPCIEKTUBHBIMI B OTHOIIICHUN
COBMECTHOTO KYJIbTHBHPOBaHUS. BbhICOKasi cTerneHb OMOCOBMECTUMOCTH ITHX IIITAMMOB,
YCTaHOBJICHHAass HaMH B JIaHHOM OIIBITEe, OMNpelIenuia IelecooOpa3HOCTh HX
WCIIOIB30BaHUSI B COCTaBE KOHCOPITMYMa JIJISi COBMECTHOTO KYJIbTHBHPOBAHUS.

[Tomumo wMeToda NEpPNEHIUKYISAPHBIX IITPUXOB, HAMH TPOBEIEHA OICHKA
OMOCOBMECTHMOCTH MYTaHTHBIX IITAMMOB KIyOeHBKOBBIX M PGPR OGakTepuii MmeTogom
nyHOK. [lomyueHHbIe pe3yabTaThl IPEICTABICHBI B TA0IHIIE 2.
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Tabnuna 2 —AHTaroHucTHYeCcKas aKTUBHOCTh KIIYOGHBKOBBIX OaKTepuil B OTHOIICHUH

PGPR 6axrepwuit
PGPR 6akrepun Kny6eHbpKoBBIE OaKkTepuu
3M IOM | 25M | 45M 35M | 1M
30HBI ITOJAaBJICHUA POCTa, MM
Pseudomonas putida M-1 | 19,3+2,1 | 14,6+2,0 | 20,64+3,2 | 8,0+1,7 0 0
Bacillus subtilis M-1 0 0 0 12,3+2.1 | 16,0+1,0 | 14,3+4,0
Azotobacter 0 11,0+1,7 0 0 0 0
chroococcum M-1

s aToit menmm Ha cBexesacessHHOM Ta3zoHe PGPR Gakrtepwii BbIpe3anu JIYHKH
auamMeTpoM 7 MM. B JyHKM BHOCHIIM KYJNbTYPAJbHYIO KUAKOCTb UCCIIEYEMOI0 IITaMMa
KIIyOCHbKOBBIX OaKTepUsiii, moclie Yero vyamku Ilerpu momernanu B tepmoctar mpu 28°C
Ha 24 yaca. [1o ucTedeHnn 3TOro BpEMEHN M3MEpPsUT 30Hy HHrHOupoBanus pocta PGPR
OakTepuil BOKpYr JyHOK. Tak, Ha pHUCYHKE 2 TIOKa3aHbl 30HBI IOJABJICHUS pPOCTa
Bacillus subtilis -1 u Pseudomonas putida M-1 mrammom Phyllobacterium sp. 45M.

Kax BuiHO M3 mpeacTaBieHHBIX B Tabmuie 2 qaHHbIX, poct Pseudomonas putida
M-1 npakTH4ecKd MOJHOCTHIO MOJABISICS MYTAHTHBIMH IITaMMaMH KIyOCHBKOBBIX
oakrepuii Agrobacterium tumefaciens 3M, u Phyllobacterium sp. 19M, 25M u 45M
(30HBI IOJABJIEHMSI POCTa AJIsl HUX BApbUPOBAJIM B npesaenax §-20 Mm).

CpaBHMTENBHO BBICOKHME 30HBI 33JIEpXKKH POCTa TaKkKe IPOJAEMOHCTPUPOBAIH
mrrammbl  Phyllobacterium sp. 35M, 45M u Chryseobacterium rhizoplanae 1M mno
ornomenuto k Bacillus subtilis M-1 (12-16 mm), a mrrammsr Agrobacterium tumefaciens
3M, Phyllobacterium sp. 19M, 35M, 45M u Chryseobacterium rhizoplanae 1M ne
unruoupoBamu poct Bacillus subtilis M-2, 4ro roBopuT 0 COBMECTHMOCTH JaHHBIX
KynbTyp. bomee Toro, Bce wccienyeMbie MyTaHTHbIe MmTamMmmbl Agrobacterium
tumefaciens 3M, Phyllobacterium sp. 25M, 35M, 45M u Chryseobacterium rhizoplanae
1M He noJaBisuTK pocT KybTypbl Azotobacter chroococcum M-1, 9to Takke roBOpUT 00
UX COBMECTUMOCTH.

Bacillus subtilis A-1 Pseudomonas putida M-1

Pucynox 2 - OnieHka 6M0OCOBMECTUMOCTH HCCIIEYEMBIX KYJIBTYP METOJIOM JTYHOK
(30HBI IOTABJICHUS POCTA)
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Takum 00pa3oM, 1o pe3ysibTaTaM MPOBEICHHBIX ABYMSI METOJIAMH WCCIICTOBAHMMA
OTpeNIeJIeHbl  CIENYIOIIME KOHCOPIMYMBI Ha  OCHOBE MYTAaHTHBIX  IITAMMOB
a30T(OUKCUPYIOMIMX B POCTOCTUMYJIUPYIOMINX OAKTEPHIA:

- Pseudomonas putida M-1 n Chryseobacterium rhizoplanae 1M (s mara);

- Bacillus subtilis M-2 u Phyllobacterium sp. 35M (ms dacoinn).

[TomydeHHble  pe3yabTaThl  OTKPBIBAIOT ~ BO3MOXXHOCTh ~ KOMOWHUPOBAHUS
MyTaHTHBIX MmTaMMOB PGPR OakTepuii ¢ pOCTOCTUMYIMPYIOIIEH AaKTUBHOCTBIO U
KITyOCHBKOBBIX OaKTepuil ¢ a30T(PUKCUPYIOUIECH aKTHBHOCTBIO C IENBIO MOTYYSHHS Ha UX
OCHOBE OHompernapara ¢ COYeTaHHBIMU CBOWCTBAMH.
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KUIC «MuKpoOHOIOTHS )KOHE BUPYCOJIOTHS FHUIBIMU — OHJIIPICTIK OPTANIBIFBI, AJIMATHI

MHUKPOBTBIK IPEITAPATTAPbIH HEI'I3I BOJIBIII TABBIJIATBIH
TYMHEK BAKTEPHSLJIAPbI MEH PGPR BAKTEPUSIJIAPBIHBIH
MYTAHTTBI HITAMJIAPBIHBIH BUOCOUKECTIT'IH 3EPTTEY

Tyiiin

Makanana TtyiiHek Oaktepusuiapel MeH PGPR OGakrepusiapblHBIH MYyTaHTTHI
MITaMJIapbIH MOII TeH OypIak JaKbUIIAphl YIIiH Oipre KOJJaHy MakKcaThIHIA, OJapibIH
OMOCOMKECTIT1 3epTTeysepi HOTHXKelepi OepiireH. 3epTTey HOTWXKEIEpl OOMBIHIIA
KOHTaKTLI1 nporpeccust MEH OelTapanThIKThI
KOpPCETKEH ITaMMIap aHbsIKTasael - Pseudomonas putida M -1 sxone Phyllobacterium sp.
35M;
Bacillus subtilis M-2 sxone Chryseobacterium rhizoplanae 1M mrramaapsr Gipsecin ecipy
YIIiH eH
MEPCIEeKTUBTI eKeHMIrt aHbIKTanabl. Ochliaiiia, a3oTduKacaluaIaylibl >KOHE OCyIl
CTUMYJIACYIII OaKTepHsUIapbl MYTAHTTHI IITaMAAPHl HETI31HJe KOHCOPIUYMIAP 1piKTeIin
anbIHABL: MomI eciMairi ymin Pseudomonas putida M-1 skome Chryseobacterium
rhizoplanae, 6ypurak ecimpairi yuin Bacillus subtilis M-2 sxone Phyllobacterium sp. 35M.

AnpiFan HoTkenep MyTaHTThl PGPR  mrampmapein  ecyai  cTUMyIIeHTiH
oencenmimiknen (Pseudomonas putida M-1, Bacillus subtilis M-2) sxone TtyiiHek
oakrepustiapein  (Phyllobacterium  sp.  35M,  Chryseobacterium  rhizoplanae)
azordukanusay OenceHAlTiriMeH OipiKTipy MYMKIHAITIH amiajsl, OJapiAblH HeETi3iHIe
apajac KacHeTTepre ue ouomnpemnaparrap ajly MakcaThl )KY3ere acajbl.

Kiarri ce3nep: PGPR OGakrepusuiapsl, TyiiHEeK OakTepusiapbl, OHMOCOHKECTIK,
mpermapar, MalIl, OypIIak.
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STUDY OF THE BIOCOMPATIBILITY OF MUTANT STRAINS OF ROOT
NODULE AND PGPR BACTERIA, PROMISING AS A BASIS OF MICROBIAL
PREPARATIONS

doi: 10.53729/MV-AS.2021.03.04

Summary

The article presents the results of a study of the biocompatibility of mutant strains of
nodule and PGPR bacteria with the aim of their combined use for mung bean and beans.
According to the results of the studies, the strains that showed contact progression and neutrality
were identified - Pseudomonas putida M-1 and Phyllobacterium sp. 35M; strains Bacillus subtilis
M-2 and Chryseobacterium rhizoplanae 1M proved to be the most promising for co-cultivation.
Thus, consortia were selected based on mutant strains of nitrogen-fixing and growth-stimulating
bacteria Pseudomonas putida M-1 and Chryseobacterium rhizoplanae for mung bean and Bacillus
subtilis M-2 and Phyllobacterium sp. 35M for bean plants.
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The results obtained open up the possibility of combining mutant PGPR strains with
growth-stimulating activity (Pseudomonas putida M-1, Bacillus subtilis M-2) and nodule bacteria
with nitrogen-fixing activity (Phyllobacterium sp. 35M, Chryseobacterium rhizoplanae) in order
to obtain a biological product with combined properties on their basis.

Key words: PGPR bacteria, root nodule bacteria, biocompatibility, drug, mung bean,
beans

The use of PGPR bacteria capable of stimulating plant growth has become widely
practiced in modern agrobiotechnology [1].

The market for biologics based on PGPR strains is a rapidly growing segment of
the global economy and is estimated at more than one billion US dollars with projections
of tenfold growth in the period up to 2025 [2].

With the development of the latest technologies in agriculture, one of the popular
directions is the creation of complex biological products, consisting of several different
strains of microorganisms [3-6]. This direction is becoming promising, since,
complementing each other, these microorganisms have a more effective effect in
comparison with monopreparations [7].

When creating multicomponent dry preparations, biocompatibility is not always
taken into account, and especially when already dried mono-cultures are mixed using
technology. In this case, it is impossible to predict the behavior of crops.

When creating liquid multicomponent drugs, developers are faced with the
problem of selecting strains that have been tested for biocompatibility already at the stage
of drug design. In this regard, we studied the biocompatibility of PGPR strains and nodule
bacteria for the further development of a consortium of microorganisms.

For this purpose, the task was set to study the biocompatibility of strains isolated
from soybean and mung bean nodules and PGPR bacteria. The assessment of the
biocompatibility of the bacteria under study was determined by the method of
perpendicular streaks and the method of holes.

Materials and methods

The objects of the study were mutant PGPR strains of bacteria Pseudomonas
putida M-1, Azotobacte chroococcum M-1, Basillus subtilis M-1, Basillus subtilis M-2,
and nodule bacteria Chryseobacterium rhizoplanae 1M and Phyllobacterium sp. 35M
obtained by mutagenesis using UV irradiation. Ultraviolet rays with a wavelength of 260
nm were used as a mutagen of physical nature, at which the maximum absorption of UV
light by DNA molecules is observed.

UV mutagenesis was performed according to the method described by
KamalaKumari et al. [eight]. Single colonies of PGPR bacteria were suspended in 3 ml of
liquid culture medium. After that, 0.5 ml of each sample was added to 50 ml of liquid
nutrient medium and cultured at a temperature of 300C (200 rpm) until the optical density
reached 600 units. After 6 hours of incubation, the resulting culture fluid should
correspond to the culture of the middle phase. After that, 20 ml of the culture liquid was
taken and centrifuged for 10 minutes at 1700 rpm. The precipitate was resuspended in
phosphate buffer (pH - 7.0), after which 15 ml of the suspension was exposed to UV rays
using a UV lamp (30 W) with a wavelength of 260 nm for 30, 45 and 60 minutes
(distance to the lamp 10 cm) ... Next, serial dilutions were used to calculate the
percentage of lethality.

Evaluation of the biocompatibility of the bacteria under study was determined by
the method of holes and the method of perpendicular strokes [9]. Determination of CFU
of bacteria was carried out according to the Koch method [10].
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The data obtained were processed by the method of statistical variation analysis,
taking the probability criterion P <0.05 [11].

Results and discussion

For the study, we took mutant strains of PGPR bacteria with growth-stimulating
activity [12] and mutant strains of nodule bacteria with nitrogen-fixing activity [13]. The
study of the biocompatibility of PGPR strains and nodule bacteria was carried out by the
method of perpendicular strokes, based on the analysis of the nature of the growth of
bacterial colonies during their joint growth in Petri dishes, assumes the joint cultivation of
bacterial strains on a solid nutrient medium.

This allowed us to divide them into 4 groups:

1 - contact regression (suppression of the growth of the studied strain by the sown crop);
2 - neutrality (independent growth of the studied and sown strains);

3 - contact progression (stimulating each other's growth);

4 - antagonism.

The condition for the inclusion of the strain in the consortium was the presence of
an interaction of the "neutrality” or "contact progression™ type. With a growth retardation
of one strain, cultures are considered to be incompatible. Under the condition of
biocompatibility of the studied strains, the growth zones merge without the formation of
clear boundaries.

Determination of bacterial biocompatibility showed that mutant strains of PGPR
bacteria and nodule bacteria showed contact regression and antagonism with respect to all
studied strains of nodule bacteria (Table 1, Figure 1).

Table 1 - Biocompatibility of mutant strains of nodule and PGPR bacteria

PGPR bacteria Nodule bacteria (strain numbers)

M 19M 25M 35M 45M IM

Pseudomonas putida M-1

Azotobacter chroococcum M-1

Bacillus subtilis M-1

N S

4
4
1
1

w| b~ P W

2 1
1 1
4 4
3 1

FQ SN RN N

Bacillus subtilis M-2
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a - antagonism; b - contact regression; ¢ - neutrality

Figure 1 - Assessment of the biocompatibility of the studied cultures
by the method perpendicular strokes

High antagonistic activity was observed in the Pseudomonas putida M-1 strain in
relation to strains 3M, 19M and 25M and contact regression to strains 45M and 1M. The
Bacillus subtilis M-2 strain turned out to be incompatible with all the studied PGPR
bacterial strains, with the exception of the 1M strain.

The strains showing contact progression and neutrality are Pseudomonas putida
M-1 and Phyllobacterium sp. 35M; strains Bacillus subtilis M-2 and Chryseobacterium
rhizoplanae 1M proved to be the most promising for co-cultivation. The high degree of
biocompatibility of these strains, established by us in this experiment, determined the
expediency of their use as part of a consortium for joint cultivation.

In addition to the method of perpendicular strokes, we evaluated the
biocompatibility of mutant strains of nodule and PGPR bacteria using the well method.
The results are shown in Table 2.

Table 2 - Antagonistic activity of nodule bacteria against PGPR bacteria

PGPR bacteria Nodule bacteria
3M | 19mM | 25M | 45M | 3BM | 1M
growth inhibition zones, mm
Pseudomonas 193+2.1 | 14.6+£2.0 | 20632 | 8.0+1.7 0 0
putida M-1
Bacillus subtilis 0 0 0 123+2.1 | 16.0£1.0 | 143+4.0
M-1
Bacillus subtilis 0 0 11.3+£23 0 0 0
M-2
Azotobacter 0 11.0+1.7 0 0 0 0
Chroococcum
M-1

For this purpose, 7 mm wells were cut out on a freshly seeded PGPR lawn of
bacteria. The culture fluid of the studied strain of nodule bacteria was introduced into the
wells, after which the dishes were placed in a thermostat at 28 © C for 24 hours. After this
time, the zone of inhibition of growth of PGPR bacteria around the wells was measured.
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Thus, Figure 2 shows the zones of inhibition of the growth of Bacillus subtilis M-1 and
Pseudomonas putida M-1 by the Phyllobacterium sp. 45M.

As can be seen from the data presented in Table 2, the growth of Pseudomonas
putida M-1 was almost completely inhibited by mutant strains of nodule bacteria
Agrobacterium tumefaciens 3M, and Phyllobacterium sp. 19M, 25M and 45M (the
growth inhibition zones for them varied within 8-20 mm).

Strains of Phyllobacterium sp. 35M, 45M and Chryseobacterium rhizoplanae 1M
in relation to Bacillus subtilis M-1 (12-16 mm), and strains of Agrobacterium tumefaciens
3M, Phyllobacterium sp. 19M, 35M, 45M and Chryseobacterium rhizoplanae 1M did
not inhibit the growth of Bacillus subtilis M-2, which indicates the compatibility of these
cultures. Moreover, all studied mutant strains of Agrobacterium tumefaciens 3M,
Phyllobacterium sp. 25M, 35M, 45M and Chryseobacterium rhizoplanae 1M did not
suppress the growth of the Azotobacter chroococcum M-1 culture, which also indicates
their compatibility.

Bacillus subtilis M-1 Pseudomonas putida M-1

Figure 2 - Evaluation of the biocompatibility of the studied cultures
by the method of wells (growth inhibition zones)

Thus, according to the results of the studies carried out by two methods, the
following consortia were identified based on mutant strains of nitrogen-fixing and
growth-stimulating bacteria:

- Pseudomonas putida M-1 and Chryseobacterium rhizoplanae 1M (for mung
bean);

- Bacillus subtilis M-2 and Phyllobacterium sp. 35M (for beans).

The results obtained open up the possibility of combining mutant PGPR strains
with growth-stimulating activity and nodule bacteria with nitrogen-fixing activity in order
to obtain a biological product with combined properties on their basis.
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INPABUJIA
W3JIaHus )KypHaja
«MHUKPOBHNOJIOI'US ’KOHE BUPYCOJIOI'US»

Kypnan nyOnaukyer craTbu (YHIAMEHTAIBHOTO W TPHKIATHOTO XapakTepa.
Marepuansl JOJDKHBI OTpa)kaTh PE3yJIbTaThl HAYYHBIX HCCICAOBAHUN M MPAKTHYECKUX
JOCTIDKEHHUH B 001aCTH MUKPOOHOJIOTHH, BUPYCOJIOTUH, OMOTEXHOJIOTHH U SKOJIOTHH.

[nara 3a myOnuKaIuio cratei He B3MMAeTCsL.

[lpencraBnenHple Juid  OMyOJIMKOBAaHMA MaTepHaibl JOJDKHBI  YAOBIETBOPSTH
CIIEAYIOLIUM TPEOOBAHUSIM:

ConepkaTb pe3yibTaThl OPUIMHAIBHBIX HAyYHBIX HCCIEAOBAHUM 10 AKTyaJIbHBIM
npobsieMaM B 001aCTH MUKPOOHOJIOTHH, BHPYCOJIOTHH, OMOTEXHOJOTMH M HKOJOTHH,
paHee He OIyOJIMKOBAaHHbIE M HE MPeJHAa3HAUCHHbIE K IIyOIMKAIUU B APYTUX U3JIaHUSX.

Bee cratbu mnpuHumaroTcs M MyOJIMKYIOTCS OJHOBPEMEHHO Ha JBYX SI3bIKax
(Ka3aXCKOM U aHIJTIMHCKOM, M PYCCKOM U aHTJIMHCKOM).

CraThbu IPUHUMAIOTCS B DJICKTPOHHOM BHJIE Yepe3 nMpoduiib aBTopa Ha caifTe Imv-
journal.kz.

[Ipu HeBbIMONHEHUN (OPMATBHBIX TpPEOOBAaHUH, CTaThs K IYOJUKAIlMH HE
IIPUHUMAETCS.

Crarby NOCTYNUBIINE B PEAAKIUIO )KypHAJIa MOTYT ObITh IPOBEPEHBI C TIOMOIIIbIO
cucreMbl AHTHIUIaruaT. B ciywae, ecnu pe3yibTaT MPOBEPKH BBISBISIET HEKOPPEKTHO
o(opMIIeHHBIE 3aMMCTBOBAHUS, CTAThsI MOXKET OBITH OTKJIOHEHA.

IIpu BbImonHeHHMH (opManbHbIX TpeOOBaHMHM, CTaTbsd HaINpaBiseTcs Ha
paccMOTpEeHHE WICHAM PEIKOJIJIETHH, NMEIONUM YUYCHYIO CTEeTIeHb B Hay4HOU 00iacT,
COOTBETCTBYIOLIEH cofepxaHuio cTatbu. [Ipu 3TOM pepakuus onpenenseT COOTBETCTBUE
cTaTh MpoduI0 >KypHama, TpeOoBaHusM K odopmieHuto. Ilpu cooTBeTcTBUN
BBIIICYKA3aHHBIM TPEOOBAaHUSAM HaNpaBisgeT €€ Ha peleH3UpPOBAHWE CTOPOHHEMY
CHEeHAIUCTy, 00JIaJalolieMy BBICOKUMHU MPO(ECCHOHATbHBIMU 3HAHUSIMU U OIBITOM
paboThI M0 KOHKPETHOMY HAyYHOMY HAaIpaBJICHHIO, HMEIOLIeMy ydeHyroo crernenb PhD,
JOKTOpa UM KaH/K/1aTa HayK.

K peneHsupoBaHMi0O HEe NPUBJIEKAIOTCS CIELUANUCTBI, padOTaloUIe B OJHOM
OTJIeNIe WJIM JIeTIapTaMEHTE YUpeKICHHs, IJie BBINOJHEHa paboTa. PelieH3eHT BBIHOCHUT
peleHre 0 BO3MOKHOCTH OIyOJIMKOBaHMS

OKOHYATENbHOE pEIIeHHE O IeJeCO00pa3HOCTH MNyONMKAauud HPUHUMAETCS
PenakunoHHOM Kosiernel B COOTBETCTBUH C PEKOMEHIALUSMHU PELIEH3EHTOB.

Ilocne npuHsATHA PegaknMOHHOM KOJUIETHMEW pEIIeHHs O JAOIYCKE CTaTbU K
nyOJIMKAallMd OTBETCTBEHHBIM pelakTop >KypHasa HHPOpMHpYeT 00 3TOM aBTopa M
YKa3bIBa€T CPOKU IMyOIMKAIUH.

1. DrekTpOHHOE MTHCHEMO JIOJKHO COJIEPIKATh:

— Marepuansl ctatbu ((aiimy co crarbell mpucBaMBaeTCs UM O (aMHIUU
MIEPBOTO aBTOPA).

— CBenenust 00 aBTOpax ((amwimsi, UMs, OTUYECTBO, yU€Has CTETEeHb, 3BaHMHE,
JOJDKHOCTh, MECTO pabOThl, KOHTAKTHBIC Tene(OHbI, 3JIEKTPOHHBIE azapeca (e-mail),
unentudukanuonnsiii Homep (ORCID).

— OTCKaHMPOBAHHOE COTIPOBOIUTEIHEHOE MTUCHMO.

— OTCKaHMPOBAHHOE SKCHEPTHOE 3aKIIOYCHHE O BO3MOXKHOCTH ITYOJIMKAIIUN
MaTEepHaJIOB B OTKPHITOH MeYaTH.
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2. CtaThs JOHKHA CONIEPIKATH:

-MPHTU -  MeXrocymapCTBEHHBIH  pyOpHKAaTOp  HAyYHO-TEXHHYECKOU
uHpOpMaU

— @aMuIIMK aBTOPOB CTAThU (MPOMUCHBIMU OyKBaMU, WHUIUANBI CIEAYIOT Mepea
bamunueii);

- Ha3zpanue opranuzanuy, B KOTOpOH ObUIa BBIIOJHEHa paboTa U TOpOJ
(cTpouHbIME OyKBaMH);

- Haspanwue crathut (IPOMUCHBIMU OYKBaMH MOTYKHPHBIM HIPUPTOM);

— AHHOTaIUs (B HaYaJie CTaTbH Mepe]] OCHOBHBIM TEKCTOM);

- Kirouesie ciioBa (He 6onee 7);

- BBenenue (0e3 3arofioBka), B KOTOPOM KpAaTKO H3JIaracTcsi aKkTyaIbHOCTh H
HOBHU3HA PaccMaTpPUBAeMOro BOIIPOCa;

— OCHOBHOH TEKCT (BKJIIOUAET MAaTE€pPHAJIbl U METOBI, PE3YJIbTaThl U 00CYKICHHUE,
3aKJII0UEHHUE, CojieprKalllee KpaTKoe U3JI0)KEHHE OCHOBHBIX PE3yIbTaToB paboThl);

- Crnmcok nuteparypbl (odopmisiercss ¢ ykazaHueM (GaMHINH ¥ WHHIHAAIOB
aBTOpa, MOJIHOTO Ha3BaHMs KHHUTU (CTaThbH), MECTa M3JIaHUs, Ha3BaHHs KypHana (roja,
TOMa, HOMEpa, CTPaHUIIbI).

3. Paszmep omHOl cTaTbu HE JOJDKEH NPEBBINATh 5-7 MAIIMHONMCHBIX CTPAHHUI]
(ctatbu 0030pHOrO Xapakrepa — A0 15 cTp.), BKIIOYasl aHHOTALMIO, TAOJMIIbI, PUCYHKH,
CIIMCOK JIUTEpaTypbl. B ToM ke (aiine ciemyer MpeacTaBIATh pE3FOME Ha TPEX S3BIKax
(Ka3axCKOM, PYCCKOM U aHTJIUICKOM).

4. Crarbs AomkHa ObITh HaOpaHa Ha KommbioTepe B pemakrtope Word 2003,
mpudrom Times New Roman 12 nit, ¢ mpobeiom Mexay cTpoK 1 KOMITBIOTEPHBIN HHTEPBAJ,
MOJIsl — BEpXHEE W HWKHee 2 cM, JieBoe 3 cM, npaBoe 1,5 cm. KonndecTBo pucyHKOB — He
Oonee mATH. AHHOTaUMsl, TaONUIBI, PUCYHKH, CIHMCOK JuTepaTypbl — 11 nT uepe3 1
KOMITBbIOTEpHBI uHTepBai. CCHUIKM Ha JIMTEpaTypHbIE WCTOYHHMKH JaroTcs mudpamMu B
NPSMBIX CKOOKAax 10 Mepe YIIOMWUHAHUS W JOJDKHBI OBITh MIACHTUYHBIMU Ha JBYX S3bIKAX.
Heo6xoauMo THIATENBHO CIEAUTH 32 TOYHBIM COOTBETCTBHEM O0O3HAUYEHUH B TEKCTE U
Ha Tabauuax, pucyHkax u ap. [Ipu u3noskeHuu sKCepUMEHTaIbHOIO MaTepuaia J0HKHA
OBITh HCIOJIB30BaHA MEXKAyHapoHas cuctema eaunu (CH).

5. Tlocme cratbu Ha aHIIMIICKOM SI3BIKE TPHBOAWUTCS CIHCOK JIMTEPaTyphl B
pomanckom andasute (References) mis SCOPUS u apyrux BA3 JJAHHBIX nomHOCTBIO
OTAETBbHBIM OJIOKOM, TMOBTOPSISl CIHCOK JIMTEPATYPhl K PYCCKOS3BIYHON YaCTH, HE3aBHCUMO
OT TOT'0, UMEIOTCSI WJIM HET B HEM MHOCTPAaHHbBIC HCTOYHUKU. ECIM B CIIMICKE €CTh CCHUIKHM Ha
WHOCTpPaHHBbIE MYONMKAIUK, OHU TIOJMHOCTHIO TOBTOPSIIOTCS B CITUCKE, TOTOBSIIEMCS B
pOMaHCKOM andaBuTe (JaTUHUIIA).

B References He ucmonb3yroTcsi pasnenuTenbHbIe 3HAKU («/» U «»). Ha3Banue
WCTOYHWKA W BBIXOJHBIC JAaHHBIC OTICISIOTCS OT aBTOPOB THUIIOM IIPUQTA, Yalie BCETO
KYPCUBOM, TOUKOM WJIN 3aIISTOM.

Ha caiite http://www.translit.ru/ MoxHO 0€CIUIATHO  BOCIIOJIB30BATHCS
MPOrpaMMOIl TPaHCIUTEPAIMU PYCCKOTO TEKCTa B JIATUHUILY, HCIIONB3Yys pa3nyHbIC
cuctembl. [IporpamMmma odeHb TpOCTasi, €€ JISTKO MCIOIB30BaTh JJI TOTOBBIX CCHUIOK. K
npuMepy, BbiOpaB BapuaHT cuctembl bubmuorexku Konrpecca CIIA (LC), momyuaem
n300pakeHNe BceX OYKBEHHBIX COOTBETCTBHMA. BCTaBisieM B CHEIMAIbHOE IOJIE BECh
TeKCT Oubarorpadun Ha PyCCKOM SI3bIKE U HAKMUMAeM KHOIIKY «B TPAHCIUT.

6. CratbH, He cOOTBETCTBYIOIIHE [IpaBriiam, He TYOJIUKYIOTCS U HE BO3BPAIIAOTCS
aBTOpy. Penmakiums octaBmnsier 3a coOOM MpaBo MPOU3BOIUTH COKPAIIICHUS U TIPABKH CTATEH.
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