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POJIb DOHAOPUTHBIX MUKPOOPI'AHHU3MOB B IIOBBIIIEHUN
YCTOMYUBOCTHU PACTEHUHA B YCJIOBHUAX COJIEBOIO CTPECCA

doi: 10.53729/MV-AS.2023.01.01

AHHOTANUA

3aconenune, B TOM YHCIIE CBSI3aHHOE C 3aCyXOil, BEI3BIBAET MOTEPIO yposkaHOCTH pacTeruid 10 60%.
B 60prbe ¢ abHOTHYIECKUMHU CTpeccaMH Bce OOJIbITiee 3HAUCHHE PHOOpeTaeT MpUMEHEHHE YHI0(MUTOB,
KOJIOHU3UPYIONINX pPACTCHHS W TOBBIMIAIONMX WX CHOCOOHOCTh MPOTHBOCTOSITH — PAa3IMYHBIM
MOBPEKIAIONIUM  BO3ICHCTBUSIM.  MUKpPOOpPraHM3MBI,  CIIOCOOCTBYIOIIIUE  POCTY  PacTCHUH,
BOCCTAHABIIMBAIOT META0OJMYECKHe HApyIIEHUS B PACTEHHUSIX, CTHUMYJIHPYS WX pPOCT, 3aIIumas OT
CTPECCOBBIX BO3JICHCTBHIA, BOCCTAHABIIMBAs M COXpaHss (hu3nosornyeckue mporeccol. [loguepkuBaercs,
4yTO 0TOOp, CKPUHHUHT U IPUMEHEHHUE YCTOWYHMBBIX K CTPECCY MHUKPOOPTaHU3MOB SIBIISICTCS ONTHMAbHBIM
BapHAaHTOM, TIOMOTAIOIINM TIPEOI0JIETh OTPaHINYEHUS TPOAYKTUBHOCTH CEITBCKOXO3HCTBEHHBIX KYIbTYpP
B pailoHaX, MOJBEP)KEHHBIX aOMOTHYECKHM cTpeccaM. B 0030pe mpuBOAATCS Hay4HbBIE JaHHBIE,
Kacaloluecsl CTPAaTeru CMATUYSHHs CTPecca, ONMOCPEIOBAaHHONH MHKpOOaMH, C y4ETOM MOJCKYJSPHBIX,
OMOXMMHYECKNX, (PU3NOJIOTUIECKUX U YIBTPACTPYKTYPHBIX NTAPaMETPOB C MCIIOJIb30BAHUEM Pa3THYHBIX
OMHYCCKHX IIOAXOJ0B, CHOCO6CTBy}OIHI/IX IIOHUMAaHHUIO MEXaHU3MOB MI/IKpO6HLIX BSaI/IMO}leﬁCTBI/Iﬁ u
OMOXMMHYECKUX ITyTeH HAKOIUICHUS W YCUJICHHS Pa3THUYHBIX METaOOIUTOB, OEIKOB, (DEPMEHTOB, a TAKKE
TIOBBIIIICHUS W TIOHIDKEHUS PETYISIUY pPa3U4HbIX TeHOB. I[lokasaHa ponb OakTepuii, TpHOOB U HX
codyeTaHUHd B OGCCHC‘ICHI/H/I paCTeHI/Iﬁ IMUTATCIIBHBIMKU BCUICCTBAMH, B 3alIUTC PACTCHHUA-XO35IMHA OT
CTPECCOB OKPYKAIOIICH CPEIbI.

KuroueBrble cjioBa: 3HI0(PUTHI, A0MOTHIECKHUN CTPECC, COJIEYCTONINBOCTD.

Oxono 96,5% cenbCKOXO3SIWCTBEHHBIX 3E€MENb B MHUpPE MOJBEPKEHO aOMOTUYECKHM
crtpeccam [1]. Hambomnee cepbe3HbIli M3 HUX CBS3aH C 3aCyXOH W 3aCOJICHUEM, MOCKOJIBKY OH
BIMET Ha OMOpa3sHOOOpa3ne M COCTAaB MOYBHI, YXY/IIAET COCTOSHUE PACTEHUi, BIMSAET Ha UX
IPOYKTUBHOCTb, BBI3bIBAst IOTEPH ypoxas 10 60% [1-4].

B Oopbbe ¢ moBpexmarOMKUM BO3ICHCTBHEM aOMOTHYECKHX (PAKTOpPOB, HapsSAy C
TpPaJWLMOHHBIMU CIIOCOOAaMU HCTIOIb30BaHUS 00Jiee YCTOMUNBBIX COPTOB KYJIbTYPHBIX PACTEHUIA,
Bce Ooubliee 3HAYEHHE MPHUOOpPETaeT TNPUMEHEHHE DHHIOPHUTHBIX MHKPOOPTaHU3MOB,
MOBBIIIAIONIMX ~ CHOCOOHOCTH  PACTEHMM  MPOTUBOCTOSATH  PA3JIMYHBIM  MOBPEXKIAIOLIUM
Bo3neiicTBusM  [5,6]. Mukpoopranusmel, crocoOcTByromue pocty pacrenuit  (PGPR),
BOCCTAHABIIMBAIOT METa00IMYECKHE HAPYILIEHUS B PACTCHUSIX, CTUMYJIUPYSI UX POCT, 3aIMILAs OT
CTPECCOBBIX BO3ACWUCTBUI, BOCCTaHABIMBAas M COXpaHss (HU3UOJIOTMYECKHe TMpouecchl. B
HACTOSIIIEE BpEMs HE MOJJIEKUT COMHEHMIO, YTO MCIOJIb30BAHUE MHKPOOPTraHU3MOB SIBISETCS
CEpbE3HON aNbTEPHATUBON TPAJUIMOHHBIM METO/IaM BEACHMSI CEIbCKOI0 XO035HCTBA B KaUeCTBE
CpencTBa, 00ECeYMBAIONIETO YCTOMYMBBIN POCT PACTCHUH, TTOBBIIICHNUE YPOKANHOCTH | 3aITUTY
pacTeHMid, a, CIe10BaTEIbHO, YCTOMUMBOE IIPOU3BOJACTBO MPOAYKTOB IMUTAHUS U NOJJEpKAHUE
MPOJOBOJILCTBEHHON Oe3omacHocTH. OIHAKO B MOJIEBBIX YCIOBUSAX YCIEX MX MPUMEHEHUS MOKa

6



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

OCTaeTCsl HEBBICOKHMM, TOTOMY HEOOXOIMMO YIIyOUTh HCCICIOBAaHUS B OO0JACTH CO3JaHUs
MOIXOISIINX u JKU3HECTIOCOOHBIX COCTaBOB PGPR TUIA KpYITHOMACIITaOHbIX
CEeNbCKOXO35MCTBEHHBIX IPUMEHEHUM.

HenaBHue pa3paboTku B 00JacTH METAO0OJOMHUKH TO3BOJIMIN IIPOBECTH IMOIPOOHBIN H
BCECTOPOHHMI aHaW3 MeTabosiomMa W MeTabONIMYeCKUX HApYIICHW B pacTeHHSIX H3-3a
M3MEHEHUH OKPYKAIOILIEH Cpebl U, B IEPBYIO OYEPE/Ib, TPEXCTOPOHHUX B3aMMOACHCTBUN MEXKITY
pacrenusmu, PGPR u marorenamu [7]. Beicka3zaHO Tak:ke MHEHHE, YTO M3-3a OTPAHUYEHUU B
OTHONICHUU TOJAJIEPKaHUS KUZHEAEATEIIbHOCTH MHKPOOPTaHM3MOB B Pa3jMYHBIX CTPECCOBBIX
YCIIOBUSX, IIENIECO00Pa3HO UCIIOIB30BATh UX META0OIHTHI, CIOCOOCTBYIOIINE CMATYEHUIO CTpecca
HE3aBHUCUMO OT JKOJOrMYecKuX curyauuil [8]. Takoil TEXHOJOTMYECKHI MOJIXO0J] B HACTOSIICE
BpeMsi HaOWpaeT MOMyJsIPHOCTh CPEelU HCCIIENOBATeNeH, CTPEMSIINXCS JOMOTHUTh U PEIIUTh
KIIIOYEBBIE TTPOOJIEMBI, CBSI3aHHBIE C UCIIOJIb30BAHUEM MUKPOOPTaHU3MOB JJIsl YCKOPEHHs pocTa
pactenmii. Ero npemmyIiecTBoOM sIBJISIETCS MEHBIIAS TTOIBEPKECHHOCTh XUMHUECKUX COCTUHEHHIA
BO3/ICIICTBUIO COJIEBOTO CTpecca, HEeOOJIbIIUE J103bl MPUMEHEHHs] W IPOCTOTa XpaHEHHs, B
CPaBHEHMM C JXKUBBIMM MHUKpoopraHumsmamu [9]. OpHako Takoil IOAXOX HE YUYUTHIBAET
BO3MOXXHOCTh BOCIIPOM3BO/ICTBA MUKPOOHBIX KJIETOK B €CTECTBEHHBIX YCIOBUSX U CHIDKEHUS
NOTPEOHOCTH B TOBTOPHBIX BO3JEHCTBUSX. Tem He MeHee o0a MOAXOABI MOTYT OBITh
MEPCIEKTUBHBI B 3aBUCUMOCTH OT OOCTOSATEIHCTB.

Peakyua pacmenuit Ha cmpecc 3acoeHu.

HebnaronpusTHble yCIoBUS Cpellbl BBIHYK/IAI0T pacTeHUs BbIpadaThIBaTh crielupuyecKkue
aIaNTUBHBIE PEAKIUU, CHOCOOCTBYIOIIUE TMPUCTOCOONECHUIO (AKKIMMATHU3AMKA) K HUM,
BKJIIOUAIOLIHE Pa3BUTHE MOPHOIIOTUYECKUX U (PU3HOIOTHUECKUX TPU3HAKOB, TOMOTAIOIIUX POCTY
B M3MCHHBIIHUXCS ycnoBUsiX. OOBIUHON peaknuel ranouTOB HA 3aCOJICHHUE IMOYBBI SBISETCS
KOMIIAPTMEHTAIM3AIMsl TOKCHYHBIX HMOHOB B BAaKyOJsIX M HAKOIJIEHHME B IUTOIUIa3Me s
OCMO3AIIUTBl COBMECTUMBIX PACTBOPEHHBIX BEIIECTB, TAKUX KAaK caxapa U TOJHUOJBI, a TaKKe
MIPOJIMH WJIM TIUIMH-O0CTarH, HAMPSIMYIO CTAOUITU3UPYIOMUX OCJIKH 1 MEMOpaHHBIE CTPYKTYPHI B
YCIOBUSAX NETHIpAaTallid ¥ 3allUIIAONIUX KJIETKH OT OKHUCIHUTENIhHOro cTpecca. llpu 3tom
AMUHOKHUCJIOTBl U OpPraHuYecKhe KHUCIOTHI CHOCOOCTBYIOT MOJAJEP)KAHUIO TPaJle€HTa BOIAHOIO
MOTEHIIMada OT TOYBBI K PAacTEHUSM, B TO BpeMs Kak caxapa y4acTBYIOT B PEryJIWpPOBaHUU
ocMoTudeckoro masjenus [10].

B oOecrieyeHnn KIIETOYHOTO TroMeocTaza oco00e BHHMAHHME YJEICHO POJIM TPOJIHHA,
UCIIOJIB3YEMOTr0 JUIsl KOMIIEHCAllMM KJIETOYHOTO JAucOanaHca, BBI3BAHHOTO HKOJIOTMYECKUM
crtpeccom. Illupokoe wucmonab30BaHHE B MPUPOJE MPOJMHA B KAueCTBE MOJIEKYJIbI-alanTepa
cTpecca yKa3bIBaeT Ha TO, YTO OH UrpaeT (yHIaMeHTalbHYI0 OMOJIOTHYECKYIO POJIb B PEaKIMH Ha
ctpecc. [IponuH U pacTBOpUMBIE caxapa SIBISIOTCS OCMO3AIIMTHBIMU MOJIEKYJIaMH, KOTOPBIE
HaKaIUIMBAIOTCS B OTBET HA Pa3IMYHbIE (PAaKTOPHI IKOJIOTHIECKOTO CTpecca, BKITtouas 3acyxy [11],
¥ YMEHBIIAIOT yIepO, BBI3BAHHBIA OKUCIUTENBHBIM cTpeccoM [12]. [Iponun MoxeT aeiicTBOBaTh
KaK CHUTHaJbHas MOJIEKyJa, MOAYJIUpylomas (QYHKIUM MHUTOXOHAPUHN, BIMSIONIAas Ha
nposindepannio UM rudenb KIETOK U BBI3BIBAIOIIAS SKCIPECCUIO CIEUU(UIECKOTO I'eHa, YTO
MOXET UMETh 3HAYEHUE VIS BOCCTAHOBJIEHUA pacTeHui nocie crpecca [13].

B mocnennue roapl ocoboe BHUMaHUE CTAll0 YACNAThCS MenaToHuHY [14], cBsSi3aHHOMY C
a0MOTHYECKUMH CTpeccaMH, TaKUMHU KaK 3acyxa, paauaius, SKCTpeMalibHble TeMIlepaTypbl U
XUMHUYECKHE CTPECChl. OK30T€HHO TPUMEHSEMBI MEJIATOHHH TaKXKe MOXKET YIy4IlUTh
CITOCOOHOCTH PACTCHHI MEPEHOCUTh A0MOTHYECKUE CTPECCHI.

[Tokazano, 4To (EHOTUNMUYECKUE H3MEHEHUS, MO3BOJISIONINE PACTCHHUSIM BBIICPKUBATH
CTPECCOBBIE  CUTyallUM, MOTYT  TIOJOKUTEIbHO  MOJYJIHUPOBATHCA  CUMOMOTHYECKUMU
MUKpoopranuzmamu [15].

Mukpoopzanuzmst, cnocoocmeyrouwgue pocmy pacmenuii (PGPR).

Merabonnueckue ¥ TEHETHYECKHE BO3MOXHOCTH MHUKPOOPTAHU3MOB JENAOT HX
MOIXOSAIINM OPYXHUEM AJi G0phOBI ¢ AKCTPEMANIbHBIMU YCIOBUSIMH OKpYy»Karolel cpeasl. MUx
B3aMMOJICHCTBHE C PACTEHUSMHU BBI3BIBACT PA3IMYHOTO PO JIOKATBHBIC U CUCTEMHBIC PEaKIINH,
MOBBINIAIONINE CIHOCOOHOCTh PACTEHHH OOpOThCS € aOMOTHYECKMMHU cTpeccamu [16].
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CBHUIETETHCTBOM BAXKHBIX CBOWCTB MHKPOOHBIX B3aMMOJCHCTBHIA C pPACTEHUSMHU SIBIISICTCS
3HAYUTENIbHOE KOJMYECTBO HAKAIUIMBAIOIIMXCS JaHHBIX, KOTOpBIE MpEIoiaraloT Hajaudue
IyOOKHX MEXaHU3MOB, OCHOBAaHHBIX HAa B3aWMOJICUCTBUSAX PACTEHUN M MHUKPOOOB, MOIYISILIUN
KJIETOYHBIX, OMOXMMUYECKUX U MOJIEKYJISIPHBIX MEXaHH3MOB, CBSI3aHHBIX C YCTOWYMBOCTBIO K
cTpeccy.

MHOTrouNCIEeHHBIMU HCCIIEAOBAHUSAMU YCTAaHOBJIEHO, 4YTO 0053aTeIbHOE MPHUCYTCTBUE
MUKPOOPTaHU3MOB-3H/I0(UTOB HETTATOTE€HHOW MPUPOIBI BO BCEX 0€3 MCKITIOUEHUS PACTCHHSIX, UX
CIIOCOOHOCTH YNy4YIlIaTh JOCTYN PACTEHHWH K MUTATEIbHBIM BELIECTBAM IOYBBI U IOBBIIIATH
YCTOHYHMBOCTh K CTpeccaM pPAa3IMYHOW TMPHUPOMABI, OOECIIEYMBAET BO3MOXKHOCTH KAaK Camoro
CYIIECTBOBAHUS PACTEHHI, TaK U MOBBIIECHHS X ypoxanHoct [17,18]. [Tokazano, yTo qaxe npu
BBIpAIlMBAaHUH B OJHOHM U TOH e MoYBe pa3sHOOOpa3HbIC BUIBI PACTEHUIl CoMepkKaT pa3IuuHbIe
MHUKpOOHoJIornueckue cooodmectna [19].

HezaBucumo ot coxpepkanusi Boabl, PGPB oOecrneunBaroT pacTeHusi NUTATEIbHBIMU
BEIIIECTBAMH W YJYYIIAIOT YCIOBHUS OKPYXAIOIIEH Ccpelibl Il uX HenpepbiBHOro pocta. PGPB
UTPAIOT )KU3HEHHO BaXHYIO POJIb, 32 CUET YBEITUUCHUS COJIepKaHus a30Ta, hocdopa, xene3a u T.
1., 3aIIMIIAIOT PAcTEHHE-XO3SIMH OT CTPECCOB OKPYXKAloIIed cpeibl W IMOMOTaloT CMSTYUTH
antaronuctuueckue pdextsl crpecca [20]. PGPR o6magaroT cnocoOHOCTBIO CHHTE3UPOBATH
TOPMOHBI, CTUMYJIUPYIOIIUE POCT U Pa3BUTHE PACTEHHM B ycioBHsSX cTpecca. OHM CHHMXKAIOT
AHTHUOKCH/IAHTHYIO AaKTHBHOCTh, a TakXK€ YBEIWYMBAIOT BBIPAOOTKY IPOJIMHA, CBOOOIHBIX
aMHHOKHUCIIOT U caxapa B pacTteHusix [21]. Kpome toro, PGPB ucnonb3yioT u Takue MexaHU3MBbI
BIUSHUS Ha QU3UOJIOTHUYECKUE, OMOXMMHYECKHE U MOJICKYJSIPHBIE pEaKIUU, OMOTAOIINe
pPacTeHMSIM CIPABIISATHCS C COJIEBBIM CTPECCOM, KaK CHHTE3 SK30I0JIMCaXapu 0B, 3alIUIIAI0IINX
pacTuTeNbHbIe KJIETKH OT MOTEPU BOJABI M CTAOMIM3UPYIOIIMX arperarbl MouBbl [22]; cUHTE3
AHTUOKCHJIAaHTHBIX  ()epMEHTOB  (KaTamas3a, CyNEepOKCHAIMCMYyTa3a H  IEPOKCHIa3a),
MPEIOTBPAIIAIONINX BPEIHOE BO3JCHCTBUE aKTHBHBIX (DOPM KHCIIOPOJa; CHHTE3 aHTUOMOTHUKOB,
3alIUIIAIOIINX OCIa0JeHHbIE CTPECCOM PACTEHUSI OT TOYBEHHBIX MATOTCHOB; CUHTE3 (hepMeHTa,
CHUKAIOILIETO YPOBEHb ATHJICHA B PACTEHMSIX, YTO YMEHBIIAET BBI3BAHHOE CTPECCOM CTapeHue
pacTeHuii, cHIKeHUue abcopOLUMU HU30BITOYHBIX MUTATENBHBIX BELIECTB / TSDKEIBIX METAIJIOB;
WHAYKIHS TEHOB YCTOWYMBOCTU K abmotudeckomy crtpeccy. Ilpu 3Tom Hambomee ycrenrHbie
PGPB 00mamaroT HeCKOJIBKHUMH U3 3THX MEXaHU3MOB [23].

[TokazaHo, 4TO CTUMYJIUPOBAaHUE POCTA PACTEHUI, B TOM YMCJI€ YYBCTBUTEIBHBIX K COJIH,
MOET OBITh 00€CIIEUeHO COJICYCTOMUNBBHIMHU (TAIO(DUIBHBIMU) PH300AKTEPHUSIMH, BbIICTICHHBIMU
U3 3aCOJICHHBIX T0YB [24-25].

baxmepuu. MHOTOUYUCIEHHBIMH HCCIEAOBAHUSIMU YCTAaHOBJIEHO, YTO TOJEPAaHTHOCThH
pPa3JIUYHBIX KYJIBTYp PAacTEHUU K COJEBOMY CTPECCY MOXHO MOBBICUTH C TOMOIIBIO TaKUX
9K30TCHHBIX OHOCTHUMYJATOPOB Kak puzoOaktepuu [26,27], cnoOCOOCTBYIOIMIME YIyUIICHUIO
popacTaHus CEMSH, OJHOBPEMEHHOMY YBEIMUEHUIO OMOMACCHI U MPOJYKTUBHOCTH PACTCHUU
[28,29]. Kpome Toro, PGPR mMoryr ObITb HCMOIB30BaHBI B TEXHUKE OWO3arpy3Kd CEMsH,
MOCKOJIBKY TOT MOJXOJ IEMOHCTPUPYET MHOTOOOCIIAIOIINE BO3MOKHOCTH JJIsl TIOBBIIIICHUS MX
YKU3HECTIOCOOHOCTH, OBICTPOTO MTPOPACTAHUS U OJHOPOJHOCTH POcTa MPOopocTKoB [30].

Cucrematnueckuii W yIIIyONEHHBI 0030p TEKYLIEr0 COCTOSHUS — SHAO(PHUTHOTO
OakTepuaIbHOTO Pa3HOOOpPA3Msl, CTPATETUH KOJIOHW3AIIMHM MMH PACTEHUW M WX OJIATOTBOPHOTO
BO3JICHCTBUS HA YCTOWYMBOE CEIHCKOE XO3SHUCTBO 3a CUET COKpANICHHWS W/MIU OTKa3a OT
HCIIOJIb30BAaHUSI TOKCHYHBIX arpOXMMHUKATOB, a TaKXKE€ B KaueCTBE 3alIUTHBIX areHTOB MPOTUB
Oone3Hel pacTeHMH M JUIS TOBBIIMICHUS YPOXKAWHOCTU CEIbCKOXO3SIMCTBEHHBIX KYIBTYP
npeactaBieH B 003ope Morales-Cedeno ¢ coaBtopamm [31]. Ilokazano, uto OakTepuu ¢
atpubyramu PGP sBRSt0TCS KIIFOUEBBIMH KOMIIOHEHTAMHU MOYBBI, CIOCOOHBIMU YCTaHABIIMBAThH
MOJIE3HBIC acconuanuu ¢ pacteHusMu [32]. Ix Hanbosiee u3ydeHHbIE TPEICTABUTENIN ONMCAHbI B
pabotax Yadav ¢ coaBropamu [33] u Kour ¢ coaBTopamu [34].

B coctaB MUKpOOPraHU3MOB, CIOCOOCTBYIOLIUX POCTY PACTEHU, BXOJAT Pa3IUYHbIE POJIbI
Pseudomonas, Enterobacter, Bacillus, Variovorax, Klebsiella, Burkholderia, Azospirillum,
Serratia u Azotobacter [22]. Cpeau Firmicutes Beiensiercs poa Bacillus, ssastrommuiicst BaxkHbIM
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pecypcoM At U3ydeHus ranopmIbHEIX (PEepMEHTOB U METaOOIMYECKUX MyTeH /Uil peMenualiuu
3arpsi3HUTENe B 3acojeHHOM mouBe [35]. Hambonee pacmpocTpaHeHHBIE W HM3YYCHHBIC
sHno(puTHBIE OakTepuu oTHOcATcs K Proteobacteria, Firmicutes, a rtaxxe Actinobacteria.
JIOMUHUPYIOIUMH CpEeIM HUX Yy OOJIbIIMHCTBA OOOOBBIX M HE OOOOBBIX PACTEHUU SIBISIIOTCS
Bacillus, Pseudomonas, Fusarium, Burkholderia, Rhizobium u Klebsiella. bornsmmuctso PGPR
BKJIIOYAIOT pa3luYHbIe mTaMMmbl BuaoB Agrobacterium, Azospirillum, Bacillus, Pseudomonas u
Rhizobium [36, 37].

Cpenn HamOosiee M3yYCHHBIX B ATOM IUTaHE PHU300aKTEpHii - OalMIUIbI, CIOCOOHBIE K
IIPOM3BOJICTBY LIEJOTO psia OMOIOTHYECKH aKTHBHBIX BELIECTB, 0JaroTBOPHO JACHCTBYIOIIMX Ha
pacTeHus, CIOCOOHOCTh KOTOPHIX OOpa3oBBIBATH CHOpPHI  [OMOTaeT BBDKHUBAHUIO B
HeOIaronpusITHBIX yciaoBUAX. [Ipy HerocTaTKe BOJIBI B IIOYBE, TOBBIIICHUH €€ COJICHOCTH, a TAKXKe
HAKOIUIGHHU COJeM TSKENbIX METaUIOB, METa0OJUThl ATHX OPraHu3MOB (B TOM 4YHCIIE
HK30MOIMCAXAPUIBI U CUAEPOGOPHI) MPETOTBPAILAIOT IBUKEHNUE TOKCHUYHBIX HOHOB, PETYIUPYIOT
MOHHBIN OajaHC U TPAHCIOPT BOABI B PACTUTENBHBIX TKAHSIX, OJHOBPEMEHHO KOHTPOJIUPYS
HONMyasuu maroreHoB. CHHTE3MpYyeMble HWMH HWHAON-3-YKCYCHas KHUCIIOTa, TuOOepensioBas
KHUCII0Ta U 1-aMHHOUMKIIONponaH-1-kapOoKkcuiar Ae3aMuHa3a peryaupyloT BHYTPUKICTOUHBIN
MeTa0oaM3M (UTOTOPMOHOB M TOBBIIIAIOT YCTOHYMBOCTH pacTeHUd K crpeccy. bauummisl,
IPOAYLHUPYIOILIUE Je3aMUHa3y, UMEIOT IPEUMYIIIECTBA B KayeCTBE OMOMHOKYJISTHTOB /1JIsl peIlIeHUs
npoOJIeMbl  3aCOJICHHUS CEIIbCKOXO3SUCTBEHHBIX TMouB [38]. Accomumamus ¢ Oamuiuiamu
CTUMYJIMPYET UMMYHUTET PACTEHUH K CTpeccaM, U3MEHsSl UyBCTBUTENIbHbIE K CTPECCY T'€HBI,
0enku, (UTOrOPMOHBI U POJCTBEHHbIE MeETa0ONMUTHL. BemecTBa, paspyluaroniye KJIeTOYHbIC
crenku u3 Bacillus spp. Mmoryr HaHocHuTh yIiepd maToreHHsIM OaKTEepHsM, rpudaM, HeMaTodaM,
BUPYCaM M JIPYTMM BPEAUTENSIM, KOHTPOJIUPYS MX MOMYJIAIUU Ha pacTenusx. [lItammer Bacillus
BBIJICTISIIOT KHUCIIbIe METa0OIUThI, PAaCTBOPSAIONINE PA3IMYHbIE COEIUHEHUS MUHEPAJIOB, a TaKKe
noJrcaxapupl, agcopoupytromue cuarkatsl [39]. Unokymsuus B. subtilis yny4mana nuranue
pacTeHHii caxapHOro TPOCTHUKA M KOHLEHTpPAlLMI0 B HUX XJopodwmmia. B pesynpraTe naxe B
YCIIOBUAX 3aCyXH YIIYYIIAJIUCh MapaMeTpbl ra3000MeHa (0COOEHHO CKOPOCTh HETTO-(POTOCHHTE3A
u 3(h(}eKTUBHOCT, HCMONB30BaHMUs BoAbl). Kpome TOro, y HMHOKYIMpPOBAaHHBIX pacTEHUMN
CHIDKQJIUCh  TapaMeTphl, XapakTepu3ylolue cTpecc (aKTUBHOCTh  AHTHOKCHUIAHTHOTO
MeTabonu3mMa), 4TO MPUBOJAUIIO K YCHUJICHHIO pOCTa KOpHEW, KYLICHHUIO, YBEIMUYEHHUIO MaccChl
cTeOsiell U MOBBIIICHUIO KOHIIGHTpaluuu caxaposbl B crebmax [40]. B o63ope Lopes u ap. [41]
HOYePKUBACTCs, 4TO 3HA0GUTHBIE BUbl Bacillus kak mpomyieHTbhl OMOIOTHYECKH aKTHBHBIX
COCAMHEHUH, NPEACTABISAIOMNX  OHOTEXHOJOTHMUECKUIl  WMHTEepeC, SBIAIOTCA  IICHHBIM
MHOTO(YHKIIMOHAJIbHBIM HAOOPOM UHCTPYMEHTOB, KOTOPBI MOKHO MHTETPUPOBATH C METOIaMU
yIpaBJIEHUS] PACTEHUEBOJICTBOM JJISl IOCTUKEHHUS O0Jiee BBICOKON YPOKAWMHOCTH.

Haubonee n3y4eHHbBIMU NPEACTABUTESIMU PO/Ia, IPUMEHSIOIIUMCS B CEJTbCKOM XO035HCTBE,
spisitorest B. thuringiensis, B. subtilis, B. amyloliquefaciens, B. velezensis, B. cereus, B. pumilus,
B. licheniformis, B. megaterium, xoTst apyrue BHABI TakXe MPOJAEMOHCTPHUPOBAIH OOJBIION
noreniman [41, 2]. B cratbe Aloo ¢ corpyaaukamu [42] paccMaTpuBarOTCs YHUKAJIbHBIE CBOMCTBA
B.rhizobacteria, a Tax:ke pa3iuHbIe MEXaHU3MBI HX BO3JICHCTBHUS, TPAKTUIECKOE UCIIOIH30BAHNE
KOTOPBIX MOXET CIIOCOOCTBOBATh YCTOMYMBOCTH CEIbCKOro xo3siicta. IIpogemMoHcTprpoBaHa
pemaromnas posnb B. firmus SW5 B cmsirdyeHnn HeOIarompusTHOTO BO3JCHCTBHS BBICOKOM
3aCOJICHHOCTH Ha POCT M MPOAYKTUBHOCTH COM 32 CUYET M3MEHEHHUS apXUTEKTYPbl KOPHEBOM
CUCTEMbI M UHIYKIIUN CUCTEM aHTHUOKCHUJAHTHOM 3aIUThI, a TAKKE SKCIIPECCUH YyBCTBUTEIbHBIX
K cTpeccy reHoB [43]. DTu opraHn3Mbl H3BECTHBI TAKXKE KaK OTIIMYHBIE (POochaTconoOmIn3aTopsl
[44].

bonpmoe 3HaueHME B IOBBIIEHUM YCTOMYUBOCTU PACTEHUM B CYXOM U COJIEHOH
OKpYKarollel cpeie UMEIOT IITAMMOBBIE Pa3Inyisl MUKPOOPTraHU3MOB. Tak, MPH UCCIIEOBAHUN
OaKkTepHaIbHOrO coo0IIecTBa YHIOPHUTOB MATH BUAOB PACTECHHM, TPOU3PACTAIONIUX B IYyCTHIHE
Tap B [lakucrane, Ob1H 0TOOpaHb! Tammbl Bacillus, o6mamaromie ycToOMYUBOCTBIO K COIIEBOMY
U TEIJIOBOMY CTpecCy, a TaKKe aHTHMMUKPOOHON aKTHUBHOCTHIO. [IpM HMX TecTHpOBaHMM Ha
pacrenun Arabidopsis thaliana, xe sBasroIMXCst X03sIMHOM, OBLTO MOKa3aHo, uto B. cereus PK6-
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15, B. subtilis PK5-26 u B. cycleans PK3-109 3HaunTensHO yCHIIMBAIIM €r0 POCT B YCIOBHUSX
COJIEBOTO CTpecca, yJIBauBas YPOBHHU CBEKEW MacChl MO CPaBHEHHIO C HEMHOKYIMPOBAaHHBIMU
pactenusiMu. J[pyrue mraMmbl He CIOCOOCTBOBAIN POCTY PACTEHUN B HOPMAJIbHBIX YCIIOBUSX, HO
YBEJIMYUBAIM CBEXYIO Maccy pacteHuid Oomee yem Ha 50% mo cpaBHEHHIO C
HEMHOKYJIMPOBAHHBIMU PACTCHUSMHU B YCIOBHUSIX COJIEBOTO CTpecca.

HccnemoBanne 1mramma B. amyloliquefaciens, BeigeneHHoro w3 sHAOPH30CGHEPHI
Sasamorpha borealis, mokaszano, 4yTo ero mMpUMEHEHHE B CTPECCOBBIX YCIOBHSX YIIYYIIWIIO
BBDKMBAEMOCTh HHOKYJIMPOBAHHBIX pacTeHuid nepia [45]. OHu coxpaHsiv BICOKOE COJIEpKaHNe
XJopo(huIUIa, CATUIIUIOBON KHCIOTHI, caxapa, aMHHOKHUCIOT M TPOJIMHA U JEMOHCTPHPOBAIN
HU3KUANA METa00JIU3M JIMIHI0B, a0CITU30BYIO KHCIIOTY, O€JI0K, COJIep KaHue TIEPEKUCH BOJOPOaa U
AHTUOKCHIAHTHYIO aKTUBHOCTHh KaK B YCJOBHSIX 3aCOJCHHS W 3aCyXH, TaK U MO JCHCTBHEM
TsoKeIsIX MeTautoB. I[lokaszano Taxke, uro B. amyloliquefaciens GJ1 moxker ymydmuTh
UMMYHHUTET IHUTPYCOBBIX 3a CYET yBENWYCHHS (DOTOCHHTE3a M YCHUJICHUS JKCIIPECCHUH T'CHOB,
CBSI3aHHBIX ¢ ycToMumBOCTHIO [46]. B mccnenoBanmu Lim u Kim [47] pacTeHus CTpy4KOBOTO
nepia, oopadoranneie mrammom B. licheniformis, nocturnm Gosbinmux mokasaTenci JUIMHBI
no0OeroB M Cyxoro Beca, a Takxke 0oJiee BBICOKHE YPOBHU 3KCIPECCUU YEThIPEX T'€HOB, CBS3aHHBIX
C 3aCyX0ii 1 X01010BbIM cTpeccoM. [TokazaHo, uto oOpaboTka Hyta B. subtilis, B. thuringiensis u
B. megaterium BeI3bIBaCT B PACTECHHSIX META0OIMUYCCKHUE M (DU3HOIOTHUYECKHE H3MCHEHUS,
yMeHblIaoumue Bo3aeicTBue 3acyxu [2]. Ilpum KynbTHBHpOBaHMM HyTa B KOHTPOJUPYEMBIX
YCIIOBHSIX 3aCyXHW HaKaIUTMBAIOTCS MPOyuH, L-aprunun, L-ructuaun, L-u3oneinun u tpuntodan
U HHIYIHUPYETCs 3HAYWTENhbHOEC HakoruieHne pubodnaBuHa, L-acmaparuna, acmaprara,
[NIMLIEpPUHA, HUKOTMHAMUAA U 3-TUAPOKCU-3-MeTwiriyTapara. llomydeHHble — JaHHBIE
NIOKa3bIBAIOT, YTO 3HAOPHUTHBIE ImTamMMbl Bacillus mpencraBisier coOoit BaKHBI T'€HOMHBIH
pecypc g pacuiMppoBKH BOMPOCOB CTHUMYJIMPOBAHUS POCTAa PACTEHUM Ha MOJEKYISIPHOM
ypoBHe [48].

Jnst ucnonp3oBaHus B KauecTBE 3(PPEKTHBHBIX (PUTOCTHUMYJISATOPOB, OUOYIOOPEHHN M
areHTOB OMOKOHTPOJIS PACCMOTPEHBI TaK)Ke MHOTOUKCIeHHBIC BUIbI Paenibacillus [49]. Onucans
MEXaHHU3MBI, HCHOJIb3yeMble 3TUMU OaKTEpUSAMH JUIS MOBBIIIEHUS OWOAOCTYNMHOCTH U / WIH
oOJerYyeHnsl YCBOCHHUS NHUTATENHHBIX BEIIECTB PACTCHHEM-XO3SMHOM, MOIYJISIIMM TOPMOHOB
pacTeHMii, CTUMYJISLIUU 3allUThl OPTaHU3Ma-X035MHAa U MEXaHW3MOB YCTOMUMBOCTH K CTpeccy,
OKa3aHUs AaHTAarOHUCTHYECKOTO JCWUCTBUS MPOTHUB MATOTEHOB M CMATYCHHS IOCIEICTBUN X
BO3JECHCTBUS Ha 3I0POBbE pacTeHUl. BcecTopoHHEE M CUCTEMATUYECKOE M3YUYEHHE MEXaHU3MOB
WX JCUCTBUSI B COUYETAHUU C IMOJIEBBIMU HCCIEIOBAHUSMU MOXKET TIOMOYh B MOWCKE U BHIOOpE
a3 dexTuBHOrO OMOYIOOPEHHS M areHTa OMOKOHTPOJIS.

M3BecTHO TakXke, 4TO W JPYyrHe IOUYBEHHBbIC OakTepuu, Takue kak Pseudomonas wu
Azospirilium, cHumaroT aOMOTHYECKHE CTPECCHl Y MHOTHX BHIOB CEIbCKOXO3SHCTBEHHBIX
KyJbTYp, BKiIto4as puc [50]. Tak, pacTtenus con, ”HOKyarpoBanHeie P. putida H-2-3, camxanu
3aCOJICHHE M CTPECC OT 3aCyXHu 3a CYET YBEIWYEeHMs COJep)KaHus XJopoduiuia, yBeauMueHUs
JUTMHBI ¥ OMOMAacChl MOOETOB, MOBBIMICHUS COJEPKaHUs a0CIM30BOM M CATUIIWIOBON KHUCIOT,
nosmmdenona,  (GIABOHOWAOB,  CYNEPOKCHAIUCMYTa3bl W 2,2-nudeHun-l-nukpuna -
TUAPA3UITHAPAT NOTJIoLaoe akTuBHocTy [S51].

Puzobakrepun, B yactHoctH, Enterobacter sp. S16-3 u Pseudomonas sp. C16-20, moryt
KOJIOHM3MPOBATh IOBEPXHOCTh KOpHEH pacTeHHi M cmsrdate 3¢Qekr comeBoro crpecca,
obecrieunBas Ux a30ToM, GocdaTamu 1 KaaueM, a TakkKe PUTOrOpMOHAMH, TAKUMH KaK ayKCHH,
[UTOKUHUH W a0CIHM30Basi KUCIOTA. 3a CYET HWHOKYISIHH STUMHU OaKTepUSIMU CHIIKAIOCh
colepkaHue MajloHOBOro auanbiaeruaa, HoO, M moBbIIAIMCh MOKa3aTEI aHTHOKCHIAHTHOMN
CIOCOOHOCTH, COJIEPYKaHMS MTPOJIMHA U aHTHOKCUAAHTHBIX (pepMeHTOB [52].

[Mpu wHOKymAMU OBYX copToB Kykypysbl Burkholderia phytofirmans B crpeccoBbix
YCIOBUSIX 3aCyXHM [ByMs IITaMMaMu OaktepuanbHbiXx sHIodutoB Pseudomonas (PsIN) u
Enterobacter sp. FD17 Naveed ¢ corpyaaukamu [53] mokasasm, 4o 6akTepraabHast HHOKYIISIIUS
MUHUMU3HUPOBAJIa BBI3BaHHBIE 3acyXoi 3((eKTsl cTpecca, 3HAYUTENHHO YBEIMYMBasS Ouomaccy
nmoOeroB ® KOpHEH, IUIOmans JIMCTBEB, cojaepkaHue xjopoduiia, ¢GOTOCHHTE3 U
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doroxummuueckyo 3(QpPEeKTUBHOCTb. AHAIOTMYHBIM 00pa3oM, OaKTEPH30BAHHBIE IMPOPOCTKU
nokasaju 0oJjiee BHICOKOE OTHOCUTENBHOE coiepkKaHue Bobl B IUCThAX (30%) mo cpaBHEHHIO C
KOHTPOJIEM, TOT/Ia KaK Y HEMHOKYJIMPOBAaHHBIX PACTEHHM MpPHU CTpecce 3acyXy HaOIroAanoch Ha
43% 060omnee BRICOKOE IMMOBPEXKICHHUE JINCTHEB.

TectupoBanwue in Vitro 44 GakTepuabHBIX U30JISTOB ITO3BOJIUIIO BBIICIUTh YETHIPE H30JISTA
C BBICOKHMH TIOKazareiasMu coneycroiunBoctu [54]. Cpemun uumx B. subtilis u P.
pseudoalcaligenes nmpogeMoHCTpHpPOBaIK aKTUBHOCTH JE€3aMUHA3bI, BBIPAOOTKY cUACpPO(OpPOB U
UHAOIYKCYCHOW KHCIOTHl. OHM CIIOCOOCTBOBANM HHAYKIIMHU YCTOMYMBOCTH COU K CTpeccy
3aCOJIEHHs B THIPOIIOHUKE, YBEIMUUBasi OMOMACCy pacTEeHH, OTHOCUTEIIBHOE COJICPKAHUE BOJIBI
¥ OCMOJIMTHKOB B moOerax u kopHsix. Konmnenrpamus Na + B pacteHusix cou, 00pabotanHbix P.
pseudoalcaligenes u noaseprimuxcs Bo3aeicTerio NaCl, B 3HaUNTENIbHOM CTENICHH CHIKAIACh. Y
pactenuii cou, obpadboranubix P. fluorescens, B ycioBusx coieBoro crpecca rmo CpaBHCHHIO C
KOHTPOJIEM COZEp)KaHUE XJIOopo(UIia U PaCTBOPUMBIX B PACTEHHSIX OCJIKOB OBLIO CHMXKEHO, a
coJlep’KaHuEe TPOJIMHA YBEIMYEHO, MPH 3TOM ObUIO 3aperMCTpUpPOBAHO 0Oojiee 3HAUUTEIHHOE
yBeJIMYEHHUE JIIMHBI cTeONs U Beca cBexux nmoderoB. To ects mHOKymsauus PGPR ymensiiana
BpEIHOE BO3/ICUCTBUE cTpecca 3acoyieHus [55]. [TokazaHo Takke, UTO y pacTEHHsS] KyKypY3bl TPU
3aCyXOyCTOMYMBBIX OakTepHalbHBIX mTamma Proteus penneri, P. aeruginosa u Alcaligenes
faecalis criocoOGCcTBOBaIM YBEIHYEHHIO OTHOCHTEILHOTO COIEPKaHMs BOIBI, OCliKa U caxapa 3a
CYET MOBBILIECHUS COICPKAHUS MPOJIUHA [S6].

B munHu-o0630pe Liu m Zhang [57] moka3aHo, Kak JIETy4He OpTraHWYECKHE COCTUHEHUS,
nponyupyembie PGPR, nmoBeIaioT ycTOMYMBOCTh PACTEHUN K 3aCOJIEHUIO M 3aCyXe€, a Takke
obecreueHHIO cepoii u kesae3oM. Tak, 00paboTka mpopoctkoB akarmu Rahnella aquatilis JZ-GX1
JeTy4MMH OpTaHUYeCKUMHU COoeTMHEeHUsIME pruszobakTepun Robinia pseudoacacia, B mpucyrcTBumn
NaCl mnokasama, 4yTo y HUX, B OTJIMYHE OT HEOOpPaOOTAaHHBIX IMPOPOCTKOB, HAOIIOMATOCH
yBEJIMYEHUE CBEXEH MacChl, KOJIMYECTBa OOKOBBIX KOPHEH M JJTMHBI IEpBUYHOTO KOpHs. Kpome
TOTO, B JIUCThSAX pacTeHUs HaOII0JATIOCh YBEIWYEHHUE COJEp)KaHUS IMPOJUHA M aKTUBHOCTU
CYNEPOKCUATUCMYTa3bl, EPOKCUIA3bl M TIIyTaTHOHPEIyKTa3bl. [loKka3aHo Takke, YTO LITaAMM
cojeycroiunBoit pusochepnoii 6akrepun Rahnella aquatilis JZ-GX1 ciocoGCTByeT HAKOIIIIEHUIO
B KJIETKax MO Mepe yBenuueHus KoHieHTpauuu NaCl coBMecTUMON pacTBOPEHHOM TpEranosbl,
YTO JIJIS1 HETO SIBJISIETCS OCHOBHBIM MEXaHU3MOM YCTOMYMBOCTH K BBICOKUM KOHLIEHTPALIUSM COJIH.
Kpome Toro, mramm JZ-GX1 mnpoaymupyer WHAON-3-YKCYCHYIO KHCIOTY H CHAEPOQOpPHI
pacTBopsieT HeopraHudeckuil gocdop mpu coleBOM cTpecce, a TaKKe CTUMYIUPYET CHUHTE3
HK30MOIMCAXAPUIOB, YTO MOBBIIIAET CIIOCOOHOCTh PACTEHUI MPOTHBOCTOSATH COJIEBOMY CTPECCY
[58]. 3HaueHne 2K30MOIMCaXapUI0B ISl 3AIIUTH PACTEHUN OT KOJICOAHUN OKPYXKAIOMIEH CPeIbI
U aOMOTHYECKHX CTPECCOB, TAaKMX KakK 3acyxa, 3acOJICHHE WM 3arps3HEHHE TKEIbIMU
MeTaJlJlaMH, a TakKe HX pOJb BO B3aUMOJIECHCTBUSAX PpACTEHUM M MHUKpPOOOB, HOIPOOHO
paccMoTtpensl B 0030pe Morcillo u Manzanera [59].

Bo3MOXXHOCTh MCHONB30BaHUS JHAOGUTHBIX OaKTepuil B KayecTBE albTEPHATHBHI
XUMHUYECKHM yIOOpEHHSIM W TECTUIUAAM MJis TOBBIIMICHUS TMPOJAYKTUBHOCTH pPACTEHUU U
MEXaHU3MOB 3aIUTHI OT OMOTHYECKOTO U AOMOTUYECKOTO CTPECCOB MOATBEpKAeHA B padboTe Shah
¢ coasropamu [60]. Y3 msaTH mTaMMOB 3HAO(DUTHBIX OaKTEpUi, BBIACICHHBIX M3 CEMSH TpeX
Pa3HBIX COPTOB MaKUCTAHCKOW MIIEHUIIBI, JABa MPOSIBISIIN COJECYCTOMUMBOCTh TOCTE TpEX THEH
WHKYOAllUK, a OJIMH U3 HUX MPOSIBISLT POCTOCTUMYIIHPYIOIIEE NEHCTBIE HAa MWHOKYIHMPOBAHHBIC
pacTeHHUsI MILIEHUIIBL.

OKuCIUTENBHOE TOBPEXJICHHE OCNKOB, JUMHIOB M HYKIEHHOBBIX KHCIOT 4YacTo
HabOmo1aeTcsl Mpu BOJHOM cTpecce. HekoTopble MUKpOOpPraHM3Mbl MOTYT YMEHBIIUTH 3TU
HeraTuBHBIE dPQPEKTH 32 CUET MPOU3BOJCTBA AHTHOKCHIAHTHBIX MOJICKYJ WM TTOBBIIICHUS
AKTHBHOCTH aHTHOKCHUJIAHTHBIX (PEPMEHTOB, TAKUX KaK KaTaia3a Wiy rnepokcuaasa [61]. Pactenus
0a3mirKa, BBIPAIICHHBIE B YCIOBHUSX BOJHOTO AC(HINTA, MOKA3ald MOBBIIICHHE aKTUBHOCTU
KaTaja3bl MPU MHOKYIIsIMK PSeudomonas sp., kKak B MOHOKYJIBTYpPE, TaK M B COCTABE MUKPOOHOTO
KoHcopimyma u3 Pseudomonas sp., Bacillus lentus u Azospirillum brasilense. B nocnennem
CiTy4yae TaKXe MOBBIIANACh aKTUBHOCTh TJIYTAaTHOHIIEPOKCHIa3bl U acKOpOaTIepoKcuaasbl [62].
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Ora  KOMOMHAmUsi  MHKpPOOOB  TOCHIYKWJIa  OCHOBOM  JUISI ~ HECKOJBKHUX  YCHELIHO
KOMMEPIIUATU3UPOBAHHBIX TTPOIYKTOB, TakuxX kak BFMS, Environoc, SoilBiotics u HyperGalaxy.

TI'puéer. HexoTopple MEXaHM3MBI 3alIUTHl PACTEHHH OT HEAOCTaTKAa BOJBI CBS3aHBI C
HaJM4YMEM B COCTaBE MX MHUKpOOWOMa TpuOOB. DHIO(MUTHI SYKAPHUOTHBIX PACTCHHI BOOOIIE
3a4acTyl0 OTHOCSTCS K HapcTBy rpuboB [63]. HekoTopsie mtamMmmbl rpuOOB O0Jiee YCTOMYUBEIE K
3acyxe, 4eM OaKTepuH, CIIOCOOHBI 00€CIIeUNTh MHOKECTBO MEXaHU3MOB TOJICPAHTHOCTH, U HMX
YHCJICHHOCTh YBEJIIMYMBACTCS B ATHX YCIOBUSX. [ pubbl MoryT ObITh Oonee 3¢h(peKTUBHBIMU 11O
CpaBHEHHIO C OakTepusMH OJyiarogaps OCOOCHHOCTSIM POCTa M CBOWCTBAM, TO3BOJISIONIAM
MHTEHCUBHO OCBaMBaTh IIOYBY, U3BJIEKaTh BOAY M IIPOHUKATH B TKaHU pacTeHuil [64]. Beicokue
MOKAa3aTeIN 3aCyXOyCTOMYMBOCTU OOECIEeUMBAIOTCS y TpuOOB 3a CUET HAIWYMS Y HHUX psaa
MEXaHU3MOB IPEOJI0JICHUS CTPECCca 3aCyXH, B TOM YHCIIE OCMOIIPOTEKTOPOB, MPOYHBIX KIETOYHBIX
CTEHOK W CcHHTe3a MenaHuHa [65]. HutuaTeie rpubObl K TOMY K€ MPOM3BOIAT YPE3BBIYANHO
JUTMHHBIE TU(BI, MO3BOJSIONINE H3BJICKATh BOAY U3 TPYAHOIOCTYITHBIX YYACTKOB TOYBBI, YTO
CHOCOOCTBYET MX AaKTUBHOCTU Jake B OYEHb 3aCyIUIMBBIX ycloBHUsX. Kpome Toro, rudsi
I'pUOKOBBIX IITAMMOB MOTYT Oojiee 3(p(HEKTUBHO, Ye€M KOPHHM PACTCHHUH TMOIJIOMATh HOHBI
dochopa u ammonust [66]. ['puObI MOTYT TakXe BJIMITH Ha TOPMOHAJIBHBIN OajlaHC pacTEeHUH,
POU3BOIs (PUTOTOPMOHBI (AYKCHHBI, THOOEPEILTUHBI), @ TAKXKE 00eCIIeYuBaATh PE3UCTEHTHOCTD K
OumoTrueckuM M abuoTudeckuM ¢akTopam [67]. M3BecTHO, YTO y HEKOTOPBIX PACTCHHH,
OOMTAIOIMX B THUIEPCOJCHON MNpHOpPEeKHOW cpene WIM Ha TEeOoTepMalbHBIX IOYBaX,
BBDKMBAEMOCTh obecrieunBaeTcs 23HA0PUTHRIMU rprdamu [68].

WNHoxkynsauus pacTeHuii rpubaMu, BBICTICHHBIMUA U3 dKCTPEMalbHBIX CpPell, MPECTaBIISCT
co00i1 MHOToOOeIIAIIIY0 albTEPHATUBY [JISl MOBBIIMICHUS MPOAYKTHUBHOCTH B CTPECCOBBIX
YCIIOBHSIX, BO3HUKAIOLIUX M3-3a U3MEHEHHS KIIMMAaTUYECKUX yciaoBui [69]. Tak mokazaHo, 4TO
pacTtenusi, MHQUUUPOBAHHbIE SHAOPUTHBIMU IprOaMu, YBEJIMUHUBAIU BBICOTY, BEC, COACPKAHUE
xJiopoduiuia, conxepkaHue Oeika, Maccy CeMsH W CKOPOCTb HX INPOPAcTaHUsl B YCIOBHUSX
TEIJIOBOTrO M 3acynuiuBoro crpecca [70,71].

Haunbosee nzydueHHBIMU SBISIOTCS apOyCKysipHble MUKOpH3HbIE IpuObl (AMF), yenemno
BCTYMAIOIIME B CUMOMO3 CO MHOTUMH PACTEHUSMH, MPUHAATICKAIUMHI K Pa3HbIM ceMelcTBaM
[72]. WccnenoBaHus MoKa3ayid, 4YTO CHUMOMO3 ¢ apOycKymIsipHOHl Mukopuzoii (AM) cHIDKaeT
COJIEBOM CTPECC Y pa3HBIX BUJIOB pacTeHUI-X0351¢eB. B pamkax cumbnornyeckux otHomenniit AMF
MIOMOTAET PacTEHUSIM-X0351€BaM MOTJIOMATh a30T U (hocdop, OTHOBPEMEHHO TMOJTy4asi yIiepos OT
x03s1¢B. AMF wurpaer BaxHyIO polb B CEIbCKOXO3SIMCTBEHHOW JKOCHCTEMe, oOecreynBas
CTUMYJHPOBAaHUE POCTA PACTCHHI, yMy4IICHHE KaueCTBa ypOKas, MOBBIIICHHE YCTOWYHMBOCTH
pacTeHuii K cTpeccy, CTaOMIN3alKI0 CTPYKTYPBI TOUBBI, MOIEP KaHNE HKOJIOTMYECKOTo OanaHca
U YCTOMYMBOTO pAa3BUTHUS CelbcKoro xo3siictBa [73]. OmHako, HECMOTpsS Ha OOWIBHYIO
JUTEpaTypy, MOKa3bIBAIOLIYI0 CMSITYeHHE HMOHHOTO aucOamanca 3a cueT AM-cum6uo3a,
3a/1eiCTBOBAaHHBIC MOJICKYJISIPHBIC MEXaHU3MBbI MPAKTUYECKU HE UCCIICIOBAHBI.

B skcnepumentax Qin ¢ coaBropamu [74] cemeHa apaxuca, WHOKyiupoBaHHble AMF
Rhizophagus correctis SA u Funneliformis mosseae BEG95, nokasanu 6oJiee BHICOKHE CKOPOCTH
HETTO-()OTOCHUHTE3a, OTHOCHUTEIBHYIO BJIAXXHOCTb JIUCTHEB, HAKOIUIEHUE OCMOJIUTHUKOB,
AKTUBHOCTh AHTHUOKCHJIAHTHBIX (EpMEHTOB, BBICOTY M YPOXKAaWHOCTH pACTEHUH, KaK B
HOpPMAJIbHBIX YCJIOBUSIX, TaK U B YCIOBHUSIX 3aCOJICHHUS.

Cpenu rpuboB B 60pb0€e ¢ MOBPEKIAIOIIMMHU BO3JICHCTBUAMHU y PACTCHHN OTIMYAOTCS
npeacraButend poma Trichoderma [22,75,76]. Tak, T. harzianum - aHTaroHUCTHYECKHIA
MUKOMAPa3UT, KOJOHU3UPYIOIIUNA  KOPHHU, KaK OJHOAOJBHBIX, TaK M JBYIOJILHBIX PACTCHHUI,
CTUMYJHUPYIOUIMI  yBelIMYEHUE TMOTJIOMIEHUSI HMH THTATEIbHBIX BEUIECTB W YCHIICHHE
BOJIOYAEPKUBAIOLIEH CrIOCOOHOCTH [77], COASHCTBYET UX JIyUIIEeMYy POCTY U Pa3BUTHIO B ITOYBAX,
MOABEP)KEHHBIX 3acyxe [78]. Trichoderma moMoraet pacTEHUSM BBIIEPKUBATH CTPECC OT 3aCyXH
32 CUET YBENUYCHHS JKCIPECCHH AHTHOKCUIAHTHBIX (PEPMEHTOB, BTOPHUYHBIX META0OJIUTOB U
ropmoHoB [79-80]. AmnamorumuHsiM 00pa3oM, KoJIOHHM3amus Theobroma cacao rpubom
Trichoderma hamatum DIS 219b ciocoOcTBOBaNa yBETHYSHNUIO MAaCChl KOPHEH M COJIEp)KaHUS B
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HuX Bhard. [Ipu 3Tom 3 PexT cTuMynaiuu NposBIsUICS Kak B YCIOBHIX 3aCyXH, Tak U O0e3 Hee
[78].

JIpyruM THUTIOM TpUOOB, COCTABISIONIMX YacTh IIOJIE3HOTO MHMKpPOOHMOMAa pAcCTCHHUH,
ABIISIOTCS APOXIKH, KOTOPbIE MOTYT OBITh MCIOJIb30BaHBI AJI1 KOHTPOJIUPOBAHHUS JIMCTBEHHBIX
WH(GEKIHUH TOCPEACTBOM MPSMOTO AHTArOHMW3Ma, WHAYKIHUUA CHUCTEMHON YCTOWYMBOCTH WU
CTUMYJISIIIUU pa3BuThs KopHed [81]. Silambarasan ¢ coaBropamu [82] mpomeMOHCTpUpPOBAIN
CIOCOOHOCTH AK30MOIUCAXAPHUIOB, IPOIYLUPYEMBIX IPOAIKAMH, CITIOCOOCTBOBATH 0OPa30BAHUIO
YCTOMYMBBIX arperaTtoB, YIYYIIAIOIIUX COXpaHeHHE Bojbl B mouBe. Kpome Toro, mpuMeHeHue
TPOAOKEH MOKET aKTUBUPOBATH (PEPMEHTHI ITOYBHI B YCIIOBUSX CTPECCA 3aCYXH, UTO YBEIMUHNBACT
B HEll coJiepyKaHue MUTATENbHBIX BEILIECTB, a TAK)KE YIy4IIaeT OCMOTUYECKOE COCTOSIHUE KOpHEN
¥ aKTMBHOCTb aHTHOKCHJIAHTHBIX (DEPMEHTOB B pacTeHHsIX [83].

Accommaniust AMF ¢ pacreHussMu sIBIsieTCsl HanOoJiee pachpOoCTPaHEHHOW, HO TOYHBIE
MEXaHHU3MBI M3 POJU B KPYroBOPOTE MHUTATEIHHBIX BEUIECTB W HMX TpaHCPOpPMAIUU TOKa HE
MOJIHOCTBIO M3y4YeHBbl. Pa3BuUTHE OMOTEXHOJIOTMYECKUX IMPUEMOB C HCToJb3oBaHueM AMF
IpeCTaBIsieT co0OW OJHY W3 CaMbIX SKOJOTMYECKH YHCTHIX albTEpPHATHB B KOHTEKCTE
YCTOMYMBOIO CEIBCKOro Xo3siicTBa [84,85].

Coemecmnoe enuanue 2puboé u 6Gaxkmepuii. ApOyCKyIsIpHbIE MUKOpPU3HBIE T'PUOBI U
OaKTepuu MOTYT B3aUMOJEHCTBOBATh CHHEPTeTHUYECKH, CTUMYJIUPYS POCT PACTEHU C MTOMOIIBIO
psAga MEXaHW3MOB, KOTOpBIC BKIIIOYAIOT YIIYYIIEHHWE YCBOSHUS MHUTATENBHBIX BEIIECTB H
MHTHOMpPOBaHNE IPUOKOBBIX MATOT€HOB PACTEHUHN. DTH B3aUMOICHCTBUS MOTYT UMETh pelIaolee
3HaYeHHE IS Pa3pabOTKU YCTONYMBBIX CEIbCKOXO3SIMCTBEHHBIX CHCTEM C HH3KUM YPOBHEM
3aTpar, KOTOpble IJIsl MOJAepKaHUs TUIOAOPOIUS MOYBBI U 3J0POBbsI pacTEHUIl MojaraiTcs Ha
Ounonoruveckue mpoiecchl. B 0030ope Miransari [86] mpencTaBieHbl JaHHBIC, KACAFOIIMXCS
B3aMMOJICHCTBUS MEXIy rpubaMu apOyCKyJIspHOW MHUKOPHU3bI M MOYBEHHBIMU OakTepHsIMH, a
TaKKe HEKOTOpBbIE HOBBIE UJeH JUIsd Oyayniux ucciaenoBanuid. [Ipeanonaraercs, 4To accouuaniu
KynbTyp ¢ AMF, a Taxke a30TGUKCUPYIOIIUMU OaKTEPHUSIMH, MOTYT CITY>KUTh albTEepHATUBHON U
YCTOMYMBOW CTpaTErvell MOBBIIEHNS YPOKAHHOCTH Ha 3acoyieHHbIX noisax [87]. Ilokasano, uto
coBmectHas WMHOKYmsiusas AMF ¢ docdar-comodunmm3upyomumMu 0akTeprusiMu CIIOCOOCTBYET
POCTY ¥ IOBBILICHHUIO YPOKaHOCTH NoiconHevyHuKa [88]. B pabore Bizos [89] paccmoTrpena poib
AMF B coueranumn c¢ osHmopurHeiMu Oaktepusimu P. fluorescens wu Bacillus sp.,
COIOOMITM3UPYIOUIMMH Kalluii U Gocdop, a Takke orpezercHbl Buabl rpudos Trichoderma sp.
KaKk HauOosiee d(pPeKTHBHBIC areHTHl OMOKOHTPOJS MPOTHUB OOJE3HEW OJIMBKOBBIX JIEPECBHEB
(HampuMep, BePTULMIIIC3HOTO YBSAaHUS, KOPHEBOW THWIM W aHTpakHo3a). [Ipumenenne AMF
COBMECTHO ¢ (pochaT-comoOnIu3NpYIOITUMU OAKTEPUSIMHU TIPH BRIPAIITUBAHUH CJIUBHI TUISDKHON B
3aCOJICHHBIX MTOYBAX, CMATYMIIO BIMSIHAE COJIEBOTO CTpecca Ha BCE MapaMeTphl pOCcTa U YCBOCHHUE
MUTATENbHBIX BEIIECTB, B 0COOCHHOCTH pocTa KopHel. [Ipu 3ToM ObUIO MpeaoTBpalleHO Takke
3HAYUTEIBHOE CHIDKEHHE CKOpPOCTH (DOTOCHMHTE3a, YCTBUYHON IPOBOAMMOCTH M CKOPOCTH
Tpancnupanuu [90].

W3-3a 6071b11101 HI3MEHYMBOCTH CPebl IPUMEHEHHE Pa3InYHBIX MUKPOOPTAaHU3MOB B OZTHOM
Ouompernapate mMo3BoJsieT Oosiee A(PexkTHBHO 3ammMInaTh pacteHus. KoHEUHBbIN KemaeMmblid
3 EKT 3aBUCUT OT COOTBETCTBYIOIIETO YPOBHS B3aUMOJICHCTBUS MUKPOOPTAaHU3MOB KaK MEXTY
coboii, Tak u ¢ pacteHueM. I[IpaBuiabHOE coueTaHWE TPUOKOBBIX U OaKTepUATIBHBIX ITAMMOB
NOBbIIACT 3P PEKTUBHOCTD M HAJEKHOCTD, U IPECTABISIETCSI 0COOEHHO MHOTOOO atommM [91].
Jis ux ychneurHoro NpPaKTHYECKOro IPUMEHEHUS HeOoOXOJWMO IMpoBedeHuEe paboThl MO
pa3paboTke KOHCOPLHMYMOB M ONpPEICNCHHIO MX CTa0MJIBHOCTH, a, CIEJ0BaTeIbHO, H
3¢ (peKTUBHOCTH B JOJTOCPOYHOM MEPCIEeKTHBE MPHU HCHOJIb30BAaHUM B IOJEBBIX YCIOBHSIX.
[Ipencrout mpeomoneTb MHOKECTBO HAYYHBIX M HOPMATHBHBIX MPEMATCTBUN, MPEKIE YeM 3Ta
TEXHOJIOTHS TOJYYUT IIHUPOKOE MPU3HAHUE U MACCOBOE MpUMeHeHue [92].

Coneycmoiiuugvie PGPB. U3 >kcTpemMabHO HIEIOYHBIX, 3aCOJCHHBIX U HATPUEBBIX MTOYB
OBUIM BBIJEIEHBI MHUKPOOBI, CIIOCOOHBIE BBIKHMBATH B YCIOBHSIX OCMOTHYECKOTO UM HOHHOTO
cTpecca, a MHOTHE W3 HHUX CMATYaTh pa3jinyHble OMOTHYECKHE M aOMOTHUYECKHE CTPECCH Y
pactenuii. B mocnenHue HECKONBKO JIET MX IOTEHIMAl B TOBBIIIEHUH MPOAYKTUBHOCTH
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CENIbCKOXO3SHUCTBEHHBIX KYJIBTYp, CTAJKUBAIOIIMXCS C COJIEBBIM CTPECCOM, OBLT MCCIIECOBAaH Ha
OCHOBAaHHMH YETKOI'O MPEIAIOIOKEHUSA O TOM, 4TO cosieyctoiunBbie PGPR M0kHO Hcnonb30BaTh
IIPY MEIUOpALMK 3aCOJIEHHBIX arpo’KocucTeM. X moTeHuan B NOBBIIEHUH POYKTUBHOCTU
pacTeHui B 3TUX YCIOBUAX paccMmarpuBaetcs B 003ope Egamberdieva ¢ coaBTopamu [93].

V¥ HeconeycroiiunBelx PGPR, mposBisionyx MONOKUTENBHOE BIMSHUE HA PACTEHMs B
YCIIOBHUSIX HOPMBI, C YBEJIMYEHHUEM 3aCOJICHHMS CpEIbl 3alllUTHBIE CBOWCTBA YTPAuMBAIOTCS.
ConeycroituuBbie PGPR  oTnnuaioTcst HanmmymueM MHOTOYHMCIIEHHBIX MEXaHU3MOB, BIMSIOIIUX HA
buznonoruueckre, OMOXMMHUYECKUE U MOJIEKYJSpPHbIE PEaKIMH PAaCTeHHH U MOMOTAloIIhe UM
CIIPABUTHCS C COJIEBBIM CTPECCOM. JTH MEXAHU3MBbI BKIIIOUAIOT OCMOTHYECKOE PEryIUPOBaHUE 32
CYeT MOHHOTO TOMEOCTa3a U HaKOIUIEHUSI OCMOJIMTHKA, 3aLIUTY OT CBOOOIHBIX PaJUKaIOB 3a CUET
o0pa3oBaHus (EpMEHTOB, YJIABIMBAIOIIUX CBOOOIHBIC PAJUKANIbI, PEAKIIMA HA OKUCIUTEIbHBINA
CTpecc W TMOAJIEp)KaHUWE MapaMeTpoB pocTa 3a CYET CHUHTE3a (UTOTOPMOHOB U JIPYTHX
MeTa0oauTOB. OHH CIIOCOOCTBYIOT MOJYYCHHMIO MUTATEIbHBIX BEIIECTB, XEIATHPOBAHUIO
METaJIJIOB, MOAJEPKAHUIO BOAHOrO ©OajaHca W HOHHOTO TOMEOCTa3a, MPOU3BOACTBY
(UTOrOpMOHOB, HK30MOIUCAXAPHUIOB, JIETYUUX OPTaHUYECKUX COCAMHEHUN M aHTHOKCHIAHTHBIX
(dbepMeHTOB, 3alyCKalOUINX I'e€Hbl, YYBCTBUTEIbHBIE K CTPECCY, MPU BBHICOKUX KOHLIEHTPALMIX
conu [94, 95].

Haubonee 3pexTMBHBIME MHUKpPOOPraHU3MaMH B TMOBBIINIEHUH YCTOMYMBOCTH PAacTEHUN
NpU3HAaHBI PU300AKTEPUH, BBIACICHHbIE M3 TOABEPKEHHBIX CTpeccy MecT ux oburtanuit [93].
AHaJIOTHYHBIM 00pa30M KOHCTUTYTUBHBIE MUKPOOHBIE coO0IIecTBa araBbl [96] u kakTycoB [97],
BEPOSITHO, COCOOCTBYIOT BBKMBAHUIO 3TUX PACTCHUN B OUCHB 3aCYHUIMBBIX MECTaxX OOMTaHUSL.
UccnenoBanust Etesami u Beattie [98], a Taxke Hajiabadi ¢ coaBropamu [99] mokasanu, uTo
ranoduisabsle PGPR 13 puszocdeps ranohuTHHIX BUIOB paCTEHHI MOTYT OBITh 3 (PEKTHBHBIMU
OMOMHOKYJSIHTAMU JI YCHEIITHOTO TPOU3BO/ICTBA HEraJIOPUTHBIX BUAOB PACTEHHM B 3aCOJIEHHBIX
noyBax. [lockonbky coneycroiunBsie PGPB ciocoOCTBYIOT nmyuiieil BBDKUBAEMOCTH PAaCTCHUN
IIPH 3aCOJICHUH, OHU SIBJISIOTCS MOTEHIIMAIbHBIMY KaHIUJaTaMU Ha MTOBBIIIEHHE TPOJYKTUBHOCTH
cenbckoro xo3siictea [100].

3akiaro4eHue

HaunGoinee 3¢ dhekTrBHOM cTpaTerueil afanTaiii pacCTeHUI U MOBBIIIEHUS UX YCTOMYUBOCTH
K a0MOTHYECKUM CTpeccaM OOMICTIPU3HAH SKOJOTHYECKH YHUCTBIA CHOCOO B3aMMOJCHCTBUS
pacTeHuii ¢ MHUKpoOamMH, IO3BOJISIONIMM pACTEHUAM CHPABIATHCA C HEOIAronpUATHBIMU
CTPECCOBBIMHU YCIOBUSIMU OKpYXKaromeil cpesibl. MUKpOOHBINH KOHCOPLUUYM, (PYHKIMOHUPYIOIIUN
B MHKpOOMOME KOpHEH, CHOCOOCTBYET pOCTY pacTeHHil, MOBBIIAS PErYJSAIUI0 TEHOB
YCTOMYUBOCTH K CTPECCY, a TaKKe OJaronaps peryssiiiu CHHTe3a (UTOrOPMOHOB, OCMOJIUTHUKOB,
YIYUIIEHUS YCBOCHMSI IUTATEIbHBIX BEIIECTB M YCHUJICHHS AHTHOKCUAAHTHOW cHucTeMbl. K
HACTOSIIEMY BPEMEHHM Yy pa3jIMYHBbIX OaKTePHAJIbHBIX 3HJO(UTOB C MOMOIIBIO COBPEMEHHBIX
METOJ/IOB HCCJIEIOBAaHMS BBIABICHO ydactue Oosnee 20 reHoB sHaoduTH3Ma, 0K0jo 50 TeHOB
OpSMOT0 CTUMYJUPOBAHHS POCTa PacTEHUHM, OKOJIO 25 IeHOB OMOJOrMYECKOW aKTUBHOCTU U
okoo 10 TeHOB cmsirueHus pasznuyHbIX cTpeccoB [30]. OTOOp, CKPUHUHT M TPUMEHEHUE
YCTOMYUBBIX K CTPECCY MHUKPOOPTaHM3MOB MOTYT CTaTh >KM3HECHOCOOHBIMH BapHaHTaMH,
MOMOTAIOIIMMH MPEOJOJIETh OTPAHUYEHUS TPOTYKTUBHOCTH CEJIbCKOXO3IMCTBEHHBIX KYJIbTYp B
paifoHax, moaBep>KeHHBIX aduotuueckuM crpeccam [101,102].

OnHako, HECMOTpPA Ha UX BBICOKMM IMOTEHIMAl B PACTEHUEBOJCTBE, UX IMPAKTHYECKOE
NPUMEHEHHE 3aTParuBaeT JHIIb HECKOIBKO BUJIOB, M OOJIBIIMHCTBO pU300aKTEpUN HE TOTYUUIIO
HIMPOKOTO pactpocTparenus. B 063opax Chitnis ¢ coasropamu [103] u Naing ¢ coasropamu [ 104]
MOTYEPKUBACTCS BAXKHOCTh COBMECTUMOCTH aKTHBHBIX IITAMMOB 3HIO(PHUTOB ¢ KOHKPETHBIMU
pacTeHHsIMH-X035€BaMU M UX MHUKpoOuomMamu. [[nsi mocTHKeHUS CTaOWIBHBIX pPE3yIbTaToB
Oyayliye WCCIeIOBaHUS JOJDKHBI OBbITh HampaBlieHbl Ha OoJjiee JeTalbHOE HCCIeI0OBaHUE
MHUKPOOHMOMOB PAaCTCHHUI M Ha OTOOP MOJIE3HBIX MUKPOOOB B MECTHBIX MOJIEBBIX yciaoBusax [105].
KommuiekcHoe monumanue B3aumojeictBuii pacteHne-PGPR-AMF-iouBa mponouT myth K
3¢ (peKTUBHOMY UCTIOIB30BaHUI0 MUKPOOPTAaHU3MOB JIJIsl TPOTUBOACHCTBUS CTpECCaM 3aCOJICHUS
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u 3acyxu [106]. M3yyeHne reHOMUKH U KOMIUIEKCHOTO MeTa0oIu3Ma SHAO(PUTOB M PACTCHUN
MO3BOJIUT TMOJIHEE UCIIOIB30BaTh PE3YIbTAThl UX MPOAYKTUBHOM accormanuu [107].
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TY3/Ibl CTPECC JKAFIAWBIHIA OCIMIIKTEPAIH,
TO3IM/ILIITTH APTTBIPYJAFBI SHJAO®UTTI MUKPOOPTAHU3M/IEP/IH PO.II

Tyiiin

Ty3naHy, COHBIH iMIiHAC KYPFAKIIBLIBIKKA OalIaHbICThI, ©CIMIIIKTEpAiH oHiMUTIriH 60% - Fa neitin
JKOFANTajbl. AOMOTHUKAIIBIK CTPECCTEPMEH KYPECTE OCIMIIKTEp/Ie KOJOHH3AIMIIANTBIH JKOHE OJIap/IbIH
OPTYpJIi 3aKbIMIANTBIH dcepiiepre Kapchl TYPY KaOUIeTiH apTThIPAThIH SHAOPUTTEPII KOJAaHY MaHbI3IbI
Ooma Tycyae. OCIMIIKTEP/IIH ©CYIHE BIKIAI €TETIH MHUKPOOPTAaHU3MIIEP OCIMIIKTEPIETI METa0OIMKAIBIK
OY3BUTYJIap/ABl KaMblHA KEATIpedi, OJMapAblH OCYiH BIHTANIAHIBIPAMbl, CTPECCTIK dCEPIICPACH KOPFalbl,
(U3MONIOTHSJIBIK ~ MPOLECTEPAl  KallllblHA  KEATipeAl  JkoHe  cakraiapl.  Crpeccke — Te3iMai
MHUKPOOPTaHH3M/IEP/Ii TaAH/IaYy, CKPHHUHT YKOHE KOJJJaHy a0MOTHUKAIBIK CTPECCKE YIITbIparaH aliMaKTapIaFbl
JAKBUTIAPIBIH OHIMILTIK MEKTEYIEPiH )KEHYTe KOMEKTECETIH €H JKaKChl HycKa 00bIn Tabbutazst. [llomyna
MUKpPOOTap/bIH ©3apa OPEeKEeTTeCy MEXaHM3MJIEPIH JKOHE OpPTYpdi METaOOJIMTTEPIiH, aKybI3JIap/IbIH,
(hepMEeHTTEPIIH KUHAKTAIYbl MEH KYIICIOIHIH OMOXUMUSIIBIK KOJIapbIH TYCIHYT€ BIKIIAI €TETIH opTYpJIi
OMJIBIK TOCUIEpMi MaijanaHa OTBIPHIN, MOJCKYJIANbIK, OWOXUMHSIIBIK, (U3UOJIOTUSIBIK JKOHE
VIIBTPAKYPBUTBIMIBIK MapaMeTpIep/li €CKepe OTBIPBIN, OpPTYPAl T'CHIEPIIH PETTCIyiH apTTHIPy KOHE
azaiiTy, MHKpOOTap apKbUIBI CTPECCTi a3aliTy CTpaTeTrHsChIHA KATBHICTHI FHUIBIMH JQJIEIICp KETipiIreH.
bakrepustapasia, caHBIpayKYIAKTAPABIH KOHE OJapAbIH KOMOWHAITUSIIAPBIHEIH OCIMIIKTEPI KOPEKTIK
3aTTapMEeH KaMTaMachl3 €Tyleri, Meci eCIMIIKTI KOpIIaFaH OpTaHbIH KyH3eNiCiHeH KOopraydarbl pedi
KOPCETIUITeH.
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THE ROLE OF ENDOPHYTIC MICROORGANISMS IN INCREASING PLANT
RESISTANCE UNDER SALT STRESS

doi: 10.53729/MV-AS.2023.01.01

Abstract

Salinization, including those associated with drought, causes a loss of plant yield of up to 60%. In
the fight against abiotic stress, the use of endophytes that colonize plants and increase their ability to
withstand various damaging effects is becoming increasingly important. Microorganisms that promote
plant growth restore metabolic disorders in plants, stimulating their growth, protecting them from stress,
restoring and preserving physiological processes. It is emphasized that the selection, screening and use of
stress-resistant microorganisms is the best option to help overcome the limitations of crop productivity in
areas subject to abiotic stress. The review provides scientific data on the microbe-mediated stress mitigation
strategy, taking into account molecular, biochemical, physiological and ultrastructural parameters using
various ohmic approaches that contribute to understanding the mechanisms of microbial interactions and
biochemical ways of accumulation and enhancement of various metabolites, proteins, enzymes, as well as
increasing and decreasing the regulation of various genes. The role of bacteria, fungi and their
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combinations in providing plants with nutrients, in protecting the host plant from environmental stresses is
shown.
Keywords: endophytes, abiotic stress, salt tolerance.

About 96.5% of agricultural lands in the world are subject to abiotic stresses [1]. The most
serious of them is associated with drought and salinization, since it affects biodiversity and soil
composition, worsens the condition of plants, affects their productivity, causing crop losses of up
to 60% [1-4].

In the fight against the damaging effects of abiotic factors, along with traditional methods of
using more resistant varieties of cultivated plants, the use of endophytic microorganisms that
increase the ability of plants to withstand various damaging effects is becoming increasingly
important [5,6]. Microorganisms that promote plant growth (PGPR) restore metabolic disorders in
plants, stimulating their growth, protecting them from stress, restoring and preserving
physiological processes. Currently, there is no doubt that the use of microorganisms is a serious
alternative to traditional farming methods as a means of ensuring sustainable plant growth,
increasing yields and plant protection, and, consequently, sustainable food production and
maintaining food security. However, in the field, the success of their application remains low, so
it is necessary to deepen research in the field of creating suitable and viable PGPR formulations
for large-scale agricultural applications.

Recent developments in the field of metabolomics have made it possible to conduct a
detailed and comprehensive analysis of the metabolome and metabolic disorders in plants due to
environmental changes and, first of all, three-way interactions between plants, PGPR and
pathogens [7]. It is also suggested that due to restrictions on the maintenance of the vital activity
of microorganisms in various stressful conditions, it is advisable to use their metabolites that
contribute to stress mitigation regardless of environmental situations [8]. Such a technological
approach is currently gaining popularity among researchers seeking to complement and solve key
problems associated with the use of microorganisms to accelerate plant growth. Its advantage is
the lower susceptibility of chemical compounds to salt stress, small doses of application and ease
of storage, in comparison with living microorganisms [9]. However, this approach does not take
into account the possibility of reproduction of microbial cells in vivo and reducing the need for
repeated exposure. Nevertheless, both approaches may be promising depending on the
circumstances.

Plant response to salinization stress.

Unfavorable environmental conditions force plants to develop specific adaptive reactions
that promote adaptation (acclimatization) to them, including the development of morphological
and physiological signs that help growth in changed conditions. The usual reaction of halophytes
to soil salinization is the compartmentalization of toxic ions in vacuoles and the accumulation of
compatible solutes in the cytoplasm for osmoprotection, such as sugars and polyols, as well as
proline or glycine betaine, which directly stabilize proteins and membrane structures under
dehydration and protect cells from oxidative stress. At the same time, amino acids and organic
acids contribute to maintaining the gradient of water potential from soil to plants, while sugars are
involved in regulating osmotic pressure [10].

In ensuring cellular homeostasis, special attention is paid to the role of proline used to
compensate for cellular imbalance caused by environmental stress. The widespread use of proline
in nature as a stress adapter molecule indicates that it plays a fundamental biological role in the
stress response. Proline and soluble sugars are osmotic molecules that accumulate in response to
various environmental stress factors, including drought [11], and reduce the damage caused by
oxidative stress [12]. Proline can act as a signaling molecule modulating mitochondrial functions,
affecting cell proliferation or death and causing the expression of a specific gene, which may be
important for plant recovery after stress [13].
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In recent years, special attention has been paid to melatonin [14] associated with abiotic
stresses, such as drought, radiation, extreme temperatures and chemical stresses. Exogenously
applied melatonin can also improve the ability of plants to tolerate abiotic stresses.

It has been shown that phenotypic changes that allow plants to withstand stressful situations
can be positively modulated by symbiotic microorganisms [15].

Microorganisms that promote plant growth (PGPR).

The metabolic and genetic capabilities of microorganisms make them suitable weapons to
combat extreme environmental conditions. Their interaction with plants causes various kinds of
local and systemic reactions that increase the ability of plants to fight abiotic stresses [16].
Evidence of the important properties of microbial interactions with plants is a significant amount
of accumulating data that suggest the presence of deep mechanisms based on interactions between
plants and microbes, modulation of cellular, biochemical and molecular mechanisms associated
with resistance to stress.

Numerous studies have established that the obligatory presence of microorganisms-
endophytes of non-pathogenic nature in all plants without exception, their ability to improve plant
access to soil nutrients and increase resistance to stresses of various nature, provides the possibility
of both the very existence of plants and increasing their yield [17,18]. It has been shown that even
when grown in the same soil, different plant species contain different microbiological communities
[19].

Regardless of the water content, PGPBS provide plants with nutrients and improve
environmental conditions for their continuous growth. PGPBS play a vital role by increasing the
content of nitrogen, phosphorus, iron, etc., protect the host plant from environmental stresses and
help mitigate the antagonistic effects of stress [20]. PGPR have the ability to synthesize hormones
that stimulate the growth and development of plants under stress. They reduce antioxidant activity,
as well as increase the production of proline, free amino acids and sugar in plants [21]. In addition,
PGPB also uses such mechanisms of influence on physiological, biochemical and molecular
reactions that help plants cope with salt stress as synthesis of exopolysaccharides that protect plant
cells from water loss and stabilize soil aggregates [22]; synthesis of antioxidant enzymes (catalase,
superoxide dismutase and peroxidase) that prevent the harmful effects of reactive oxygen species;
synthesis of antibiotics that protect plants weakened by stress from soil pathogens; synthesis of
an enzyme that reduces the level of ethylene in plants, which reduces stress-induced aging of
plants, reduced absorption of excess nutrients / heavy metals; induction of resistance genes to
abiotic stress. At the same time, the most successful PGPBS have several of these mechanisms
[23].

It has been shown that stimulating the growth of plants, including those sensitive to salt, can
be provided by salt-resistant (halophilic) rhizobacteria isolated from saline soils [24,25].

Bacteria. Numerous studies have established that the tolerance of various plant cultures to
salt stress can be increased with the help of exogenous biostimulants such as rhizobacteria [26,27],
which contribute to improving seed germination, while increasing biomass and plant productivity
[28,29]. In addition, PGPR can be used in seed bioloading techniques, since this approach
demonstrates promising opportunities for increasing their viability, rapid germination and
uniformity of seedling growth [30].

A systematic and in-depth review of the current state of endophytic bacterial diversity, their
colonization strategies and their beneficial effects on sustainable agriculture by reducing and/or
eliminating the use of toxic agrochemicals, as well as as protective agents against plant diseases
and to increase crop yields, is presented in the review by Morales-Cedefio and co-authors [31]. It
has been shown that bacteria with PGP attributes are key components of the soil capable of
establishing useful associations with plants [32]. Their most studied representatives are described
in the works of Yadav with co-authors [33] and Kour with co-authors [34].

The composition of microorganisms that promote plant growth includes various genera
Pseudomonas, Enterobacter, Bacillus, Variovorax, Klebsiella, Burkholderia, Azospirillum,
Serratia and Azotobacter [22]. The genus Bacillus stands out among Firmicutes, which is an
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important resource for studying halophilic enzymes and metabolic pathways for remediation of
pollutants in saline soil [35]. The most common and studied endophytic bacteria belong to
Proteobacteria, Firmicutes, and Actinobacteria. Bacillus, Pseudomonas, Fusarium, Burkholderia,
Rhizobium and Klebsiella are dominant among them in most legumes and non-leguminous plants.
Most PGPR include various strains of Agrobacterium, Azospirillum, Bacillus, Pseudomonas, and
Rhizobium species [36,37].

Among the most studied in this regard, rhizobacteria are bacilli capable of producing a
number of biologically active substances that have beneficial effects on plants, whose ability to
form spores helps survival in adverse conditions. With a lack of water in the soil, an increase in its
salinity, as well as the accumulation of heavy metal salts, the metabolites of these organisms
(including exopolysaccharides and siderophores) prevent the movement of toxic ions, regulate the
ion balance and transport of water in plant tissues, while simultaneously controlling the
populations of pathogens. The indole-3-acetic acid, gibberellic acid and 1-aminocyclopropane-1-
carboxylate deaminase synthesized by them regulate intracellular metabolism of phytohormones
and increase plant resistance to stress. Bacilli producing deaminase have advantages as
bioinoculants for solving the problem of salinization of agricultural soils [38]. Association with
bacilli stimulates plant immunity to stress by altering stress-sensitive genes, proteins,
phytohormones and related metabolites. Substances that destroy cell walls from Bacillus spp. they
can cause damage to pathogenic bacteria, fungi, nematodes, viruses and other pests by controlling
their populations on plants. Bacillus strains secrete acidic metabolites that dissolve various mineral
compounds, as well as polysaccharides that adsorb silicates [39]. Inoculation of B. subtilis
improved the nutrition of sugar cane plants and the concentration of chlorophyll in them. As a
result, even in conditions of drought, the parameters of gas exchange improved (especially the rate
of net photosynthesis and the efficiency of water use). In addition, the parameters characterizing
stress (activity of antioxidant metabolism) decreased in inoculated plants, which led to increased
root growth, tillering, increased stem mass and increased sucrose concentration in stems [40]. The
review by Lopes et al. [41] emphasizes that endophytic Bacillus species, as producers of
biologically active compounds of biotechnological interest, are a valuable multifunctional set of
tools that can be integrated with crop management methods to achieve higher yields.

The most studied representatives of the genus used in agriculture are B. thuringiensis, B.
subtilis, B. amyloliquefaciens, B. velezensis, B. cereus, B. pumilus, B. licheniformis, B.
megaterium, although other species have also demonstrated great potential [41, 2]. The article by
Aloo and co-workers [42] discusses the unique properties of B. rhizobacteria, as well as various
mechanisms of their impact, the practical use of which can contribute to the sustainability of
agriculture. The decisive role of B. firmus SW5 is demonstrated in mitigating the adverse effects
of high salinity on soybean growth and productivity by changing the architecture of the root system
and induction of antioxidant defense systems, as well as the expression of stress-sensitive genes
[43]. These organisms are also known as excellent phosphate solubilizers [44].

Strain differences of microorganisms are of great importance in increasing plant resistance
in dry and salty environments. Thus, during the study of the bacterial community of endophytes
of five plant species growing in the Tar desert in Pakistan, Bacillus strains were selected that are
resistant to salt and heat stress, as well as antimicrobial activity. When they were tested on a non-
host Arabidopsis thaliana plant, it was shown that B. cereus PK6-15, B. subtilis PK5-26 and B.
cycleans PK3-109 significantly enhanced its growth under conditions of salt stress, doubling the
levels of fresh mass compared to uninoculated plants. Other strains did not contribute to plant
growth under normal conditions, but increased the fresh mass of plants by more than 50%
compared to noninoculated plants under salt stress.

A study of a strain of B. amyloliquefaciens isolated from the endorisosphere of Sasamorpha
borealis showed that its use in stressful conditions improved the survival of inoculated pepper
plants [45]. They retained a high content of chlorophyll, salicylic acid, sugar, amino acids and
proline and demonstrated low lipid metabolism, abscisic acid, protein, hydrogen peroxide content
and antioxidant activity both under salinity and drought conditions and under the influence of
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heavy metals. It is also shown that B. amyloliquefaciens GJ1 can improve the immunity of citrus
fruits by increasing photosynthesis and enhancing the expression of genes associated with
resistance [46]. In the Lim and Kim study [47], capsicum plants treated with the B. licheniformis
strain achieved greater shoot length and dry weight, as well as higher expression levels of four
genes associated with drought and cold stress. It has been shown that the treatment of chickpeas
by B. subtilis, B. thuringiensis and B. megaterium causes metabolic and physiological changes in
plants that reduce the effects of drought [2]. When chickpeas are cultivated under controlled
drought conditions, proline, L-arginine, L-histidine, L-isoleucine and tryptophan accumulate and
a significant accumulation of riboflavin, L-asparagine, aspartate, glycerin, nicotinamide and 3-
hydroxy-3-methylglutarate is induced, causing. The data obtained show that endophytic Bacillus
strains represent an important genomic resource for deciphering plant growth stimulation issues at
the molecular level [48].

Numerous species of Paenibacillus have also been considered for use as effective
phytostimulators, biofertilizers and biocontrol agents [49]. The mechanisms used by these bacteria
to increase bioavailability and/or facilitate the assimilation of nutrients by the host plant,
modulation of plant hormones, stimulation of the host body's defense and stress resistance
mechanisms, providing antagonistic action against pathogens and mitigating the effects of their
effects on plant health are described. A comprehensive and systematic study of the mechanisms of
their action in combination with field research can help in the search and selection of an effective
biofertilizer and biocontrol agent.

It is also known that other soil bacteria, such as Pseudomonas and Azospirillum, relieve
abiotic stresses in many types of crops, including rice [50]. Thus, soybean plants inoculated with
P. putida H-2-3 reduced salinization and drought stress by increasing the content of chlorophyll,
increasing the length and biomass of shoots, increasing the content of abscisic and salicylic acid,
polyphenol, flavonoids, superoxide dismutase and 2,2-diphenyl-1-picryl. -hydrazyl hydrate of
absorbing activity [51].

Rhizobacteria, in particular, Enterobacter sp. S16-3 and Pseudomonas sp. With 16-20, they
can colonize the surface of plant roots and mitigate the effect of salt stress by providing them with
nitrogen, phosphates and potassium, as well as phytohormones such as auxin, cytokinin and
abscisic acid. Due to inoculation with these bacteria, the content of malondialdehyde, H202
decreased and the indicators of antioxidant capacity, the content of proline and antioxidant
enzymes increased [52].

When inoculating two varieties of Burkholderia phytofirmans corn under stressful drought
conditions with two strains of bacterial endophytes Pseudomonas (PsJN) and Enterobacter sp.
FD17, Naveed and collaborators [53] showed that bacterial inoculation minimized the effects of
stress caused by drought, significantly increasing the biomass of shoots and roots, leaf area,
chlorophyll content, photosynthesis and photochemical efficiency. Similarly, bacterized seedlings
showed a higher relative water content in the leaves (30%) compared to the control, whereas
uninoculated plants showed 43% higher leaf damage under drought stress.

In vitro testing of 44 bacterial isolates allowed us to identify four isolates with high salt
resistance [54]. Among them, B. subtilis and P. pseudoalcaligenes demonstrated deaminase
activity, production of siderophores and indoleacetic acid. They contributed to the induction of
soybean resistance to salinization stress in hydroponics, increasing plant biomass, the relative
content of water and osmolytics in shoots and roots. The concentration of Na+ in soybean plants
treated with P. pseudoalcaligenes and exposed to NaCl significantly decreased. In soybean plants
treated with P. fluorescens, under salt stress, compared with the control, the content of chlorophyll
and plant-soluble proteins was reduced, and the content of proline was increased, while a more
significant increase in the length of the stem and the weight of fresh shoots was recorded. That is,
PGPR inoculation reduced the harmful effects of salinization stress [55]. It has also been shown
that the corn plant has three drought-resistant bacterial strains of Proteus penneri, P. aeruginosa
and Alcaligenes faecalis contributed to an increase in the relative content of water, protein and
sugar by increasing the content of proline [56].
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The mini-review by Liu and Zhang [57] shows how volatile organic compounds produced
by PGPR increase plant resistance to salinization and drought, as well as the provision of sulfur
and iron. Thus, the treatment of acacia seedlings of Rahnella aquatilis JZ-GX1 with volatile
organic compounds of the rhizobacterium Robinia pseudoacacia in the presence of NaCl showed
that, unlike untreated seedlings, they had an increase in fresh weight, the number of lateral roots
and the length of the primary root. In addition, an increase in the proline content and the activity
of superoxide dismutase, peroxidase and glutathione reductase was observed in the leaves of the
plant. It has also been shown that the strain of the salt-resistant rhizospheric bacterium Rahnella
aquatilis JZ-GX1 contributes to the accumulation in cells as the concentration of NaCl-compatible
dissolved trehalose increases, which for it is the main mechanism of resistance to high salt
concentrations. In addition, the JZ-GX1 strain produces indole-3-acetic acid and siderophores,
dissolves inorganic phosphorus under salt stress, and also stimulates the synthesis of
exopolysaccharides, which increases the ability of plants to resist salt stress [58]. The importance
of exopolysaccharides for protecting plants from environmental fluctuations and abiotic stresses,
such as drought, salinization or heavy metal pollution, as well as their role in plant-microbe
interactions, are discussed in detail in the review by Morcillo and Manzanera [59].

The possibility of using endophytic bacteria as an alternative to chemical fertilizers and
pesticides to increase plant productivity and mechanisms of protection against biotic and abiotic
stress is confirmed in the work of Shah and co-authors [60]. Of the five strains of endophytic
bacteria isolated from seeds of three different varieties of Pakistani wheat, two showed salt
resistance after three days of incubation, and one of them showed a growth-stimulating effect on
inoculated wheat plants.

Oxidative damage to proteins, lipids and nucleic acids is often observed with water stress.
Some microorganisms can reduce these negative effects by producing antioxidant molecules or
increasing the activity of antioxidant enzymes such as catalase or peroxidase [61]. Basil plants
grown under conditions of water scarcity showed an increase in catalase activity during inoculation
of Pseudomonas sp., both in monoculture and as part of a microbial consortium of Pseudomonas
sp., Bacillus lentus and Azospirillum brasilense. In the latter case, the activity of glutathione
peroxidase and ascorbate peroxidase also increased [62]. This combination of microbes has served
as the basis for several successfully commercialized products, such as BFMS, Environmoc,
SoilBiotics and HyperGalaxy.

Mushrooms. Some mechanisms of plant protection from lack of water are associated with
the presence of fungi in their microbiome. Endophytes of eukaryotic plants in general often belong
to the kingdom of fungi [63]. Some strains of fungi are more resistant to drought than bacteria, are
able to provide many mechanisms of tolerance, and their number increases in these conditions.
Fungi can be more effective than bacteria due to their growth characteristics and properties that
allow them to intensively develop the soil, extract water and penetrate into plant tissues [64]. High
indicators of drought resistance are provided in fungi due to the presence of a number of
mechanisms for overcoming drought stress, including osmoprotectors, strong cell walls and
melanin synthesis [65]. Filamentous fungi also produce extremely long hyphae, allowing them to
extract water from hard-to-reach areas of the soil, which contributes to their activity even in very
arid conditions. In addition, hyphae of fungal strains can absorb phosphorus and ammonium ions
more efficiently than plant roots [66]. Fungi can also affect the hormonal balance of plants by
producing phytohormones (auxins, gibberellins), as well as provide resistance to biotic and abiotic
factors [67]. It is known that in some plants living in a hypersalted coastal environment or on
geothermal soils, survival is ensured by endophytic fungi [68].

Inoculation of plants with fungi isolated from extreme environments is a promising
alternative for increasing productivity in stressful conditions arising from changing climatic
conditions [69]. Thus, it was shown that plants infected with endophytic fungi increased height,
weight, chlorophyll content, protein content, seed mass and their germination rate under conditions
of thermal and arid stress [70,71].
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The most studied are arbuscular mycorrhizal fungi (AMF), which successfully enter into
symbiosis with many plants belonging to different families [72]. Studies have shown that
symbiosis with arbuscular mycorrhiza (AM) reduces salt stress in different host plant species. As
part of a symbiotic relationship, AMF helps host plants absorb nitrogen and phosphorus while
simultaneously receiving carbon from their hosts. AMF plays an important role in the agricultural
ecosystem, providing stimulation of plant growth, improving crop quality, increasing plant
resistance to stress, stabilizing soil structure, maintaining ecological balance and sustainable
agricultural development [73]. However, despite the abundant literature showing the mitigation of
ion imbalance due to AM-symbiosis, the molecular mechanisms involved have not been
practically investigated.

In experiments by Qin and co-authors [74], peanut seeds inoculated with AMF Rhizophagus
correctis SA and Funneliformis mosseae BEG95 showed higher net photosynthesis rates, relative
leaf moisture, osmolytic accumulation, antioxidant enzyme activity, plant height and yield, both
under normal conditions and under salinization conditions.

Among fungi, representatives of the genus Trichoderma differ in the fight against damaging
effects in plants [22, 75,76]. Thus, T. harzianum is an antagonistic mycoparasite that colonizes the
roots of both monocotyledonous and dicotyledonous plants, stimulating an increase in their
absorption of nutrients and strengthening their water-retaining ability [77], promotes their better
growth and development in soils prone to drought [78]. Trichoderma helps plants withstand
drought stress by increasing the expression of antioxidant enzymes, secondary metabolites and
hormones [79-80]. Similarly, colonization of Theobroma cacao by the fungus Trichoderma
hamatum DIS 219b contributed to an increase in root mass and moisture content. At the same time,
the stimulation effect is manifested both in conditions of drought and without it [78].

Another type of fungi that make up part of the beneficial plant microbiome are yeasts, which
can be used to control deciduous infections through direct antagonism, induction of systemic
resistance, or stimulation of root development [81]. Silambarasan and co-authors [82]
demonstrated the ability of exopolysaccharides produced by yeast to promote the formation of
stable aggregates that improve water conservation in the soil. In addition, the use of yeast can
activate soil enzymes under drought stress, which increases the nutrient content in it, and also
improves the osmotic state of roots and the activity of antioxidant enzymes in plants [83].

The association of AMF with plants is the most common, but the exact mechanisms of its
role in the nutrient cycle and their transformation are not yet fully understood. The development
of biotechnological techniques using AMF is one of the most environmentally friendly alternatives
in the context of sustainable agriculture [84,85].

The combined influence of fungi and bacteria. Arbuscular mycorrhizal fungi and bacteria
can interact synergistically, stimulating plant growth through a number of mechanisms that include
improving nutrient uptake and inhibiting fungal plant pathogens. These interactions may be crucial
for the development of sustainable, low-cost agricultural systems that rely on biological processes
to maintain soil fertility and plant health. The Miransari review [86] presents data concerning the
interaction between arbuscular mycorrhiza fungi and soil bacteria, as well as some new ideas for
future research. It is assumed that associations of crops with AMF, as well as nitrogen-fixing
bacteria, can serve as an alternative and sustainable strategy for increasing yields in saline fields
[87]. It has been shown that the joint inoculation of AMF with phosphate-solubilizing bacteria
promotes the growth and increase of sunflower yield [88]. Bizos [89] considered the role of AMF
in combination with endophytic bacteria P. fluorescens and Bacillus sp., solubilizing potassium
and phosphorus, as well as species of fungi Trichoderma sp. as the most effective biocontrol agents
against diseases of olive trees (for example, verticillose wilt, root rot and anthracnose). The use of
AMF together with phosphate-solubilizing bacteria in the cultivation of beach plum in saline soils,
mitigated the effect of salt stress on all growth parameters and nutrient absorption, especially root
growth. At the same time, a significant decrease in the rate of photosynthesis, stomatal
conductivity, and transpiration rate was also prevented [90].
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Due to the high variability of the environment, the use of various microorganisms in one
biological product allows for more effective protection of plants. The final desired effect depends
on the appropriate level of interaction of microorganisms both among themselves and with the
plant. The correct combination of fungal and bacterial strains increases efficiency and reliability,
and seems particularly promising [91]. For their successful practical application, it is necessary to
work on the development of consortia and determine their stability, and, consequently, their
effectiveness in the long term when used in the field. There are many scientific and regulatory
hurdles to overcome before this technology is widely recognized and widely used [92].

Salt-resistant PGPB. Microbes have been isolated from extremely alkaline, saline and
sodium soils that are able to survive under osmotic and ionic stress, and many of them mitigate
various biotic and abiotic stresses in plants. In the last few years, their potential in increasing the
productivity of crops facing salt stress has been investigated on the basis of a clear assumption that
salt-resistant PGPR can be used in reclamation of saline agroecosystems. Their potential in
increasing plant productivity under these conditions is considered in the review by Egamberdieva
and co-authors [93].

In non-salt-resistant PGPR, which have a positive effect on plants under normal conditions,
protective properties are lost with increasing salinity of the medium. Salt-resistant PGPR are
distinguished by the presence of numerous mechanisms that affect the physiological, biochemical
and molecular reactions of plants and help them cope with salt stress. These mechanisms include
osmotic regulation due to ion homeostasis and osmolytic accumulation, protection from free
radicals due to the formation of free radical trapping enzymes, reactions to oxidative stress and
maintenance of growth parameters due to the synthesis of phytohormones and other metabolites.
They contribute to the production of nutrients, chelation of metals, maintenance of water balance
and ion homeostasis, production of phytohormones, exopolysaccharides, volatile organic
compounds and antioxidant enzymes that trigger stress-sensitive genes at high salt concentrations
[94,95].

Rhizobacteria isolated from stress-prone habitats have been recognized as the most effective
microorganisms in increasing plant resistance [93]. Similarly, the constitutive microbial
communities of agave [96] and cacti [97] probably contribute to the survival of these plants in very
arid habitats. Studies by Etesami and Beattie [98], as well as Hajiabadi and co-authors [99] have
shown that halophilic PGPR from the rhizosphere of halophytic plant species can be effective
bioinoculants for the successful production of non-halophytic plant species in saline soils. Since
salt-resistant PGPBS contribute to better survival of plants during salinization, they are potential
candidates for increasing agricultural productivity [100].

Conclusion

The most effective strategy for adapting plants and increasing their resistance to abiotic
stresses is generally recognized as an environmentally friendly way of interacting plants with
microbes, allowing plants to cope with adverse stressful environmental conditions. The microbial
consortium functioning in the root microbiome promotes plant growth by increasing the regulation
of stress resistance genes, as well as by regulating the synthesis of phytohormones, osmolytics,
improving the absorption of nutrients and strengthening the antioxidant system. To date, more than
20 genes of endophytism, about 50 genes of direct stimulation of plant growth, about 25 genes of
biological activity and about 10 genes of mitigation of various stresses have been revealed in
various bacterial endophytes using modern research methods [30]. Selection, screening and
application of stress-resistant microorganisms can become viable options to help overcome the
limitations of crop productivity in areas subject to abiotic stress [101,102].

However, despite their high potential in crop production, their practical application affects
only a few species, and most rhizobacteria are not widely distributed. The reviews of Chitnis with
co-authors [103] and Naing with co-authors [104] emphasize the importance of compatibility of
active endophyte strains with specific host plants and their microbiomes. To achieve stable results,
future research should be aimed at a more detailed study of plant microbiomes and at the selection
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of beneficial microbes in local field conditions [105]. A comprehensive understanding of plant-
PGPR-AMF-soil interactions will pave the way for the effective use of microorganisms to
counteract the stresses of salinization and drought [106]. The study of the economics and complex
metabolism of endophytes and plants will make it possible to use the results of their productive
association more fully [107].
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AHHOTALUSA

Hacrosimuit 0030p MOCBAIIEH 0aKTEPUATEHOMY OXOTY IIOJOBBIX KYJIBTYp, KOTOPBIH SIBISETCS
OITACHBIM KapaHTUHHBIM 3a00JICBaHUEM, HAHOCSIIIUM OTPOMHBIN SKOHOMHYECKUHN yIepO Mo BCEMy MUpY.
3aboneBanue pacupocTpaHuioch Oonee yeM B 50 cTpaHax ¢ MOMEHTa €ro OTKpHITHSA B 1870-¢ TOmBI.
Bosoyautens 3aboneBanus Erwinia amylovora BkiroueH B eAMHBIN MEpeUYeHb KAPAHTHHHBIX OOBEKTOB
EBpasuiickoro skoHoMHYeckoro coro3a. JlaHHoe 3a0oJieBaHHE BBI3BIBACT CEPHhE3HOC MOPAKECHUE WU
rubemh JI00BBIX JepeBbEB B MUTOMHHKAX, CaJlaX, 3aMe/JIeHIe HACTYIUICHHUS TUIOTOHOIICHNS Y MOJIOIBIX
JIEPEBHEB, MTOTEPH YPOIKasl.

KawueBble cioBa: OakTepualibHBIN 0XKOT, IMJIOAOBBIE KyJabTyphl, Erwinia amylovora, mepst
00pBOBI.

BakTepuanbHBIA 0KOT TUIONOBBIX KYJIBTYp SBISETCS HanOoJiee OMAacHBIM 3a00JIeBaHUEM
MJIOJIOBBIX KyNIbTyp. BrniepBrie 3a0oneBanne Obuto onucano B 1780 r. B CeBepHoit Amepuke. B
1924 rogy Oone3Hp mpoHukiIa B MTaauio U HIMPOKO PacHpOCTpaHUIIACh IO BCEH TEPPUTOPHU
Esponel. K Hacrosimemy BpeMmenum 3a0ojieBanue BbIsiBIeHO B 50 crpanHax wmwmpa [1,2].
Bakrepuanbublii oxor oOHapyxeH u B crpaHax OsBmiero CCCP, B Ttom umcne Poccum,
benopyccun, Ykpaumne, MongaBuu, JlarBuu, Kazaxcrane, Kupruzuum [3,4]. Ha Teppuropumn
Kazaxcrana 6akrepraabHBIi 00T OBLI BIIEpBbIE 3aperucTpupoBan B Hauaje 2000-X roioB u ero
apeaJ U3 rojia B roJl paciinpsercs. 3a nocjieJHue CeMb JIET IIIOIAU CaJI0B, 3apakeHHbIe JaHHON
00131510, BEIpOCTH B 40 pa3. ITo CBA3aHO ¢ OJIArONPUSATHBIME JJIS Pa3BUTHS O0JIE3HHU IPUPOIHO-
KJIMMaTHYEeCKUMH yCJIOBHSIMH (yMEpeHHas TeMIepaTypa M BBICOKas BIAXHOCTh BO3/1yXa),
0COOCHHO Ha 0Tre U Iro-BocToke Kazaxcrana, IBISIONMXCS OCHOBHBIMU 30HAMU BBIPAIIUBAHUS
MJI0JIOBBIX KyJIbTYp. Ha cerogusmHauii 1eHp, Mo JaHHBIM ATEHTCTBA 10 CTaTUCTHKE PecmyOnmnku
Kazaxcran, 3aHsTas iomaap o NocajakaMmu s0JI0H! U rpymu cocTtasisieT cpbime 36 000 ra, u3
HUX okoJyio 3 100 ra 3aHMMaeT copt s0JOHH «ATOPT». 3apakeHHas OaKTepUaIbHBIM O0XKOTOM
miomanas cocrapiaser 419,9 ra, B ToM umciae mo obOnactaMm: B AnmatuHCcKon — 342,0 ra,
JKamOpuickoii-72,6 ra u Typkecranckoii -5,3 ra.

CuMnTomMbl 3a00JIeBaHUSI HAYMHAIOT TPOSBISATHCS HA BEPXYIIKAX JIEPEBBEB, 3aTEM
NepexoiaT Ha 0oJiee KpyIHbIE BETKH, a BIOCIEACTBUH PACIIPOCTPAHSIOTCS HA CTBOJI U J1aXKe KOPHU
pacTeHusl, BEI3bIBas OTMUPAHUE BCEro jepeBa [5-7]. Haubomnee moaBep:keHbI 3apakeHUIO IIBETKH,
OJIHOJIETHHE T100erM U Mojojble 3aBs3u. [lepBble cUMNTOMBI 3a00JieBaHUS HAYMHAIOT
MPOSIBIISATECS. BECHOM BO BpeMs LBETeHUs. Ha NHCThSIX BHavyalie MOSBISIOTCS HEOOJbINNE
KpacHoBatble (y S0JIOHW) W TeMHO-Oypble (y TpyIIM) HEKPO3bl MEXAY >KHIKaMH, KOTOpPHIC
pacmpocTpaHsoTes K nepudepun, yBenuuuBasch B pasmepe [8]. Momozasie 3eneHbie moderu
VBSAAIOT, a BEPXYIIKM HX 3arubaroTcss B BUAe mnocoxa. [lopa’keHHbIe LBETKH U JIHCTbSI HE
OMaJaloT, AOJTO OCTaBasACh Ha BETBSIX, HATIOMUHAS OIAJIEHHBIE TIOCIIE MOXkapa epeBbs (PUCYHOK
1, a, 6). Orcrona u Ha3BaHue 3aboseBaHUsI — «okor». CHavanma WHQHUIMpPOBAHHAS TKaHb
CTaHOBUTCA OJIECTSAIICH U MOKPHIBAETCS MACISHUCTONW CyOCTaHIMEH, 3aTeM HEKPOTU3UpPYETCs U
ccoixaercst [9]. Bo BnaxHyro morony HaOmonaeTcs OOMIBHOE BBIIEICHHE OaKTepHalbHOTO
JKCCyJaTa MOJIOYHO-0EJIOT0, 3aTeM JKEITOBATO-IHTAPHOTO I1BeTa (pUCYyHOK 1, B, T). [TopaskeHHBIC
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IBCTKU CTAHOBATCSA BOAAHUCTBIMU HA BU, 3aTCM TCMHCIOT U YBANAKOT. 3acoxime OBCTKHU 516J'IOHI/I
NpUOOPETAIOT TEMHO KOPUYHEBYIO OKPAcKy, TPYLINM — MOYTH YEpHYI0, KOTOpPhIE HE OMaJaioT B
TeyeHue ce3oHa. Kopa pacTtpeckuBaercs, B CyXyl0 NOroay HOJCHIXaeT U YETKO OTHAEISAETCS OT
37I0pOBOM TKaHH. JIpeBecuHa MoJi KOpOH B MECTaxX MOPaKEHUS MPUOOPETAET KEITO-OPAHKEBBIN
nBeT. Ha He3penbIx mioax mosBISIOTCS MACISIHUCTBIE KpAaCHO-Oyphle WM YepHO-Oypble MATHA,
3a KOpPOTKOE BpeMsl OXBaThbIBAaIOIIME BCIO MOBEpXHOCTHh Iutoga. Co BpeMeHeM II0JbI
myMmuduupyorcs. Haubonee MHTEHCHBHO pa3BUTHE 3a00JI€BAHNUS IPOUCXOIUT BECHON BO BpeMs
[[BETEHUS 1 pOCTa MOOETOB U OCEHBIO BO BPEMSI BTOPUYHOTO [[BETEHHUSI.

| Nalba L

Pucynoxk 1 - CuUMIITOMBI IOpaskeHHsT OaKTEPHATBHBIM OKOTOM

Paznuuaror Heckonabko (opm OOJIE3HHM: OKOT TUIOAOB, MOOEroB W IBeTKoB. Hambomee
OMAaceH OXOT IIBETKOB, TaK KakK depe3 3aBs3b OAKTEpHUM JIETKO IMPOHUKAIOT B pPACTEHUS U
pacIpoCTpaHsIOTCs 0 BceM ero opranam. Kpome toro, 6akrepun, BO30OyauTen OaKTepruaIbHOTO
0’KOTa, MOTYT HAaxOJHUTbCS Ha TOBEPXHOCTH pACTEHUH B 3MU(UTHOM COCTOSHMH. MIMeHHO
SnuUTHBIE MOMYJSAIMM OakTepuil Ha LBETKaX B OOJIBLIIMHCTBE CIydyaeB CIyXaT MPUYMHOU
pacnpocTpaneHus: 6akrepuanbaoro oxora [10]. Eciau cuinbHOe pa3sMHOXKeHHE OaKTepHii BECHOM
COBMAJIaeT C LIBETEHHWEM SIOJOHM WJIM TPYIIH, CYIIECTBYET OMACHOCTh AMUGUTOTUU OOJIE3HU.
Kpymnubie snu¢uTHBIE TOMYISIUM MAaTOreHa OOBIYHO pPAa3BHBAIOTCA HA PbHUIBIAX ITECTHUKOB.
[lepeHocuMKaMHu WHOKYJIIOMa SIBJISIOTCS MYpaBbH, MYEJbl, OCHI, IIMEIH, Myxu U Tiau [11].
AxTHBHas WHQEKIHMS MOXET pa3BUBAThCS B XOJE BBINAJACHUS JOXKACH, OOWIBHON pPOCHI,
CMBIBAIOIIEH OaKTEpUH C phUIbIA. BakTepun MPOHUKAIOT B OTBEPCTUSI HEKTAPHUKOB, TJI€ HAXOIAT
ONarompusATHYIO Cpeay JUIs CBoero pa3BuTusi. Ha Gonbiiue paccTosHUS UHPEKIHS TEPEeHOCUTCS
OTUIAMH (TIPEUMYIIECTBEHHO CKBOpPLAMHU U APO3JaMH) WU C MOCAJOYHBIM M MPUBUBOYHBIM
Martepuaiom [ 12].

CoBpeMeHHbIe copTa S0JIOHU U IPYIINA UMEIOT PA3INYHYIO0 BOCTIPUUMYHUBOCTD K TOPAKECHHUIO
6aKT€pI/IaJIbHI>IM OXKOI'OM. I/IMMYHHBIX COpPTOB Ha CGI‘OI[HSII_HHI/Iﬁ JCHDb HET. IIo JAAaHHBIM Pa3JIMIHBIX
JUTEPAaTypHBIX MCTOYHMKOB W HAIUX HAOJIOEHUH, OYEHb BOCHPUHUMYHBBEI COpTa SOJIOHU:
Aiinapen, [I>xonaran, ['ana, )Kenesa, Anopt, Cnapran, Yemnuon, Ckoporuiognoe, Huszkopocnoe,
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Maprosckoe, Butazp. Cpenne u manno BocnpuuMuuBble copra: Jxonaronna, Amnup, ['onaen
Hemumec, Pen nenumec, Koptnaun, [laynapen, Ilunosa, Kurynesckoe, Kpacusoe, Buiinesoe,
Meura, Men0Oa.

Bo30Oyautenem OakTepuanbHOTO OKora sBisieTcss Oakrtepust Erwinia amylovora -
NOJBMKHBIE TPaMOTpHIIATENbHBIEC Mano4ky pazmepom 1,1-1,6 X 0,6-0,9 MKM ¢ 3akpyrieHHbBIMA
KOHIIAMU U ¢ OOJIBIINM KOJIMYECTBOM KI'YTUKOB Ha MmoBepxHocTH. CHOp U Karcyl He 00pa3yloT.
OntumanbHas Temmneparypa pocra 26-28°C, munumanbHas — 6-8°C, morubarot npu 43-50°C.
BecHoil, ¢ HayagoM COKOJABM)KEHHUS, OaKTepUU AaKTUBUZUPYIOTCS U HAYMHAIOT aKTHBHO
pa3MHOXaTbCs. DTOMY CIIOCOOCTBYET BBICOKAsl BJIAKHOCTh BO3yXa M TemIieparypa Bbime 18-
20°C. B pesynprare pa3sMHOXKECHHS OaKTEpUi TOSBISAETCS OSKCCYNAT, BBIJCISIONIUNACI Ha
NOBEPXHOCTh B BHUJE MEIKHUX Kalejdb WIA HE3aMETHOW TOHKOW IUICHKHM W SIBJISIOLIMICS
UCTOYHUKOM MEPBUYHON MH(EKIINU LBETKOB, JIUCTHEB U OJTHOJIETHUX MMOOETOB.

Mepbol 60pbobI C OAKMEPUATTLHBIM 0HCOZOM.

U3 cymectByronmx mep OopbObl HM OJHA HE JAaeT IOJIHOM TapaHTHUH O3J0POBIEHUS
3apakeHHOH MaHTauu. [103ToMy OCHOBHBIMU 3JI€MEHTaMHU MPEIOTBPAIIECHUS PACTIPOCTPAHEHHS
0aKTepUaIbHOTO OOTa IUIOJOBBIX SIBJISIFOTCS HMCIOJB30BaHHWE 3J0POBOTO  IOCAJA0YHOTO
MaTepHala U CBOEBPEMEHHOE BBISIBIICHUE 04aroB WH(EKIUH.

ATpOTEXHUYECKUE MEPOTIPUSITUS:

-BoikopueBka u cxxuranue OOJNBHBIX PACTEHUH B HACAXICHUSX, IJI€ YCHIXaHUE JICPEBHEB
nocturaet 30% u 6onee. [Ipu cmabom 3apakeHUH JEPEBHEB JOMYCKACTCS YAAICHUE OTACIbHBIX
NOpPaXEHHBIX BETBEH KPOHBI C 3aXBaTOM 3710poBoil TkaHu 20-40cM HM)KE BHIMMOM TpaHUIIbI
nopaxenusi. O0A3aTeNbHBIM 3JIEMEHTOM SIBIIsIeTCS Ae3uHpekuus pexyuiero nactpymenra 10%
pacTBopoM MenHoOro kymnopoca, 70% merunoBeiM ciupToM uiau 10% pacTBopoM rumoxiaopuaa
Na, nesundexuus cpe3oB 1% pacTBOpoM MeIHOTO Kyropoca 1 00MasKa UxX CaJoBbIM BapoM, JINOO
OMYJIbCUOHHON KPAaCKOM.

-YianeHue JAMKOPAacTYUIMX KOPMOBBIX  pacTeHUM  (OOSIpBIIIHUK U KU3WUJIbHUK,
pOM3pacTaIOIIKX Ha pacctossHuH onmxke 500 M ot cana).

-boprba ¢ nepeHocurkamu 00JIe3HU: TS, MEIIHULIA U JIP. HACEKOMBIE.

-OTKa3 OT BHECEHMs TIOBBIICHHBIX 03 Aa30THBIX YAOOpEHMI, TOBBIICHHUE
HeCTenu(PUIECKON yCTOWYMBOCTH pACTEHUH K HEOJIarompusTHBIM (DakTopaM OKpyXKaromen
CpEenBl.

-OTKa3 OT JIETHUX 3€JICHBIX ONepaluii B 3apa’keHHBIX HACAKICHUSX.

XuMudeckuit MeToj] 00phOBI.

-Jlnss  GoppObI ¢ OakTEepHAIBHBIM  O0KOTOM  TUIOJOBBIX IIUPOKO  MPUMEHSFOTCS
Menbconepxkamue npernapatsl [13]. OqHako ycTaHOBIEHO, YTO B MPHUCYTCTBUU MelIu OaKkTepuu
E. amylovora mepexoisT B JKH3HECIIOCOOHOE, HO HEKYJIbTHBHPYEMOE COCTOsIHHE. B Takom
COCTOSIHUM OaKTepUU >KU3HECIIOCOOHBI, HO HE pPACTyT Ha TBEpAOH mNuUTaTelabHOM cpene. B
OJIaronpHUsATHBIX YCIOBUSIX OaKkTepUM BOCCTAaHABJIMBAIOT CBOK MATOT€HHOCTh W OMAaCHBI MAJIs
pactenmii-xo3sieB [14]. IlpumeHeHME MeabCOMEPKAIIMX NPENapaToB MU3-3a OCOOCHHOCTEH
noBe/eHNs OakTepuil B NMPUCYTCTBUUM MEIAM PEKOMEHAYETCS B Hadaje Ce30Ha, TaK Kak 3TO
IIOMOT'aeT YMEHBIINThH KOJIMYECTBO HHOKYJIIOMA B cany [15].

-Hauunas ¢ 1950-x romoB myisi 60peOBI ¢ GaKTepUaIbHBIM OXKOTOM CTalIM MPUMEHSTHCS
AHTUOMOTHKH, a UMEHHO, CTPENTOMHIINH, OKCUTETPALUKINH, KACYyMHH M TeHTaMuiuH [16].
HaunGonee 3¢(heKTUBHBIMU M3 HUX OKa3aJIUCh CTpenTOMHIMH W KacymuH [17]. Ilpemaparsr Ha
OCHOBE aHTHOMOTHKOB MMEIOT OIpe/eIeHHbIe IMpeuMyIiecTBa B OoppOe ¢ (UTONaTOreHHBIMU
MUKpPOOPTraHW3MaMHU 10 CPaBHEHHIO CO MHOTUMH OakTepuuugamMu. B 4acTHOCTH, aHTUOMOTUKU
IPUMEHSIOTCS B OYeHb HU3KHMX KOHILIEHTpPALUAX, U Ha €IUHHIY 00pabaThiBaeMoOil IJIOMIaTu MX
MOMAaIaeT 3HAUYUTEIbHO MEHbIIE, YeM JIPYrux mnpemnapaToB. OCHOBHON HEIOCTATOK MPUMEHEHUs
AHTUOMOTUKOB COCTOHMT B TOM, YTO y OAaKTEepHil OBICTPO pa3BUBACTCA K HUM PE3UCTEHTHOCTH, a
caMy aHTHOMOTHKHM TOTAJAa0T B opraHu3M uenoBeka [18]. UYepe3 mecsi mocie mpuUMEHEHUs
AHTUOMOTUKOB B caay OaKTepHajbHBIC MOMYJSLUU HE OTIMYAIOTCA OT TAKOBBIX OAKTEpHii, HE
00paboTaHHBIX aHTUOMOTUKAMHU.
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bonee TOro, TaKk KaK CTPCIOTOMHUIUH MPOAYHUPYCTCA INOUYBCHHBIMU AKTHUHOMUIICTAMU,
00paboTKa pacTeHW ATUM AHTHOMOTUKOM HE MEHSET MHUKpPOQIOpy MOYB M HE MPHUBOJUT K
YBEJIMUEHUIO Y OaKTEepHii TCHOB YCTOMYUBOCTH K JaHHOMY aHTUOUOTHKY [19]. UTOOBI yMEHBIIUTH
YacTOTy BO3HMKHOBEHHS IITAMMOB OaKTepui, YCTOWYMBBIX K aHTUOMOTHKAM, UX HCIOJB3YIOT
TOJIKO TIPH BBICOKOM PHUCKE TOPAKEHUS OaKTEpUaTbHBIM 03KOTOM.

DKcnepThl 0TMEYAIOT, YTO B cTpaHax EBpocoro3a 3amperaeTcst mpuMeHeHHe aHTUOMOTHUKOB
B PAaCTEHUEBOJICTBE U ca/loBojcTBE. HO B CBA3M € TeM, YTO S5KOHOMHYECKAasi BPETOHOCHOCTh 3TOTO
KapaHTUHHOTO OOBEKTa OYEeHb BEJIMKAa B CE30HBI, OJArompHsTHBIE [JIsl PaCHpOCTpaHEHUs
0aKTepUaTbHOTO OXKOTa, HWHOT/A pa3pelIaeTcss HWCMOJIb30BaHHWE CTPENTOMHUIIMHA TOJBKO B
KOHBEHIIMOHANIBHBIX CaJlaX Ha OYEeHb OTPAaHMYEHHON TEPPUTOPUU M MO OYEHb CTPOTUM
KOHTPOJICM. HpI/I TOYHOM CO6JIIOI[CHI/II/I 03, CPOKOB NPUMCHCHUA U NICPUOJA OXKUJAAHUS BIIOJIHC
BO3MOXXHO TOJIy4€HHE TMPOIYKIUHU, HE COJAepKalllell HU caM aHTUOMOTHK, HM TPOAYKTHI €ro
pasioxKeHusl.

buonornueckuit MeTos1 60PHOBI.

B MOCJICAHCC BPEMS IMOABUIIUCH MHOFOO6CH_IaIOH_[I/I€ JAaHHBIC YCIICHIHOTO HMCIIOJIL30BaHUA
HEKOTOPBIX BHUJOB OaKTEpU-aHTaTOHKCTOB B 00pr0Oe ¢ OakTepranbHbIM 0koroM [20-22]. Busr
Bacillus umeror nmonryro HMCTOpUIO TpUMEHEHHS B OHOKOHTPOJE M CTHMYJIMPOBAaHHH POCTa
CENbCKOXO03UCTBEHHBIX KYIbTYp [23, 24]. K HacTosAIIEMy BpEMEHH BBISIBIEHO HECKOJIBKO BUIOB
OakTepuii, KOTOPBIC MOTEHIIUATHHO MOKHO HCIIOIB30BATh MPOTUB 0AKTEPUATILHOTO 0XKOTa, B TOM
yrcie, oTHocsmmecs K poay Pseudomonas: P. fluorescens A506 [25] u EPS62e [26], P. orientalis
F9 [27], P. vancou- verensis L16, P. chlororaphis 3M, P. congelans 35M. P. protegens 59M [28];
poxasi Pantoea: P. agglomerans E325 [29], u P. agglomerans 10c [30], P. vagans C9-1 [31]; poasr
Bacillus: B. subtilis QST713 [24]. B. amyloliquefaciens [32]; Paenibacillus polymixa N179 [33];
Lactobacillus plantarum [34]; Serratia sp. [35].

Cpenn HHX HECKOJIBKO OBUIM KOMMEPIIUAIM3HPOBAHBI KaK OWOMECTUIIMIBI, TaKue Kak
BlightBan A506 (P. fluorescens A506, CIIIA), Bloomtime (P. agglomerans E325, CIIIA),
BlossomBless (P. agglomerans P10c, Hosast 3enanust), BlightBan C9-1 (P. vagans C9-1, CIIIA),
Serenade (B. subtilis QST713, CIIIA), Biopro (B. subtilis BD170, IlIseiinapust) u BlossomProtect
(Aureobasidium pulllans, T'epmanwst).

OpnHako, mpoOseMa 3aKIYaeTcsi B TOM, YTO MHKPOOBI-aHTarOHUCTHI, 3G GEKTUBHBIE IN
VItro, MOT'yT HEJJOCTaTOYHO YCIEUIHO IOAJCP)KUBATH MTOPOT TONYIISIUKN B IIPHPOJHBIX YCIOBHIX
U3-3a CJI0O)KHOCTH BBDKHBaHHUS B €CTECTBEHHOW cpene obOuTanus. Tak, ObUIO yCTaHOBJIEHO, YTO
apdextuBHocTh PSeudomonas fluorescens EPS62e 3aBuCHT OT YCHENIHOW KOJOHHU3AIMU
OaxkTepuil Ha MOBEPXHOCTH pacTeHui. [Ipu H3yyeHuM NUHAMUKHU YMCIEHHOCTH momynsuuu P.
fluorescens AS506, ObLIO yCTaHOBJIEHO, YTO pa3Mep MOMYJSIUH OaKTepHii-aHTarOHUCTOB
YMEHBIIIAJICS ¢ yBEeJIHUECHUEM Bo3pacTa 1BeTKoB. [Ipu aTom poct momyssiiuu P. fluorescens A506
CONPOBOXKIAJNICS yMeHbLIeHWeM momymsinuu E. amylovora u ocnabnenuem Oonesnu [36].
Bricokyto 3¢(HEeKTHBHOCTh B YCIOBHSIX caja MOKa3aJl0 COBMECTHOE HCIOJIb30BaHUE OaKTEpHii-
AQHTarOHUCTOB C CEPHOM M3BECThIO (MONMUCYNb(UI KanbLus), KOTOpas MpHUMEHSETCS UIs
YMEHBIIEHUS IJI0JJOBOM HAarpy3ku Ha pactenus [37].

Taxum 06pazom, HECMOTPS Ha 3HAYUTEIbHBIE YCUIIHSI IO 00phOE ¢ OaKTepHaIbLHBIM 05KOTOM
BO BCEM Mupe, 00JI€3Hb MO-TPEXKHEMY BBI3BIBAECT OOJIBIINE OTEPH YpOKas U THOEIb IePEBLEB.
XapakTepHble CHMIITOMBI 0aKTEPUAIBHOTO 0KOTa — TOSIBIIGHHE DKCCy/IaTa, 00pa3oBaHHE SI3B U
COTHYTBIX TTOOETOB, “MPaMOPHOCTH” Ha Cpe3e KOPHI U Jp., 00JIerdarT ero 1uarnocTuky. OmHaKo,
JaHHOe 3a0o0JieBaHME MOXHO CIIyTaTb C JPYTHM, IOXOXXHMM Ha OaKTepHabHBIA OXOT,
3a00/IeBaHUEM - HEKPO30M KOpBI IUIOJOBBIX JEPEBbEB, KOTOPOE BBI3BIBAETCS OakTepueit
Pseudomonas syringae. Bce 3To BbI3bIBaeT HEOOXOIUMOCTh Pa3padOTKH OBICTPBIX M HaJCKHBIX
METOJIOB JUArHOCTHKH OaKTepHaIbHOTO 0OXora IIogoBbIX. Kpome Toro, HecMOTpst Ha TO, 4YTO
3P PEKTUBHOCTH OMOMECTHLUIOB i OOPbOBI C OaKTEpUANbHBIM OKOTOM BBI3BIBAET CIIOPHI,
JaHHas npo0sema mpecTaBiIseT O0IbIION HHTEepeC He ToNbKO B Kasaxcrane, HO U BO BceM MUDE.
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DUHAHCHPOBaHUE
Jannoe wuccrnenoBanune ¢uHaHcupoBaioch KomuteTom Hayku MUHHCTEPCTBA HAyKH M
BBICIIET0 0Opa3oBanus Pecriyonuku Kasaxcran (rpant Ne BR 8574022).
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FIRE BLIGHT OF FRUIT CROPS
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Abstract
Fire blight of fruit crops is a dangerous quarantine disease that causes huge economic damage around
the world. This disease has spread more than 50 countries since its discovery in the 1870s. The causative
agent of the disease Erwinia amylovora is included in the unified list of quarantine objects of the Eurasian
Economic Union. This disease causes serious damage and death of fruit trees in nurseries, orchards, slowing
the onset of fruiting in young trees, crop losses.
Keywords: fire blight, fruit crops, Erwinia amylovora, control measures

Fire blight of fruit crops is the most dangerous disease of fruit crops. The disease was first
described in 1780 in North America. In 1924 this disease appeared in Italy and spread widely
throughout Europe. To date, the disease has been identified in 50 countries around the world [1,
2]. Bacterial fire blight has also been identified in the countries of the former Soviet Union,
including Russia, Belarus, Ukraine, Moldova, Latvia, Kazakhstan, and Kyrgyzstan [3, 4]. On the
territory of Kazakhstan, fire blight was first registered in the early 2000s, and its range is expanding
from year to year. Over the past seven years, the area of orchards infected with this disease has
grown 40 times. This is due to favorable natural and climatic conditions for the development of
the disease (moderate temperature and high air humidity), especially in the south and southeast of
Kazakhstan, which are the main areas for growing fruit crops. To date, according to the Agency
on Statistics of the Republic of Kazakhstan, the occupied area under plantings of apple and pear is
over 36 000 hectares, of which about 3,100 hectares are occupied by the Aport apple variety. The
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area infected with bacterial burn is 419.9 hectares, including 342.0 hectares in Almaty region, 72.6
hectares in Zhambyl region and 5.3 hectares in Turkestan region.

Symptoms of the disease begin to appear on the tops of the branches, then move to larger
branches, and subsequently spread to the trunk and even the roots of the plant, causing the death
of the entire tree [5-7]. Flowers, annual shoots and young ovaries are most susceptible to infection.
The first symptoms of the disease begin to appear in the spring during flowering. Small reddish
(in apple) and closely brown (in pear) necrosis appear on the leaves between the veins, which
spread to the periphery, increasing in size [8].

Young green shoots wither, and their tops are bent in the form of a staff. Affected flowers
and leaves do not fall off, remain on the branches for a long time and in this way resemble trees
scorched after a fire, hence the name of the disease “fire blight” (Figure 1, a, b). First, the infected
tissue becomes shiny and covered with an oily substance, then it becomes necrotic and shrinks [9].
In humid weather, there is an abundant release of bacterial exudate of milky white, then yellowish-
amber color (Figure 1, c, d). Affected flowers become watery in appearance, then darken and
wither. Dried apple flowers become dark brown, pears almost black, which do not fall off during
the season. The bark cracks, dries up in dry weather and is clearly separated from healthy tissue.
The wood under the bark in the affected areas acquires a yellow-orange color. On immature fruits,
oily reddish-brown or silver-brown spots appear, covering the entire surface of the fruit in a short
time. Over time, the fruits mummify. The most intensive development of the disease occurs in
spring during flowering and shoot growth and in autumn during secondary flowering.

LAl

Figure 1 - Fire blight symptoms

There are several forms of the disease: fire blight of fruits, shoots and flowers. The fire blight
of flowers is the most dangerous, since bacteria easily penetrate into plants through the ovary and
spread to all its organs. In addition, bacteria that cause bacterial fire can be on the surface of plants
in an epiphytic state. It is the epiphytic populations of bacteria on flowers that in most cases cause
the spread of fire blight [10]. If a strong reproduction of bacteria in the spring coincides with the
flowering of an apple or pear tree, there is a danger of an epiphytoty of the disease. Large epiphytic
populations of the pathogen usually develop on the stigmas of pistils. Ants, bees, wasps,
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bumblebees, flies, and aphids are carriers of the inoculum [11]. Active infection can develop
during rainfall, heavy dew, washing bacteria from the stigma. Bacteria penetrate into the openings
of nectaries, where they find a favorable environment for their development. Over long distances,
the infection is transmitted by birds (mainly starlings and thrushes) or with planting and grafting
material [12].

Modern varieties of apple and pear have different susceptibility to fire blight. There are
currently no immune varieties. According to various literary sources and our observations, apple
tree varieties are very susceptible: Idared, Jonathan, Gala, Geneva, Aport, Spartan, Champion,
Skoroplodnoe, Low-growing, Martovskoye, Vityaz. Medium and slightly susceptible varieties:
Jonagold, Empire, Golden Delicious, Red Delicious, Cortland, Paulared, Pinova, Zhigulevskoe,
Krasivoe, Cherry, Mechta, Melba.

The causative agent of fire blight is Erwinia amylovora - gram-negative bacteria of 1.1-1.6
x 0.6-0.9 microns in size with rounded ends and a large number of flagella on the surface. Spores
and capsules do not form. The optimum growth temperature is 26-28°C, the minimum is 6-8°C,
and they die at 43-50°C. In the spring, with the beginning of sap flow, bacteria become active and
begin to multiply actively. This is facilitated by high humidity and temperatures above 18-20°C.
As a result of the multiplication of bacteria, an exudate appears, which is released to the surface
in the form of small drops or an imperceptible thin film and is the source of the primary infection
of flowers, leaves and annual shoots.

Strategies for fire blight control.

Of the existing control measures, none of them fully guarantees the recovery of an infected
plantation, therefore, the main elements for preventing the spread of fruit blight are the use of
healthy planting material and the timely detection of foci of infection.

Agro technical:

- Uprooting and burning of plants in plantations where the drying of trees reaches 30% or
more. With a weak infection of trees, it is allowed to remove individual affected branches of the
crown with the capture of healthy tissue 20-40 cm. below the visible border of the lesion. An
obligatory element is the disinfection of the cutting tool with 10% copper sulphate solution, 70%
methyl alcohol or 10% Na hypochlorite solution, disinfection of sections with 1% copper sulphate
solution and coating them with garden pitch or emulsion paint.

-Removal of wild fodder plants (hawthorn and cotoneaster growing at a distance closer than
500m from the garden).

-Combating vectors of the disease: aphids, sucker and other insects.

-Refusal to apply high doses of nitrogen fertilizers, increase the non-specific resistance of
plants to adverse environmental factors.

-Abandonment of summer green operations in infested stands.

Chemical control.

- Copper-containing preparations are widely used to combat bacterial fruit burn [13].
However, it was found that in the presence of copper, E. amylovora pass into a viable but
uncultivated state. In this state, the bacteria are viable, but do not grow on a solid nutrient medium.
Under favorable conditions, bacteria restore their pathogenicity and danger to host plants [14]. The
use of copper-containing preparations, due to the behavior of bacteria in the presence of copper, is
recommended at the beginning of the season, as this helps to reduce the number of inoculum in
the garden [15].

-Since the 1950s, antibiotics, such as streptomycin, oxytetracycline, casumin and
gentamicin, have been used against fire blight [16]. The most effective were streptomycin and
kasumin [17]. Antibiotic-based preparations have certain advantages in the fight against
phytopathogenic microorganisms compared to many bactericides. In particular, antibiotics are
used in very low concentrations and per unit of cultivated area, they get much less than other drugs.
The main disadvantage of using antibiotics is that bacteria quickly develop resistance to them, and
the antibiotics themselves enter the human body [18]. One month after the antibiotics were applied,
the bacterial populations in the garden did not differ from the bacterial populations not treated with
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antibiotics. Moreover, since streptomycin is produced by soil actinomycetes, treatment of plants
with this antibiotic does not change the soil microflora and does not lead to an increase in bacteria
resistance genes to this antibiotic [19]. However, to reduce the incidence of antibiotic-resistant
bacterial strains, they are used only when there is a high risk of fire blight.

Experts note that the use of antibiotics in crop production and horticulture is prohibited in
the EU countries. But due to the fact that the economic harmfulness of this quarantine object is
very high, in seasons favorable for the spread of fire blight, the use of streptomycin is sometimes
allowed only in conventional gardens in a very limited area and under very strict control. With the
exact observance of doses, timing of use and the waiting period, it is quite possible to obtain
products that do not contain either the antibiotic itself or its degradation products.

Biological control.

Recently, promising data have appeared on the successful use of certain types of bacteria
against fire blight [20-22]. Bacillus species have a long history of use in biocontrol and crop
growth promotion [23, 24]. In addition, several bacteria have been identified to date that can
potentially be used against fire blight, including of the genus Pseudomonas: P. fluorescens A506
[25] and EPS62e [26], P. orientalis F9 [27], P. vancou - verensis L16, P. chlororaphis 3M, P.
congelans 35M. P. protegens 59M [28]; Pantoea: P. agglomerans E325 [29], and P. agglomerans
10c [30], P. vagans C9-1 [31]; Bacillus: B. subtilis QST713 [24]. B. amyloliquefaciens [32];
Paenibacillus polymixa N179 [33]; Lactobacillus plantarum [34]; Serratia sp. [35].

Among them, several have been commercialized as biopesticides such as BlightBan A506
(P. fluorescens A506, USA), Bloomtime (P. agglomerans E325, USA), BlossomBless (P.
agglomerans P10c, New Zealand), BlightBan C9-1 (P. vagans C9-1, USA), Serenade (B. subtilis
QST713, USA), Biopro (B. subtilis BD170, Switzerland), and BlossomProtect (Aureobasidium
pulllans, Germany).

However, the common problem is that antagonist microbes that are effective in vitro may
not be successful enough to maintain the population threshold in natural conditions due to the
difficulty of surviving in the natural habitat. It has been established that the effectiveness of
Pseudomonas fluorescens EPS62e depends on the successful colonization of the bacteria on the
plant surface. When studying the population dynamics of Pseudomonas fluorescens A506, it was
found that the population size of antagonist bacteria decreased with increasing flower age. At the
same time, the increase in the population of Pseudomonas fluorescens A506 was accompanied by
a decrease in the population of E. amylovora and weakening of the disease [36]. The combined
use of antagonist bacteria with sulfuric lime (calcium polysulfide), which is used to reduce the
fruit load on plants, showed high efficiency in garden conditions [37].

As aresult, despite significant worldwide efforts to control fire blight, the disease still causes
large crop losses and death of trees. The characteristic symptoms of fire blight - the appearance of
exudate, the formation of ulcers and bent shoots, “marbling” on a cut of the bark, etc., facilitate its
diagnosis. However, this disease can be confused with another disease similar to fire blight,
necrosis of the bark of fruit trees, which is caused by the bacterium Pseudomonas syringae. All
this necessitates the development of fast and reliable methods for diagnosing fruit blight. In
addition, despite the fact that the effectiveness of biopesticides in combating fire blight is
controversial, this problem is of great interest not only in Kazakhstan, but throughout the world.
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Tyidin

byn wmakanama, KpitalinplH oOpTajblk Kajuackl YXaHbAArbl MAalHUEHTTEPAE €pEKIe BHUPYCTHIK
MTHEBMOHHMSHBIH Maiiaa O0NybIHAa OKeJiN COKTHIPATHIH aHa KOPOHABHPYCTHIH maina 6omysl COV-ThIH
(2019-nCoV) nencayiblkka Kayinrimiri typamsl xapusutagael. Kaszipri COVID-19  maHmeMuschl
OapbIChIHAA, BUPYCKA Kapchl KONTETeH TaFraMJBIK KOCTAnap HETi3iHAe aypyMeH Kypecyre >KOHE ajlJibIH
anyra Hazap ayaapsutyna. Jlakropeppun (JID) - cyTKopeKTiiaepaiH cyTiHAe Ke3AeceTiH TaOuFH TaFaMIbIK
KOcIajapaelH Oipi KoHE TeMipAl OailTaHBICTBIPY KaOlJeTi MEH KONTETeH jKacylla PerenTOopiIaphbIMEeH
OaltTaHpICy HETi31HIe UMMYHOMOOYJISIUSIIBIK KacueTTepre ue. JlakrodepprHHIH BUPYCKa Kapchl KaOiieTi
SARS-CoV-2-men (COVID-19 ko3apIprbiibl) ThFBI3 OaiinaneicTel SARS-CoV xoHe 6acka 1a BUpycTapra
Kapchbl Oarananapl. CoOHbIMEH KaTap, JlakToeppuH KaObIHyFa Kapchl THiMALTIKKE ue. JlakTodepprHHiH
SARS-CoV-2-re kapchl MOTEHIMAIBIHA apHAIIFAH apHAbl 3epTTey JKYMBICTAPBIH XKYPri3y OTe KakKer,
eiitkeHi JlakToQeppuHHIH BHPYCKAa Kapchl WMMYHHTETKE KATBICTHI OHOJIOTHSUIBIK OeJICeHAUTIriHe
OaiinaneicTel SARS-CoOV-2 xacymianapblH KYKTBIPYIbIH allAbIH alajbl HeMece KeAepri KeTipyi MYMKiH.
Jlakrodpeppunnin SARS-CoV-2-re kapcel (dapmakonorusuiblk ocepin Oaramay OoifbiHIIA Keeci
3eprreyiep oHblH COVID-19-nieH Kypecyieri pesiH KepceTe/i Aen YMITTeHEMI3.

Kisrri ce3nep: naktodpeppun, SARS-CoV-2, COVID-19, uMMyHOMOIYISILIHSL.

Bupyc — reHeTuKanbsIK MaTepral MEH OipHeIIe aKybl3laH KypairaH JeHe. Tipi ar3ara eHy
apKpUIbl  Keberore KaOinerrti, aypy Tyabipyiisl areHt. KoponaBupyc (CoV) - Virus
naTiaasirelHbIH Coronaviridae TykKpIMIachlHA JKaTaThIH, corona (TaX) oHe Viridae (Bupyc)
ce3nepiHiH OipiryineH KypanraH Bupyc Typi. COV - amam, yi KaHapiiapel, KyC, >KapFaHar,
THIIIKAHHBIH KoHE 0acKa Jla KeITereH >kadaifbl xaHyapliapIblH THIHBIC ally KOJIapbIH, acKa3aH-
itrek, 6aysIp *KoHE OPTAJIBIK XKYHKE JKyieaepin 3aKpiMaan sl [ 1-3]. AybIp jkemen pecnupaTopIbiK
curapom (AXKPC) nemece SARS (SARS - Severe acute respiratory syndrome) >kyKnajisl xoHe
eJIIMre OKellyl MYMKIH pecrnuparopiibik aypy. SARS - kopoHaBUpPYCTHIH HWHGEKIUSACHIHBIH
HOTHXecl, OHBI FanbiMaap SARS-men GaitnanbicTsl KopoHaBupyc (SARS-CoV) nem ataner. 2002-
2003 xputnapel SARS Hemece AJKPC aypysl 5 koHTHHEHTTET1 33 enre Tapajbil, HOTHXKECIH]IE
8000-nan actam amam uH(EKIUs )KYKTHIPHI, 700 agam KaiTeic Oosrad [4-6], an 2012 xeutet Tasty
[IsireicTa pecriupatopiiblk cuaapomuad (MERS - Middle East respiratory syndrome) 2428-nen
acTaM ajiaM JKYKTHIpbII, 838 agaM KalThIc 00BN, KaTaH OaKbUIayFa alblHbl. ATallFaH 1HISTTIH
epinyi cekini, »kaHaaan naiaa 6osran COV-Ta xkaHyapiap/aaH - agaMra KOHE aJlaMHaH-alaMFa
KBUIIAM Tapajly MYMKIHJIIT1 JKaFbIHAH KaTepiii iHAeT OoJFaHIbIFbIH KopceTTi [7-8]. 2019 xbuibl,
JKEJITOKCAaH albIHBIH opTachiHAa opranslK KpiTaiiia opHanackan Xy0s3i
MPOBUHIIMSACHIHA KIpETiH YXaHb KallaChIHBIH XyaHaHb jKaHyap MEH TeHi3 eHimuepi 0azapbiHia
OoJiFaH XaJbIK TYPFBIHAAPHI 0€Tici3 MTHEBMOHUSHBIH OpPITyl OYKUT oJIeMHIH Ha3apblH ay/lapTThI.
KpITaliaplH FEUTBIME 3epTXaHalapblHa KaTaH PETTUIIK MEeH dTHOJIOTHSUIIBIK 3ePTTEYNep KYpPrizy
HOTIKECiIH/IE, OeNrici3 MHEBMOHHUSHBIH KO3BIPFBINIBI PETiHAE — aHa KopoHaBupyc (novel
coronavirus (nCoV)) ansikranst (http://virological.org/ sxone https://www.gisaid.org/). Ocbiian
keiin, KpiTaii ransIMaapsl KOpOHaBUPYCTHIH JkaHa TypiH - SARS-CoV-2 nen ataasl. OHBIH
TCHETUKAIBIK KYPBUIBIMBI aybIp KITI pecHMpaTopibl CHHAPOMABI Ko3ablpaThiH SARS-CoV
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BupycbiHa 70% yKcailTeiHbl aHbIKTamFaH. 2020 >xpuinbiH 12 KaHTapbiHAa JlyHHEKY3UTIK
JIEHCAYIIBIK CaKTay YHBIMBI YaKbITIIA jkaHa BUPYCTHI 2019 >kbutnbIH kaHa KopoHaBupychl (2019 -
nCoV) gen arazasl [9]. SARS-C0oV-2-HiH Heri3ri Tapaiy >K0Jbl 3aTTapbIH CBIPTKBI O€Ti apKbLUIbI
Tapalybl MYMKIH, aTanm alTKaHaa, aypyabl KYKTBIPDFAH ajJaM >KeTeJNreHJe HeMece aypylsbl
JKYKTBIPFaH aJaMJIbl YCTaFaH JCHe MYIICHI30eH OeTiHI3/1, Ko3IepiHi3 i, MYPHBIHBI3IBI YKaIaFaH
corte xy3zere acanel [10]. Anmaiiga, BUPYCTBIH OJI XKepJiepAe KaHIa yakbIT eMip CYpPeTIHIri
6enrici3. Oceklaiila, BUpyC ar3ara eHil, keOeieni xoHe Oacka myienepre tapaitansl. Herisri
3aKbIMJIAYIITBI HBICAHIAPHI: 11IeK, KOKOAyBIp )KOHE €H KayIITi ocep eTeTiH MyIec okme. Bupyctsl
KYKTBIPDFaH ajaMjapla Kyprak >KeTel, TeMmIepaTypaHbIH >KOFapbhUIaybl, €HTITY, €Ki KaKThI
ITHEBMOHMSI KoHE 0acka 1a Oenrinep, COHbIH 1MIiHAE, TaMaK aypybl, THapes MEH KYCYAbIH JKeHLT
XKOHE ayblp KIMHHUKANBIK KepiHicrepi Oaiikamanel [10]. Ayblpran HaykacTap HH(EKIHS
KYKTBIPFaH aJlaMJJapMEH >KOHE THIHBIC aly TaMILIbUIapbIMEH THIFbI3 OaillaHbicTa 00IYbl MYMKIH
[11]. Bupycka Kapchl KeNTereH eMey 91icTepl YChIHBUIFaH. AJaiia, ajamiapra CbIHaK KYprizy
Ke3eH1 OlpHele aiifa Hemece O1p JKbUTFa co3bUTYhI MYMKIH [12]. [TanmeMusiMen KypecyaiH Kazipri
oIici - OKIIAyJIaHy, )KeKe TUTHEHA IIapaiapbl KOHE TYPhIC TAMAKTaHY.

CoV-ThIH >xaHa TYpJIEepiHIH Maiga 0oJybl MEH epIiyi, JCHCAyJIbIKKa KayinTi >kahaHIbIK
Karepili 1HAET OOJNbIN TaOBUIATHIHABIFEIH KepceTTi. bomamakra, KiIMMar TEH SKOJOTHSHBIH
e3repyiHe )KoHE aJIaMHBIH KaHyapIapMeH KapbIM-KAaThIHACKIHBIH KYIIICIO1HE OaliIaHbICThI KAyiMTi
1HAeT XaHagaH epiryi MyMKkiH. Ocklnaiima, sxenen Tepanust MmeH CoV - Fa Kapchl BakIuHajIap
Kacay KaKeTTUTI TYyBIHIAIbl. OJEMAIK TaHJAEMUSAFa alHAIIbIpFaH KOPOHABUPYCTHIK >KaHA
IHIETTIH aJBIH Ty )KOHE OJIaH KOpFaHyFa Makajiaja KeITipireH MOJIMETTep 03 CENTITiH THT13e11
JIeT YMITTEMI3.

Koponasupycmoty scacywaza eny convl. KopoHaBUPYCTBIH ajaM KacyllachlHa €HYI
KeJieciiel sTanTapiaH Typajsl. 1. ATaMHBIH MYpbIH, aybl3 HEMECe KO3 MYIIelIepiMeH KoMeriMeH
ar3ara €HI'eH BUPYC aHTHOTEeH3HMH KoHBepTeyii ¢pepmeHT 2 (ACE2) akysI3 — perientopbiHa Kapan
OarpiTTamanel  (cyper 1). ACE2 - wmeramtonentunaza, SARS-CoV-2 ymiiH  MaHBBABI
(GyHKIMOHANABI peuenTopiaapAbly Oipi. AHTMOTEH3MH KOHBepTeylli (epMeHT 2 pelenTopbl
Kebip MymienepIiH KypaMblHa KIPETiH acyliajapAblH OCTiHAe OpHajacaibl, aTam alTKaH#a,
aybI3 KybICBI MEH MYPBIHHBIH IIBIPHIINTH Ka0aThl, OKIE, acKa3aH, all iIIeK, TOK imek, JuMdpa
TYHIHIEpi, alpIpiia 0e3, cyilek Kemiri, 0ayslp, Kok Oayblp, OYHpeK >koHe MHUABIH KypaMbIHIa
OomareiH ckacymanapaa kesgecemi. ACE2  penentopbl eKme  anbBEOJIBIHBIH — AMHUTEIHN
JKacyIanapelHbIH OeTiHze oTe kKom 6omansr [13].

SARS-CoV-2 gexecingeri Cnaitk akybiasi (S)-

TiH, ACE2 aKybi3-peuenTtopsimeH
Bainambicybl

{rukonpotenn Cnaiik (S)|

i') Cnaitk akysiasl (S) Hemece
) rmKonpotenn Cnaiik (S)/
B "Kint”

-
<)

HyxneonpoTenH Hemece Y F I
: Hykneokancug, (N) ACE2 aybis- i D
levomabik, PHK peuerrropul .‘.':;; “*

"Kynoin” ’
) <

ACE2 adHH®

BupycTbiH, Macywara
Kipyi, ACE2-HiH aypbic
Kbi3MeTiHiH By3binybi

Cypert 1 - Koponasupyc xacymackl MmeH oHbIH ACE2 perentopsiMer
GaiiiaHsICcybl OeitHenenren [27]
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Bipinmi cyperre OeiiHeneHreHnel, KOPOHABUPYC BHUPYCHl AHTMOTEH3WH KOHBEPTEYII
dbepMeHT 2 pelenTopbiH Kacylia OCTIHeH TaHbIFAaHHAH KeWiH, aTtainrad peuentop mMeH Crmaik
aKkyb3bl  (S) «kinT» MeH  «KyIelm»  cekinai  Oip-OipiMmen  Oepik  OaiiyaHbICalbI.
Kpucramnorpadgusnsik 3eprreynepae kepceTinrennen, kypambiaaa S1 cerment (318-510 amun
KBIIIKBIT KAJJBIKTAphl) AaHTHOTCH3WH KOHBEPTEYIIl (EePMEHT 2 perenTophbl YIIiH MaHBI3IbI
peuenropiapmen OaiinmanbicaTeiH aiiMak [13-15]. bepik OaiinmaHbic ocepiHEH KaH KbICHBIMBIH
perreyre katbicaTblH ACE2 pernentopbIHbIH KbI3MeTi Oy3buaabl. HoTwkeciHne, aHTHOTEH3UH
KoHBepreymn (epmeHT 2 perentopbl kemeriMmeH SARS-CoOV-2 Bupychl agaM ar3achIHBIH
*acymacsiHa eneni [16]. XKacya irriHe eHreHHEH KeiiH, KOpOHABUPYC BUPYCHI CHIPTKbBI KOpIIAI
TypFaH OapJibIK KYpPBUIBIMJIIBIK aKybl3 KaOaTeiHaH Oocaiael [15]. JKorapeima KenTipiiareH
pertiniknen, SARS-CoV-2 e3i nemece Tek reHoMabiK PHK muromnasmara eneni. An, SARS-CoV
BupychiHbIH PHK reHomsr y3piaabpiFsl mamamed 30000 nykneotuari Kypaasl [17]. Bupyctein
KacyFa CEHYIHIH Kelleci caThIChbIHJA, LIUTOIJIa3Mara eHreH Bupyc, PHK axybI3piHa jkayanTsl
aKybI3JIapblH TPaHCIIIUACH Ke3eHl Oactamanpl. [luTormmazmara enreH TeHoMablK PHK
peruKanys mporeci Heriziae eki eceneHy mpoueci xypeni. PHK pennmukanusicbin xkysere
aceipmac 0ypeiH SARS-CoV-2-ka PHK pennmukanusceia xKy3ere achIpaThlH MaHBI3Abl aKybI3aap
KaxeT. ATtanraH akybizgapasl Bupyctblk PHK-HBI MaTepuan ke3i periHae maianaHbll TY31Tyi
TpaHcsus nen aranansl. Ochl mporiecTi kKysere aceipy mporeciaae SARS-CoV-2  Bupych
KO>KaibIH jKacyllIaHbl MTapa3uTTIK KOJIMEH Maiaananaisl (Cyper 2).
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Cypert 2 - SARS-C0OV-2 BUPYCBIHBIH JKacylllara €HYy JKOJIBIHBIH cXeMachl [27]

Yuriami cateicel, BupycTlH PHK perumkarnuscer xypeni. On, ekinmn kesekteri PHK
peTUTMKAIMAChIHA KayalThl aKybI3JapJblH TY3UITeHIHeH KeiiH BupycThlKk PHK-nma permukarms
nporieci xymbic icreiiai. AranraH, SARS-CoV-2 - mosutuBti PHK-nbI BHpycTap KarapbiHa
KaTazbl. Perumnkamus ke3eHl askTanraHHaH coH, mo3uTuBTi PHK-nan weratusti PHK Ty3ineni.

49



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

Ocblman KeiiiH, TOPTIHIIl CaTbIChl BUPYCTBIH KYPBUIBIM OOIIIEKTepiHiH Ty3UI1yi OacTasiasbl.
SARS-CoV-2-uiyg HeratuBti PHK-man jkaHa BupycTapablH KYpPBUIBIM O6JIIEKTepl Ty3isie
Oacraiinel. HeratuBti PHK-HBI Marepman ke3i perinae naiinamanein, OipHeme MPHK-map
ty3ineni. Hotmxecinae, MPHK-nan BUpYCTBIH TIMKOMPOTENH S aKybI3bl, MeMOpaHa aKybi3sl (M),
kimkentaii akyel3 (E), Hykieokancua (N) cekinai KypbUIBIMABIK aKyb3aap Tysinesni. becinmii
CaTBICHIH/IA, KYPBUIBIMIBIK aKkybi3aap D11 T-npIH inriHae KypbUIFaHHaH KeiiH, akybizaap meH PHK
lonpmxu anmaparbiHa eTemi. [OJbIKM anmapaThlHBIH IMIHAEC KYPBUIBIMIABIK aKybI3gap MEH
no3utuBTi PHK TOnBIK BUpyC peTiHme Oipirim, BU3HKYJIA «KOIMPIIIKTEPIIHy 1IIIHE OpHAaIacaIbl.
ANTBIHIIBL CATBICHIH/IA, BU3WKYJIAHBIH IMIHICTI TOJBIFEIMEH >KWHAKTAJIFaH BHUPYC SK30IMTO3
MpOIIeCi apKbUIBI JKACYIIaJaH ChIPTKA IIbIFa OacTaibl. TOJBIK IaMbIT JKETUITEH BUPYC, Oacka
xacymranapra malybut skacaiasl [ 19-28].

AF3aHBIH BUPYCKA TO3IMAUTITI AYPHIC TaMaKTaHy KYHECIMEH THIFbI3 OalIaHBICThI. TaOuFu
OmonorusuiblK ~ O€JICeHIi 3arTapMeH OaWbITBUIFAH TaraM eOHIMIEpiI aF3aFa  BUPYCTHIK
WH(}EKIUsIIapAbIH KayliH a3aiTybl MyMKiH [29]. UMMyHHTETTI )KakcapTyaa TaraM KypaMbIHaFbl
MyHJail komroHeHTTep B xone T sxacymanapblH O€JICEHIUNITH apTThIPaIbl JKOHE OJIApIbIH
Ko0eroiHe, Tya OITKEH KOHE aIallTUBTI IMMYH/IBIK JKayanThIH WHIYKIIUSICHl MEH MOAYJISIIASICHIHA
kateicaabl [30-31]. KenTipiaren momiMeTTep HETI3iHIC, OHTAWIbBI TaMaKTaHy MMMYHUTETTIH
COVID-19-ra xapcel TypyabiH 6ipaeH-01p TYpaKThl 9JIici.

TaraM eHIMIEpiHIH IIIHIE CYT )KOHE CYT OHIMAEPI KYpaMbIHIAFbI Oaraibl aKybI3JapbIMEeH
UMMYH/IBIK XYyHere maiaansl [32]. DnuaeMuonorusiIblK 3epTTeyIep CUbIp, OHue JKOHE TYHe CYTIH
TYpaKThl TYTBIHY ajaamiapia OaKTepUsUIBIK KOHE BHUPYCTHIK WHQEKIMSIIAPAbIH TOMEH
TapanybiMeH cunartanFaH [33-34]. Cyrreri MaHb3ABl KOMIIOHEHTTEPIHIH Oipi — JgakTOdheppHH
(JID), on TpancheppuHIEp TYKBIMIACHIHA KiPETiH KoMl ()yHKIIMSITBI aKybI3.

JlakToepprH aKybI3bIHBIH HMMYHOIIPOTEKTOPIIBIK JKOHE KaObIHyFa Kapchl KacHeTTepi
SARS-CoV-2 topi3ai pecnupaTOpIIbIK BUPyCTapiaH KOprayabl KaMTaMachl3 €TeTiHIr OipKkaTap
FBUTBIMH Makananapga kepcetrinreH [9;15;35]. JI®-win COVID-19-re kapchl MMMYHIBIK
KOpFayJarbl TOTCHIIMANBIH 3€PTTEy VIIH OHBIH OWOJOTHACHIH, KYPBUIBIMBIH, OHBIMEH
OaillaHbICaTBIH MEMOpaHaJbIK PElenTOpJIapblH, UMMYHOMOIYJISPIBIK KOHE BUPYCKa KapcChl
MeXaHU3MJEpiH, COHBIMEH KaTap Ke3JepiH OuTy KaxeT. ¥ ChIHBUIFaH MakKaja/Ja JakTo(heppruHHIH
BUpYCTapFa Kapchl MPO(PUIAKTUKAIIBIK, TEPANUSIIbIK, UIMMYHOIIPOTEKTOPJIBIK KOHE MEXaHU3MIH
KapacThIpbIN, JakTopeppuH aKybi3biHBIH COVID-19 emaeyniH KochbIMIa 9fici peTiHaeri pedi
TaJKbLJIAaHFaH.

Jlakmogeppunniny Kypolivimol dHcone @usuka-xumuanvlk kKacuemi. JIO axybi3bl -
tpancheppunaep (TP) ToObHA KaTaThIH TEMCI3 TeMmip OailIaHBICTHIPFBINI TIUKOIPOTEHH.
Jlaktodeppun anram per 1939 xbuisl cublp cyTiHeH (cyper 3), am 1960 xbuibl aHa CyTiHEH
Oeinin anbiHAbl. JIO-TiH aMUHKBIIKBUIABIK Ti30eri skanyapnapasiH 10 TypiHeH (agam, CHBIp,
THIIIKAH, JXBUIKBI, JOHBI3, CIIKi, KO, OyiBON koHE Tyie) aHbIKTanFaH [36-37]. JI® akybi3sl
MOJIEKYJIAChIHBIH Y3BIHIBIFBl IIamMaMeH ~700 aMUHKBIIKBUIBI KaJABIFBIHAH TY3UITeH Oip
HOJIUIETITUATIK Ti30€KTeH Typassl. Monekynanslk canMarbl ~ 76-80 k/{a. Anam meH Thimkat JID
aKybI3bl OOMBIHINIA OIPIHIII PETTIK KYPBUIBIMBIHBIH YKcacTbiFbl 70%, agam MeH cubipaa — 69%,
CHBIp MeH ThIKaHaa - 63% [38]. Anam JID akybI3b1 OipiHIII PETTIK KYPBUIBIMBI a1aM capbicy TD
JKOFapbl JeHrene yKkcacThlkka ue (~ 59 %). AnbrepHatuBTi mpomotopiap - P1 xone P2 -
ocepineH JID reHiHiH TpaHCKPUIIHCH €Ki OHIMHIH Ty31nyine okeneni: MPHK JI® xone nenbra-
JIOD (A - JID) [39]. A-JID-ne N-COHFBI CUTHAIIBIK Ti30eri 0oiMay ceOeOiHeH OHBIH CIIKaHIai
KbI3MeTi JKOK [40]. Anam JID u3odmekTpiiik HykTeci opeduet ke3znepinae 8.0-8.5 [41]; 8.7 xxone
9.7 apanbIFblHIa ayBITKUABI [42].

JI® akybI3BIHBIH MOJUOENTUATIK Ti30eri riao0ymsapibl exki romosortel C xoHe N
OemikTepaeH KypairaH (cyper 3). Exi 6emikTeri aMuH KbIIIKBUIABIK KYPaMbIHBIH YKCACTBIFBI 37%
- Fa )KybIK. N Oeuriri, moaunenTuaTiK Ti30ekTiH N-coHbIH (1-332 aMuH KBIIKBLT KaaabIKTapsl), C
6ediri C-coHpH (345-691 amuH KbIIKbLUT) Kypaiabl. Onap Keicka anbga-cnupanbmen (333-344
aMUH KBIIIKBUIB) OalaHBICKAH, OCHl OaiilaHBIC MOJIEKYyJIara KOCBIMINA CEpPIIMILIIK KacHueT
Gepeni [37]. Op 6ip Gemik IMIUICON MlIiHT, KelneMaepiHiH perTimiri 55%35%35 A. AkysI3
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MOJIEKYJIachl CHMMETPHSLIIBI eMec, cebeb1 OemikTep Oip-Oipine ~150° OypoitiTa OyphUIBIC KacaraH
xoHe 25A pirpicKaH. Op6ip 6ok 03 Ke3eriHe eKiHII PeTTiK KYPhUIBIMBI ©Te YKCAC eKi JOMEHHEH
Typansl [37; 43]. Monekyna =~ 43% o - cnupaibaaH xoHe = 27% [ - KaTnapaaH Typanbl. AKybI3
KYpBUIBIMBIHZIA 16 mucynbduarik OaimaHbic 6ap, OHBIH 6 KYOBI €Ki OeiiKkTe TEeH, ajl KairaH 4
xkyOb1 C-0euirinae opHanackaH. Ipi kapa JakTopeppuH aKybl3 MOJICKYTACHIHBIH KAJIbl CXEMECHI
YIIHII CypeTTe KeATIpiIreH.

C1 domain

Cyper 3 - Ipi kapa nakToheppuH aKybI3bl MOJICKYJIACHIHBIH CXEMAaChl
N1 xone N2 nomenzepi colikeciHIe capbl )koHe KbI3FbUIT, all C1 xone C2 momeHmepi colKeciHIe
JKaChLI )KOHE KOK TYCTepMEH, ai 0etikTep (J100) apachIHIarbl 63apa 0aiIaHbICThI CIIUPAlb KbI3FBLIT Caphl
TYCTI, €Ki TeMip aTOMBbI KbI3bLI IIap TYPIHJEC KOPCEeTUIreH [44]

JI® exi Typai popMasa ke3aecei: arno (TeMipMeH KaHbIKITaFaH aKybI3) )KoHE X010 (0enceHal
opranbireiaaa Fe* 6ap) 6onanpr. JIP akysis monekynacsl Fe** exi nonsiMen kepi Gaiinansicyra
KabimerTi. Opoip Gemikreri momenaep (N1, N2 xone C1, C2) apanbIFbIHAAFB TEPEHIPEK aiiMaKTa
Temip - GailnaHBICTHIpYLIBI caifTTap Gap, onmapabiH kememi ~ 42 A kypaiinsr. Temipain op6ip
aTOMBI TOPT aKYBI3BIK JIUTaHIEH yilnectipiired: Tyr-92 sxone Tyr-192 denonsar-uonmaapaarsi
(cotikecinmre Tyr - 435 xone Tyr - 528 C-coHpiHaa) €Ki oTTeri aroMaapeiMeH, His - 253 (His -
597) umupazonaarsl Ne2 a30T aroMbIMeH koHe Asp-60 (Asp-395) kapOOKcHiIbIEri OTTEriMEH.
TemipaiH opOip aTOMBIHBIH OKTa3APIiK OpTackl 0ap, A€reHMeH e, TOPT aKybl3 JUTaHIThI aJIThl
MO3UIIMSIHBIH TEK TOPTEYIH FaHa aJIbII KaTabl. 3ePTTEYJIEPre COMKeC KalFaH €Ki O3UIHsIa COs*
Hemece HCO3™ annongapsl opHanacazsi [37; 43].

JI®-1iH TemipMeH OaiaHbICy cxeMachl KepceTuireH (cypeT 4). Temip aToOMBbI KbI3bUT IIap
TypiHae OeciitHenenren, an JID-TiH e3apa OpEeKETTECETiH aMUHKBIIIKBUIIAPBIHBIH KaJTABIKTAPhI
capsl Tycti. Kanapik canmap N-coHbIHA coiikec kemnefi, an C-COHBIHBIH THICTI aMUHKBIIITKBUTBI
KaJIIBIKTAphI kKaKIllajga opHajgackaH [44].

AHHMOH TIENITHATIH OH 3apsanraaraH  N-COHbIMEH koHe Arg-121 pagukambiMeH
Oaiinmanpicagpl. MyTareHe3 OoibIHINIA KacanFaH TaxipuOuesnepae, OCJICEHI OPTANBIKTAaFbl Ke3
KeNreH 4 KaJABIFBIHBIH alMacThIPBUTYBl TeMip[i OalNaHBICTBIPY KaOimeTiHiH OipaeH
HallapjayblHa ajblll KeNeTiHAIrl JonengeHreH. Arg-121 kanaplk OOWbIHIIA MyTanus Ja oI
OCBIHJIal ocepre ambin keneni [38; 43].

JI® axybi3bina Temip Oepik opi KaitteiMcbiz (Kg~102° M™) Gaiinansicansl. JI® akybisbl
TeMipai TinTi Oocekenec nuraHy (Mbicanbl, mUTpar) xoHe pH moni 3,0 OonFaH >xarmaiina ma
OaiinmanpicThIpyra Kabinerti, an T® ToOBIHBIH Oacka axkyb3gapsl pH~5.5 OGonranma temipmi
6ocaranpl [37]. JI® men Td oprypni kacuerrepi JID-ro1 exi OemikTiH (JIOOTHIH) YHIIeciMIl
OaiinanpicbiMeH aHbIKTanansl [38]. JIO® C-Gemirine TemipaiH OaiimaHbicybl N-OeJIKTEr1 OHBIH
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(TeMipniH aKybI3fa) OaillaHBICBIH aHAaFypibIM  TypakTaHabipanasl. MyHga N-OestikneH
KaTbiHacaThlH C-COHBIHAAFBl  anb(da-coupasb MaHBI3ABI KbI3MET aTKapagsl. Td-me ochl
KYObUTBICTBIH Oonmaysl JID-1i eki OemikTi OaiaHBICTBIPATBIH MNENTHJ KYPBUIBIMBIHIAFBI
epeKIIemKIeH Tycinaipieni. bapneik cumarranran JI® ocel mentu anbda-ciupainb Ty3eIl, al
Td-na oHBIH aMnCi3, TY3y, peTCi3 KYpbhUIBIMBI Oonajabl. Ajb(a-COUpanbIiH MBIKTBUIBIFBl €Ki
OOJIIKTIH THIFBI3 OalIaHBICYBIH KaMmTamachi3 eTim, N-Oeiikke TeMipaiH OailaHbICybIH
TypakTaHaelpaabl. Hotmwxkecinae, temipaiy Oocan mbirybiHa (JID-man) ocep erinm pH MoHiH
TOMEHT1 IIEeKKe Kapal BIFBICThIpanbl. TA MonekynaceiHaa au3uHHIH — LYyS-206 xone Lys-296 —
KaJIbIKTapbIHBIH 001ybl JID sxone T KpI3MeTTEpiHJeri aibIpMaIlbUIbIFbIHA ceOenii O0Iybl
MyMKiH. OCBI €Ki KaJIJIBIK epeKIle CyTeKTiK Oainanbic Ty3emi. Anam JI® akypi3sl Arg-210 xoHe
Lys-301 ochl xyIl KaJIbIKTapMEH ajaMacKaH. JlereHMeH, CHbIp, OYIBOJIb, )KBUIKbI JKoHe Tyite JID
akybI3biHAa TO-FpI MO3UIMAFA YKCAC TU3UHHIH €Ki KaabiFbl 0omanbl — Lys-2010 sxone Lys-301.
Amnaiifa, ochl €Ki KaJIbIK apachIHia OaiIanbIc TY31IMEH 11, COUKECIHIIe aKybI3apAaH epeKIIeNiK
Oaiikanmaiier [37-38].

Cyper 4 - JlaktoeppuHHIH TeMipi OaiIaHbICTBIPY cXeMachl [26]

Temipain akybsI30eH OaitnaHbICybl koHE Oocam MIbIFybl JI® akybI3bIHIA KYPBUIBIMJIBIK
esrepicrepre anbim keneni [37]. JI® akysI3pl amblK KYpbUIBIM JKarJaiblHAa TEeMipMEH
OaiiaHpicaTpl: €H alJbIMEH aHHMOHMEH OalIaHbICBIN, HOTHXKECIHAE JUTaHATAPABIH BIFBICYbIHA
anpin keneni. CocbiH, Temip JID akybI3bl MOJIEKYJIaCBIMEH TOJBIK OaiiylaHbICHIN, apbl Kapail JID
OT€ BIKIIAM KYPBUIBIMJBIK TIIIIHTE, SFHU >KaObIK KYPBUIBIMIBIK TIIiHTe aybicaasl. JID
aKyBI3BIHBIH ammo-GpopMackl MeTaUIIapsH 0acka a MOHJapbIMEH OaillaHbica anmajibl, J/IeTTe
JOFapsl oH 3apanTl moHmap (Crt, Co®*, Mn®*", AP, Ga®*, Cu?*, Zn?*, Cd?*, Ni?*, nanTaHOM/ITHI
noHnapsl) [37-38]. Aramran meramn uoHmapsl JI® akyemsbiHa Fe®' GaitnamsicaThlH amMuH
KBIIIKBUIAAp apKbuibl Oaiinanbicanbl. CoHbIMEH Karap, JI® aKybI3BIHBIH TMENTHATI Ti30CKTIH
yuackenepi kemerimen 70 neitin Fe®* mommapein GaiimaHbICTBIpa aTaTBIHABIFEI 3epTTEYNEpIE
kepcetinren [45]. Hotwkecinae, JI® akyp3spl 15-16 MonexkymanapblHaH TYPAThIH 3aT TY3UIEi.
Ocsl 3aT HATHBTI aKybI3Fa KaparaH/a TYPaKThUIBIFBI ©T€ KOFaphl. TYPaKThUIBIKTHIH >KOFapIIaybl
ocBI 3aTTaFbl opTypii JID aKybI3sl MOJIEKy/IadapbIHBIH KypambiHaa 6onateiH Fed* sxome HCO™®
MOHJIAPBIHBIH apaChIHAFbl AJIEKTPOCTATUKAJIBIK OaliyaHbIcKa HerizaenreH [37].

JI® akyb1361 T100yIIsApII6I THUMKONPOoTenH [39]. KemMipcey pparmenTi akypI30€H actiaparuHHIH
(Asn-137 xone Asn-490) amuaTi a30Thl apKbUIBl TIMKO3MATIK Oainaneic Ty3enmi. JID
KYpaMbIHAAFbl INIMKO3UATIK OallaHbICTap/IbIH CaHBI XKOHE OpPHAJIACYhI JKaHyapJap/blH TypiepiHe
OaiinmanpIcThl aybITKUABI [37; 39]. JID-HiH kenTereH (yHKUHMSIApHl OHBIH OPKENKI TapalFaH
OeTTiK 3apsapIMeH aHbIKTanaabpl. OH 3apsaTaiFaH yII ayMakThl Oediinn kepceTyre Oomaisl: N-
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conpiHaa (1-5 xamaeikrap), Oipinmi anmbha-crupanbae (12-31 KangplKTapel) jKOHE €Ki Oelrik
apanbirpiaga. Agam JI®-niH N-conpiHmarbl GRRRR curnamasik Ti30eri ocbl aKybI3[bIH SIPOFa
eHyiH KaMmTamachI3 etefi. Ocbuiaiiiia, oJ TPaHCKPUIIIUSIIBIK (PaKTOp PETiHAE KbI3MET aTKapasbl.
JKorappiga KenTipireH CUTHAIBIK Ti30ek Tek afgam JID ToH, 6acka skaHyapapaa 6oamMansl [37].

Jlakmodgheppunnin Kezdecemin keo30epi. JI® aKkybI3bl OPTYPI CYTKOPEKTIIEPIiH
IIBIPBIIITE AMUTEINN KacymanapsiHaH Oemineni [46-50]. JI® akybI3bl OapibIK SK30KPUH/II
Oe3aep cenaepineH: ko3 xkacbiHaa (2 mr/mi [41; 46-50] vemece 0,4 mr/mn), cinekeid (0,013 mr/mo),
Ha3aJIb]li )koHe OpoHX, oT coemaepineH (0,0042 Mr/min), MaHKPEATUT COTIHEH, YPBIK CYWBIKTHIFbIHAH
(0,518 mr/mm), 39p (0,00005 mr/mi), tep (0,0025 mr/mun) anbikTanrad. JIO ere kenm Menmepae
cyrre (1,28 mr/mun) xoue ybizna (7 mr/mn Hemece 3,2 mr/mu) kesgeceai [37; 51]. Cyrreri
Ka3eMHHEH KeHiHTi eH KeH TapairaH akybl3. Cublp cyringe JI® KOHIEHTpalusChl JAKTaIUs
Ke3eHiHe, CHBIP TYKbIMBIHA OaitmanbicTl 31,78 - 485,63 ng.mL1-re apansrsiama esrepeni [51],
aJl OHBIH YbI3/IaFbl KOHIIEHTpauuscel 1-5 mg/mL. ConbiMeH Kartap, Tyle CYTiHAET] JJakTopeppuH
koruenTparmsicel 20-2100 pg.mL™? [52-53] kypaiins [30]. 3epTTeynep KepceTKeHeH, Tyiie
CyTiHiH naktodeppuHi KaiemTel cytre 0,02-men 7,28 pg.mL'-re neitin esrepemi, Gipak
nakToepPHHHIH MAaKCUMAJIBl MOJIIEpi ToJNJereHHEeH KeifiH mamameH 48 cararra 2,3 gLt
memmepai Kypaiasl [54]. Ipi kapa man meH agam JID-HiH OHONOTHSIBIK OelICceHAlTIr yKcac
OosFaHABIKTaH, JAKTOQEPPUH aKybI3BIHBIH KOJDKETIMII K31 peTiHAe KaHyapiap CYTiH
naiinananyra MyMkiaik 6epezi. Cyrt 6e3nepinae JIO akybI3bIHBIH 06J1iHYIH (TPaHCKPHIILIUS KIHE
TpaHCIALMUSA) MPOJAKTUH OaKbUIaMIbl, an KbIHbIC *kojAapbiHaa JI® aKybI3bl 3KCIPECCUSICHIH
CTEPOUATHI TOPMOH — 3CTporeH muaunypneiai. Kan tysuny xyiecinge JI® muenouutrepain
MICIM-)KETITy CaTBICHIHIA JAaMBIN KaTKaH HeuTpodwminepae dKcnpeccusiaHaabl (CHHTE3Ee]1)
[37]. Heltrpodumnaepain eKiHIILTIK TYHIpHIIiKTepiHae Kopra KUHaKTagael. Onapaarbl aKybI3IbIH
menmepi Heitpodunaepain 15 mxr/108 xypaiinsr [40]. Conbimen katap, JI® xannan (0,001
MT/MIT) J)koHE aMHHOH CYUBIKThIFbIHAH (0,006 Mr/Min) aHbiKTanFad. KaHgarel KaTbIITBL MOJIIIEpl
mamameH | MKI/MJ1, JeTeHMeH KaObIHY Ke3iH1e OHBIH MeJepi 200 MKIr/MiI ICHiH )KeTyl MYMKIH
[37].

JlakrodeppunHiH yuI Typii uzodopmacel oenrini, onapra anbda JIO (LF-a), 6era JIO (LF-
B) xone ramma JI® (LF-g) xaramel. LF-o Temipmi OaitmaHbICTBIpanbl, Oipak KaiaFaH €Ki
uzodopmanap LF-p xxone LF-g remipmen Oaiinanbicmaiias [55-57].

Jaxkmodgheppunniny  ummynomooynayuanvlk acepi. JI® aKybI3BIHBIH MEMOpaHAJBIK
penentopiapMeH OailyIaHBICY MEXaHHW3Mi, OHBIH OMOJIOTHSUIBIK OenceHaunrin kepceredi. JID
Keneci perientopiapmer Oaitnanbicansl: TLR2, TLR4 [58], CD14 [59], uuTokuHai peuentopiaap
[60] >xone Intelectin-1 [61]. Bys penientopnapapia 6apiabIFsl )Kacyaiap MEH TIHACP/IIH KONTEreH
TYpJEpiHIE, COHBIH IiIIiHAEC JUMQOIUTTEpAE JKOHE IIIeK JHUTEIHH >KacyllazapblHAa
Ke3JeCeTIHIIT Typanbl auTeutFan [62]. JI® akybI3bIHBIH pelienTopiapMeH OainaHbicy KaOiumeTi
OHBIH BUPYCKAa KapChl MMMYHHUTETTI JKOFapbLIaTy MEH ar3aHblH KOPFAHBIC MEXaHW3Mi YIIiH
MaHbI3bl.  JI®  akybI3pl  ©31HIH HMMMYHOMOAYJSIUSIIBIK ~ OCICEHIUTITIH  MH(EKIUSITBIK
MOJIEKYJIaJlapMEH 09CceKeTe TYCY apKbLIbI )KY3€Te achIpajibl, OChLUTANIIIA OOIIIEKTePiH KOCHUTYBIH
Texeini [63]. JID akybI3bIHBIH €pPEeKIIeNiri, renapan cynbdatsl nmpoteoriaukanaapsiMer (HSPGs)
Oaiinanbicansl, oHbl SARS-CoV xoHe anaMHBIH KOpoHaBHpYCTHIK NL63 skacymiara OexiTy KoHe
eHrizy peuentopsl [6; 64]. SARS-CoV-2 e3iniH pyHkimoHanabl peuentopsl petinae ACE2-mi
KoJIJaHaabl, Oipak remapan-cyiab(artel npoteoriukannapmen (HSPG) OGaiinmaHpIiCybl MYMKiH,
eiiTkeHi SARS-CoV eki penenTopsl 1a OailIaHBICTHIPATHIHIBIFBI aHBIKTAIFaH, anaiga SARS-
CoV-2 ymin HSPG-ni Konnmany Typanbl 3epTTeyiiep TOJBIK JoenjeHOeren. Dnurtenuit
JKacyImajgapsl 3USHIbBI 3aTTap/AblH E€HYIHE KeIepri KeNTIPeTiH ajFamKkbl (PU3UKAIBIK TOCKAYbLI
OO0JIBIN caHaNIaIbl J)KOHE Tya Maiiia 00JIFaH UMMYHUTETTE MAaHbI3/IbI pOJI aTKapasl [65].

JI® akybI3bl UMMYHIBIK KYHene KoHe MHQPEKIHUs MEH KaObIHYIbIH KOPFAHBIC KYHeciHe
MaHBB3ABI pen  arkapaasl [61]. OHBIH Keibip UMMYHOMOIYISALHUSIBIK  dcepiepi
munonionucaxapunri (LPS) kemennepre nerizaenre. JI® akybi3bl BupycreH Oainanbickan LPS-
neH OaillaHbICa/bl, OCBHUIAWINA BHUPYCTBIH JKacyllara €HyiHe ol Oepmeiini, Oipak BHpYC
JKacyliara eHreH 0oJica, OJ1 TPaHyJIOUUTTEp MEH Makpodartap CUSKTHI KHIUIEp jKacyllanapibl
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BIHTAJIAHABIPY apKbLIbl BUPYCTHIH KOOCI0iH Texeiai [65]. JI® aKybI3pl IUTOKUHACP/XUMOKHHIED
MEH TMEpPOKCUITEp OHIIpICIH perTeyre [66-67], MMMYHIBIK »Kacymiajgapjabl, aTanm aWTKaHaa
Makpodarrtapasl, HeWrpodunaepai, Oazoduuaepai, 303MHOMGUIAECPAI, MACTOIMUTTEPAl >KOHE
JNEHIPUTTIK Kacymajaapabl OeJICeHIipyre JkoHe mponudepanmsuiayra KaTbicambl [35].
Kacymanapapig ¢paronurtik Kadiseti JIO aKkybI3bIHbIH Oenriii 6ip 6aiIaHbICTRIPYIIBI CAUTTAP B
TaHy apKbUIbl MOAYJISAIUsIaHAbI [68].

Anpora xerkizinren JI® axkys3pl JJHK-men Oaitnanbicanbl xkoHE op TYpili CUTHaNI Oepy
xosmapeiH Oencenaipeni [41; 69]. JIO-HiH icik HEKpO3bI anb(da - (HaKTOphl )KOHE UHTEPIICHKUH
(IL) -1, IL-2 »xone IL-6 cuskThl KaObIHyFa KapChl IUTOKUHACPAlI TEXKEY OCICCHIUTITIH
uHTephepOHraMMa apKbUIbl aHbIKTaNFaH. COHBIMEH KaTap, JKacymanblK aceHrelne JI® KaHHBIH
noMUMOP(THI  SAAPOJIBIK JKAacylIadapblH KaObUTIAyabl KYIICHTEAl MKOHE MHUEIOMOITUKAIBIK
nporecti bIHTANAaHAbIpansl [41]. Conpmaii-ak, co3puiManbl aypyiaapaa JI® mnepudepusiibik
kaHgarel Thl nurokun npoduiin xxorapsiiarans [70].

JI®-HiH gerpamanuschl HOTWKECIHIE allbIHFaH JIAKTOQEpPPHUIIMH TENTHI, KaObIHY
nporieciniy 6actanysiH mekTei i, IL-10 enaipicin kymmelteni, ocbutaiiia Th2 (kaObIHyFa KapChl)
Topi3mi  OenceHaunirin - bIHTaNaHAbIpanel. JIO® wuHTepdepenmmscsl  GuOpobdIacT TreHiHIH
HKCHPECCHUSCHI apKbUIBI MTaii1a 601a b1, aKybI3 OHIPICIH MOAYJISALUSIIANIBI XKOHE JKACyIIalaH ThIC
MaTpHULIaHbl ©3repTe/l, OChUIANIIa UMMYHJBIK acyllalapAblH KO3FalIFbIILITHIFIH apTThIpabl
[71].

JlaktodeppuH aKybI3bIHBIH BUPYCKa Kapchl ocepi. JID aKybI3bl BUpYCKa KapChl KACUET1 aam
MeH kaHyapiapabl uH(pexkuusnaitein PHK  xone JIHK-BupycrapabiH kemmiiiirine Keaepri
kentipeni. JI® akyw3pl BUpycTapra Kapchl ocepiHiH €Ki Typi Oenrimi. bipiHmmigeH, KokaibiH
KacyllaMeH BHPYCTBIH OalJlaHBICY CaThICBIH TeXeyl MYMKiH, MbICallbl repmec, B remarturi,
aJlaMHBIH LIUTOMETaJIOBUPYCHI, aICHO-, pOTa- ’K9HE MOJHOBHpYycTap. EKiHIIACH, 3aKbIMAATIFaH
Kacylanapaa BHPYCTBIH peruinkanus mnporecin texeial (C xone G remaruti, KUTC).
3aKpIMIaTy TIPOLIECIHIH aJIFAIIKBI CATHICHIHAA aKybI3 BUPYCKa KapChl ocep KepceTe anassl [37].

JI® akybI3bl BUPYCTBIK HHQEKIUSHBI HHTHOMPICYl KOXKAWBIH KACYIIAMEH BHUPYCTHIH
OailmaHBICYBIHA KEIepri KEeNTIpy ocepiMeH TycCiHAipiieai, 6omkamM OONBIHIIA, OFaH YKACYIIaHBIH
0eTKi JKaFbIH/1a OpHAJIACKAH MOJIEKYJajap KaTbICybl MyMKiH. | TFOKO3aMUHTTIMKOHIAp, HET131HEH
renapad cyiab(darrap, CYTKOPEKTiIep JKacyllajJapblHbIH OCTKI JKarblHIa OOJIaThIH ©T€ KYIITI
aHMoHAap, cebell oyapra >KOFapbl Adpekene cylbdaTTaHy ToH. OTe Kem Meuiepae Tepic
3apsAATHIH ~ OOJybl HOTIIKECIHAE TJIIOKO3aMUHIJIMKOHAAp KAaTUOHAApMEH, aKybI3JapMeEH,
(depMeHTTepMEH, IUTOKUHICPMEH, XEMOKHHICPMEH, JHUIONPOTEHHICPMEH, COHBIMEH KaTap
OPTYpIIi MATOTEHIEPMEH JKOHE BUpYCTapMeH OaiIaHbICYbIH KaMTaMachl3 eTefll. KeHiHeH TapaiFan
opi 3epTTeNreH Mexanusmre caiikec, JI® akywI3bl remapan cynbdarneH OaiIaHbICHI, BUPYCTHIH
yKacyllaMeH ajFallKbl KaTbIHACYbIHA KeJAEepri KeNTipel KoHE OHBIH 3aKbIMIaHYbIHAH KOPFalbl
[41].

Kemnreren 3eprTeynep, COHbIH immiHIe iN VItro sKypri3ijreH 3epTTey HOTHKECI KOPCETKEHIEH,
aJlaM KaHBIHJIAFbl J)KOHE CYTIHAETI OapiblK aKyb3aapAsiH iminae Tek JI® akybi3bl Fana XKUTC -
Ke KapcChl ocepi oTe ofapbl. byl KyOBUIBIC KOXKaMBIH JKacylla iIiHAe BHUPYC PEITUTHKAIIUSICHIH
uHTuOuprey kacuerrepine Herizgenren [37]. backa 3eprreynep HoTwxkeciHe coiikec, JID
aKYBI3bIHBIH aro-(hopMackl POTaBUPYCTHIH O6JIKTepiMEH OalIaHBICHIN, TeMaarTJIIOTUHAIMIFA
KOHE JKacyllla pPeLenTopJiapbIMeH BUPYCTBIH KaThIHACKa TYCyiHE Kenepri skacaiinel [68]. JID
aKYBI3bIHBIH OCBl aHTUBUPYCTBIK OCJICEH/IUIIT aKybI3IbIH Fed*, Fe? WOHJapMEH, COHBIMEH KaTap
Mg2+ xoHe Zn°" CHUSIKTBI eKi BAICHTTI METaJUT MOHIaphIMEH KaHBIFYbl apTKAH CallbIH TOMEHICHII.
Conrbl 3eprreynep HoTmxkeciHe coiikec (2009), ameHOBUPYCTBHIH HeWTpanm3aiuscbiHa JID
BUpYCThIH KypbubIMIBIK 111 xone Illa akysi3napbsiMeH Tikesei OaiiyaHbICybl BIKHaN erefdl [69].
JI® akybI3bl COHBIMEH KaTap »acyllalarbl HaKTbl Olp BHPYCTapAblH HHTEPHAIN3ALUSCHIH
Oyrarraiinel. byran momuBupyc tun I, xKapanaiibim repriec tum I xone 116 nuromeramoBupyc
>kaTazsl [36].

JI® akybI3bl KOKaWbIH JKaCYIIaHBIH KOPFAHBIC MOJIEKYJIAChl PETIHJE ©T€ MaHBI3IbI JKOHE
OHBIH (PU3UONOTHSIIBIK OCJICEHTITT KaObIHYyFa, OaKTepHsIFa, BUPYCKa KapChl, aHTHOKCHUIAHTTHI,
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UMMYHOMOYJISIUSIIBIK, aHTU-KAPIMHOTEH[Il, aHTUIPOTO30aHbI KOHE CaHbIpayKyJIaKTapra
Kapchl [36]. 3eprreynepre coiikec JI® akybI3bIHBIH TEMIpAl ycTam Kajly KaOileTi MMMYHIIBIK
KacylaapAblH KO3FAJIFBIITHIFBIH MOIYJSIUsIAYAa JKOHE TMATOTeHII MUKPOOPTaHU3MIEPIiH
eCyiH Texeyae e Taimai [51].

KoponaBupyc sxone mnakrodeppun. SARS-CoV wuHbekmmscel Ke3iHAe KOXKailblH
JKacyIIaHblH (aF3aHbIH) BUPYCKa KapCchl MMMYHJIBIK peaKIuschl OacTtananbl. Tya maiima Gonran
UMMYH/BIK JKayan BHUPYCTBHIK HHQEKIHMSIHBI TEXeyle MaHbI3Abl pen arkapaabl. SARS-CoV
BHUPYChIHA Kapchl Tya maiiia OoiFaH MMMYHABIK >KayanTbl OeiceHaeHaipyre JI® axybI3bIHBIH
ocepi OomareabFbl aiTeuFan [11]. JI® akyeisel SARS-CoV unbekmuscel ke3inge NK
YKaCyIIajJapbIHBIH OCJICEHIUTITIH apTTHIPBIN, HEUTPOPUIIECPAIH arperauschl MEH aare3usiChIH
BIHTAJIAH/IBIPATHIHBIH KopceTkeH. Aunaiina JIO aKybI3bIHBIH OUMOJOTHSIIBIK OEJCEHIUTITT TOJBIK
3epTTEeIMEreH.

A B

SARS-CoV SARS-CoV
— LF
HSPG ACE2 HSPG ACE2

Cypert 5 - SARS-CoV xacyiiara eHyinig mozei skane SARS-CoV nH(eKIMIChIHIAFbI JIAKTODEPPHUHHIH
KOPFaHBITI poi [15]

(A) XKacymara SARS-CoV eny nporuecinge HSPG-nep manpi3nel pen atkapaasl. HSPG-
MeH Oainanbicy amaHmapsl SARS-CoV MeH KokalblH JKacylla apachIHAAFbl aJFalikbl
OaiinanpicybiHa MyMKiHAIK Oepeni. SARS-CoV Bupycet HSPG xone ACE2-men OaitnaHbICybl
apKBUIBI X)Kacyilia MeMOpaHacblHa OCKITLIII, aF3aFra HaKThI Kipy perentopaapsia (ACE2) i3aeiini,
ochunaiima xacymara eneni. (B) JI® axysi3et HSPG-men Oaiinanbicybl apkbuibl SARS-CoV
uHpexnusaceiH OnokTaiiapl. JI® akyw3sl xacymma oetinaeri HSPG-re opranacaasl xoHE BUPYC
IeH KOJKalbIH jKacyliajapbl apachlHAarbl aJlJbIH-ajla ©3apa OpEeKeTTecyre KoHe KeWiHT1 imIKi
nporiectepre xoin oepmeriai [15].

Bupycrap onerre kacyma MeMOpaHachlH/Ia OpPTaK MOJIEKyJalap/asl jKacylanapra eHyiH
JKEHUIZCTY YIIH maimananansl. byn monekynanap, COHBIH IMIIHJAE TemapaH Cyib(GaThIHBIH
npoteoraukannapsl (HSPGs) xacyma OGeTiHzeri anramksl BUPYCIIEH OailaHbIcy aliMaKTapblH
KaMTaMachl3 €TIN KOXKaWbIH JKacylllara €Hyre ajFalikbl OaljaHbIC OopHaTyFa Kemekreceni [38].
JI® akybI3bl KemnTereH jkacymanapia OonarbiH HSPGs-mien OaitnmaHbICTBIpY apKbUIbI KeiOip
BHUPYCTap/Ibl aF3aHBIH 1IIK1 )KacylanapblHa €HyIHE KeJepri KeNTipeTiHairi kepcetiirex [39].

JI® axypI3BIHBIH OyJ1 KacueTli KOXailblH JKacyllaHbl HEMeCe aF3aHbl BHUPYCTHIK
uHOeKsuapaal Kopraiiabl. Ocel TYKbIppIMAapFa cylieHe oThIpbil, JID akysi3siHbIH SARS-
CoV-re kapchl Tarbl Oip ocepi OHBIH KOXKaWbIH KacymiajnapbliHaa keH Ttapanran HSPGs-
MoJIeKyJacbIMeH OailanbicybIMeH OoipkaHazbl. JKorapeina kenrtipinren moamimerrepae, SARS
MICEeBJIOBUPYCHIHBIH JKacymiara eHy mnpoueciaae sxacyma Oertiameri ACE2 men HSPGs
penenTopiapsl MaHbI3ABI POl aTKApaTbIHIBIFBIH kepcerenreH (cyper 5). JID akysisl SARS
ncesnoBupyc nHpeknumsicein ACE2 men HSPGs-nien GaiinaHbicy apKbUTbl OyFaTTail amajsl, Oy
SARS-CoV mabysliblHaH KOXKaWbIH KacyllIaHBIH UIMMYH/IBIK )KYHECiHIe KOPFaHBIC POJIiH aTKapa
altanbl Aen OOJDKanabL.

COVID-19 nannemusiCBIMEH Kypecy oicTepi IIEeKTey MEH TUTHEHAIBIK MIapaiap/bl
CaKTayMeH KaTap, BUpyCKa KapcChl Ipenaparrap MEH BaKLMHajdap TaObUIFaHBIMEH, dJ1 Je JKaH-
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KaKTHI 3epTTeyal Kaxet erefi. JIO akybI3bl TaFraMJIbIK KOCIIA PETIHAEC BUPYCTAapFa, COHBIH 1IIIHIE,
SARS CoV-ra koca amraHaa, KeH ayKbIMJIbl BUpYCTapFa Kapchl NaijalaHy MYMKIHIIUIIT
3epTTeireH. ATalFaH 3epTTey JKyYMbICTapbl Oip Tybicka xatatelH SARS CoV-2-re jkakbH
6osybiMeH KbI3bIKTHI [9; 15]. SARS-CoV xone SARS-CoV-2 Ti30ekTepiHiH YKCaCThIFbI 79%
Kypaiapl ’KOHE OJIapIbIH pElenTopiapMeH OaillaHbICaThIH JOMEH KYPBUIBIMBI Jla ©T€ YKcac.
ConbiMeH Katap, JI® axybI3bl ThHINIKAaH-KOPOHABUPYCHIHJAFbl JKacylla OeTiHJeri renapaH
cynbdarsl npoteornukanaapsiMer (HSPGs), anamubiy koponasupycsl hCOV-NL63 [64] xone
SARS-CoV [15] Gaitmanbicysl BUpYCTHIH OenceHaitiri Texeini. bipak, SARS-CoV-2 koxaitbin
*acymanapsiHa eHyiHne JI® aKybI3bIHbIH 9cepi Typajibl JJIENICHIeH 3epTTeyep Kok [65]. Keitbip
Haykactapaa COVID-19 enimi Tek BUPYCTHIK MH(DEKIMsAFa OaiIaHBICTBI €MeC, TUTIEp KaObIHY
KOHE LIUTOKUHJIIK aypy CHHIPOMBIMEH Jie OaillaHBICTBI, OYJT JKEIeN PeCIIupaToOpIIbIK KyH3emicke
JKOHE oflaH KeiiH emimre okeneni [72]. COVID-19 ayvbip xarmaiyapblHIa ITUTOKWHIEDP MEH
uHTepieiikul 1L-6, icik Hekpo3sl (aktopsl (TNFa) xone ¢epputun neHreiliHiH KOrapbuIaybl
Oaitkanmaner [65]. JI® akybI3pl BHPYCTHIK WH(EKIMSIFa KapChl HMMYHJIBIK JKOHE KaOBIHY
PEaKIMsICHIH MOYISIUsATIaYbl MyMKiH, cOHABIKTaH JI® akysi3pl COVID-19 aybip xarnaitnapbia
KOCBHIMIIIA eMJIeyTe HeTi3 00J1a anajbl.

KopbITbIHABI

Cytrig JI® akybI3bl MaHbI3IbI TaFaMBIK KOCIA PETIHJE BUPYCTHIK MIA0YBIIAApFa KapChl
THIMJII, KOTITETeH BUPYCTHIK OOIIEKTEPMEH HEMECE BUPYCTHIK PEIenTOpiIapMeH OailJIaHbBICHITI,
UMMYHJIBIK KYHEHI JKakcapTyra Kemekrtecemi. COHBIMEH Karap, HMMMYHOMOMYJISITUSUIIBIK,
KaOBIHYFa JKOHE BUPYCKA KapChl epekie KacueTtepi 6ap makroheppus akysi3bl COVID-19 ymrin
npopMIAKTUKAIBIK, aJIbIH-ATy JKOHE KOCBIMIIA eMJeY 9JICi peTiHJAe KYH[Ibl MOTEHIMAIFa He
00JTypl MYMKIiH, ce0e01 0J1 BUPYCTHIK MH(EKIIUSHBI Ja, KOKAWBIH JKaCYyIIaHBIHBIH MUMMYH/IBIK
peakiusicbiH 1a KamTuabl. Anaiina, SAR-CoV-2 Bupycsl 6oiibiHIIa JaKTO()EppUH aKybI3bIHBIH
TaraMbIK KOCTIAChl TYPaJIbl KOCBIMIIIA 3€PTTEYJICP MEH d31piieMeNep/Il KaKeT eTel.
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OIMCAHUE CBOVCTBA JJAKTO®EPPUHA MOJIOKA KAK
NMMYHOMOAYJATOPA ITPOTUB BO3BYJIUTEJISA KOPOHOBUPYCA

AHHOTAIUSA

Henasuee nosieiierne HoBoro kopoHasupyca (2019 - nCoV), KOTOpHIiA BBI3BAJ BCIBIINIKY HEOOBITHOM
BUPYCHOW MHEBMOHHWH y TAIMEHTOB B YXaHe, IIEHTpaJbHOM Topoae Kwutas, sBisercs eme OJHUM
npeaynpexaeaueM o pucke COV mist 3m0poBbs Hacenenus. B ycnoBusix ueinemHei nanaemun COVID-
19, Bce Oomnblie BHUMaHHS yuensercs OoprOe W mpoduimakTuke 3a00eBaHWN HAa OCHOBE MHOTHX
NPOTUBOBUPYCHBIX THINEBBIX J100aBOK. JlakTodepprH SBISETCS OJHONH W3 €CTECTBEHHBIX ITHIIEBBIX
00aBOK, COAEpP)KAIIUXCS B MOJIOKE [OMAITHUX JKABOTHBIX, W O0JIaZlaeT HUMMYHOMOIYJIHPYIOIINM
CBOMCTBOM W3-3a €r0 CIOCOOHOCTH YAEP)KHMBATH KENEe30 U CHOCOOHOCTU CBS3BIBATHCS C MHOMXECTBOM
KJICTOYHBIX penenTopoB. IIpoTHBOBHUpPYCHAs CIIOCOOHOCTH JakToeppuHa ObLia OICHEHA B OTHOIICHHUH
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MHOTUX BUpYcOB, BKitouass SARS-CoV, kotopsrii TecHo cBsizan ¢ SARS-CoV-2 (Bo3oyaurens COVID-
19). HeoOxomumo mpoBeCTH CHelMalbHBIe HcciaemoBanus noTeHnuana LF mporuB SARS-CoV-2,
MOCKOJIBKY OH MOJKET MpEeAOTBpaliaTh WM IMPEMITCTBOBATh 3apakeHuio Kiaerok SARS-CoV-2 wu3-3a
Ouosornueckoil aktuBHocTd LF B OTHOIIEHMHM TpPOTHBOBHPYCHOTO WMMYyHHTETa. MBI HaleeMmcs, 4TO
JANBHEUIIINE WCCIICI0BaHUs TI0 OleHKe (hapmakonoruueckoro 3dgdekra makrodeppuna nporuB SARS-
CoV-2 noareepasr ero posb B 6opsde ¢ COVID-19.

Kurouessble ciioBa: nakropeppus, SARS-CoV-2, COVID-19, uMMyHOMO Ty TSI,
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DESCRIPTION OF THE PROPERTIES OF MILK LACTOFERRIN AS AN
IMMUNOMODULATOR AGAINST THE CORONOVIRUS CAUSES
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Abstract

A recent of a novel coronavirus due to the emergence of a new coronavirus (2019-nCoV) in the
Wuhan, central China caused by the development of specific viral pneumonia in patients was a significant
public health concern. During the current COVID-19 pandemic, much attention is being paid to the fight
and prevention of the disease on the basis of many dietary supplements. Lactoferrin is one of the natural
nutritional supplement found in mammalian milk and has immunomodulatory properties based on its ability
to bind iron and bind to many cell receptors. lactoferrin has been showed the antiviral activity against
SARS-CoV and other SARS-CoV-2 related viruses (the causative agent of CoVID-19). A special research
is needed to study the anti-SARS-CoV-2 ability of lactoferrin. Since lactoferrin possesses biological activity
against antiviral immunity, lactoferrin may inhibit SARS-CoV-2 cell infection in the host cells. We are
optimistic that further studies assessing the pharmacological effects of lactoferrin against SARS-CoV-2
will amplify its role in combating COVID-19.

Keywords: lactoferrin, SARS-CoV-2, COVID-19, immunomodulation.

A virus is a body consisting of genetic material and several proteins. A pathogen capable of
reproduction by penetration into a living organism. Coronavirus (CoV) is a type of virus belonging
to the Coronaviridae family of the Kingdom of Virus, formed by a combination of the words
corona (crown) and viridae (virus). CoV-affects the respiratory tract, gastrointestinal tract, liver
and central nervous system of humans, domestic animals, birds, bats, mice and many other wild
animals [1-3]. Severe Acute Respiratory Syndrome (SARS) - is an infectious and potentially fatal
respiratory disease. SARS is the result of infection with a coronavirus, which scientists have called
the SARS-related coronavirus (SARS-CoV). In 2002-2003, SARS spread to 33 countries on 5
continents, as a result of which more than 8000 people became infected and 700 died [4-6], and in
2012 more than 2,428 people became infected with respiratory syndrome (MERS-Middle East
respiratory syndrome) in the Middle East, 838 people died and were under strict control. Like the
outbreak of this epidemic, the newly emerged CoV showed the presence of a malignant epidemic
in terms of the possibility of rapid transmission from animals to humans and from human to human
[7-8]. In 2019, an outbreak of pneumonia, unknown to the population, which occurred in mid-
December at the Huanan Animal and seafood market in Wuhan, which is part of Hubei Province,
located in central China, attracted the attention of the whole world. As a result of a strict sequence
and etiological studies in Chinese scientific laboratories, a new coronavirus (novel coronavirus
(nCoV)) was identified as the causative agent of unknown pneumonia (http://virological.org/ and
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https://www.gisaid.org/). After that, Chinese scientists named a new type of coronavirus-SARS-
CoV-2. It was found that its genetic structure is 70% similar to the SARS-CoV virus, which causes
severe acute respiratory syndrome. On January 12, 2020, the World Health Organization
temporarily named the new virus the 2019 new coronavirus (2019 - nCoV) [9]. The main route of
transmission of SARS-CoV-2 can occur through the external surface of objects, in particular, at
the moment when an infected person coughs or massages the face, eyes, nose with the part of the
body that the infected person touches [10]. However, it is unknown how long the virus will live in
these places. Thus, the virus enters the body, multiplies and spreads to other organs. The main
damaging forms are the intestine, spleen and the most dangerous damaging organ of the lungs.
People infected with the virus have mild and severe clinical manifestations of dry cough, fever,
shortness of breath, bilateral pneumonia and other symptoms, including sore throat, diarrhea and
vomiting [10]. Sick patients may be in close contact with infected people and respiratory droplets
[11]. A variety of antiviral treatments are offered. However, the human testing period may last for
months or a year [12]. The current method of combating the pandemic is isolation, personal
hygiene measures and a healthy diet.

The emergence and outbreaks of new CoV species have shown that this is a global malignant
epidemic that is dangerous to health. In the future, due to climate change and ecology, as well as
the strengthening of human relations with animals, a dangerous epidemic may flare up again. Thus,
there was a need for immediate therapy and the development of vaccines against CoV. We hope
that the data provided in the article will contribute to the prevention and protection from the new
coronavirus epidemic, which has turned it into a global pandemic.

The path of penetration of the coronavirus into the cell. The penetration of coronavirus into
a human cell consists of the following stages. 1. A virus that has entered the body with the help of
the organs of the nose, mouth or eyes of a person is directed to the protein receptor of angiotensin
converting enzyme 2 (ACE2) (Figure 1). ACE2 is a metallopeptidase, one of the important
functional receptors of SARS-CoV-2. The angiotensin converting enzyme receptor 2 is located on
the surface of cells that make up some organs, in particular, the mucous membrane of the mouth
and nose, lungs, stomach, small intestine, colon, lymph nodes, thymus gland, bone marrow, liver,
spleen, kidneys and brain. The ACE2 receptor is very often found on the surface of the epithelial
cells of the lung alveoli [13].

Binding of Spike protein (S) in
the body of SARS-CoV-2 to the
ACE2 protein receptor
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Figure 1 - The binding of a coronavirus cell and its binding to the ACE 2 receptor is shown [27]

As shown in the first figure, after the coronavirus virus recognizes the angiotensin converting
enzyme receptor 2 from the cell surface, the specified receptor and the Spike protein (S) firmly
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bind to each other as a "key" and "lock". As shown in crystallographic studies, the S1 segment
(318-510 amino acid residues) is a region that binds to receptors important for the angiotensin
converting enzyme receptor 2 [13-15]. Under the influence of a strong bond, the function of the
ACE 2 receptor involved in the regulation of blood pressure is disrupted. As a result, with the help
of the angiotensin converting enzyme receptor 2, the SARS-CoV-2 virus penetrates into the cell
of the human body [16]. Once inside the cell, the coronavirus virus releases the entire structural
protein layer surrounding it from the outside [15].

In the above sequence, SARS-CoV-2 itself or only genomic RNA enters the cytoplasm.
Meanwhile, the RNA genome of the SARS-CoV virus has a length of about 30,000 nucleotides
[17]. At the next stage of virus penetration into the cytoplasm, the stage of translation of the
proteins responsible for the virus, RNA-a protein that has penetrated into the cytoplasm, begins.
The process of doubling occurs based on the process of replication of genomic RNA penetrating
the cytoplasm. Before replicating RNA, SARS-CoV-2 needs important proteins that replicate
RNA. The formation of these proteins using viral RNA as a source of material is called translation.
During the implementation of this process, the SARS-CoV-2 virus parasitizes the host cell (Figure
2).
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Figure 2 - Diagram of the pathway of the SARS-CoV-2 virus into the cell [27]

The third stage is the replication of the virus RNA. It works in the process of viral RNA
replication after the formation of proteins responsible for the replication of secondary RNA.
Mentioned, SARS-CoV-2-positive RNAs are among the viruses. After the replication stage is
completed, negative RNA is formed from positive RNA. After that, at the fourth stage, the
formation of structural particles of the virus begins. Particles of the structure of new viruses begin
to form from the negative RNA of SARS-CoV-2. Using negative RNA as a source of material,
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several MRNAs are formed. As a result, structural proteins of the virus are formed from mRNA,
such as glycoprotein s-protein, membrane protein (M), small protein (E), nucleocapsid (N). At the
fifth stage, after structural proteins are formed inside the EPT, proteins and RNA pass into the
Golgi apparatus. Inside the Golgi apparatus, structural proteins and positive RNA are combined
into a complete virus, and the visicle is placed inside the "bubbles”. At the sixth stage, the fully
accumulated virus inside the vesicle begins to exit the cell during exocytosis. A fully developed
virus attacks other cells [19-28].

The body's resistance to the virus is closely related to the system of healthy nutrition. Foods
enriched with natural biologically active substances can reduce the risk of viral infections in the
body [29]. In improving immunity, such components in food increase the activity of ViT cells and
participate in their proliferation, induction and modulation of the innate and adaptive immune
response [30-31]. Based on the above data, optimal nutrition is the only sustainable way for the
Immune system to resist COVID-19.

Among food products, milk and dairy products are useful for the immune system with their
valuable proteins [32]. Epidemiological studies have shown that regular consumption of cow, mare
and camel milk is characterized by a low prevalence of bacterial and viral infections in humans
[33-34]. One of the important components of milk is lactoferrin (LF), a multifunctional protein
belonging to the genus of transferrins.

The immunoprotective and anti-inflammatory properties of the lactoferrin protein, which
provide protection against respiratory viruses such as SARS-CoV-2, have been shown in a number
of scientific articles [9;15;35]. To study the potential of LF in immune protection against COVID-
19, it is necessary to know its biology, structure, binding of membrane receptors,
immunomodulatory and antiviral mechanisms, as well as its sources. The article discusses the
preventive, therapeutic, immunoprotective and mechanism of action of lactoferrin against viruses,
and also discusses the role of lactoferrin protein as an additional method of treatment of COVID-
19.

Structure and physico-chemical properties of lactoferrin. The LF protein is a heme-free iron-
binding glycoprotein belonging to the transferrin (TF) group. It was first isolated from cow's milk
in 1939, and from mother's milk in 1960. The amino acid sequence of LF was determined in 10
animal species (human, cow, mouse, horse, pig, goat, sheep, buffalo and camel) [36-37]. The LF
protein molecule consists of a single polypeptide chain consisting of approximately 700 amino
acid residues. The molecular weight is ~ 76-80 kDa. The similarity of the primary structure of the
human and mouse LF protein is 70%, human and cow — 69%, cow and mouse — 63% [38]. The
primary structure of human LF protein has a high degree of similarity (~ 59%) with human serum
TF. Transcription of the LF gene under the influence of alternative promoters - P1 and P2 - leads
to the formation of two products: LF mRNA and delta-LF (A - LF) [39]. A-LF does not perform
functions due to the absence of an N-terminal signal sequence [40]. The isoelectric point of the
human LF in the literature is 8.0-8.5 [41]; ranges from 8.7 to 9.7 [42].

The polypeptide chain of the DA protein consists of two homologous globular fractions C
and T. The similarity of the amino acid composition in the two fractions is about 37%. Fraction N
forms the N-end of the polypeptide chain (1-332 amino acid residues), fraction C forms the C-end
(345-691 amino acid residues). They are connected by a short alpha helix (amino acid 333-344),
this compound gives the molecule an additional elastic property [37]. Each lobe has an ellipsoidal
shape with dimensions of the order of 55x35x35 A. The protein molecule is not symmetrical, since
its parts are rotated at an angle of ~ 150° to each other and shifted by 25 A. Each lobe, in turn,
consists of two domains with a very similar secondary structure [37; 43]. The molecule consists
of = 43% a-helix and = 27% B-helix. The protein structure has 16 disulfide bonds, 6 pairs of which
are equal in both lobes, and the remaining 4 pairs are located in the C-lobes. The general scheme
of the bovine lactoferrin protein molecule is shown in the third figure.
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terconnecting helix
1
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Figure 3 - Diagram of the bovine lactoferrin protein molecule
Domains N1 and N2 are marked in yellow and pink, respectively, and domains C1 and C2 are green and
blue, respectively, and the interconnected spiral between the petals is orange, and two iron atoms are
shown by red spheres [44]

LF exists in two different forms: apo (an iron-unsaturated protein) and holo (with Fe** in the
active center). The LF protein molecule is able to reversibly bind to two Fe®* ions. The deeper
region between the domains (N1, N2 and C1, C2) in each lobe contains iron binding sites of ~42
A in size. Each iron atom is coordinated with four protein ligands: Tyr-92 and Tyr-192 with two
oxygen atoms in phenolate ions (Tyr - 435 and Tyr-528 at the C-terminus, respectively), His - 253
(His - 597) with a nitrogen atom N2 in imidazole and Asp-60 (Asp-395) with carboxylic oxygen.
Each iron atom has an octahedral environment, but four protein ligands occupy only four positions
out of six. According to studies, the remaining two positions contain COs?> or HCOs™ anions [37;
43].

The scheme of binding of LF to iron is shown (Figure 4). The iron atom is represented by a
red sphere, and the interacting amino acid residues of LF are yellow. The residue numbers
correspond to the N-terminus, and the amino acid residues corresponding to the C-terminus are
indicated in parentheses [44].

The anion binds to the positively charged N-terminal of the peptide and the Arg121 radical.
In mutagenesis experiments, it has been proven that the replacement of any 4 residues in the active
center leads to an immediate deterioration in the ability of iron binding. Mutation of the Arg-121
residue leads to the same effect [38; 43].

Iron binds strongly and irreversibly (Kd~102° M) to the LF protein. The LF protein is able
to bind iron even with a competing ligand (for example, citrate) at pH 3.0, while other TF proteins
secrete iron at pH ~5.5 [37]. The different properties of LF and TF are determined by the
harmonious union of the two lobes of LF [38]. Binding of iron to the C-fraction of DA additionally
stabilizes its binding (iron to protein) in the T-fraction. An important role here is played by the
alpha helix at the C-end, which interacts with the N-lobe. The absence of this phenomenon in TV
is explained by the peculiarity of the structure of the peptide connecting the two lobes of LF. In all
described LFS, this peptide forms an alpha helix, whereas in TF it has a weak, straight, disordered
structure. The strength of the alpha helix ensures tight binding of the two lobes and stabilizes the
binding of iron to the N-lobe. As a result, this affects the release of iron (from the LF) and shifts
the pH value towards the lower limit. The presence of lysine residues - Lys-206 and Lys-296 - in
the ATP molecule may be the reason for the difference in the functions of LF and TF. These two
residues form a unique hydrogen bond. Arg-210 and Lys-301 of the human DA protein are
replaced by this pair of residues. However, the proteins of cows, buffaloes, horses and camels
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contain two lysine residues similar to the position in NA - Lis-2010 and Ls-301. However, no
connection is formed between these two residues and, accordingly, protein specificity is not
observed [37-38].

Figure 4 - Scheme of iron binding by lactoferrin [26]

The binding and release of iron with protein leads to structural changes in the LF protein
[37]. The LF protein binds to iron in an open structure: first of all, it binds to the anion, which
leads to the displacement of ligands. Then iron completely binds to the LF protein molecule, and
then LF passes into a very compact structural form, that is, a closed structural form. The apo form
of the LF protein can bind to other metal ions, usually with strongly positively charged ion nongap
(Cr¥*, Co*, Mn*", A", Ga*", Cu?", Zn?*, Cd?*, Ni?*, lanthanide ions) [37-38]. The mentioned
metal ions bind to the LF protein through amino acids that bind Fe**. In addition, it has been shown
that the LF protein can bind up to 70 Fe3* ions using sections of the peptide chain [45]. As a result,
a substance consisting of 15-16 LF protein molecules is formed. This substance has a very high
stability compared to the native protein. The stability increase is based on the electrostatic coupling
between Fe**and HCO'; ions present in the composition of various LF protein molecules in this
substance [37].

The LF protein is a globular glycoprotein [39]. The carbohydrate fragment forms a
glycosidic bond with the protein via asparagine amide nitrogen (Asn-137 and Asn-490). The
number and location of glycoside bonds in the LF varies depending on the type of animal [37; 39].
Many LF functions are determined by its unevenly distributed surface charge. Three positively
charged regions can be distinguished: N-at the end (residues 1-5), in the first alpha helix (residues
12-31) and between the two lobes. The GRRRR signal sequence at the N-end of the human LF
ensures the penetration of this protein into the nucleus. Thus, it acts as a transcription factor. The
above signal scheme is characteristic only for human LF, it is absent in other animals [37].

Sources of lactoferrin. The LF protein is secreted by epithelial cells of the mucous membrane
of various mammals [46-50]. LF protein comes from all exocrine iron juices: lacrimal (2 mg/ml
[41; 46-50] or 0.4 mg/ml), saliva (0.013 mg/ml), nasal and bronchial, bile juices (0.0042 mg/ml),
pancreatitis juices, seminal fluid (0.518 mg/ml), urine (0.00005 mg/ml), sweat (0.0025 mg/ml).
LF is contained in very large quantities in milk (1.28 mg/ml) and colostrum (7 mg/ml or 3.2 mg/ml)
[37; 51]. The most common protein after casein in milk. The concentration of LF in cow's milk
varies from 31.78 to 485.63 ng. mL™ depending on the lactation period, the breed of cows [51],
and its concentration in colostrum is 1-5 mg / ml. In addition, the concentration of lactoferrin in
camel milk is 20-2100 pg. mL* [52-53] [30]. Studies show that camel milk lactoferrin varies from
0.02 to 7.28 ug. mL? in regular milk, but the maximum amount of lactoferrin is 2.3 g.L*
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approximately 48 hours after calving. is the value [54]. Since the biological activity of bovine and
human LF is similar, this allows the use of animal milk as an available source of lactoferrin protein.
In the mammary glands, the secretion of LF protein (transcription and translation) is controlled by
prolactin, and the expression of LF protein in the genital tract is induced by the steroid hormone
estrogen. In the hematopoietic system, LF is expressed (synthesized) in neutrophils that develop
at the stage of maturation of myelocytes [37]. Accumulates in secondary neutrophil granules. The
protein content in them is 15 15 mcg/10° [40]. In addition, LF was detected in blood (0.001 mg/ml)
and amniotic fluid (0.006 mg/ml). The normal amount in the blood is about 1 mcg/ml, although
with inflammation its amount can reach 200 mcg/ml [37].

Three different isoforms of lactoferrin are known, which include alpha-LF (LF-a), beta-LF
(LF-B) and gamma-LF (LF-g). LF-a binds iron, but the other two isoforms, LF-f and LF-g, do not
bind to iron [55-57].

Immunomodulatory effect of lactoferrin. The mechanism of binding of the LF protein to
membrane receptors indicates its biological activity. LF binds to the following receptors: TLR2,
TLR4 [58], CD14 [59], cytokine receptors [60] and Intelectin-1 [61]. It has been suggested that all
these receptors are found in many types of cells and tissues, including lymphocytes and intestinal
epithelial cells [62]. The ability of the LF protein to bind to receptors is important for increasing
its antiviral immunity and the body's defense mechanism. The LF protein performs its
immunomodulatory activity by competing with infectious molecules, thereby suppressing particle
fusion [63]. The specificity of the LF protein lies in the fact that heparan sulfate binds to
proteoglycans (HSPGs), the receptor for attachment and introduction of SARS-CoV and human
coronavirus NL63 into the cell [6; 64]. SARS-CoV-2 uses ACE?2 as its functional receptor, but can
bind to heparan sulfate proteoglycans (HSPG), since SARS-CoV has been found to bind both
receptors, however, studies of the use of HSPG for SARS-CoV-2 have not been fully proven.
Epithelial cells are considered the first physical barrier preventing the penetration of harmful
substances, and play an important role in innate immunity [65].

The LF protein plays an important role in the immune system and the defense system of
infection and inflammation [61]. Some of its immunomodulatory effects are based on
lipopolysaccharide complexes (LPS). The LF protein binds to the LPS associated with the virus,
thereby preventing the virus from entering the cell, but when the virus enters the cell, it suppresses
the reproduction of the virus, stimulating killer cells such as granulocytes and macrophages [65].
The LF protein participates in the regulation of cytokine/chemokine and peroxide production [66-
67], activation and proliferation of immune cells, in particular macrophages, neutrophils,
basophils, eosinophils, mastocytes and dendritic cells [35]. The phagocytic capacity of cells is
modulated by the recognition of certain LF protein binding sites [68].

The LF protein delivered to the nucleus binds to DNA and activates various signaling
pathways [41; 69]. Tumor necrosis of LF was detected using interferongamma, Alpha factor and
inhibitory activity of proinflammatory cytokines such as interleukin (IL) -1, IL-2 and IL-6. In
addition, at the cellular level, LF enhances the absorption of polymorphic nuclear blood cells and
stimulates the myelopoietic process [41]. Also, in chronic diseases, LF increases the profile of Thl
cytokines in peripheral blood [70].

The lactoferricin peptide obtained as a result of the degradation of LF limits the onset of the
inflammatory process, increases the production of IL-10, thereby stimulating Th2 (anti-
inflammatory) activity. LF interference occurs as a result of the expression of the fibroblast gene,
modulates protein production and changes the extracellular matrix, thereby increasing the mobility
of immune cells [71].

Antiviral effect of lactoferrin protein. The LF protein has antiviral properties that suppress
most RNA and DNA viruses infecting humans and animals. There are two types of antiviral action
of the LF protein. Firstly, it can inhibit the binding stage of the virus to the host cell, such as herpes,
hepatitis B, human cytomegalovirus, adeno-, rota- and polioviruses. Secondly, it suppresses the
process of virus replication in affected cells (hepatitis C and G, AIDS). In the early stages of the
damage process, the protein can have an antiviral effect [37].
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The inhibition of the LF protein of viral infection is explained by the effect that prevents the
binding of the virus to the host cell, presumably because molecules located on the cell surface can
participate in it. Glucosaminglycones, mainly heparan sulfates, are very strong anions present on
the surface of mammalian cells because they are characterized by a high degree of sulfation. As a
result of the presence of a very large amount of negative charge, glucosamine glycones provide
binding to cations, proteins, enzymes, cytokines, chemokines, lipoproteins, as well as to various
pathogens and viruses. According to a widespread and studied mechanism, the LF protein binds
to heparan sulfate, preventing the primary interaction of the virus with the cell and protecting it
from damage [41].

Numerous studies, including an in vitro study, have shown that of all the proteins in human
blood and milk, only LF protein has a very high effect against AIDS. This phenomenon is based
on the properties of inhibiting virus replication inside the host cell [37]. According to the results
of other studies, the apo-form of the LF protein binds to parts of the rotavirus, preventing
hemaagglutination and interaction of the virus with cellular receptors [68]. This antiviral activity
of the LF protein decreases with increasing saturation of the protein with Fe3+, Fe2+ ions, as well
as divalent metal ions such as Mg2+ and Zn2+. According to the results of recent studies (2009),
direct binding of LF to structural proteins I11 and I11 A of the virus contributes to the neutralization
of adenovirus [69]. The LF protein also blocks the internalization of certain viruses in the cell.
This includes type | polyvirus, type I herpes simplex and ATC cytomegalovirus [36].

The LF protein is very important as a protective molecule of the host cell, and its
physiological activity can be anti-inflammatory, antibacterial, antiviral, antioxidant,
immunomodulatory, anticarcinogenic, antiprotozoal and antifungal [36]. According to studies, the
ability of the LF protein to retain iron is also effective for modulating the mobility of immune cells
and suppressing the growth of pathogenic microorganisms [51].

Coronavirus and lactoferrin

During SARS-CoV infection, the immune response of the host cell (organism) against the
virus begins. The innate immune response plays an important role in suppressing viral infection.
It has been suggested that the LF protein has an effect on the activation of the innate immune
response against the SARS-CoV virus [11]. LF protein has been shown to increase NK cell activity
during SARS-CoV infection and stimulate neutrophil aggregation and adhesion. However, the
biological activity of the LF protein has not been fully studied.

A B

SARS-CoV SARS-CoV
- LF
HSPG ACE2 HSPG ACE2

Figure 5 - Model of SARS-CoV cell penetration and the protective role of lactoferrin in SARS-CoV
infection [15]

(A) HSPGs play an important role in the process of SARS-CoV penetration into the cell.
HSPG binding sites allow primary binding between SARS-CoV and the host cell. The SARS-CoV
virus attaches to the cell membrane by binding to HSPG and ACEZ2, looking for specific entry
receptors (ACE2), thereby penetrating into the cell. (B) The LF protein blocks SARS-CoV
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infection by binding to HSPG. The LF protein is deposited in hspg on the cell surface and prevents
preliminary interaction and subsequent internal processes between the virus and host cells [15]

Viruses typically use common molecules on the cell membrane to facilitate entry into cells.
These molecules, including heparan sulfate proteoglycans (HSPGs), help establish the first contact
for penetration into the host cell by providing binding sites to the first virus on the cell surface
[38]. It has been shown that the LF protein prevents the penetration of some viruses into the
internal cells of the body by binding to HSPGs present in many cells [39].

This property of the LF protein protects the host cell or organism from viral infections. Based
on these findings, another effect of the LF protein against SARS-CoV is predicted by its binding
to the HSPGs -molecule, which is widespread in host cells. The above data show that during the
penetration of the SARS pseudovirus into the cell, the ACE2 and HSPGs receptors on the cell
surface play an important role (Figure 5). The LF protein can block SARS pseudovirus infection
by binding to ASE2 and HSPGs, suggesting that it may play a protective role in the host cell's
immune system against SARS-CoV attack.

Methods of combating the COVID-19 pandemic, in addition to compliance with restrictions
and hygiene measures, still require comprehensive study, although antiviral drugs and vaccines
have been discovered. The possibility of using LF protein as a dietary supplement against a wide
range of viruses, including SARS CoV, has been studied. These research papers are interesting
because they are close to SARS CoV-2, belonging to the same relative [9; 15]. The similarity of
the SARS-CoV and SARS-CoV-2 sequences is 79%, and their receptor-binding domain structure
is also very similar. In addition, the binding of LF protein to heparan sulfate proteoglycans on the
cell surface (HSPGs) in mouse coronavirus, human coronavirus HCoV-NL63 [64] and SARS-CoV
[15] suppresses the activity of the virus. But there are no proven studies of the effect of the LF
protein on the penetration of SARS-CoV-2 into host cells [65]. In some patients, death from
COVID-19 is associated not only with viral infection, but also with hyperinflammatory and
cytokine disease syndrome, which leads to acute respiratory distress and subsequent death [72].
In severe cases of COVID-19, an increase in the level of cytokines and interleukin IL-6, tumor
necrosis factor (TNFa) and ferritin is observed [65]. The LF protein can modulate the immune and
inflammatory response against viral infection, so the LF protein can serve as a basis for further
treatment of severe cases of COVID-19.

Conclusion

The LF protein in milk is effective against viral attacks as an important dietary supplement,
binds to many viral particles or viral receptors and helps strengthen the immune system. In
addition, the lactoferrin protein, which has special immunomodulatory, anti-inflammatory and
antiviral properties, may have valuable potential as a preventive, preventive and complementary
treatment for COVID-19, since it includes both viral infection and the immune response of the
host cell. However, more research and development is needed regarding the lactoferrin protein
dietary supplement for the SARS-CoV-2 virus.
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AHHOTANUA

B 0030pe mpoaHanm3upoBaHa IEIECOO0PA3HOCTh NMPUMEHEHHUS TPOOMOTHKOB U TIPEOHOTHKOB.
[Tocegare rompl BO BCeM MEpe HAOIII0aeTCs TOBBIMIEHHBIH HHTEpeC K MpoONOTHKaM M PEeOHOTHKAM U
WX UCTOJB30BAHMIO JJII COXPAHCHHS W TOJJCPKaHHS 37J0POBbs, a TaKXKe JeUeHHs psia 3a00JieBaHUH.
UccnenoBanuss TPOOMOTHUKOB JTAIOT OCHOBAHWS TNPEAINONaraTh HAIUYUASL Yy HHUX MHOXECTBO
MIOJIOKUTENbHBIX CBOWCTB. Hanbosee gacTo B KauecTBe MPOOMOTHUKOB HCIIONB3YIOTCS IITAMMBI JIAKTO- U
oudunodbaxrepuii, KOTOpHIEC SABJISIFOTCS TOCTATOYHO OE30MACHBIMU JAaXKe AJISl MUTaHUS NETel TPYAHOTO U
pansero Bospacta. IlpeacraBieHbl MyTH, MOCPEACTBOM KOTOPBIX HMPOOHMOTHKH PEATH3YIOT JieueOHBIN
a¢dekr. [lokazano, 4ro oHM 3PGEKTUBHBI IMPHU MHOTUX 3a00JICBAHHUSIX, BKIIFOYAs OCTPHIC KHIICUHBIC
UHQEKIIMA W JIpyTMe BOCHAIUTENbHBIE OOJIe3HHM KHIICYHWKA, TEYEHUE aJIEPTUYecKoro Ipoliecca,
pacctpoiictBa uMMmyHuTeTa. HopManbHas MuKpodIiopa yesnoBeka, HopModiopa, BHITIONHSAET PsJ] BAXKHBIX
(GyHKIME B TOJJICpP)KAHUW KU3HEJCSTEIFHOCTH OpraHu3Ma. 3ammuTHas (QYHKIHS OCYIIECTBIISETCS B
nepByr ouepenb OMpuI0 — M JaKToOaKTepUsIMH, O1arofaps WX CIIOCOOHOCTH IMOJIABNIATH MATOreHHBIE
OaKkTepuu U KOHKYPUPOBaTh ¢ HUMU. OHUM W3 BOKHEUITNX (PYHKIIMA MHKPOOPTaHU3MOB HOPMO(IOPHI
OpraHW3Ma dYejoBeKa SBIIIETCS WMMYHOTEHHAs CTUMYJSIIUA WMMYHHOH cuctembl. Hawuboiee
yOeIuTeNbHbIC T0Ka3aTebcTBa 3PPEKTUBHOCTH MPOOMOTHUKOB CBS3aHHBI HMEHHO C UX HCIOJIB30BAaHUEM
JUTSL yITydiieHns (QYHKIIMOHUPOBAaHHUS KUIIIEYHUKA ¥ BIUSHIS HA UMMYHHYIO CHCTEMY.

KuroueBble ci10Ba: TpoOHOTHKH, TPEOUOTHKH, CHMOMOTHKH.

[ToBepXHOCTh MPOCBETAa KUIIEYHHKA COJEPKUT TPUJUIMOHBI KUBBIX MHUKPOOPIAaHU3MOB B
KOJIMYECTBE, NpUMEpHO B 10 pa3 MpeBbILIAIONIEM YHCIO KIETOK, U3 KOTOPBIX COCTOUT OpraHU3M
B3pocCJIoro 4enoBeka. OCHOBHAs 4acTh MX JIOKAJIMW3YETCS B TOJICTOM KHILIEYHUKE, TJe OOUTAIOT
orpeneneHHble BUAbI OakTepuil. Takum 00pa3oM, KHUIIEYHUK YEIOBEKa SIBJISIETCS HACTOSIICH
9KOCUCTEMOM, HeoOXoauMoil s 3()PEeKTUBHOTO YCBOCHHUS MUTATENbHBIX BEIIECTB U
NOJEPKAHUS TEHETUUECKOTO 310poBbi. Emie B 76 rony Hamel 3pbsl puMckuil ucropuk Ilnunnii
PEKOMEHI0BaJl YIIOTPEOIATh KHCIOMOJIOYHBIC TTPOIYKTHI IS JIeueHUs racTpodHTeputa. B 1908
rogy naypear HoGeneBckoil mpemun Mnbs MeyHHKOB OOBSICHWII JOJTOJIETHE HEKOTOPBIX
OaKaHCKMX HapOJOB NPUBBIYHBIM IMOTPEOJIEHHEM KHCIOMOJIOYHBIX MPOAYKTOB, COJEPKaIINX
JTaKTOOAIMIIIBI, KOTOPhIE «YMEHBIIAIOT TOKCHHBI, BBIpaOaThIBaEMble KUIICYHBIMUA OAKTEPHSIMH,
YKPEIUISIOT 3J0POBbE U MPOAICBAIOT KU3HbY [1]. OqHOMN U3 BaXKHEHIINX (DYHKIMA HOPMaTbHOM
MHUKPOGIOPHI ABISETCS KOJIOHU3AIMOHHAST PE3UCTEHTHOCTD U a[ir€3UBHOCTD, YTO ONpPEACTSIET e
3ammuTHBIE cBoWcTBa. HopmanbHas wmukpodiopa (OuornmHo3), Onarogaps BBIPAKCHHBIM
(bepMEHTaTUBHBIM CBOMCTBaM, CIIOCOOHA CUHTE3UPOBATh BUTAMUHBI, KOTOPBIE SIBIISIOTCS OJHUM
u3 (aKTOpOB €CTECTBEHHOM 3alUThl MakpoopraHuzma. Takxke J[OKa3aHa Ba)KHas pOJIb
HOpMaTbHOW MHKpPOGIOpsl B obecriedeHHH (YHKIIUM WMMYHHBIX CHUCTEM MaKpOOpraHU3Ma.
VYXyauieHne COCTOSHHUS M COCTaBa MHKPO(MIOpPHl MPUBOAMUT K MOSBICHHUIO MATOJOTHYECKUX
IPOIIECCOB, UMEHYEMBIX TUCOAKTEPHO3aMH.

B mawane aBamiaToro Beka Obuto omumcaHo, uyro Oaktepust Lactobacillus acidophilus
criocoOHa BBDKMBATh B KHIICYHHKE dYeloBeka. Kuciomonounas QepMmMeHTanusi pacTUTEIbHON
UMM, MO-BUAMMOMY, ObUIa BHEApEHAa TOMHMHHMIAMHU OKoyio 1,5 MuiuiMoHa JeT Hazaj. Jta
IIPAKTHKA IIHPOKO MCIOJb30Bajach B EBporie A0 NPOMBINIIEHHON PEBONIOLUM U 1O CUX IOp
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IIMPOKO MPUMEHSIETCS pPa3IMYHBIMU aQpPUKAHCKUMH OOLIMHAMH, IOCKOJIBKY 3TO O€30MacHbIi 1
MPOCTOM CIOCOO COXpaHEHUs MPOAYKTOB nuTaHus. IloTpediaeHre KUCIOMOIOUHBIX MPOIYKTOB,
BO3MO>KHO, OBLJIO BKJTFOUEHO B palinoH yenoseka okosio 10000 ner Hazaa. B xoae cBoeil aBomonuu
TOMUHUJBI aJalTHPOBAIN CBOM JKETYJOYHO-KHUILEYHBIH TPaKT K Oojiee WM MEHEe BBICOKOMY
€XKEIHEBHOMY TMOTPEOJICHUIO JKUBBIX MOJIOYHOKHUCIBIX OakTepuil. B MpOMBIIIIIEHHO pa3BUTHIX
CTpaHax B T€UEHHE JBAJALIATOTO BEKa MepecTalid YIOTPeOaaTh STOT THUI MUIIH, YTO, BO3MOXKHO,
O00yCIIOBWJIO DPAa3IMYHBIC JKEITYIOYHO-KHIIEYHBIE W HWMMYHOJIOTHYecKue mpodnemsl [2]. B
BOCBMHJIECATBIX Trojax ObUla BHEOPEHAa KOHLEMIUS, COMNIACHO KOTOPOW HEKOTOphIe
HENepeBapuBaeMble KOMITIOHEHTHI pallMOHa MOTYT CIOCOOCTBOBATH POCTY OMPEIECIICHHBIX
HITAMMOB OaKTepuil B KHIIEUYHUKE, KOTOpbIE CBSA3aHbI C OJIarOTBOPHBIM BO3JCICTBHEM Ha
310poBbe [3].

B 1917 rony, eme no oTkpbiTHs AsiekcaHapoM PIEeMUHIOM NEHUIWIUIMHA, T€PMaHCKUN
npodeccop Anbdpen Huccne uzomupoBan HEMATOTCHHBINM IITaMM KHIIEYHOW MATOYKH U3
dekammii conaara [lepBoit MUPOBOI BOWHBI, KOTOPHIH HE BBI3BIBAJI PA3BUTHUS SHTEPOKOJIUTA BO
BpeMsl TSDKEJION SMUIEMHUH IHUresuie3a. 3a00IeBaHus JKeTyJOUYHO—KHUIIEYHOTO TPAKTa W PaHee
YacTo JIEYWJIMCh >KM3HECIIOCOOHBIMU HEMATOTEHHBIMU OakTepUsiMH U1l M3MEHEHUs WU
3aMeIeHUs] KUIIEYHBIX MUKpOOpraHu3MoB [4]. budumobakrepusi Oblsia BiepBbie M30JIUPOBAHA
Anpu Twuccee (IlacTepoBckuii HWHCTUTYT) OT HOBOPOXIACHHOTO, IIOJYYaBIIEro TPYIAHOE
KopMmIleHHe, 1 Ha3zBana uM Bacillus bifidus communis. Tuccee yrBepxknan, uro oudugodakrepun
MOTYT 3aMEHUTh MPOTEOJUTHYECKHE OaKTepuu, BBI3BIBAIOIIME [AUAPEI0, U PEKOMEH]I0BAl
BBe/IcHHE Onduao0akTeprii HOBOPOXKIACHHBIM, CTPAAAOIIUM OT 3TOI'0 CHHIpoMa [5].

[Ipo6uotuku, mpeOUOTHUKH, CAHOMOTUKH — 3TH IMIpernapaThl IPUMEHSIOTCS IS JICUSHUS] U
npoHIAKTUKN COCTOSIHUM, CBA3aHHBIX C HApYIICHHEM MUKPO(DIOPHI KUIIEYHUKA (PUCYHOK 1).

IpeonoTnkn
[Muma s GakTepuii.

[TpebnoTuku - 310
BEI[ECTBA,KOTOPBIC MOTYT
METa0O0TU3UPOBATHCS
TOJIBKO KUIICYHBIMH
LArTePHAMU,a HE
YEJIOBEKOL -X 039 ZAOM.

IIpo6ouoTuku
JKuBble GakTepHH. CuHOHOTHKH
[IpobuoTHKH CHHOMOTHKH 5
MPECTABIIFOT COO0H IPECTaBILIIOT COO0H
AKTHBHBIE KOMOHHAIIUIO TIPO- U
GakTepuanbHBIE npe0HOTUKOB
KYJIBTYpBI.

Pucynox 1 — IIpob6uotnku, mpeOUOTHKN, CHHOMOTHKH!

Tepmun «poOuoTHKN» BrepBble ObLT BBeneH B 1965 1. Jlwwm w Crwiny’mwioM B
IPOTHBOIOJIOXKHOCTh AHTUOMOTHKAM, OHHM OBLIM ONHUCaHBl KaK MHUKpPOOHBIE (DaKTOpHI,
CTUMYJIMPYIOIIHE POCT APYrux MUKpoopraHu3sMoB. B 1989 r. Poit ®ymiep mnogyepkHyn
HEOOXOIUMOCTh YKH3HECTIOCOOHOCTH MPOOMOTHUKOB M BBIIBHHYJ HICIO0 00 WX MOJIOKHUTEIHHOM
JICUCTBUHU Ha 3JJ0pPOBBE YesoBeka [6].

[lepBoHauaibHO TPOOMOTUKM OBUTH  OMpEJCNieHbl KaK BEIIEeCTBA, BBIACISIEMbIC
MUKpPOOPTraHU3MaMHU, CTUMYJIUPYIOIIME POCT JPYIHMX MHMKPOOPraHU3MOB (B OTIMYHE OT
anTHOnoTHKOB). OMHaKo B ganbHeiem Bcemupnoit Opranuzanuei 3npaBooXpaHeHUsT OBLIO
JTAaHO COBPEMEHHOE OIlpe/ielieHe MPOOMOTUKOB, KOTOPOE COXpaHSET CBOI AaKTYalbHOCTH:

73



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

«[IpoOUOTHKU-ITO JKUBBIE MHUKPOOPTaHHU3MBI, KOTOpHIE MPU TPUMEHEHUU B aJCKBATHBIX
KOJIMYECTBAX BBI3BIBAIOT YIYUIIEHHE 3J0pOBbSl OpraHusMma-xossauHa» [7]. Ilo maHHBIM
MexayHapoaHOM HaydHOH accolMaluy MPOOMOTHKOB U NMPEOMOTUKOB, CIEKTP MPOAYKTOB H
IIPenapaToB, KOTOPble MOXHO pacCMaTpUBaTh Kak MPOOMOTHUKU, OUYEHb HIMPOK U BapbUPYET OT
MPOJYKTOB C MPOOMOTUKAMHU, PE3YIbTAThl UCCICIOBAHUI KOTOPBIX CBHUICTEIBCTBYIOT O MOJH3E
JUISL 3I0pOBbsl  (Hampumep, (epMEHTHPOBAaHHOE MOJIOKO, IETCKHE CMECH), 10 TPOJIYKTOB
CIEIUAIEHOTO MEUITMTHCKOTO Ha3HAYCHHUSI (HAPUMED, SHTEPATHLHOE MUTAHKUE) UITH TPOOMOTHKOB
JUIsl BHYTPEHHETO NpUMEHEHUus (HampuMep, BarvHajbHbIE MperapaThl). s HCmoiib30BaHUs
MPOOMOTHKOB HEOOXOIMMO MpEeABAPUTEIBHOE MPOBEACHUE KIMHHYECKUX HCCIEAOBAaHUN Ha
JIOASX, C LETbI0 TMOATBEpPXKAEHUS HUX 3(P(EKTUBHOrO NEHCTBUS HA KOHKPETHBIE IITaMMBbI
HOpManbHOU MEKpodIopsl (Hanpumep, Lactobacillus rhamnosus GG) [8].

depMeHTHUPOBaHHbIE TPOAYKTHI, COJIEPIKalIe KUBbIE OPTaHU3Mbl, BO MHOTHX CITy4asix He
NOTAAAI0T MO/ TOHATHE MPOOMOTHKOB, €CIIM UX JIEHCTBHE CHEIHMAIbHO HE HW3YYCHO W/WIH
KOJIMYECTBO, KOTOPOE OHM COfepxkaT, Heu3BecTHO. HanmpoTus, HEeKOTOphle (pepMEHTHUPOBAHHBIE
OPOIYKTHI, TaKWe KaK HOTYpPT, B OTACIBHBIX CIy4asX MOTYT CUYUTAThCS MPOOMOTHKAMU Ha
OCHOBAaHUU OINpPENEICHHbIX CHEIU(PUUECKUX TOJIOXKHUTEIbHbIX BHAOB JEHCTBUS, HAIpUMED,
BCJICJICTBHE JIOKA3aTENLCTB TOTO, YTO OHM YJIYYIIAIOT YCBOGHHE JIAKTO3bl Yy JIIOJEH ¢
HENEPEHOCHUMOCTBIO 3TOTO YIJIEBO/a; B JAHHOM Cllydyae MPEUMYIIECTBO 3aKIJII0UAETCs] HE TOJIBKO
B MCHBIIIEM COJACPKAHUHM JAKTO3bl, HO U B CIOCOOHOCTH O3TUX MNPOOMOTHUKOB IOBHIIIATH
aKTUBHOCTb JaKTa3bl B TOHKOM KHIIIEYHHUKE [9].

DekanbpHasi TPAHCIUIAHTALMS WU MUIIA ¢ MEPTBHIMH MUKPOOPTaHU3MaMU HE CUUTAIOTCS
npoOuoTukamMu. YToOBI OKa3bIBaTh OJaroTBOPHOE BO3JCHCTBHE HA XO3siMHA, NMPOOMOTHUKH HE
00s13aTeNbHO JTOJDKHBI KOJIOHU3MPOBATh OPTaH-MHIIEHb, XOTS OHU MPHOBIBAIOT >KHBBIMU B
KOJIMYECTBE, JOCTATOUHOM JUIsl BO3JICHCTBUSL HA €r0 MUKPOAIKOJIOTHIO U OOMEH BellecTB. Takum
00pa3oMm, OOJIBITUHCTBO MPOOUOTHYECKHUX MITAMMOB CIIOCOOHBI IOCTUTATh TOJICTOTO KUIICYHUKA
JKUBBIMH, TIPOXOJS 4Yepe3 BCE BEPXHUE OTHENbl JKETyJOYHO-KHIIEYHOTO0 TpakTa, M UX
KHU3HECTIOCOOHOCTh MOXET 3aBHCETh OT MHOTUX (PaKTOPOB: C OIHON CTOPOHBI - OT CBOMCTB
npoOMOTHKA, C APYroil - OT XO35MHa, KaK, HamlpuMep, CTENEeHH KUCIOTHOCTH B JKEIYIKE,
MPOJOKUTETFHOCTA ~ BO3JCHCTBUS  KUCJIOTHI, KOHIEHTPAIMH W  MPOJOIIKUTEIHLHOCTU
BO3JECHCTBUS COJIEHM KEUHBIX KUCIOT W Apyrux [10]. B xadectBe mpumMepa MOXKHO NPUBECTH
mrrammbl L. casei Shirota, L. rhamnosus GG, L. johnsonii uiu L. acidophilus, kotopsie, kak ObL10
YCTaHOBJIEHO, 0€30MacHbl U MPHUHOCAT MOJb3Y MJS 370POBbSl UEJIOBEKa, a TakXKe O0JazaroT
BBICOKOW CTAOMIIBHOCTBIO B OKpYXKAloOIIEH Cpejie U YCTOHYMBBI K JKETYHBIM KHCIOTaM; OJHAKO
TOJILKO TIOCJIEHHE 3 CIIOCOOHBI MPUKPEILIATHCS K CIIM3UCTOM 00010uKe, 1 ToabKo L. rhamnosus
GG u L. johnsonii BbI3BIBAIOT KOJOHU3AIUIO TOJICTOrO KuleuHuka [11].

Tepmun '"mpeOuoTuk" 0003HA4YaeT CENEKTUBHO (EPMEHTHPOBAHHBIC WHIPEIUCHTHI,
KOTOPBIC BBHI3BIBAIOT CHEHU(PUIESCKHE M3MEHEHHS B COCTaBE W/HIIM aKTUBHOCTH JKEITYIOYHO-
KHUIIEYHON (DJIOpBl, TEM CaMbIM MPUHOCS TOJB3Y 3/I0pOBBIO ueioBeka. JTa (OpMyJIHPOBKa
YaCTHMYHO COBMAJAeT C OMNPEISICHHEM MHUIIEBBIX BOJOKOH, HO BKIIOYAET CEICKTHBHOCTH
npeOMOTUKOB IO OTHOUIEHHIO K ONpPEIEJICHHBIM MHKpPOOpraHu3MaM (Hampumep, HpueM
bpyKTOOIUTOCAXaPUIOB U MHYJIMHA U30UPATENbHO OIaronpusaTCTBYeT Onpuao0akTepusm).
OcobeHHOCTH MTPO- U TPEOMOTUKOB TIPEICTABIICHHI B TabuIie 1.

Ta6mmma 1 — Oco6eHHOCTH TPOOMOTHKOB B MMPEOMOTHKOB

[Tpobuotnku [TpebnoTuku
1 2
IIpenmyliiiecCTBEHHO HEMATOTEHHbIE He nepeBapuBarotcs
[puKpennsAroTes K KUIIEYHOMY SITHTEIHI0 VYTIeBoAbI ¢ KOPOTKOM IETbI0, CITYXKaT MTUTaHHEeM
xKemaeMoil MUKpoddIope
YV CTOWYUBBI K KHCIIOTE M JKEITYH He noaBepraroTcsi THAPOIN3Y B KUIICYHUKE

74



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

[Iponomxenne Taduuubl 1

1 2
BoccranaBnmuBaroT MUKpOQIIOpY Cpena Juist yCKOpEHUsI pOCTa MOJIe3HOH
MHUKPOGIIOpHI
[IpucyTcTBHE B XKEITyTOYHO-KHIIIEYHOM TPAKTE CriocoOHBI K (hepMeHTaIuu
IIpon3BOACTBO AHTUMHUKPOOHBIX COCTUHEHUI Cunepruueckuii 3¢ GexT ¢ MPOOHOTHKAMU
CTUMYJIUPYIOT UMMYHHYIO CHCTEMY XO3sIMHA He BcachIBaloTCs B KHIICYHUKE
B nmonmHOM 00BeMe pearn3upyIOT MOJIOKUTEIbHEIC He ancopbupyroTces ¥ He TopOITU3UPYIOTCS

CBOMCTBA XHUBBIX MHKPOOPTaHU3MOB JKETYOYHO- KUIIIEYHOM TPAKTE

[TonsTne "mumieBble BOJIOKHA" sIBISETCS Oojiee MIMPOKUM U OOBEAUHSET pa3IndHbIC
yIJ€BOJAbl M JINTHUH, KOTOpbIE YCTOMYMBBI K THAPOJU3Y NHUIIEBAPUTEIbHBIMU (epMEHTaMU
YeJoBeKa, HO MOTYT ()epMEHTUPOBATHCS MHUKPOQIIOPOM TOJCTOrO KUIIECUYHUKA W/HIIM YaCTHYHO
BBIBOAUTHECS ¢ KasioM [12]. K HUM OTHOCATCS HEKpaxMalHMCThIe IMOIMCaXapubl (IIEITIOI03HbI,
TeMULCIUTIONO3bI,  MEKTUHBI, KaMeIu W  CIW3M), HHYIUH, (QPYKTOOIUrocaxapuibl,
raJlakTOOJIMTOCaXapubl, YCTOMUMBBIN Kpaxmaj, Kpaxmal M MpOAyKThl, oOpasyomuecs B
pe3yabTaTe pazIoXKeHHUs KpaxMana, KOTOpble He MepeBapuBaioTcs B opranuzMe. Hekotopoie u3
9TUX KOMIIOHEHTOB KJIETYaTKH CTPOrO COOTBETCTBYIOT KpPHUTEPHUSIM, KOTOpBIE CIIEIyeT
paccMaTpuBaTh KakK MPEeOMOTHKH (MHYIUH, (PYKTOOIUTOCaXapuibl, TaJaKTOOIUTOCaXapuIbl,
OJIUrOcaxapuipl, TOJy4YeHHbIE U3  COM, KCHJIOJIUIOCaXxapuibl, MUPOACKCTPUHBI U
U30MajgbTOONUrocaxapuabl). OIHAKO HEKOTOpbIE BEIIECTBA TPYAHO KJaccU(UIIUPOBATh,
HampuMep, ryapoBas KaMmelb, Pa3HOBUIHOCTH (EPMEHTUPYEMOM pacCTBOPUMON KIIETYATKHU,
YaCTUYHO CIIOCOOCTBYET POCTY NPOOMOTHYECKMX OakTepuil, HO Takke JEHCTBYeT Kak
BCIIOMOTaTeJIbHOE CPENICTBO.

H3mepeHne KOPOTKOLENMOYCYHBIX JKUPHBIX KHUCIOT 3aTpyaHeHo In Vivo. Tem He MmeHee,
CYIIECTBYIOT MOJIENH iN VItro, KoTophie MO3BOJISAIOT OLICHUTH UX JeiicTBHE. HanpumMep, HeKoTOpbIe
JEKCTPUHBI MIICHULBI TpU (EpMEHTALMU BBLACISAIOT MEHBIIE ra3za, 4eM THIpOJIM30BaHHAs
ryapoBasi KaMe/lb U HHYJIHUH, YTO O3BOJIET MPEANOIOKHTh, YTO MEPBHIC MOT'YT MEPEHOCUTHCS iN
VIVO nydmie, 4eM JBa APYrHX BOJIOKHA. HampoTuB, WHYIUH, MO-BHIMMOMY, HPOIYLHPYET
3HAUYUTENLHO OoJibllie OyTHpara, yeM MOAU(UIIMPOBAHHBIE MaIbTOACKCTPHUHBI [13, 14]. Takum
0o0pa3oM, HEKOTOphle NMPeOMOTHYECKHE BOJIOKHA MOTYT HCIOJB30BAaThCs, MO KpalHell mepe
TEOPETUYECKH, MPEANOYTUTEIHHO ISl JICYSHHUS] OAHHUX MATOJOTUI MO CPaBHEHHIO C APYTUMU B
3aBUCHMOCTH OT MX METa00JIM3Ma B TOJICTOM KHIIeYHUKe [ 15].

TepMUH «CUMOMOTHUKM» OTHOCUTCS K MPOIYKTaM, COAEpXKAIIUM Kak MpOOHOTHUKH, TaK U
npe6noTuku. CTporo roBopsi, OH JOJDKEH OBITh 3ape3epBHUPOBAH JJIS MPOJIYKTOB, B KOTOPBIX
NpeOMOTUYECKU KOMIIOHEHT HW30MpaTeabHO OTAAeT MPEANOYTCHHE IPOOHOTHYECKOMY
KomroHeHty [16, 17, 18, 19]. Takum o6pa3zom, UCHOIB30BAHNE MPOOUOTHKOB, TPEOMOTHKOB U
CUMOHOTHKOB SIBJIIETCSI MHOTOOOCIIAIOIEH Teparuei.

B pa6ore R.J. Schanler u A. Lucas nokazana poib rpyHOTO MOJIOKA B CHU)KEHUHU PUCKA
HEKPOTHUYECKOTO0 AHTEPOKOJUTA Yy NIETEH, POKACHHBIX paHee 29-i Helelu TeCTalluM, 32 CYET
KOJIOHM3AIIMU KHUIIKH HOpMalbHON Mukpodiopoi [20, 21]. Biuusaue L. casei mramma DN-
114001 («Actimel», komnanus [laHoH) Ha ypoBeHb T'yMOpaibHOTO MMYHHTETA (SIgA, IgA, 1gG)
¥ COCTaB KULIEYHOUH MUKPO(hIOpHI n3yueHo B pabote A.B. I'openoa u coast. [22]. UccnenoBanue
MOKAa3aJio, YTO BKJIIOYEHUE MPOOMOTHYECKOTO KHCIOMOJIOYHOTO MPOAYKTa, oborameHHoro L.
casei DN-114001, B KOMIUIEKCHYIO TEpamuio JeTeil ¢ OCTPOH KHIIEYHOH WHQEKIHeH
CIOCOOCTBOBAJIO YIYUYIIIEHUIO COCTaBa KHUIIEYHOW MHUKPOQIIOPHI 32 CUET CTAOWIM3AIMUd POCTa
JaKTO- ¥ OMduIodaKkTepuii 1 yMEHbIICHUS coepxkanus St. aureus u rpubos poxa Candida. ITpu
HCCJIEJOBAaHUHM MYKO3aJIbHOTO MMMYHHTETA IOJIYYEHBI JaHHbIE O CTATUCTUYECKU TOCTOBEPHOM
UMMYyHOMOAYIUpYytonieM 3 dekre npodrorndeckoro mramma L. casei DN114001.

B Hacrosimee BpemMsi NIPOMBIIUIEHHOCTb MOXET MPEUIOKHUTh LEJIbId  CHEKTp
NpoOMOTUYECKHX MPOAYKTOB, cojepxamux Oudumo- u naktodaktepuun - «budumun - My,
«Amunodpumny, «budumukcey, «budumokcey, «budunoky, «budusut» u np. [23].
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[IpeGroTHKN — 3TO KOMIIOHEHTHI MUIIH, KOTOPbIE HE TIEPEeBApUBAIOTCS U HE YCBAaUBAIOTCS B
BEPXHHUX OT/EJaxX KelyI0YHO-KUIIEYHOTO TPaKTa, HO (PepMEHTHPYIOTCS MUKPOGIOPOH TOJICTOTO
KUIICYHUKA U CTUMYJIHPYIOT €€ POCT U )KU3HEAEATeTbHOCTh. OCHOBHBIMH BHJIaMH MPEOHOTHKOB
ABIIAIOTCS JIAKTYJIO3a, TUTPU-, OJIUTO-, TOJUCAXapH/bl, MHUILEBbIE BOJIOKHA, aMUHOKHUCIOTHI U
0enku, GepMEHTHI, aHTUOKCHIAHTBI, PACTUTEIbHbIEC SKCTPAKTHI U Ap. CHHOMOTHYECKHE MOJIOUHBIE
OPOAYKTHl — TMPOIYKTHL, COJEpXallhe B CBOEM COCTaBE OJHOBPEMEHHO MPOOHUOTHKU U
npebnoTuku. K qaHHoOM rpyrine MOKHO OTHECTH HOTYPTHI C PA3IMYHBIMH (PYKTOBO-SITOIHBIMU
HAIOJHUTENIIMUA, B COCTaB KOTOPBIX BXOJAT JIAKTOOAKTEpUHU, OTHOCAIIMECS K MPOOUOTHKAM, U
MUIIEBBIC BOJIOKHA, OTHOCAIIMECS K IpednoTrkam [24]. B Hacrosiiee Bpems 00JbII0e BHUMAHNE
ylaensieTcss BONpOcaM CO3JaHMsI TNMPOOMOTHYECKUX TMPOIYKTOB C BKIIOUYEHHEM B HHX
NPOMHOHOBOKUCIBIX OakTtepuil. OHM 007aJal0T YHHKAJIBHBIM HMMYHOCTUMYJIHMPYIOUUMH U
QHTUMYTareHHbIMU CBOMCTBAMM, OHU IPUIKUBAIOTCS B KUIICYHUKE JIOACH, CTUMYIUPYIOT POCT
OouduaodaKTepuii U CIOCOOHBI K CHIDKEHUIO TEHHOTOKCHUYECKOTO JIEHCTBUS Psla XUMHUYECKHIX
coenuHeHUN u Y D-nmydeid. [lomoxkuTenbHas posib MPOMMOHOBOKUCIIBIX OaKTepuil 00yCIIOBIIEHA
0o0pa3oBaHUEM UMM IMPONHUOHOBOM KHCIOTHI, MUHOPHBIX OPraHMYECKHX KHUCIOT, ()EPMEHTOB U
00JIBIIOro KoJudecTBa BuTamuHa B12 [25].

Co3naHue HOBBIX MPOAYKTOB NHUTAHHUS, OTHOCSIIUXCA K KIACCy <GIOPOBBIX» WIIH
(GyHKIIMOHAJIBHBIX, JOJDKHO MOAYMHATHCS OCHOBHOMY mpaBuiy: «IIpoaykTt 16 momxeH OBbITH
BKYCHBIM U IOJIE3HBIM OJTHOBpeMeHHO» [26]. Hanbomnee ieHHBIMU B MUIIIEBOM M OMOJIOTHYECKOM
OTHONIEHUH, SIBIAIOTCA MOJIOKO W MOJIOUHBbIE TpoAykThl [27]. B coBpemenHom Ka3zaxcrane
0coO0BIif UHTEpeC cpean MOTpeOUTeNel BRI3BIBAIOT MPOAYKTHI, 00J1a1a01Iie TPOOUOTUYECKIMH,
(GYHKIIMOHAJIBHBIMUA U JIe4eOHONUETHYECKUMHU cBoiicTBamu. Cpelrd MHIPETUEHTOB MPOAYKTOB
NUTAHUS, OKAa3bIBAIOIIMX PpETyIupyloliee IeHCTBUE HAa OpraHU3M YeJOBEKa, BAXKHOE MECTO
3aHUMAIOT MPOOHMOTHYECKHUE 3aKBACKU, (POPMUPYIONTHE HOPMATBHYIO MEKPOQIIOPY B JKEITYyI0YHO-
KUAIIEYHOM TpakTe. PacimupeHue accopTUMEHTa U yBEJIHUYEHHE OOBEMOB IPOU3BOCTBA
MPOOUOTHYECKUX TIPOAYKTOB HA OCHOBE OM(MUIO- W JAKTOOAKTEpUU SBIACTCS aKTyaJbHOU
npoOaeMoil U HaxXxoAsATCs B IIGHTPE BHUMAHHS YUEHBIX M IMPAKTUKOB BEAYIIUX HHCTHUTYTOB
Kazaxcrana, Poccun u apyrux crpan. Bce 3akBacku Jyisi KUCIIOMOJOYHBIX MPOAYKTOB MOYXKHO
KJaccu(UIUpoOBaTh Ha CIEAYIONIME THIIBL:  3aKBaCKM U3 TEPMO(DUIBHBIX JIAKTOKOKKOB,
UCIIONIb3YEMbIE ISl TOJyYeHUsI HU3KOKMPHOM CMETaHbl, TBOPOTa U JIPYTHMX KHUCIOMOJIOYHBIX
IPOAYKTOB; 3aKBAaCKW M3 TEPMOQMIBHBIX MOJIOYHOKHCIIBIX CTPENTOKOKKOB M OoJrapckoi
NAJOYKU - JUIsl MOrypTa, PSOKEHKH M JIp.; 3aKBacKU JJIi CMEIIAHHOTO MOJIOUHOKHCIOTO U
CIIMPTOBOTO OpokeHHs - i Kedupa, Kymbica, aiipaHa, HamuTka «TaH»; 3aKBacku u3
MPOOMOTHYECKUX MHUKpPOOPTraHM3MOB - i1 NpOU3BOACTBa Ouokedupa, Hamutka «ToHyc»,
ouopsokeHkH u p. [28]. TTonb3a MOI0Ka M MOJIOYHBIX MPOIYKTOB JJIS 3I0POBbSI UEIOBEKA IIUPOKO
U3BECTHA B TEUEHUE THICAYEIIETUH BO MHOTUX JAMETUYECKUX KYJIbTypax Mo Bcemy Mupy. B orser
Ha PacTyUIMi HMHTEpeC MoTpeduTeneil K pasmuuHbIM (PYHKIMOHAIBHBIM HM3ACTHSIM MOJOYHAs
IPOMBIIIIEHHOCTh pa3padoTalia MHOXKECTBO (DepMEHTHPOBAHHBIX MOJIOYHOKUCIBIX MPOIYKTOB.
Bricokasi muieBasi IIEHHOCTb MOJIOYHBIX IPOJYKTOB M WX I0JIb3a JJIi 3[J0POBbS SIBIISIOTCS
pe3yNbTaToM JeHCTBHUS OMOJIOTUYECKH AKTHBHBIX KOMIIOHEHTOB, KOTOpbIE MPHUCYTCTBYIOT B
HaATypaJbHOM MOJIOKE M Ojarojaps uX Mmoaxojsmeil Mmoaudukanuu B mpouecce GpepMeHTaIum.
[IprMeHeHre HOBBIX TEXHOJOTUN UMeeT OOJIbIIOE 3HAUEHUE ISl COXPAHEHHUS CYIIECTBYIOLIEH U
dbopMUPOBaHUS JTOMOJHUTEILHON MUIIEBON [EHHOCTH KOHEUYHBIX MPOoAykToB [29]. HambGomnee
OOLIMPHYIO TPYIIY NPOAYKTOB (PYHKIIMOHATBHOIO MUTAHUS COCTABIISIOT MOJIOYHBIE MPOIYKTHI.
B Hacrosiiee Bpemst Ha OCHOBE MOJIOKa CO3/1aHbI 3(pPeKTUBHBIE TPOOUOTUYECKHE TPOTYKTHI. ITO
CBSI3aHO C TEM, YTO B MOJIOKE XOPOIIO pacTeT OONBIIMHCTBO MUKPOOPTaHU3MOB, YUaCTBYIOIINX B
KOPPEeKIMH M CTAaOMIU3AIMM 3HIO0IKOJOTUM uenoBeka. C TOUKM 3peHus (yHKIMOHAIBLHOTO
MUTaHUS HauOOJBIIYIO [IEHHOCTh MPEACTaBISAIOT MPOOUOTHKH, COAEpIKAIUE KU3HECIIOCOOHBIE
MHUKPOOPTIaHU3MBI C BBICOKOM aKTHBHOCTBIO W YCTOWYHMBBIE K HEOIArompusATHBIM (pakTopam
BHEIIHEH Cpebl.

Takum 00pa3oM, aaeKBaTHOE MCIIOJIB30BAaHHE NPOOMOTHYECKHX M MPEOMOTHYECKUX
IPOAYKTOB JIIOJbMHU pa3HbIX BO3PACTHBIX KaTEropwii, B TOM UHCIE JETbMH, MOXET
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CIOCOOCTBOBAThH ONTUMHU3AIIUH CTAHOBIICHUS KUIIIEYHONH MUKPO(]IOPHI U MIMMYHHOTO OTBETA, UTO,
0€3yCIIOBHO, TTOCIYKHUT MPO(QHUIAKTHKE PA3TUIHBIX 3a00JICBaHUI YeTIOBEKA.
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IMPOBUOTHUKTEP MEH IIPEBUOTUKTEP/I KIIMHUKAJIBIK KOJIIAHY

Tyiiin

Makanana mpoOHOTHKTEP Il KOHE MTPEOMOTUKTEPAl KOJIIAHY IBIH OPBIHABUIBIFBIH TaaaaiIbl. COHFBI
KBUIIAPHI OYKIJ 9JieM/ie TPOOUOTHUKTEPIe XKOHE MPEeONOTUKTEPre, OJapAbl JCHCAYIBIKThI CaKTay, COHIaM-
ak OipkaTtap aypynapIsl eMaey YIIiH KOJJaHyFa KbI3bIFYIIBUIBIK apThin Kedeli. [[podnoTukrepai 3eprrey
OJIApIBIH KOIITETEH KaFbIMABI KaCHETTEePiHiH O0MybIH O0ospkayFa Heri3 Oepemni. Kebinece mpoOHOTHKTED
pETiHE JIaKTO koHe Onumo0aKTepUsIIapABIH IITaMIAPhl KOJITaHBUIA I, OJIap TINTI HOpecTeaep MEH XKac
Oananapapl TaMaKTaHABIPYFa JKETKUTIKTI Kayincis. [IpoTukrep eMaik ocepiH xy3ere achIpaThIH >KOJIAAP
ycbIHbUIFaH. [IpoOHOTHKTEp KONTereH aypyiapia, COHBIH iIIiHAE jKeAen ek MHQEKIUsUIapblHaa KOHEe
ImeKTiH Oacka KaObIHY aypyJiapblHOa, aJUICPIHsJIbIK IPOIECTIH arbIMbIHIA JKOHE HMMYHHUTETTIH
Oy3bUTybIHOA THIMAI EKEHJIIrl KepceTuireH. AIaMHBIH KalbIThl MHUKpodIopackl, HopModiopa
OpPraHU3MHIH TIPIILTIK SpeKeTiH cakrayaa Oipkarap MaHbI3Abl (QyHKUMSIIApAbl OpblHAaiabl. KopraHbIc
(YHKIMACH, €H aJJIbIMEH, NMaTOreHIIK OaKTepHUsUIapIbl TEXEY >KOHE OJIapMeH Oacekesecy KaliieTiHe
OaiiiaHpicTBl OUQUIO >KOoHE JakToOAKTepUsUlap apKbUIbl JKY3ere achIpbliajbl. AJaM ar3achIHBIH
HOpMOGIOpa MHKPOOPraHU3MJAEPIHIH MaHbI3Abl  (QYHKUMSIAPBIHBIH — Oipi  MMMYHIBIK — >KYHeHi
UMMYHOTCH/IK BIHTAJIAHABIPY OO0JbIN TaObuTaael. [IpOOHMOTHUKTEPMIH THIMIUIICIHIH €H KYIITI J9Jeii
oJNap/pl iIEKTiH )KYMBICHIH KaKcapTy *KoHE HIMMYHJIBIK JKy#ere ocep eTy YIIiH KoJIaHyMeH OaiaHbICTBI.

KisarTi ce3nep: npoduoTukTep, NpeONOTUKTEP, CHMOUOTHKTED.

78



MUKPOBHOJIOT Ms1 ;KOHE BUPYCOJIOTUSI ISSN 2304-585X Nel (40) 2023 www. imv-journal.kz
IRSTI: 34.27.51

A.D. MASSIRBAEVA'*, A.S. SAIFUDIN?, B.K. AMIRASHEVA?, S.D. ZHANTLESSOVA?,
M.B. YERDENBEKOVA!, Sh. TALAPBEK?, A.M. BAISARIYEVA?
'Research and Production Center for Microbiology and Virology, Almaty, Kazakhstan
2International University of Engineering and Technology, Almaty, Kazakhstan
*e-mail: masirbaeva.aigerim@mail.ru

CLINICAL USE OF PROBIOTICS AND PREBIOTICS
doi: 10.53729/MV-AS.2023.01.04

Abstract

The review analyzes the feasibility of using probiotics and prebiotics. In recent years, there has been
an increased interest in probiotics and prebiotics and their use for the preservation and maintenance of
health, as well as the treatment of a number of diseases around the world. Studies of probiotics suggest that
they have many positive properties. Most often, strains of lacto- and bifidobacteria are used as probiotics,
which are safe enough even for feeding infants and young children. The ways by which probiotics
implement the therapeutic effect are presented. It has been shown that they are effective in many diseases,
including acute intestinal infections and other inflammatory bowel diseases, the course of the allergic
process, and immune disorders. Normal human microflora, normoflora performs a number of important
functions in maintaining the vital activity of the body. The protective function is carried out primarily by
bifidobacteria and lactobacilli, due to their ability to suppress pathogenic bacteria and compete with them.
One of the most important functions of microorganisms of the normoflora of the human body is
immunogenic stimulation of the immune system. The most convincing evidence of the effectiveness of
probiotics is associated with their use to improve the functioning of the intestine and influence the immune
system.

Keywords: probiotics, prebiotics, symbiotics.

The surface of the intestinal lumen contains trillions of living microorganisms in an amount
approximately 10 times greater than the number of cells that make up the adult human body. Most
of them are localized in the large intestine, where certain types of bacteria live. Thus, the human
intestine is a real ecosystem necessary for the effective assimilation of nutrients and the
maintenance of genetic health. Back in 76 AD, the Roman historian Pliny recommended the use
of fermented milk products for the treatment of gastroenteritis. In 1908, Nobel Prize winner llya
Mechnikov explained the longevity of some Balkan peoples by the habitual consumption of
fermented milk products containing lactobacilli, which "reduce toxins produced by intestinal
bacteria, strengthen health and prolong life" [1]. One of the most important functions of normal
microflora is colonization resistance and adhesion, which determines its protective properties.
Normal microflora (biocenosis), due to its pronounced enzymatic properties, is able to synthesize
vitamins, which are one of the factors of the natural protection of the macroorganism. The
important role of normal microflora in ensuring the function of the immune systems of the
macroorganism has also been proven. Deterioration of the state and composition of the microflora
leads to the appearance of pathological processes called dysbiosis.

At the beginning of the twentieth century, it was described that the bacterium Lactobacillus
acidophilus is able to survive in the human intestine. Fermented milk fermentation of plant foods,
apparently, was introduced by hominids about 1.5 million years ago. This practice was widely
used in Europe before the Industrial Revolution and is still widely used by various African
communities, as it is a safe and easy way to preserve food. The consumption of fermented dairy
products may have been included in the human diet quite recently (about 10,000 years ago). In the
course of their evolution, hominids adapted their gastrointestinal tract to a more or less high daily
intake of live lactic acid bacteria. In industrialized countries during the twentieth century, this type
of food was stopped, which may have caused various gastrointestinal and immunological problems
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[2]. In the eighties, the concept was introduced, according to which certain indigestible
components of the diet can promote the growth of certain strains of bacteria in the intestine, which
are associated with beneficial effects on health [3].

In 1917, even before the discovery of penicillin by Sir Alexander Fleming, German Professor
Alfred Nissle isolated a non-pathogenic strain of E. coli from the feces of a soldier of the First
World War, which did not cause the development of enterocolitis during a severe epidemic of
shigellosis. Diseases of the gastrointestinal tract and previously were often treated with viable
non—pathogenic bacteria to change or replace intestinal microorganisms [4]. Bifidobacteria was
first isolated by Henri Tissier (Pasteur Institute) from a newborn who received breast-feeding, and
was named Bacillus bifidus communis by him. Tissier argued that bifidobacteria can replace
proteolytic bacteria that cause diarrhea, and recommended the introduction of bifidobacteria to
newborns suffering from this syndrome [5].

Probiotics, prebiotics, synbiotics are used to treat and prevent conditions associated with a
violation of the intestinal microflora (figure 1).

Probiotics
Live bacteria

Probiotics are active
bacterial cultures.

Prebiotics
Food for bacteria. Synbiotics
Prebiotics are Synbiotics are a
substances that can combinattion of
only be metabolised both pro and
by the gut e
bacteria,and not the prebiotics.
human host.

Figure 1 — Probiotics, prebiotics, synbiotics

The term "probiotics™ was first introduced in 1965 by Lilly and Stillwell in contrast to
antibiotics, probiotics they were described as microbial factors that stimulate the growth of other
microorganisms. In 1989 Roy Fuller emphasized the need for the viability of probiotics and put
forward the idea of their positive effect on human health [6].

Initially, probiotics were defined as substances secreted by microorganisms that stimulate
the growth of other microorganisms (as opposed to antibiotics). However, in the future, the World
Health Organization gave a modern definition of probiotics, which remains relevant: "Probiotics
are living microorganisms that, when used in adequate quantities, cause an improvement in the
health of the host organism™ [7].

According to the International Scientific Association of Probiotics and Prebiotics, the range
of products and preparations that can be considered as probiotics is very wide and varies from
products with probiotics, the results of which indicate health benefits (for example, fermented
milk, infant formula), to special medical products (for example, enteral nutrition) or probiotics for
oral administration (for example, vaginally). To use probiotics, preliminary clinical studies on
humans are necessary in order to confirm their effective effect on specific strains of normal
microflora (for example, Lactobacillus rhamnosus GG) [8].

Fermented foods containing living organisms, in many cases, do not fall under the concept
of probiotics, if their action has not been specifically studied and /or the amount they contain is
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unknown. On the contrary, some fermented foods, such as yogurt, in some cases may be considered
probiotics based on certain specific positive effects, for example, due to evidence that they improve
the absorption of lactose in people with intolerance to this carbohydrate; in this case, the advantage
lies not only in the lower lactose content, but also in the ability of these probiotics to increase
lactase activity in the small intestine [9].

Fecal transplantation or food with dead microorganisms are not considered probiotics. In
order to have a beneficial effect on the host, probiotics do not necessarily have to colonize the
target organ, although they arrive alive in an amount sufficient to affect its microecology and
metabolism. Thus, most probiotic strains are able to reach the large intestine alive, passing through
all the upper parts of the gastrointestinal tract, and their viability may depend on many factors: on
the one hand - on the properties of the probiotic, on the other - on the host, such as, for example,
the degree of acidity in the stomach, the duration of acid exposure, concentration and duration of
exposure to bile acid salts and others [10]. As an example, the strains of L. casei Shirota, L.
rhamnosus GG, L. johnsonii or L. acidophilus, which have been found to be safe and beneficial to
human health, as well as highly stable in the environment and resistant to bile acids; however, only
the latter 3 are able to attach to the mucous membrane, and only L. rhamnosus GG and L. johnsonii
cause colonization of the colon [11].

The term "prebiotic” refers to selectively fermented ingredients that cause specific changes
in the composition and/or activity of the gastrointestinal flora, thereby benefiting human health.
This definition partially coincides with the definition of dietary fiber, although it adds the
selectivity of probiotics in relation to certain microorganisms in particular (for example, the intake
of fructooligosaccharides and inulin selectively favors bifidobacteria). Features of pro- and
prebiotics are presented in Table 1.

Table 1 - Features of probiotics and prebiotics

Probiotics Prebiotics
Non-pathogenic Non-digestible
. I . Short-chain carbohydrates, nourishes the desirable
Intestinal epithelium adhesion .
microflora
Bile and acid resistant Not get hydrolyzed in the gut
Rejuvenates the desirable microflora Medium for acceler_ating growth of beneficial
microflora
Persistent presence in gastrointestinal tract Capable to undergo fermentation
Production of antimicrobial compounds Synergistic effect with probiotics
Stimulates the host immune system Intestinal absorption absent
They fully realize the positive properties of They are not adsorbed and are not hydrolyzed in
living microorganisms the gastrointestinal tract

The term "dietary fiber" is broader and refers to various carbohydrates and lignin that are
resistant to hydrolysis by human digestive enzymes, but can be fermented by the microflora of the
large intestine and/or partially excreted with feces [12]. These include non-starchy polysaccharides
(cellulose, hemicellulose, pectins, gums and mucus), inulin, fructooligosaccharides,
galactooligosaccharides, resistant starch, starch and products formed as a result of starch
decomposition that are not digested in the body. Some of these fiber components strictly meet the
criteria  that should be considered as prebiotics (inulin, fructooligosaccharides,
galactooligosaccharides, oligosaccharides derived from soy, xyloligosaccharides, pyrodextrins
and isomaltooligosaccharides). However, other fiber components are difficult to classify, for
example, guar gum, a type of fermentable soluble fiber, partially promotes the growth of probiotic
bacteria, but also acts as an auxiliary.

Measurement of short-chain fatty acids is difficult in vivo. Nevertheless, there are in vitro
models that allow us to evaluate their production effect. For example, some wheat dextrins emit
less gas during fermentation than hydrolyzed guar gum and inulin, which suggests that the former
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can be tolerated in vivo better than the other two fibers. On the contrary, inulin seems to produce
significantly more butyrate than modified maltodextrins [13, 14]. Thus, some prebiotic fibers can
be used, at least theoretically, preferably for the treatment of some pathologies compared to others,
depending on their metabolism in the large intestine [15].

The term "symbiotics" refers to products containing both probiotics and prebiotics. Strictly
speaking, it should be reserved for products in which the probiotic component selectively gives
preference to the probiotic component [16,17, 18, 19]. Thus, the use of probiotics, prebiotics and
symbiotics is a promising therapy.

The work of R.J. Schanler and A. Lucas proved the role of breast milk in reducing the risk
of necrotic enterocolitis in children born earlier than the 29th week of gestation due to colonization
of the intestine by normal microflora [20,21].

The effect of L. casei strain DN-114001 ("Actimel”, Danone company) on the level of
humoral immunity (slgA, IgA, 1gG) and the composition of intestinal microflora was studied in
the work of A.V. Gorelov et al. [22]. The study showed that the inclusion of a probiotic fermented
milk product enriched with L. casei DN-114001 in the complex therapy of children with acute
intestinal infection contributed to improving the composition of the intestinal microflora by
stabilizing the growth of lacto- and bifidobacteria and reducing the content of St. aureus and
Candida fungi. In the study of mucosal immunity, data were obtained on the statistically
significant immunomodulatory effect of the probiotic strain L. casei DN114001.

Currently, the industry can offer a whole range of probiotic products containing bifido- and
15 lactobacilli - "Bifilin - M", "Acidophilin®, "Bifimix", "Bifilux", "Bifidok", "Bifivit", etc. [23].

Prebiotics are components of food that are not digested and are not absorbed in the upper
gastrointestinal tract, but are fermented by the microflora of the large intestine and stimulate its
growth and vital activity. The main types of prebiotics are lactulose, ditri-, oligo-, polysaccharides,
dietary fibers, amino acids and proteins, enzymes, antioxidants, plant extracts, etc. Synbiotic dairy
products are products containing both probiotics and prebiotics in their composition. This group
includes yogurts with various fruit and berry fillers, which include lactobacilli related to probiotics
and dietary fibers related to prebiotics [24]. Currently, much attention is paid to the creation of
probiotic products with the inclusion of propionic acid bacteria in them. They have unique
immunostimulating and antimutagenic properties, they take root in the intestines of people,
stimulate the growth of bifidobacteria and are capable of reducing the genotoxic effect of a number
of chemical compounds and UV rays. The positive role of propionic acid bacteria is due to their
formation of propionic acid, minor organic acids, enzymes and a large amount of vitamin B12
[25].

The creation of new food products belonging to the class of "healthy" or functional must
obey the basic rule: "Product 16 should be tasty and healthy at the same time" [26]. Milk and dairy
products are the most valuable in food and biological terms [27]. In modern Kazakhstan, products
with probiotic, functional and therapeutic properties are of particular interest among consumers.
Among the ingredients of such food products that have a regulating effect on the human body,
probiotic starter cultures that form normal microflora in the gastrointestinal tract occupy an
important place. Expanding the range and increasing the production of probiotic products based
on bifidobacteria and lactobacilli is an urgent problem and is the focus of attention of scientists
and practitioners of several leading institutes in Kazakhstan, Russia and other countries. All
fermented milk products according to the composition of the starter cultures used can be classified
into the following types: - starter cultures from thermophilic lactococci are used to produce low-
fat sour cream, cottage cheese and other fermented milk products; - starter cultures from
thermophilic lactic acid streptococci and Bulgarian sticks are used for yogurt, fermented baked
milk, etc.; - starter cultures for mixed lactic acid and alcoholic fermentation are used for kefir,
koumiss, ayran, drink "Tan"; - starter cultures from probiotic microorganisms are used for the
production of bio-kefir, drink "Tonus", bioryazhenki, etc. [28]. The health benefits of milk and
dairy products have been known for thousands of years in many dietary cultures around the world.
In response to the growing consumer interest in functional products, which are part of the
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challenges today, the dairy industry has developed many new functional dairy products, especially
fermented dairy products. The high nutritional value and health benefits of dairy products are the
result of biologically active components that are present in natural milk and due to their suitable
modification during fermentation. The use of new technological processing is of great importance
for the preservation of the existing and the formation of additional nutritional value of the final
products [29]. The most extensive group of functional nutrition products consists of dairy products.
Currently, effective probiotic products have been created on the basis of milk. This is due to the
fact that most of the microorganisms involved in the correction and stabilization of human
endoecology grow well in milk. From the point of view of functional nutrition, probiotics
containing viable microorganisms with high activity and resistant to adverse environmental factors
are of the greatest value.

Thus, the adequate use of probiotic and prebiotic products by people of different age periods,
including children, can help optimize the formation of intestinal microflora and immune response,
which, of course, will serve to prevent various human diseases.
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Abstract

The viral component of the gut microbiome has been poorly studied to date. Expanding knowledge
about the role of the virome will make it possible to use it for therapeutic and prophylactic purposes in the
future. This article shows the effect of the antibiotic drug cefazolin and the coordination compound CC-
195, used for the treatment of Staphylococcus aureus, on the diversity of viral taxa in the intestines of mice.

The samples taken from the group the infected mice treated solely with cefazolin reflect a significant
disturbance of the normal intestinal microbiota by the antibiotic therapy. The viromes of the infected mice
treated with CC-195 either alone or together with cefazolin showed the closest similarity to the original
virome in the negative control animals. So the coordination compound CC-195 is capable of stabilizing the
intestinal virome (microflora) both when used with the antibiotic and on its own.

Keywords: Metagenome, NGS sequencing, Virome, Principal Component Analysis.

Antibiotics are now the means of first choice against bacterial infections. But along with the
enormous benefits for mankind, the harm of their use is also obvious as they suppress not only the
pathogens, but also the beneficial resident microflora, primarily of the intestines, reducing its
population by 30% on average. Recovery of the normal resident microflora after one week of
application of antibiotics, then may take from 6 months to 1 year. Also, the gut microbiome can
affect the body's response to drugs by the enzymatic transformation of their structures and
alteration their bioavailability, bioactivity and/or toxicity [1-3].

The microflora of the digestive tract is a heterogeneous mixture of microorganisms. It
includes about 1000 species of bacteria, viruses, fungi, and archaea [4]. The abundance and species
diversity of microbiome varies in different parts of the intestine, reaching a maximum of 10%*°-10*?
CFU/ml in the colon. The microbiome includes a complete set of microorganisms, their genes and
metabolites. It contains 100 times more genes than the human genome [5]. Most of the intestinal
microbiota are strict anaerobes. Microorganisms colonize the intestines immediately after birth.
Their composition is influenced by the genetics and nutrition of the host, the medications he or she
takes, and the environment [6].

As a result of weakened immunity, the irrational use of antibiotics, chemotherapy, and
defects in production of enzymes, the microbial balance is disturbed up to the disappearance of
some representatives of microflora (E. coli, lactic acid bacteria, and bifidobacteria) and the
appearance of Candida fungi, Pseudomonas, Staphylococci, and Protists. There appear digestive
disorders, and when the immune system generalized forms of infection including sepsis may be
developed by the endogenous opportunistic pathogens. Therefore, monitoring species diversity of
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the microbiome, quantitative ratios of the normal and pathologenic microflora, all this is necessary
for controlling adverse effects of antibiotics and restoration of the normal microflora [7]. It has
also been proven that the intestinal microbiota plays a fundamental role in maintaining
homeostasis not only of the intestine, but also of the body as a whole down to the gene regulation
of the host. The relationships between changes in the composition of the microbiota of the
gastrointestinal tract and the development of cardiovascular diseases (chronic heart failure),
metabolic disorders (obesity, type 11 diabetes), allergic manifestations (atopic dermatitis, bronchial
asthma) and autoimmune diseases (Crohn's disease, ulcerative colitis, diabetes 1) has been
clinically proven [8-12].

Apart from bacteria, viruses are widespread in the intestinal microbiome, which are
represented mainly by bacteriophages, but also by viruses of eukaryotes (those affecting
eukaryotic cells, primarily human cells in the gut), as well as plant viruses entering the gastro-
intestinal tract (GIT) with food [13]. Viruses of eukaryotes account for about 10%. The main part
of the virome from 50% to 90%, depending on the GIT section, are crAss-like phages [14]. A
smaller part of phages is represented by the families Microviridae, Myoviridae, Podoviridae, and
Siphoviridae. Virome contributes significantly to the structure and functioning of the intestinal
microbiota, affecting the health status of the GIT [15, 16]. Changes in the abundance of viruses in
GIT can lead to chronic diseases such as Crohn's disease, ulcerative colitis and chronic recurrent
inflammatory bowel diseases. The viral component of the human microbiome is understudied and
poorly understood compared to the bacterial part of the microbiome [17]. A detailed research in
this area will shed light on the role of phages and other viruses in the stability of microbiome and
its restoration after antibiotic therapy.

Qualitative and quantitative analysis of diversity of the intestinal virome using whole-
genome sequencing has an undeniable advantage over other research methods. The information
obtained by metagenomic monitoring of fluctuations in abundance and composition of
bacteriophages can aid in improving the control over the effectiveness and possible side effects
during an antibiotic treatment of infectious diseases and drugs used for microbiome restoration.
The aim of this study was to investigate whether the newly developed iodine-containing
preparation CC-195 showing an activity against antibiotic resistant pathogens will also affect the
virome of laboratory mice when applied solely or in combination with the antibiotic cefazolin.

Materials and methods

Sample collection. White laboratory mice of both sexes were used in this study. The animals
were divided into 5 experimental groups: A) Negative control — intact animals; B) Positive control
— infected and untreated animals; C) Infected animals treaded with 100.0 mg/kg of CC-195; D)
Infected animals treated with 25.0 mg/kg of cefazolin; E) Infected animals treated with both: CC-
195 and cefazolin as described above. The mice were infected with the clinical drug-resistant strain
Staphylococcus aureus SCAID OTT1-2022. Treatment was started after microbiological and
molecular (PCR) confirmation of the infection. The drugs were administered once per day. During
the joint therapy, CC-195 was first administered per os, and the antibiotic was administered
intramuscularly after 30 minutes. The therapy was carried out for 5 days.

Whole mouse intestines were placed in 10 ml of saline solution containing 0.1% Twin 80.
The intestines were washed three times with a syringe using a minimal amount of saline. The
resulting suspension was centrifuged for 10 minutes at 500 g at 4°C to remove fecal masses and
intestinal epithelial cells. The resulting liquid was centrifuged for 10 min at 16000 g at 4°C to
obtain bacterial precipitate.

DNA Extraction. DNA samples were extracted from bacterial cells using PureLink Genomic
DNA Kits (Publication Number: MANO0000601, Revision 2.0) following the manufacturer’s
recommendations. The integrity, size, quality and quantity of the isolated genomic DNA from
bacterial strains were determined using the NanoDrop 2000c spectrophotometer (Thermo
Scientific, USA) at the optical wavelengths of 260 nm and 280 nm and by electrophoresis in 2%
agarose gels.
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Sequencing and Bioinformatic Analysis. An lon Torrent PGM sequencer (Life
Technologies, United States) was used for metagenomic DNA sequencing. DNA sequencing
library was obtained by enzymatic method using lon Xpress Plus Fragment Library kit (Life
Technologies, USA). DNA from isolates was barcoded using an Xpress Barcode Adapters Kit (Life
Technologies, USA). Sequencing of the DNA library was performed on a 318 chip using the lon
PGM Hi-Q View Sequencing Kit. All operations were performed according to the developer's
protocols. All samples were sequenced in 6 repeats.

Further processing of the DNA reads was performed using software tools as described below
with default parameter settings if not indicated otherwise. The quality control of the obtained DNA
fragments and trimming was performed using the UGENE v.44.0 program. [18].

DNA fragments were identified using the Kaiju program [19] using the NCBI BLAST
database nr: Bacteria, Archaea, Viruses. Fragments of DNA, mouse and/or human genomes were
considered contamination and excluded from the subsequent analysis. Bacterial and viral taxa were
separated using an in-house script written in the Python 2.7. Further analysis was performed using
DNA fragments affiliated with Viruses.

The program Past 4.02 [20] was used to calculate metagenome statistics. The following
parameters were calculated:

- Depth of resolution of taxonomic diversity of metagenomic samples (rarefication curves);

- Parameters of alpha-diversity of taxa in samples - SHE-analysis;

- Analysis of differences between metagenomic samples by principal component method
(beta diversity).

The principal component analysis (PCA) is a statistical method of reducing the
dimensionality of a data set by linearly transforming the data into a new coordinate system in
which (most of) the variation in the data can be described with fewer measurements than the
original data. To perform PCA, the absolute values of the numbers of DNA fragments identified
to a particular taxon were converted to percentages of the total number. Only those taxa that were
represented by at least 1% in at least one experiment were used for analysis.

A SHE analysis was performed in which the software calculated the following 3 alpha-
diversity parameters: S - the natural logarithm of the detected number of species in the sample; H
- the entropy of taxonomic diversity, also known as the Shannon index; and E - the natural
logarithm of the proportionality index of frequencies of different taxa in the sample (evenness,
In(E) = H - In(S)). Calculations were performed for consecutive series of sequenced metagenomic
samples in order to find out whether all samples belong to the same population. This approach
makes it possible to evaluate the contribution of the number of species and their equilibrium to the
evolution of diversity [21].

Results and Discussion

The effect of the coordination compound CC-195 on gut microbiome of laboratory mice
infected with the drug-resistant (DR) strain Staphylococcus aureus SCAID OTT1-2022 was
investigated study. Cefazolin was chosen as a model antibiotic for treating the infected mice as
previously it was shown in an in vitro experiment that the strain S. aureus SCAID OTT1-2022
regained its sensitivity to this antibiotic under the effect of the coordination compound CC-195.

Entire mouse intestines were used to study the gut microbiome. Intestinal microbiome
samples from the mice of each experimental group were sequenced in six repetitions. Quality
control of the obtained DNA fragments and trimming was performed using the UGENE v.44.0.

The taxonomic identity of the filtered DNA fragments was performed using the Kaiju
program. The program returns the identification results in the form of a text file specifying the
identification of each individual DNA fragment to taxonomic IDs (taxid) as they are recorded in
the database Taxonomy NCBI. Bacterial and viral taxa were separated using an in-house script
written in the Python 2.7. DNA fragment of viral origination according to Kaiju identification were
collected and analyzed.
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Statistical characteristics of mouse intestinal virome. The statistical method used to estimate
species richness of metagenomic samples is rarefication analysis. The method analyzes the
increase of species diversity with the increase of sample size by counting numbers of different taxa
in series of experiment or by subdivision of a big sample to a series of subsets of DNA reads. The
results often are represented in a form of rarefication curves (Figure 1).
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Figure 1 — Rarefication curves calculated for five metagenomic samples

Rarefication curves tend to rise rapidly with the increasing sample size, but then tend to
reach a taxonomic saturation point when further increase of the sample size does not add any new
taxonomic units. A rarefication curve shows whether the depth of sequencing of a metagenomic
sample was sufficient to recover all or the majority of species inhabiting this econiche. If the
saturation point is achieved, the highest number of discovered taxa corresponds to the observed
species richness. Figure 1 shows rarefication curves estimated by program Past 4.02 for the gut
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microbiome samples of laboratory mice at five different conditions, namely: A - negative control,
B - positive control, C - animals treated with CC-195, D - animals treated with cefazolin, E -
animals treated with cefazolin with CC-195. The program calculates the standard deviation of the
observed species richness depicted by blue lines in Figure 1.

Species richness (S) predicted by the rarefication analysis is one of the statistical parameters
of alpha-diversity of metagenomic samples. Two other popular parameters are Shannon coefficient
(H) representing the entropy of species diversity in a sample; and evenness (E) that calculates how
uniform is the sample in term of abundance of different species. Program Past 4.02 combines these
parameters in a SHE analysis on series of repeated experiments to estimate the stability of the
microbiome over time or in different repetitions of the experiment. Figure 2 shows SHE curves
calculated for each experimental repletion at five different conditions. The conditions are marked
in the same way as in Figure 1.
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Figure 2 — SHE analysis calculated for five metagenomic samples
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Let’s consider statistical characteristics of viromes at different conditions. The highest
taxonomic richness (around 40) was observed in the negative control and when the mice were
treated with cefazolin and CC-195 (Figure 1A, E). SHE curves at these conditions (Figure 2A, E)
correspond to what could be expected in the case of rich and stable microbial populations: the
observed species richness (S) steadily increases with addition of the repeated experimental samples
(small dots on the curves), whereas the evenness (E) steadily decreases due to discovering new
rare taxonomic units in every new sample of the series; and the Shannon diversity (H) fluctuates
around the average value. The statistical parameters recorded at other conditions show several
specific alterations. When the mice remain untreated (Figure 1B), or treated only with cefazolin
or CC-195 (Figure 1C, D), the virome taxonomic richness drops to 20-30 taxonomic units that
probably reflects the reduction of the whole gut microbiome in the results of infection causing an
increased immune response, and due to an antibacterial action of cefazolin. Noteworthy that the
largest drop of the species richness was observed in the samples taken from the mice treated
exclusively with cefazolin (Figure 1D).

The SHE analysis confirmed that the virome of the infected and untreated mice (Figure 2B)
as well as the mice treated with cefazolin (Figure 2D) were the most unbalanced. The SHE
parameters varied from one animal to another animal representing the individual response to the
infection and the antibiotic treatment. Interestingly, in the case of treatment of the infected animals
with CC-195 (Figure 2C), despite of the slight drop of the species richness, the virome remained
stable in all the mice of this group.

Taxonomic diversity. An overview of viral taxonomic diversity of the samples from different
experimental groups is shown in Figure 3. This analysis explains in more detail the statistical
differences between the samples discussed above.
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Figure 3 — Taxonomic diversity
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The administration of cefazolin dramatically reduces the diversity of viruses in mice
intestines compared to the negative control and the virome restored in the infected animals treated
with the antibiotic and CC-195. The virome of the animals treated solely with cefazolin is reduced
to two families of phages, Podoviridae and Siphoviridae, composing 90% of the virome (Figure
3). Some level of virome reduction can be observed the infected and untreated animals, possibly
due to an activation of their immune system; and the a less extend, in the infected animals treated
with CC-195. In all viromes, various bacteriophages were in majority represented by different
families: Podoviridae, Siphoviridae, Herelleviridae, Microviridae and Myoviridae. However, the
viruses associated with eukaryotes also were abundant including retroviruses of the family
Orthoretroviridae (a possible pathogen of mice).

Therefore, in order to identify similarity relationships between the viromes of different
experimental groups, the principal component analysis (PCA) was performed (Figure 4). The
studies predominantly use the first two principal components to display data in two dimensions
and visually identify clusters of closely related data points [22].
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Figure 4 — Plot of principal components and contributions of frequencies of different taxa to
differences between experiments

On Figure 4 it should be pointed out that the samples taken from the group the infected mice
treated solely with the antibiotic were the most distant from all the other experiments that reflects
a significant disturbance of the normal intestinal microbiota by the antibiotic therapy. The viromes
of the infected mice treated with CC-195 either alone or together with cefazolin showed the closest
similarity to each other and they also were similar to the original virome in the negative control
animals and that in the infected and untreated animals (Figure 4). This indicates that the

coordination compound CC-195 is capable of stabilizing the intestinal microflora both when used
with the antibiotic and on its own.

Conclusion

The quantitative and qualitative composition of the virome of experimental animals after
treatment with the coordination compound CC-195 and cefazolin was determined.

The biggest difference between the samples was that the use of the antibiotic apparently
leads to a significant reduction of the taxonomic diversity of the bacterial microflora that in turn
leads to a reduction in the diversity of the phages.
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An interesting finding was that the application of the coordination compound CC-195 can
stabilize the gut microflora of the infected mice and those of them treated with the antibiotic.
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JOPI-IEPMEKTEPTE TO3IM/{I THEBMOHMAHBI KOOPAWHALIMSAIBIK
KOCBLIBICIIEH EMJIETEHHEH KEWTH THIIIKAH/IAPJBIH IIIEK
BUPYCBIHBIH, CATIAJIBIK KOHE CAHJIbIK OPTYPJILIITTH TAJJAY

Tyidin

Ochl yakpITKa JCHiH ilIEK MHUKPOOMOMBIHBIH BUPYCTBIK KYPBUIBIMBI a3 3epTTEIreH. Bupom
MaHBI3IBUIBIFEl JKaWbIHAa OUTIMII KEHEHTy OoJamakra OHBI eMIIK-IPOQIIAKTHKAIBIK MaKcaTTapaa
naiganaHyra MyMKiHIIK Oepei. by Makanaza anTeIHTYCTEC CTAaQUIOKOKKTHI €M/ICY YIIH KOJIAaHbUIATBIH
nedazonua antuOuoturi MeH KC-195 koopauHaNMsIBIK KOCBUIBICBIHBIH THIIKAHAAD IMICKTEpPiHICTI
BUPYCTHIK TAKCOHAAPABIH SPTYPJILIIriHE 9cepi KOPCETIIreH.

Tek 1edazonuHMeH eMJeNTreH aypy THIMIKAHIAp TOOBIHAH alibIHFaH YJTiJIep aHTUOAKTEePHSIIBIK
Tepanusi HOTHKECIHAE KAIBINTHI ilIeK MUKPOOMOTACHIHBIH alTapibIKTail 0y3butybIH Kepeeteni. KC-195-
TiH TEK ©3iH HeMece 1eda3onrHMeH Oipre KaObliaraH aypy ThILIKaHIAPpAbIH BUPOMAAPHI Tepic Oakpuiay
TOOBIHIAFBI JKaHyapJIapblH 0acTalKbl BUPOMbIHA €H JKaKbIH YKcacThIFbIH KopcerTi. Conbimer, KC-195
KOOPJMHALUSJIBIK KOCBUIBICHI aHTHOMOTHKIICH Oipre KOJJIaHFaHIA Ja, ©3MIrHEH Je 1IIEeK BUPOMbBIH
(MukpodIOpackiH) TypaKkTaHbIPYFa KaOijaeTTi.

KinTri ce3aep: merarenom, NGS cexkBeHHpIICY, BUPOM, HET13T1 KOMIIOHSHTTEP1 Talaay.
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AHAJIN3 KAYECTBEHHOT'O U KOJIMYECTBEHHOI'O
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AHHOTANUA

BupycHas cocraBisromas KWIIEYHOTO MHKPOOMOMa Ha CEeTONHANIHWNA JE€Hb Majl0 HW3ydYeHa.
Pacmmpenne 3HaHWil O poONM BHpPOMa IO3BONHMT B OyAyIIeM WCIIONB30BaTh €ro B JiedeOHO-
npo(UIaKTHUECKUX IIeNIAX. B 3TOH cTaThe TOKa3aHO BIUSHUE AaHTUOMOTHKA [eda3oinHa U
KoOpAMHANMOHHOTO coeanHeHuss KC-195, ncnons3yemMbIx s JICYCHHS 30JI0TUCTOTO CTa()UIOKOKKA, HA
pa3zHooOpasne BUPYCHBIX TAKCOHOB B KHUIIIEYHUKE MBIIIEH.

OO0pasipl, MoydYeHHbIE Y TPYIIBl HHOUIIMPOBAHHBIX MBIIICH, MOMYyYaBIIMX TOJBKO Ie(a3oiuH,
OTPaXAalOT 3HAYUTENHHOC HapylIeHHe HOPMalbHOH KHUIIEYHOW MHUKPOOMOTHI B  pE3yJbTaTe
aHTHOAKTEepHATBHON Tepanuu. BupoMbl nHOHUIMPOBAHHBIX MBIIIEH, morydaBmux Tepanuio KC-195 mbo
OTHENbHO, MO0 BMecTe ¢ IMe(a30JIMHOM, ITOKA3aJId CXOJCTBO C HCXOMHBIM BHPOMOM Yy JKHBOTHBIX
oTpuIarenbHoro KoHTpois. Tak, koopauHanmonHoe coenuHeHue KC-195 cnocoOHO cTabmimm3npoBaTh
KHIIEYHBIN BUPOM (MHKPOQIIOpY) KaK IMPH MPUMEHEHUH BMECTE C aHTHOMOTHKOM, TaK U CAMOCTOSTEIHHO.

KaloueBsble cnoBa: merareHoM, NGS-ceKBeHUPOBaHHUE, BUPOM, aHAJIN3 TIIaBHBIX KOMITOHEHT.

AHTHOMOTHKY Ha CETOMHSAIIHNN IeHb SIBIAIOTCS ITaHallee OT MHOKecTBa 3a0oneBanuii. Ho
Hapsy C OTPOMHOM MOJIB30M JJISl UEIOBEUECTBA TaK e OUEBUICH M Bpel OT UX npuMeHeHus. OH
MPOSIBIISIETCS] B arPECCUBHOM BMEILIATENILCTBE HE TOJIBKO B JKU3HEACITEIbHOCTh 00JI€3HETBOPHBIX
MHUKPOOPTaHU3MOB, HO W B YIHETEHHHM pOCTa MOJIE3HOW MHUKpPO(IOpHI, B TEPBYIO OYEpelb
KHILEYHHUKA, CHIKasl €€ YUCIIEHHOCTh B cpeaHeM Ha 30%. BoccranoBienne HopModaopsl mocie
HEJIEIbHOTO Kypca MpHeMa aHTMOMOTUKOB MOXKET COCTaBIATh OT 6 mecsueB a0 1 roga. Taxxke
MUKpPOOHOM KHIIEYHHUKA MOXKET MOBJIUATH HAa PEAKIIMIO OPraHu3Ma Ha JIEKapCTBEHHOE BEIIECTBO
nyrteM ()epMEHTAaTHMBHOTO MpPeoOpa3oBaHUsl €ro CTPYKTYphl M W3MEHEHHs] OMOJOCTYIHOCTH,
OMOaKTUBHOCTH MJIM TOKCHYHOCTH [ 1-3].

Mukpogaopa NUIIEBAPUTEIBHOIO TpPaKTa MNpPEACTaBIseT OO0 TeTepOreHHYyl CMECh
MHUKpoopranu3mMoB. B ee coctaB Bxoaut okosnio 1000 BugoB OakTepuii, BUPyCOB, TPHOOB M apXxei
[4]. KonruecTBO 1 BUIOBOE pa3sHOOOpa3re MUKPOOPTaHU3MOB B PA3JIMYHBIX OTAeNaX KUIICYHUKA
Pa3HHTCS, JOCTHTas MAaKCHMalbHBIX TokKaszaTened B Toicroii kumke 10'°-102KOE/mo.
Muxkpo6uom BKJIIO4aeT B ceOsl MOTHBIA HAOOP MUKPOOPTaHU3MOB, UX T€HOB U MeTa0oauTOB. OH
comepxut B 100 pa3 Oosblie TEHOB, 4eM TIeHOM duejoBeka [5]. BOJbIMMHCTBO KHUIIEYHON
MHUKPOOHMOTHI SIBJISIETCS CTPOTUMH aHa’dpoOaMu. MHKpOOPraHU3Mbl KOJOHM3HPYIOT KHIIECUYHUK
cpazy mociie poxaeHus. Ha mx cocraB oka3plBaeT BJIMSHUE T€HETHKAa M MHUTAHUE XO35MHA,
IIPUHUMAEMbIE UM JIEKapCTBEHHBIE MIPENapaThl, a TAKXKE OKpyrKarolas cpeaa [6].

B pesynbTare ocnabieHuss UMMYHUTETa, HEPALMOHAIBHOTO NMPUMEHEHHS] aHTUOMOTHKOB,
XUMHOTEpanuu, 1eeKkToB B BeIpaboTKe (PepMEHTOB HapylIaeTcss MUKPOOHBIH OanaHC BIUIOTH J10
MCYE3HOBEHUSI HEKOTOPBIX IIpeIcTaBUTeNIe MUKPOGDIOPHI (KUILIEYHON MaTOUYKH, MOJIOYHOKHUCIIBIX
u 6uuaobaxTepuil) U nMosiBICHUS TPUOOB PO/Ia KaH 11, CHHETHOMHON MAJIOUKH, CTAQHUIOKOKKOB
u npotei. [losBaAOTCA paccTpoilcTBa MUINEBAPEHUS, a NMPU CHUKEHUHM UMMYHUTETAa MOYKET
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pa3BUTHCS TeHEpaJIn30BaHHAs (hopMa SHAOTEHHONW MH(pEKIMH BIUIOTh 10 cemncuca. [losromy,
MOHHMTOPHHT BUJIOBOTO pa3HOO0Opa3us MUKPOOPTaHU3MOB, UX KOJMYECTBEHHOTO COOTHOILIEHUS B
HOpPME M TPH PA3JIMYHBIX MATOJIOTUSAX, HEOOXOAUM Il Pa3pabOTKM PAa3IMYHBIX MOJIXOAOB B
BOCCTAaHOBJICHUM MHUKpoOHmoreHo3a [7]. Takxke gokazaHO, YTO KHIIEYHass MHKPOOHMOTa UTpaeT
(GyHIaMEHTANBHYIO pOJIb B TMOAJCPKAHUUM TOMEOCTa3a HE TOJIBKO KHIIEYHUKA, HO U BCEro
OpraHu3Ma B LI€JIOM BIUIOTH J0 T'€HETHUYECKOro ypoBHs. KiMHHuYeckHM TO0Ka3aHa B3aUMOCBS3b
U3MEHEHHMsS COCTaBa MUKPOOHOTO MPOQMIS JKEeNyJOYHO-KUIIEYHOIO TPaKTa C pa3BUTHEM
CEPICUYHO-COCYAUCTRIX  3a00JieBaHMK  (XpOHHYECKass  CepAcYHas  HEJOCTaTOYHOCTH),
HapylIeHUsIMA OOMEHa BellecTB (0XupeHue, caxapHblii nuaber |l Tuma), amnepruyeckumu
(aromuueckuii IepMaTUT, OpOHXHATbHAS aCcTMa) M ayTOUMMYHHBIMU 3a0o0yieBaHUsIMU (00JI€3HB
KpoHa, si3BeHHbII KOIWT, caxapHbii auader 1) [8-12].

[Tomumo OakTepuil, B MHKpPOOMOME KHIIEYHHMKA IIUPOKO PACIpPOCTPAHEHBI BHUPYCHI,
KOTOpbIE TPE/CTaBICHbl B OCHOBHOM OakTepuodaramu, HO TakKe M BHPYCAaMH 3YKapuOT
(mopakarolMMH dYKapuOTHYECKHE KIIETKU, B MIEPBYIO OYEPEIb KJIETKU YEJIOBEKA B KUIIIEUHUKE),
a TaK)K€ PacTUTEIbHBIMU BHPYCAMHM, MMONAJAIOIIUMHU B XkenynouHo-kumeuHslil Tpakt (JKKT) ¢
nuei [ 13]. Bupycel aykaprot coctaBisiroT 0kosio 10%. OcHoBHY0 yacTh Bupoma, ot 50 10 90%,
B 3aBucuMocTH oT oTaena XKKT, coctaBnsior crAss-nogo0Hbie (aru [ 14]. MensbIas yactb (aro
npezcrasicHa cemeiicteamu Microviridae, Myoviridae, Podoviridae u Siphoviridae. Bupom
BHOCHUT 3HAYHUTENIbHBIN BKJIaJ B CTPYKTYPY U ()YHKIIMOHUPOBAHUE KUIIEYHON MUKPOOUOTHI, BIHSAS
Ha coctosiHue 310poBbsi JKKT [15, 16]. U3menenus konumdectBa BupycoB B JKKT moryt npusectu
K XPOHHUYECKHUM 3a00JIeBaHUSM, TaKHUM Kak Oose3Hb KpoHa, sSI3BEHHBI KOJIMT M XPOHHUYECKHE
pPeLUAMBHUPYIOIINE BOCHAIUTEIbHBIE 3a00JieBaHUSl KUIIEUYHUWKA. BUPYCHBII KOMIIOHEHT
MHUKpOOHOMa YeIOBEKa HEIOCTaTOYHO M3YUEH U IUIOXO M3YYEH IO CPAaBHEHUIO ¢ OaKTepUaIbHON
yacThio MuKpobuoma [17]. [logpoOHBIE MCccmeoBaHUs B 3TOW 00JIACTH MPOJIBIOT CBET HA POJIb
daroB W JApyrux BHPYCOB B CTaOWJIBHOCTM MHKPOOMOMAa M €ro BOCCTAaHOBJIGHUH IIOCIIE
aHTHOAKTEepUaILHOM TepaIui.

KauecTBeHHBIN 1 KOJMUYECTBEHHBIN aHATIN3 Pa3HOOOpa3usl KUIIEYHOTO BUPOMA C TOMOIIIBIO
MOJIHOTEHOMHOT'O CEKBEHHPOBAaHUS HMMEET HEOCIOPHUMOE MPEUMYIIECTBO TNepes APYruMU
MeronaMu uccnenoBanus. HWupopmanms, moidydeHHas B pe3yjibTareé METareHOMHOI'O
MOHMTOPHHIA KOJIeOaHUI YMCIEHHOCTH M cOCTaBa OakTepuoaros, MOXKET IOMOYb B YIyUIIEHUN
KOHTPOJNS 3a A(PPEKTHBHOCTHIO M BO3MOXXHBIMHU TOOOYHBIMH J(PQeKTaMu TNpH JeUYCHUU
MH(MEKIMOHHBIX 3a0o0JieBaHUN aHTHOMOTHMKAMU U MpenaparaMd JUisi BOCCTaHOBIICHUS
MHUKpoOHroma. Llenp HACTOSIIEro MCCeAOBAaHUS COCTOsUIa B TOM, YTOOBI BBISICHUTH, OYyIeT Ju
BHOBb pa3paboTaHHbIi Hoaconepxkamuid mpermapat KC-195, obmamaromuii aKTUBHOCTHIO B
OTHOILIECHUH YCTOWYHMBBIX K aHTHOMOTHKAM MAaTOTE€HOB, TAKXKE BIUATH HA BUPOM J1aOOPaTOPHBIX
MBILIEH MpY TPUMEHEHUHU OTJENbHO WM B KOMOMHALINY C aHTUOMOTUKOM 11e(ha30IMHOM.

MarepuaJbl 1 MeTO/bI

C6op oOpa3ioB. B nccinenoBannu HCmonb30Basid ONbIX JIAOOPATOPHBIX MBIIIEH 000ero
nosia. JKUBOTHBIE OBLIM pa3fieleHbl Ha 5 AKCIEPUMEHTANbHBIX Tpynm: A) OTpumarelbHBINA
KOHTPOJIb — WHTAKTHBIC >XUBOTHBIC; b) [lomoXUTEenbHBI KOHTPOIb — HH()HUIMPOBAHHBIE U
HeJIeueHHbIe XUBOTHBIC, B) MHpumpoBanueimM xuBoTHRIM BBOAMWIM 100,0 mr/kr KC-195; IN)
WndunupoBanupie *KUBOTHBIE, monydasBime 25,0 mr/kr nedasonuna; [[) MudunupoBaHHble
JKUBOTHBIE, 00paboTanHbie kak KC-195, Tak m medazoamHOM, KaKk OMHMCAHO BhIIe. Mblmiei
3apa)kalii JIeKapCTBEHHO YCTOWYMBBIM KinMHHYeckuM mrammomM Staphylococcus aureus SCAID
OTT1-2022. JleyeHue HaYMHAIM IOCIE MHKpoOHoiornyeckoro u Mosekyispuaoro (ITL[P)
noareepxkaeHus napekmuu. [IpenapaTsl BBOAWUIN OJUH pa3 B CyTKH. [Ipyu COBMECTHOMN Tepanuu,
CHavyaJla BBOAWIM KoopauHanmoHHoe coenuHenne KC-195 per o0s, uwepes 30 MwuHYT
BHYTPUMBIIIIEYHO BBOAMIIA aHTHOUOTHK. Tepamnusi mpoBouIach B T€UCHHUE 5 THEH.

Kumeunuk Mplmu  (MOTHOCTHIO) moMemand B 10 mi1  (U3MOIOTHYECKOTO pacTBopa,
conepxkauiero 0,1% Tsuna 80. KumeuHuk Tpukapl NPOMBIBAIM MUHUMAJIbHBIM KOJINYECTBOM
dbusnomornueckoro pacteopa. [lomydeHnyro cycrensuto nentpudyruposanu 10 munyt npu 5009

95



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

npu temmneparype 4°C s ypaigeHus (EKaldbHBIX MacC M KJIETOK OSIUTENUs KUIICYHHKA.
[TomydyeHHYI0O HAMOCANIOYHYIO KHUAKOCTh UeHTpudyrupoBanu 10 mur npu 160009 npu
temrneparype 4°C nist nosydeHus: 0akTepUuanbHOTO 0CaIKa.

Oxcrpaknus JHK. O6pasuer JIHK wusBnekanum w3 OakTepuagbHBIX KIETOK C
ucnons3oBanueM HaOopa PureLink Genomic DNA Kit (Homep myOmukanuu: MANO0000601,
penakius 2.0) B COOTBETCTBHM C peKOMEHAAUUIMHU MpousBoauTens. LleaocTHoCTh, KauecTBO U
KOJINYEeCTBO BbIeieHHOM reHomHoM JIHK u3 OakrepuanbHBIX IITaMMOB OIpENENsIN Ha
cnektpodoromerpe NanoDrop 2000¢ (Thermo Scientific, CIIIA) npu aiMHax BOJH ONTHYECKOTO
usnydeHus 260 u 280aM 1 MeTo10M 31eKTpodopesa B 2% arapo3HOM rele.

CexBeHnpoBaHne U OMOMHGOPMAIIMOHHBIN aHan3. JJI1 CeKBEHHUPOBAaHMSI METAareHOMHOU
JHK ucnons3oBanmu cexBenatop lon Torrent PGM (Life Technologies, CIIIA). JIHK 6ubnuotexy
noydayii (pepMEHTaTHBHBIM METOJIOM C HCIojib3oBaHreM Habopa lon Xpress Plus Fragment
Library (Life Technologies, CIIIA). bapkoauposanue JAHK npoBoamim ¢ momomuisio Habopa
Xpress Barcode Adapters (Life Technologies, CIIIA). CexBenupoBanue Oubmmorekn JIHK
ocymecTBsuM Ha uune 318 ¢ ucnonb3oBanueMm Habopa mis cekBenupoBanus lon PGM Hi-Q
View. Bce omnepanuu mpoBOAMINCH COTJIACHO MPOTOKOJaM paspaboTtunka. Bee oOpasmpl Obun
CEKBEHHUPOBAHbI B 6 OBTOpaX.

HanpHelmyto o6pabotky mnonydeHHbIXx puaoB JHK mnpoBogmnmm ¢ wucmons3oBanuem
nporpaMM, ¢ HacTpoilKaMH MapaMeTpoB MO YMOJYAaHHUIO, €CIM He yKa3aHo uHoe. KoHTpousb
KauyecTBa mojiyueHHbIX (parmentoB /IHK u TpuMMUHT mpOBOAMIN C MOMOIIBIO MPOTPaMMBbI
UGENE v.44.0. [18].

®parmentsl JJHK nnentudumuposanu ¢ momomipio mporpamMmbl Kaiju [19] mo 6a3e nanHbIX
NCBI BLAST nr: Bacteria, Archaea, Viruses. ®parmentst [AHK, MbimmmHoro wn/nim
YeJIOBEYECKOT0 TEHOMOB CUMTAJIMCh 3arpsI3HEHUEM U MCKIIIOYAINCh U3 MOCIEIYIOIIETo aHallnu3a.
Paznenenue 6akTepuaIbHBIX U BUPYCHBIX TAKCOHOB OCYIIECTBIISIOCH IPU TOMOIIM COOCTBEHHOTO
CKpHUIITAa, HAMMCAHHOTO Ha s3bIKe mporpammupoBanus Python 2.7. [lanpHelmuii aHamm3
IPOBOJWIICS IO (PparMeHTaM, UACHTU(PHUIIMPOBAHHBIM KaK TaKCOH Viruses.

J171s BBIYMCIIEHUS CTaTUCTUYECKUX JAHHBIX METareHOMOB HCIT0JIb30Bajlach Mporpamma Past
4.02 [20]. Beruucnsiuce cleayonue napaMmerpsl:

- 'nyOuna paspemeHusi TaKCOHOMHYECKOTO pa3HOOOpa3us METareHOMHBIX 00pasIioB

(KpUBBIE pa3peKeHUs );

- [TapameTps! anbda-pasHooOpa3ust TAKCOHOB B o0Opa3nax - SHE-ananus;

- AHanM3 OTIMYUI MEXIY METareHOMHBIMH O0pa3laMH METOJOM TJIABHBIX KOMITOHEHT
(6era-pazHoobpasue).

Meton rtnaBHbix KoMmmoHEeHT (PCA) — »3TO cTaTUCTUYECKUI METOA YMEHBIICHUS
pa3MepHOcTH Habopa AaHHBIX MyTEM JMHEHMHOro MpeoOpa3oBaHUs JAHHBIX B HOBYIO CHUCTEMY
KOOpJMHAT, B KOTOPOW (OONBIIYI0 YacTh) BapHAllMM JIaHHBIX MOXKHO OINKCATh C MEHBIIUM
KOJIMYECTBOM M3MEPEHHH, YeM ucXoaHbIe JaHHbIe. s mpoenennst PCA aOGcomoTHbIC 3HaYEHUS
yucna QparmentoB JIHK, wuneHTHQHUIMPOBAHHBIX /O ONpEAEICHHOTO TaKCOHA, ObUIH
npeoOpa3oBaHbl B MPOIEHTHI OT oOmiero ywcna. s aHanM3a MCHONB30BAINCh TOJIBKO TE
TaKCOHBI, KOTOpbIE OBbUIH MpeAcTaBiIeHbl HE MeHee 1% XOTs Obl B 0JHOM dKcriepuMente [21].

beun nposenen SHE-ananu3, B Xoie KOTOpOro mporpamma paccuuraina ciaeayroumme 3
napameTpa anbda-pazHooOpasus: S - HaTypalbHBIH JorapudM OOHAPYKEHHOTO KOJIWYECTBA
BUJIOB B 00pasiie; H - sHTpomHsi TaKCOHOMHYECKOTO pa3HOOOpa3usi, I3BECTHAS TaK)Ke KaK MHJIEKC
[llennona; E - HaTypanbHbIil JorapudM mokasaress MPONOPIHOHATFHOCTH YacTOT Pa3IMYHBIX
TakCOHOB B BBIOOpKe (paBHOMepHOCTH, In(E) = H - In(S)). Pacyersl mpoBomunmch st
MOCIEI0OBATENbHBIX CEPUNM CEKBEHUPOBAHHBIX METAareHOMHBIX 00pa3loB, YTOOBI BBISICHUTD,
MPUHAJISKAT JIK BCE 00pasIbl K OJHON U TOH ke MOonmyasiuu. Takoi moIXo/ MO3BOSIET OIICHUTh
BKJIAJ] YMCJIa BUJIOB M UX PaBHOBECHS B 3BOJIIOLIUIO pa3HOOOpa3usl.
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Pe3yabTaThl U 00Cy:KIeHUE

HccnenoBano BhusHHE KoopauHamuoHHOro coeauHeHuss KC-195 Ha wmukpoOumom
KUIIEYHNKa Ja0OpaTOPHBIX MBINIECH, WHOUIMPOBAHHBIX JIEKapCTBEHHO-yCTOWYMBBIM (JIY)
mrrammomM Staphylococcus aureus SCAID OTT1-2022. B kauecTBe MOAEIBHOTO aHTHOMOTHKA JIST
Je4eHUs] MHPUIIMPOBAHHBIX MBIIICH ObUT BEIOpaH 11e(ha30IiH, TaK KaK paHee B SKCIIEPUMEHTE in
Vitro GbLJI0 MMOKa3aHO BOCCTAHOBJICHHE YyBCTBUTEIbHOCTH ITamma S. aureus SCAID OTT1-2022
K 9TOMY aHTHUOMOTHUKY O] IEHCTBHEM KOOpAWHAIMOHHOTO coeaunenust KC-195.

Jis u3ydeHuss MUKpoOMOMa KHIIEYHHKA HCIIOJIB30BAIU LEIbHBIA KHIIEYHUK MBbIIIEH.
OOpa3ipl  KUIIEYHOTO  MHUKpOOMOMa  MBIIEH  KaXJOW  OKCIIEPHUMEHTAIBHOW  TPYIIIBI
CEKBEHUPOBAIM B IecTH ToBTopax. KoHTpons kadecTtBa moiydeHHbIX ¢parmentoB JJHK u
00pe3ky nmpoBoauiu ¢ nmomoirsio mporpamMmmbl UGENE v.44.0.

TakCcOHOMUYECKYIO TTPUHAIIC)KHOCTh OTPMIbTpoBaHHBIX (pparmenToB JIHK mpoBoaumm ¢
nomoIeio nporpammsl Kaiju. IlporpamMma Bo3Bpamiaer pe3ynbTaThl MACHTHU(UKALUU B BHUJE
TEKCTOBOTO (haiiyla ¢ yKazaHWeM HIeHTU(HKAIMK Kaxaoro oraeiabHoro ¢gparmenra JHK mo
TaKCOHOMHMYECKUM HieHTH(PHKaTopam (taxid) mo Mepe ux perucrpaunu B 0a3ze JaHHBIX Taxonomy
NCBI. bakrepuanbHble ¥ BUPYCHBIE TaKCOHBI OBLIM pPa3JeiCHBI C MOMOIIBIO COOCTBEHHOTO
cKkpumnra, HamucaHHoro Ha Python 2.7. lanmpHeimuii aHamu3 npoBoawscs MO (parMeHTam
UACHTU(PUIIMPOBAHHBIX U OTCOPTUPOBAHHBIX KaK Viruses.

Craructuyeckue XapakTepucTUKa BUPUOMA KUIIEUYHUKA Mblleil. CTaTUCTUYECKUM METO[,
UCIIONIb3YEMBIN ISl OLIEHKM BUIOBOrO OOraTcTBa MO pe3yjibTaraM OTOOpa Mpod, Ha3bIBaeTCs
papedukarueii. MeToa MO3BOJISIET aHAJIM3UPOBATH YBEIMYEHHUE BHUIOBOTO pa3zHOOOpasus c
YBEJIMYEHUEM pa3Mepa BHIOOPKH MyTEM IMOJcUueTa KOJIMYECTBA Pa3IMYHBbIX TAKCOHOB B CEpUU
HKCIIEPUMEHTOB HJIU ITyTeM pa3zeieHHus OO0JbIIOi BEHIOOPKH HA CEPHUIO TTOMHOKECTB IMPOUTCHUN
JAHK. Pe3ynmbrarhl 4yacTo mMpeacTaBieHB B BUJIEC papedHUKAIMOHHBIX KPUBBIX (PUCYHOK 1).
Papeduxanronnbie KpuBble UMEIOT TEHICHLMIO K OBICTPOMY POCTY C YBEIHYEHHEM pa3zMepa
BBIOOPKH, HO 3aTe€M MPOMCXOAUT JIOCTHXKEHHE TOUYKH TAaKCOHOMHUYECKOTO HACBILIEHHS, KOrjaa
JanpHelIee yBeInueHHe pa3Mepa BHIOOPKH He 100aBiIsieT HUKAKMX HOBBIX TaKCOHOMHYECKUX
eaunul. PapedukanmonHas KpuBas IOKa3blBaeT, Oblia JM TiOyOMHAa CEKBEHUPOBAHUS
METareHOMHON BBIOOPKH JOCTaTOYHOW JUIsi BOCCTAHOBJICHMS BCEX WJIM OOJIBIIMHCTBA BH[OB,
HACEJNIAIOIINX 3Ty SKOJIOTHYECKyto HuIy. [Ipu HOCTH)KEHHH TOYKM HACBILIEHUS HaumOOJbIlIee
KOJINYECTBO OOHAPYKEHHBIX TAKCOHOB COOTBETCTBYET HAOII01aeMOMY BHI0BOMY OoraTcTBy. Ha
pucyHke 1 mpencTaBieHbl papeUKaluOHHbIE KPUBBIE, PACCYMTAHHBIE JIJI1 00Pa31[0B KUIIEYHOTO
MHUKpOOMOMa J1a0OpaTOpHBIX MbILEH B NATH Pa3IUYHBIX YCIOBHMSX, a HMMEHHO: A —
OTPHULATEIbHBIA KOHTPOJIb, b — MOJIOXKUTENbHBIN KOHTPOJIb, B — kuBOTHBIE, mosy4aBine KC-
195, I' — uBOTHBIE, MoNMy4aBiuue nedaszonut, Jl - ;kuBoTHbIe, nmonydasume 1edaszonun ¢ KC-
195. MeTon Tak)ke BBIUMCISAECT CTaHIAPTHOE OTKJIOHEHHME HaOJI0/1aeMOro BHAOBOTO OOTraTCTBa,
MIOKa3aHHOIO CUHUMH JIMHUSIMU Ha PUCYHKE 1.

BunoBoe GorarcTBo (S), MpOrHO3MpyeMOE C TMOMOIIBI0 papedUKAIMOHHOTO aHan3a,
SBIISICTCS. OJHUM M3 CTATHCTUYECKUX TapaMeTpoB allb(ha-pazHo00pa3nsi METareHOMHBIX BHIOOPOK.
JIByMsT npyruMH  TIONMYJISSPHBIMU  mapaMmeTrpamu  sBisitorcst  koddduiment Illennona (H),
NPECTaBIISIOMINN SHTPOIHIO BUI0BOTO pa3Ho00pa3us B o0pasie; u paBHoMepHOCTH (E), koTopas
paccUMTHIBAEeT, HACKOJIBKO OIHOPOJHA BBHIOOPKA C TOYKM 3PEHUS OOMIMS PA3IUYHBIX BHJIOB.
[Iporpamma Past 4.02 oOwveaunsier 3t mapamerpbl B SHE-anammusze cepum mNOBTOPHBIX
9KCIIEPUMEHTOB JUIsl OLEHKU CTaOMJIBHOCTH MUKpOOHMOMa BO BPEMEHHU WM B Pa3HbIX MOBTOpax
skcniepuMmenTa. Ha pucynke 2 noka3ansl kpusble SHE, paccuntannble 1 mectu MoBTOPOB IpU
ISTU PA3JINYHBIX YCIOBUAX. Y CJIOBHS 0003HAUEHBI TaK ke, Kak Ha pUCYHKe 1.
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[Ipumeuanue - A - OTpUIIATENBHBIN KOHTPOJb, b - MOJOXUTENbHBIH KOHTPOIb, B - )KMBOTHBIE,
nony4apmue KC-195, T" - ;xuBoTHBIE, oydaBiime nedas3onut, /| - )KUBOTHBIE, TIOTy4YaBIIne 1eda3onnH
¢ KC-195. Kpacnas nunus — papeukaiioHHas KpUBasi, CHHUE JTHHUHU — TOBEPUTENbHBIA HHTEpBaAT 95%.

Pucynok 1 — PapeukanroHHbie KpUBbIE, PACCUMTAHHBIC IS ITH METATCHOMHBIX 00PA3I0B
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Pucynok 2 — SHE-aHanu3, pacCYMTaHHBIN JJIs IISATH METar€HOMHBIX 00pa3IoB

PaccmoTpuM craTrcTHYECKHE XapaKTePUCTUKN BHPOMOB B Pa3HBIX YCIIOBHUsAX. Hanbonpmee
TaKCOHOMHYECKOe pa3zHooOpasue (okono 40) HaONr0AanoCh B OTPULATEILHOM KOHTpOJIC U B
TpYIIe MPYU KOMIUIEKCHOM JieueHun Mbliiel nedazommuaom u KC-195 (pucynok 1A, J1). Kpussie
SHE B atux ycnoBusix (pucyHok 2A, JI) COOTBETCTBYIOT TOMY, YTO MOKHO OBLIO OBl 0KHJIATh B
ciydae O00oraThlX M CTAaOMIBHBIX MUKPOOHBIX MOMYJISAIMI: HabII01aeMoe BUA0BOE O0raTcTBO (S)
HEYKJIIOHHO YBEJIIMYUBAETCS C J00aBICHHEM IMOBTOPHBIX JKCIHEPUMEHTATBHBIX 00pa3IiloB
(ManeHbKHE TOYKHM Ha KPHUBBIX), TOTJA KaK BhIpaBHEHHOCTH (E) HEYKIIOHHO CHMXaeTcs 3a cueT
OoOHapyXeHHSI HOBBIX PEIKHX TAKCOHOMUYECKHX CJIMHHIl B KaXXJIOW HOBOW BBIOOpKE CepuH; a
pazHooOpa3ue Illennona (H) komeGmercss Bokpyr cpeaHero 3HavyeHHs. CTaTHCTHYECKHE
napaMeTphl, MOJNyYEeHHbIE B APYTUX AKCIEPUMEHTATBHBIX TPYIIAX, MOKA3bIBAIOT HECKOJIBKO
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cneunpuyecknx uzmeHenud. Korga mpimm ocratorcst 0e3 neuenus (pucyHok 1b) wnm nomydaror
tonbko 1edazonun win KC-195 (pucynok 1B, 1I'), TakcoHOMHUUYeckoe 60raTcTBO BUpOMa MaaaeT
70 20-30 TaKCOHOMHMYECKUX €IUHMII, YTO, BEPOSITHO, OTPAXKAECT CHUIKEHHUE MUKPOOHOMa BCETo
KUILIEYHUKA B pe3yibTare MH(PEKLNHU, BHI3IBAIOLICH MOBBIIIEHHBIH IMMYHHBIH OTBET, U 33 CUET
aHTHOAKTepUaIbHOrO JeicTBusl nedaszonuHa. llpumedatensHo, 4TO HaWOOJbIIEE IAJCHHUE
BHUJIOBOTO pa3HOOOpa3usi HAOIMIOJanoch B 00pa3lax, B3SATBIX Y MBIIICH, TMOJyYaBIIUX
UCKJTIOUUTENIFHO aHTUOMOTHK 11eazonuH (pucyHok 1I0).

SHE-anamu3 moaTBepAwII, 9TO BUPOM HUH(PHUITUPOBAHHBIX U HEJICYCHBIX MBIIICH (PHCYHOK
2b), a TakKe MBbIIEH, MoNyyaBIIUX TONbKO Iedazonud (pucyHok 2I), Obm Hambomee
HecOamancupoBanHbIM. [lapamerpsr SHE BapbupoBamuchk OT OJHOTO XKHUBOTHOTO K JIPYyTrOMYy,
OTpakast HHAUBHIYAJTbHYIO PEAKIIUIO Ha NH(EKIHNIO U JieueHne aHTHOMOTHKOM. MHTepecHo, 4To
B Ciydac JICYCHHS HHQHUIIMPOBAHHBIX >KMBOTHBIX KOOPIMHAIIMOHHBIM coenuHeHneM KC-195
(pucynok 2B), HecMOTpss Ha HeOONBIIOE MAJCHHWE BHIOBOIO OOraTcTBa, BHPOM OCTaBAJICA
CTAOWJIHHBIM Y BCEX MBIIICH dTOW TPYIIIIHI.

TakcoHomuyeckoe paszHooOpasue. O030p BHPYCHOTO TAaKCOHOMHYECKOTO pPa3sHOOOpas3us
00pasIoB M3 pa3HBIX IKCICPUMEHTAIBHBIX TPYII MOKa3aH Ha PUCYHKE 3. DTOT aHamu3 OoJiee
NOAPOOHO OOBACHSET CTATUCTHUECKUE PA3IMUYUSI MKy 00pa3iamu, 00CYKIaBIIMMHUCS BBILIE.

1007 o — = — (oo
90 - - - Iridoviridae
- e Demerecviridae
. Ackermannviridae
80 Pithoviridae
m Peduoviridae
70 - M Flaviviridae
W Bacteroides phage
60 - Straboviridae
m Circoviridae
m CRESS virus sp.
50 - B Autographiviridae
W Mimiviridae
40 - ® Marseilleviridae
Inoviridae
30 ® Microviridae
® Phycodnaviridae
20 M Caudovirales phage
M Mastadenovirus
M Myoviridae
10 - M Herelleviridae
M Retroviridae
0 - iphoviridae
A B C D E m Podoviridae

[Mpumeuanue - Ilo ocu abcryicc TpesiCTaBICHBI HUCCIEAyeMble TPYIIBI, MO OCH OpPJHHAT -
KOJIMYECTBO TAKCOHOB B %. A - OTpHUIIaTEeNIbHBINA KOHTPOIIb, b - MON0XUTENbHBIN KOHTPOJIb, B - )KUBOTHEIE,

nony4apmue KC-195, T" - sxuBoTHBIE, moyyaBiue nedaszonut, J - »KMBOTHBIE, TOTydYaBIIne 1eda3onuH
¢ KC-195.
Pucynok 3 - TakcoHommuueckoe pazHooOpasue

Hcnonb3oBanue ToybKO 1edazonrHa pe3Ko CHUXKAET pa3HOo00Opa3re BUPYCOB B KUIICUHUKE
MBIIIEH 1O CPaBHEHUIO C OTPULATEIBHBIM KOHTPOJIEM M BOCCTAHOBIICHHBIM BHPOMOM Y
JKUBOTHBIX, TOJYYaBIIMX KOMOWMHUPOBaHHYIO Tepamuto aHTuOmotkoM u KC-195. Bupomsbr
JKUBOTHBIX, TOJYYaBIIUX TOJBKO Ie(a30siiH, pPEeaylHpPOBaHBI 1O JBYX CEeMEHCTB (haros,
Podoviridae u Siphoviridae, cocrasmsronx 90% Bupoma (pucyHok 3). HeGounbioit ypoBeHb
CHI)KCHHSI BUpOMa HaOmrofaeTcs y MHQUIIMPOBAHHBIX U HEJICUEHBIX XUBOTHBIX, BOZMOXKHO, 32
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CYeT aKTHBAIIMH X UIMMYHHOU CHCTEMBI; M B MEHBIIICH CTETICHU - Y HHPUITUPOBAHHBIX KUBOTHBIX,
MOJY4YaBIIMX B KAa4eCTBE Tepanuu KoopauHanuoHHoe coeaumHenne KC-195. Bo Bcex Bupomax
paznuuHble OakTepuodaru ObUIM MPEUMYILECTBEHHO NpeACTaBlieHbl cemeiicTBamu: Podoviridae,
Siphoviridae, Herelleviridae, Microviridae u Myoviridae. Bupycsl, cBsI3aHHBIC ¢ DyKapHOTaMH,

TaK)ke OBUTI MHOTOYHCIICHHBI, BKJIFOUas peTpoBUpychl cemeiicta Orthoretroviridae (Bo3mMoxHBII
BO30OY/IUTEb MBIIIICH ).

[ToaToMy, 4dTOOBI BBISIBUTH OTHONIEHUS CXOJACTBA MEXIYy BHPOMAaMH pa3HBIX
SKCIIEPUMEHTANIBHBIX TPYII, ObUI MPOBENEH aHalIM3 TJaBHBIX KOMIOHEHT (pucyHok 4). B
UCCJIEIOBAHUSAX MPEUMYIECTBEHHO HCIOIB3YIOTCS TEPBBIE JIBA OCHOBHBIX KOMIIOHEHTA IS

OTOOpaXeHHUsI JaHHBIX B JBYX H3MEpPEHUSX U BU3YaJIbHOTO OIpeNeeHHs] KIAacCTepOB TECHO
CBSI3aHHBIX TOYEK JaHHBIX [22].

1.9

| Retrquinidae
CC195 |
[

o Hh+LE1I5 054

\ =

\Phycodnaviridae
e ——" '+ Vs | ir'u:

Herelleviridae -

Component 2

Micrﬂviridaef 05 10 15 20
Caudovirales phagg |§oviridae
!
/
f 1 P
05 Mastadenovirus
|
I

Ke {
* Siphovridae

-1.04

g PC

1.5+

Component 1

Pucynok 4 - I'paduk rmaBHBIX KOMIIOHEHT U BKJIAJ] YaCTOT Pa3HBIX TAKCOHOB B Pa3IHUMs MEXKTY
rpynmnaMu

Cnenyer OTMETUTb, UYTO 0O0pa3lpl, B3SATHIE M3 TIPYNNbl MHQUIUPOBAHHBIX MBbIILIEH,
NOJYYaBIINX TOJIBKO AHTHOMOTHK, OKAa3aJMCh HauOojiee OTHAAJCHHBIMH OT BCEX OCTaJbHBIX
9KCHEPUMEHTOB, UTO OTPAKAECT 3HAUYUTEIBHOE HAPYIIEHNE HOPMAIBHON KUIIEYHOH MUKPOOUOTEI
npu aHTHOaKTepHaIbHOH Tepanuu. Bupombl nHGUIMpOBaHHBIX MbIIeH, noaydaBmux KC-195
OTJEJILHO WM BMecCTe ¢ 11e(ha30JuHOM, T0Ka3ald HauOoJIbIlIee CXOACTBO APYT € IPYIoM, a TaKXKe
ObUIM CXOJHBI C UCXOJHBIM BHPOMOM Yy JXKHBOTHBIX OTPUIATEIBLHOIO KOHTPOJS, a TAaKXKE Y
UHQULIMPOBAHHBIX U HEJICYEHBIX XUBOTHBIX (PHUCYHOK 4). DTO CBUAETEIBCTBYET O TOM, YTO
koopauHanuoHHoe coeauHerne KC-195 crnocoOHO cTaOunu3upoBaTh KUIICYHYIO MUKPOQIOPY
KaK [pY IPUMEHEHUU C aHTUOMOTHUKOM, TaK U CAaMOCTOSITEIIHHO.

3aKJaYeHue
OrnpesiesieH KOJWYECTBEHHBIH M KAa4eCTBEHHBIM COCTAaB BHpPOMa JKCIIEPUMEHTAIBHBIX

YKHUBOTHBIX IIOCJIE TePANUU KOOpIUHAMOHHBIM coequHeHneM KC-195 u nedazonuuom.
Camoe OonblIoe pasinyue MEXIy oOpaslaMH 3aKJIo4Yaloch B TOM, YTO NPUMEHEHHUE
AHTUOMOTHUKA, MO-BUJUMOMY, NPUBOIUT K 3HAYUTEIHHOMY CHHKCHHMIO TaKCOHOMHYECKOTO

pa3Hoo0pa3us OakTepruaaIbHONH MUKPO(MIOPHI, UTO, B CBOIO OYEpPE/b, MPUBOIUT K YMEHBIICHUIO
pazHooOpasusi Garos.
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WHTEpecHbIM OTKPBITHEM CTAJIO TO, YTO IPUMEHEHHE KOOPAMHALIMOHHOTrO coennHenus KC-
195 mMoxeT cTabunu3upoBaTh MUKPOMIOPY KUIIECYHHKA WHOUIIMPOBAHHBIX MBIIICH W MBIIICH,
MOJIy4aBIINX aHTI/IGI/IOTI/IK.
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Tyiiin

Makanana kanudopHISUIBIK bUIaymisiH Eisenia foetida xkemeriMmen opraHukanbIkK KalgpIKTapaaH
Omorymyc eHIIpy TEXHOJOTHICH OOHBIHINA TOKIPHOCTIK 3epTTEYIEp KYPTi3iIil, OHbI KUSAP KOMIETTEPiH
ecipyze naiianany slH epeKIIeTKTepl Typabl fanenaep KentipiareH. KanudopHusubK mesDiaymsHaap
ToXipuOenik 3epTrey OapbicbiHna 4,5 aii imiHAe ipi Kapa MaiaapIblH KeHiHEeH Ta3a OMorymyc eHmipim
merFapapl.  Llpomaymeramapapl  cyOcTpaTtka KiOepimreHHeH Keifin 21 kyHme OenceHmuniri apThim,
KYPTTapAbIH KYMBIC )Kacay KaOijeTiHiH koHe Ke0Oero MpoleciHiH apTKaHIbIFBIH KepceTTi. Ocipece 7000
KYPT XKiOepisireH ®ouIiKTepAeri bUIFanbUIBIKTE 45-65 %-1a TypakThl cakTarania, OMoryMycTeiH 4,5 aiina
JIAbIH OOJFaHBI aHBIKTANBI. AJIBIHFAH OMOTYMYC THIHAWTKBINIBI KHSP KONIETTepiHEe KOJJaHBUIBII, OJI
OCIMJIIKTEeP/IiH OHWIKTIriHE, JKalbIpaKTapbIHBIH CaHbIHA, ay/JdaHblHA, BEr€TATHBTIK CaJMarbiHa OH ocep
KOPCETKEHI aHBIKTaJI/IbI.

KinTri ce3mep: Onorymyc, KannpOpHUSIBIK IIBUIAYIIBIH, OPTraHUKAJIBIK THIHAUTKBIIITAD, KHSP
KeIIIeTTepi, BEPMUKOMITOCT.

PecnyOnmkaMbI3ia JKbUT CalibIH €TiH erim, Oay-0akia ecipymiijiep CaHbl apThIl KeJedl.
HlapyanapplH €riHIIUTIKTEH MOJI ©HIM ajiybl YIIIH TYPJi THIHAWTKBILTAp KakeT. MuHepanbl
THIHAUTKBIIITAPIBIH ~ KOIIIUIIT eriHHIH camackl MEH KeJIeMiH jKakcapTyra KaOUIeTTi TaOuru
KypaJigapbIH OPHBIH aJIMacThIpa amMaiiabl. AJaiia onapIsH OPHBIH 0aca alaThIH OPTaHUKAIBIK
THIHAUTKBIINTAp — OMOTYMYCTBHIH allaTbIH OpHBI epekimie. Kazipri TaHma eniMmi3ie aTaaMblIIl
THIHAUTKBIIITAPBl OTE KapamailbiM jKarjaiga eHAIpy JaMbIll Kelyne. Ocipece, jkaHyapiap
KAJIJIBIKTAPhIHAH ~aJIbIHFAH KOHIe KaJIU(POPHUSIBIK KbI3bUT IIbUIAYIIAHAAPABl  JKiOepir,
KOPEKTEHA1py apKbUIbl KYHAPJIbl Kapallipikke ailHaIAbIpy €H THIMJI jKOHE ap3aH THIHAMTKBIII —
ouorymyc anyaa Koynanbuiaabl. Ocbutail eHAeNreH OM00pPTraHuKaIBIK THIHAUTKBIIITHIH THIMIUTIT]
- ©3re THIHAWTKBIIITapMEH CalBICThIpFaHa OHIMILTIKTI 7-8 ecere Aeiin apThik Oepeni [1].

buorymyc eHmeyaeri mnaijganaHfaH ~—Kamu(OPHUSIIBIK  KBI3BUI  IIBUIAYIIBIHIAPFA
KBI3BIFYIIBUTBIK anFam Ameprka Kypawma [lltartapeiaaa 20 raceipabiy SO-11i KbUTIAphIHAA TaMU
Oacrampbl. ATanMeI KYpT aMEepHUKaHIbIK Thomas J.Barrett
tapanbsiHad 1959 xeutbl KanmudopHust mrateiHga  TYpai  KayBIHKYPTTaphlH — OyJaHAACTBIPY
HOTWKECIH/IE AJIBIHFAH.

KanmuhopHUAIBIK KBI3bUT KYPT KOAIMIT JKaybIHKYPTHIMEH CalIbICTBIPFaHAA aHAFYPIBIM
Oercennipek, KkeOerl Te3, y3arblpak eMip cypeal (KoIiMri KYpTIIeH CallbICThIpFaHaa 15 kbutra
NIeiiH) JkoHe cyOCcTpaTThl Kebipek exaen . by KypTThl ecipy YiIiH KeOipeK >KbUTy, bUTFAJIIbLIBIK
)KoHe cyoOcTpar Kaxker. CyOCTpaTThIH KypaMbl HETI31HEH aybUIIIAPYallbUIBIK JKaHyapJIapbIHBIH
HOXICI, ©CIMJIK KaJJBIKTapbl >KoHe J¢ 0acKa OHIIPICTIK OpPraHUKAIbIK KaJIbIKTapbl OO0JIybI
MYMKiH [2].

KanmuhopHusnelK Ke3BUT KYPTTHIH Y3bIHABIFB 10 cM, amamerpi 3-5 MM, JIeHE calMarbl
mamameH Ir-7ae1 Kypaiael. Komimri skayslHKYpThIHA Kaparanaa 150 ece Te3 kebeiteni [1]. 21
KYHJE JKaHa yprak maiiga 6omanel, an 90-120 kyHze epecek kyiire ereni. Exi mrybanmaHHbIH
yprarsl )KbpUIbIHA 1,5 MBIHFA JeiiH xerenl (cypert 1).
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Cypet 1 - KanudopHUSIBIK IIBLUIAYITBH

KanudopHusanaslk KypTTap Mall MapyalbUlblK KaJlABIKTaphbl - OPTaHUKAIBIK KOHII Te3 KoHEe
OCIMIIK KJIIBIKTAPBIH THIMII KailiTa OHACYIH KepeMeT KalljaeTiHe ue 001aThlH BEPMUKOMITOCT
xacaiipl. Byn Oipereil THIHAMTKBIII, OHBIH KYpaMbl KOAIMIT KapallipiKIeH CalbICThIPFaHAa
aHAFypJIBIM XKOFapbl. BHOTyMYCTHIH HMici )KOK, COHABIKTaH OHBI TeK OaKIIaga FaHa eMec, COHBIMEH
KaTap >KbUIbDKailapia eciMAIKTepAl KOPEKTEeHIIpy YILiH Je KoJlJaHyFa ycbiHbuIaasl. Kebinece
MYH/Iall KYpJIelli THIHAUTKBIIITH KOKTEMJIC TOMBIpaKKa KOJJaHbUIaIbl. Ocipece, OHbl KOKTEMT1
KeILeT NaiibIHAayla MaHbI3/Ibl THIHAMTKBIII PETIHE TONMBIPAaKKa €Hri3reH THiMaipek [3].

Konimri xaybpIHKYPT TIeH KanudOpHHS KYPTTApAbIH apachlHIa alTapIbIKald albIPMaIIbUTBIK
KOK. JlereHMeH, Kanu(QOpHUAIBIK KYPTTap OpPraHUKAaJbIK 3aTTap/Abl OHACYAE THIMAIPEK OOJbINI
kenesi. KeI3bur KypTTap >KbIIbI OPTaHBI JKaKChl KOPEIl JKOHE as3Fa mblaai anmaiasl. Komimri
KayYBIHKYPThIHAH alfbIpMaIIbUIBIFbI, KATU(OPHUS MIBUIAYIIBIHAAPE! KaHOBIP Ke3iHe xKep OeTiHe
mIbIKNaK, xepae (cyocrparra) kamyra OerimaenreH. KypTrapabl ecipy YIIH €H akKChl XKep-
KOMITOCT IIYHKBIPBI (HeMece YHiH[1) *oHe aFalll KUIKTepAl naiinananansl. Herisri KopekreHy
a3bIFbl PETIHJIC KOH, KYC CAaHFBIPBIFBI, cabaH, KypaFaH IIeNTep, KOKOHIC KaOBIKTaphl XoHE Oacka
Jla OpTaHUKAIbIK KaJJIBIKTapAbl KOJJIaHbUIaAbl. buorymyctsl maiibiHnay —OapbIChIHAA
OpTaHUKAJIBIK KaJJIBIKTapAbl KAKChUTAll apajacThIPbIN, bUIFANAaHAbBIpanbl. 4,5 aiigaH KeniH
OpPTraHUKAJIBIK 3aTTap TOJBIK BIIBIPAI, ©CIMAIK ©Cipy YIIiH >KaKChl THIHAMTKBIII - OHOryMycKa
aiiHanaapl. buorymyc nalibiHaayra apHaJIFaH bIIBICTBIH TOMEHT1 06T MIHAETTI TYPJIE bUTFaJIIbIH
eTyiHe MYMKIHJIK Oepyi kepek. Kocna perinae Kapamripik, KyparaH eCIMIIK KaJIJIBIKTapbl XKoHE
OPTraHMKAaJBIK Majl apyallblIBIFBIHBIH KalJbIKTapAbl mMaiinamanyra Oomampl. Omap KypTTHIH
TIPIIUTIK €Ty OpPTaChIHBIH JKAIBUIBIFBIH, J>KYMCAKTBIFBIH JXOHE KOPEKTEHYIH TYIbIPaJbl.
OpraHukaiblK 3aTTapAblH KaJbIITHl BIIBIPAYBl VIIIH KOCHAHBI OTTETIMEH KaMTaMachl3 eTe
OTBIPBIN, amnTachlHa Oip peT CcyOCcTpaTThl AakKbIpbIH apanacTelpy Kepek. KamudopHUSIBIK
IIBIIAYIIBIHAAD apHAIFaH cyOcTpaTTapaa KBIIIKBUIBIKTBIH,  BUIFAIJBUIBIKTBIH  JKOHE
TEMIIepaTypaHblH KaXXeTTi TapaMeTpliepiHe colikec Kemyi Kepek [4].

Ka3zipri ranna Pecriybnukambizaa KamuOpHUSIIBIK MIBLUIAYIIBIHAAP B ©CIPY KAKCHI )KOJIFa
Koiibuta Gactazpl. Kpi3bul kanmuopHHs KYPTHIH OCIpYAiH MakcaThl — aybUIIIapyallbUIbIFbIHA
KOKETTI OPraHUKaNbIK THIHAUTKBIII - OMOTYMYCTBHl OHJIPY, OHBI ETIHIIUIIKTE Iai1aJaHbIl,
OHIMJIUIITIH apTTHIPBIIN, camayibl, Ta3a eHIM anxy Oousbin TaObuiaabl. COHBIMEH Karap, Mal
IIapyalIbUIBIFBIHBIH KAJABIKTAPBIH TUIMI NaiJajJaHy HOTIDKECIHAE KOpIIaraH OpPTaHBI Tas3a
ycTayFa Heri3 0oJia anajpl.

3eprrey MakcaThl KaaubOpHHSUIBIK IIbUIAyIIBIHAApABIH - Eisenia foetida Guorymyc
OHJIpyeri TIpUIUNK KaOUIeTTUIIKTEPIH 3€pTTEYy JKOHE AJbIHFAaH OMOTYMYC THIHAHTKBIIIBIHBIH
KU KOIIIeTTEepiHe oCEPiH aHBIKTAy OOJIbIT TabbLIaAbI [S].
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Marepunannap MeH daictep

3epTTey HbICAHBI peTiHae KamnOpHUSUIIBIK mblTayinbiH Eisenia foetida anbiaaer. Toxipubde
xyMmbictapbl K. JKy0aHOB aThIHIaFbI )KbUIBDKAI 1A XKYPTi3iiai. Ocipy OpTachIHBIH TeMIepaTypachl
15-25°C 6onawl. AnaeiH-ana Oeiitapantanasipsiirad (pH 6,7-7,0 ) ipi Kapa Kapa MaiablH KeHi
cyoctpar perinzne KongaHsuinel. CyOcTparThl OedTapanTanbplpy MakcaThIHAA KOHJI Ta3a cyjaa
KybIT, KyHTe KenTipiami. Kenripinren keH (cyOcTpaT) apHaiibl arain >KOUIIKTepre OipKemKi
nenreine tecenai. Kenripinren keHre (cyocrparka) KypTTap/sl xKioepy ymIiH 3 HycKajaa ararl
KommikTepl AavbiHmanapl. Ocbl 3 aramn JKOIIKTEpPre KYpPTTapblH CaHBl OPTYPJi MeJIIepae
K10epini. AJIbIMEH KYpTTapAbIH aHAIBIK 0ackl CyOCTpaTKa eHTi311/1, OJJaH apbl KYpTTapAbIH a3
KOPEKTIK OpTajiaH KeOIpeK KOPEKTIK OpTara KOIlyi aHbIKTaJIIbl.

Konnanyra Oepinren cyOcTpaTThly buiranabuibiFbl 80-85% apaiblFblHAAa TYpPaKThl YCTall
OTBIPBUIIABL. KypTTapibiH 6CiMiH aHBIKTAY YIIIH aFal ®ourkTeH 10 cM TepeHIKTer1 KypTTapablH
caHbl ecenTeni, anbiaFad caHabl 100-re keOelTy apKblIbl OpTalla caHbl ecenteni [6].

HaTu:keliep :koHe 0J1apAbl TAIKbBLIAY

Kazipri yakpITTa Maj mapyambUIBIFBIMEH alHAJIBICATHIH MIapya KOXKAIBIKTapbIHIA KOHI
Kaiiga skymcayra Oonaabl gereH OacTbl Macene Oap. OWTKeHi, Taza KOHJI TIKeJeH TOoIbIpaKka
KoJaHyra OonmMaiael. JKaHa MIBIKKAH KOHJE €PUTIH a30T KOCBUIbICTapbIiHA Oail OOJIBIN, epUTIH
MUHEPAIbl TRIHAUTKBIIITAPMEH Oipfieit ocep eTeni. SIFHU, )KambIpakTap MeH cabaKTapbIH OCyiH
KymeiTeni, Oipak eHIMHIH TyciMiHe ocep ermeini. Connaii-ak, jkaHa KOHMEH KOPEKTEHIIPiIreH
OCIMJIIIKTEp aypyjiap MeH 3HsHKecTepre cesimran Oonbin kenemi. CoHBIMEH KaTap, jKaHa
HIipiMEreH KOHIEP Te3 bIABIpar, JKEePiH TYPAKThl KYHAPJIBUIBIFBIHA bIKHAT eTreiai. COHABIKTaH,
KOHJI IIPITy KaXKeT, Oipak OYJI mpoIiece oTe y3aK YaKbITThI Tanam eTe/i. byt MmoceneHiy memnriMine
JKayblH KYPTTapAbl KOJIJIAaHY apKbUIbI KeTyre Oomanbl. KypTTap OpraHuKaigblK 3aTTapbl
TYPJICHAIPY MPOLECIH KYIICHTIN, OpraHUKAJIBIK 3aTTapbIH OeJICeH i MUHEpalIaHybIH TE3CTE1.
Hormxecinae ¢pocdop xoHE KM CUAKTBI OMOJOTHSIIBIK OCJICeH/ Il 3aTTap OO MIbIFaphLIaabl
[7,8].

[praymsiHAapMeH OMOTYMYC OHJIIPY apHaibl TOMBIPAK KYPHUIBIMBIHBIH IMai1a 00JybIHA
okeneni. buorymyc Kypambl €CIMIIKTEpHiH KOPEKTEHYIHE €H KOJNailsibl (opMagarbl KOPEKTiK
3artapra 0aii 6osranel. COHBIMEH KaTap, OHBI K€3-KeJITeH MoJIepae Kojaanyra 6omaas [9].

CanuTapibIKk HOpMaiapra coiikec, OMOTyMyC KOKOHICTEp MEH JKeMiCTep/i ecipyre MyJieM
3usiHCBI3. BepmukomnocTuHr "A" KIAChIHBIH €H JKOFapbl CTAHAAPTHIHBIH TajanTapbiH
KaHAaFaTTaHJBIPy YIIIH MATOTEHAIK OPraHU3MIEP/iH KOHIIEHTPALUSCHIHBIH Te3 TOMEHICYiH
kepceTTi (AKII — To1H "process to Further Reduce Pathogens" - PFRP Tamanrapbeiabiy eH xorapbl
kiackl) [10].

buorymyc naiibiHay YIIiH MIKKI3aT peTiHAe 1pi Kapa MajaaapIbH KOH1 Koamaanbuiaabl. OCkl
KOHHIH CakTaly Mep3iMi 6 aiiaH Korapbl OOMybl Kepek. OWTKeHi, KYpTTap OHACUTIH KOH
nripiMereH Taza 0OoJica KYpTTapJblH JKaKChl JKYMBIC JKacayblHa Kezepri Oonamel. KopekTik
3aTTapAblH THUIMAUICH apTThIpy VIIIH KOHMEH Oipre jKambIpakTap, TaMakK KalJIbIKTaphbl,
YTIHAUIEp, 9K JKOHE MIBIMTE3eK KOchbutaabl. HerizineH opTaria ecenreH ajarana 6ip mapiibl MeTp
xep kenemine keHi eHaipy yuriH 2000-4000 KypT caHbIH KaXKeT eTei.

3eprTey OapbIChIHAA AalbIHIAIFAH KOH araml xorrikrepre 25-30 cM TepeHIIKTE CaJIbIHBIII,
KapbIK TYCHEYyl YIIiH YCTiHEH KyparaH e Teceneni. Lllipiren keH Taza cyMeH 3 peT JKybUIbIIL,
alIbIK Janana Kentipijgeai. KenTipiareH KoH aFaril )KOIIKTEPre CATbIHBII, KYPTTap bl IMHKI3aTTHIH
ycTiHri KaOaTbiHa Oipkenki aeHrenae xidepinai. Kentipinren keHre (cyOocTparka) KypTTap.bl
XK10epy yuriH 3 aFamn >KomiK JanbiHaanael. OChl 3 aFail KOMIKTepre KYPTTapAblH CaHbl OpTYPIIi
meepae, srau 1-aram xomrikke 2000 mana, 2-aramr sxomrikke 4000 gana, anm 3-arar KoIIiKKe
7000 mana kypT xi6epineni (kecte 1).
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Kecre 1 - Kenrinipren keHre (cyOcTpaTka) KypTTapsl OpTYPJli MeJILIEpAE SHI13y

T canbl, MbIH/1ana | Cy6CTpaT bUIFaIIBLIBIFEL, o BHOryMyCTHIH JalibH
i M e (%) Temneparypa, (*C) 6011}?/ yzKI)ITI)I, (kyH)
2000 60-80 15-18 180
4000 50-70 22-24 150
7000 45-65 18-20 135

Ocbl KypTTapAblH CcaHblHA OalIaHBICTBI CYOCTpaT bUIFANABUIBIFBIH, TEMIIEpaTypaHbl
TYPaKThl TYpJ€ Cakram, OWOrymMyc OHIIpy Mep3iMi A€ op TYpJai yakKbITTa OOJAaTBIHIBIFbI
nonenaeni. JKorapbiaa KeATipuireH ManiMertepre cyiene otoipbin, 7000 KypT xKibepinreH arar
JKOIIIKTE OMOTYMYC OHIIIPY YaKbIThI 135 KyH/I€ MalbiH O0JaThIHBIFBI aHBIKTAIBI (CYpeT 2).

) Vo s

A b B

Cyper 2 - KanuhopHHUIBIK KbI3bUI HIBUIAYIIBIH OHOIYMYC JafbIHaAAY
A - 30 xyHze;
b — 45 xynne;
B - 135 xynne.

OchI yakpIT imIiHAe cyOcTpaTKa AyphIC KYTIM jKacay KOHE MUKPOKIUMATTHI TYPAKThI YCTaIl
Typy Kaxer. COHIBIKTaH, 3epTTey OapbIChIHIA OapiblK afaml >KOUIIKTepre Keneciied KyTiM
Kacanipl:

1. KypTTap TONBIK OpHAJaCThIphIIFAHHAH KeWiH CyOCTpaTThl OipHEIIe peT KOTCHITHUIAB;

2.AiibIHa 4 peT KOPEKTIK 3aTTap CaJIbIHIbI,

3.blnrannpuibiktel  80-85% neHreifinne cakray YIIiH OKbUIbL, TYHJIBIPBUIFAH CyMEH
BITFAJIJIaHABIPBIIBII OTHIPBLUIJIBL;

4. Temneparypa 20°C-25°C apasbiFbIHAA YCTAIABIL.

Toxipube OapbIChIHIIA aIbLIHFAH OMOTYMYCTHI KOAIMT1 (TYMYC) KapamripikTiH XHMHSIIBIK
KYpaMbIMEH CalbICTBIPMaNbl Taljay >Kypriziuai (kecre 2).

Kecre 2 - bruorymyc neH KapamipikTiH XUMHUSUIBIK Kypambl (%)

Artaysl buorymyc Kapa miipik rymyc
OprasuKaibIK 3aTTap 44,0 23,5
I'yMUH KBIIIKbUIIAPBI 3,5 25
OynbBOKBIIIKBUIIAPH 2,2 1,0

OpraHuKaibIK KOMipTeK 3,31 1,7
Asot 3,22 1,56
dochop 0,48 0,34

Xorapeina kecteqe KopceTureH1el, OMOryMyCThIH KYpaMbIHAa OPTaHUKAIBIK 3aTTapAbIH
Kapalnripikke KaparaHjaa 2 ecere JeiiH Kom 00IaThIHIbIFbI aHBIKTAJIJIbI.
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3epTTey HOTHXKECIHJE ajJbIHFaH Ta3a OMOTYMYCThl KMAp KOIIETTepiHEe KOJIJIaHy OJIap/blH
MOP(OJIOTHSITBIK, KYPBUTBICKIHBIH ©3TepyiHe ocepl 0ap eKeHI1IIr1 aHBIKTaIIb! (KecTe 3).

Kecre 3 - Kusip kererTepiHiH 6Cyl MEH JaMybl Ke3iHaeri GeHONIOrusIbIK OaKblIayap

. ¥PBIKTBIK
Kemerrepain
ToJBIK KOKTEI KAIBIPAKTHIH Ha¥bI3 ®arbIpakThiH
Hycxkaynap KOKTEIT OacTayshl, N . N
HIBIFYBI, KYH naiiga 6oy KeseHi, naiiga 60ybl, KYH
KYH
KYH

bakpuiay 3 4 7 9
JKbLapDKal TONBIPAFEI 3 4 8 9
brorymyc 3 4 7 9

Kecrene xepcerinrenaeit, OMOryMyCThl KOJIJIaHY HOTHIKECIHJIE KHUSAP KemeTrTepi 2-3 -KyHi
TYKbIMHAH KOKTEI IIbIFa OacTtansl. Anaiiaa, (eHOJOTHIIBIK OaKbUIaynap HOTHXKeCIHIe OapiIbIK
HycKanapaa perodaszanapblHbIH OTYIH/E SIKaHAal albIpMaIIbUTBIKTAp OaiiKaIMaIbl.

Kecte 4 - Kusip xemerrepidie OMOMETPHSUIBIK TaIaylap CHIIaTTaMachl

OciMIik JKameipak JKameipak Tambip Bereratus Tambip
Hyckaysap OMiKTITi, CaHbl, Keneg/n, Y3bIH/IBIFbI, MYLIeTepaiH T
cM JlaHa cM cM CaJIMarbl, T
bakpuiay 36,3 4 4957 33.7 22.5 3.8
Kbl 38.0 48 484.0 35.2 25.2 55
TOTBIPAFHI
buorymyc 66.2 5.8 926.8 36.8 35.8 6.8

4-xecrenie KOPCETIITECHICH, KUAp KoIIeTTepiHe OMOTYyMYCThI Maiaiany KUsp KOIIETTEPiHIH
OMOMETPHSUIBIK KOpCETKIITepiHe-OniKTIriHe, JKanblpaKTapAblH CaHbIHA, >KAIbIPAKTaPBIHBIH
KeJIEMIHE , CaJIMaFbIHa OH 9cep KopceTeTiHIr aHbIKTanabl. CyOcTpar peTiHae OMoTryMyCTHI )KOHE
KBUTBDKAN TOMBIPAFBIH KOJJAAHY KUSAP KOIICTTEPiHIH OPTABIK TaMBIPBIHBIH Y3BIHIBIFBI MEH
TaMBbIp cajIMarbl apachblHIarbl alTapIbIKTal allbIpMAIIbUIBIKTEIH OOJIFaH IBIFBIH KOPCETTI (KecTe
4).

3epTTey HOTHXKECIHAE Ta3za OMOryMycTa ©CipUIreH KHSIpPJbIH KOIIETTepPIHIH BETeTaTUBTI
MyLIenepi Tamblp OKyHeci MEH JKalbIpaKTapblHBIH KAPKBIHIBl OCKEHIrT aHBIKTAJIbL.
brorymycTeiH ~ JKOFapbl MeJIIepl KHUSAPABIH BEreTaTHBTI CAJIMAFbIHBIH, TaMbIp JKYHECIHIH
CAJIBICTBIPMAJTBI TYP/JIE JKAKChl ©CYIHE BIKITABIH TUT13I.

3eprTey HOTHXKeENepl OOMbIHIIIA, OMOTYMYCTHI TTaliJalaHy TOTBIPAKTHIH OHOJIOTHSUITBIK JKOHE
XUMUSUTBIK ~ KaCHETTEpiHEe ocep eTelli, arpoXUMUSIIBIK CHUIaTTamMalapFa OH ocep eTeli.
brorymycThIH KypamMbIH/Ia 6CIMIIKTEP OHAM CIHIPETIH KONTETeH MaKpO XKOHE MUKPOIJIEMEHTTED,
TOpYMEHJIEp MEH aHTUOMOTHUKTEp, TYPJi aMUHKBIIKBUIAAPEI Oap. BHOTyMycCThI Ke3-KenreH
KOKOHICTepre KoJjaHyFa Ooyianbl. BHOTyMYCTBIH KOMETIMEH OJKOJIOTHSUIBIK Taza ©HIMAEp
anbiHagpl. COHBIMEH KaTap, KeWiH ecipiIeTiH eciMIIKTepre Kosaiibl opra skacaiinbl. Taza
aJbIHFaH OMOTYMYCTBIH KypaMblHAa bUTFIIBIK 60-70% neiiin cakTayaabl, O OpraHUKAJIbIK
THIHAUTKBIIITApFa KaparaHja mamMameH 15 ece trimi. buorymyc eciMIikTepAiH ecyiHe KOJIalbl
OOJIBIIT KEJII.

KopbITbIHABI

3eprrey Oaprichinna Eisenia foetida kemerimMeH cyOoCcTpaTThl BEpMUKOMITOCTTAY OOMBIHIIIA
Tokipubenep kyprisinmi. JKyprisinren 3eprreynaep HorTmkecinae Eisenia foetida kpi3bin
MIBUTAYIIAHAPBIH KOJJIAaHy apKbUIbI OMOTYMYCTHI OHIIPY TEXHOJOTHCH! jkacanabl. COHbIMEH
Katap, OMOTryMyCKe KaybIHHBIH, aJIMaHbIH KaJJBIKTAPbIHBIH CaJbIHYbl OHBIH OHIMILIITIH, SFHU
KYpPTTapblH 6CiMiH jKOFapbUIaTaThIHIBIFBI 3€PTTENIl. BHOrYMYCTBI KOJIIaHy KUSAP KOLIETTEPiHIH
BETETATUBTI CAJIMAFbIHBIH KAPKBIHIBI OCYIHE >KOHE TaMbIp JKYHECIHIH CalIbICTHIPMAJIbl KaKChI
ecyiHe BIKIaJl €TeTIH/IIT1 AaHBIKTAJIbI.
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BEPMUKOMIIOCTUPOBAHUME BUOT'YMYCA C IIOMOILIBIO
KAJIM®OPHUMCKOI'O YEPBS EISENIA FOETIDA U MIPUMEHEHUE
BHOI'YMYCA B CEJIbCKOM X035 CTBE

AHHOTaNUSA
B cratbe mpuBOIATCS pe3ynbTaThl 3KCIEPUMEHTAIbHBIX pabOT 10 TEXHOJOI'MU IPOMU3BOACTBA
Ouorymyca W3 OpPraHM4ecKHX OTXOJOB C MOMOIIBI0 KanudopHuiickoro depss Eisenia foetida u ero
WCIIOJIb30BaHMs IPH BHIPAIIUBAHUN OTYpLOB. B pe3ynbrare ncclie1oBaHus Y€PBU MPOU3BOAMIHN YHACTHIN
Ouorymyc U3 HaBo3a KpyIIHOI'O poraToro ckora B TeueHue 4,5 mecsueB. B xoze skcrepuMeHTaIbHbIX padoT
KaJTu()OPHUICKUX YepBell MOMECTHIN B cyOCTpaT, Tlle OHU MPOSBWIN CBOIO aKTUBHOCTH Ha 21 JeHb,
JIEMOHCTPHPYS aKTUBHYIO KHU3HEAEATENBHOCTh U pa3MHOKeHue. [Ipu Bnaxknoctn 45-65% B amukax 7000
gepBel BEPKOMITOCTHpOBaIM Owmorymyc 3a 4,5 wecsma. llomydeHHOe opraHwmdeckoe yAoOpeHHe
OPUMEHSJIOCh IIPU IOCAJKU Orypla, U pe3yjibTaThl OMOMETPUUECKMX HAOIIOAECHUM IIOKa3alu ero
MIOJIOKHUTENILHOE BIMSHUE Ha POCT U pa3BUTHE PACTCHUH.
KiroueBbie ciaoBa: Onorymyc, KanupopHUHCKUI 4epBb, OpraHuueckoe ynoOpeHue, paccabl
OT'ypIIOB, BEPMUKOMIIOCT.
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Abstract

The article presents the results of experimental work on the technology of biohumus production from
organic waste using Californian worm Eisenia foetida and proves the features of its use in the cultivation
of cucumbers. As a result of the study, worms produced pure biohumus from cattle manure for 4.5 months.
During the experimental work, Californian worms were placed in the substrate, where they showed their
activity for 21 days, demonstrating active life activity and reproduction. At 45-65% moisture content, 7,000
worms vercomposted the biohumus in boxes for 4.5 months. The obtained biohumus fertilizer was used for
planting cucumber seedlings and the results of biometric observations showed a positive effect on growth
and height, the number and area of leaves, as well as on the vegetative mass of plants.

Keywords: biohumus, California worm, organic fertilizers, cucumber seedlings, vermicompost.

The number of planters and gardeners in the republic is increasing every year. In order for
agriculture to get a rich harvest from farming, various fertilizers are needed. Most mineral
fertilizers cannot replace natural products that can improve crop quality and volume. However, a
special place is occupied by organic fertilizers, which can replace them - biohumus. Currently, the
production of these fertilizers is being developed in the country under very simple conditions.
Especially in manure derived from animal waste is used to produce biohumus, the most effective
and cheapest fertilizer, turning it into fertile black rot by feeding California worm Eisenia fetida

[1].

The efficiency of bioorganic fertilizer treated in this way - gives 7-8 times more yield
compared to other fertilizers.

Interest in California worm Eisenia fetida used in biohumus processing first began to
develop in the United States in the 1950s of the 20th century. The named worm was obtained by
the American Thomas J. Barrett through hybridization of various earthworms in the state of
California in 1959 [2].

The California red worm is more active than the common earthworm, reproduces faster, lives
longer (up to 15 years compared to the common earthworm) and processes more substrate. This
worm requires more heat, moisture, and substrate to grow. The composition of the substrate can
be mainly agricultural animal feces, plant waste, and other industrial organic waste [1].

The California red worm is 10 cm long, 3-5 mm in diameter, and has a body weight of about
1 g. It reproduces 150 times faster than an ordinary earthworm. After 21 days, new offspring
emerge, and in 90-120 days it passes into the adult form. The offspring of two shubalshans reaches
1.5 thousand per year (Figure 1).
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Figure 1 - Eisenia fetida

California worms produce biohumus, which quickly and efficiently processes organic
manure, animal waste. It is a unique fertilizer whose composition is much higher than that of
ordinary humus [3].

Biohumus is odorless, so it is recommended to use it not only in the garden, but also for
fertilizing plants in greenhouses. Most often such a complex fertilizer is applied to the soil in
spring. It is especially advantageous to apply it to the soil as an important fertilizer during the
spring seedling preparation. There are no significant differences between the earthworm and the
California worm. However, California worms become more efficient at processing organic matter.
As for their habitat, red worms prefer warm environments and do not tolerate frost. Unlike
earthworms, California earthworms are adapted to stay on the ground (substrate) rather than come
to the surface when it rains. The best place to raise worms is in a compost pit (or pile) and wooden
boxes. Manure, poultry manure, straw, dead grasses, vegetable peels, and other organic wastes are
used as the main feed. In the process of preparing biohumus, the organic waste is well mixed,
moistened, and in 4.5 months the organic matter decomposes completely and turns into biohumus,
a good fertilizer for growing plants. The bottom of the container for biohumus preparation must
be permeable. There is can used humus, dead plant residues and organic animal waste as an
additive. They create a comfortable, soft and nutritious worm habitat. For normal decomposition
of organics, the substrate should be stirred gently once a week, providing the mixture with oxygen.
California slugs must meet the necessary parameters of acidity, humidity and temperature in the
intended substrates [4].

At present, the breeding of Eisenia foetida has been established in the country. Since our
country is an agricultural country, our goal in the cultivation of Red Californian worm is to produce
biohumus, an organic fertilizer necessary for agriculture, and to use it in agriculture to obtain a
quality and clean crop and to increase the crop yield. This can also serve as a basis for maintaining
a cleaner environment through the efficient use of animal waste.

The aim of the study is to investigate the vital capacity of California slugs producing Eisenia
foetida biohumus and to determine the effect of the resulting biohumus fertilizer on plants [5].

Materials and methods

Eisenia foetida California worm was taken as an object of study. Experiments were
conducted in the greenhouse Nel named after K. Zhubanov.

The temperature of the nutrient medium was 15-25°C. Pre-neutralized (pH 6.7-7 ) cattle
manure was used as a substrate. In order to neutralize the substrate, the manure was washed in
clean water and dried in the sun. The dried manure (substrate) was placed evenly in special wooden
boxes. For sending worms to the dried manure (substrate), wooden crates were prepared in 3
variants. Different numbers of worms were sent to these 3 wooden boxes. First, a head of female
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worms was placed into the substrate, then worm transplants from a less nutritious medium to a
more nutritious one were determined.

The humidity of the substrate fed to the application was maintained steadily within the range
of 80-85%. To determine worm growth, the number of worms at a depth of 10 cm from the wooden
box was calculated, and the average number was calculated by multiplying the obtained number
by 100 (Igonin A. M.) [6].

Results and discussion

Nowadays, in peasant farms engaged in animal husbandry, the main question is where to
spend the manure. Because pure manure cannot be applied directly to the soil. Fresh manure is
rich in soluble nitrogen compounds and has the same effect as soluble mineral fertilizers. That is,
it enhances leaf and stem growth but has no effect on yield. In addition, plants fertilized with fresh
manure quickly become susceptible to diseases and pests. In addition, fresh, nonrotting manure
decomposes quickly and does not contribute to stable soil fertility. Therefore, decomposition of
manure is necessary, but this process takes a very long time. A solution to this problem can be
achieved with earthworms. Worms enhance the conversion of organic matter and accelerate the
active mineralization of organic matter. As a result, biologically active substances such as
phosphorus and potassium are released [7,8].

Production of biohumus with alkalis leads to the formation of a special soil structure.
Biohumus composition will be rich in nutrients in the form most suitable for plant nutrition.
Besides, it can be used in any quantity [9].

According to sanitary standards, biohumus is completely harmless for the cultivation of
fruits and vegetables. Biohumus showed rapid reduction of pathogen concentration to meet the
requirements of the highest standard of " A ™ class ("process to Further Reduce Pathogens™ in the
USA - the highest class of PFRP requirements) [10].

Cattle manure is used as a raw material for preparation of biohumus. The period of storage
of this manure should be more than 6 months. This is due to the fact that the manure processed by
worms will interfere with the worms to work better if it is clean and not rotten. To increase the
efficiency of their nutrients, leaves, food scraps, sawdust, lime and peat are added along with the
manure. Generally, it takes an average of 2,000 to 4,000 worms per square meter of land to produce
manure.

During the study, the prepared manure was placed in wooden boxes to a depth of 25-30 cm,
and dead grass was placed on top to keep the light out. The decomposed manure was washed 3
times with clean water and dried in the open ground. The dried manure was placed in wooden
boxes and worms were evenly distributed on the top layer of raw material. For sending worms in
dried manure (substrate), 3 wooden boxes were prepared. Different numbers of worms were sent
to these 3 wooden crates, that is, 2000 worms in 1 wooden crate, 4000 worms in 2 wooden crates,
and 7000 worms in 3 wooden crates (Table 1).

Table 1-Worms in manure (substrate) in different quantities

Ne Number of worms, . Temperature, Biohumus readiness
Ne thousand/pc. m3 Substrate humidity, (%) |[()OC) time, (month)
1 2000 60-80 15-18 6
2 4000 50-70 22-24 5
3 7000 45-65 18-20 45

Depending on the number of these worms, it was proved that the substrate maintains constant
humidity, temperature and biohumus production time also in different times. Based on the above
data, it was found that in a wooden box where 7000 worms were sent, the time of biohumus
production was ready within 4.5 months (Figure 2).
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Figure 2-Preparation of biohumus with California red worms
A-in 30 days;
B-in 45 days;
C-in 135 days.

At this time, proper care of the substrate and maintaining a stable microclimate are necessary.
Therefore, during the study, all wooden boxes were cared for as follows:

1.After the worms were fully penetrated, the substrate was loosened several times;

2.Nutrients were applied 4 times a month;

3.Moisturized with warm, standing water to maintain the humidity at 80-85%;

4.The temperature is maintained between 20°C and 25°C.

During the experiment, a comparative analysis of the obtained biohumus with the chemical

composition of conventional (humus) humus was carried out. (Table 2).

Table 2 - Chemical composition of biohumus and humus (%)

The name Biohumus Humus
Organic substances 44,0 23,5
Humic acids 3,5 2,5
Fulvic Acids 2,2 1,0
Organic carbon 3,31 1,7
Nitrogen 3,22 1,56
Phosphorus 0,48 0,34

Based on the data we showed in the table above, it was found that biohumus contains 2 times

more organic matter than humus.
It was also found that the application of pure biohumus obtained in the study to plant

seedlings has an effect on changes in their morphological structure (Table 3)

Table 3 - Phenological observations in the growth and development of cucumber seedlings

From the spring, the dates
. Period of
Instructions Sprouting Full sprouting nucleated leaf Real leaf emergence
formation
To control 3 4 7 9
Greenhouse soil 3 4 8
Biohumus 3 4 7 9
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As can be seen from the table for all variants of the experiment on the use of biohumus for
cucumber seedlings, seed germination appeared on the 2-3rd day in all variants en masse.
However, according to the results of phenological observations, there was no difference in the
passage of phenophases in all variants.

Table 4 - Description of biometric analyses of cucumber seedlings

. Plant height, | Number of Sheet Root Severlty of Weight of
Instructions volume, vegetative
cm leaves, pcs. length, cm the root, g.
cm2 organs, g
To Control 36, 3 4 495.7 33.7 22.5 3.8
Greennouse 38.0 48 | 4840 35.2 25.2 5.5
Biohumus 66.2 5.8 926.8 36.8 35.8 6.8

Based on the table, based on the results of biometric observations during the use of biohumus
in the substrate, it was found that the variant of applying biohumus in the substrate had a positive
effect on plant height, number of leaves, leaf area, plant weight. It was found that when using
biohumus in substrate and greenhouse soil, there was a significant difference between the length
of the central root, root mass (Table 4).

During the study, the analysis of the growth rate of vegetative parts of cucumbers and root
system showed that the greatest intensity of leaf surface growth was observed when growing
seedlings with pure biohumus. The high content of biohumus contributed to intensive growth of
vegetative mass, relatively good growth of the root system was observed.

Research results show that the use of biohumus affects the biological and chemical properties
of the soil, which ultimately has a positive effect on agrochemical characteristics. Biohumus
contains a large number of macro and microelements, many vitamins and antibiotics, various
amino acids, which are assimilated by plants in the shortest possible time. Biohumus can be used
for any vegetables. With the help of biohumus get environmentally friendly products. It also
creates favorable environment for growing any plants, vegetables, fruits from very infertile or dead
soil for the next plants to grow. The pure biohumus obtained retains moisture up to 60-70%, about
15 times more effective than organic fertilizers. Biohumus has become favorable for plant growth.

Conclusion

Experiments on substrate biohumus with Eisenia foetida were carried out during the study.
As a result of this research, the technology of eisenia foetida biohumus production using redheads
was developed. During the experiment, it was found that in increasing the productivity of
biohumus, there was a high growth of worms on the ground, where the residues of melons, apples
were deposited. In addition, application of biohumus contributed to intensive growth of vegetative
mass of cucumber seedlings and relatively good growth of root system was observed.
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AHHOTANUA
[Ipu u3yyeHNN aHTAarOHUCTHYECKOW aKTHBHOCTH JIBYX NMPOOHOTHYECKHX aCCOLMAINN BBISBICHO,
4T0 accorpanus co mramMamu L. fermentum 30 u L. cellobiosus 36, mpeBocxomuT B )KHIKOM U CYXOM
BHUJIC M3BECTHYI0 accoumanuio L. fermentum 27 u L. plantarum 2B/2 mo crekTpy aHTUMHKPOOHOTO
JCUCTBUSL M BEJIMYMHE AHTAarOHUCTUYECKON AKTUBHOCTH, KOTOpas MOXET OBITh HMCIOJIb30BaHA JUIs
co3aanus d3PGHEKTUBHBIX JIEUCOHBIX MPOOHOTUYCCKUX IPEIapaToB.
KarwoueBble ciioBa: acconnanus 6akTepuii, MPOOMOTUK, aHTAarOHU3M, KUIIICYHbIC HHPEKIHH.

Octpsie kumeynsie nHOekun (OKW) — ogHa U3 akTyaabHBIX TPOOJIEM 3paBOOXPaHEHUS
Bcex cTpad [1], B Tom umcie u Kazaxcrana. Tak, B Kazaxcrane cpeau 3aperucTpupoBaHHBIX
nH(pEeKIMOHHBIX 3a00eBaHu B siHBape-Aekadpe 2019 roga, Ha BTOPOM MECTE IMOCJIE OCTPBIX
uHbekuuidi apixatenbHbix nTyTed crosmu OKW — 22997 cmyuaeB [2]. IloBcemecTtHas
pacipoCTpaHEHHOCTb, BBICOKAsi YacTOTa pPAa3BUTHUSA CPEAHETSKENBIX U TKENbIX  (Qopm,
OCIIO)KHEHUW OMpEAeNsiOT HEOOXOAUMOCTh TMOWCKA IMYTeH ONTUMHU3AIUU TAKTUKU JICUCHUS
JIAHHOM TPYMIIBI 3a00JI€BaHUM.

CnoxHOCTb JieueHus: HH(EKITMOHHBIX 3a00JIEBaHUI CBSI3aHA C MACCOBBIM HEPAIIMOHAIBHBIM
UCIIOJIb30BAaHUEM aHTHOMOTHKOB M XHWMHOTEpPANEBTUYECKUX IPENapaToB, TMPUBEAINIEMY K
Pa3BUTHIO MHOXECTBEHHOM JIEKapCTBEHHOM ycTtoiuuBocTH mnartoreHoB [3]. Kpome Toro,
NpPUMEHEHHE aHTHOMOTHKOB HEPEAKO COMPOBOKIACTCS H3MEHEHHEM KaueCTBEHHOIO U
KOJIMYECTBEHHOTO COCTaBa KHIIEYHOW MHUKPOOMOTHL. [lokazaHo, 4TO HapyIIeHUS MUKPOOHUOTHI
(m1ncOro3) mpeapacoaraloT K Pa3BUTHIO PA3IUYHBIX OOJIE3HEH JKeTyI0YHO-KUIIIEUHOTO TPAKTa,
aTOIHHU, OKUPEHHSI, METa0OINYEeCKOT0 CHHAPOMA, CaxapHOTo ArnabeTa, peBMAaTOUIHOTO apTPHUTA,
3JI0KaYeCTBEHHBIX HOBOOOPA30BaHMI U, BO3MOXKHO, IPYrux narosnoruii [4-7]. B cBsa3u ¢ 3TuMm, B
MOCIIeIHEEe BPEMsI B MUPE ISl JICUCHUS KUIIEYHBIX WH(EKIMA BCe Yalle BMECTO aHTHOMOTHUKOB
PEKOMEHAYIOT HCIOJB30BaTh MNPOOMOTUKM Ha OCHOBE MHUKPOOPTaHM3MOB - CHMOHOHTOB
KEITYT0IHO-KUIIIEYHOTO TPAKTA.

B mHactosmee BpeMms ¢dapmakosornyeckue MNpOOMOTHYECKHE MpernapaTbl CUHUTAIOTCS
HambOosee afeKkBaTHBIMH U S(G(EKTHUBHBIMU CPEICTBAMH IS TOJICPKAHUS U KOPPEKIIHU
MUKPO3KOJIOTUH Y€JIOBEKa Ha ONTHUMAJILHOM YPOBHE.

[TpoOuOTHKYM OTHOCSTCS K TPYIIE MEAUIIMHCKUX UMMYHOOHOIOTHYECKUX TIPerapaToB Ha
OCHOBE KMBBIX OaKTepUll, aHTATOHUCTUYECKH aKTUBHBIX B OTHOILLIEHUH NMaTOT€HHBIX U YCIOBHO-
MATOTEHHBIX MUKPOOPTaHU3MOB - BO3OYAUTENCH pa3IMdHbIX HHPEKIIMOHHBIX 3a00JIeBaHUI U HE
OKa3bIBAIOUIMX OTPHUIATEIBLHOTO BJIMSHHUS Ha MpeACTaBUTEIeH HOpMalbHOW MHKPOGIOPHI
yenoBeka. Yarne Bcero, MpoOMOTHYECKHE MpermapaThl WCHONIB3YIOT Uil MPOQPMIAKTUKA |
JICUEHUSI OCTPHIX KHUILIEYHBIX MHGEKIUH U KOppeKIUU AUcOnoTHYecKkux coctossHuil. [lonobnas
Tepamnusi COMPOBOKIAETCS, KaK MPABUIIO, TO3UTUBHBIMU CIIBUTAMH B CHCTEME HeCTeIU(pUIECKOM
UMMYHOJIOTHYECKON 3alllUThl OpPraHu3Ma W TPUBOAUT K TIOBBIIMICHUIO COMPOTUBISEMOCTU
OopraHu3Ma K BO3JICHCTBHUIO HEOIAronpHusATHBIX (haKTOPOB.
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B mHacrosimee Bpemst Ha pBIHKE MOSBWJIOCH MHOTO 3apyO€XHBIX NPOOMOTHYECKUX
IIPEnapaToB Ha OCHOBE KHUBBIX MUKPOOPTaHU3MOB. B pedTHHT JTydnx npoOrOTHYECKHUX CPEJICTB,
HOPMAJU3YIOIUX  JIEATEIBHOCTh  JKEIYJAOYHO-KHIIEYHOTO  TPaKTa,  CHOCOOCTBYIOLIMX
BOCCTAHOBJICHUIO UMMYHHTETA, YIIy4IIAIOIIX oOMeHHbIE MPOLIECCHI, BOIILIU:
budunymbaxrepun, bupuaymobaxrepun @opre, Jlakrodakrepun, [Ipodudop, Anunon (Poccus),
Onrepon (®pannusa), bududopm ([anus) [8]. Bmecrte ¢ TeMm, u3BecTHbIE JieueOHO-
npoduIaKTHYECKUE MPOOUOTUKY POTUB KUIICYHBIX HH(pEKIMiA He Beerna dapdextuHbl [9, 10].
[Tpu4rHOM 3TOrO SABISIETCS HEAOCTATOYHO IIMPOKUN AHTUMHUKPOOHBIM CHIEKTp ACHCTBHUSA, HE
noa0UparOTCS AHTATOHUCTHI K KOHKPETHBIM BO30YIUTENSIM 3a00JICBaHUM.

OaHUM M3 OCHOBHBIX KpUTEpPHEB OTOOpa MHUKPOOPTraHM3MOB B COCTAaB MPOOMOTHKOB
SIBIISICTCS BBIPQXKEHHOCTH CIIEKTPA UX aHTarOHHUCTUYECKOM aKTUBHOCTU B OTHOUICHUH PA3IMUHBIX
BO30OyauTeNel NHPEKIIMOHHBIX 3a00JICBAHHIA.

Hcxonss w3 BhIIE NEPEUMCIEHHOTO, IEJbI0 HACTOSIIETO HCCIENOBaHUS ObUI OTOOD
Haubosee aKTUBHOW MPOOMOTUYECKOM accolMalMM [0 aHTarOHMCTUYECKOW aKTHBHOCTH MJIs
co3/laHusl MPOOMOTHKA, aKTUBHOTO B OTHOIIEHHM BO30OYIMTENCH KHUIIECYHBIX M BHEKHIICYHBIX
nHpeknuii. B xauecTBe KOHTpos ObLT B3AT mpenapar [mantagepmuH Ha OCHOBE MITaAaMMOB L.
fermentum 27 u L. plantarum 2g/2, noka3aBmmii 3p(QeKTHBHOCTh B OTHOIICHHU KHIICYHBIX
nHpexuit yemoseka [11, 12].

MarepuaJ u MeTObI MCCJIeI0BAHUM

Accommanus 6akrepuit L. fermentum 30 u L. cellobiosus 36 oroOpana u3 pabopaTopHOit
KOJUICKIIMA MOJIOYHOKHUCIIBIX OaKTEpPHil C BBICOKOH aHTUMHUKPOOHOW W (epMEeHTATUBHOU
AKTHUBHOCTBIO, BBIICICHHBIX OT 3/I0POBBIX JIFOJICH.

[MItamm L. fermentum 30 monydeH 13 MOMyJISIHK CyOJIMMAIIMOHHO BBICYIICHHON KYJIBTYPBI
L. fermentum 29, BbyieneHHON M3 KHIIEYHWKA 3I0pOBOr0 uenoBeka. [IpencramieH
rpaMIIOIOKUTEILHBIMU, aCIIOPOT€HHBIMHU, HEMOABUKHBIMU, Majmoykamu pazmepom 0,5-0,7x1,0-
3,0 MKM C TYIBIMH KOHLIAMH, Yallle OAMHOYHBIMH, HO BCTPEYAIOTCsl KOpOTKHE 1lenouku. [Ipu pocre
Ha IUTOTHOM MUTATEIbHOU Cpefie 00pa3yeT IIOCKHE, KPYTJble, epoxoBaThie KoaoHuu. [1pu pocre
B )KHJIKOW TUTATEIBHOU cpefie 00pazyeTcs paBHOMEpHas MyTh. COpaKMBaeT rajJakTo3y, JIaKTO3Yy,
MajabTO3y, MaHHO3y, Menubuosy, padduuo3y, caxaposdy. llemnoOnosy, MaHHUT, pPaMHO3Y,
KCHUJI03y, COPOUT HE HCMONB3yeT uiu QepMeHTHpyeT cinabo. BoccTaHaBnmuBaeT HUTpATHI, U3
apruarHa oopazyet ammuak. Cinabo moakucisier Mooko. ['mapommsyer kpaxmain. OnTuMaIbHBINA
pocr nipu 37 C, xopoo pacter npu 45 C, npu 15°C poct orpanuden. Mcrnons3yeT opranuueckue
VMCTOYHHMKHN a30Ta: IENTOH, JAPOXOKEBOW aBTOJM3AT, MACHOW JKCTPAKT, KYKYpPY3HBIH JKCTPAKT,
OKCTPAKT COJIONOBBIX pocTkoB. H2S u wmHmon He oOpasyer. He oOmamaer karanma3zHoi
akTUBHOCTHIO. Hemarorenusiii. O0agaeT BHICOKONH aHTUMHUKPOOHON aKTMBHOCTHIO C IIUPOKUM
CIIEKTPOM JAEHCTBUS U MOBBIIIEHHOW YCTOMYMBOCTBIO K BBICYILIMBAHUIO.

[Itamm L. cellobiosus 36 Beiienen u3 monyasuy CyOJMMAIHOHHO BBICYIIEHHON KYJIbTYPBI
L. cellobiosus 35. IIpencraBnser coOol Majxo4KkH C 3aKPYTJICHHBIMH KOHI[AMH BapHaOeIbHBIX
pa3mepos: 0,5-0,7x1,5-5,5MKM, HEMOABUKHBIE, ACTIOPOTCHHBIEC, TPAMIIOJIOKUTENbHBIE. [Tamouku
pacToNOKeHbl OJIMHOYHO, B KOPOTKHUX Iernoukax (mo 3-5 KJIeTOoK), WHorna B Oojee THHHBIX
nenovkax. [Ipu pocre B KHUIKOW MHUTATEIBLHON cpeme oOpasyercs paBHOMEpHasi B3BECh C
MpPO3pauHbIM KOJBIOM B BepXHEM ciioe. [loBepXHOCTHBIE KOJIOHMM Ha TUIOTHOM MHUTAaTEeIbHOU
cpele IUIOCKHUE, PHU30MIHBIC, TJIyOMHHBIE - CBETJIO-XKENThle, 4eueBHIHble. DepMeHTHpYeT
apabuHo3y, pu0o3y, IeI00HO3y, TrajJakTo3y, TIIOKO3Yy, IIIIOKOHAT, pa@@uHO3y, ManbTo3y,
Menuomno3y, caxapo3y. Cnmabas peakuus Ha JAaKTO3y, MaHHO3y, Kcuio3y. Obpazyer CO2 mpu
cOpa’kuBaHUM TJIIOKO3bI U IIIoKoHaTa. He cOpakuBaeT MaHHUT, paMHO3y. VI3 aprunnna oopa3syer
aMMuakK. MoJIOKO B TeUeHHe JIBYX CYTOK He ckBammBaeT. Pacter npu 15°C n He pacrer npu 45 C.
OnTumanbHas s pocta Temrneparypa 35 C. Mcmonb3yeT opraHMdeckue HCTOYHMKM a30Ta:
MIETNTOH, APOXOKEBOM aBTOJMM3AT WIIM SKCTPAKT, MsICHOH skcTpakT. Mumon u HoS He oOpasyer. He
naToreHHbId. OOnamaeT BBICOKOH AHTHUMHUKPOOHOW aKTUBHOCTBIO C MIMPOKUM CIHEKTPOM
IEUCTBUSL.
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Jns uccnenoBanuii acconuanuu KyabTyp L.fermentum 27 u L. plantarum 28/2, a taxxe L.
fermentum 30 u L. cellobiosus 36 BeIpamuBany KaxIylo OTAeNbHO B Teuenue 24 u mpu 35°C B
MUTATENLHOM CpeJie Cieayromero cocrana (T/1): rimoko3a — 15,0; npoxkeBoi 3kcTpakt — 5,0,
MSICHOM 3KCTpakT — 5,0; mentoH — 10,0; aMMOHUM TUMOHHOKHUCIIBIN — 2,0; HATPHUIl YKCYCHOKHUCIIBII
—2,0; xanuit pocopHOKUCHbI 1-3amerienHbii — 2,0; HaTpHii hocHOpHOKHUCIBIN 2-3aMEIICHHBIH
— 2,0; marauit cepHokucisiii — 0,2; mapraner cepHokucibiii — 0,05; kobanst xmopucterii — 0,01,
pH - 6,5-7,0;Bo1a muTheBas — 10 1.

Jis cyOnMMAalMoOHHOTO BBICYIIMBAHUSA B KUAKHE accOMaluy J0O0aBsUIM 3alllUTHBIC
KOMIIOHEHTHI: 7% caxapo3bl U 1,5% xenaruna + 7% COM. Ilocne 3Toro npenapaTs! pa3inuBain
B CTEpUJIbHBIE TEHUIIMJUTMHOBBIE (DJIAKOHBI IO 5 MJT M BBICYILIMBAIIU B CYOJIMMAIIMOHHOMN CYIINIIKE
Liobeta-35. HapaGoraHHbIC OMBITHBIC MApPTHU CyXUX MpPENapaToB 3aJ0KCHbI Ha XpaHCHHUEC B
XONOMIBHIKE. TIPU TeMriepatype ot 2 110 8°C.

OnpeneneHre aHTarOHUCTUYECKOW AaKTUBHOCTH AacCOLUMALMK MPOBOJIWUIU METOIOM
nuddy3un B arap B oTHOIIeHUH TecT-KyasTyp Staphilococcus aureus MRSA 9, Staphilococcus
aureus MRSA 3316, Shigella flexneri 11, Escherichia coli, Salmonella gallinarum, Klebsiella
pneumonia 444, Pasteurella multocida, Pseudomonas aeruginosa 835, Pseudomonas aeruginosa
342, Proteus sp., Mycobacterium Bs, Candida albicansnpeoounu 1o quamerpy 30H IO/IaBICHUS
ux pocra [13].

UKCIeHHOCTh MHUKPOOPraHU3MOB B CYXHUX I[Ipernaparax yCTaHABIMBAIM MyTeM psaa
MOCJIEOBATEIbHBIX pPAa3BEICHUN B CTEPUIIBHOM BOJOMPOBOJHOM BOJE M BBICEBA HUX B
arapu30BaHHYIO UTaTenbHyIo cpeny MRS ¢ nocnenyromum moacyeToM BIPOCIIUX KOJIOHUH.

Jns matemaTuueckoi 0OOpaOOTKM pe3ylbTaToOB MCMOJIb30BAIM CTaHAAPTHBIE METObI
HAXO0XJICHUS CPEeIHUX 3HAYCHHUH U X cpenHux omuoOok [14]. CTaTucTUYeCcKy0 TOCTOBEPHOCTh
MOJIyYEHHBIX pPE3yJabTaTOB ompeneasuid mno t-kpureputo CrblogeHTta. Paznuuus cuutanu
cTaTucTuyecku 3HaunMbiMu 1ipu p<0,05.

Pe3yabTaTsl U X 00Cy:KIeHUE

Pe3ynbTaThl MCClieIOBaHUNA aHTAarOHUCTUYECKON aKTUBHOCTH HCCIIEIYEMBIX AaCCOLIMAIIANA
1ocjie MX KyJbTUBUPOBAHMS B T€YEHHUE 24 U B JKUJKON NMUTATENbHOM CpeAe MPENCTaBICHBI B
Tabymue 1.

Tabnuna 1 — CpaBHHUTENIbHASI XaPAKTEPUCTUKA aHTArOHUCTUYECKOH aKTHBHOCTH PA3JIMYHBIX aCCOLMAIINIT
OakTepuit

30HI:I MoAaBJICHUA pOCTa TCCT-OPraHu3MOB, MM
Tect-opraHsMb! BapwuanTh acconmanuii GakTepwii
L. fermentum 27 + L. L. fermentum 30 + L.
plantarum 2s/2 cellobiosus 36
1 2 3
E. coli 15,5+0,7 22,0+0,3
S. gallinarum 14,0+0,9 21,0+0,4
Sh. flexneri 11 0 17,0+0,5
S. aureus 3316 14,0+0,5 17,0+0,5
S. aureus 9 17,5+0,5 25,0+0,4
K. pneumoniae 444 18,0+0,3 26,0+0,5
C. albicans 16,0+0,2 25,0+0,3
P. multocida 18,0+0,3 25,0+0,5
P. aeruginosa 342 13,0+0,8 26,0+0,7
P. aeruginosa 835 9,0+ 0,2 22,0+0,6
Acinetobacter sp. 1132 15,0+ 0,5 26,0+£0,5
Acinetobactersp. 1522 0 16,0+0,5
Proteus sp. 14,0+0,5 18,0+0,6
Mycobacterium Bs 20,0+£1,0 28,0+0,9
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Kak BUIHO W3 TMpecTaBICHHON Ta0IuUIbl, accouualus u3 mramMmos L. fermentum 30 u L.
cellobiosus 36 o6ragaer Gostee HIMPOKUM CIICKTPOM JAEUCTBHUS U O0JIee BRICOKOH aHTHMHKPOOHOM
AKTUBHOCTBIO 110 CPABHEHUIO ¢ accoruarueii L. fermentum 27 u L. plantarum 2g/2. Tak, B oTiinuue
OT TMPOTHUBOIOCTABIIEMON accolMalii, Yy Hee BbISBIEHA AHTArOHHCTUYECKash aKTHBHOCTh B
ornomeHun Acinetobacter sp. 1522 u Shigella flexneri 11, a Taxke OTMEUEHO MOBBIIICHHE
aHTaroHMW3Ma B OTHOIIIEHUHU BCEX HCCIIEI0BAHHBIX TECT-KYJIbTYP, B OCOOCHHOCTH K K. pneumoniae
444, S. aureus 9, C. albicans, P. multocida, P. aeruginosa 342, Acinetobacter sp. 1132 wu
Mycobacterium Bs.

Tutp OGakTepuii UCCIETYEMbBIX aCCOIMAIMA ONPEICSIISTA B CyOIMMAaIlMOHHO BBICYIIEHHBIX
Mpernaparax UCXOAHBIX M MOCJE UX XpaHeHUs B TedeHue 4, 7 u 12 mecsueB B XOJOAWIbHUKE
(Tabmuma 2).

Tabmuua 2 - CogepikaHue KXH3HECHOCOOHBIX KJIETOK MPOOMOTHYECKHUX OaKTepuil B CyOIMMAIlMOHHO
BBICYLICHHBIX IIpenaparax 1 I0cje X XpaHEeHUs B XOJIOAUIbHUKE
Conepxanue OakTepHalbHbIX KJIETOK B CyXHUX Ipenaparax , MiIpA

Tutp xuaxoi KOE/r
KyJIbTYpHI, Hcxomabr q 4 q 9 12
Accouanin YIBTYP CXOJHBIE epe3 epe3 7 epe3
mipa KOE/mn rnocne Mecsa MeECSIIIEB MECSILIEB
BBICYIITMBAHUS XpaHeHUs! XpaHeHUs XpaHeHUs

L. fermentum 27
u L. plantarum 6,5+0,3x10° 3,8+0,3x10° 3,0+0,3x10° 3,0+0,2x10° 2,0+0,2x10°
28/2
L. fermentum 30
u L. cellobiosus 7,8+0,4x10° 6,7+0,3x10° 6,0+0,3x10° 6,0+£0,3x10° 5,6+0,2x10°

36

[To pesynbpTaTam TaOIMIIBI BUIHO, YTO B CYXUX Mperaparax B TCUYCHUE CPOKa HAOIIOACHUN
(12 mecsreB) XOpoIIO COXpPaHHWJIACh JKM3HECITOCOOHOCTh MPOOMOTHYECKHX OakTepuid. boiee
BBICOKHI TUTpP OAaKTEpUil OTMEYEH Yy acCOIManuu., cocrosiuei u3 oakrepuii L. fermentum 30 u L.
cellobiosus 36.

N3ydena takke aHTarOHUCTUYECKas aKTUBHOCTH MPOOMOTHUYECKHX IMPENapaToB MOCIE MX
CyOJMMAaIMOHHOTO BBICYIIMBAHUS U XpaHeHus (Tabnuia 3).

Tabnuia 3 - AHTarOHUCTUYECKAash aKTUBHOCTh BBICYIICHHBIX acCOIMALUNA MCXOAHBIX M mocie 4,7 u 12
MECSIIEB XpaHCHHS

30HBI TOJIABIICHUS POCTA TECT-KYIBTYP,MM
Accoanis TecT-KyIbTYpHI Hcxonnsie Uepes 4 Yepes 7 Yepes 12
IIOCJIC Mecdia MecdIa Mecdia
BBICYIIMBAHUA XPaHCHUA XPaHCHUA XPaHCHUA
1 2 3 4 5 6
E. coli 13,0+0,5 12,5+0,4 12,0+0,5 11,5+0,5
S. gallinarum 10,5+0,2 9,5+0,4 9,0+0,4 9,0+0,3
S. aureus 3316 12,5+0,3 11,0+0,5 11,0+0,7 10,5+0,6
S. aureus 9 14,0+0,5 12,5+0,6 12,0+0,3 12,0+0,6
L fermentum 27 K. pneumo_niae 444 15,5+0,6 13,5+0,3 13,0+0,5 12,6+0,4
L. plantarum C. alblca_ns 13,0+0,3 12,0+0,5 12,0+0,6 11,5+0,3
25/2 P. multocida 15,0+0,5 14,0+0,2 13,0+0,5 12,0+0,4
P. aeruginosa 342 11,0+0,4 10,5+0,3 10,5+0,6 10,0+0,6
P. aeruginosa 835 9,0+0,2 9,0+0,2 9,0+0,5 8,5+0,3
AC'”etﬂ’ggter Sp- 12,040,2 11,0402 | 10,0402 | 10,00,5
Acinetobacter sp.
1522 0 0 0 0
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[Ipomomxenue TabauIbI 3

1 2 3 4 5 6
Proteus sp. 12,5+0,4 11,5+0,6 11,0£0,5 10,5+0,3

Mycobacterium Bs 17,5+0,5 15,0+0,6 14,0+0,3 14,0+0,6

E. coli 18,040,5 16,0+0,4 16,040,6 15,040,5

S. gallinarum 19,5+0,2 17,5+£0,4 16,0+0,5 15,0+0,3

S. aureus 3316 15,5+0,3 14,0+0,5 13,0+0,5 13,5+0,6

S. aureus 9 19,5+0,4 17,520,7 16,040,3 15,00,5

K. pneumoniae 444 22,040,5 20,5+0,4 20,0+0,5 19,620,5

L. fermentum 30 C. albicans 22,0£0,6 20,0205 19,0£0,7 18,540,6
u L. cellobiosus P. multocida 22,00,7 20,0+0,4 19,040,5 18,040,5
36 P. aeruginosa 342 24,0£0,6 20,520,5 19,0£0,4 18,0£0,6

P. aeruginosa 835 22,0+0,5 20,0+0,3 19,0£0,2 18,520,4

AC'”et‘l’i’ggter P 22,0+0,5 21,0406 | 200+05 | 19,00,6

Acinetobactersp. 12,0+0,3 11,0£04 | 100405 | 10,0404

Proteus sp. 12,5+0,4 11,00,5 10,0£0,2 10,520,4

Mycobacterium Bs 22,0+0,5 20,0+0,5 19,040,5 19,040,3

YCcTaHOBIIEHO, YTO TMOCHEe CYOITUMAIIMOHHOTO BBICYIIIMBAHUS aHTATOHHW3M HE BBISIBJICH Y
accorpanuu 6axtepuii L. fermentum 27 u L. plantarum 2B/2 B otHomenuu Acinetobacter sp. 1522.
B oTHOmIEHWH OCTaNBHBIX TECT-KYJABTYp 30HBI TOJABJICHHS POCTa CYXHM IIpernapaToM
YMEHBIITWINCH Ha 1- 2 MM B JaJIbHEHIIIEM B T€UEHHUE CpOKa HaOmoaeHUH (12 MecsI1ieB) MEHsITUCh
HE3HAYUTENbHO. B cyXoM mpemapare uccienyeMol accolUalii KyJIbTyp aHTaroOHW3M IOCIe
CyOMMAaIMOHHOTO BBICYIIMBAHUSI COXPAHMUJICS KO BCEM HCCIEAOBAHHBIM TECT-KYyJIbTypam, Mpu
9TOM 30HBI TOJABJICHHS WX pPOCTa OBUIM 3HAYUTENHHO BHINIC, Y€M Yy IPOTHUBOMOCTABISEMON
accoIMaIuu, KpoMe TeCcT-KyJIbTypbl Proteus sp. (30HbI MmaaBieHUs pocTa y 00eUx accoluanui
12,5 mm). CoxpaHeHHE aHTArOHUCTUYECKON aKTUBHOCTU Ha JIOCTaTOYHOM YPOBHE OTMEUEHO KO
BCEM TECT-KYyJbTypaM B TeueHue 12 mecsiies.

CormocTaBiieHHE TIOJTYYCHHBIX JAHHBIX ITOKA3aJ10, YTO accolranus u3 Kyibtyp L. fermentum
30 u L. cellobiosus 36 oGiagaer 6osee MHUPOKUM CIIEKTPOM aHTHMHKPOOHOTO ACHCTBUS U OoJtee
BBICOKOW aHTarOHUCTHYECKON aKTUBHOCTHIO 110 CPaBHEHUIO ¢ accormanueii L. fermentum 27 u L.
plantarum 28/2. Tak, B OTIIMYME OT MPOTHUBOMOCTABISACMON AaCCOIMAIIMK, y HEE BBISBJICHA
aHTarOHUCTHYECKasl aKTUBHOCTh B oTHoIIeHuH Acinetobacter sp. 1522 u Shigella flexneri 11, a
TaK)Ke€ OTMEUYEHO IMOBBIIIEHNE aHTarOHM3Ma B OTHOIIEHUH BCEX MCCIIEOBAaHHBIX TECT-KYJIbTYp, B
ocobenHoctH k K. pneumoniae 444, S. aureus 9, C. albicans, P. multocida, P. aeruginosa 342,
Acinetobacter sp. 1132 u Mycobacterium Bs.

Takum 00pa3oM, yCTaHOBJICHO, YTO accolpanus co mrammamu L. fermentum 30 u L.
cellobiosus 36, mpeBoCXOAMT B )KHUIKOM U CYXOM BUJIC U3BECTHYIO acconuaruio L. fermentum 27
+ L. plantarum 28/2 mo tuTpy OaKkTepHii, a TaKk)Ke M0 CIIEKTPYy aHTHMHKPOOHOTO ICHCTBHS U
BEJIMYMHE aHTArOHUCTHUYECKON aKTUBHOCTH.

JIntepartypa:

1 World Health Organization, World health statistics
2011. https://www.who.int/publications/i/item/9789241564199 Accessed: 10.01.2023

2 “3aboneBacMOCTh HaceIeHUs PecrryOmmku Kazaxcran B 2019 rony”

https://www.zakon.kz/5008014-zabolevaemost-naseleniya-respubliki.html /Tara ooparmenus: 09.01.2023
3 Namazova-Baranova L. S., Baranov A. A. Antibiotic Resistance in Modern World. Pediatr.
Pharmacol., 2017, 14(5): 341-354 (doi: 10.15690/pf.v14i5.1782).
4 S. Prakash et al. Gut microbiota: next frontier in understanding human health and development of
biotherapeutics. Biol. Targets Ther., 2011: 71 (doi: 10.2147/btt.s19099).

120


https://www.who.int/publications/i/item/9789241564199
https://www.zakon.kz/5008014-zabolevaemost-naseleniya-respubliki.html

MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

5 laniro G., Bibbo S., Gasbarrini A. Therapeutic modulation of gut microbiota: current clinical
applications and future perspectives. Curr Drug Targets, 2014, 15(8): 762—770.

6 Ymxkanosa E. A., 3eipssaoB C. K. MecTto npenaparoB, BIUSIOMNAX Ha MEKPOOHOTY KHIIIEIHUKA, B
coBpeMeHHOU meauuuHe. [leduampus, 2017, 2:37-42.

7 Sturov N. V., Popov S. V., Zhukov V. A. Modern approaches to the correction of the gut
microbiota. Meditsinskiy Sov., 2021, 2021(4):136-143 (doi: 10.21518/2079-701X-2021-4-136-

143).

8 Merenstein D., Salminen. S. Probiotics and prebiotics. World Gastroenterology
Organisation Global Guidelines, 2017: 35.

9 Millette M., Nguyen A., Amine K. M., Lacroix M. GASTROINTESTINAL SURVIVAL OF
BACTERIA IN COMMERCIAL PROBIOTIC PRODUCTS. Int. J. Probiotics Prebiotics, 2013, 8(4):
149-156.

10 Menau6aesa b.b. ConnanbHO-rUrieHnYecKas OlieHKa 0COOCHHOCTH (DOPMUPOBAHUS KUIIICUHON
unpexknun HaceneHus HOxHo-Kaszaxcranckoit obnactu. Becmmuux Kasaxcxoeo Hayuonanvnozo
Mmeduyurckoeo yHusepcumema, 2017, 2: 450-455.

11 TI'aBpunmoBa H.H., PatamkoBa U.A. Accoyuayus b6axmepuii 0711 npoussoocmea npenapama
Inanmagpepmun (6apuanmet). Ua.matert Ne 21861 PK. Omy6m. 16.11.2009 r., bron. Nell.

12 A.K. Cananos, H.H. I'aBpunoBa, U.A. Pataukosa. [lImamm 6axmepuii Lactobacillus plantarum
26/2, npednasHaueHuwlll OJisl SKIIOHEHUs. 8 COCMAE NeHeOHO-NPOPUIAKMULECKUX NPEenapamos npomue
grcenydouno-kuuteunvix 3aponesanuil. Ilarent Ne30868 PK. Omy06:1. 25.12.2015 r., Brom. Nel2.

13 EropoB H.C. Ocroswt yuenus 06 anmubuomurax, 1994.

14 Ypbax B.IO. Cmamucmuueckuil anaius 6 6uonio2uteckux u MeOUYUHCKUX ucciedosanusx. M.,
1975.

A K. CAIIAHOB, H.H. TABPUJIOBA, U.A. PATHUKOBA*, C.3. OPA3BIMBET,
E.JK. LIIOPABAEB, )X.T. MYCABEKOB, P.JK. KAIITAT AW, JI.E. [IPOTACIOK,
JLA. KOUIEJIEBA, C.b. JUKATJITYOBA
Onpipictik Mmukpoouosorus, Anmarsl, Kazakcran
*e-mail: iratnikova@list.ru

MHUKPOBKA KAPCBHI OCEPIHIH KEH CIIEKTPI BAP JI9PUJIIK
ITPOBUOTHUKAJIBIK ITPEITAPATTBI OHAIPYTI'E APHAJI'AH BAKTEPUAJIAP
KAYBIMJACTBIT'bI

Tyiiin
Exi mpoOHOTHKABIK KaybIMIACTHIKTBIH AHTATOHUCTIK OCIICCHIUTIMH 3epTTey Ke3inae, L. fermentum
30 xxome L. cellobiosus 36 mrramMaapeiMen Oipre accormanus CYHbBIK KoHE KYpFak Typie MUKPOOKa Kapchl
ocep €Ty CHEKTpi JKOHe THIMII eMIIK NMPOOMOTHUKAIBIK IperapaTTapabl jkacay VIIH HaigalaHbUTYhI
MYMKiH aHTaroHMCTiK OeJceHIUTK mamachl OoibiHmma Oenrimi L. fermentum 27 u L. plantarum 28/2
KaybIMJIACTBIFBIHAH ACBII TYCETIHI aHBIKTAJIIBI.
KinTTi ce3nep: GakTepusiap KaybIMJACThIFbI, IPOOUOTHK, AHTATOHU3M, 11K HH(EKIUSICHI.

121



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

IRSTI: 34.27.51

A.K. SADANOQV, N.N. GAVRILOVA, I.A. RATNIKOVA*, S.E. ORAZYMBET,
E.ZH. SHORABAEV, ZH.T. MUSABEKOQOV, R.ZH. KAPTAGAI, L.E. PROTASIUK,
L.A. KOSHELEVA, S.B. DZHAILAUOVA
Industrial Microbiology, Almaty, Kazakhstan
*e-mail: iratnikova@list.ru

BACTERIA ASSOCIATION FOR THE PRODUCTION OF A THERAPEUTIC
PROBIOTIC DRUG WITH A WIDE SPECTRUM OF ANTIMICROBIAL ACTION

doi: 10.53729/MV-AS.2023.01.07

Abstract
When studying the antagonistic activity of two probiotic associations, it was found that the
association with L. fermentum 30 and L. cellobiosus 36 strains exceeds the known association of L.
fermentum 27 and L. plantarum 28/2 in terms of the spectrum of antimicrobial action and the magnitude of
antagonistic activity in both liquid and dry forms. This features can be used to create effective therapeutic
probiotic preparations.
Keywords: bacteria association, probiotic, antagonism, intestinal infections.

Acute intestinal infections (All) are one of the urgent health problems in all countries [1],
including Kazakhstan. Thus, in Kazakhstan, among the diagnosed infectious diseases in January-
December 2019, All was in second place after acute respiratory infections - 22997 cases [2]. The
ubiquity, high incidence of moderate and severe forms, and complications determine the need to
find ways to optimize the tactics of treating this group of diseases.

The complexity of the infectious diseases treatment is associated with the massive irrational
antibiotics and chemotherapeutic drugs use, which led to the pathogens’ multidrug resistance
development [3]. Moreover, the use of antibiotics is often accompanied by a change in the
qualitative and quantitative composition of the intestinal microbiota. It has been shown that
microbiota disorders (dysbiosis) predispose to the development of various diseases of the
gastrointestinal tract, atopy, obesity, metabolic syndrome, diabetes mellitus, rheumatoid arthritis,
malignant neoplasms, and possibly other pathologies [4-7]. Therefore, recently in the world it is
increasingly recommended to use probiotics based on microorganisms - symbionts of the
gastrointestinal tract for the treatment of intestinal diseases instead of antibiotics.

Nowadays, pharmacological probiotic preparations are considered as the most sufficient and
effective means for human microecology correction and maintenance at an optimal level.

Probiotics belong to the group of medical immunobiological preparations based on live
bacteria, antagonistically active against pathogenic and opportunistic microorganisms that cause
various infectious diseases and do not adversely affect representatives of the normal human
microflora. Generally, probiotic preparations are used for the prevention and treatment of acute
intestinal infections and the correction of dysbiotic conditions. Such therapy is often accompanied
by positive changes in the system of nonspecific immunological defense of the body and leads to
increased body resistance to the adverse factors.

On the modern market, there are many foreign probiotic preparations based on live
microorganisms. The ranking of the best probiotics that normalize the gastrointestinal tract
function, increase immunity, and improve metabolic processes includes: Bifidumbacterin,
Bifidumbacterin Forte, Lactobacterin, Probifor, Acipol (Russia), Enterol (France), Bifiform
(Denmark) [8]. However, widely used therapeutic probiotics for the intestinal infections treatment
are not always effective [9, 10]. The reason is a narrow spectrum of antimicrobial action and the
absence of the antagonists’ selection to the specific pathogens.
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One of the main criteria for the selection of microorganisms for the probiotics composition
is the severity of their antagonistic activity against various infectious pathogens.

According to the above-mentioned, the purpose of this study was the selection of the most
active probiotic association in terms of antagonistic activity in order to create a probiotic that is
active against pathogens of intestinal and extraintestinal infections. The Plantafermin preparation
consisting of L.fermentum 27 and L. plantarum 2B/2 association, that demonstrated efficacy in
intestinal infections treatment, was used as a control [11, 12].

Materials and methods

An association of L. fermentum 30 and L. cellobiosus 36 was selected from the collection of
human origin lactic acid bacteria with high antimicrobial and enzymatic activity.

The L. fermentum 30 strain was obtained from a population of freeze-dried L. fermentum 29
culture isolated from the intestines of a healthy person. It is represented by gram-positive,
asporogenic, immobile, rods 0.5-0.7x1.0-3.0 um in size with blunt ends, often single, but short
chains can also be found. On a dense nutrient medium, it forms flat, round, rough colonies. In a
liquid nutrient medium, a uniform turbidity is present. The culture ferments galactose, lactose,
maltose, mannose, melibiose, raffinose, and sucrose, while cellobiose, mannitol, rhamnose,
xylose, and sorbitol are not fermented or weakly fermented. Restores nitrates, forms ammonia
using arginine, weakly acidifies milk and hydrolyzes starch. Optimum growth is detected at 37°C,
at 45°C the culture grows well, at 15°C the growth is limited. Organic nitrogen sources, such as
peptone, yeast autolysate, meat extract, corn extract, and malt sprout extract are utilized. The L.
fermentum 30 strain does not form H.S and indole, does not have catalase activity and is not
pathogenic. It has high antimicrobial activity with a wide spectrum of action and increased
resistance to drying.

The L. cellobiosus 36 strain was isolated from a population of freeze-dried culture of L.
cellobiosus 35. It is represented by rods with rounded ends of variable sizes: 0.5-0.7x1.5-5.5 pm,
immobile, asporogenic, and gram-positive. The rods are located separately, in short (3-5 cells
each) or longer chains. In a liquid nutrient medium, a uniform suspension with a transparent ring
in the upper layer is usually formed. Superficial colonies on a dense nutrient medium are flat and
rhizoidal, while the profound ones are light yellow and lenticular. The strain ferments arabinose,
ribose, cellobiose, galactose, glucose, gluconate, raffinose, maltose, melibiose, and sucrose. Has a
weak reaction to lactose, mannose, and xylose. It forms CO; during the fermentation of glucose
and gluconate, does not ferment mannitol and rhamnose. The L. cellobiosus 36 strain forms
ammonia from arginine, does not ferment milk for two days. Grows at 15°C, but not at 45°C. The
optimum temperature for growth is 35°C. The strain uses organic sources of nitrogen: peptone,
yeast autolysate or extract and meat extract, does not form Indole and H2S and is not pathogenic.
It has high antimicrobial activity with a wide spectrum of action. The strains are harmless for
human and animal.

L. fermentum 27 and L. plantarum 28/2 association and L. fermentum 30 and L. cellobiosus
36 association were used in this study. Each bacterial combination was cultivated separately for
24 hours at 35°C in a nutrient medium with the following composition (g/l): glucose - 15.0; yeast
extract - 5.0; meat extract - 5.0; peptone - 10.0; ammonium citrate - 2.0; sodium acetate - 2.0;
potassium phosphate 1-substituted - 2.0; sodium 2-substituted phosphate - 2.0; magnesium sulfate
- 0.2; manganese sulfate - 0.05; cobalt chloride - 0.01; pH - 6.5-7.0; fresh water - up to 1 liter.

For freeze drying, protective components were added to liquid associations: 7% sucrose and
1.5% gelatin + 7% SMP. After that, the preparations were poured into sterile penicillin vials of 5
ml and dried in a Liobeta-35 freeze dryer. The accumulated experimental batches of dry
preparations were stored in the refrigerator at temperatures from 2 to 8°C.

Then the antagonistic activity against Staphilococcus aureus MRSA 9, Staphilococcus
aureus MRSA 3316, Shigella flexneri 11, Escherichia coli, Salmonella gallinarum, Klebsiella
pneumonia 444, Pasteurella multocida, Pseudomonas aeruginosa 835, Pseudomonas aeruginosa
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342, Proteus sp. Mycobacterium Bs, and Candida albicans test cultures was determined through
the evaluation of growth inhibition zones [13].

The number of microorganisms in dry preparations was determined by a series of dilutions
in sterile tap water and inoculation into an MRS agar nutrient medium, followed by counting the
grown colonies.

For mathematical processing of the results, standard methods for finding the mean values
and their mean errors were used [14]. The statistical significance of the results obtained was
determined by Student's t-test. Differences were considered statistically significant at p<0.05.

Results and discussion
The results of assessment of the antagonistic activity of the studied associations after their
cultivation for 24 hours in a liquid nutrient medium are presented in Table 1.

Table 1- Comparative characteristics of different bacterial associations’ antagonistic activity.

Test-cultures' growth inhibition zones, mm
Test-cultures Bacterial associations _
L. fermentum 27 + L. plantarum 28/2 L. fermentum 336+ L. cellobiosus
1 2 3
E. coli 15,5+0,7 22,0+0,3
S. gallinarum 14,0+0,9 21,0+0,4
Sh. flexneri 11 0 17,0+0,5
S. aureus 3316 14,0+0,5 17,0+0,5
S. aureus 9 17,5+0,5 25,0+0,4
K. pneumoniae 444 18,0+0,3 26,0+0,5
C. albicans 16,0+0,2 25,0£0,3
P. multocida 18,0+0,3 25,0+£0,5
P.aeruginosa 342 13,0+0,8 26,0+0,7
P.aeruginosa 835 9,0+ 0,2 22,0+0,6
Acinetobacter sp. 1132 15,0+ 0,5 26,0£0,5
Acinetobactersp. 1522 0 16,0+0,5
Proteus sp. 14,0+0,5 18,0+0,6
Mycobacterium Bs 20,0+1,0 28,0+0,9

As can be seen from the table, the association of strains L. fermentum 30 and L. cellobiosus
36 has a wider spectrum of action and higher antimicrobial activity compared to the L. fermentum
27 and L. plantarum 28/2. In contrast to another association, it demonstrated an antagonistic
activity against Acinetobacter sp. 1522 and Shigella flexneri 11, and an increase in antagonism
against all studied test cultures, especially K. pneumoniae 444, S. aureus 9, C. albicans, P.
multocida, P. aeruginosa 342, Acinetobacter sp. 1132 and Mycobacterium Bs.

The titer of bacteria of the studied associations was determined in freeze-dried preparations
and after their storage for 4, 7, and 12 months in the refrigerator (table 2).

Table 2 - The content of probiotic bacteria viable cells in freeze-dried preparations and after their storage
in the refrigerator

The content of microbial cells in freeze-dried preparations, billion

Liquid culture CFU/g
Assosiations titer, billion Initial after After 4 months | After 7 months After 12
CFU/ml - months of
freeze-drying of storage of storage storage

L. fermentum 27
and L. plantarum 6.5+0.3x10° 3.8+0.3x10° 3.0+0.3x10° 3.0+0.2x10° 2.0£0.2x10°
28/2
L. fermentum 30
and L. Cellobiosus 7.8+0.4x10° 6.7+0.3x10° 6.0+£0.3x10° 6.0+£0.3x10° 5.6+£0.2x10°

36
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According to the results presented in the table, it can be seen that the viability of probiotic
bacteria was well preserved in dry preparations during the observation period (12 months). A
higher titer of bacteria was noted in the association of L. fermentum 30 and L. cellobiosus 36.

The antagonistic activity of probiotic preparations after freeze-drying and storage was also
studied (Table 3).

Table 3 - Antagonistic activity of freeze-dried associations, initial and after 4, 7, and 12 months of storage

Test-cultures’ growth inhibition zones, mm
Assosiation Test-cultures Initial after After 4 After 7 months | AAfter 12
freeze- months of months of
dryin storage of storage storage
ying g g
E. coli 13.0£0.5 12.5+0.4 12.0£0.5 11.5%0.5
S. gallinarum 10.5+0.2 9.5+0.4 9.0+0.4 9.0+0.3
S. aureus 3316 12.5+0.3 11.0+£0.5 11.0+0.7 10.5+0.6
S. aureus 9 14.0+£0.5 12.5+0.6 12.0+0.3 12.0+0.6
K. pneumoniae 444 15.5+0.6 13.5+0.3 13.0£0.5 12.6x0.4
L fermentum C. albica_ns 13.0+0.3 12.0+0.5 12.0+0.6 11.5+0.3
'27 and L. P. mu!touda 15.0+£0.5 14.0+0.2 13.0+£0.5 12.0+£0.4
plantarum 2s/2 P. aeruginosa 342 11.0+£0.4 10.5+0.3 10.5+0.6 10.0+0.6
P. aeruginosa 835 9.0+0.2 9.0+0.2 9.0+0.5 8.5+0.3
AC'”etgkl’ggter P 120502 | 110202 10.00.2 10.0£0.5
Acinetobacter sp.
1522 0 0 0 0
Proteus sp. 12.5+0.4 11.5+0.6 11.0+£0.5 10.5+0.3
Mycobacterium Bs 17.5+0.5 15.0+0.6 14.0+0.3 14.0+0.6
E. coli 18.0£0.5 16.00.4 16.020.6 15.00.5
S. gallinarum 19.5+0.2 17.5£0.4 16.0+£0.5 15.0+0.3
S. aureus 3316 15.5+0.3 14.0+£0.5 13.0+£0.5 13.5+0.6
S. aureus 9 19.5+0.4 17.5+0.7 16.0+0.3 15.0+£0.5
K. pneumoniae 444 22.0+0.5 20.5+£0.4 20.0£0.5 19.6+0.5
C. albicans 22.0£0.6 20.0£0.5 19.0+0.7 18.5+0.6
L. fermentum P. multocida 22.0+0.7 20.0+0.4 19.0+0.5 18.0+0.5
30and L. P. aeruginosa 342 | 24.0+0.6 20.5+0.5 19.0+0.4 18.0+0.6
cellobiosus 36 |p “aeruginosa 835 | 22.0+0.5 20.0+0.3 19.040.2 18.5+0.4
AC'”etﬂ’ggter SP- | 200:05 | 21.006 20.040.5 19.040.6
AC'”etfé’;;terSp' 120403 | 11.0%0.4 10.040.5 10.040.4
Proteus sp. 12.5+0.4 11.0£0.5 10.0£0.2 10.5+0.4
Mycobacterium Bs 22.0+0.5 20.0£0.5 19.0+0.5 19.0+0.3

It was established that after freeze-drying, no antagonism was detected for the L. fermentum
27 and L. plantarum 2B/2 association against Acinetobacter sp. 1522. In relation to the rest test
cultures, the zones of growth suppression by the dry preparation decreased by 1-2 mm, and then
changed insignificantly during the observation period (12 months). In a dry preparation from the
studied association, the antagonistic activity after freeze-drying was preserved towards all the
studied test cultures, while the zones of growth inhibition were significantly higher than in the
opposite association, except for the Proteus sp. test culture (growth suppression zones in both
associations were 12,5 mm). The preservation of antagonistic activity at a sufficient level was
noted for all test cultures for 12 months.

The comparison of the obtained data showed that the L. fermentum 30 and L. cellobiosus 36
association has a wider spectrum of antimicrobial activity and higher antagonistic activity
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compared to the association of L. fermentum 27 and L. plantarum 2g/2. So, in contrast to the
opposing association, it showed antagonistic activity against Acinetobacter sp. 1522 and Shigella
flexneri 11, as well as an increase in antagonism against all of the studied test cultures, especially
against K. pneumoniae 444, S. aureus 9, C. albicans, P. multocida, P. aeruginosa 342,
Acinetobacter sp. 1132 and Mycobacterium Bs.

Thus, it has been established that the L. fermentum 30 and L. cellobiosus 36 association
exceeds the known L. fermentum 27 and L. plantarum 28/ 2 association in both liquid and dry
forms by the microbial titer, as well as by the spectrum of antimicrobial action and the magnitude
of antagonistic activity.
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AHHOTALUSA

OpHoii 13 TI00ANBHBIX MPOOJIEM, C KOTOPOH YEJIOBEYECTBO CTOJIKHYJIOCH B MOCIEIHEE CTOJIETHE,
SBJISICTCSl 3arpsi3HEHUE OKpY’Kalolied cpelbl. bosbplias 4acTh TOKCHYHBIX BBIOPOCOB IMPHUXOAMTCS Ha
pasiuyHbIe BUABI MIPOU3BOJCTB, OAHUM M3 KOTOPBIX SBJSETCS IIEIUTIONO3HO-OyMaxkHOe. TpaauiiioHHOe
[EJUTION03HO0-0yMa)KHOE TIPOU3BOJICTBO TIOIPa3yMeBaeT NCIIOIB30BaHHE MIET0UYEH U KHCIIOT, TOTa/Ial0IIIX
BIIOCJIEJICTBHU B OKPY>KaIOLIYIO CPely CO CTOYHBIMH BOAAMHU BMECTE C TPYAHOpa3iaracMbIM JUTHUHOM. C
YYETOM IMOBBIIICHHUSI CIpOca Ha IIEJUTI0JI030-0yMasKHBIE pacXoJHbIe MaTephaibl pa3pa0doTKa HOBBIX
9KOJIOTHYHO-0E30MMaCHBIX TEXHOJIOTHH ISl [EJUTFOJIO3HO-0YMaKHOW TMPOMBINUICHHOCTH CTAaHOBHUTCS
KpaiiHe akTyanpsHOH. OJHUM U3 MIPEIOKEHHBIX CIIOCOO0B peIIeHHsI TPOOIEMBI SBISIETCS] OMOJIOTUIECKUI
METO/1 IPEABAPUTENBHON 00paOOTKH CHIPbsI MIPH LEIUTIOI03HO-0yMaKHOM MPOU3BOJICTBE.

Ha cragum mpenBaputenbHOW OOpaOOTKH CHIPhS XUMHUYECKHM CIIOCOOOM TPOUCXOJUT Pa3phbiB
KOBQJICHTHBIX CBA3€H MEXIy LEJUIIOJI030H M JIMTHUHOM, OMOJIOTMYECKHH ke crocol mojapasymeBaeT
OMOIECTPYKUHUIO LEIUTIONIO3HO-TUTHUHOBBIX CBS3EH, C MCIOJIb30BaHUEM (DEPMEHTOB, CHHTE3HPYEMBIX
MHUKPOOPTraHH3MaMH.

B nmanHoit crathe ommcana paboTa, B XOJe KOTOpPOWM ObLIa BBIAEICHA YHCTas KyJdbTypa Tpuda
Schizophyllum commune, ¢ mMOBEepXHOCTH KOpbI YAaCTUYHO pa3PYLICHHOTO JepeBa, CIIOCOOHBIH,
CHUHTE3UPOBaTh HEOOXOMUMBIE (PepMEHTHI AJIsl pa3IoKeHUs IpeBecuHbl. [locTaHOBKA SKCIIEpUMEHTA JIAJIO
JaHHbIe TOTy4EHHBIE B X0/l IKCIIEPUMEHTA Jalli ONTUMHUCTUYHBIC ITPOTHO3BI O BO3MOXXHOCTH 3aMEHBI
TPaIUIIMOHHOTO CIoco0a MpeaBapUTENbHON 00pabOTKU CHIphS Ha MUKPOOHOJOTHYECKHUN, TaK KaK IO
neiicTBreM (DepMEHTOB, CHHTE3UPYEMBIX TPHOOM S. COMMUNE, KOJTHMYECTBO JUTHUHA B COJIOME CHU3HIIOCH
MPaKTUYECKH B JBa pasza ¢ 17,61% mo 9,09%.

KuaroueBble cjioBa: Onoerpajanys, JINTHAH, APEBECUHA, YHCTas KyJIbTypa, CyOcTpar.

B cBs3u ¢ HamumeM OONBIIMX MOCEBHBIX IUIONMIAJEH 31aKOBBIX KYJIBTYp, MOTEHIIUATBHO
NEepPCHEKTUBHBIM HampaBieHueM Juisi Kazaxcrana sBisieTcss ucciaeOBaHUE BO3MOKHOCTHU
UCIIOIB30BaHUS COJIOMBI B Ka4€CTBE CHIPhS JUIS HEJUIIOI03HO0-0yYMaKHOM MPOMBIIUIEHHOCTH [1,
2]. ITimeHrYHAs COJIOMA MOXKET CITY)KUTh PECYPCHBIM aTbTEPHATUBHBIM ChIPHEM JIJIS [IEJITFOJIO3HO-
OyMa)XHOTO TPOM3BOJICTBA, OCOOCHHO JIJIi MPOM3BOJACTBA CHECIUATBHBIX M (YHKIIMOHATBHBIX
copToB Oymaru, Takux Kak ¢uibTpoBanbHas Oymara. Comoma Ha 15% cocTOMT M3 NUrHUHA, HA
35-45% - u3 nem010361, octaBinuecs 20-30% npuxoasTcs Ha reMurie/unoaosy [3, 4]. braroxaps
CBOEH DBIXJIOW TEKCType OHa JIETKO IOABEPracTcs BO3ACUCTBUIO PpEAarcHTOB BO BpeMs
npeaBapuTebHONM 00padoTku. OHaKO MpobdieMa OTICJICHUS INTHUHA OT IEJITIOI03bI 10 CUX TTOp
MOJIHOCTBIO HE penieHa. JIMTHUH SBISEeTCS OJJHUM U3 COCTABIISIOIINX KOMIIOHEHTOB PACTUTEIILHON
KJIETKH, TI0 3HAYMMOCTH 3aHUMAIOUIMK TPEThE MECTO IMOCE IEUTIOI03bl U TeMHIIEIUTFOI03bI.
CymMapHO Bce TpU KOMIIOHEHTa 00ECTIeUMBAIOT MPOYHOCTh KIETOYHOM cTeHKH. [loMrMo Beero,
3a JTUTHUHOM 3aKpeIjieHbl Takue (YHKIHMH KaK MPOXOXKJICHHE BOJBI IO COCYIUCTHIM TKaHSM,
AHTUMHUKPOOHBI Oapbep M 3alIUTa MOJHUCAXapuaoB (IEJUTIONO03bI U TEMUIEIUTIONO03bI) OT
THIPOJIM3a BCIICACTBUE ICHCTBHS MUKPOOHBIX (hepMeHTOB [5, 6]. CII0KHOCTB OT/ICICHUS TUTHUHA
OT MEJUTIONIO3bI 3aKJII0YaeTCs B 0Opa30BaHWM KOBAJICHTHON CBSI3M MEXAY HUMH M HaTUYHU
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pa3sTUYHBIX (DYHKIIMOHAIBHBIX TPYII B JIMTHUHE, TAKUX KaK THJIPOKCHIIbHBIC, METOKCHIILHEIC,
KapOOKCHIIbHBIC B KapOOHMIIbHBIE. COOTHOIICHUE BHIINICYKA3aHHBIX TPYIIN 3aBUCHT OT HCTOYHHKA
nurauHa [7]. Cyxast macca kierouHoi creHku Ha 20-35% coCTOUT U3 TUTHUHA, B 3aBUCUMOCTH OT
pacTeHus1, MsArKas ApeBecuHa - Ha 25-35%, a nucTBeHHas apeBecuHa - Ha 20-25% [8].

Takue QU3NKO-XMMHUYECKHE M MEXaHHYECKHUE METOJbl IMpeBapUTeNbHON 00paboTKH Kak
KHCJIOTHAs, NIETIOYHAs U MIPUMEHEHHUE MMapoBOTO B3pPhIBAa HE SBIISIOTCS MPEAMOYTHTEIHHBIME I10
HECKOJIPKMM NPUYMHAM: H3MEHEHHE CTPYKTYpPbl JIMTHHWHA, TOKCHYECKHE BBIOpOC, OONbIINE
¢unancossie pacxoasl [9, 10]. MoxHO cka3aTh, 4T0 OHOJIOTHYSCKHI METO/I Pa3JIOKCHHUS JIMTHUHA
SBIISICTCS aIbTEPHATUBHBIM METOOM IPEABAPUTEIHHON 00paOOTKH APEBECHOTO U HEAPEBECHOTO
CBIPbsI OJIaro1apsi SKOJIOTUIECKOH 0e30MacHOCTH U SKOHOMUYECKOH BBITOJIbl. B KauecTBe areHToB
mporecca OMOpa3IoKeHUsl JTUTHUHA Yallle BCEro UCIONb3YIOT I'puObl, a UMEHHO IrpuObl Oenoii
THIIH. MeXaHu3M JeHCTBUS MUKPOOPTAaHH3MOB Ha ChIPbE 3aKJIF0YAETCs B aTake JIMTHUHA U €T
Pa3I0KEeHUH, YTO MPUBOIUT K Pa3MATYCHUIO CBHIPbs. [ pyrna MUKpOOPraHU3MOB, pa3jararoiimux
JIMTHUH, TMPOAYIMPYET HEOOXOAMMBIC U 3TOr0 (DEpMEHTHI: JTUTHUHIIEPOKCHIA3y, JTaKKazy |
MapraHieByro nepokcuaasy [11].

B Hacrosimem uccieioBaHuy B 1EsX OMoaerpaaiy JUTHUHA COTIOMBI OBLIT 0TOOpaH rpud
Schizophyllum commune ¢ npeBecuns! pactymiero aepesa (pucyHok 1). Mcnoabp3oBaHue JaHHOTO
rpuda OOYCJIOBJICHO HaJMYHEM €ro JIMTHHHOJUTHYECKONW aKTUBHOCTH, CIIOCOOHOCTH
CHHTE3UPOBATh JTUTHUHIICPOKCUIA3Y, JIAKKa3y H MapraHIieByro nepokcuaasy [12, 13].

Pucynok 1 — I'pu6 Schizophyllum commune

O0BbeKTHI U METOAbI UCCJIETOBAHUS

Buioenenue uucmou Kynomypel cpuda S. commune

O06pasern rpuba ObLT OTOOPAH C TOBEPXHOCTH J€pPEBa B CTEPUIIBHBIN MAKET, HA CIEAYIOUTHI
JIeHb B CTEpUIbHBIX YCIOBHUAX II€pPEHECEH Ha TBEpAyl mnurarenbHylo cpeny Cabypo u
TepMocTaThpoBal mpu 25°C Ha nATh cyTokK. IlomydyeHHBI MHLENHUNA, CBOMCTBEHHBIN Ipuldy S.
commune, ObLI MEPECEsIH MATUKPATHO 10 MOIYYSHHS] OJHOPOJIHOTO POCTA, CBUAETEIbCTBYIOIIEM
0 YHCTOTE KYIbTYphl. NHOKYIIAT MOIydaay MyTeM CMBIBA KYJIBTYPhI S. COMMUNE ¢ TOBEPXHOCTH
nuTaTesnbHol cpeasl Cabypo 0,9% pacTBopoM HaTpHsl XJIOPHUIA.

Bbuooezpaoayus nuznuna conomol

B skcnieprMenTe ncnoib30Bail MUTATEIbHYIO CPETy, IPUTOTOBIEHHYIO HA OCHOBE COJIOMBI.
B xonmnueckyro konly Opnenmeiiepa nmomermanud 10 T cOJIOMBI, U3MENBYEHHOW C MOMOIIBIO
MenpHUIBl JIK200 mo pasmepa wactuir 45 mkwm, nobaensm 0,01 T rrokossr, 5 M 0,0004%
pacTBopa TBHHA U CTEPWJIM30BAIM B aBTOKJaBe Ha mpoTspkeHuu 15 muH mpu 121°C. 3atem B
ACENTHYECKUX YCIOBUSIX JOOABIISITN 5 MII HHOKYIIATA KYyIBTYPBI S. COMMUNE ¥ TePMOCTaTUPOBATIN
ripu 25°C. [IpoObI Ha aHANK3 OTOMpAIH KaXKIbIE 5 THEH.
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Ananuz oopazyoe

AHaJIM3 0CTaTOYHOTO JIMTHUHA TIPOBOIMIIN KXKIBIE 5 CYTOK Ha MPOTSHKEHUH 4-X Hellelb. B
Koy OpieHmelriepa BbIchand | T (&) WHOKYJIMPOBAHHOIO mpemnapara, noOaBmsumud 150 mi
JTUCTHILTUPOBAHHOM BOJIBI M oBoqvutH 10 90-100°C Ha npoTshkeHnn 1 yaca, oTQHIBTPOBBIBAIIH,
pactBop npombiBany 300 M ropsdei AUCTUIUTMPOBAHHOW BOJIBI, BBICYIIIUBAIHN JI0 TOCTOSIHHOTO
Beca. Cyxoi ocagok nobasnsui B kon0y co 150 mu 1IN H2SOs u noBogumm go 90-100°C Ha
npoTsbkeHuH 1 daca, oThUIbTpoBasid, pacTBOp mpoMbiBain 300 M1 TopsYeil AUCTHILTUPOBAHHOM
BOJIBI, BBICYIIIMBAJIH JI0 TTOCTOSTHHOTO Beca (¢). [TomydeHHbIi cyxoit ocagok 100aBIsIn B KOJIOY C
72% H>SO4 m ocraBnsim Ha 4 vaca NMpu KOMHaTHOM Temmepatype. Crycts 4 4aca B CMeCh
no6asistu 150 Mt IN H2SO4 u oBoanmu 1o 90-100°C va npotspkennu 1 yaca, orpuiabTpoBaiy,
pactBop nipoMbiBaiy 400 MJT TUCTHUIUTMPOBAHHOMN BOJIbI, BHICYIIIMBAIN B CYITHIBHOM IIKady IpH
105°C o mocrostHHOM Macchl (d). 3aTeM 3TOT ke 0CaJ0K BBICYIIUBAIN J0 COCTOSHUS IeIia U
B3BEIINBAIH ().

Pacuer BeImosHsUIIM 110 ciienytonieit hopmyse:

-d
% LIETTIONO03bI = CT X 100%,

d—e
% JIMTHUHA = — X 100%,
r7e: a - Bec o0pasna,
C — BEC MacChl IPU BTOPOM B3BEIIIMBAHUU,
d - Bec MaccChl MPH TPETHEM B3BEIIMBAHNUH,
€ — BeC IeIna.

Pe3yabTaThl U 00CyKIEHUE
[TepBbIM 3TarioM pabOTHI OBUIO BBIJACIICHUE YHCTOW KYIbTYPHI S. COmMmune (pucyHOK 2) u
MIPUTOTOBIICHUE HHOKYIIATA.

N

Pucynok 2 — Beiienenue 4ucToii KynbTyphl rpuba S. commune

CrnenyromuMm 3TanoM ObUIO KYyJIbTHUBHpPOBaHME TIpuba Ha cyOcTpate C COJIOMOIA,
u3MenbYeHHOU 10 45 MM, Ha nporsokeHun 20 cytok mpu temmeparype 25°C. Ilporece
OmoJerpajaliuy JUTHUHA COJIOMBI MPEIOCTABIICH B BHJIE CXEMbI HA PUCYHKE 3.
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v

CYGCTP?T ¢ . Crepumizarnus I_> I buonerpananus I
H3MENbYCHHOM COTOMOM

ITepepaboTka I «— I Bapka v BEIMBIBaHHE I

v

KonauecTBeHHBIH aHAIH3
JIMTHUHA ¥ BEIYUCIICHHE

Pucynoxk 3 — Cxema OumojierpagaIiuy JIAMTHUHA COTOMBI

OO6pa3ibl OTOMpaTd KaXIple 5 THEH M aHAIM3UPOBAIM Ha KOJWYECTBO OCTATOYHOTO
JMTHUHA ¥ UEJUTI0N03bl. Pe3ynbTaTsl WILTIOCTPUPOBAHbI HA PUCYHKE 4 U MPE/ICTaBIICHBI B TAOIUIIE

1.

7
L
T
l

|
|

Coaep:xaHue KOMIIOHEHTOB, Y%
[ N
o o

o un

1ble cyTKH 5ble cyTKun 10ble cyTKM 15ble cyTKH 20ble cyTKM

IIpoaokuTEeNbHOCTH OHOETPATALINH

e=@==[IUITHUH  ==@== L|eN1/110/1033  --:----+- NnHeiiHas (/IUrHmH)

PucyHnok 4 - MOHUTOPUHT KOJIMYECTBA JIUTHUHA U LIEJUTI0JI03bI COJIOMBI B X0/1€ OHoepragaiun
KyJIBTYpo# S. commune Ha npoTsbkeHun 20 1Hei

Tabmuia 1 - MOHUTOPHUHT KOJHUYECTBA JUTHUHA U LIEJUTFOJIO3bI COJIOMBI B X0/1¢ OHoaerpagaiu KyJaIbTypoi
S. commune Ha npoTtsokeHun 20 qHEH

Bpewmst KylIbTHBHPOBaHUsl, CYTKU CopeprxaHue JJUTHUHA, Yo CopeprkaHue 1eJuIrono3sl, %
1 17,61 41,24
5 15,19 40,88
10 13,91 40,34
15 11,43 40,02
20 9,09 39,06

Ha ocHoBanun JAaHHBIX, MIPCACTABJICHHLIX B Ta6n1/1ue 1, MOXKHO CACJIaTh BBIBOA O TOM, YTO
Ouonerpamanusi JIMTHUHA COJOMBI KYJbTYpoi S. COMMUNE BO3MOXKHA; MpHYEM Onaromaps
I[OGaBJIeHI/IIO I/I36BITO‘-IHOFO KOJIMYCCTBA HUCTOYHHKA YIJICBOAA B BHJAC pPACTBOpA TJIFOKO3BI,
IEJUTF0JIO3a OCTACTCS MPAKTHYECKU HETPOHYTOM.
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IIoMMMO KOJIHMYECTBEHHBIX METOJOB aHAIM3a Ha OCTaTOYHOE KOJIMYECTBO JIMTHHHA ObLIH

C/IeJIaHbl CHUMKH Ha PacTPOBOM 3JICKTPOHHOM MHUKPOCKOIIE ISl OIICHKH U3MEHEHUST CTPYKTYPHI
COJIOMBI 710 Ouozierpasanuu (PUCYHOK 5a) U Mocie npouecca onoaerpaganuu (pucyHok 50).

a) 20KV X100 100pm, -

20kV. X100 1] ! 3 10 63 30Pa

Pucynoxk 5 — MI3meHeHHEe CTPYKTYPBI COJIOMEL: a) 0 Onoaerpaamnmu, 0) mocie Ouoaerpananun

Ha cauMkax BUIIHBI U3MEHEHUS B CTPYKType cosioMbl. Ecim 1o mporiecca Guoaerpagamuu
rpubomM S. COMMUNE coiloMa HMeNa OIHOPOJHYIO IENOCTHYIO CTPYKTYpy, TO TIOCIe
Ouonerpamay CTPYKTypa COJIOMBI CTaja pPBIXJIOW, HEOJHOPOIHON, HEKOTOpPhIE YYaCTKH
pasaenuiauch Ha 0oJiee MENKHE YaCTHIIBI, YTO MO3BOJIIET CAETAaTh BBIBOJ O TOM, YTO JTAHHBIH
JIpeBOpa3pyIaromui rpud crmocoOeH paclIeIUIATh JIUTHUH-TIEJUTIOJIO3HBIE CBSA3U B COJIOME.

TakuM 00pa3oM yYCTaHOBJIEHO, YTO B KOHTPOJBHOM OOpa3lle COAEpKaHHE JMTHUHA
coctaBisuio 17,61% ot maccel, kK KOHITY aerpananuu, Ha 20-i neHs - 9,09%, 4To npakTuiecku B
JIBa pa3a MEHbIIE HM3HAYAIBHOTO KOJWYECTBA. TakKe Ha IMOJOXKUTEIbHbIE MOKa3aTeNln
Ouonerpamanvy JUTHAHA TOBJIUSII pa3Mep TMomoja coloMbl - g0 45 miM. IlomydenHsbie
pe3yNbTaThl ONTUMHUCTHYHBI, TaK KaK B CXOXKEH Hay4HOW paboTe ¢ JaHHOU KyJIbTypoid
MUKpPOOPraHu3Ma aBTOpaM yAalloCh TOOUTHCS JIerpafaliy JIMTHHHA COJIOMBI TuIlb Ha 21% [14].
COOTBETCTBEHHO MOXHO CHIeJaTh BBIBOJ, YTO NaHHBIA CIIOCOO WCIONB30BAHUS KYIbTYPHI S.
cCoOmmunNe mpu IEUIIOJIO3HO-OYMa)KHOM TPOU3BOJICTBE M IepepaboOTKEe OTXOAOB CEIHCKOTO
XO034MCTBA AKTyaJIeH U MEPCIEKTUBEH.

3akiaro4eHue

[IpenocraBieHHble  pe3ynbTaThl  JaHHOW  pabOTBl  CIyXaT  JOKa3aTelIbCTBOM
OMopasnaraeMoCTH JIMTHHHA COJIOMBI KYJBTYpOH JApeBOpa3pymiaromiero rpubda S. commune.
CornacHo npoBeIeHHBIM UCCIe0BaHMsIM, Ha 20-¢ CyTKU KylbTUBUpOBaHUs rpuda mpu 25°C Ha
U3MEIBYCHHOHN 10 45 MKM cojioMe ¢ J00aBjieHHEe IIIOKO3bl, KOJMYECTBO JIMTHUHA CHU3UIIOCH C
17,61% no 0,09%. buonerpaganus JurHUHA B IEJIOM MOXET 3aMEHHUTh MEXaHUUYECKHE U
XUMHUYECKHE METOJBl TPEABAPUTEIHHOM OOpaOdOTKH CHIPhS TIPH  IEJUTOJI030-0yMakKHOM
MPOU3BOJICTBE, YTO 3HAYUTEIHHO COKPATHUT PACXOJbl HAa JIOPOTOCTOSIINE PEAKTHBBI U CHU3UT
KOJIMYECTBO BPEAHBIX MPOMBIIIEHHBIX BEIOPOCOB B OKPYKAIOILYIO CPELY.
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AFAII BETIHEH OKIIAYJAHFAH SCHIZOPHYLLUM COMMUNE
CAHBIPAYKYJIAFBIHBIH TAKBLIBIMEH CABAH JIMTHUHIHIH
BUOJIETPAJALIASICHI

Tyiiin

OTkeH FachIpia ajgam3at Oerre-0er keireH sxahaHIBIK Macenenep/iH Oipi — KoplliaraH OpTaHbIH
JacTaHybl. YIIbl LIBIFApPBIHABUIAPABIH KOMIIUIrT opTYpii eHZIpic TypJepiHeH KeJeli, oJapiablH Oipi
MEJUTI0NI03a MeH Karas. JlocTypmi 1emmoyio3a KoHE Kara3 OHIIpiCl CUITUIepHdi, KBIIKBIIIAPIBI
naianany/ipl KaMTHIbI, HOTWKECIHAE OJlap aFbIH/Abl CyJapMEH XOHE OpPEH BIIBIPAUTHIH JUTHUHMEH
KoplIaraH opTara Kocbuiaabl. KeHce TayapnapbiHa, O0ip peT KOMAAaHBUIIATHIH LEJUII0JIO3a OpaMaigapbiHa
JKOHE Kara3 Opaybllll MaTepualiiapbiHa Kb CAWBIHFBI CYPAHBIC TEK KaHa OcCil KeJle )KaTKaHbIH eCKepreH
JKOH, OYJI IIEJUTIONI03a-KaFra3 OHEPKOCiOl YIMiH jkaHa SKOJOTHSIBIK Ta3a TEXHOJIOTHSIAPIALI aMBITyFa
CYpaHBICTBI apTTHIpaAbl. MoceleHi MIeNIyAiH YCHIHBUIFaH S>KOJAApBIHBIH Oipi — LeNJIroIo3a-Karas
OHJIpiCiH/e MMKI3aTTHI aJJIbIH ajla OHAeYiH OHMOIOTHUSUIBIK SIicCi.
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[[uki3aTThl anfbplH ajla eHJEy CATBICHIHJA IICJUTFOJI03a MCH JIMTHUH apachlHIAaFbl KOBAJICHTTIK
OaimampicTap y3utemi, OYJI VIIIH JOCTYpii TypAe CiATUIep MEH KBIIKBUIAAp KOJTAHBUIAABI, all
OHMOJIOTHSUIBIK 9JIIC MUKPOOPTraHU3MAEP CHUHTE3ICHTIH (epMEHTTEPAiH KOMETIMEH MLeJUIH0JI03a-TUrHUH
OaiiaHbBICTAPBIH OUOJECTPYKIMSIIAY Tl KAMTH/IBL.

Byn xympicTa aramTeiH (3aKbIMIAIFaH HEMECE JKEPTiTKTI BIIBIPANTHIH) KaOBIFBIHBIH OeTiHEH
aralIThIH BIIBIPAyBIHA KaKeTTi (hepMenTTepai cuutesaeiiTin Schizophyllum commune caupIpayKyIaKThI
TaHAaabIK. TokipuOe OpHATy IIMKI3aTThl aJJbIH aja OHJACYMIH JACTYPil SIICIH MHUKPOOHOJOTHSIIBIK
oZicIieH ayBICTBIPY MYMKIHZIN Typajabsl ONTUMHCTIK Ooipkammap Oepni, eHTkeHi S. commune
caHbIpayKyJIarbl CUHTE3/IEreH (epMEHTTEePIH dCepiHEeH cabaHaarbl JIMTHUH MOJIIIEP] €Ki ecere AepJIiK
azainpl. 17,61%-man 9,09%-ra netiin.

KinrTi ce3mep: Onoaerpananyis, TUTHUH, aFaill, Ta3a JaKblI, CyOCcTpar.

IRSTI: 62.01.91

A.B. ALTEKEY", A.A. SAPARBEKOVA®, Y.A. OLEINIKOVA?,
A.A. SEITMAGZIMOV?, A.sh. MAMBAYEVA?®

1South Kazakhstan University named after M. Auezov, Shymkent, Kazakhstan
ZResearch and Production Center for Microbiology and Virology, Almaty, Kazakhstan
3 Kazakh National Agrarian Research University, Almaty, Kazakhstan
*e-mail: altekey@mail.ru

BIODEGRADATION OF STRAW LIGNIN BY CULTURE
OF THE FUNGUS SCHIZOPHYLLUM COMMUNE ISOLATED FROM THE TREE
SURFACE
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Abstract

One of the global problems that mankind has faced in the last century is environmental pollution.
Most of the toxic emissions come from various types of production, one of which is pulp and paper.
Traditional pulp and paper production involves the use of alkalis and acids, subsequently released into the
environment with wastewater along with hardly decomposable lignin. Given the increasing demand for
pulp and paper consumables, the development of new environmentally friendly technologies for the pulp
and paper industry is becoming extremely relevant. One of the proposed ways to solve the problem is the
biological method of pre-treatment of raw materials in pulp and paper production.

At the stage of pre-treatment of raw materials by a chemical method, the covalent bonds between
cellulose and lignin are broken, while the biological method involves the biodestruction of cellulose-lignin
bonds using enzymes synthesized by microorganisms.

In this work, we selected a fungus Schizophyllum commune that synthesized the necessary enzymes
for wood decomposition from the surface of a partly decomposed tree bark. The setting of the experiment
gave optimistic predictions about the possibility of replacing the traditional method of pre-treatment of raw
materials with a microbiological one, since under the action of enzymes synthesized by the fungus S.
commune, the amount of lignin in the straw almost halved from 17.61% to 9.09%.

Keywords: biodegradation, lignin, wood, pure culture, substrate.

With the rapid development of various manufacturing industries and great attention to the
environmental situation, scientists are increasingly turning to biotechnology in order to find
alternative natural solutions. So, for example, due to the lack of forest plantations in Kazakhstan,
and the presence of large sown areas of cereal crops, a potentially promising direction for the
republic is to study the possibility of using straw as a raw material for the pulp and paper industry
[1, 2]
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Wheat straw is a resource alternative raw material for pulp and paper production, especially
for the production of specialty and functional grades of paper, such as filter paper. Straw consists
of 15% lignin, 35-45% cellulose, the remaining 20-30% is hemicellulose [3, 4] . Due to its loose
texture, it is easily attacked by reagents during pre-treatment. However, the problem of separating
lignin from cellulose has not yet been completely solved. Lignin is one of the constituent
components of the plant cell in importance, ranking third after cellulose and hemicellulose. In
total, all three components provide the strength of the cell wall. In addition to everything, lignin
has such functions as: the passage of water through vascular tissues, an antimicrobial barrier and
the protection of polysaccharides (cellulose and hemicellulose) from hydrolysis as a result of the
action of microbial enzymes. [5, 6] . The complexity of separating lignin from cellulose lies in the
formation of a covalent bond between them and the presence of various functional groups in lignin,
such as: hydroxyl, methoxy , carboxyl and carbonyl. The ratio of the above groups depends on the
source of lignin [7] . The dry mass of the cell wall is 20-35% lignin, depending on the plant, soft
wood is 25-35%, and hardwood 20-25% [8] .

Such physico-chemical and mechanical pre-treatment methods such as: acid, alkali and
steam explosion are not preferred for several reasons: a) the structure of lignin changes; b) toxic
emissions; c¢) high financial costs [9, 10] . It can be said that the biological method of lignin
decomposition is an alternative method of pre-treatment of wood and non-wood raw materials due
to environmental safety and economic benefits. As agents of the process of biodegradation of
lignin, fungi are most often used, namely white rot fungi. The mechanism of action of
microorganisms on raw materials is the attack of lignin and its decomposition, which leads to
softening of raw materials. A group of microorganisms that decompose lignin produce the
enzymes necessary for this ( lignin peroxidase (LiP), laccase (Lac) and manganese peroxidase
(MnP)) [11]

Schizophyllum commune was selected for the biodegradation of straw lignin from the wood
of a growing tree (figure 1). The use of this particular fungus is due to its ligninolytic activity, and
ability to synthesize lignin peroxidase, laccase, and manganese peroxidase [12, 13] .

Figure 1 - Mushroom Schizophyllum commune

Materials and methods of research

Isolation of a pure culture of the fungus S. commune

A sample of the fungus was taken from the surface of the tree in a sterile bag, the next day
under sterile conditions it was transferred to a Sabouraud’s solid nutrient medium and thermostated
for 25°C for five days. The resulting mycelium characteristic of the fungus S. commune was
subcultured five times until uniform growth was obtained, indicating the purity of the culture. The
inoculum was obtained by washing the culture of S. commune from the surface of Sabouraud
culture medium with 0.9% sodium chloride solution.
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Biodegradation of straw lignin

In the experiment, a nutrient medium prepared on the basis of straw was used. 10 g of straw
crushed with a mill LK200 to a particle size of 45 um was placed in a conmical Erlenmeyer flask.
Then 0.01 g of glucose and 5 ml of tween 0.0004% solution was added and the medium was
sterilized in an autoclave for 15 minutes at 121° C, then 5 ml of S. commune culture inoculum was
added under aseptic conditions and thermostated at 25°C. Samples for analysis were taken every
5 days .

Sample analysis

Residual lignin analysis was performed every 5 days for 4 weeks. 1 g (a) of the inoculated
preparation was poured into an Erlenmeyer flask, 150 ml of distilled water was zaded and brought
to 90-100°C for 1 hour, the solution was filtered, washed with 300 ml of hot c..ulled water, and
dried to constant weight. The dry precipitate was added to a flask with 150 ml of 1N H2 SO 4 and
brought to 90-100°C for 1 hour and filtered, the solution was washed with 300 ml of hot distilled
water, dried to constant weight (s). The resulting dry precipitate was added to a flask with 72% H;
SO sand left for 4 hours at room temperature. After 4 hours, 150 ml of 1N H> SO sand brought to
90-100°C for 1 hour and the solution was filtered, washed with 400 ml of distilled water, dried in
an oven at 105°C to constant weight (d). Then the same precipitate was dried to ash and weighed
(e).

The calculation was performed according to the following formula:
% cellulose = ? %X 100%,

% lignin = % x 100%,

where: a is the weight of the sample,

¢ - weight of the mass at the second weighing,

d - weight of the mass at the third weighing,
e is the weight of the ash.

Results and discussion
The first stage of the work was the isolation of a pure culture of S. commune (figure 2), and
inoculum preparation.

Figure 2 - Isolation of a pure culture of the fungus S. commune

The next step was the cultivation of the fungus on a substrate with straw crushed to 45
microns for 20 days at a temperature of 25°C. The process of biodegradation of straw lignin is
presented in the form of a diagram in figure 3.
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Figure 3 - Scheme of biodegradation of straw lignin

Samples were taken every 5 days and analyzed for residual lignin and cellulose. The results
are illustrated in figure 4 and presented in table 1.
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Figure 4 - Monitoring the amount of lignin and cellulose of straw during biodegradation by S.
commune culture for 20 days

Table 1 - Monitoring of the amount of lignin and cellulose of straw during biodegradation by S. commune
culture for 20 days

Cultivation time, days Lignin content, % Cellulose content, %
1 17.61 41.24
5 15.19 40.88
10 13.91 40.34
15 11.43 40.02
20 9.09 39.06
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Studying table 1, we can conclude that the biodegradation of straw lignin by S. commune
culture is possible, while due to the addition of an excess source of carbohydrate in the form of a
glucose solution, the cellulose remains practically untouched.

In addition to quantitative methods of analysis for the residual amount of lignin, images were
taken on a scanning electron microscope to assess the change in the structure of the straw before
biodegradation (figure 5a) and after the biodegradation process (figure 5b).

a) 20kV/7 | X100 100pm.

Figure 5 - Change in the structure of straw chips a) before biodegradation, b) after biodegradation

The figures show changes in the structure of the straw. If before the process of
biodegradation by the S. commune fungus, the straw had a homogeneous integral structure, then
after biodegradation, the structure of the straw became loose, heterogeneous, some sections were
divided into smaller particles, which allows us to conclude that this wood-destroying fungus is
able to break down lignin-cellulose bonds in straw.

Thus, it was found that in the control sample the lignin content was 17.61% by weight, by
the end of degradation, on the 20th day - 9.09%, which is almost two times less than the initial
amount. Also, the size of straw grinding - up to 45 microns - influenced the positive indicators of
lignin biodegradation. The results obtained are optimistic, since in a similar scientific work with
this microorganism culture, the authors managed to achieve straw lignin degradation by only 21%
[14]. Accordingly, it can be concluded that this method of using the culture of S. commune in the
pulp and paper production and processing of agricultural waste is relevant and promising.

Conclusion

The presented results of this work serve as evidence of the biodegradability of straw lignin
by the culture of the wood-destroying fungus S. commune. According to the studies, on the 20th
day of cultivation of the fungus at 25°C on straw crushed to 45 microns with the addition of
glucose, the amount of lignin decreased from 17.61% to 0.09%. The biodegradation of lignin can
generally replace the mechanical and chemical methods of pre-treatment of raw materials in pulp
and paper production, which will significantly reduce the cost of expensive reagents and reduce
the amount of harmful industrial emissions into the environment.
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Tyiiin

KopekTtik opTa MUKpOOaIaBIpIapAbIH KICTKAJapBIHBIH TIPIIUTIK OpEKeTi KEe3iHIeri 3aT aiMacy
IpOLIECTEPiH, HHEPrus ajIMacyblH KaMTaMachl3 €TETiH, COHIAal-aK ecyre MaHbI3Ibl 3JIEMEHTTEp.i
KaMTHTBIH CcyOcTpar. MukpoOanaslpiapaslH —KOPEKTIK  OpTachlH  ©3repTy  apKbUIbI,  OJIApIbIH
KJIETKaJIapBIHBIH ©Cy KOPCETKIIITEepiH >XoHE XMMHSUIBIK KYpPaMblH e3repTyre Oojalsl. byn skymbicta
Mukpobanasip Scenedesmus obliquus sp. B7 mrraMeIHBIH 6Cy opTachiHa, ssfHH [IpaTa KOpEKTIK opTachiHA
KocbIMIIa KocburraH HaTpuil xiopasiH (NaCl) 2,5 r/n sxoHe 15 r/n1 apanblKTarbl KOHLEHTpaUMsIapbiH
KOCHII, OyJ1 opTanapna ecken Scenedesmus obliquus sp. B7 mraMbIHBIH €cy KepceTkimTepi, Onomacca
KYPaMBbIHIaFbl TUTMEHTTEP (XJI0poduint a, D) MeH nunuaTepiH MeIepi 3epTTe/Ii.

By notmxkenep 6oiibiHIIa, OaKpIIIayMeH calbICTRIpFanaa Scenedesmus obliquus sp. B7 mraMbIHbIH
ecy JIMHaMHMKachl MEH OipKaTap NUTMEHTTep KypaMbIHbIH skuHanybiHa NaCl-neiH 10 1/ oHTalel 606
TabbLIca, an KepiciHure gunuarepAid Memmepi NaCl-apiy 15 r/1-1¢ eH yKoFapbl MeJIIep/e KUHATFaHbI
aHBIKTAIABI. MyHIaFrbl, ©Cy THIFBI3ABIFBI OakplIayMeH caibicThipFanga NaCl-geie 10 r/m —me 80% - ra
ocKeH 0oJica, XI0podhiLt a xaHe b kepcerkimrepi 2,2 xoHe 3 ecere JeiiH )KorapiaraHbl OenriieHai. A,
ToxipuOeneri OakpulayMeH JkoHe ©Oacka HyckanapmeH canbicTeipranga NaCl-gpiH 15 /0
KOHIICHTPAIMACHIHAaFbl OMOMacca KypaMbIHIa JTUIHATEPIiH Meepi 2,52 ece )orapliaFraHbl aHBIKTAJBL.
By kepcetkimrepaeH Mukpodanasip S. obliquus sp. B7 mraMmbIHbIH 0i30€H aibIHFAH TY3/bIH KOFAPFbI
KoHIeHTparsiceiHaa (10 r/im) KiIeTkanapeIHbIH 6CiMi MEH OeHiMAENTIMTITiHIH )KOFaphl eKEHIH KOpCETe/Ii.

KiaTTi ce3nep: Scenedesmus obliquus, KopekTik opTa, TY3IBUIBIK, TATMEHTTED, TUITHATED.

MukpobanabipiaapablH Ouomaccachl KeITereH OHEPKICINTIK cajiamap YIIiH, ocipece
(GOTOCHHTE3IIK MUTMEHTTEP, JUMUIATEp *)oHEe T.0. Omomorwmsuiblk Oencenmai 3arrap (bb3) kesi
peTiH/e KONTeNn ocipy KaFbIHAH 0aCBIMIIBLIBIFBI dKOFAPHI HhICAHAJIAP KaTapbIHA JKaTa/Ibl.

CoHrbl Ke3zepae MUKpoOamaslp SCenedesmus TYBICTBI TYIIBI CY MHKpPOOAIbIpIapbiHa
JIETEH YJKeH KbI3BIFYIIBUIBIK KYHHEH KyHre yuraoga. Cebebi, Scenedesmus  TybICTBI
MHUKPOOAIIBIPJIapABIH KOIITETEH TYpJIepl KOPEKTIK OpTa KypaMblHa Kapail ecy KOpCeTKIIITepiH,
COHBIH IimIiHAEe OMOMAcCCaHbIH >KalNbl ©cyiHe OalIaHBICThl KJIETKATApAarbl OpPraHUKAJIBIK
KOCBUIBICTAP/IBIH CaMalblK JKOHE CaHBIK KypaMblH e3repTy Kabimerine ue [1-3]. ComHpbikTan
ajlaM3aT TIPIIUTIriHe KaXeTTi KYHIBUIBIFBI )KOFapbl METa0OIUTTEpAl OHAIPY MYMKIHIIUTIKTEpiHE
Kapaii Keibip Scenedesmus TYBICTBI MHUKPOOAIABIPIAPIABIH OKUIACPIH OMOTEXHOIOTHSLIBIK
MaHbI3/bl HbICAHA PETIHC KapacThIpyFa TOJBIK Herizzaep Oap [4-6].

MukpoOanabipiapablH ~ KapKbIHABI JaMy Ke3eHJAEpiHEe OJIapIblH KacyllalapblHaa
MUTMEHTTEP KOHIICHTPAIMSCHIHBIH JKOFapbliaybl colikec kenemi [7]. by mukpoOanasipiapasia
OHIMIUTITIH XJIOpOPWILIACPIIH, TUHUATEPAIH KOHIICHTPAIIUACH OOMbIHINIA OaraayFa MyMKIHIIK
oepeni [8, 9].

OPTYpJl CUIATTaFbl CTPECC JKaFAailbIHIa ecyre KaOUIeTTUIIri MEH »KOoFapbl OediMaeny
OeNCeHaUNIriHIH apKacbliHIa Oip)Kacyliaiasl MUKpPOOAJIbIpiIap Kol MeJmepae MUTMEHTTEpl
(kapoTuHOMATAP, XJOpOoPWILT >k0HE T.0.) CUHTE3/eyre KabOurerTi Oojca, ain JUMHUIATEPIHIH
MeTaboIM3MIHe acep eTeTiH (akTopiapAblH Oipi - Oy OpPTaHBIH TY3ABUIBIFBI MaHBI3/IbI OOJIBII
tabbutagel  [10-12]. Kopekrik opTajgarbl HAaTpuil XJIOp TY3bIHBIH Oenrimi Oip JKeTKUTIKTI
MOJIIIEPIHIH ©31HEH MUKpOOAIabIpiap MeMOpaHalapbhIHBIH KAJIBINTH OONYybIHA, OJAPIbIH
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(depMeHTTEpiHIH ~ OCNCeHIUNIriHIH  YIFAIObIHA, KJIETKAIAPBIHBIH  O6IiHyl, KeMIpTeKTiH
ACCUMWJISIIIUACKHL, aKybI3Jap MEH HYKJICHH KbIIIKbUIIAPBIHBIH METa00IM3Mi, TBIHBIC —aiy
KApKbIHIBUTBIFBIHBIH ©3TepYi CHUSKTHI OMIPIiK (G yHKIUSIAPIBIH 63repiCiHe OKeITeH MAJIIMETTEP 1
Kem ke3aecTipyre 6omaabr [13].

Mukpobanaplp KIETKaJapbl HeTi3iHeH OipHeme (U3MOJOTHIIBIK >KOHE MOJEKYIAJIbIK
MpoIeCTep apKbUIBl TY3 KOHIICHTPAIMACBIHBIH Oenrijai Oip e3repicTepiHe IIbIIaid aajbl.
MeTabonuKanbIK KyHeHiH OyJ1 AMHaMUKaIbIK ©3repyl Onomacca KypambiHa acep ereni. bipkarap
3epTTeyJep TYIIbI Cy MUKPOOAIIBIPIAPBIHBIH ocy (pa3achiHIa KONIAaHBUIATEIH TOMEH TY3IBLIBIK
OMomMaccaHblH MAaKCHUMaJJbl >KMHATyblHA BIKHNAJI ETETiHIH KepceTTi. MHuKpoOanabIpiapIbH
TY3/IapAbIH JKOFaphl KOHIIEHTPAIMSChIHA TOTEN Oepy KaOuleTi KemTereH 3epTTeyJIepMEH
pacrtanass [14].

JKorappiga alThuIFaH MOJIMETTEPAl €CKepe OPTHIPHIN, TIHKIPHOETIK 3epTTeyaepiMi3aig
MmakcaTtbl MukpoOanaeip Scenedesmus obliquus sp. B7 miTaMbIHBIH €Cy KOpPCETKIIITEepi MEH
Omomacca KypaMbIHJaFbl KYpAem (OTOCHHTE3IK MPOIIECKE KaThICATHIH XJIOPO(PHILT KO31epi MEH
KACYIIANIBIK ~ TPOIECTepAl  DSHEPrusMEH KamMTaMmachl3 eTeTIH  JUIUATEPAIH  KHHAIY
KOPCETKIMITEPiHE KOPEKTIK OPTaIaFhl OPTYPJIi KOHIIEHTPAIUSIIBI HATPHMA XJIOPIBIH 9CEPIiH 3epTTEY
0oJIbII Ta0BLUTAE.

3epTTey MaTepuaaaapbl MeH dicTepi

3eprrey  oOBekTici  periHae on-®Papabu  artbiHAarel  Kaz¥VY-HiH  GoTOTpOdTHI
MHKpPOOpPTaHU3M/IEp KOJUICKUUSICHIHAH anbiHFaH Scenedesmus obliquus sp. B7 mrammern
KOJIJIaHBUIABL. ATanfaH MHKpOOANIblp HITaMMBIH JakbUigayna Moaudukanusuianrad I[Ipara
CYHBIK KOpPEKTIK OpTachl KommaHbuiabl. Toxipubene cranmaptel IlpaTa KOpEKTIK OpTAaChIHBIH
Kypambina Kocbimina NaCl-aeiH Tept koHmentpanusuiapsia (2,5; 5,0; 10; 15 r/m) xockim, 3500
JIFOKC JKapbikTa, 25 °C temneparypaaa Scenedesmus obliquus sp. B7 mrtammer ecipisi.

[IITaMM KyJIbTYpachIHBIH KJIETKAIBIK THIFBI3ALIFEI (hoToMeTp KDK-3-«30M3» kemeriMeH
760 HM-IIe ONTHUKANBIK THIFBI3ABIKTEL (D) Tipkey apKbUTbl KYHAENIKTI OakbpUIaHIBI. bapibik
Tajnjayiap yuI KaiitaramaMeH skacaijibl )KoHEe OpTallla MoH1 aJIbIH/IbI.

Jakpuiaapaarsl MUKpOOAIbIpiaap OMOMAaCcCaChIHBIH VIIFAIOBIH aHBIKTAY YIIIH aTHUKBOTTAP
tecik guamerpi 0,85-0,95 wmxkMm OomatbiH MeMmOpaHanblK cy3ruiepinae cysumm, 60°C
TEeMIepaTypaja TYPaKThl CAIMAKKa ACHIH KENTIPiIIi.

[MTurmentrepain (xa0poduia a xoue b) canablk Kypambl 80% ameToOH CBHIFBIHIABICHIH/IA
anbIkTanael  [15].  KypamblHIarbl KapOTHHOMITBHIH  KOHIICHTPAIMSUIAPBIHBIH — ONTHUKAJIBIK
TeiFb3bIFBl Specord UV-VIS cnekrpodotomerpae(420, 470 HM TOJKBIH Y3BIHJBIFBIHIA)
OJIIIIEH/T].

Jlumuarep xnopodopm-u3onponanos KocrackiveH (1:1 kesnemi OolipiHIa) OMomaccagaH
QJIbIHFAaHHAH KEHiH rPaBUMETPHSIIBIK dJIICTICH aHBIKTAJIbI [16].

Toxipube 6apricsinaa MUKpoOanasip S. obliquus sp. B7 mrrambiabig ecyine Komaitasr [Ipara
KOPEKTIK OpTAachlH MoAM(UKauusaay YIIH TY3AbIH OpPTYPJi KOHIEHTpalMsIaphl ajblHFaH
JKYMBICTAp KYPri3uil.

Toxipubere anbIHFaH 3epPTTEY HYCKalaphl:

bakpuiay (crangaptsl [IpaTa KOpeKTiK OpTachi)

Bipinmi nycka: 2.5 r/n NaCl;

Exinmmn aycka: 5,0 r/n NaCl;

Yuriamn nycka: 10 r/n NaCl;

Teprinmi nycka: 15 r/n NaCl.

3epTTey HITHKeJIEPI JKIHE TAIKbLIAY

3eprTey OapbIChIHAA TOXipuOere anblHFaH MUKpoOanasip S. obliquus sp. B7 mraMbIHbIH
KJIETKQJIAPBIHBIH 6CY THIFBI3IBIFBI TA00pAaTOPHSUTBIK skaraaiaa 10 Toymik 60iibl OakplIaHIbI (CypeT
1) Byn 3eprreynepaeH OalikaraHbIMBI3al, TOKIpUOCHIH eKiHII Toymirinne S. obliquus sp. B7
mTaMbIHBIH ecyl Oakpuiayna 0,16-re kerepince, Toxipubere ambiaFaH NaCl TY3BIHBIH opTYpIIi
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KOHIIeHTparmsuiapeiaaa (2,5 r/n - 0,2; 5 r/n - 0,25; 10 r/n - 0,35;) ecy kepcerkimTepiHiH
YKOFapJiaraHbl Oaifkanca, MEKpoOanabip S. obliquus sp. B7 mTaMMbIHBIH 6Cy AHHAMHUKACHI 15 1/1
— ne 0,3 mamaceiHna Oassy eckeHi OenrineHml. A, 6-IIbl TOYNiKTe, OakpUiayqa KICTKaHBIH
THIFBI3ABIK KopceTkimi 0,31-re neitin xorapbutan, NaCl-mpiH opTypii KOHIEHTpAIMSICHIHIA
KJICTKAIAP/IbIH ©CY THIFBI3ABIFBI MBIHAIal KepceTkimTe oonapl: 2,5 /1 - 0,48; 5,0 v/m - 0,59; 10 v/n
-0,67; 151/m-0,46. Keneci 10-mb1 ToynmikTe Oakpliayaaaarbl KIeTKaHbIH ocyl 0,5-Ke Keli ocyiH
TOKTaTKaH Ooica, Toxipudemizaeri NaCl-npiH 2,5 1/1 KOHIIEHTpaUsChIHIa KIeTKaHbIH ocyi 0,7-
re neiin skerim, NaCl-neiH 5,0 /1 koHHeHTpauusceiHAa S. obliquus sp. B7 mTamMMbIHBIH
KJICTKAIAPBIHBIH ONTUKAIBIK THIFBI3ABFEl (0,8 IIaMachiHIa OONFAHIBIFBl AHBIKTAIBIHFAH. AU,
Ty3a6iH 10 /1 KOHIEHTpanuschiHaa KieTkanblH ocyi 0,9-re »xorapeuian, NaCl-neiH 15 /0
KoHIeHTpanusichiaaa 0,59 mamackiHIa 6CyiH TOKTaTKaH.
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Cypert | — Ty3nbIH opTYpJli KOHIEHTpaLUUsUIapbIHAA ecipinred S. obliquus sp. B7 mITaMMBIHBIH ocy
TBIFBI3IBIFBI

Koperteiapinaii kene, 3eprreyaiy 10-mst Toyniriane S. obliquus Sp. B7 mtaMMbIHBIH ecy
THIFBI3JIBIFBI OAKBIIAYMEH CANIBICTBIpFaHAa TY31bIH 2,5 1/1 — e 40% - ra; 5 v/nm — ne 60% - ra; 10
r/n — ne 80% - ¥a meliiH JKoFapiaraHbl aHBIKTANICA, ajl Oy Ke3/1e OaKbUIayMeH jKoHe Taxipubeneri
0acka HyCKaJlapMeH CalbICTBIpFaHAa TY3IbIH |5 T/1  KOHIICHTPAlMSCHIHIAFBI O©CKEH
MUKPOOAIIBIPABIH ©CY THIFBI3ILIFEI 18% - Fa ToMeHIereHi OenriieH .

S. obliquus sp. B7 mramMbeiabiH ecy TeiFbAbFbiHA  NaCl-ge 2,5 sxome 10 r/n
KOHIICHTPALUSACBhIHA JICHIH OHTAMIIBI acep eTiM, OaKplIayMeH CaJIbICTBIPFaH/1a 6Cy KOPCEeTKIIITepi
JKorapiaranbl aHbIKTaabl. A, kepiciaire, NaCl — qeie 15 /1 koHmenTpanusicer S. obliquus Sp.
B7 mraMMBIHBIH 6Cy KOPCETKIIITEepiHE Kepi BIKMAIBIH THTI3IN, SFHU TY3AbIH MIAMaJaH ThIC
Meuepae OOJybIHaH KIIETKAIAPBIHBIH ©CYl MEH TEXenyl Te3 OOJFaHbIH OaillKanbIK. by
KJIETKAJIBIK TpoTeazajap MEH JHJIOHYKJIea3a (pepMEHTTEpiH BIHTATAHIBIPATHIH 3JICKTPOJIUTTIH
aFbIll KeTyiHe OalIaHbICThI 00aybl MyMKiH [17].

Ty3neiH  OacTamkbl JCHreepiHie ocy KOpCETKIIITEpiHIH >KOFapblUIaybIHbIH ce0eoi,
crangapThl [IpaTa KOPEKTiK OPTaChIH/IA TY3BIH KETICICYIIIIT 9CepiHEH MUKPOOATIBIPIBIH OCY
KepceTKimTepi Oipmama TeMeH O0JIbl, COHIBIKTAaH KOPEKTIK OpTa KypaMbIHA TY3/bIH 9pTYpJii
KOHIICHTPALUSUTAPBIH KOCY HOTHIKECIHJIE, TY3/IBIH JKOFaphl AOPEKEIe dcep eTyiHe OaillaHBICThI
6omysl MyMmkiH. CoHbIMeH Oipre, ToXipuOe OapbIChIHIA CYCHEH3HUSHBIH 6Cy TUHAMHUKACHIMEH
6ipre, NaCl —apin opTypai koHueHTpanusuiapsiaaa S. obliquus sp. B7 mraMMbl KaHIIAIBIKTHI
e3iHe OMoMacca MeJIIIepiH KUHAFaH IbIFbl KaJaFallaH/Ibl, OHbI 2-CYypeTTeH Kopyre 0oabl.

2-CypeTTeH Kepill TYpFaHbIMbI3/Iald, TOKIpUOCHIH COHFbI TOYIIriHAe OaKblUIay HYCKACBhIH/IA
0,8 r/n 6uomacca xuHanFaH Oosica, OIpiHIII KOHE eKIHIII HyCcKaiapa coikecinme 1,2 /1 xoHe
1,8 /11 GuomaccaHbIH MOJIIIIEP] JKOFapIaFraHbl aHBIKTAJIbI.
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Cypert 2 — Ty3abIH opTYpJli KOHIEHTpauusapbiHaa ockeH S. obliquus sp. B7 mraMbIHBIH KYpFaK
OroMaccachIHbIH JKMHATY KOPCETKIIITEpl

BruomaccanbiH eH oFaphl )KHHAKTaTybl YIIIHINT HYcKaaa 2,1 r/71 60blI, 5KOFapbl ©HIMIUTIK
JIEHTeHiH KepceTce, all TOPTIHINI HYcKaga Omomacca Memmepi 1,3 /1 mamacklHa JediH
TeMeHJieTeHl Oenrinenai. baiikaraneiMbiznaid, S. obliquus sp. B7 mTaMMBIHBIH KypFakK
6uomaccacel KopekTik oprara 10 r/m NaCl kocbMmIa KOCBUIFAHAA J>KOFapbl KOPCETKIIITi
KepceTkeHi aHbIKTanapl. Ochlnaiima, Oakputaymen (0,8 1/im) cambicThipranga  Owomacca
KUHAKTaIybl OipiHmm Hyckanma 1,5 ece, ekiHmn Hyckaza 2,3 ece, YHIiHINI Hyckana 2,6 ece
YKOFapJiaraHbl OeNTijIeHCe, all TOPTIHIINI HycKana 1,6 ece apTKaHbl aHBIKTAJIBIH/IbI.

Ty3neiH OacTankpl KOHIGHTpaUWsUIapblHAAa OaKbUlayMeH CalbICThIpFaHga Ouomacca
KepceTKImTepi )orapbl 0oiael. bynait 6oy ce6ebi, MUKpOOAIIBIpIapAbIH TY3/bIH 0acTarKbl
KOHIIGHTpalusUIapbiHa OediMaeny MeXaHM3MiHIH apTybl Jen OoipkaHyaa. TepTiHmn Hycka
HOTWOKeNepl OipmiaMa TOMEHJIEreHiH OalKaablK, SFHH MUKPOOAIIBIPIApABIH JKOFaphl TY3
MOJIIIepiHIH ocepiHeH Oumomaccacel TeMeHAeni, Oymaii 0omy cebebi MHUKpoOangsIpiap cCy
KBICBIMBIH YCTaIl TYPY YIIIH SHEPTUSHBI KYMCaIbI jKoHEe OYJ1 OHIMAUTIKTIH TOMEHICYiHE HEMece
eCcyliH TeMeHJeyiHe okeneni nen Oomkanyna. Hormxkecinme, Oy 3epTreyiMmizie A€ ecy
TBIFBI3JIBIFBI CUSIKTBI OMOMacca KWHaIybl OOWbIHIIA eH Kakchl kepceTkim 10 1/m NaCl nyckama
€KEH/III' aHBIKTAJIbL.

Keitinri 3eprreynepimizae, S. obliquus Sp. B7 mTaMMBIHBIH KypFaKk OMOMaccallapbIHBIH
KYpaMbIHaFbl OMOJIOTHUSIIBIK OSJICEH/Il 3aTTap KepceTKimTepi (XI0poduint a xaHe D) aHbIKTaNIbI
(kecte 1).

Kecte 1 — Ty3abIH opTYpJIi KOHIIEHTpALMUIAChIHIA ocipiireH S. obliquus sp. B7 mramMmmbl GnoMaccachIHAAFbI
XJI0po I KepceTKimTepi

3eprTeyre aabIHFaH Mr/r
HycKaJap xsopodui a xsopoduiut b
bakpliay 1,17 £0,04 0,64 + 0,02
NaCl 2,5 r/n 1,59 + 0,06 0,93+0,03
NaCl 5 r/n 1,98 + 0,08 1,32 + 0,04
NaCl 10 r/n 2,62+0,11 1,95+ 0,07
NaCl 15 r/n 1,36 + 0,05 1,76 + 0,06
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3eprreyneri Oakputaymen (xjopopwmn a - 1,17 wmr/r, xmopodumr b - 0,64 wmr/r)
cansicTeipranna, NaCl 2,5 r/n-ge ecken S. obliquus sp. B7 mrambiabiHe xnopodwumt a - 1,59 mr/r,
xsopopwmt b - 0,93 mr/r (1-kecre) memmepin Kypaabl. A, Oyi ke3ne NaCl 5,0 r/n HycKagarsl
xyopoduiut a xoHe b kepcerkimrepi 1,98 xone 1,32 mr/r mamaceiaaa 6ombin, NaCl 10 1/
HYCKa/ia XJIopopuiut a xoHe b kepcerkimi 2,62 Mr/r xxoHe 1,95 Mr/r Menmiepin kepceTe Keie eH
orapsl HoTkeHi Oenrinece, NaCl 15 r/a1 nyckamarsl xjopodumt a xoue b monaepi 1,36 mr/t
KoHe 1,76 MI/T KETKEH] aHBIKTAJIIbL.

KopsIThiHabIIAN Kelle, OaKbUtayMeH cainbicThIpranaa (xaopodumr a - 1,17 mr/r, b - 0,64
MT/T) XJopodusut kepceTkimTepi Oipinmmi Hyckaaa 1,3 xone 1,5 ece, exinmni Hyckana 1,7 xone 2,1
ece, YIIHII HycKaaa 2,2 jkoHe 3 ece MeJIepi Korapbulay HYKTECiHE KeJIil, TOPTIHII HycKaaa
1,2 sxoHe 2,7 ece apTKaHABIFbl aHBIKTAJIBI.

bizgin 3eprreyiMi3ge  OakpUIayMEH —CaNbICTHIPFAHIA ajblHFAH TY3ABIH  OapIiibIK
KOHLICHTPALMSCBHIHBIH XJIOpoWUIIepi a koHe D MeliepiHiH >KOFapblUlaraHbl aHBIKTAJIbI,
MYHJail HOTWXKEHIH 00y cebebi, Ty3ablH (OTOCHHTE3l JKEHUIACTY YIIIH KaXXeT HaTpui
MOHJIapbIH KaMTaMachl3 €TETiH KaCUETIHE, XJIOPOIUIACT MEMOpaHaAIapBIHBIH TJaMybIHA BIKITAJ €Tyl
nen 6omkanyna. CoHmai — ak, Keloip FBUIBIM 3€pTTEyJIepAC CUMATTAIFaHAal, MUKPOOAIIbIp S.
obliquus sp. B7 mraMMbIHBIH OMOoMacca KypaMbIHAAFbl ¢ JKoHE D XJI0poduin murMeHTTepiHiH
apTybl KOPEKTIK OPTaAarbl HATPUN XJIOP TY3bIHA MUKPOOAIBIP JAKbLIIAPbIHBIH OCHIMICTIIITIT
MEH OJapJblH  KJIETKAJapbIHAAFbl ~ META0OMUTTIK  NPOIECKe aca  KaKETTUAIriMeH
OaiimanbIcThIpaabl [18].

Keitiari 3eprreynepnae, mukpoOamnnblp S. obliquus Sp. B7 1mTaMMBIHBIH —KIIETKa
KypaMmbIHAarel okannbel gunuarepre NaCl-ablH  opTypil  KOHLEHTPALUUSJIApbIHBIH — OCepiH
OakpUIaABIK (CypeT 4).

bakplinayna sxoHe TY3AbIH 9p TYPil KOHLIEHTpaLMsUIbl OnoMaccaaapbIHABIFbI JIUMUATEPIIH
KepCeTKiITepi Kenecineil HaTmxkenep Oepxai: O6akputayna — 12,82%, Hatpuil XnopasiH 2,5 xKoHE
5,0 /71 KOHIEHTpauMsUIaphIHAA JUMUATEPAIH Memmepi 14,56 xone 20,43% -ra apTKaHIIBIFBI
aHbIKTaNCa, aj Ty3abIH 10 sxoHe 15 1/ KoHIeHTpauusIapbeIHa TMOUATEPAIH Meepi 24,25 xoHe
32,26% -Fa KeTin )KoFapJiaFaHbl AaHBIKTAJI/IBI.

NaCl KoHIEHTpalnuschl MEH JHUMUATEPAIH KypaMbl apachlHIa CEHIMII KOpPesius
Gaitkanael. Ochlnaiiina, JunuatrepAiH xorapel Memmiepi NaCl sxorapbl KOHIIEHTPAIUSCHIHIA
Oaiikanapl, Oynail Oomy cebebi, Ty3 Memepi *KoHe KOPEKTIK OpTagarbl a30T TallIbUIBIFBIMEH
OaitlmaHpICTBl 00yl MYMKIH. TyY3IbIH >KOFapbl KOHIIEHTPAIUSACHI JIMIMUATEPAIH OHIMIUIITIH
apTThIpaTeIHAbIFEl  [laHya koHE T.0. aBTOpIApABIH EHOEKTepiHAe Je OeNriIeHreHIeH,
Scenedesmus Sp. mITaMMbl )KOFapbl TY3IbUIBIK YKaFIalblH/Ia JTUMAATEPIIH )KUHATYBIH apTTHIPAIBI.
Conpaii ak, KoJIaliChI3 HeMmece ecCy >KaFjailbl IIeKTeysl (CTpecTiK jKafjaiaa) opraiapiaa
MHUKpPOOAIBIpIapAbIH OelTapan Iunuarepi OnoMaccaaa JUMUATI TAMIIBUTIAP TYPIHE KUHATAIbI
YKOHE OJIap IIMUTOIIa3Ma MCH JKaCyIIaHbIH HET13 KOCAJIKbI KOMIIOHEHTTEpP1 00bIn Ta0bbiia sl [19].

Hotmwxkecinme, 3eprrey Oapwichinga Oakputaymen (12,82 1/1) caibICThIpraHaa JTHITHAATED
meiepi Oipinn Hyckana (2,5 r/n NaCl) 1,1 ece, exinmi nyckanaa (5.0 r/n NaCl) 1,6 ece, yurinmi
ayckana (10 r/m NaCl) 1,9 ece sxorapiaranbl aHBIKTaJIBI, TOPTiHII Hyckaaa (15 r/m NaCl) 2,52
€Ce apTKaHbI OeNTiICH]II.

Hatpuit xmopasiH eH »ofapsl Memmiepi (15 r/71) KocklIFaH opTaja ©CKeH OMOMacCaHbIH
KYpaMbIH/Ia JKaJIbl TUTUATEPAIH MOJIIIePi KOITEN KIUHAKTAIFaHbl aHBIKTAIIL. by munuarepain
OHIMIUTITT MHUKpOOANABIpIapABIH OMOMaccachlHa JKOHE JIMOUATEPIIH KypamblHA TiKeJIen
MPOMOPIMOHANABl €KeHIH Oulaipeni. Amaliga, TUOUATEPAIH KypamMbl OMOMAaccaHbIH KypaMbIHA
TOYEINIl eMecC, SFHU OMOMacCaHbIH KOOCH01 JTUMUATEPIIH KYPaMbIH alTapibIKTall apTThIPMa bl

[19].
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Cypet 3 — Mukpobanusip S. obliquus Sp. B7 miraMbIHBIH KYpaMbIHIAFbI
JUIHUITEPIIH )KUHATY Memepi, %

byn toxipubenik 3eprreynepaeH NaCl-aplH KOFapbl KOHIICHTPAIUSICHIHIA JTUTTHITEPIIH
KHUHATY MOJIIEPiHiH >KoFrapbl OosyblHa Kapamr, S. obliquus sp. B7 mTaMMBbIHBIH JTUIHATEPAI
OHIIpy/e THIM/II €KEHIH aiTyra Oonasel. bymait 6oy ce6ebi, MUKpoOaIbIpiap KiIeTKaIapbIHIa
Oeifrapan NUMHUATEPIIH KOOCI MHKPOOAIIBIpIAp KIETKATapblHAa OCMOCTHIK KBICHIMHBIH
JKOFapplUlayblHa kayanm Oepyre koHe NaCl korapbl KOHIEHTpaIMsACHIHAA JKacylia
MeMOpaHAChIHBIH CYMBIKTBIFBI MEH TYTACTBIFBIH CaKTayFa MYMKIHIIK OepeTiH Oeiimaeny
MexaHu3Mi 001yl MyMKiH. COHIBIKTaH MHKPOOAIABIPIAPABIH TIPHIUTIK OpPEKeTI MeEH
OHIMJILTITIHE, 3aT alMacy MpolecTepi MeH KOOCIiH KaMTaMmachl3 €Ty YIIiH MaHbI3Abl OOJIBII
TaOBIaTBIH KOPEKTIK OpTaFra KOChIMINIA KOCBUIFaH TakipuOenik 3eprreyaeri NaCl sjaemMeHTiHIH
YKOFapbl MaHBI3/IBUTBIFBIH aTall ©TyTre 0O0JIa/bl.

KopbITbIHABI

Toxipubeneri Mmukpobanapip S. obliqguus Sp. B7 mTaMMBIHBIH €Cy opTachblHa KOCBHIMIIIA
HATPUN XJIOP TY3BIHBIH OPTYPJi KOHIEHTPAUUSIAPbIH KOCHII ocipinreH opramarbl (10 Toymik
00iibl) >Kacylanap/bIlH 6Cy THIFBI3IBIFbI AHBIKTAILI, OVJI HOTHOKENEp OOWbIHINA: OaKbUIayMeH
CQJIBICTBIPFaH/Ia, HATPUHN XJIOPIBIH 2,5 T/ KOHIICHTPAIMSCHIHIA 6CKEH MUKPOOAIIBIPIBIH OCY
ThIFBI3ABIFBI 40% - Fa xxorapiiaca; aja HaTpHid XJIOPABIH S T/J1 KOHIICHTPAIMSICHIHIa OYJ1 KOPCETKIII
60% - ra; 10 r/n xonnentpauusaceiHaa 80% - ¥a neiin xorapiaraHbl aHBIKTaICca, KeJecl HaTpui
XJIOPJBIH 15 T/ KOHIEHTPAIUACHIHIAAFEI 6CKEH MUKPOOAIIBIPABIH 6Cy ThIFbI3IbFel 18% - ra
TOMEH/JIETeH1 OCNTLICH]II.

Toxipube OapbichiHaAa OaKbLIayMeH caiubicThipranaa (xmopodwumt a - 1,17 mr/r, b - 0,64
MT/T) xJopodusut kepceTkimTepi Oipinmm Hyckana 1,3 xxone 1,5 ece, exinmni Hyckana 1,7 xone 2,1
ece, YIIHII HycKaaa 2,2 jkoHe 3 ece MeJIepi KoFapbuiay HYKTECiHE KM, TOPTIHII HycKaaa
1,2 xone 2,7 ece apTKaHbIFbl AHBIKTAJIJIBI.

Toxipubeneri MuKpoOanmblp OWOMaccachIHAAFBl KANMbl  JUMUATEPAIH  MOJIIepi
aHbIKTANIBL. by 3epTTeynepaeH OakbuiayMeH canbicThiprania (munuarep - 12,82 %) NaCl-apix
2,5 xone 5,0 r/n1 KOHIEHTpalUsIapblHIA OCKEH OHoMaccalarbl JIMIHATTEPIIH MOJIepi
(munuarep 14,56 xone 20,43%) xorapinamn, sirau 1,1 xone 1,6 ecere sxorapnaran 6osca, an Oy
kepcerkim NaCl 10 »xone 15 r/n koHueHTpauusapeiaaa (munuarep 24,25 xone 32,26%) 1,9
XKoHe 2,52 ecere xorapiiaraHbl aHBIKTAJJIbI.
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BJIMAHUE KOHOEHTPAIIMU COJIM HA POCT U ITPOAYKTUBHOCTD IITAMMA
MHUKPOBOJIOPOCJIEN SCENEDESMUS OBLIQUUS SP. B7

AHHOTANUA

[MuTatenpHas cpeda mpencTaBisieT coboil cybcTpaT, oOecreunBarOmIMii OOMEHHBIE TPOLECCHI,
SHEPreTHYECKU OOMEH TPH JKHU3HEJESTENFHOCTH KIETOK MHKPOBOIOPOCIEH, a TakKe BKIIOYArOIIHN
BaXXHBIE JJII POCTa 3JEMEHTHI. V3MEHssI MUTATEeNbHYI0 Cpely MHKPOBOAOPOCIEH, MOKHO HM3MEHHTH
MOKAa3aTeNy POCTa U XUMHUYECKHI COCTaB UX KJIETOK. B 3T0i paboTe n3yueHsl moka3zaTesl pocTa mTaMma
Scenedesmus obliquus sp. B7, murmenToB B 6romacce (xiaopoduint a, b) 1 061iero KoandecTBa IHIHIOB C
Jo0aBIIieHHEM XJIOpHJIa HATPUSL B KOHIEHTpANUsAX oT 2,5 r/1 mo 15 r/n B nuratenbHyto cpeny [Ipara js
KYJIETUBUPOBAHUSI 3TOTO ILTaAMMa.

[lo pesynpraram wuccieoBaHMN, AUHAMHUKA pocTa wmTamma Scenedesmus obliquus. sp B7 un
HAKOIUICHUE psla MUTMEHTOB ObUIM ONTHMajibHBIMH IpH KoHueHTpauuu NaCl - 10 r/m, a oOmee
coJepKaHue JIMIMUAOB OBUIO MaKCUMaJbHBIM — MPH 15 T/1, ycTaHOBJIEHO, YTO, €CJIM IJIOTHOCTH pOCTa
yBenmmuminach Ha 80% B 10 1/1 NaCl mo cpaBHEHHIO ¢ KOHTpOJIEM, TO ToKa3arenu xjiopopwuia a u b
yBeIMIWIUCh B 2,2 U 3 paza. [lo cpaBHEHHIO C DKCIIEPUMEHTAIBHBIM HaOJIOIeHHEM O0HApYKEHO, YTO
colepikaHue OOIIMX JMIHAOB B OHOMacce mpu mo0aBieHMM B muTateiabHyro cpeay 15 r/m NaCl
yBEIMYMWIOCh B 2,52 pasza. U3 3Tux mokasareneil cieiyer, 4To mTaMM MHKPOBOAOpOCIH SCenedesmus
obliquus sp. B7 nemoHcTpUpyeT BBICOKHI POCT M aAanTUPyeMOCTh KieTok rnpu kKoHnentpammu NaCl B
nuTarenabHou cpeae 10 /.

KuaroueBblie ciioBa: Scenedesmus obliquus, nuratensHas cpeaa, CONEHOCTh, TUTMEHTBI, JTUTTH/IHI.
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Abstract
Nutrient medium is a substrate that provides metabolic processes during vital activity of microalgae
cells, energy metabolism, and elements essential for microalgae growth. It is possible to alter the growth
indicators and chemical composition of microalgae cells by changing the components of nutrient medium.
In these studies, growth indicators, chlorophyll (a, b) and total lipid content in the biomass of Scenedesmus
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obliquus sp. B7 strain grown on Prata medium with the addition of sodium chloride concentrations in the
intervals of 2.5 g/l and 15 g/l were evaluated.

According to these results, compared with the observation, it was found that 10 g/l NaCl was optimal
for the growth dynamics of Scenedesmus obliquus sp. B7 strain and accumulation of some pigment
compositions. Nevertheless, the optimum value for the highest total lipid content was 15 g/l NaCl.

It was determined that the chlorophyll a and b indicators increased by 2.2 and 3 times, respectively,
when the growth density was increased by 80% in 10 g/l NaCl compared to the control. In comparison with
experimental observation and other variants, it was ascertained that the content of total lipids in biomass
was 2.52 times higher when 15 g/l NaCl was added to the nutrient medium. It can be concluded from these
indicators that the microalgae Scenedesmus obliquus sp. B7 strain shows a high level of growth and cell
adaptability at a NaCl concentration of 10 g/l in the nutrient medium.

Keywords: Scenedesmus obliquus, culture medium, salinity, pigments, lipids.

Microalgal biomass has become one of the priority targets for several industry sectors,
especially as a source of biologically active substances (BASs) such as photosynthetic pigments,
lipids and others.

Interest in freshwater microalgae, the genus Scenedesmus, has recently increased. This is
because many species of Scenedesmus microalgae have the ability to change growth indicators in
response to the composition of the nutrient medium, including the qualitative and quantitative
composition of intracellular organic compounds, depending on overall biomass growth [1-3].
Therefore, due to their ability to synthesize highly valuable metabolites that are essential for human
life, representatives of some Scenedesmus related microalgae are considered to be substantial
biotechnological targets. [4-6].

Periods of intense growth of the microalgae are associated with an increase in the
concentration of pigment in their cells [7]. This allows the concentration of chlorophylls, lipids
and other substances to be used to assess the performance of microalgae [8, 9].

Unicellular microalgae are able to synthesize large amounts of pigments (carotenoids,
chlorophyll, etc.) due to their ability to grow under a wide range of stress conditions and high
adaptive activity, and one of the factors that has an impact on lipid metabolism is the salinity of
the medium, which is significant [10-12]. The presence of an adequate amount of sodium chloride
in the culture medium has been shown to normalize the microalgae membrane, increase enzyme
activity, and alter vital functions such as cell division, carbon assimilation, protein and nucleic
acid metabolism, and respiration intensity. [13].

Through several physiological and molecular processes, microalgae cells can tolerate certain
changes in salt concentration. This dynamic change in the metabolic system affects the
composition of biomass. Numerous studies have demonstrated that the low salinity used during
the growth phase of freshwater microalgae is conducive to the maximum accumulation of biomass.
Numerous investigations have shown that microalgae can resist high salt concentrations. [14].

Considering the above information, the purpose of our experimental research is to determine
the impact of salinity in different concentrations in the nutrient medium on the growth indicators
of the microalgae Scenedesmus obliquus sp. B7 strain and the accumulation of lipids that provide
energy to chlorophyll sources and cellular processes involved in the complex photosynthetic
process in biomass.

Research materials and methods

Scenedesmus obliquus sp. B7 strain from Al-Farabi Kazakh National University
phototrophic microorganism collection was used as research object. A modified Prata liquid
culture medium was used to grow this microalgae strain. In the experiment, the Scenedesmus
obliquus sp. B7 strain was grown under 3500 lux light, at a temperature of 25°C, with the addition
of four concentrations of NaCl (2.5, 5.0, 10, 15 g/l) in addition to the standard Prata culture
medium.
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The cell density of the strain culture was monitored on a daily basis by recording the optical
density (D) at 760 nm with the KFK-3 "ZOMZ" photometer. All analyses were performed with
three replicates and the mean value was obtained.

To determine the algal biomass increase, microbial samples were filtred through 0.85 - 0.95
micron pore size membrane filters and dried at 60 °C to constant weight.

An 80% acetone extract was used to determine the quantitative content of pigments
(chlorophyll a and b) [15]. The Specord UV-VIS spectrophotometer (at wavelengths of 420, 470
nm) was used to measure the optical density of the concentrations of carotenoids contained.

Lipids were determined by the gravimetric method after extraction from the biomass with a
chloroform-isopropanol mixture (volume 1:1) [16].

During the experiment, various salt concentrations were obtained to modify the Prata
nutrient medium suitable for the growth of the microalgae S. obliquus sp. B7 strain.

Experimental research options:

Control (standard of Prata culture medium)

First option: 2.5 g/l NaCl;

Second option: 5.0 g/l NaCl,

Third option: 10 g/l NaCl;

Fourth option: 15 g/l NaCl.

Results and Discussion

As part of the research, the cell growth density of the S. obliquus sp. B7 strain was monitored
in the laboratory for 10 days (Figure 1). The results show that on day 2 of the experiment, the
growth of the S. obliquus sp. B7 strain accelerated by 0.16, while at the different NaCl salt
concentrations used in the experiment (2.5 g/l - 0.2, 5 g/l - 0.25 and 10g/l - 0.35), the growth
dynamics of the S. obliquus sp. B7 strain slowly accelerated by approximately 0.3 at 15 g/l. On
the 6th day, under control, the cell density indicator increased to 0.31, and at different
concentrations of NaCl, the cell growth density was as follows: 2.5 g/I-0.48; 5.0 g/I-0.59; 10 g/l -
0.67; 15 g/l - 0.46. In our experiment, it was observed that at a concentration of 2.5 g/l of NaCl,
the growth of the cell reached 0.7, and at a concentration of 5.0 g/l of NaCl, the optical density of
the cells of the strain S. obliquus sp. B7 was about 0.8. This was the case when the growth of the
control cell reached 0.5 during the following 10 days. Meanwhile, at a salt concentration of 10 g/I,
cell growth increased by 0.9, and at a concentration of 15 g/l, NaCl stopped growth at about 0.59.

0,9 -
0,8
0,7 1
0,6 1
0,5 1
0,4
0,3
0,2 1
0,1

0 |

cell growth density

2 4 6 8 10 12 day
O Control ®mNaCl-2,5 g/l ONaCl-5,0 g/l oNaCl-10 g/l mNaClI-15 g/l

Figure 1 - Growth monitoring of Scenedesmus obliquus sp. B7 cultured in Modified Prata’s Medium
(control) and in MPM medium supplemented with 2.5, 5.0, 10 and 15 g/L of NaCl, by the measure of the
optical density (OD) at 760 hm
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The growth density of the strain S. obliquus sp. B7 increased by 40% in the salt concentration
of 2.5 g/l, by 60% in the salt concentration of 5 g/l and by 80% in the salt concentration of 10 g/I
on day 10 of the study. However, at this point, the growth density of the enhanced microalgae at a
salt concentration of 15 g/l decreased by 18% compared to the control and other options in the
experiment. The results showed that NaCl concentrations of 2.5 and 10 g/L had an optimal effect
on the growth density of S. obliquus sp. B7 and increased the growth indicators compared to the
control. On the contrary, we found that NaCl concentration of 15 g/l negatively affected growth
indicators of S. obliquus sp. B7 strain, that is, excessive salt content accelerated cell growth and
inhibition. This could be due to electrolyte leakage, which activates cellular enzymes called
proteases and endonucleases [17].

The reason for the increase in growth rates at the initial salt levels was that the microalgae
growth rates were somewhat lower due to the lack of salt in the standard Prata culture medium.
Therefore, the addition of different salt concentrations to the culture medium may have resulted in
a high degree of salt exposure.

The dynamics of the growth of the suspension was monitored throughout the experiment and
the amount of biomass accumulated by the strain S. obliquus sp. B7 at different NaCl
concentrations was also recorded, as shown in Figure 2.

Dry biomass (g/1)

ControlNaCl-2,5NaCl-5 NaCl-10NaCl-15
g/l g/l g/l g/l

Figure 2 - Indicators of accumulation of dry biomass of strain S. obliquus sp. B7 grown at different salt
concentrations

As can be seen from Figure 2, biomass increased by 1.2 g/l and 1.8 g/l in the first and second
versions, respectively, compared to 0.8 g/l in the control version on the last day of the experiment.
It was established that the highest biomass accumulation was 2.1 g/l in the third version, indicating
a high level of productivity, and in the fourth version, the amount of biomass decreased to 1.3 g/I.
As we have seen, it was found that the dry biomass of the strain S. obliquus sp. B7 showed a higher
rate when 10 g/l NaCl was added additionally to the culture medium.

Thus, compared to the control (0.8 g/l), it was established that the accumulation of biomass
in the first version increased by 1.5 times, in the second version-by 2.3 times, in the third version-
by 2.6 times, and in the fourth version-by 1.6 times.

Biomass indicators were higher than the control at the initial salt concentrations. An increase
in the adaptation mechanism of the microalgae to the initial salt concentrations is thought to be the
reason for this. We noticed that the results of the fourth option decreased slightly, i.e. the
microalgae biomass decreased because of the high salinity, which is the reason why microalgae
consume energy to maintain water pressure, and it is assumed that this will result in reduced
productivity or reduced growth. Consequently, this study also found that the best biomass
accumulation rate, as well as growth density, was in the NaCl 10 g/l option.

In our subsequent studies, indicators of biologically active substances (chlorophyll a and b)
in the composition of dry biomass of the strain S. obliquus sp. B7 were determined (Table 1).
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Table 1 — Chlorophyll a and b indicators in the biomass of S. obliquus sp. B7 grown at different salt
concentrations

mg/g
Options taken in the study
chlorophyll a chlorophyll b

Control 1,17 £0,04 0,64 £0,02

NaCl 2,5 g/l 1,59 £ 0,06 0,93+0,03

NaCl 5 g/l 1,98 + 0,08 1,32 +0,04

NaCl 10 g/l 2,62+0,11 1,95 + 0,07

NaCl 15 g/l 1,36 + 0,05 1,76 + 0,06

In a study with a salt concentration of 2.5 g/l of S. obliquus sp. B7 strain, the total amount
of chlorophyll a was 1.59 mg/g and chlorophyll b was 0.93 mg/g compared to the control
(chlorophyll a - 1.17 mg/g and chlorophyll b - 0.64 mg/g, respectively) (Table 1). At the same
time, it was found that the indicators of chlorophyll a and b in the NaCl 5.0 g/l version were around
1.98 and 1.32 mg/g, while the indicators of chlorophyll a and b in the NaCl 10 g/l version showed
the highest results, indicating 2.62 mg/g and 1.95 mg/g, while the values of chlorophyll a and b in
the NaCl 15 g/l version reached 1.36 mg/g and 1.76 mg/g.

In summary, the chlorophyll indicators were 1.3 and 1.5- times higher in the first version,
1.7 and 2.1- times higher in the second version, 2.2 and 3- times higher in the third version and 1.2
and 2.7- times higher in the fourth version compared to the observed values (chlorophyll a - 1.17
mg/g, chlorophyll b - 0.64 mg/g).

In our study, we found that all the concentrations of salt obtained increased the amount of
chlorophylls a and b compared with the control. This is thought to be due to the salt's ability to
provide the sodium ions needed to facilitate photosynthesis. Furthermore, as described in some
scientific studies, the increase in chlorophyll a and b pigments in the biomass of the microalgae
strain S. obliquus sp. B7 is associated with an increased adaptability of the microalgae cultures to
the sodium chloride salt in the nutrient medium and their acute metabolic necessity in their cells
[18].

In subsequent studies, we observed the effect of different concentrations of NaCl on the total
lipids contained in the cell of the microalgae S. obliquus sp. B7 strain (Figure 4).

The lipid content in the biomass at various salt concentrations and under control was as
follows: 12.82% in control, 14.56% and 20.43% increase in sodium chloride at 2.5 and 5.0 g/l and
24.25% and 32.26% increase in lipid content at 10 and 15 g/l salt concentration.

A significant correlation was attended between the concentration of NaCl and the content of
lipids. Thus, a high lipid content was observed at high NaCl concentrations, which may be due to
the amount of salt and nitrogen deficiency in the nutrient medium. It has also been noted that high
salinity increases lipid yield and that the strain Scenedesmus sp. increases lipid accumulation under
high salinity conditions in the work of Punch et al. In addition, under damaged or restricted growth
conditions (stress conditions), neutral microalgal lipids accumulate in the biomass in the form of
lipid droplets and are important supporting components of the cytoplasm and cell [19].

The study showed that the lipid content of the first variant (2.5 g/l NaCl) increased by 1.1
times compared to the control (12.82 g/l NaCl), the second variant (5.0 g/l NaCl) by 1.6 times, the
third variant (10 g/l NaCl) by 1.9 times and the fourth variant (15 g/l NaCl) by 2.52 times.
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Figure 3 - Amount of lipid accumulation in the microalgae S. obliquus sp. B7 strain, %

High levels of total lipids were found in the biomass grown in the medium with the highest
sodium chloride content (15 g/l). This indicates that lipid performance is directly proportional to
the biomass of microalgae and lipid content. However, lipid content is independent of biomass
composition, i.e. increases in biomass have little or no effect on lipid content [19].

Based on these experimental studies and considering the high lipid accumulation at high
NaCl concentrations, it can be concluded that the S. obliquus sp. B7 strain has the ability to produce
lipids. This could be an adaptive mechanism enabling microalgal cells to respond to higher
osmolarity and maintain cell membrane fluidity and integrity at high NaCl concentrations.
Therefore, the experimental study highlights the importance of the element NaCl, added to the
nutrient medium, which is essential for the maintenance of microalgal viability, productivity,
metabolic processes and reproduction.

Conclusion

Thus, the cell growth density of the experimental microalgae S. obliquus sp. B7 strain was
measured in the grown medium (for 10 days) with the addition of various concentrations of sodium
chlorine salt, and the results showed that: when compared to the control, the growth density of
microalgae increased by 40% at a concentration of sodium chlorine 2.5 g/l; and at a concentration
of sodium chlorine 5 g/l this indicator increased by 60%; at a concentration of 10 g/I, it was found
that the following sodium chlorine increased by 80%, at a concentration of 15 g/l it was established
that the growth density of sprouted microalgae decreased by 18%.

During the experiment it was found that the chlorophyll indicators in the first version
increased by 1.3 and 1.5 times, in the second by 1.7 and 2.1 times, in the third by 2.2 and 3 times
and in the fourth by 1.2 and 2.7 times compared to the observations (chlorophyll a - 1.17 mg/g, b
- 0.64 mg/g).

The total lipid content of the microalgal biomass in the experiment was determined. It was
found that the content of lipids in the biomass at NaCl concentrations of 2.5 and 5.0 g/I (lipids -
14.56 and 20.43%) increased by 1.1 and 1.6 times, respectively, compared to the observations
(lipids - 12.82%), and this indicator increased by 1.9 and 2.52 times at NaCl concentrations of 10
and 15 g/l (lipids - 24.25 and 32.26%).
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Abstract

This article presents the results of studying the effect of starter cultures on the process of yogurt
fermentation.

It is known that the microorganisms that make up the starter cultures for yogurt, depending on the
physiological characteristics, form milk-protein clots with different types of consistency and with varying
degrees of viscosity during the fermentation of milk. For drinking yoghurt, viscous type starters with a
reduced tendency to syneresis are used. Three different starter cultures were used in the technological
process, representing the object of this study: symbiotic cultures of
Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus thermophilus and Lactobacillus fermentum 14
isolated from goat's milk. As a raw material, goat milk of the Zaanen breed of the Almaty region was used.

The interaction between the three types of bacteria is influenced by the amount of each type
introduced, the temperature and the time of ripening. The strain Lactobacillus fermentum 14, isolated from
goat milk and deposited in the Republican Collection of Microorganisms (Astana), was used as a probiotic
culture to strengthen the antagonistic properties of the starter. The interaction of different types of bacteria
is influenced by the amount of each introduced type, temperature and time of fermentation. It was found
that the sample of yogurt with starter culture included Lactobacillus bulgaricus, Streptococcus
thermophiles, and probiotic culture Lactobacillus fermentum 14 had the best sensory properties.

Keywords: goat milk, starter culture, symbiotic cultures, yogurt, organoleptic indicators.

Currently, the Kazakh market has a significant range of starter cultures for yogurt offered by
domestic and foreign companies with recommendations for their use [1, 2].

When developing new types of yoghurts, primary attention is paid to the properties of starters
that contribute to the formation of a dense structure and thick consistency of products, a reduction
in the duration of fermentation and low post-oxidation. Low post-oxidation improves the taste and
consistency of the product during production, packaging and transportation, especially in
conditions of insufficient refrigeration or temperature changes [3].

The starter is the most important factor in determining the quality of yogurt, influencing its
quality and nutritional characteristics, as well as determining the conditions of the fermentation
process and the end fermentation metabolites. Usually, symbiotic cultures are used for the
production of yogurt, consisting mainly of the bacteria Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus.

Lactobacillus fermentum is a strain of gram-positive bacteria that acts as a probiotic. The
use of this strain in dairy products can have an antibacterial effect on certain digestive tract
microorganisms and an antioxidant effect on certain free radicals. For example, it is present in
some popular cheese varieties (Conte, Ragusano). As an energy source Lactobacillus fermentum
strain uses fermentable carbohydrates such as arabinose, galactose and others. The use of intestinal
microorganisms as probiotics in the development of new foods is aimed at the prevention and
treatment of various health problems: allergies, tumor growth and inflammatory bowel diseases
[4, 5].
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One of the promising areas is the design of new types of symbiotic starters and the
development of dairy-based product technologies that include optimal consortia of probiotic
microorganisms in terms of compatibility.

Many strains of lactic acid bacteria that are used in the food industry are probiotics that have
a stimulating and regulating effect on the body, have antagonistic properties against pathogenic
and opportunistic microorganisms of the gastrointestinal tract. These mainly include
Lactobacillus, a genus of Gram-positive anaerobic non-spore-forming lactic acid bacteria [6, 7].

For the manufacture of sour milk products are used production, as well as direct application
of starter. Their purpose is to introduce into the milk mixture, lactic acid microorganisms intended
for fermentation. The advantages of direct application starters are that they contain a much larger
number of lactic acid microorganisms; they are intended for direct introduction into the milk
mixture, which completely eliminates the stages of intermediate fermentation; they minimize the
influence of the human factor [8].

The aim of the work was to study and select the best starter for obtaining yogurt based on
goat's milk.

Materials and methods of research

Raw milk from Saanen goats from a local dairy producer is used to obtain yoghurt samples.
Three different starters were used in the technological process, which were the objects of this
study, they are: YO MIX 495 LYO 100 DCU, YO MIX 883 LYO 50 DCU (Danisco, Germany)
and our proposed starter, which is a combination of Str. thermophilus,
Lb. delbrueckii subsp. bulgaricus (Danisco) and a strain of lactic acid bacteria Lactobacillus
fermentum 14, isolated from goat milk, deposited in the Republican Collection of Microorganisms
(Astana).

The determination of acidity was carried out by the potentiometric method for determining
titratable acidity according to GOST 31976-2012 "Yoghurts and yogurt products".

Starter MIX 495 LYO is a culture with a certain combination of strains, includes Str.
thermophilus and Lb. delbrueckii subsp. bulgaricus.

YOMIX 883 LYO is a highly viscous, soft-fermenting starter containing Str. thermophilus
and Lb. delbrueckii subsp. bulgaricus, which gives a distinct aroma and taste; it has limited post-
oxidation and light syneresis.

Lactobacillus fermentum 14 culture was used as a probiotic to improve the technological
properties of the yogurt starter.

The yogurt samples were cooled and analyzed for organoleptic properties after 24 hours of
storage. To determine the acidity we used a potentiometric method for determining titratable
acidity according to GOST 31976-2012 "Yogurts and yogurt products™.

Results and discussion

The organoleptic analysis of yogurt samples is significant for determining their qualitative
assessment. Figure 1 demonstrates the influence of the duration of fermentation of starter cultures
on the value of titratable acidity. All three types of starter cultures form a clot within 4-6 hours at
the fermentation temperature range of 40+3°C. During this time, the titratable acidity reaches 70-
75°T, which is optimal for clot formation.

155



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

80

70

Acidity, °T

w
o

10

60 120 180 240 300 360
Time, minutes

YO MIX 883 YO MIX 495 —Yogurt culture+Lb. fermentum 14

Figure 1- Influence of the duration of fermentation of starter cultures on the value of titratable
acidity

As a result of the study, it was observed that that when using the starter with the use of Lb.
fermentum 14, the yogurt clot had a denser consistency with no signs of syneresis, which can be
explained by the presence of exopolysaccharides in the composition of this starter. Table 1
demonstrates the dependence of the density of the clot and the presence of syneresis on the time
of fermentation of starter cultures.

Table 1 - The dependence of the density of the yogurt clot and the presence of syneresis on the
time of fermentation of skimming milk

Time, min. Types of cultures
YO MIX 495 YO-MIX 883 Lb. bulgaricus,

Str. thermophiles,
Lb. fermentum 14

60 + + +

120 + + +

180 + + +

240 ++ + ++

300 ++ ++ ++

360 ++ ++ +++

Notes: + no clot; ++ soft clot of yogurt, without separated serum; +++ dense clot of yogurt,
without separated serum

Fermented yogurt samples were evaluated organoleptically on a 5-point scale according to
the following indicators: appearance, creaminess; consistency, viscosity of the clot; density,
uniformity; taste; color and smell. Figure 2 demonstrates the organoleptic evaluation of yoghurts.
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Figure 2 - Organoleptic characteristics of prototypes of yoghurts.

Figure 2 presents the organoleptic characteristics of fermented milk products based on YO
MIX 495 LYO 100 DCU, YO MIX 883 LYO 50 DCU starter cultures (which contain Str.
thermophilus and Lb. delbrueckii subsp. bulgaricus) were within the normal range. The use of direct
application starters, which occupy the largest share in the supply of starters to dairy plants, namely
YO MIX 495 LYO 100 DCU and YO MIX 883 LYO 50 DCU (Danisco, Germany), positively
affects the fermentation modes (temperature and duration of fermentation) and organoleptic
characteristics of yogurts. However, a sample of yogurt with yoghurt starter Str. thermophiles,
Lb. delbrueckii subsp. bulgaricus and a probiotic culture of Lb. fermentum 14, had the best
organoleptic characteristics. Organoleptic analysis of yoghurt samples really completes their
qualitative assessment. According to the data of Fig. 2, the yogurt samples with the highest
acceptance scores are: 19.25 for sample C followed by sample B (18.24) and sample A (15.68).
As can be seen in the Fig. 2, sensory analysis demonstrates the highest level of these indicators for
sample C of yogurt. High-quality yogurt cannot have good physical and chemical properties and
poor organoleptic characteristics, since all product indicators must meet the required standards.

The cultures (Str. thermophilus, Lb. delbrueckii subsp. bulgaricus and Lb. fermentum 14)
produce a rapid increase in acidity to pH 4.7-4.6 and then a slower increase in acidity to a lower
pH. This characteristic contributes to good pH stabilization at the end of the ripening process and
during storage. The use of the culture is possible in the range 43-37 °C [3].

The dairy products fermented with YO MIX 495 starter with addition of probiotic strain Lb.
fermentum 14 reached titratable acidity 75 0 T within 6-8 hours of fermentation, thus exceeding
the fermentation time by 1-1.5 hours compared to the fermented products squeezed with YO MIX
495 and YO-MIX 883 only. The results indicate that the use of Str. thermophilus and
Lb. delbrueckii subsp. bulgaricus starters based on probiotic culture Lb. fermentum 14 in the
production of yogurt helps to reduce the duration of the technological cycle of the fermented milk
product and increase its antioxidant properties [9, 10].

The resulting starter exhibits good syneresis control and can also be used in sugar
formulations. During the consumption of the products, there was no separation of whey.
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Based on the research, it was decided to use a starter yogurt culture and probiotic culture Lb.
fermentum 14 at fermentation temperature (40+3) ° C in yogurt production.

Conclusion

Thus, the use of a starter culture based on commercial starter cultures of Str. thermophilus
and Lb. delbrueckii subsp. bulgaricus with the addition of a probiotic strain Lb. fermentum 14
isolated from goat milk of the Almaty region improves the organoleptic characteristics of the final
product. The yoghurt obtained from developed starter culture has a thick texture and mild taste
with low post-oxidation. This starter culture and products derived from it will expand the range of
dairy products produced domestically on the basis of goat's milk.
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MPOBUOTUKAJIBIK YIUBITKBIJIAPJABIH MOTYPTTHIH
ALY TIPOLIECIHE DCEPI

Tyiiin

byn wmakanmaga yHBITKBl AaKbULAAPBIHBIH HOTYPTTapAbl AambITy INPOLECIHE 9CepiH 3eprTey
HOTIXKeJepi KeNTipiJrex.

Horypr craprepiepinin KypaMbIHa KipeTiH MEKpPOOpraHU3MAep (GH3HOIOTHSIIBIK ePEKIIeTKTepiHe
0aliJIaHBICTBI CYTTI AIIBITY KE31HAE 9p TYpii KOHCUCTEHLMSICHI Oap >KoHE op TYPJi TYTKBIPJBIK JopeiKeci
Gap CyT-aKybI3 TPOMOTapbiH Ty3eTiHi Genrimi. Morypr imy yimriH cHHepesWc TeHICHIMSACH TOMEHIereH
TYTKBIP THIITET] allIBITKBIIAP KOJIAHBUIAIBL.

TeXHONOTUSIIBIK TPOIECTe OChl 3epTTEYJiH HBICAHBIH OUIMIpETIH YII TYpJii YHBITKBLIIAPHI
KOJITAHBUI/IBI: cuMOMOTHKANBIK aakbuiaap Lactobacillus bulgaricus, Streptococcus thermophilus sxone
emiki cyrined okmiaynanrad Lactobacillus fermentum 14. IIukisat perinae AaMaTsl 0OIBICHIHBIH 3aaHeH
TYKBIMBIHBIH €IIKI CYTi MMaiaaJaHbLIIbL.

Streptococcus thermophilus HeriziHeH CyT KbIIIKBUIBIH OHAIPYTe JKayanThl €KEH/IIr KOPCETUIreH, all
Lactobacillus bulgaricus itoryptka epekiire 1om 6epeni. bakrepusinapabiH Y TYpiHiH e3apa dpeKeTTecyiHe
opOip EHrI3UIreH TYPAIH MOJIIIepi, TeMIepaTypa >OHE alllbITy YaKbIThl acep €Teii. AIIBITKBIHBIH
AHTArOHMCTIK KACHETTEPiH KYIICUTy YIIiH MPOOMOTHUKAIBIK JAKbUI PETiHAE eIIKi CYTiHEH OKIIayJlaHFaH
koHe PecnyOnukanblKk MHKpOOpraHusmiep KoulekuusceiHa (ActaHa K.) caneiaran Lactobacillus
fermentum 14 mrammel naiinanassinansl. MorypT amsITKeICh (TepMODUIBII CTPENTOKOKK KOHE Gojrap
taskrracel) xkoHe Lactobacillus fermentum 14 npoGuoTHKAIBIK AaKBUTBI Oap HOTYpPT YITICI €H JKaKChI
OPraHOJISITUKAJIBIK KOPCETKILITEpre He eKSHIIr aHBIKTaJIIbI.

Kinrri ce3mep: emki cyTi, YHBITKBI, CHMOMOTHKAIBIK MaKbUIIap, HOTYPT, OpraHOJENTHKAIBIK
KOpCETKIITep.
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BJIUAHUE MTPOBUOTHYECKOMN 3AKBACKH HA ITPOIIECC
CKBAIIIMBAHMS MOT'YPTOB

doi: 10.53729/MV-AS.2023.01.10

AHHOTaNUSA

B naHHO# cTaTbe MPEACTABICHBI pE3YJbTaThl H3YUCHUsS BIMSHUS 3aKBACOYHBIX KYJIBTYP
MHKPOOPTaHU3MOB Ha TPOIECC CKBAIIMBAHUS HOTYPTOB.

HW3BeCTHO, YTO MHKPOOPIaHU3MBbI, BXOASIINE B COCTAB 3aKBACOK JUISl HOTypTa, B 3aBUCUMOCTH OT
(bU3MOIOrHYeCKHX 0COOCHHOCTEH 00pasyroT MPH CKBAIIMBAHUK MOJOKAa MOJIOYHO-OCITKOBBIE CTYCTKH C
Pa3HBIMHU THIIAMH KOHCUCTEHIIMH M Pa3IMYHON CTENICHBIO TAry4decTH. [l TUTHEBOro HOrypTa MPUMEHSOT
3aKBaCKH BS3KOT'O THIIA C IIOHM)KEHHOW TEH/ICHIIMEH K CHHEPE3HUCY.

OOBEKTOM HACTOSIIEr0 MCCICIOBAHUS SBHJINCH TPH PA3IMYHbIC 3aKBACKH JUIS HOTYpTa, B COCTaB
KOTOPBIX BXOAAT cuMOnoTndeckue KyapTypsl Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus
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thermophilus u mpobuornyeckas xynbrypa Lactobacillus fermentum 14, BeineneHHas U3 MOJOKa KO3
3aaHeHCKON TMOpoasl AJIMAaTHHCKOW oOnacTh. B KadecTBe MPOOHMOTHYECKOW KYJIBTYPHI IS YCHIICHHS
AQHTAarOHUCTUYECKHUX CBOWCTB 3aKBAaCKH HMCIOJb30Baan mramm Lactobacillus fermentum 14, BeinenceHubIi
U3 KO3bET0 MOJIOKA M JICTIOHUPOBAHHBIN B PecryOnrKaHCKOW KOJUICKIMA MUKPOOPTaHU3MOB (T. AcTaHa).
Ha B3amMojeiicTBHE pa3MMYHBIX THIOB OAKTEpHil BIHSIOT KOJHMYESCTBO KAXKIOTO BHECEHHOTO THIIA,
TeMIiepaTypa u BpeMsi CKBAIlIMBAHKs. Y CTAHOBIICHO, YTO JIYYIIHMH OPTaHOJCTITHYCCKUMHE TTOKa3aTeISIMU
obmamaer oOpaser HWorypra ¢ 3akBackod, B cocraB Koropoit Bxomar Lactobacillus bulgaricus,
Streptococcus thermophilus u mpobuotnueckas xkynprypa Lactobacillus fermentum 14.

KaloueBble cjoBa: Ko3pe MOJIOKO, 3aKBacka, CHMOWOTHYECKHE KYyJIbTYpHl, HOTYpT,
OpraHoJICIITHYECKHE TTOKA3aTeIH.

B Hacrosiniee BpeMsl Ha Ka3axCTaHCKOM PBIHKE MPEJCTABIEH 3HAYUTENbHBIA aCCOPTUMEHT
3aKBACOK JJIsi MOTypTa, MpenjaraeMblX OTCYECTBCHHBIMHU M 3apyOeKHBIMH KOMIAHUSMHU, C
PEKOMEHIalMSIMU 10 UX UCIIOJb30BaHuio [ 1, 2].

[Ipu pa3zpaboTke HOBBIX BUAOB HOTYPTOB OCHOBHOE BHHMMAaHHUE YIENSETCS CBOHCTBAM
3aKBacOK, CIIOCOOCTBYIOIIUM 00Opa30BaHUIO ITUIOTHOW CTPYKTYPhl U KOHCUCTEHIIMHM IPOAYKTOB,
COKpAIICHUIO MPOJIOKUTEbHOCTH 3aKBAIMBAaHUS U HU3KOMY MOCTOKHCIIeHHIO. M3BecTHO, 4TO
HU3KOE ITOCTOKUCJIEHUE IPUBOAUT K YIYYLNICHUIO BKYyCa M KOHCHCTEHLIMM HPOIAYKTa, 4YTO
HEOOXOJUMO YUYUTBHIBATH TPH MPOU3BOJCTBE, YIIAKOBKE M TPAHCIOPTUPOBKE, OCOOEHHO B
YCJIOBHUSX HEAOCTATOUHOIO OXJIAXKACHUS WM MepenaaoB Temmeparyp [3].

3akBacka SIBISETCS BaXHEHIIUM (DAKTOPOM, OIPEACTSIONUM KadecTBO Horypra u
BIMSIOIIMM Ha €ro Ka4YeCTBEHHBIC M NMHTATEJIbHBIE XAapAaKTEPUCTHUKH, a TaKXKE OINPEAEIISIIONUM
yCcIoBUsL Tporiecca (EepMEHTAlMM W KOHEYHbIE MeTa0onuThl ¢epmeHTanuu. OOBIYHO IS
MPOU3BOJICTBA HOTypTa HCIONB3YIOT CUMOMOTHYECKHE KYJIbTYpPbI, COCTOSIINE B OCHOBHOM U3

6axrepuii Streptococcus thermophilus u Lactobacillus delbrueckii subsp. bulgaricus.

Lactobacillus fermentum mpencraBiasier coOoii mITaMM TIPaMIIOJIOXKHUTEIbHBIX OaKTEPHI,
KOTOpBIA JIEHCTBYeT Kak NpoOHOTHK. lcmonp30BaHWE JTOr0 IITaMMa B 3aKBackKe s
KHCJIOMOJIOYHBIX MPOJIYKTOB MOKET OKa3bIBaTh aHTHOAKTEpHAIIbHOE JICHCTBIE Ha ONpeieNieHHbIE
MHUKpPOOPTaHU3Mbl MUIIEBAPUTEIHLHOIO TPAKTa M AHTHOKCUIAHTHOE JEUCTBHE HA HEKOTOpPbIE
cBoOoAHbBIE paaukaibl. Hampumep, oH MPHUCYTCTBYET B HEKOTOPBIX MOMYJSPHBIX COpTax ChIpa
(Konte, Paryzano). B kauectBe wucrounuka sHepruum mrtamm Lb. fermentum wucnonssyer
dbepMeHTHpYEeMbIe YIJIEBOJBI, TakHMe Kak apaOuHo3a, Trajmakro3a u Jpyrue. llpumenenue
KHIIIEYHBIX MUKPOOPTaHU3MOB B KauecTBE MPOOMOTHKOB MPHU pa3paboTKe HOBBIX MPOAYKTOB
NUTaHUS HaNpaBlIe€HO Ha MNPOQPWIAKTUKY U JIEYEHHWE pPAa3IMYHbIX MPOOJIEM CO 3/I0pPOBHEM:
JIJICPTUH, OITyXO0JIEBOIO POCTA M BOCHAIUTENBHBIX 3a00JIeBaHMIA KUIeYHHKa [7, 8].

OaHUM U3 MEpPCHEeKTUBHBIX HAIPaBJICHUN SBISETCS KOHCTPYUPOBAHHWE HOBBIX BHJIOB
CUMOHMOTHYECKMX 3aKBaCOK W pa3pabdOTKa TEXHOJIOTUH MPOAYKTOB HAa MOJOYHOW OCHOBE,
BKJIIOUYAIOLUX ONTHUMAJIbHBIE C TOYKU 3PEHUSI COBMECTUMOCTH KOHCOPIUYMBI MPOOHOTHYECKUX
MHUKPOOPTaHU3MOB.

Muorue  mTaMMbl ~ MOJIOYHOKHCIBIX  OaKkTepuid, UCIOJBb3yeMble B  THIICBOU
MPOMBINUICHHOCTH,  SIBISIIOTCSI  MPOOMOTHKAMH,  OKa3bIBAIOIIMMHU  CTHMYJIHPYIOIIEe U
perynupyoiiee IeHCTBUE HAa OpPraHu3M, OOJaJaloUIMMH aHTarOHUCTMYECKWMHU CBOWCTBaMHU B
OTHOILIEHUU TATOTCHHBIX M YCIOBHO-NIATOIC€HHBIX MHUKPOOPTAHU3MOB JKENTYI0YHO-KUIIIEUHOTO
tpakta. K HUM B ocHOBHOM oTHocsTcst Lactobacillus, pox rpammonoxuTensHbIX aHA3POOHBIX
HECTIOPOOOPa3YIOIINX MOJIOYHOKUCTBIX OakTepuii [4, 5].

Jlis M3roTOBIEHUS KHCIOMOJOYHOM MPOIYKIIMH MPUMEHSIOTCS MPOU3BOJCTBEHHBIE, a
TaK)Ke 3aKBacCKU MPSIMOTrO BHECeHMs. VX Ha3HaueHHEeM SIBISIETCS BHECEHHE B MOJIOUHYIO CMECh,
MOJIOUHOKHUCIBIX MHKPOOPTaHM3MOB MpeIHAa3HAYCHHBIX JJIsi CKBallMBaHus. JlOCTOMHCTBaMU
3aKBACOK MPSIMOTO BHECEHHS SIBISIETCS TO, YTO OHU COJEPIKAT ropasfao OoJbliee KOJIUYECTBO
MOJIOUHOKHUCIIBIX MHKPOOPTaHU3MOB; IMpelHa3HauYeHbl ISl HEMOCPEICTBEHHOTO BHECEHUS B
MOJIOUHYIO CMECh, YTO TMIOJIHOCTHIO MCKJIIOYAeT CTaJWHM MPOMEKYTOUHOU (epMEeHTaINY;
npeielIbHO MUHUMHU3HUPYIOT BIUSHUE YelloBedeckoro dakTtopa [6].
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Lenbto paboThl OBUIO M3yYEHHE M BBIOOD JIyUIIel 3aKBAacCKU IS MOJMyYeHHs HOrypTa Ha
OCHOBE KO3bETr0 MOJIOKA.

Matepuanbl M1 MeTOABI HCCJIETOBAHUS

s monydeHust o0pa3LoB HOTypTa MCHOIB30BAJIOCH CHIPOE MOJIOKO OT 3aaHEHCKHMX KO3
MECTHOT'O TPOU3BOJIUTENS MOJIOYHONW MPOAYKIHUU. B TexHOIOrHYecKOM mpolecce MPUMEHSUIIUChH
TPU Pa3IUYHbIC 3aKBACKH, SBISIOMIKECS 00bEKTOM Hacrtosiero uccienoanus - YO MIX 495
LYO 100 DCU, YO MIX 883 LYO 50 DCU (Danisco, I'epmannsi) u mpeajaraemas HaMH
3aKBacka, MpejcTaBisomas coboit komoOunarmio Str. thermophilus, Lb. delbrueckii subsp.
bulgaricus (Danisco) u mramMMa MOJIOYHOKHCIBIX OakTepuit Lb. fermentum 14, BeinencHubIi U3
KO3bEro MOJIOKA, ICTIOHMPOBAHHBIM B PecryOnMKaHCKON KOJUIEKIMH MHUKPOOPTaHU3MOB (T.
Acrana). B coctaB 3akBacku MIX 495 LYO BXoasT omnpeaesieHHbIe KOMOMHAIIMK IITaMMOB Str.
thermophilus u Lb delbrueckii subsp. bulgaricus.

YO MIX 883 LYO sBusieTcsi 3aKBacKOW, MSTKOTO OpPOXEHHUS C BBICOKOW CTEMEHBIO
Bsi3kocTH, Brirouaer Str. thermophilus u Lb. delbrueckii subsp. bulgaricus, nmatormme sipko
BBIpQXXCHHBIN apoMaT U BKYC; UMEET OrpaHUYCHHOE TOCTOKUCICHHE U JIETKUN CHHEPE3HC.

Jist yimydieHus TEXHOJIOTMYECKUX CBOMCTB 3aKBACKH JJIsl HOTypTa B Ka4eCTBE MPOOHOTHKA
ObLTa MCMoNb30BaHa KynbTypa Lb. fermentum 14.

OO6pa31p! orypra oxJjaxkaany, a 3aTeM aHaIM3UPOBAIN HA OPraHOJICTITHYECKUE CBOMCTBA
nociae 24  yacoB  xpaHeHus. g ompedeneHus — KUCIOTHOCTH — MCIIOJIb30BaJIU
MNOTEHIIMOMETPUYECKUH MEeTOoJ ompeneneHust Tutpyemoil kucnornoctu no 'OCT 31976-2012
«orypThI 1 HOrypTOBBIE HPOTYKTHDY.

Pe3yabTaTbl M 00Cy:KIeHHE

OprasonenTHuecKuii aHanu3 o0pa3oB HOTypTa BaXKeH JJIs ONPEICICHUS NX KaueCTBEHHOM
oueHku. Ha pucyHke 1 moka3aHo BiIMsSHUE IPOAOJDKUTEIBHOCTH (EPMEHTALMU 3aKBACOK Ha
BEJIMYMHY TUTPYEMOH KUCIOTHOCTU. Bce Tpu Buaa 3aKkBacok 00pa3yloT CTyCTOK B TeueHue 4-6
yacoB 1pu Temrneparype dhepmentanuu 40+3°C. 3a 3To Bpemst TUTpyeMasi KUCJIOTHOCTD JIOCTUTAET
70-75°T, uTo sIBAsIETCS ONTUMAIIBHBIM JJIS1 0Opa30BaHMs CI'yCTKa.
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PI/ICYHOK 1- Bausaue MMpOAOIZKUTCIIbHOCTHU CKBAIIIMBAHUS 3aKBACOK HA 3HAYCHUC TPIpreMOf’I
KHCJIOTHOCTH
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B pesynbraTe nccienoBaHuii BBISIBICHO, YTO IIPH UCTIOIB30BAHUY 3aKBACKH C TIPHMEHEHHEM
Lb. fermentum 14 iorypToBblii crycTOK MMeNl 0ojee IUIOTHYH0 KOHCHCTEHIUIO 0e3 MPU3HAKOB
CHHEpE3HCa, YTO MOKHO OOBSICHITh HATMYUEM B COCTABE JAHHOM 3aKBAaCKH AK30IOJINCAXAPUIOB.
B tabmuie 1 npeacrasieHa 3aBUCHMOCTD IDIOTHOCTH CI'YCTKA M HAJIMYMSI CHHEPE3Hca OT BpEMEHU
(dbepmMeHTaIN 3aKBAaCOK.

Ta6nnua 1 - 3aBHCUMOCTD IJIOTHOCTH CT'yCTKa U HaAJIMYUA CUHEPE3MCa OT BPEMEHN CKBAIIMBAHH 3aKBACOK

Bpems, muH. Turbl 3aKBacKu
YO MIX 495 YO-MIX 883 Lb. bulgaricus,

Str. thermophiles,
Lb. fermentum 14

60 + + +

120 + + +

180 + + +

240 ++ + ++

300 ++ ++ ++

360 ++ ++ +++

[Ipumeuanue: + OTCYTCTBHE CTYCTKa; ++ MSITKUH CTycTOK 0€3 OTHENCHUS CHIBOPOTKH; +++
IUIOTHBIH CTyCTOK 0€3 OT/CNICHNS CBIBOPOTKH

O06pa3ibl pepMEHTUPOBAHHOTO KUCIOMOJIOYHOTO MPOIYKTA OIICHHUBAIA OPTAHOJICTITUYCCKU
mo 5-0aibHOM IIKajae IO CICAYIOMUM II0Ka3aTelnsM: BHEIIHWW BHJl, CIMBOYHOCTH;
KOHCHUCTEHIIMSI, BI3KOCTh CT'YCTKA; IJIOTHOCTh, OIHOPOJHOCTh; BKYC; LIBET U 3anax. Ha pucynke 2
MIPE/ICTaBJICHA OPTaHOJIECNTHYECKAs OIEHKAa HOTYypPTOB.

YO MIX 495 (B) =——YO MIX 883 (A) 3akBacka+L.fermentum 14 (C)

Bremmmii Bujg

3amax

Iser

II;moTHOCTH Bkyc

Koncucrenmus,
BSI3KOCTh

Pucynok 2 - OpraHonenTiHuecKkie XapaKTepHCTUKH OTBITHBIX 00pa31oB Horypra

[To maHHBIM pHUCYHKa 2 OpPraHOJICHTHYECKUE TMOKA3aTeId KMCIOMOJOYHBIX MPOIYKTOB Ha
ocHoBe 3akBacok YO MIX 495 LYO 100 DCU, YO MIX 883 LYO 50 DCU, a takxe Str.
thermophilus u Lb. bulgaricus ¢ no6asienuem mpoouoTHueckoro mramma Lb. fermentum 14,
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ObUTM B mpezenax HOPMBL Vcrmonb3oBaHME 3aKBAaCOK MPSIMOTO BHECEHHS, 3aHUMAIOIINX
HanOOJIBIIIYIO JIOJIO B TIOCTaBKaX 3aKBACOK HAa MOJIOYHBIE MPEaNpusaTus, a iMeHHo: YO MIX 495
LYO 100 DCU u YO MIX 883 LYO 50 DCU (Danisco, ['epmanust), TOJOKUTEIBHO BIUSET Ha
pexumbl  (depMeHTaUUd  (TeMIepaTypy M NPOJOJDKUTENBHOCTh  CKBalIMBaHUS) U
OpPraHOJIEITUYECKUE XapaKTePUCTUKH HOrypTtoB. OAHAKO JIYYIIMMU OPraHONENTHYECKUMU
nmokazaTeJisiMu  obnaman oOpaselr Horypra co CleAyrIled HorypToBod 3akBackoi: Str.
thermophilus, Lb. delbrueckii subsp. bulgaricus u Lb. fermentum 14. Opranonentuyeckuii aHamu3
00pasnoB #orypra (hakTHYeCKH 3aBepIIacT MX Ka4eCTBEHHYIO OIleHKYy. CoriacHO pUCYHKY 2,
00pa3ibl HorypTa ¢ HauBBICHIMMU Oaiiamu npuemiemoctu: 19,25 ms obpasua C, 3aTem cieayror
obpasmsl B (18,24) u A (15,68). OpranonenTuyecKuii aHaIu3 JEMOHCTPUPYET CaMblii BHICOKUI
YpPOBEHb 3THX MOKazarenel y oopasua C iforypra.

KadecTBeHHBIN HOTYpT HE MOXKET MMETh XOpOIIne (PU3HKO-XHUMUUYECKHE CBONCTBA U TPH
ATOM IUJIOXHE OPraHoOJICNITUYECKHE MOKa3aTelIM, TaK KaK BCE MOKa3aTelM KauecTBa MPOJyKTa
JOJI’KHBI COOTBETCTBOBATH TPEOYyeMbIM HOpMaM.

Kynerypsr Str.s thermophilus, Lb. delbrueckii subsp. bulgaricus u Lb. fermentum 14 narot
ObICTpOE TOBBIIIEHWE KHUCIOTHOCTH a0 pH 4,7-4,6, a 3areM OoJyiee MEIJICHHOE TOBBIIICHUE
KHCIIOTHOCTH J10 HU3KOTo pH. DTa XapakrepucTrka criocodCcTBYyeT Xoportiei cradmmmsanuu pH B
KOHIIE ITpoliecca CO3peBaHus U BO BpeMs XxpaHeHus. Vcrnonbp3oBaHue JaHHON 3aKBACKU BO3MOXHO
B nuanazone 43-37 °C [3].

Kucnomonounslii mpoaykT, ckBameHHbIM 3akBackoii YO MIX 495 ¢ pgobGaBrnenuem
npobuoTryeckoro mramma Lb. fermentum 14, noctur tutpyemoii kuciotuoctu 75°T 3a 6-8 yacoB
CKBAIlIMBaHUs, TEM CaMbIM IPEBHICHB MPOJOKUTENBHOCTh CKBamIMBaHus Ha 1-1,5 waca mo
CPaBHEHHUIO C KHCIOMOJIOYHBIMH ITPOJIYKTaMHU, CKBALIEHHBIMU TOJIbKO 3akBackamu YO MIX 495
n YO-MIX 883. TlosyyeHHbIE pe3yJbTaThl CBUIETEIBCTBYIOT O TOM, YTO HCHOJb30BAHUE
3akBacok Str. thermophilus u Lb. delbrueckii subsp. bulgaricus na ocHoBe HpoOHOTHYECKOM
KynsTypel Lb. fermentum 14 mnpu mnpousBoAcTBE HOrypra CIIOCOOCTBYET COKPAIIEHUIO
MPOJIOJKUTENBHOCTH TEXHOJIOTMYECKOTO IUKJIA KUCIOMOJIOYHOIO IPOIYKTA U MOBBIIICHUIO €ro
AHTHOKCHJIAaHTHBIX cBOMCTB [9, 10].

YcTaHOBIEHO, UTO MOTYYEHHAsl 3aKBacKa JIEMOHCTPUPYET XOPOIINI KOHTPOJIb CHHEpe3uca
U MOXKET TaKkK€ HCIIOJIb30BaThCcs B PELENTYypax C HMCIOJIb30BaHUEM caxapa, TaK Kak Mpu
yIoTpeOICHUH MPOTYKTOB HE TPOUCXOTUT OTACICHUSI CHIBOPOTKH.

Ha ocHOBaHuM MpOBENEHHBIX HCCIIECJOBAHUN TMPUHATO pelIeHHEe 00 HCIONb30BAaHUHM B
IPOM3BOJICTBE MOTYpTa 3aKBACOYHOW HOTYPTOBOW KYJIBTYPHI U MPOOMOTHYECKOH KyIbTYphI Lb.
fermentum 14 mpu temneparype dpepmenranuu (40+3) °C.

3akiroueHue

Hcnosnp3oBaHue 3aKkBacKd Ha OCHOBE TOBapHbIX 3akBacok Str. thermophilus wu Lb.
delbrueckii subsp. bulgaricus ¢ mo6aBnennem mpobmornueckoro mramma Lb. fermentum 14,
BBIJICTICHHOT'O M3 MOJIOKA KO3 AJTMAaTUHCKOM 00JaCTH, YIIy4IlIaeT OpraHOJENTHIYECKHE TTOKa3aTeNn
KOHEYHOTOo TpoaykTallorypr, MONydeHHBIH W3 9TOH 3aKBaCKHM, HMeeT 0ojee TYCTYIO
KOHCHUCTEHIIMIO M MATKHM BKYC C HU3KUM IIOCTOKHCIIEHMEM. JlaHHasi 3akBacka U MPOIYKTHI,
MOJIyUEHHBIE Ha €€ OCHOBE, MO3BOJIAT PACHIMPUTH ACCOPTUMEHT KHUCIOMOJIOYHBIX MPOIYKTOB
OTEUYECTBEHHOT'O MPOU3BOJICTBA HA OCHOBE KO3HETO MOJIOKA.
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Tyiiin

Tamax eHepKociOiHIH 0OachiM OarbITTapbIHBIH Oipi KypaMbIHIa CHHOHOTHUKTED JKOHE TOMEH
TJIMKEMUSUTBIK, MHACKCT 0ap (yHKIMOHANIBl OHIMICPAIH TEXHOJIOTHSUIAPBIH JaMBITY OOJBIN TaObLIabl.
CuHOMOTHKTEpAl KOJJaHy illeK MHUKpOQIOpachblH KajlblIKa KENTipyre bIKHal €Tell, aJl caxapo3aHbl
M30MaJIbTIICH ayBICTBIPY apKbLIbl TIMKEMHSUIBIK MHACKCTIH ToMeHaeyi MyMkin. Morypr Gym mocenei
HIeNTy YUIiH OHTaMJIBl ©HIM 00JjbIn Tadbuiaabl. OchiFaH OalIaHBICTBl )KYMBICTBIH MaKCaThl H30MaJIbTThI
KOCY apKbLJIbl CHHOMOTHKAJIBIK HOTYPTTHIH TEXHOJIOTHSCHIH jKacay OOJIIbI.

Makasnaga W30MalbTIEH CHHOMOTHKAIBIK HOTYPT aIIyJbIH TEXHOJOTHSUIBIK LUKl OepiireH.
CoHbIMEH KaTap (M3MKa-XUMHSJIBIK, OPTaHOJICNTHKAIBIK, PEOJIOTHSUILIK KOHE MHKPOOHOIOTHSIIBIK
3epTTeyiepAin HoTmwkenepi OepinredH. KoceiMina cyna epuTiH BUTaMUHIACPAIH Kypambl 3€pTTEI.
ANBIHFAH HOTIKENEpAl Taljay OHIMHIH AallbITBUIFAH CYT OHIMJepiHe KOWBUIATHIH TananTapra cai
ekeHIiriH kepcerri. Cyna epuTiH BHTaMUHACPAIH  MOJIICPIHIH  JKOFapbulaybl — OaWKaJibl.
MukpoOHONOTHsIIBIK  3epTTeyep HOTIXKECIHAEC MaToreHAl Mukpodiaopa TaObuIMaabl, Oy OHBIH
Kayincizmirin kepcerei. JlereHMeH, skapaMIbLUTBIK MEP3iMi CaKTay MIapTTaphIMEH COMKEC Kelle/i.

OcpLnaiiina, XYpri3iireH 3eprreyjiep NPeOMOTHK — H30MAJIbTTHIH CYTKBIIIKBUIAB ©HIMICPIIH
OPraHOJICTITUKAIIBIK, (PU3UKA-XUMHUSUIBIK, PEOJIOTHSIIBIK, MUKPOOHOIOTHSIIBIK KOPCETKIIITEPiHE OH ocep
€TEeTIHIH KOPCEeTTi.

KinTri ce3nep: cuHOMOTHK, MPOOHOTHK, TPEONOTHK, H30MAITBT, HOTYPT.

OJIEMHIH KOIITEreH eNJiepiHie, COHbIH iminae Kazakcranma amaMm ar3achlHa €MIIIK JKOHE
PO UITAKTUKAIIBIK 9CEP €TETiH (PYHKIIMOHAIIBIK KacueTTepl 0ap TOMEH KaJOpHUsIIbl a3bIK-TYIIK
OHIMJICpIH TYTBIHYIBIH TYpaKkThl ecyi Oalikanmanbl. OYHKIMOHAIABIK KOMIIOHEHTTEp TOOBIHA
KIpeTIH TPOOHOTUKTEp JKOHE TMNPEOMOTHKTEp Oap CHHOMOTHUKAIBIK OHIMIECPIl o3ipieyre
KbI3BIFYIIBUIBIK KYHHEH-KYHT€ apThin Kenenai. OcbiFaH OalIaHBICTBI CYT OHIMJIEpPI HapbIFbIH
JAMBITYJIbIH ~TEPCIEKTUBAIBIK OaFbIThl TOMEH KaJOPHUSIbl CHHOMOTHKAIBIK OHIMIEPIIH
TEXHOJIOTHSUIAPBIH JAMBITY OOJBIN TaOBLIAIBI.

CuHOMOTHKTEP/TI KOJAaHY aJaMHBIH 1IIeK MUKPOQIIOPAChIH KAJIBITIKA KENTIPYAIH €H THIMII
oztici 60BN TaOBUIABI, OUTKEHI OJ1 MPOOHMOTHUKAIBIK MHUKPOOPTaHU3MAEP/AlI KOCHIMINIA CHIi3yTe
FaHa €MeC, COHBIMEH KaTap JKEepriTikTi MUKpO(JIOpaHbIH, aTan aWTKaHAa, JIAKTO- JKOHE
OoudunobakTepusIapAbIH  ©CYlH TaHJaMalbl TYpPAE bIHTATAHJBIPYFa JKOHE MeTaboJM3MiH
Oencennipyre MyMkiugik 6epeni [1,2].

JlyHue xy3iHAe €H KON CYpPaHbICKa W€ CYTKBIIIKBUIIBI OHIM — HOTYPT, O ©31HIH >KOFaphl
TYTBIHYIIBIIBIK ~ KaCHETTEPIMEH, AaCCOPTUMEHTIHIH OPTYPJIUINTiMEH, NPOOHOTHKTEP MEH
NpeOMOTHUKTEpMEH  OalbIThUTYybIMEH OainanbicThl. lmieTiH  #Horyprrapasl caTty — Kelyiemi
TEPMOCTATThl ICIEH ajJblHFaH HOTypTTapMEH CajbICThIpFaH/Ia Kbl calibiH mamameH 20%-ra
aptein keneni. COHIOBIKTaH OHAIPICTE OHIPIUICTIH OHIM AaCCOPTUMEHTIH/IC IMIETIH HOTypTTapIbIH
00JyBI Oocekere KaOIIeTTIIIK MeH Tayap alHaJIbIMBIH apTThIpabl. [IeTiH HOTypT — 6Te TaHBIMAJ
eHiM. On MpoOMOTHKANBIK eHiMmaepre karaasl. OHbIMEH ()YHKIIMOHAIABI CYCHIHIAPJBIH >KaHa
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TypiIepiH kacay oHaii. MOrypT acCOpTHMEHTiH YIIFAlTy *aHa OalfBITKBIITApbl, TAFAMIBIK
KOCITajap/ibl, COHBIMEH KaTap IIHUKI3aTThIH JKaHa TYPJIEpiH Nakanany ecebineH xxy3ere acyaa [3].

Tamak eHepKkociOiHIe H30MABT TOTTUICHIIPTINI peTiHae 6enrii, Oipak MpeONOTHUK PETiH e
ne KonmaHbuianel. M3omansT (M3oManmbTuT, mManaTtuHuUT) — 6-O-0-D-rmokonupanosun-D-
copouton (1,6-GPS) xone 1-O-a-D-riaroxonupanosmin-D-mannut (1,1-GPM) kocmace! Tyccis,
JIOM1 TOTTI, CyJla epuTiH Kpuctanaap [4].

MN3oManbT — momMi MEH CHIPTKBI TYpl caxapo3aFa e©T€ YKcac >KOFaphl camalibl, TOMEH
KaJIOPHSUTBl OHIM. ByJI TOTTUICHIIPTIIITIH XKETKUTIKTI TOMEH TIIMKEMHSUIBIK MHACKCI O6ap — 2-9.
OHIM KaHT nuabeTiMEeH aybIpaThIH ajaMIapFa KOJIJaHyFa pyKcar eTilreH, COHbIMEH KaTap Ol iIeK
KaObIpFajapplHa ©Te Hamap CciHeAl. AybI3  KYBICBIHIA HW30MaJbT  KBIMIKBUT — TY3€TIH
OakTepHsIapMeH dpeKeTTeCei i, KapuecTiH naiina 6osysiHa xoi 6epmeiiai [5,6].

M30ManbTThIH YJIKEH apThIKUIBUIBIFBl — aF3aHbl SHEPTUSIMEH KaMTaMachl3 €Tyl perTey
MYMKIHZITi. Byl OHBI malijanaHy Ke3iHJEe KaHIarbl KaHTTBIH KYPT aybITKYbIH OOJIbIpMayFa
MYMKiHAIK Oepeni. On coHmal-ak 1IMIeK >KYMBICBIH O€JICeHIIpeal >KOHE ar3aHbl OipKenKi
DHEPrUsIMEH KaMTaMachl3 €Ty YIIIiH KaFai jkacanIbl.

M30ManbTThl KOMAAHYABIH apThIKIIBIIBIKTAPBIH KOHE OHBI KOJJAaHYy MYMKIHITIHIH anyaH
TYPJUITIH ecKepe OTBIPHIN, capamliubliap ajifarbl >KbUIJapbhl caxapo3alaH HapBIKTHIH €AQyip
0eJIiriH KaTaphlll aJly MYMKIH/IITIHE Ue 00J1ajbl e OoynKanas [7].

JKyMBICTBIH MakKcaThl M30MAalbT KOCBUIFAH CHHOMOTHKAIBIK HOTYpT OMOTEXHOJOTHSICHIH
93ipJiey apKbUIbl (DYHKITMOHAIIBI CYT OHIMIEPIHIH aCCOPTUMEHTIH KEHEHTY JKOHE OHBI 3EPTTEY.

3epTTey MaTepuaJaapbl MeH dicTepi

3epTTey HbICAHBI PETIHAC IIMKI CYyT; Kypambl Streptococcus salivarius subspecies
termophilius sxome Lactobacillus delbruki subspecies bulgaricus typatein «Lactoferm ECO»
KommaHusiceiHa (Mtanus) 93ipeHreH eHAIPICTIK KIACCUKAIBIK HOTYPT allyFa apHaJFaH YHBITKBL,
npeduoTHkK — Kyprak uzomansT (['epmanus); Kkocrnacei3 Horypt (6axpuiay yoirici); 10% uzomanst
KOCBUIFaH HOTYPT (3€pTTENETIH YIIri) ajJblHAbI.

3epTTey YIIiH CTaHIAPTTHI SAICTEP KOJIAHBUI/IbI:

— OpPTraHOJICTITUKAIIBIK Oaranay — 5 OaJUIIBIK IIKaia OOWBIHIIA OaFraTaH Ik,

— tutpiey KeIKeUasEel — MEMCT 3624-92 6oitpiama [8];

— oOenceni KeKpLIABIK — MEMCT 26781-85 Ootibiaimna [9];

— CYTKBIIKBUIIBI MUKpoopTranu3Maepaid canbl — MEMCT 33951-2016 Goitbrama [10];

— imex TasKuanapel TOObIHIAFbI OakTepusiap cansl — MEMCT 32901-2014 Gotibama [11];

— Staphylococcus aureus ansikray — MEMCT 30347-2016 6oiibinia [12];

—amIBITKBUIAp MeH 3eH caHbpipayKyiakTtapel — MEMCT 33566-2015 GoiibiHIIa aHBIKTAI B
[13].

bInzan ycmay Kabinemin anvikmay. OHIMHIH CHHEPTreTHKAIBIK KalineTi neHTpudyranay
apKbUIBl aHBIKTANaabl. LleHTpudyra poTOpsIHBIH aifHamy xuimiri 2000 aifa/muH. 10 oM®
YHUBIHIBIHBI HEHTPUYTANBIK TPOOHpKara Kysabl xkoHe 30 MUHYT 00iibl eHTpuyranaiabl, opoip
S5 MUHYT cailbiH OeJIHTeH caphiCy KOJeMIH [alblH IIBIHBI TPaayUPJICHTeH [eHTpudyra
npoOUpKachIHAa JeKaHTaIUsUIay apKbUIbl eJeHei. bemiHren capbicyablH Meumiepi OOHbIHIIA
VUBIHIBIHBIH BUIFAIBI YCTAy Ka0ineTi O6arananHaasl. Hotmxenepai 10 om® YUBIHABIIAH aJIbIHFaH
capeicy (cM®) MenmIepi KepceTei.

CymKbluKbl0bl  CyCOIHOAPObIY, Wapmmel MYmMKbIPAbI2bl  AHBIKMAY KaTWUISPIBIK
BUCKO3UMETPMEH KOMETIMEH eIeH i. bysl KYpbUIFBIHBIH JKYMBIC icTey mpHHUUII Oenrini Oip
VaKBIT iIIiHAE Tap TYTiK apkpuibl keieMi 100 cM® chlHaMa YIITiCiHiH YaKBITBIH ecenTeyre
Herisaenren. CyCHIHHBIH CYHBIKTBIFBI ©3 CAIMAaFbIMEH aFblll OTedi. MOTYpTTHIH IIApTThI
TYTKBIPJIBIFBIH ©JIICY CEKYH/IICH OJIILIEH/I].

Worypt yirinepi KypambeIHIars! cyna epuTin B ToOsHnars! (Bi, Bz, Bs, Be) BuTamunnep
moumepi «Kanens 105» kypeutrbicbiga M-04-41-2005 onicremeci OONBIHIITA aHBIKTAJIIBI.

3epTTey  KYMBICTapbl ~ AJMaThl  TEXHOJOTHSUIBIK  YHUBEPCHUTETiHIH  «TaramIbIK
OmoTexHOIOTHs» KaemnapachiHbIH )koHE «TaMak Kayirci3ir» FhUIBIMU 3€PTTeY HHCTUTYTHIHBIH
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3epTXaHanapbiHaa xKyprizingi. Tammaymap 5-7 per KaiftamaHa OTBIPBIN KYPTi3iIim, opTamia
MOH/IEP1 AJTBIH/IBI.

3epTTey HOTHKeJIEPI JKIHE OHbI TAJIAAY

Kazipri Taram OMOTEXHOJOTHACHIHBIH MaHbBI3IbI MIHACTI — aJaMHBIH OMIPIIK MaHbI3IbI
(GYHKIUSUTAPBIH  CaKTay[bl JKOHE JKaKCapTyAbl KaMTaMachl3 €TETiH, aF3aHblH arpecCHBTI
OKOJIOTHSITBIK JKaFIaiapra »Kalbl TOIMAUITH apTThIPAThiH (DYHKIIMOHAIIEI TAMAK OHIMACPIH
xKacay.

ANIBITBUIFAH CYT OHIMJEpIH OHAIPY MPOILECIHIE OJApIblH KOHCHUCTCHLUSCBHIH, CHIPTKBI
TYPIH JKOHE CaKTay TYPAKTHUIBIFBIH alTapJIbIKTal >KakcapTyFa MYMKIHIIK OCpeTiH IIHKi3aTTap
KEeHIHeH KOJaHbUIaAbl. BYTiHT TaHIa CHHOMOTHKANBIK (DYHKIIMOHAIIB OHIMAEPAl JKacayIblH
MEePCIEKTUBAIBIK OJ1ICI TEXHOJOTHSIIBIK JKOHE (PU3MOJIOTUSIBIK ()YHKIIMOHAIABIFEI Oap TaOuru
TEKTI 3aTTap/ibl 13/1€y KOHE OHIpICKE €HT13y OOJIBIN TaObLIabI.

Bysr sKyMbIcTa CYTKBIIIKBUIABI ©OHIM ajlyFa KOJIAHBUIATBHIH IIUKI3aTThIH, YHBITKBIHBIH,
U30MaJIbTTHIH KAaCHETTEPl ecKepiie HOrypT alry TEXHOJIOTHCHI XKacallbl, OJ1 TOMEHEer1 1-cyperTe
KEJTIPIITEH.

Cyrrti nacrepaey [t=90+2°C, 1=2-5 MUHYT] XKoHE
ameITV Temienarvpaceida [t=40+2°C1 neiin

Cypet 1 — CHHOMOTHKAIIBIK HOTYPT aTy TEXHOJIOTHSICHI

Jaiibinanran HOTypT TYpJIEpiHiH caKTay MEp3IMiH aHBIKTay YIIIH caKTay Ke3iHJie Heri3ri
OPTaHOJETUKAIBIK KOHE (PM3HKA-XUMUSIIBIK KOPCETKIIMTEPIHIH 03repy JMHAMUKACHIH 3€PTTEIIK.

OHIMIEpIiH OpraHOJIENITUKAIBIK KoHE (PU3UKA-XUMUSIIBIK KOPCETKIMTEPIH Oaranay JailbiH
OHIM/JII aTFAHHAH KeHiH, COHJIali-aK cakTay Ke3iHae xKyprizuiai. OnapasiH KypaMbl MEH KaCUETTepl
TOXKIPUOCTIK  CBhIHAKTapMEH pactanansl. OpraHojaenTUKAIBIK KOPCETKIMTEPl aHBIKTAY
HOTHXKeIepi 2-CypeTTe KOpCeTUIreH.
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Cyper 2 — HMorypr yariiiepiHiH OpraHoJICIITHKAIBIK calla KOPCEeTKIMITEPiHIH IpOopHIOrpaMMachl
A — Gakpuiay yairici; b — 3eprrenerin ynri

M30ManbT KOCBUIFaH HOTYPT KaKChl OPraHOJENTHKAJIBIK CHUIAaTTaMallapFa e OOJIJIbL:
TEHACCTIPUITeH TOTTI JOMi, Ta3a CYTKBIIKBUIILI Hici 0ap, KOHCHUCTEHIUSACHI OIPTEKTi, THIFBI3.
Jerycranust HOTHXKEIepi OOMBIHIIIA KOCTIachl3 HOTYpT — 4,48 Oamapl Kypaca, H30MajibT KOCHUIFaH
forypt — 4,76 6amnasl Kypazsl.

Morypr yiniH KOHCHCTGHUHSCHI A3, CAKTAy Ke3iHIeri TYPaKThUIBIFHI Ha (KYpPHUIBIMHBIH
CaKTaTybl) MaHbI3/1bI GaKTOP GOMBIT TAOkLIAE!. MOTYpT KOHCHCTEHIMACH KOAryISIUSAIAHFAH CYT
MIPOTEUHIHIH PEOJOTHUSIIBIK KOPCETKIMITEPIMEH CHUIIaTTaIa/Ibl.

Cakray Ke3eHiHAe HOrypT eHIMIiHIH yirijepinae OenceHal KbIIKbUIABIKTEIH pH MoHIHIH
anTapybIKTall TOMeH eyl O6aikanabl (3 cyper).
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Cyper 3 — Cakray Ke3iHme 0eliceH 1 KBIKbUIIBIKTEIH (pH) e3repyi

AJFamKel YII TOYJMIKTE OIpiiK auanazoHbiHAa pH MoHAEpiHIH adTapibIKTall TOMEHIEYi
Oaifkanmpl, OyJ cakray Ke3iHIe NaiialaHbUIFaH YHBITKBIHBIH allbITYbl JKaJIFaCThIPybIHA
OailmaHpICTBl  0OJIyBI MYMKIH. benceHal KbIKBUIABIKTBIH JKOFapbhl MOHJIEpl  JOCTYpIIi
TEXHOJIOTUSIMEH OHJIpiIreH Oakpuiay yiricinae — 4,57-4,66 apaneiFbinga 6omnael. M3oManbTt
KOCBUTFaH ke3¢ pH MoHI TeMeH e a1, 01 YHBITKBI TaKbUIBIH TaMBITY YIIIH KaKChl KOPEKTIK OopTa
0ona anazel. 3eprrenetid ynrige pH moni 4,45-4,60 6omabl.

CoHbIMEH KaTap, OapiblK CaKTay Ke3eHIHIC THTPJICY KBIIKbIIBIFBIHBIH JKOFAPhLIaYhI
OaifKanbl. ¥ HBITKBI JAKBUTBIHBIH MUKPOOPTaHU3MACPIHIH JaMy KbUIIAMIBIFbI MEH KbIIIKBUIIBIK
apachlHJa TPOMOPIUOHANAB  OaljaHbIC 0ap, KBIIIKBUIABIKTBIH JKOFApbUIAybl  AIBITY
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KBULAAMJIBIFBIHA TIponopiiMoHanael. Cakray Ke3iHAeri TUTpJiey KBIIKBUIBIFBIHBIH ©3Tepyl
TOMEHJIET1 4-CypeTTe KEeNTIPIITEH.
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Cypert 4 — Cakray Ke3iHIeTi TUTpJiey KbIIIKbUIABIFBIHBIH 03repyi, °T

3eprreneTin yarige 7-mi ToymiikTe KeIUKBUIABIK (106,5 + 2,0)°T »xeremi, an OGakpliay
yiricinge (97 £ 2,0)°T Gonasl. bipak HorypT yariaepiHiH TUTpiey KbIIIKbUILABIFBI ©31epiHEH
cTaHJapT OOMBIHINA Tajam eTUICTIH MOJIIEPICH aybITKBIMAIbI.

MorypT camachlHBIH MaHbBI3IbI KOPCETKIIITEpiHiH Oipi OHBIH KOHCHUCTCHIIMACH OOIBII
TaOBbLIaIbI, OHBIH KAJIBINITACYBI KONITeTreH (hakTopiapra 6aimanbIcThl. COHIBIKTAH alllbITHUTFAaH CYT
OHIMIHIH JalbIHJBIFBIH OOBCKTHUBTI Oarajay VIIIH THUTpPJICY XoHE OEICCHAl KBIMIKBUIIBIKTHI
OJIIIIEYyMEH Karap, TY3UIreH YHWBIHIBIHBIH KYPBUIBIMIBIK-MEXaHUKAIBIK  (PEOTOTHSIIBIK)
KAaCHUETTEPIH eCKepy KaKeT.

ATBIHFaH OHIMHIH PEOJIOTHSUIBIK KACHETTEPIH CHIIATTay YVIIIH HW30MAaJbTThIH OHBIH
CHHEPTeTHKANBIK KabisieTiHe ocepi 3epTTeN/Il, HOTHKECI TOMEHET1 S-CypeTTe KeNTiplIreH.

4 B bakbuiay yarici
J 3eprTenerin yiari
0 - . . . . . . .
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HenTpudyranay yakbITbl, MUHYT

N w BN ol (o) ~
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BeJiinren capbicybiH KeJieMi,
cm3

Cypert 5 — 3epTTeneTiH yiriHiHiH Oakbliay yATiCIMEH CalbICTBIPFaHIaFbl
BUIFAJIZIBI YCTay KabimeTi
N30ManbTThl KOCY YHBIHIBIHBIH CHHEPTETHKAIBIK KaOUIETIHIH TOMEHJEYIHE OKEIIi.
ConbimeH, 10% n30ManbT KOCBUIFAH 3epTTEIETIH Y1 YIIH HeHTpudyranay y3akTeiFsl 30 MUHYT
GoIFaHIa, GeNiHreH caphicy Memmepi 5,7 cMS, ain Gakpiay Y/ITiciHe col yaksITTa 6,3 cM° GOIIBL.
AJBIHFaH MOJIMETTEpre CyHeHCeK, YIUBIHIBIHBIH CHHEPTeTUKAIBIK Ka0iJIeTI H30MallbT KOCKaHIa
TOMEH eI 1, OYJT H30MAIBTTHIH BUIFAJIIBI YCTAY KaOlJeTiMeH OaiIaHbICTHI.
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JKyMmbICTBIH OapbICHIHAA OHIMHIH PEOJOTHSUIBIK KACHUETTepPiH CHUIATTAUTBIH HETI3T1
KopceTKIimTepAiH Oipi 00BN TaOBUTATHIH OHIMAEP/IIH MAPTTHI TYTKBIPIBIFBIH aHBIKTAABIK. CyT
OHIMJICPIHIH MAPTThl TYTKBIPJIBIFBIH 3€PTTEY HOTHXKEJIEPI TOMEHET1 6-CypeTTe KeNTipiIreH.

30 -
25 A
20
15 -

10 -

IIapTThl TYTKBIPJIBIK, CEK

Bakpuiay yarici 3eprTenerin yiari

Cyper 6 — 3epTTeneTin YATiHIHIH 0aKbplIay YITICIMEH CaTbICTRIPFaHIaF bl
MIAPTTHI TYTKBIPJIBIFBI, CEK

bakputay yariciHe KaparaHa 3€pTTENETIH YITIHIH MapTThl TYTKBIPJIBIFBl 8 CEKyHIKA
YKOFapbl OOJI/IbI, SFHH OJ1 H30MAJIBT KOCBUIFaH HOTYPTTHIH KOHCUCTEHLIUACHI KOFAphl O0IATHIHBIH
KOPCETTI.

Ocpbl anbplHFaH Tajjayjap HOTWXKECIHIAE HOTypTTapiAbl cakTay MIapTTapbl aHBIKTAIIbI —
4+2°C TemmepaTypana xoHe 75%-IaH aclalWThlH CalbICTBIPMAlbl BUIFANABUIBIKTA 7 TOYIIK
caKTayra OO0JaThIHBIH KOPCETTI.

ButamuHzep ar3aHbBIH KaJbIITHl JKYMBIC ICT€YiIHJAE, COHJAW-aK Kehoip aypylapibiH
NaTOr€HEe31HJe MaHbI3Abl pesl arkapaiasl. ONapAblH KOMIIUIri opTypii MeTaboIMKaIbIK
IPOIECTEP/IiH TANTHIPMAacC KaThICYIIbLIAPBI OOJBINT TaOBLIAbI, OJNAp KaJIBIITHI KACYIIAIBIK 3aT
aJIMacy JKoHE TiHAEPHAiH Tpo(u3Mi, KAJIBINTHI )KYMBIC ICTEYl JKOHE aF3aHbIH OMIpIIK MaHBI3JIbI
GYHKIMSUTAPBIH CaKTay YIIiH KaxeT. B ToObl BUTaMUHAEPI Cy/la €pUTIH BUTAMHHJIEPTE KaTabl.
OmnapbIH >KOFapbl OMOJIOTUSUIBIK OEJICEHILTITT KOYepMEHTTEPAIH — OMOXMMUSIIBIK pEaKIUsIIap Ibl
TIKEJIEeH PeTTeUTIH (epMEHTTEPMEH KEIIeH KYPAUTHIH TOMEH MOJICKYJIabl OCIIOKTH eMeC 3aTTap
perinae GpepMeHTTIK Kylenep/ i KYpbUIbIChIHA KaTbICyFa HerizaenreH [ 14].

JKyMBICTBIH OapbIChIHIA HOTYPT VATUICPiHIH KypaMblHAarel B TOOBIHAAFrbl KewoOip
BUTaMMHJCPIH MOJIIIEPIH aHBIKTAY YIIIH TalAaynap KYPri3iiai, HOTUXKecl TOMEH/Ie KeNTIpUIreH

(7 cyper).
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Cyper 7 — Horypr yirinepinin BuTaMuHAIIK Kypamsl, Mr/100r
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7-CypeTTeri HOTIDKENEpAEH KOCMAChl3 WOTypTKa KaparaHJa HW30MalbT KOCBUIFaH
CMHOMOTHUKAJIBIK HOTYypTTa BUTaAMUHAEPAIH MOJIIEPIHIH >KOFapbl OOJNATHIHBIH Kepyre Ooajibl.
by #iorypt amyma KoijaHBUIATBIH MHUKPOOPTaHU3MJIEP BUTAMHHAEPII ©37epl CHHTE3ACHTIHIH
kepcerti. Kocnaces toryprra B: — 0,037+0,009 mr/100r; B2 — 0,067+£0,007 mr/100r; Bs —
0,02+0,001 mr/100r; Bs — 0,01+0,001 mr/100r. Oosica, M30MaJbT KOCBUIFAH CHHOHMOTHUKAJIBIK
foryprra omapasiH Memmepi Bi1 — 0,044+0,007 mr/100r; Bz — 0,069+0,009 mr/100r; Bz —
0,027+0,002 mr/100r; Bs — 0,016+0,003mr/100r. O0OJIIEL.

Cakray Ke3iHIErl NalblH OHIMHIH MHKPOOHOJIOTHSUIBIK KOPCETKIIITEPiHE HU30MATBTTHIH
oCepiH 3epTTey/Ie KbI3BIFYIIBUIBIK TYABIPAIbl, HOTHXKECI TOMEHET1 1-KecTene KenTipiareH.

Kecte 1 — Morypt yariiepinie MUKpOOHOIOTHSIIBIK, KOPCETKIIITEP1

Yari Cytkpmuksiiasl | MADAEMC, ITTB, Staphylococcus | AmbITKbLIAp, 3enep,
GaxTepusnap KTB/em® (1) 0,01 r/cm® aureus 1r/em® | KTB/r,xen | KTB/r ken
KTB/cm® (1) KOl eMec oHIMJIE oHIMJIC eMec emMec
KO TP 1x107 1x10° Pyxcar Pyxcar 50 50
033/2013 eTinMeni eTimMen i
Bakpuiay 1,8x107 1,2x10* TabblIMaabl TaObLIMab! TabsuMansl | TaObuIMaabl
yarici
3epTreneTin 3,2x108 1,6x10° TabblIMaabl TaObLIMab TabsuMansl | TaObuIMaabl
yuri

Kecrene xepceriireH nepekTep MHUKPOOHOJOTHSIIBIK 3€pTTeysiep OaphiChiHIA Oakblaay
yaricingeri (1,8x10” KTB/cm® (1)) CyTKBIIIKBUIB GaKTEPUANAPHIHBIH CAHbI 3ePTTENETiH YIriMeH
(3,2x10% KTB/cm® (T)) cambIcTBIpFaHIa a3 OONFAHBIH, OipaK CTaHIAPTTHI MOHAEpre coifKec
KeJeTiHiH kepcereai. Me3odumnai a3po0Tsl (aKynbTaTUBTI aHAIPOOTE MUKPOOPTaHU3MICP CaHBI
6akpay yiricinme — 1,2x10% KTB/em® (1) Gomca, 3eprrenerin yarine — 1,6x102 KTB/em® (1)
Oonapl. bakputay jkoHe 3eprTeineriH Horypt yiaricinae E. coli ToObmHpmarer OaxTepwusiiap,
Staphylococcus aureus, ambITKbI X9HE 3€H CaHBIPAyKYJIAKTapbl TAOBUTFaH HKOK.

KopbITbIHABI

Worypr camachlH KemeHmi 6aranay o3ipJeHTEH OHIMHIH 3KAaKChl OPraHONENTHKAIIK
KOPCETKIMTEPIMEH CUIIATTAIATBIHBIH, O1PKETKI KOHCUCTEHITUSIIBI, )KaFbIMIbI CEPTITETIH AoMi Oap,
(U3UKa-XUMHSUIBIK KOHE MHUKPOOHOJIOTHSUIIBIK KOPCETKIIITEepPl CTaHAAPTKA COMKECTIriH KOPCETTi
MEMCT 31981-2013 «Horyprrap. JKamsl TeXHUKANEIK MAPTTap».

KopeiThiHapiali kene kenemieri 0ap mpeOMOTHK H30MANbTIEH JKOHE MPOOMOTHUKAIBIK
MHUKPOOPTaHU3MIEPMEH AIIbITHUIFAaH HOTYPTTHIH 931pJICHI€H TEXHOJIOTUSACH aCCOPTUMEHTTI Of[aH
opi keHeilTyre MyMKiHAiK Oepemni. COHBIMEH Karap, 3€pTTENETIH YIATIEri CYTKBIIIKBUIBI
OaKTepHsUIapbIHBIH ~ JKOFapbl  OONybIHA, SIFHU Tipi NPOOMOTHKANBIK  JaKpUIap MEH
MpeONOTUKTEPTIIH O0TybIHA OalIaHBICTBI OYJI HOTYPTTHI () YHKIIMOHAJABI OHIM PETIHJIE JKIKTEYTe
OoJaanl.
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UCCIEJOBAHUE KAYECTBA CUHBUOTHYECKOT'O KUCJIOMOJIOYHOI'O
MNPOAYKTA C U3OMAJIBTOM

AHHOTANUA

OpHUM U3 NPHOPUTETHBIX HANpaBJIEHUH IMHIIEBOH IPOMBIIUIEHHOCTH SBISETCA pa3padoTka
TEXHOJIOTHH (DYHKIIMOHAIBHBIX HMPOIYKTOB, COICP)KAIINX CHHOMOTHKH M TOHMKECHHBIN TNIMKEeMUYECKHI
uHekc. [I[puMeneHne CHHOMOTHKOB CIIOCOOCTBYET HOPMAIK3alluK KHIIEYHOH MUKPO(DIOPEI, 8 CHUKEHHUE
IJIMKEMHUYECKOI'0 MHJEKCa BO3MOXKHO 3@ CUET 3aMEHbI caxapo3bl Ha u3oMaibT. [Ipu 3TOM onTHManbHBIM
HOPOXYKTOM AJISl PELICHUs JAHHOW 3ajauu sBjsiercs: HoryprT. B cBsA3u ¢ 3TUM Lienbio paboOTh! ABISUIACH
pa3paboTKa TEXHOJIOTUH CHHOMOTHYECKOTO HOTypTa ¢ 100aBIeHHEM H30MalbTa.

B crartee mpencraBieH TEXHONOTHYECKMH LMKIT TOJIY4YEeHUS CHHOMOTHMYECKOro Horypra c
n3oManbToM. Taxxke IMPUBEACHEBI PE3YJIBTATHI (1)I/I3I/IKO'XI/IMI/IT-16CKI/IX, OPraHOJICTITUICCKUX, PEOJIOTHICCKUX
¥ MUKPOOHOJIOTUYECKUX HCCIeIOBaHUH. [IONMOTHUTENFHO UCCIEIOBAHO COJEPKAHNUE BOAOPACTBOPUMBIX
BUTAMUHOB. AHAaJH3 IMOJYYEHHBIX PEe3yJbTaTOB IOKa3al, YTO HPOIYKT COOTBETCTBOBAI TPEOOBAHHSM,
MMPEABABIIACMBIM K KHCJIOMOJIOYHBIM IIPOAYKTaM. OJIHaKO OBIJI0O OTMEUYEHO MOBBIIICHUE COACPKaHUA
BOJIOPACTBOPUMBIX BUTAMHHOB. B pe3ynbTaTe MUKpOOHOIOTHUECKIX UCCIICIOBAHUI HE ObLIIO 00HAPYKEHO
NaTOreHHON MUKPOQIIOPEL, YTO CBHAETEIBCTBYET O €ro 0€30MacTHOCTU. TeM He MeHee, JOMYCTHMBIH CPOK
XpaHEHUs] KOPPEIUPYET € YCIOBUAMU XPAHEHHSL.

Takum 00pa3oM, pe3yabTaThl MPOBEICHHBIX HCCIENOBAHUN TOKA3ald, YTO MPEOUOTHUK HU30MaIbT
OKAa3bIBACT TOJIOKUTEIBHOE BIHMSHUE HAa OPraHOJENTHYECKUE, (PU3MKO-XMMUYECKHE, PEOJIOrHYecKue U
MHUKPOOHOJIOrMYECKHE IOKA3aTeNN KUCIOMOJIOYHOTO MPOIYKTA.

KarwoueBrble cioBa: cHHOMOTHK, MPOOHOTHK, TPEOUOTHK, H30MAITBT, HOTYPT.
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Abstract

One of the priority directions of the food industry is the development of technologies for functional
products containing synbiotics and a low glycemic index. The use of synbiotics contributes to the
normalization of intestinal microflora, and reducing the glycemic index is possible by replacing sucrose
with isomalt. At the same time, yogurt is the optimal product for solving this problem. In this regard, the
aim of the work was to develop a technology for synbiotic yogurt with isomalt.

The article presents the technological cycle for obtaining synbiotic yogurt with isomalt. The results
of physicochemical, organoleptic, rheological and microbiological studies are also presented. Additionally,
the content of water-soluble vitamins was studied. The analysis of the obtained results showed that the
product met the requirements for fermented milk products. However, there has been an increase in water-
soluble vitamins. As a result of microbiological studies, no pathogenic microflora detected, which indicates
its safety. Nevertheless, the acceptable shelf life correlates with the storage conditions.

Thus, the results of the study showed that the isomalt prebiotic has a positive effect on the
organoleptic, physicochemical, rheological and microbiological parameters of the fermented milk product.

Keywords: synbiotic, probiotic, prebiotic, isomalt, yogurt.

In many countries of the world, including Kazakhstan, there is a steady increase in the
consumption of low-calorie foods with functional properties that have a therapeutic and
prophylactic effect on the human body. Interest in the development of synbiotic products
containing functional components: probiotics and prebiotics is growing day by day. In this regard,
a promising direction for the development of the dairy products market is the development of
technologies for low-calorie synbiotic products.

The use of synbiotics is the most effective method of normalizing the human intestinal
microflora, as it allows not only to additionally introduce probiotic microorganisms, but also
selectively stimulate the growth of local microflora, in particular lacto- and bifidobacteria, and
activate their metabolism [1, 2].

The most demanded fermented milk product in the world is yogurt, which is associated with
high consumer properties, a variety of assortment, enrichment with probiotics and prebiotics. Sales
of drinking yoghurts have been increasing by about 20% per year compared to yoghurts produced
in the thermostat. Therefore, the presence of drinking yoghurts in the range of products produced
by food making plants increases competitiveness and turnover. Drinking yogurt is a very popular
product. It belongs to probiotic products and it is easy to create new types of functional drinks.
The increase in the range of yogurts is due to the use of new fortifiers, food additives, as well as
new types of raw materials [3].

In the food industry, isomalt is known as a sweetener, but is also used as a prebiotic. Isomalt
(isomaltite, palatinite) is a mixture of 6-O-a-d-glucopyranosyl-D-sorbitol (1,6-GPS) and 1-O-a-
D-glucopyranosyl-D-mannitol (1,1-GPM) colorless water-soluble crystals with a sweet taste [4].

173



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

Isomalt is a high quality, low calorie product that tastes and looks very similar to sucrose.
This sweetener has a fairly low glycemic index of 2-9. The product is approved for use by people
with diabetes, in addition, it is very poorly absorbed by the walls of the intestine. In the oral cavity,
isomalt does not interact with acid-forming bacteria, preventing the formation of caries [5, 6].

The great advantage of isomalt is the ability to regulate the body's energy supply. This avoids
sudden fluctuations of sugar in blood when it is used. It also activates the work of the intestines
and creates conditions for a balanced supply energy to the body.

Considering the advantages of using isomalt and the variety of possibilities for its use,
experts predict that in the coming years there will be an opportunity to occupy a significant part of
the market [7].

The aim of the work is to expand the range of functional dairy products by developing the
biotechnology of synbiotic yogurt with the addition of isomalt and its study.

Materials and methods

As an object of research was taken: raw milk; industrial classic yogurt starter culture
developed by Lactoferm ECO (Italy), which includes Streptococcus salivarius subspecies
termophilius and Lactobacillus delbruki subspecies bulgaricus; prebiotic - dry isomalt (Germany);
yogurt without additives (control sample); yogurt with 10% isomalt (test sample).

Standard methods were used for the study:

— organoleptic evaluation — rated on a 5-point scale;

— titrated acidity — according to GOST 3624-92 [8];

— the active acidity — according to GOST 26781-85 [9];

— number of lactic acid microorganisms — According to GOST 33951-2016 [10];

— number of bacteria of the group of Escherichia coli (coliform bacteria) — according to
GOST 32901-2014 [11];

— identification of Staphylococcus aureus — according to GOST 30347-2016 [12];

— yeasts and fungi — determined according to GOST 33566-2015 [13].

Determination of water holding capacity. The synergistic ability of the product is
determined by centrifugation. Centrifuge rotor speed 2000 rpm. 10 cm? of the clot is poured into
a centrifuge tube and centrifuged for 30 minutes, every 5 minutes is measured by decantation of
the allocated volume of serum in a finished glass graduated centrifuge tube. The ability of the clot
to retain moisture is estimated by the amount of whey released. The results show the amount of
serum (cm3) from a 10 cm? clot.

The relative viscosity of sour-milk drinks was measured using a capillary viscometer. The
principle of operation of this device is based on the calculation of the passage time of a test sample
with a volume of 100 cm?® through a narrow tube for a certain period of time. The drink liquid
flows under its own weight. The relative viscosity of yogurt was measured in seconds.

The content of water-soluble vitamins of group B (B, B2, B3, Bs) in yogurt samples was
determined according to the method M-04-41-2005 on the Kapel 105 device.

The research was carried out at the Almaty Technological University, in the laboratories of
the Department of Food Biotechnology and the Research Institute of Food Safety. The analyzes
were repeated 5-7 times, average values were obtained.

Results of the study and its analysis

The most important task of modern food biotechnology is the creation of functional food
products that ensure the preservation and improvement of vital human functions, increasing the
overall resistance of the body to aggressive environmental conditions.

Raw materials are widely used in the production of fermented milk products, which can
significantly improve their consistency, appearance and storage stability. Today, a promising
method for creating synbiotic functional products is the search for and introduction into production
of natural origin substances with technological and physiological functionality.

174



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

In this paper, a technology for the production of yogurt has been developed, taking into
account the properties of raw materials, starter culture, isomalt, used to obtain fermented milk
products, which is shown in the Figure 1 below.

_____________________________________________________

____________________________________________________

Milk pasteurization [t=90+2°C, t=2-5 minutes] and
coolina to fermentatlon temperature [t=40+2°C]

—————
NS

Figure 1 — Synbiotic yogurt technology

To determine the shelf life of prepared yogurt samples, we studied the dynamics of changes
in the main organoleptic and physico-chemical parameters during storage.

The evaluation of organoleptic and physico-chemical parameters of products was carried out
after receiving the finished product, as well as during storage. Their composition and properties
are confirmed by experimental tests. The results of determining organoleptic indicators are shown
in Figure 2.

Taste
4,6
4,5
4.4
Appearanc 4 The smell Appearance The smell
e
Consistenc Col .
y ofor Consistency Color
A B

Figure 2 — Profilogram of organoleptic quality of yoghurt samples (A - control sample; B-test sample)
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Yoghurt with isomalt had good organoleptic characteristics: balanced sweet taste, pure sour-
milk smell, uniform and dense texture. According to the results of tasting, yogurt without additives
was 4.48 points, yogurt with isomalt — 4.76 points.

For yoghurt, both consistency and storage stability (conservation of the structure) are
important factors. The consistency of yogurt is characterized by the rheological parameters of

coagulated milk protein.
During the storage period, a significant decrease in the active acidity pH value was observed

in the samples of the yoghurt product (Figure 3).

4,7
4,65
46
4,55
45
4,45
4,4
4,35
43

Active acidity, pH

1 days 2 days 3 days 4 days 5 days 6 days 7 days

Control sample Test sample

Figure 3 — Change in active acidity (pH) during storage

During the first three days, there was a significant decrease in pH values in the unit range,
which may be due to the fact that the starter used during storage continued to ferment. High values
of active acidity were in the range of 4.57-4.66 in the control sample produced by traditional
technology. When isomalt is added, the pH value decreases, which can be a good growth medium
for the development of fermentation. The test sample had a pH value of 4.45-4.60.

In addition, an increase in the acidity of the titration was observed throughout the entire
storage period. There is a proportional relationship between the rate of development of starter
microorganisms and acidity, the increase in acidity is proportional to the rate of fermentation. The
change in acidity of the titration during storage is shown in Figure 4 below.
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5 80
£
P 60 -
p
c 40 A
=
£ 20 1
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1 days 2 days 3 days 4 days 5 days 6 days 7 days
—0— Control sample  =—@=— Test sample

Figure 4 — Change in titration acidity during storage, °T
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On the 7 th day in the test sample, the acidity reached (106.5 + 2.0)°T, and in the control
sample — (97 £ 2.0)°T. But the acidity of the titration of yogurt samples did not deviate from the
norm required by the standard.

One of the most important indicators of the quality of yogurt is its consistency, the formation
of which depends on many factors. Therefore, for an objective assessment of the readiness of a
fermented milk product, along with titration and measurement of active acidity, it is necessary to
take into account the structural-mechanical (rheological) properties of the formed clot.

To describe the rheological properties of the resulting product, the effect of isomalt on its
synergistic ability was investigated, the result is presented in Figure 5 below.

E m Control sample
4 Test sample
1 -J
0 - . . . . )
5 10 15 20 25 30

Centrifugation time, min

N w B (6] o] ~
1 )

The volume of secreted serum,
cm3

Figure 5 — The ability of the test sample to retain moisture compared to the control sample

The addition of isomalt led to a decrease in the synergistic ability of the clot. Thus, for the
test sample supplemented with 10% isomalt, when the centrifugation time was 30 minutes, the
amount of serum was 5.7 cm? and in the control sample 6.3 cm?® at the same time. According to
the data obtained, the synergistic ability of the clot decreases with the addition of isomalt, which
Is associated with the ability of isomalt to retain moisture.

During the course of our work, we have identified the conditional viscosity of products,
which is one of the main indicators characterizing the rheological properties of products. The
results of the studing the relative viscosity of dairy products are presented in Figure 6 below.
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Figure 6 — Relative viscosity of the test sample compared to the control sample, sec
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The relative viscosity of the test sample was 8 seconds higher than that of the control sample,
which meant that the isomalt yogurt had a higher consistency.

As a result of these analyzes, the storage conditions for yoghurts were determined - at a
temperature of 4 + 2 °C and a relative humidity of not more than 75%, it can be stored for 7 days.

Vitamins play an important role in the normal functioning of the body, as well as in the
pathogenesis of certain diseases. Many of them are indispensable participants in various metabolic
processes that are necessary for normal cell metabolism and tissue trophism, normal functioning
and maintenance of vital body functions. The B vitamins are water-soluble vitamins. Their high
biological activity is based on participation in the construction of coenzymes — enzyme systems as
low molecular weight non-protein substances that form a complex with enzymes that directly
regulate biochemical reactions [14].

In the course of the work, analyzes were carried out to determine the content of some B
vitamins in yogurt samples, the results of which are shown below (Figure 7).

0,08
0,07 +
0,06 T
0,05 +
0,04 +
0,03 +
0,02 +
0,01 +

0

mg/100g

B1 (thiamine) B2 (riboflavin) B3 (pantathenic acid)  B6 (pyridoxine)

m Control sample  ®Test sample

Figure 7 — Vitamin composition of yogurt samples, mg/100g

From the results in Figure 7, it can be seen that synbiotic yogurt with isomalt contains a
higher vitamin content than yogurt without additives. This showed that the microorganisms used
to make yogurt synthesize the vitamins themselves. In yogurt without additives B; — 0.037+£0.009
mg/100g; B> — 0.067+£0.007 mg/100g; Bs — 0.02+0.001 mg/100g; Bs — 0.01+0.001 mg/100g, in
synbiotic yogurt with the addition of isomalt their amount By — 0.044+£0.007 mg/100g; B> -
0.069+0.009 mg/100g; B3z — 0.027+0.002 mg/100g; Bs — 0.016+0.003 mg/100g.

It is of interest to study the effect of isomalt on the microbiological parameters of the finished
product during storage, the result is presented in table 1 below.

Table 1 — Microbiological indicators of yogurt samples

Bacteria of
Lactic acid the
bacteria QMAFAB\nM Escherichia Staphylococcgu_s Yeast, Mold, CFU/g
Sample 3 CFU/cm’ (g). . aureus 1g/cm®in | CFU/g, no
CFU/cm no more coli group, roduct more no more
(9) 0.01 g/lcm®in P
the product
7 5
O%J/ZBF;B 1x10 1x10 not allowed not allowed 50 50
Control 1.8x107
sample ' 1.2x10% not detected not detected not detected not detected
8
S;ﬁ;tle 3.2x10 1.6x10° not detected not detected not detected | not detected
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The data presented in the table show that, in the course of microbiological studies, the
number of lactic acid bacteria in the control sample (1.8x10” CFU/cm3(g)) was less compared to
the test sample (3.2x108 CFU/cm? (g)), but corresponded to the standard values. The number of
mesophilic aerobic facultative anaerobic microorganisms in the control sample was — 1.2x10*
CFU/cm?® (g), in the test sample — 1.6x10%® CFU/cm? (g). E.coli, Staphylococcus aureus, yeast and
fungi were not found in the control and test samples of yogurt.

Conclusion

Integrated assessment of the quality of yogurt showed that the developed products are
characterized by good organoleptic characteristics, have a uniform texture, a pleasant refreshing
taste, physicochemical and microbiological indicators comply with the GOST 31981-2013
standard «Yogurts. General technical conditions».

In conclusion, it should be noted that the developed technology of yogurt fermented with
prebiotic isomalt and probiotic microorganisms allows to further expand the range. In addition,
due to the high content of lactic acid bacteria in the test sample, i.e. the presence of live probiotic
cultures and prebiotics, this yogurt can be classified as a functional product.
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AHHOTaNUsA

[louBeHHble ouaru CHOMPCKOH S3BBI, PACHOIOKEHHBIE Ha TeppuTopuu Pecnybmukm Kazaxcraw,
NPEACTABIAIOT OMACHOCTD AJISl HACENEHHsI U OKpY X aromei cpeapl. CorjiacHO peTPOCHEKTHBHBIM JaHHBIM,
B asrycte 2019 roma B cene OnpruHKa ApIIaTMHCKOTO palioHa AKMOJIMHCKOW oOnacth ObLTa
3aperuCTPUPOBaHa BCIBIILIKA CHOUPCKOM 5A3BbI, IPU 3TOM 3a00JI€IH 2 TOJIOBBl KPYITHOI'O POraToro CKOTa.
OcyecTBieHb! BbIe3/IbI B ceo HukomaeBka, rie pacioioKeHbl 1Ba CHOMPES3BEHHBIX 3aXOPOHEHUS, U B
ceno OnbruHKa, Ha TEPPUTOPUIO MECT yOOsi OOJBHBIX XHMBOTHBIX. B mpomecce paboTel mpoBeneHO
SMU300TOJIOTHYECKOE OOCIeI0BaHNE IBYX CHOMPES3BEHHBIX OYaroB M MeECT HPUPE3KH OOJBHBIX
XKHUBOTHBIX. J[11 MUKPOOHOTIOrMYECKUX HCCIECAOBAaHUN C TEPPUTOPUH JAHHBIX 04AaroB OTOOpaHBI MPOOBI
MOYB C MMOBEPXHOCTH U C Pa3InUHBIX TOPU30HTOB Ha TyOuHy a0 30 cM. YcTaHOBIEeHBI reorpaduieckue
koopauHatel.  [IpoBeneHbl  J1abopaTopHBIE  HCCIENOBaHUS ~ OTOOpaHHBIX  OOpa3loB  TOYB
0aKTEpPHOJIOTHYECKUM M OMOJOTHYECKUM METOJAaMH, KOTOPbIE MOKa3aJd HaJluuue OJIM3KOPOACTBEHHOTO
MHKpoopranusMa - Bacillus cereus u orcyrcrue Bo3Oyaurens Bacillus anthracis.

KawueBbie cjioBa: TIOYBEHHBIE OYard CHOMPCKON $3BbI, MOHHTOPHHT, MHKpPOOHOJIOTHYECKUE
UCCIICTIOBAHUSI.

Tepputopust AKMOJIMHCKOM 00J1aCTH pacIiooKeHa B PETHOHE C HU3KUM PHCKOM 3apayKeHUS
BO30yauTElIeM CHOMPCKOH SA3BBI, HHIEKC ANN300THYHOCTH — 0,24,

Ha tepputopun obnactu umeercs 6osiee 200 cTanroHapHO HEOJIATrOMONIYYHBIX MYHKTOB,
AMU300TUYECKUX ouyaroB u Oojee 70 cuOMpEs3BEHHBIX CKOTOMOTHIIBHHMKOB. | 'eorpaduueckoe
pacmojyio’)keHue MECT BCHbIIIeK HWHGEKIMH [OKa3blBa€T AaHTPOMYPrUYECKUN XapakTep
cubupessBeHHoil uH(pekuuu. Ouarn WHOEKUUH MPEUMYIIECTBEHHO JIOKAJIM3YIOTCS B
T'yCTOHACEJIEHHBIX TEPPUTOPUSIX CTpaHsl [1,2,3].

Oco0eHHO OOMBIIYI0 OMACHOCTh B BOSHHUKHOBCHHH 3a00JIEBAaHUU IMPEACTABISAIOT CTaphIe,
3a0polIeHHbIE TTOYBEHHBIE OYaru CUOMPCKOM $3BBI, TZI€ KOT/IA-TO 3apbIBAIM TPYIIbI )KMUBOTHBIX,
naBmmx or 3Tod wmHpekmuu [4,5]. [IpupomHble KaTakIW3Mbl, TaKWe KaK CHUIBHBIC JOXKIH,
3aTOIUICHUS, MOTYT TNPUBECTH K BBIHOCY CHOp BO30yIUTENs Ha MOBEPXHOCTh M BCIHBIIIKAM
3a00JIeBaHUI CPEIH CENTbCKOXO3SIICTBEHHBIX )KUBOTHBIX [6,7]. CucTemMaTndeckue OaKkTepuaabHbIe
UCCJIEIOBAHMSI TIOYBBI C TEPPUTOPUHU CHOMPESI3BEHHBIX 0UaroB SBJISETCS BaXKHOW COCTABIISIONIUM

MOHUTOPHUHTOBBIX I/ICCJIG,Z[OBaHI/Iﬁ B MMoAACPIKAHUU SIMHUACMHUOJJIOTNICCKOI'O u
SIMHU300TOJIOITNYECCKOI'O 6narononyq1/1;1.
L[enmo HUCCICIOBAaHUA SABIIAJIOCH IMPOBCACHUC OIIHU300TOJIOTHICCKOT'O u

MUKpPOOHOJIOTMYECKOTO MOHUTOPUHTA Ha TEPPUTOPUHU MOYBEHHBIX CHOWPESI3BEHHBIX OYaroB U
MECT IPUPE3KU OOJIbHBIX )KUBOTHBIX, PACTIOJIOKEHHBIX B AKMOJIIMHCKOW 00JIaCTH.

MarepuaJjbl 1 METOABI

Jlns mpoBeneHUs SMU300THYECKOT0, MHUKPOOMOJIOTHYECKOTO MOHUTOPUHIA U OLEHKU HX
0100e30MacCHOCTH  OBUIM  OCYIIECTBJICHBI BBIE3[IbI HA TEPPUTOPHIO TIOYBEHHBIX OYaros,
pacIoIOKEHHBIX B ApIIAJUHCKOM paiioHe AKMOJMHCKOM oOnactu. B mpomecce paboTh
o0OcienoBaHO JBa CHOMPES3BEHHBIX 3aXOPOHEHHUsS, pACIOJIOKEHHBIX B celne HwukonaeBka
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MuxaifIoBCKOTO CEeNbCKOTO OKpYTa, a Takke TeppuTopus nactOumia cena Onbrunka, rae B 2019
roJly OTMEUeHa TuOeIb U MpUpe3ka O0IBHBIX CHOMPCKOM S3BOM KUBOTHBIX.

Jist MEKpOOMOIOTHYECKOTO MOHUTOPUHTA KOMHUCCHOHHO C TEPPUTOPUN 000MX 0YaroB u
MECT TuOeNnu XUBOTHBIX OTOMpanu MpoObl MmouBbl. [IpenBapUTENbHO MPOBOIMIM PACUUCTKY
HAMEUYEHHBIX TOUEK 0TOOpa OT TpaBbl, KAMHEW U CHUMAIIM BEPXHUU CJION TOYBKI HA TIyOuHy 2,0-
3,0 cm. IIpoGer orOupanu u3 4 - 5 TOYEK MO MEPUMETPY y KpaeB OETOHHBIX capKo(aroB ¢
MOBEPXHOCTU U ¢ TinyOounHsl: 5 cm, 10 cM, 20 cm u 30 cMm, momemanu Ha MOATOTOBICHHYIO
MOJIMATUIICHOBYIO IUJICHKY, MOMEIIAIH B HWHAUBUAYAIbHbIE IUIACTUKOBBIE KOHTEHHEpPHI U
MapkupoBaiu. C TeppUTOPU CAaHUTAPHO 3AITUTHBIX 30H, MPUJIETAIONIMX K JaHHBIM Oouaram, Ha
paccrostHusax: 2 M, S M, 10 M, 20 M, 50 M u 100 M Taxke ObuM OTOOpPaHBI O0OPA3IBI TOYBHI
AHAJIOTMYHBIM METOJI0M. Beero nms uccnenoBanuii moydeHo 212 o6pa3iioB mouBsl. OT60p mpod
MOYBHI C TEPPUTOPUU CUOMPES3BEHHBIX OYaroB, CAHUTAPHO 3aLIUTHBIX 30H U MECT MPUPE3KU
MPOBOAWIN B 3allMTHOM KOCTIOME |-ro THWIIa, COTJIACHO pa3pa0OTaHHBIM M YTBEPKICHHBIM
TpeboBanusM [8,9].

YakoBaHHBIC U MPOMAPKUPOBAHHBIC TNIACTUKOBBIE KOHTEHHEPHI ¢ MpobaMu ToMeniaiy B
TEPMOYEMOaHbI U C COPOBOAUTEIHHBIMU JJOKYMEHTAMU JIOCTABIISIIA B MHCTUTYT.

B ycnoBusix naGoparopun  OakTEpUONIOTHM B «3apa3HOM OOKce»  IMPOBOAMIH
POOOMOATrOTOBKY JOCTABICHHBIX 00PA3I0B C MPEABAPUTEIHHON UX IKCTPAKIMEH B CTEPUIHLHOM
(U3HOIOTHYECKOM PACTBOPE U MPUTOTOBICHUEM T'PETHIX M HE TPETHIX TPO0.

HccnenoBanus 10CcTaBleHHBIX MPOO Ha HATMYKE BO30OYAUTENS] CHOMPCKOMN SI3BBI TPOBOIMIIN
OaKTEPUOJIOTHUECKUM METOA0M. HIeHTH(PHUKAIUIO BBIACIEHHBIX HW30JSITOB TMPOBOIUIHN TIO
UACHTU(PUKAIIMOHHBIM TecTaM: MOpGOJIOTHs MUKpoOa B Ma3Kax, OKpauleHHbIX 1o I'pamy, ['nHc-
Byppu; poct MukpoGa Ha OynboHe XOTTHHrepa; pocT Ha arape XOTTHHIepa; mnpoba c
cuOUpesi3BeHHBIM ~ OakTeprodaroM; TECT HAa TEMOJUTHYECKYI0 aKTUBHOCTh, TECT Ha
JCIUTHHA3HYI0 AaKTUBHOCTH, UYBCTBUTEIHBHOCTh K TMEHUIWUIMHY W TMAaTOT€HHOCTh IS
nmabopaTopHbIX )XKUBOTHBIX [10,11].

Pe3yabTarbl M 00Cy:KIeHHE

Cornacno nmanueiM «Kamactpa cranMoHapHO HEOJIAromoJy4YHBIX IO CHOUPCKOW s3Be
HaceneHHbIX MyHKTOB (CHII) Pecnybommkm Kazaxcranm 1948-2002 rr.» (Acranma, 2002 r.), B
ApansiHCKOM paiioHe 3apeructpuposano 13 CHII, u3 KoTopbIX JBa oyara pacrioyoKeHbI B C.
HukonaeBka MuxaitioBCKOro CEIbCKOTO OKPYTa.
B mpormecce Bhle3na ycTaHOBIEHO, YyTO B cene HukonaeBka pacroyioKeHbl JBa IMOYBEHHBIX
cuOupes3BeHHBIX ouara. [IpoBeeHHBIM OCMOTp TMOKa3aja, 4To o0a oyara 00OpyIOBaHbBI
aHAJIOTUYHO, @ UMEHHO: 110 MIEPUMETPY UMEIOT IJIOTHOE OETOHHOE OTPaXICHUE, BHYTPH YYaCTKU
OTpaHUYEHbl METAIMYECKUMHU MPYThIMHU, a B [IEHTPE YCTAHOBJIEHBI METAJNINYECKUE CTOJIOBI C
Haamucelo «Cubupckas s3Bay. [ uccnenoBaHWl ¢ TEPPUTOPUM JAHHBIX CHOMPESI3BEHHBIX
CKOTOMOTHJILHUKOB OTOOpaHbI 00pa3iia Mmo4Bkl (PUCYHOK 1).

Pucynoxk 1 — IIpouecc or6opa mpo0 MOYBHI ¢ TEPPUTOPUH MTOUYBEHHOTO OYara
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BusyanbpHbIii 0oCMOTp 000HMX 0YaroB IMOKasaj, YTO Ha yAaJeHHH 3-4 M OT MEpPBOro odYara,
pacronioxxeHa Hopa >KUBOTHOTO. C JTaHHOW TEPPUTOPHHM TaKKe OTOOpaHBI OOpa3lbl MOYBBI

(pucyHok 2).

PucyHok 2- IIpouecc oT60pa nmpob Mo4Bkl ¢ TEPPUTOPHU HOPBI )KUBOTHOTO,
PACIIONIOKEHHOW BOTU3U odara

CormacHO peTpoCIeKTUBHBIM JaHHBIM, B aBrycre 2019 roma B cene OnbpruHka Obuta
3aperucTpUpOBaHa BCIBIIIKA CHOMPCKOW SI3BBI, MPU 3TOM 3a00JI€J0 5 YeNOBEK M 2 TOJIOBBI
KpyIHOTo poraroro ckora. B ceno OnbruHka OCyIECTBICH BbI€3J U MPOBEACHBI BU3YyaJbHbIE
OCMOTPBI MeCT Y0051 O0TBHBIX )KUBOTHBIX.

[TepBrIit yuacTok, rie ObLT Ipou3BeeH yooi Obika moa nHBeHTapHBIM HOMepoM Ne KZ C 1
59139012, pacnionosxeH Ha nmactouie, Haxoasmemcs Ha pacctosauu 1000-1100 meTpoB 3anannee
cena OnbruHKa.

B 2019 rony Bo BpeMs KapaHTHHHBIX MEPONPUSATHUI Ha OOOWMX y4YaCTKaX MECTHBIMU
BETEPUHAPHBIMU CHELMATUCTAMH MIPOBEEHBI MaXOTHBIE PabOTHI MO MEpUMETpaM B paanyce 25-
30 ot uenTpa ybos >kuBoTHBIX. Ha mepBom yuactke (yooit Obika MuB. No KZ C 1 59139012)
MIPOM3BEICHO CHATHE BEPXHETO CJIOS IIOYBHI ¢ MeCTa yOOs pazMepoM 3x4 M C 11eJIbI0 JaTbHEHIIIEeTo
C)KHTaHUsl B ”THCUHEPATOPHOU YCTaHOBKE.

B nHacTosimmee Bpemsi ocMOTp TOKa3all, YTO Ha MacTOuIe, Te ObLT MPoBeACH yO0oil ObIka,
YEeTKO BUJIEH OIpaHHMUYEHHBIN YY9aCTOK, C PE3KO OTJIMYAIOLIEHCS paCTUTEILHOCTBIO, pa3MepoM 2,5
x 4,0 M (pucyHoK 3).

Pucynok 3 — Yyacrok y6ost 60nbpHOTO ObIKa, CHUMOK 2022 Tona
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C TeppuTOpHH TaHHOTO y4acTKa MPOBEIEH 0TOOP MpoO MOYBBI C TOBEPXHOCTH U HA TITyOUHY
10 40 cm, U3 5 TOYEK, T.€. KOHBEPTHBIM METOIOM (PUCYHOK 4).

Pucynok 4 — IIporece or6opa mpo0 MOYBkI ¢ TEPPUTOPUH YOOI
00IBHOTO CHOMPCKOMA A3BOM ObIKa

Bropoe xuBotHOe, kopoBa (MuB.Ne KZ C 1 09015090), Obl10 mpupe3aHo Takxke Ha
nactouie Ha ynaneauu 2000 m oT cena.

OcMOTp HaHHOW TEPPUTOPUHU TIOKA3aj, YTO YCTAHOBUTH TOYHOE €TI0 MECTOIOJIOKEHHE
BEChbMa 3aTPYAHUTENBHO, T.K. JAHHBIM y4acCTOK PACIOJIOKEH Ha I0JIe 3JaKOBBIX KYJIBTYp U B
HACTOSIIEe BPEMSI BCIIaXaH.

B mnpouecce »nu300TONOrMYECKOro obcienoBaHHs ObUIO TPOBENEHO OIpeaesicHHe
reorpaMuecKuX KOOPAMHAT TaHHBIX Y4aCTKOB.

Crnenyer OTMETHTh, YTO BU3YaJbHBIH OCMOTP TEPPUTOPHH IMACTOWIIA MMOKAa3al HaIU4YUe
OO0JIBIIIOTO KOJIMYECTBA HOP TPHI3YHOB. VX TOPSIIOK pacoiIoKeHUsT M KOJMYECTBO yKa3bIBaeT HA
HaJIMYMe MHOTOUYHUCIICHHBIX KOJIOHUH CIIEMYyIIOHKa (CEMEWCTBO XOMSKOBBIX) U MUILYXU (0TS
3aii1eo0pasHbIX).

Jniss  MUKpOOMOJIOTHYECKOTO MOHUTOPHUHTA TEPPUTOPHUS MAcTOMINA € HauOOIBIIUM
KOJINYECTBOM HOpP ObLIa YCIOBHO pa3/ieJieHa Ha HECKOJIBKO YYacTKOB, C KaKIOTO M3 KOTOPBIX
OBLTH 0TOOpaHBI 00PA3IEI TPOO MOYBKI (PUCYHOK 5).

Pucynok 5 — OT60p nipo6 MOYBKI U3 HOP YKUBOTHBIX, PACIIOIOKEHHBIX Ha MACTOUIIE
cena ONLruHKa
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Bcero B mpomecce KOMaHAMPOBOYHOTO BbI€3Za C TEPPUTOPUM 2-X TOUYBEHHBIX
CUOMpEsS3BEHHBIX 0YaroB, MPUJIETAIONMX K HUM CAHUTApPHO 3alUTHBIX 30H M MecT yOos
KHUBOTHBIX, ObLIO 0TOOpaHo 212 mpob MOYBHI.

[Tocne 3aBeprieHUsT HKCIIEPUMEHTOB BCe MecTa 0TOOpa Mpod ObutH 00pabOTaHBI TOPSIYUM
pactBopoM 10% -HOI KayCTUYECKOM COABI.

B pe3ynbrare mpoBeeHHBIX OAKTEPHUOIOTHUECKUX MCCIIEIOBAHUNA BhIIEIEHO 67 MU30JISTOB,
UMEIOIMX CXOIHYI0O MopQojoruio ¢ Bo3OyaureneM cubOUpckoil s3Bbl. JlanbHelmiee
1abopaTopHOE HUCCIIEOBAHHUE IMOKa3aJlo, 4TO B OyinboHEe XOTTHUHIEpa BbIIEICHHBIE KYIbTYPHI
00pa30BBIBAIIN MYTh, HEKOTOPBIE U3 HUX POCIH C HAJTMYHUEM OCaJIKa, Ha TUIOTHOM cpejie OTMedascs
POCT IJIOCKUX CEPO-0eIIbIX MAaTOBBIX KOJIOHUH ¢ 6axpoMuaThIMU KpasMu. Bece KynbTypbl o6mananu
MOJIOKUTENBHOM JICHUTUHA3HOW U TEMOJIMTUYECKONW aKTUBHOCTBIO. Y HM30JIATOB OTCYTCTBOBAJIA
Karncyjaa in vitro W in vivo, OblIa TMOJOXHUTENIbHas Mpoda ¢ NeHUIMUIMHOM. [IpoOwr ¢
OakTeprodarom rMokazajad OTPUIATEIbHbIE PE3YIbTATHL.

bruonpoOpl Ha OenbpIXx MbIMAxX MOKa3add, 4To 19 KynmbTyp W3 67 SBISUIMNCH IJIs HUX
HENaTOreHHBIMU. B Ma3kax-oTmeuaTkax W BBICEBAX M3 OPTaHOB IMABIIUX U 3a0UTHIX KUBOTHBIX
BO3OyauTenb B. anthracis e BbiaeneH. VccnenoBanust SMyJIbCUA W3 OpraHOB OENBIX MBIIIEH B
PHT A taxxe nanm oTpuuaTesbHbIE PE3YJIbTAThI.

Pe3ynbrarhl TECTOB CBUAETEILCTBYIOT O TOM, YTO B MPOOax OTCYTCTBYET BO30yAMUTEIHh
cuOHpPCKO¥ s3BBL. [Ipy 3TOM, YCTaHOBIIEHHBIE CBOMCTBA BBIJICIICHHBIX H30JIATOB CBUIETEIILCTBYIOT
0 TOM, YTO B IIPp0o0Oax MPUCYTCTBYIOT OJIM3KOPOACTBEHHBIE MHKpOoopranu3msl - Bacillus cereus.

3akiaro4enue

Ha ocHoBaHMM NpOBENEHHBIX UCCIEAOBAHUNA MOYKHO 3aKJIIOUYUTh, YTO JaHHBIC [IOYBEHHBIE
ouaru, Ha MacTOMIIE MTPECTABISAET ONPEAEICHHYIO OMOJIOTMUECKYIO OMTACHOCTD JIJIsl HACENIEHUS U
OKpy»Karomien cpenpl. Hammune MHOTOYHCICHHBIX HOP TPBI3YHOB Ha TEPPUTOPUH YOOSI 5KUBOTHBIX
IpPEACTaBIseT BBICOKMM PHUCK BBIHOCA  BO30ynuTens MHQEKUMM Ha  MOBEPXHOCTb.
MukpoOHONIOTHYECKHi MOHHMTOPUHI II0YB, OTOOpPAHHBIX HENOCPEACTBEHHO C TEPPUTOPHIA
JAHHBIX 0YaroB, NMPHJIETAIOUIMX K HUM CaHUTApHO 3ALIUTHBIX 30H U MECT MPHUPE3KU OOJIbHBIX
KHBOTHBIX ITOKa3aJl OTCYTCTBUE BO3OyauTens B. anthracis.

VYuuteiBasg OMOJOrMUYECKYIO ONACHOCTh IOYBEHHBIX CHOUPEA3BEHHBIX OYaroB M BBICOKYIO
CTENEHb PUCKA, CIHELUAINCTAMU CAHUTAPHO-3IUAEMUOJIOTHYECKOM M BETEPUHAPHOW CIYXO
PEKOMEHJ0BAHO €KErOAHO OCYIIECTBISITH MUKPOOHOIOTHYECKUH MOHUTOPUHI IOYBBI JIaHHBIX
TEPPUTOPUHL.

DUHAHCHPOBaHUE

Pa6ota Beimonaena B pamkax [II1d MCX PK (2021-2023 rr.) mo mpoekty «M3yduthb
AMHU300TOJIOTUYECKYIO XapaKTEPUCTUKY TEPPUTOPUH CTPAHBI IO CUOMPCKOM 53BE M pa3padboTath
BETEPUHAPHO-CAHUTAPHbIE MEPOIIPUATHUS IO MOBBILICHUIO UX 3((HEKTUBHOCTH.
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AKMOJIA OBJIBICBIHIA OPHAJIACKAH CIBIP ) KAPACBIHBIH
TOIIBIPAK OINAKTAPBIHA 2IIM300TOJOI'UAJIBIK KOHE
MHUKPOBHUOJOI'UAJBIK MOHUTOPUHI )KYPI'I3Y

Tyiiin

PecrryOnmka aymarbpiHIa OpHaJIacKaH ciOip >KapachIHBIH TONBIPAK OIIAKTaphl XajblK ITeH
KoplIaraH opTara Oenrim Oip Kayin Tenpaipeai. PerpocmexktuBTi mMamiMmerTepre caiikec, 2019 Xbuiabig
TaMbI3bIHAA AKMOJIa OOJILICEI Apinansl aymaHbl OJNBruHKa aybUIbIHAA CiOip JKapachIHBIH TYBIHAAYHI
(epmyi) Tipkenren, Oy perre 2 6ac ipi kapa main aybsiprad. CiOip KapachIHBIH €Ki TOTIBIpaK OIMIaKTaphI
opHanackaH HukonaeBKka ayblIbIHA KOHE aypy KaHyapiaap/IbIH COUBLUTFaH jxkepliepi oenriieHreH ONbruaka
aybUTbIHA Oapy JKy3ere achIpbuIbl. JKyMbIC OaphbIChIHAA €Ki ci0ip Jkapachl OmaKTapblHA KOHE aypy
JKaHyapJIapJiblH COWBUIFaH OPBIHJAPbIHA  DIU300TOJOTHSIBIK aXyan JKOHe  MOH-KaWbl  aHBIKTAY
MakcaTbIHIa TeKCEPY KYPri3uiai. MUKpOOHOIOTHSIIBIK 3epTTEYJICp YIIiH OCHI OMAKTapIbIH ayMarbIHAH
)kep OETiHIH YCTIHT1 >KaFblHAH J)KOHE OpTYpii ropm3oHTTapAan 30 CM TepeHmiKKe JSHiH TOIBIpaK
ChIHAMaJTaphI anbIHabl. ['eorpadusiblk KOOPAHHATTAPSI AHBIKTAJIBIIL, KepceTiui. IpikTemi
aJIBIHFaH TOIBIPAK ~YJTIICPiHIH ChIHAMaTapbiHa 0AKTEPHUOJIOTHSUIBIK JKOHE OHMOOTHSUIBIK — OIiCTEpMEH
3epTXaHAJbBIK 3ePTTEYJICP KYPTi3inai. 3epTTey HoTmKenepi B. anthracis KO3AbIPFBINIBIHEIH XKOK SKCHITiH,
Oipak OHBIH JKaKbIH TYBICTAC TYKbIMIackl Bacillus cereus mukpoopranu3miniz 6ap eKeHIITiH KOPCETTi.

KintTi ce3mep: cibip >kapaChIHBIH TONBIPAK OIMAKTAPhl, MOHHTOPHHT, MHKPOOHOJIOTHSIIBIK
3epTreyep.
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Abstract

Soil foci of anthrax located on the territory of the republic represent a certain danger to the population
and the environment. According to retrospective data, in August 2019, an outbreak of anthrax was
registered in the village of Olginka, Arshalinsky district, Akmola region, and 2 heads of cattle fell ill. Visits
were made to the village of Nikolaevka, where two anthrax burials are located, and to the village of Olginka,
to the territory of the places where sick animals are slaughtered. In the process of work, an epizootological
examination of two anthrax foci, and places where sick animals were cut, was carried out. For
microbiological studies, soil samples were taken from the territory of these foci from the surface and from
various horizons to a depth of up to 30 cm. Geographical coordinates were established. Laboratory studies
of soil samples by bacteriological and biological methods of selected soil samples were carried out, which
showed the presence of a closely related microorganism - Bacillus cereus and the absence of the pathogen
B. anthracis.

Keywords: soil anthrax foci, monitoring, microbiological studies.

The territory of the Akmola region is located in a region with a low risk of infection with
anthrax, the epizootic index is 0.24.

On the territory of the region there are more than 200 permanently disadvantaged points,
epizootic foci and more than 70 anthrax cattle burial grounds. The geographical location of the
outbreak sites shows the anthropurgic nature of the anthrax infection. The foci of infection are
mainly localized in densely populated areas of the country [1,2,3].

A particularly great danger in the occurrence of diseases is the old, abandoned soil foci of
anthrax, where the corpses of animals that died from this infection were once buried [4,5]. Natural
disasters, such as heavy rains, flooding, can lead to the removal of pathogen spores to the surface
and outbreaks of diseases among farm animals [6,7]. Systematic bacterial studies of soil from the
territory of anthrax foci is an important component of monitoring studies in maintaining
epidemiological and epizootological well-being.

The aim of the study was to conduct epizootological and microbiological monitoring on the
territory of soil anthrax foci and places where sick animals were killed, located in the Akmola
region.

Materials and methods

To conduct epizootic, microbiological monitoring and assess their biosafety, trips were made
to the territory of soil foci located in the Arshalinsky district of the Akmola region. In the process
of work, two anthrax burials were examined, located in the village of Nikolaevka of the
Mikhailovsky rural district, as well as the territory of the pasture of the village of Olginka, where
in 2019 the death and cutting of animals with anthrax was noted.

For microbiological monitoring, soil samples were taken on commission from the territories
of both outbreaks and the places of death of animals. Preliminarily, the designated sampling points
were cleared of grass and stones and the top layer of soil was removed to a depth of 2.0-3.0 cm.
Samples were taken from 4-5 points along the perimeter at the edges of concrete sarcophagi from
the surface and from a depth of 5 cm, 10 cm , 20 cm and 30 cm, were placed on prepared
polyethylene film and then placed in individual plastic containers and labeled. From the territories
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of sanitary protection zones adjacent to these outbreaks, at distances of 2 m, 5 m, 10 m, 20 m, 50
m and 100 m, soil samples were also taken by a similar method. A total of 212 soil samples were
obtained for research. Soil sampling from the territory of anthrax foci, sanitary protection zones
and cutting sites was carried out in a protective suit of the 1st type, according to the developed and
approved requirements [8,9].

Packed, labeled plastic containers with samples were placed in thermal suitcases and
delivered to the institute with accompanying documents.

In the conditions of the laboratory of bacteriology in the “infection box”, the sample
preparation of the delivered samples was preliminarily carried out, with their preliminary
extraction in a sterile saline solution and the preparation of heated and unheated samples.

Investigations of the delivered samples for the presence of the anthrax agent were carried
out using the bacteriological method. Identification of isolated isolates was carried out by
identification tests: microbial morphology in smears stained by Gram, Gins-Burri; microbial
growth on Hottinger broth; growth on Hottinger agar; test with anthrax bacteriophage; hemolytic
activity test; test for lecithinase activity; sensitivity to penicillin and pathogenicity for laboratory
animals [10,11].

Results and discussion

According to the "Cadastre of stationary anthrax-prone settlements (SNP) of the Republic
of Kazakhstan 1948-2002" - Astana, 2002, 13 SNPs were registered in the Arshaly district, of
which two centers are located in the village. Nikolaevka, Mikhailovsky rural district.

During the visit, it was established that in the village of Nikolaevka there are two soil anthrax
foci. The inspection showed that both centers are equipped similarly, namely: they have a dense
concrete fence around the perimeter, inside the areas are limited by metal bars, and metal poles
with the inscription "Anthrax™ are installed in the center. For research, soil samples were taken
from the territory of these anthrax cattle burial grounds (Figure 1).

Figure 1 - The process of sampling soil from the territory of the soil focus

A visual inspection of both foci showed that at a distance of 3-4 m from the first foci, there
is an animal burrow. Soil samples were also taken from this area (Figure 2).
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Figure 2 - The process of taking soil samples from the territory of an animal burrow located near the
outbreak

According to retrospective data, in August 2019, an anthrax outbreak was registered in the
village of Olginka, with 5 people and 2 cattle sick. A trip was made to the village of Olginka and
visual inspections of the places of slaughter of sick animals were carried out.

The first section, i.e. where a bull was slaughtered Inventory No. KZ C 159139012 is located
on a pasture 1000-1100 meters west of the village of Olginka.

In 2019, during quarantine measures at both sites, local veterinary specialists carried out
arable work along the perimeters within a radius of 25-30 from the animal slaughter center. In the
first section (slaughter of a bull Inv. No. KZ C 1 59139012) of the layer, the top soil was removed
from the slaughter site with a size of 3 x 4 m for the purpose of further burning in an incinerator.

At present, the inspection has shown that on the pasture where the slaughter of the bull was
carried out, a limited area is clearly visible, with a sharply different vegetation, measuring 2.5 x
4.0 m (Figure 3).

Figure 3 - Slaughter site of a sick bull, snapshot of 2022

From the territory of this site, soil samples were taken from the surface and to a depth of up
to 40 cm, from 5 points, i.e. envelope method (Figure 4).
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Figure 4 - The process of sampling soil from the territory of
slaughter of a bull with anthrax

The second animal - a cow (Inv. No. KZ C 1 09015090) was also slaughtered on a pasture
at a distance of 2000 m from the village.

An inspection of this territory showed that it is very difficult to establish its exact location,
because. This site is located in a cereal field and is currently plowed.

During the epizootological survey, the geographical coordinates of these areas were
determined.

It should be noted that a visual inspection of the pasture area showed the presence of a large
number of rodent burrows. Their order of location and number indicates the presence of numerous
colonies of mole vole (hamster family) and pika (hare-like order).

For microbiological monitoring, the pasture area with the largest number of holes was
conditionally divided into several sections, from each of which soil samples were taken, Figure 5.
During the epizootological survey, the geographical coordinates of these areas were determined.

It should be noted that a visual inspection of the pasture area showed the presence of a large
number of rodent burrows. Their order of location and number indicates the presence of numerous
colonies of mole vole (hamster family) and pika (hare-like order).

For microbiological monitoring, the pasture area with the largest number of holes was
conditionally divided into several sections, from each of which soil samples were taken (Figure
5).

Figure 5 - Soil sampling from animal burrows located in the pasture
the village of Olginka
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In total, during the business trip from the territory of 2 soil anthrax foci, adjacent sanitary
protection zones and slaughter sites, 212 soil samples were taken.

After the completion of the experiments, all sampling sites were treated with a hot solution
of 10% caustic soda.

As a result of the bacteriological studies, 67 isolates were identified that have a similar
morphology with the anthrax pathogen. Further laboratory examination showed that isolated
cultures formed turbidity in Hottinger's broth, some of them grew with the presence of sediment,
growth of flat gray-white matte colonies with fringed edges was noted on a dense medium. All
cultures had positive lecithinase and hemolytic activity. The isolates were missing the capsule in
vitro and in vivo, there was a positive test with penicillin. Samples with bacteriophage showed
negative results.

A bioassay on white mice showed that 19 out of 67 cultures were non-pathogenic for them.

The pathogen B. anthracis was not isolated in smears-imprints and inoculations from the
organs of dead and slaughtered animals. Additionally, the study of emulsions from the organs of
white mice was in RNGA, also showed negative results.

Test results indicate that there is no anthrax pathogen in the samples. At the same time, the
established properties of the isolated isolates indicate that the samples contain closely related
microorganisms - Bacillus cereus.

Conclusion

On the basis of the conducted studies, it can be concluded that these soil foci, on a pasture,
pose a certain biological hazard to the population and the environment. The presence of numerous
rodent burrows in the slaughter area poses a high risk of bringing the infectious agent to the
surface. Microbiological monitoring of soils taken directly from the territory of these foci, adjacent
sanitary protection zones and places where diseased animals were cut showed the absence of the
pathogen B. anthracis.

Taking into account the biological hazard of soil anthrax foci and the high degree of risk,
specialists of the sanitary-epidemiological and veterinary services recommended to carry out
microbiological monitoring of the soil of these territories annually.

Funding

The work was carried out within the framework of the PTF of the Ministry of Agriculture of
the Republic of Kazakhstan (2021-2023) under the project "Study the epizootological
characteristics of the country's territory for anthrax and develop veterinary and sanitary measures
to improve their effectiveness.”

References:

1 Burdelov L.A. Atlas rasprostranenija osobo opasnyh infekcij v Respublike Kazahstan. Almaty,
2012: 151-171.

2 Kadastr pochvennyh ochagov sibirskoj jazvy na territorii Respubliki Kazahstan. Almaty, 2017.

3 Kadastr stacionarno-neblagopoluchnyh po sibirskoj jazve punktov Respubliki Kazahstan 1948-
2002 gg. Astana, 2002.

4 Luhnova L.Ju., Pazylov E.K., Meka-Mechenko T.V., Izbanova U.A. i dr. Jepidemiologicheskaja
situacija po sibirskoj jazve v 2014 godu v Kazahstane. Okruzhajushhaja sreda i zdorov'e cheloveka. 2014,
4: 13-26.

5 Badmazhapova R. N. Mikrobiologicheskij monitoring pochv skotomogil'nikov Respubliki Burjatija.
Avtoref. kand. dis. SPb, 2008.

6 Luhnova L.Ju., Izbanova U.A., Meka-mechenko T.V., Nekrasova L.E., Atshabar B.B., Kazakov
V.S. Sibirskaja jazva v 2016 godu v Kazahstane. Medicina. 2017, 5 (179): 56-61.

7 Manchee, R.J., Broster M.G., Melling J., Henstridge R.M. & Stagg A.J. Bacillus anthracis on
Gruinard Island. Natur., 1981, 294: 254-255.

190



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

8 Atshabar B.B., Luhnova L.Ju., Meka-Mechenko T.V., Izbanova U. A., Sushhih V. Ju., Sultanov
A. K., Gorelov Ju. M., Abutalip A. A., Zholshorinov A. Zh., Zhumadilova Z. B., Kobzhasarov D.S.
Metodicheskie rekomendacii Organizacija sanitarno-protivojepidemicheskih i protivojepizooticheskih
meroprijatij pri sibirskoj jazve v Respublike Kazahstan. Almaty, 2015.

9 Sultanov A.A., Gorelov Ju.M., Sushhih V.Ju. i dr. Pochvennye ochagi sibirskoj jazvy. Porjadok
organizacii i provedenija meroprijatij po podgotovke prob k issledovaniju. Almaty, 2015.

10 Luhnova L.Ju., Izbanova U.A., Sushhih V.Ju., Turegel'dieva D.A., Abieva A.A., Kunzhan N.U.
Laboratornaja diagnostika sibirskoj jazvy pri issledovanii materiala ot ljudej i zhivotnyh, iz ob#ektov
vneshnej sredy. Almaty, 2020.

11 Prikaz Ministra zdravoohranenija Respubliki Kazahstan ot 12.11. 2021 g. Ne KR DSM-114.
Zaregistrirovan v Ministerstve justicii Respubliki Kazahstan 15 nojabrja 2021 goda Ne 25151. Ob
utverzhdenii Sanitarnyh pravil "Sanitarno-jepidemiologicheskie trebovanija k organizacii i provedeniju
sanitarno-protivojepidemicheskih, sanitarno-profilakticheskih meroprijatij po preduprezhdeniju osobo
opasnyh infekcionnyh zabolevanij".

191



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

MPHTU: 34.25.23; 34.25.39; 68.41.53

C.II. HYPAJIMBEKOB'*, T.5. CABbIP)KAH?, E.T. KACBIMBEKOB?,
H.H. AXMETCAJIIKOB?, M.H. AXMET)KAHOBA?, K.M. FATAHOBA?,
E.f. XAH!, K.O. KAPAMEH/IMH!, A.1. KbIJILIPMAHOB!
! HayuHo-nIpon3B0ICTBEHHEII IIEHTP MEKPOOHOIIOTHH M BUpycosIorun, AmMarel, Kazaxcran
2 HayuHO-TIpPOM3BOICTBEHHOE MPEATIPHUATHE «AHTHTEH», AIMaTUHCKas 06macTh, Kasaxcran
*e-mail: nuralibekovs@mail.ru
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AHHOTANUA
B crathe OMMCHIBAIOTCS TONTHITEI BUPYCA TPHIIIA, BBI3BIBAIOIINEC WH(OEKIINHA CPEaM JIOIIAJCH,
MIPUBOJIUTCS HWCTOPHUYECKAsl CIpaBKa 00 ASIMU300THSIX JIOMIATUHOTO TpUMNIa A, NMPUBEIEHBI TaHHBIE O
3apEeTUCTPUPOBAHHBIX Ciy4asx Ha Tepputopun Kazaxcrana. Omucanbl JaHHBIE MO CEPOJIOTMUYECKOMY
UCCJICJIOBAHUIO PACTIPOCTPAHEHHOCTH TpHMia A cpeau jgomanei TypkecTaHCKOH 00IacTH.
Kiarw4eBble cjioBa: BUPYC TPHUIITIA, SITH300THUS, CEPOJIOTHS, JIOIIAIN, TPHUIII JIOIIAICH.

I'punm nomaneit — ocTpoe, BHICOKOKOHTarHO3HOE pECIMpaTopHoe 3a00sieBaHUE CEMEHCTBA
nomaguubix (Equidae). Bo3Oymurenu rpunma momrameid — aBa moaruna Bupyca: Influenza
A/equine2 (H3NS) u Influenza A/equinel (H7N7) [1, 2]. Bupyc rpunna nomaaeii (BI'JI) Bniepssie
BbIJICTIEH U onicaH B 1956 1. Bo BpeMs kpynHo# 3nu300TuU B YexocinoBakuu [3]. [IpoToTrmHbIi
Bupyc A/nomans/IIpara/56 umen anturennyto popmyny H7N7; mocienHsst BCIBIIIKA, BEI3BaHHAS
3TUM BO30yauTenem, 3apeructpupoada B 1979 r. B 1963 r. npyroii, aHTUT€HHO OTJIMYAIOIIANACS
BapuaHT BHpyca rpunma, noaruna H3NS, Bei3Ban kpynnyro smuzootuto B CHIA [4, 5].
[IporoTumnueiii BUupyc A/momrans/Maiisimu/63 momnan B BOCIPUUMYUBYIO TTOMYIISIITAIO KUBOTHBIX
BMECTE C MMIOPTHUPOBaHHBIMU JomaabMu u3 ApreHtussl [6]. Bupycsl rpumnma (BI),
IUPKYJIUPYIOIIHNE B HACTOSIIEE BPEMS CPEJIN JIOIIAIe BO BCEM MHUPE, OTHOCATCA K moarumy H3Ng
[1]. Unadeknus rpunma nomaneld, Bbi3bIBaeMas moatunoMm H7N7, B HacTosiiee Bpemsi HE
peructpupyetcs [2]. B 1987 r. Bupycsl rpunma noaruna Influenza A/equine2 (H3N8) paznenenst
Ha JIBE CaMOCTOSITEJIbHBIE IBOJIIOLIMOHHBIE JIMHUU, KOTOPbIE LIUPKYJIUPYIOT B HACTOSLIEE BPEMSI:
EBpomneiickuii Tunn 1 Amepukanckuii tai [ 1, 7]. Bropoe pa3aenenue npousonuio B Hayaie 2000-
X TOJOB, KOTJa BO3HHUKJIM IPEACTABICHHBIE 10 HACTOAILIETO BPEMEHM, TaK Ha3bIBacMbIe
®nopuackue knaael 1 u 2 [8].

Curyanus o BI'JI B Mupe octaercst HanpsbkeHHOH: 1o JanHbIM MOb mrpokoMaciitabHble
AMU300THH 3apeructpupoBanbl B EBpore (Mranus, Dctonus) B 2020 1. B 2018-2019 rr. BeIsIBICHO
299 oyaros 3aboneBanuii rpumnmom jomazei B Adpuke (Hurepus, Ceneran). B 2018 1. Bcnbiku
TaK ke 3apeructpupoBanbl B Jlatuackoir Amepuke (Komymous, DxBamop) [9].

I'punn nomaneét B Pecnybnmke Kazaxcran - akryanbHas mpoOiiemMa B 00JIacTH
BerepuHapuu. Tak, B 2007 r. e€ snu300TuN ObUIH 3aperucTpupoBanbl B HOxH0-Kazaxcranckoi,
Kamb6pinckoit, Anmarunckoid, Kaparangmackoit m Bocrtouno-Kaszaxcranckoit obOnactsax. B
aBrycre 2007 T. B KOHEBOMUYECKHMX XO3SHUCTBaX AJIMATHHCKOW OOJACTH B XOJI€ MAaCCOBBIX
peCMpaTOpHBIX 3a00JIeBaHUN W THOETH JIOMIA[e BBIACICHO MMATh U30JIATOB BUpPYCa MOATHIIA
H3N8 [10].

Benpimku BI'JI B PK takke ormevanuch Ha Tepputopun XKamoObuickoi, Kocranaiickoit u
IOxn0-Kazaxcranckoit odmacreii B 2012 1. [7, 11].

B 2020 r. Obuia 3aperucTpupoBaHa MaccoBas BCIBIIIKA PECUPATOPHOTO 3a00JICBaHMS
CpeIu HENapHOKONBITHBIX Ha Iore M oro-socroke Kaszaxcrana. KimHuueckue mpu3HaKu
XapaKTepU30BAINCh HAJIMYMEM CHJIBHOTO KalUlsl >KUBOTHBIX, HaumOojee TsDKeIble clydyau
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HAOMIOIATMCh Y OCIOB (HEKOTOpBIE C JIETAIBHBIM HCXOAOM). B X0/e BHUPYCOJIOTHYECKOTO
ucciea0Banus ObLT n30auMpoBaH Bupyc rpunma A/H3N8 oT mopakeHHBIX Jiomraaen u ocios [12].
JlaHHas cTaThsi MOCBSIIEHA CEPOJIOTUUECKOMY aHaJlM3a CTENEHU PacpOCTPAaHEHHOCTH Ipurina A
cpenu jomranen TypkecTaHCKON 00J1acTH.

MarepuaJjbl 1 MeTOIbI

Martepuanbl B BUJIE CHIBOPOTOK KpPOBH cOOpaHbl OT 98 TOJOB Jommaaeil B pa3IMYHBIX
KOHEBOJUECKUX Xo3siicTBax Typkecranckoit obOnmactu B utoHe 2022 1. HccnemoBaHusi Ha
YKUBOTHBIX IIPOBOJMUIIUCH B COOTBETCTBHH C MIPOTOKOJIOM 0JI00pPEHHBIM MECTHBIM KOMUTETOM IO
ATHKE HAYYHO-TIPOU3BOJICTBEHHOTO [EHTPAa MUKPOOHOIIOTHH U BUPYCOJIOTHH.

[TpoObI KPOBH JyTsI KCCTEAOBAaHUN OTOMPAIUCH C TIOMOIIBIO BAKYYMHBIX TPOOUPOK CUCTEMBI
BD Vacutainer® wu3 spemHodi BeHbl (venae jugulares) momageii. MecTo HMHBEKIUH
npenBapuTenbHo nesuHpuuuponanu 70%-HbIM 3TaHoNOM. [l 3a00pa KpOBU HCMOIb30BAIN
uriel pazmMepamu 18G50 mm.

O6pa3ubr kpoBu neHtpudyrupoBanu (15 mun mpu 3000 060pOTOB/MUH), MOTYyYEHHYIO
1a3My MEPEHOCUITU B KPHOYCTONYHBBIE MOJUIPONTUIICHOBBIE TPOOUPKH M TPAHCIIOPTUPOBATH B
)uakoM azore (-196°C).

st oOHapy>KeHUs aHTUTENl K BUPYCY TPHIINA CHIBOPOTKH JIOIIAeH MPOTECTUPOBAHBI B
nMMmyHopepmeHTHOM aHanmu3e (MDA) c Habopom, OJOKMPYIOIIMM HYKJICONPOTEHI BHUpPYCa
rpunna A (IDEXX InfluenzaA Ab Test Kit, CIIIA). Bce stansl pabOThl BBIIOJIHUIA COTIIACHO
WHCTPYKIIUK W3roToBUTENss. OOpa3ibl CHIBOPOTOK MpEABApUTEILHO ObutM pa3BeacHsl 1:10 B
BXOJs1eM B Habope Oydepe ams pazbaBieHusi. AHaIU3 pe3yabTaToOB BBITOJIHEH C IPUMEHEHHEM
mukporanmeTaoro puaepa (Infinite 200 PRO, Tecan, lIBeitapust) ¢ qmuHOM BodaHBI 650 HM.
[TonydeHHbIe pe3ynbTaThl OICHUBAIMCH IYTEM pacdyéra OTHOIICHHUS 3HAYCHUS ONTHYECKOU
miotHocth (OIT) obpasna k 3naueHuto OIl orpunarenbHOro KOHTPOJsA. [IpoOBI CHIBOPOTOK ¢
ONTHYECKOH IMITOTHOCTHIO MeHbIIEe 0,6 CUUTAIHUCH MTOJIOKUTEITHHBIMHU.

Hanee nmpoOb! CHIBOPOTOK, TosioxkuTebHbIe B MDA Ha Hammume IgG x NP Oenky Bupyca
rpunmna A, IOMOJHUTENIbHO UCCIEI0BAIM B peakuu TopMokeHus remarriaotunanuu (PTIA) ais
UACHTUGHUKAIIMA aHTHTEN (aHTUTEMAaITJIIOTHHOB) K moATHraMm remarrimotuaunaoB (HA) [13].
Anamuz PTT'A npoBoawin Ha MUKPOTUTPOBAJIBHBIX IUIAHIIETAX ¢ Ucnoib3oBaHueM 0,5% B3Becu
KYPUHBIX SPHUTPOIUTOB M 4 remarrmoruHupyrommx enuauil (CAE) gocTymHBIX BHPYCHBIX
aHTUreHoB: A/cBunbs/Anmate/87/2014 (HINI), A/o3epnas uaiika/ATteipay/2010 (H1N2),

Al/ytka/Kamudopnaus/72 (H3NS), A/pnamunaro/AxTay/6570/2015 (HSN1),
A/FPV/Poctox/34 (H7N7), A/nebenp-xkmukyn/CopOynax/7994/2019 (HON2)
A/mmunoxBocts/CeBepHubiii Kazaxctan/6401/2014 (HION7). Peaxnus COTIPOBOXKIAJIACh

KOHTPOJIEM aHTUT€HA, SPUTPOLIUTOB M MCIBITYEMBIX ChIBOPOTOK. Cepono3utuBHbiMH B PTT'A
CUUTAJIN CBIBOPOTKH KPOBH, HHTUOUPYIOLIME FeMarTIIOTHHUPYIOIIYIO0 aKTUBHOCTh peepEeHCHBIX
Y Ka3aXCTaHCKUX BapUaHTOB BUPYCOB rpunna A c paznuuabiMu noarunamu HA B tutpax 1:20 n
Oouee.

Pe3yabTarhl M 00Cy:KIeHHE

[IpoBenens! ceponorunueckue uccnenoanus B MDA 98 cpiBOpoTOK J1o1ael, COOpaHHBIX B
2022 rony Ha MPUCYTCTBUE AHTUTEN K BUpycaM rpurima A.

Pe3ynbraThl aHanu3a CHIBOPOTOK MPHUBEIEHBI B Ta0uIe 1.

Tabmuua 1 - Pe3ynpTaTsl IMMYHO()EPMEHTHOT'O aHAJIN3a CHIBOPOTOK

Paiton co6opa KosnuecTBo uccie10BaHHBIX KosinuecTBO NOM0KUTEIBHBIX PTI A+
CBIBOPOTOK CBIBOPOTOK chIBOpOTOK Ha DA
1 2 3 4
AprICh 10 5 0
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IIpogomkenne Tabnuibl 1

1 2 3 4
baiinnbek 6u 30 1 1
Kaseirypt 10 2 2
OrtsIpap 10 6 6
PrickynoBa 10 2 2
Capplaram 18 3 3
Tomne 6u 10 1 1

Kak BugHO 13 TaOaHIIBI, B CBIBOPOTKAX KPOBH JIOMIAeH, coOpaHHbIX B 2022 1., aHTUTENA K
NP-6enky Bupyca rpunna A o6HapyxeHbsl B 20 u3 98 obpasuoB (20,4%), uyTo yka3bIBaeT Ha
MHTCHCUBHYIO SKCIO3MIMIO BUpycoM rpunma jomaneil Typkecranckoir o0iactu: B Apbice U B
OTpIpapcKoM paiioHe MPOIIEHT MONOKUTEIbHBIX P00 cocTaBisiia 50% u 60%, COOTBETCTBEHHO.

B PTT'A ocymectBiena nuddepeHuanyss MOATUIIOB aHTHTeMarrTiOTHHHHOB MDA-
noyoxuTeNbHBIX Ha NP-0eok BI' A chIBOPOTOK JT0MIaIeii ¢ TOMOIIBIO HA0Opa aHTUTEHOB K CEMU
pa3JIMYHBIM OATUIIAM BUpYca A.

CnocoOHOCTh K TEeMarrIiOTHHAIIMA ~ CBIBOPOTOK 10 Y2
HelTpanu3oBaiach peepeHCHbIM BapraHnToM Bupyca H3 (Tabnuua 2).

rOMOJIOTUYHOI'O  THUTpa

Ta6JII/ILIa 2 - Hannuue CHCI_II/I(I)I/I‘-ICCKI/IX AHTUTCMAITJIIOTUHUHOB K BUPYCaM I'pUIIlia AB ChIBOPOTKAaX KpOBU

yommajielt, coopanabix B Typkecranckoi odmact B 2022 1.
Hazpanne NOA AHTHUTEHBI BUpYca TpUNNa A TOITHIIOB
HOMOAHTENBHBIX | Ny | HIN2 | H3NS | HSNL | H7N7 | Honz | O
CBIBOPOTOK JIOIIAJIEH N7
Apbich / 3 40 — - — — - —
ApbICh / 6 40 — - — — - —
Apsics / 7 40 - - - - - -
Apsics / 10 40 - - - - - -
Apsics / 20 40 — - — — - —
Baiinubex 6u / 4 - - 160 - - - -
Kaswirypr / 17 — — 640 — — - —
Kazpirypr / 41 - - 640 - - - -
Otsipap / 8 - - 640 - - — -
Otsipap / 10 — — 640 — — - —
Otsipap / 11 — — 640 — — - —
Otsipap / 13 - - 320 - - — -
Ortpipap / 15 - - 640 - - - -
Ortpipap / 17 - - 640 - - - -
Prickyiora / 20 — — 640 — — - —
Prickymora / 27 — — 640 — — - —
Cappraram / 3 - - 320 - - - -
Cappraram / 5 - - 640 - - - -
Capeplarain / 9 — — 160 — — - —
Tone 6u/7 - - 320 - - - —

B pesynbrate uccnenoanuii B PTT'A antutena x Bupycam rpunna A ¢ nogrunamu HA: H1,
H5, H7, HI0 — B CbhIBOpOTKax HE BbISBICHbl. AHTUIEMArrIlOTUHUHBI K BUPYCY
A/momans/FOKO/236/2012  (H3N8)  oOHapykeHBl B  CBIBOPOTKAax  JIONMIaJed  BCEX
aJMMHHMCTPAaTUBHBIX paliOHOB, KpoMe TI. Apbich, B TUTpax 1:160-1:640. JlecATb CHIBOPOTOK,
MOKAa3aBIIUX HAWBBICIIMKA THUTP, cOOpaHbl OT KHUBOTHBIX Kasbiryprckoro, OTbIpapcKoro,
PrickynoBckoro, Capelaramickoro paiioHoB TypkecTaHCKO# 00IacTH.

CrocoOHOCTh K TeMarraoTHHAIMN n30isaTa A/cBuHbs/Anmate/87/2014 (HIN1) B TuTpax
1:40 nHelTpanu3oBasach MATHIO CHIBOPOTKAMH, BBIIEICHHBIMU U3 TI. ApbICh TypKecTaHCKON
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obnactu. Ilpu >TOM, maHHBIE 0O0paslbl HE PACIIO3HABAIUCH AHTHCHIBOPOTKAMHU K TOJTHITY
A/ozepnas uaiika/Ateipay/4378/10 (HIN2). CnenoBatensHo, momaBienue HA Bupyca ObLIO
BbI3BaHO He crneuuduueckum K HI1 aHTUremMarrmoOTHHMHOM, a cTepudeckuM 3hdekToM
HEelpaMHUHKa3bl BUPYyCa, KOTOPbIE B3aUMOAECUCTBYIOT C aHTUTENaMu ipu noctaHoBke PTT'A. B
CBSI3HM C 3THM, MOKHO IPEANOJIOKHUTh, YTO Y MATH BBIIICYKAa3aHHBIX CHIBOPOTOK OTCYTCTBOBAJIU
AHTUTEMATTIIOTHHUHBI KO BCEM BHUpPYCaM, B3ATHIM B JKCIEPUMEHT. DTO CBUJIETEILCTBYET O
BO3MOXXHOCTH WH(umpoBanus nomaneii BT A moarumamu H4, H6, HS, H12, nubo 06 ux
3apakeHUU paHee HEM3BECTHBIMH BapuaHTaMH BUpYyca FPUIIIIA.

3a mocnemHue 1aBa roga B TypKecTaHCKOW o001acTh OTCYTCTBOBAIM O(UIIMATHHBIC
coobmenus: o Bembimkax BIJI. ¥V Bcex momraneit He HaOMIOAAIOCH MPU3HAKOB 3a00JIEBaHUS,
OTCYTCTBOBAJl Kalllellb; OOJIe3Hb MPOXOJuiIa 0e3 CHIBHBIX CHMIITOMOB. Hammuume aHTtHTen K
BUpycy rpumnma A/H3 B ChIBOpOTKax JIOMIaJeH yKa3bIBa€T HA BEPOSTHOCTh HHQPHUIIUPOBAHUS
JKUBOTHBIX SMU300TUYECKU aKTyaJbHBIM BapHaHTOM BUpyca. /lanee, yuuThIBasi BHICOKUE THTPBI
antuten Kk ceporurmy A/nomans/FOKO/236/2012 (H3NS), MoxHO caenaTh BBIBOA O HeAaBHEH
MUPKYJSIUY BUPYyCa TPUIIITA A B IOMYJISIIHH Jiomnaei TypkecTaHckoi o0macTu 6e3 BhIpasKeHHBIX
peCnupaTOPHbBIX CUMITOMOB.
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Abstract
The article describes the influenza A virus subtypes that cause equine influenza infections; provides
a chronicles of equine influenza epizootics and demonstrates the data on registered cases in Kazakhstan.
Data on a serological study of the prevalence of influenza A among horses of the Turkestan region are
described.
Keywords: influenza virus, epizootic, serology, horses, equine influenza.

Equine influenza is an acute, highly contagious respiratory disease of the Equidae family.
Equine influenza is caused by two subtypes of the virus: Influenza A/equine2 (H3N8) and
Influenza A/equinel (H7N7) [1, 2]. Equine influenza virus (EIV) was first isolated and described
in 1956 during a major epizootic in Czechoslovakia [3]. The prototype virus A/Equine/Prague/56
had the antigenic formula H7N7; the last outbreak caused by this pathogen was registered in 1979.
In 1963, another antigenically different variant of the H3N8 influenza virus caused a major
epizootic in the United States [4, 5]. The prototype A/Equine/Miami/63 virus entered the
susceptible animal population along with imported horses from Argentina [6]. Influenza viruses
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(1V) currently circulating in horses worldwide are of the H3N8 subtype [1]. Equine influenza
infection caused by the H7N7 subtype is not currently reported [2]. In 1987, influenza viruses of
the Influenza A/equine2 (H3N8) subtype were divided into two independent evolutionary lineages
that are currently circulating: the European type and the American type [1, 7]. The second
separation occurred in the early 2000s, when the so-called Florida clades 1 and 2, presented to
date, emerged [8].

The situation with EIV in the world remains intensive: according to the OIE, large-scale
epizootics were registered in Europe (Italy, Estonia) in 2020. In 2018-2019. 299 outbreaks of
equine influenza were identified in Africa (Nigeria, Senegal). In 2018, outbreaks were also
registered in Latin America (Colombia, Ecuador) [9].

Equine influenza in the Republic of Kazakhstan remains an urgent problem in the field of
veterinary medicine. So, in 2007, its epizootics were registered in South Kazakhstan, Zhambyl,
Almaty, Karaganda and East Kazakhstan regions. In August 2007, five isolates of the H3N8
subtype virus were isolated in horse breeding farms in the Almaty region during mass respiratory
diseases and death of horses [10].

Outbreaks of EIV in the Republic of Kazakhstan were also registered on the territory of
Zhambyl, Kostanai and South Kazakhstan regions in 2012 [7, 11].

In 2020, a massive outbreak of a respiratory disease was registered among equids in the
south and southeast of Kazakhstan. Clinical signs were characterized by the presence of severe
coughing of animals, the most severe cases were observed in donkeys (some fatal). During
virological study, influenza A/H3N8 virus was isolated from affected horses and donkeys [12].
This article is devoted to a serological analysis of the prevalence of influenza A among horses in
the Turkestan region.

Materials and methods

Blood sera were collected from 98 horses in various locations of the Turkestan region, in
June 2022. Animal studies were carried out in accordance with the protocol approved by the local
ethics committee of the Research and Production Center for Microbiology and Virology.

Blood samples for analysis were taken using vacuum tubes of the BD Vacutainer® system
from the jugular vein (venae jugulares) of horses. The injection site was preliminarily disinfected
with 70% ethanol. For blood sampling, 18G x 50 mm needles were used.

Blood samples were centrifuged (15 min at 3000 rpm), the resulting plasma was transferred
into cryoresistant polypropylene vials and transported in liquid nitrogen (-196°C).

To detect antibodies to the influenza virus, horse sera were tested in enzyme-linked
immunosorbent assay (ELISA) with a kit that blocks the influenza A virus nucleoprotein (IDEXX
InfluenzaA Ab Test Kit, USA). All work steps were performed according to the manufacturer's
instructions. Serum samples were previously diluted 1:10 in the dilution buffer included in the Kit.
The results were analyzed using a microplate reader (Infinite 200 PRO, Tecan, Switzerland) with
a wavelength of 650 nm. The results obtained were evaluated by calculating the ratio of the optical
density (OD) value of the sample to the OD value of the negative control. Optical density in sera,
where values <0.6 were considered positive.

Further, serum samples positive in ELISA for the presence of 1gG to the NP protein of the
influenza A virus were additionally examined in the hemagglutination inhibition (HI) assay to
identify antibodies (antihemagglutins) to hemagglutinin (HA) subtypes [13]. HI analysis was
performed on microtiter plates using 0.5% chicken erythrocyte suspension and 4 hemagglutination
units (HAU) of available viral antigens: A/pig/Almaty/87/2014 (H1N1), A/black-headed
gull/Atyrau/2010 (H1INZ2), A/duck/California/72 (H3N8), A/flamingo/Aktau/6570/2015 (H5N1),
A/FPV/Rostock/34 (H7N7), Alwhooper swan/Sorbulak/7994/2019 (H9N2 ), A/pintail/Northern
Kazakhstan/6401/2014 (H10N7);. The reaction was accompanied by control of the antigen,
erythrocytes and test sera. Seropositive in HI assay was considered sera that inhibited the
hemagglutinating activity of reference and Kazakh variants of influenza A viruses with different
HA subtypes in titers of 1:20 or more.
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Results and discussion

Serological studies were carried out in ELISA of 98 horse sera collected in 2022 for the
presence of antibodies to influenza A viruses.

The results of the analysis of sera are shown in table 1.

Table 1 - Results of enzyme-linked immunosorbent assay of sera

collescetzgrr? area Number of tested sera Number OfEFI)_OISS'R\Ie sera for HI assay +
Arys 10 5 5
Baidibek bi 30 1 1
Kazygurt 10 2 >
Otyrar 10 6 6
Ryskulov 10 2 >
Saryagash 18 3 3
Tole bi 10 1 1

As can be seen from the table, in the blood sera of horses collected in 2022, antibodies to the
NP protein of the influenza A virus were found in 20 of 98 samples (20.4%), which indicates an
intense exposure to the equine influenza virus in the Turkestan region: in Arys and in Otyrar
district, the percentage of positive samples was 50% and 60%, respectively.

In HI assay, differentiation of subtypes of antihemagglutinins was carried out by ELISA-
positive for NP-protein HA of horse sera using a set of antigens to seven different subtypes of
Influenza A virus.

The ability to hemagglutinate sera up to ¥z of the homologous titer was neutralized by the
reference variant of the H3 virus (Table 2).

Table 2 - Presence of specific antihemagglutinins to influenza A viruses in horse blood sera collected in the
Turkestan region in 2022

Name of ELISA positive Antigens of influenza A virus subtypes
horse sera H1IN1 H1N2 H3N8 H5N1 H7N7 HION2 '11170

Arys /3 40 - - - - - -
Arys/ 6 40 - - - - - -
Arys /|7 40 - - - - - -
Arys /10 40 - - - - - -
Arys /20 40 - - - - - -
Baidibek bi / 4 - - 160 - - - -
Kazygurt / 17 - - 640 - - - -
Kazygurt / 41 - - 640 - - - -
Otyrar / 8 - - 640 - - - -
Otyrar / 10 - - 640 - - - -
Otyrar /11 - - 640 - - - -
Otyrar / 13 - - 320 - - - -
Otyrar / 15 - - 640 - - - -
Otyrar / 17 - - 640 - - - -
Ryskulov / 20 - - 640 - - - -
Ryskulov / 27 - - 640 - - - -
Saryagash / 3 - - 320 - - - -
Saryagash / 5 - - 640 - - - -
Saryagash /9 - - 160 - - - -
Tole bi /7 - - 320 - - - -
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As a result of the study in HI assay, antibodies to influenza A viruses with subtypes HA H1,
H5, H7, H10 were not detected in sera. Antihemagglutinins to the A/equine/South
Kazakhstan/236/2012 (H3N8) virus were found in the sera of horses from all administrative
districts, except for the town of Arys, in titres of 1:160-1:640. Ten sera, which displayed the
highest titer, were collected from animals of the Kazygurt, Otyrar, Ryskulov, Saryagash regions
of the Turkestan region.

The ability to hemagglutinate isolate A/swine/Almaty/87/2014 (H1N1) in credits 1:40 was
neutralized by five sera isolated from the city of Arys, Turkestan region. At the same time, these
samples were not recognized by antisera to subtype A/black-headed gull/Atyrau/4378/10 (HIN2).
Therefore, the inhibition of the HA virus was not caused by H1-specific antihemagglutinin,
probably by the hindrance of the virus neuraminidase, which interacts with antibodies during HI
assay. In this regard, it can be assumed that the five above-mentioned sera lacked
antihemagglutinins to all viruses taken in the experiment. This indicates the possibility of infection
of horses with influenza A virus subtypes H4, H6, H8, and H12, or previously unknown variants
of the influenza virus.

Over the past two years, there have been no official reports of EIV outbreaks in the Turkestan
region. Any of the horses showed signs of disease, and no cough; the disease course characterized
without severe symptoms. The presence of antibodies to the A/H3 influenza virus in the horse sera
indicates the likelihood of infection of animals with an epizootic strain of the virus. Further, taking
into account the highest titers of antibodies to the serotype A/equine/South Kazakhstan/236/2012
(H3NS8), we can assume that the influenza A virus has recently circulated in the horse population
of the Turkestan region without expression of severe respiratory symptoms.
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Tyidin

AnmMatel 0OJBICHIHIAFBI AKAana anaObIHBIH ericTiK alKanTapblHAaFbl LUaHOOaKTepusuiap MeH
MUKPOOANIBIpIapAblH, TYPIIK SpTYpauIiri 3eprrenti. MuKpoopraHmsMaepaiH OuoayaHTYpJIimiri
Oomyamarsl MOJ kKaHa MHKPOO TypiepiH Taly VINIH €H VIKCeH MaijalaHbUIMaraH pe3epByap OOJIBII
TaOBUTATEI. 3EPTTEYIAiH MaKcaThl MHKPOOAIIBIpIap MEH ITHAHOOAKTEPHSUIAPABIH OPTYPIUITiH 3epTTey
KOHE [HaHOOaKTepHsUIapAbIH OoJamarsl MOJI TYpJiepiH Oemin any OoJbIl caHanaabl. 3epTTey HOTHKEepi
OoifpIHITIa AKmaja ajaOBIHBIH eTiC alKaNTaphIHBIH TONBIPAK YITUIEpIHEH MHKpoOaIapIpiiap MEH
MMaHoOaKTepsUIapablH 48 Typi aHBIKTAIABI, OHBIH imiHAe 21 Typi - ImaHoOakTepHsuiap.
Huanobakrepusiiap exiIgepiHiH Herisri yieci rerepouncTaisl popmanap 6onasl. L{nanodakrepusinapasia
AHBIKTAJIFaH TYPJIEPiHEH 5 albrOJIOTHSUIBIK Ta3a AAKbUIAAPhl O6JiHII aldbIHIbl, OipaKk 0aKTepHUOIOTHSIIBIK
Ta3a JaKbUI PETiHIAC aHTHOMOTUKTEPMEH OHICYJeH KeWiH 4 nakbuigap OJIiHIN alibIHAIbl. 3epTTeY
HOTIXeJepi OOMBbIHIIA OeJIiHIN albIHFaH TOPT LHUAHOOAKTEpHs NaKbUIJAPBIHBIH apachblHAaH MaKCHMAaJIbl
OakTepusra Kapcol OencenauikTi kepcetken - Oscillatoria SP S-3, Anabaena SP S-5 nakpuigaps! 60MIbI.
ATtanraH JaKpUIIapAbIH MeTaHon ceirbHabLIapsl E. coli sxome Staphylococcus aureus, B.subtilis ceimax
IITAMMIAPbIHBIH ©CYIH TEXEYIiH €H YVJIKeH aiMmakTtapblH KepceTTi. IluanoOakTepusiiap opTypii
OMOTEXHOIOTUSIIBIK, MaHBI3IbI KOCBUTBICTAPABIH KOIT MOJIIEPIH ally YIIiH opacaH 30p, Oipak oI e a3
3epPTTEIreH pecypc OOJbIT TaObLIA/bI, OMTKEHI Onap OpTYpJi OHMOJIOTHUSIBIK OEICeHIl 3aTTapibl
CUHTE3/ICH/II, oJlap caHbIpayKyJIaKTapra Kapchl, OakTepusiapra Kapchl, BAPyCTapra Kapchl OCICEHITIKKE
ne. [lmanobakTepusIapblH KaHa TYPIEPiH i3/Iey, OKIIAyJay >KOHE OMONOTHSUIBIK OEJICeHIi 3aTTapibl
OHJIIPYIILIEepAl AYPHIC TAHAAY arpOOMOTEXHOIOTHSIA YIKEH MYMKIH/IKTED aIlla bl

KinTTi ce3nep: OnoanmyaHTYpIIislik, MEKpOOAIABIpIAp, TUAHOOAKTEPHUSIIAP, ABIOJIOTHSUIBIK Ta3a
JlaKbUIIap, OakTepusiapra Kapchl OSJICEHTIK.

TombIpakThlH OpPraHUKAJIBIK 3aTTApbIHBIH TY3UIyl MHUKPOOPTaHWU3MACP/IH TiKeIeH
KaTBICYBIMEH XKYPEJi, OJIApABIH 6CIMIIKTEp MEH JKaHyapJIapAblH KaJAbIKTapblHA KOTKAKTHI ocepi
KOITETeH OMOXUMUSIIBIK PEaKIUsIapMeH cunaTTanabl. JKorapbel caThlIaFbl ©CIMIIKTEpJeH 00C
KEHICTIKTepAl TOATHIPA OTHIPHIN, [TUAHOOAKTEPHsIIAP KYH SHEPTUSACHIHBIH aCCUMMISLUSACHIHBIH
(dakTophl KoHE KOChIMIIA Omomacca ke3i peTiHae KbisMmer ereii [1]. Omap TombIipakTapabiH
KaJIBINITACybIHA KATHICA/IBI, aJl KAIBINTACKAH TOMBIPAKTAPIBIH (PU3NKO-XUMUSIIBIK KaCUETTEPiHE
ocep eremi. TombIpakTarbl MHAHOOAKTEPUSUIAPABIH KbI3METI OPTaHHMKAJIBIK 3aTTapbl OHIIPY,
aTMocdepanblK a30TThl OeKiTy, Gochop MeH Gacka FJIeMEHTTEpiH KODKETIMILIITIH apTThIpy,
(GbuUTOrOpMOHAAp MEH TOKCHHAEP/l IIBIFapy, MIBIPBIIITHI 3aTTap MEH XKIM TOPi3l TaJtomMaap
apKBUIbI DPO3UsIFa Kapchl OEICEHAUTIK KopceTy KabieTiMeH anbikTanans! [2]. [luanobakrepusiiap
OHIIPETIH KOMITOHEHTTEP aHTHOKCUIAHTTAP MEH MUTMEHTTEp O0bIn Tabbutanbl. COHBIH iMIiHIIE
(yKOKCAaHTHH, KapOTHHOUATAP, JTIOTEHH, [3-KapOTHH, aCTAKCAHTHUH >KoHEe (PUKOOHMI OeTOKTaphl),
Y3bIH Ti30€KTi moJMKaHbIKnaraH Mai KelmKeuigapbl (FA-PUFAS) skoHe akybizgap (MaHBI3IbI
AMHUHKBIIIKBUIIAPbl METHOHUH, TPEOHUH KoHE TpUNTo(aH). bys ekiHIIiik MeTaboIuTTep TaMakK,
JKEM, aybU1 IIapyalIbUIBIFGI )KOHE (DapMalleBTUKA OHEPKICIOIHIe KeHIHEH KO IaHbuIaabl [3].

[HuanobakTepusuIapIbIH OpTYPIIL TYpIiepi OakTepusra Kapchl )KOHE CaHbIpayKyJIaKKa KapChl
KacHeTTepi 0ap JKacyIailIiIK xKoHe jKacylaaad ThIC METa0OJUTTEPAl IIBIFApAaThIHGI OenTii [4].
BakTepusnapra Kapchl areHTTep OaKTEePHSUIBIK HHPEKIUSIIApIbl eMIeyIe KeHIHSH KOJIJaHbLIa IbI,
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Oipak OakTepusyiap KOJAAHBICTAFbl JOpi-I9PMEKTEpre Te3IMIiUTKKe ue 00iybl MyMKiH. OcChI
cebenTi 3epTTeymiijep OakTepusFa Kapchl >KaHAa KOCBUIBICTAP/Abl AaHBIKTAY VIINiH TaOWFu
KOCBUTBICTApABI 137ei Oactambl [5]. LlmanoOaktepusuiap OChl cajajarbl OoJamiarbl MO
OMOJIOTHSUIIBIK PECypC PETIH/E KapacThIPbLIA IbI.

[uanobaktepusimap Kypilll aJKanTapbIHIAFBl MHUKPOOTHIK KaybIMIACTHIKTBIH HETI3T1
Kypamaac Oedmiri Oonbim TaObUIaABl. AyBUIIAPYANIBUIBIK SKOXKYHENEpiHIH KyHapJIbUIBIFBIHA
BIKITAJI €Te/I1 ’KOHE JKaCyIIANIBIK METa00JIN3MIe KayKeT eMeC KOCBUIBICTApAbIH, SFHU EKIHII PETTIK
METa0OMUTTEPAIH oNeyeTTi koe31 Oombinm TaObuiaabl [6]. [manoOakTepusiapabl KOJIAHYABIH
KeiOip BIKTUMaJ OarbITTapbl (hapMaleBTHKa OHEPKACiOl MEH aybUIIIAPyallbUIbIK CEKTOPHI YIIiH
OakTepusapra KapChl KOCBIIBICTAP/IbI OMOTBIHAUTKBIIITAP MEH OMOOAKbLIAY KYpalaaphl peTiH/Ie
eHIipy Oousbinm TaObUTagbl. bakTepusmapra Kapchl 3arTap MEH Oacka Ja (hapMaKOIOTHSIIBIK
OeJICeHII KOCBUIBICTap/bl CHHTE3Jeyre KaOiaeTTI NMaHoOaKTepusuiapAbl Oerinm ajmy KoHe
CKPMHHUHT jKacay »aHa arpOXUMUSUIBIK areHTTEeP/iH dJeyeTTi Ke31 peTiHAe KbI3bIFyIIbUIBIKTHIH
apTybIH TyAbIpasl [7]. Ocbirad 0alIaHbICTBI O13]1IH 3€PTTEY KYMBICBIMBI3IBIH MaKCaThl AJIMaThI
OONBICHIHIAFRl  AKJalla anKaOBIHBIH ~eric  aJKanTapbhlHIAFbl [HAaHOOAKTEepUsIap MEH
MHUKPOOAIIBIPJIAPABIH TYPIIK OPTYPIIUIITIH 3€PTTEY KOHE ITMAaHOOAKTEePHUsIIAP IbIH MEPCIICKTUBTI
TYpJiepiH Gein aixy OoJbIn TaObLIaabI.

Marepunanaap MeH daictep

3eprTey HbICaHBI Lile ©3€HIHIH caFachlHAa OpHAJIACKaH AKaaia Kypill ery aakaObl OOJIbII
TaOBLIAIBL.

Tompipak ChIHaMalapblH Ay KOHBEPT oiici OoibiHmIA >xypri3inai [8]. bapneirer 28
QIBTOJIOTUSIIBIK ChlHAMa JKUHANABL. JKWHAIFaH OapiblK ChlHAMANAP MYKHSAT TaHOAJIaHIbL.
Kanceipmanapaa cblHamMa HeMipi, XHUHAY YaKbIThl MEH OpHbBI JKOHE >KUHAYUIBIHBIH Terl
KepceTineai. 3eprrey O0aphIChIHA aTbrOJOTHUIBIK TOXiprOeae sKannbl KaObUIIaHFaH QIICTEP Il
KOJJaHa OTBIPBIN, JalalIbIK O KUBIHIAD MEH 3epTXaHalblK Tajjaynap O Kypri3iimi.
[uanoOaxkTepusuIapIblH canaiblK Kypambl IIBIHBIFA OSKiHIN ecy oaiciMeH Tannanabl. On yuIiH
TonbIpak chiHamanapbl BG-11 opTackiMeH buFanmanabIpbUIFad [leTpu TabakTapeiHa CalbIHAIbI,
JKoHe OeTiHe >KaOBIHIBI INBIHBUIAP TOMBIPAKIIEH TOJIBIK OailaHpicTa OONaThIHAANW eTill
opHanacTeIpbuiasl. [leTpu Tabakmanapel TaOUFH JKapbIKTa JKoHE Oenme TemmepaTrypackinga 30
TOYJNIK WHKyOalMsulaHFaH KeHiH, IIbIHBIIapFa OEKiHIl ©eCKeH IMaHoOaKTepusiapra
MHUKPOCKOIUSUIBIK Oakpuiay xyprizuial. [{uanobakrepusiiap men mukpoobanaeipaap 40, 100 ece
yIKenTkin «Premere» xone "MicrosAustria" skapbIK MUKPOCKOTITaPbIHBIH KOMETIMEH 3€pTTeI/Ii.
OpoOip cy yaricinen kem aerenje 10 nmpenaparran mamamen 30-40 kepy epici Kapasibl.

AnpiHFaH HOTIKenep | M cynmarbl  oKacymiaiap CaHbl  pETiHIE  KepPCeTUIi.
[{nanobakTepusiiap koHe MUKpoOaabIpIapasiH canbl 100 kepy epiciH KaiTa ecentey Ke3iHIe
KHUUTIK IIKajmackl OoibiHIIAa Oaramannel [9]. LlmanoOakTepusiiap MEH MHUKPOOAABIPIAPAbIH
TYpJIEpiH aHBIKTAy >KacCyllajapAblH >KAHIIBIIFAH TaMIIbl >KOHE OCKITUITEH mpernaparrapaa
seprrennai. @Pukcatop perinae Qopmanbaerus MeH HWoa  epiTiHAUIepl  HaiJanaHbUIIbL.
[{uanoOakTepusiiap MEH MUKpPOOAIABIpIapAbIH TYPJEpl aHBIKTAYBIITAPIbl KOJJAHY apKbLIbl
anbIKTanasl [10, 11].

[{nanoOakTepusIapaAblH JKMHAKBl JaKbUIAAPBIH ally JOCTYpJl  omicTemMe OoHbIHIIA
KYPri3iai. ATbroJOTHSUTBIK Ta3a JAKbUIAAPABI OKIIAYIay YIIiH CTaHAAPTThl MUKPOOHOIOTHUSITBIK
omictep Konmanbuinbl [12]. nanobakrepusnap crepuibai sxarmaiiaa S00 mi kombama ecipiimi.
I'pomos, 3appyk, BG-11Mmunepanabl KOPEKTIK OpTaiapbl KOJIIaHbUIIBL.

[{uanoOakTepusIapAbIH CHIFBIHIBIIAPBIH ally YIIIH OKIIayJlaHFaH NaKbUIIAPIbIH KYpFaK
O6uomaccacs! anblHAbl. Kentipiiren yiurinep 3ajaichl3faHFaH YHTaFbIIINeH yHTakTanasl. Coman
kel 0,5 T ycakranran ynriai 10 M1 epiTKimTepMeH (METaHOJ, 3TaHOJ) apajlaCThIPHIT, TOJBIK
HKCTpPAKLMs YIIiH aifHaIMabl maiikayslmTa 0enmMe Temreparypacbigaa ycraiasl. 4000 aitn/mun
15 mMuHYT immiHAE CHIFBIHABUIAD HEHTpUdyramaHbei, TeMeH KbeichiMaa S0°C temmeparypana
KOHI[EHTpalusiIanabl. KOHIEHTpaluMsHbl ASKCTpPAKIUsUIay YIIIH TalJalaHbUIFaH epITKIIITI
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naiimananein 1 Mr/mi-re JOediH SKeTKI3UIIl jKoHe OaKTepusFa Kapchl OCNCEHIUTIKKE aHBIKTAy
Kyprizinmi [13].

OxmraynanfaH IHaHOOAKTEpUsl MaKbUIIAPBIHBIH OakTepusiapra Kapchbl OCNCEHILTIr o-
®apabu areiagarsl Kaz¥Y'V 6uorexnonorus kageapachbiHbIH JaKbUIIAP KOJUICKITUSCHIHAH aJTbIHFaH
MHUKPOOPTaHU3MICPAiH TOPT TYPiHE 3epPTTENi: TpaMTepic TasKmatap GpakyabTaTUBTI aHaPOOTHI
Escherichia coli sxone a’po6Ter Pseudomonas aeruginosa, a’spoOThl TpamM-OH CIOpa TY3€TiH
raskmanap Bacillus subtilis sxone ¢axynprarusri-ana’pooTel TpaM-oH kokTap Staphylococcus
aureus. bakrepusnmapra Kapcbl OenceHnuTik arapra aud@y3us OmiCiH KOJAaHy apKbUIbI
anbIKTansl [ 14]. 3eprrey yurin er-nentoH arapsinaa (EITA) 24 carat 6oiibl 37°C Temneparypania
aNJbIH ajla eCIpUIreH MHUKPOOPraHU3MIEpiH Tasza AaKbUiAapbl KoiAaHbulibl. CTaHAApTTHI
OaKTepHsUIBIK cycrien3us crepuibi 0,9% HaTpuil Xmopuai epiTiHaiciae nanbiHaanasl. On yiniH
0aKTEePUOJIOTHSUIIBIK 1JIMEK apKBUTbI 3€PTTEICTIH JAKbLI CTEPHIIB/I1 TY3bI €PITIHAICI Oap CTEPUITBII
npoOupKanapra eHrizisesi »koHe MUKpOOpraHu3mMaep i KoHeHTpauusiceid McFarland 6oiibiaina
nainany craHmapteiHbIH 0,5 Oipiirine nediH >keTkizineni. bankeiteuiran sxoHe 56°C nmeifiH
cankpingaTeuFal EITA opracel Iletpu TtabakmamapeiHa Kyiibiianbl. CTepuuibli Jkarmaiijga
MUTIeTKa KOMEriMeH My3aaThuiraH arapra 1,0 M MUKpOOpraHU3MIEPAIH THICTI CYCIICH3USCHI
[eTpu TabakmanapbiHa eHrizizeni. MUKpoopraHu3Maep/Ii arapablH OyKii OeTiHe OipKemKi xKalbI
eKKEHHEH KeiiH, Oenmme TemriepatypacbiHaa 15-20 mMunyT wHKyOanusmananasl. ComaH KeWiH
MHUKpoopranusmzep erinret Iletpu tabaxmanapsinaars! arap 6erine quamerpi 6,0 MM 5KeTi Tecik
kacanapl. ComaH KeWiH aBTOMATThl MHKPOIIMIIETKA KOMETIMEH anThl Tecikke 20 MK
IMaHo0aKTepHs ChIFBIHABUIAPH eHriziuieni. CreiHamanap 37°C temmeparypana 16 carat 00iibl
uHKyOauusnanaapl. HoTwkenep/i ecenke any caHbpUIayJap/blH aiiHajgachlHaa OakTepusapIbIH
ecyiHiH 00Jybl Hemece 00JIMaybl, CAaHBUIAYIbIH aifHATAChIHIAFbl ©CY/IIH TEKEeIy aiiMaKTapbIHbIH
JUaMETPiH MUJUTMMETPMEH OJIIIeY apKbLIbl aIbIHAIbI.

AHTHOMOTUKANBIK aMOUIUTHH (10 MKT) TUCKiiepi Ce3IMTalIbIKThI aHBIKTAY YINiH OH
9TaJIOH peTiHe naigananpuLbl. ToxipuOe yiI peTTik KauTaibIMIa KYpri3iii.

3epTTenreH JaxkpUIIApIbIH OakTepusra Kapchl HHIEKCI Kemneci ¢opmyna OoibIHIIA
AHBIKTAJIbL:

BakTepusra Kapchl UHACKC = (CHIFBIHABIHBIH OCY/I TeXKEY aiiMarbl/aHTHOMOTHKTEPIIH OCY/Ii
Texey aiimarbl) X 100.

HoTu:kesiep :koHe 0J1apAbl TAJIKbLIAY

Anmamut 001b1CBIHOA2bL AKOANIA ANAOBIHBIH e2ic ATKARMAPbIHbIY Alb20(a0pacsl

Axnana ankaObIHAa KYPIIl aCTBIHAAFRI Cyapy HETi31HEH TY3JaHYIBIH dPTYPIl Jopekesnepi
06ap Takelp TOpI3Al TOMBIPAKTap urepuireH. byn TomblpakTapAblH TY31aHYbl OYpPBIHFBI
TUAPOMOPQTHI TOMBIPAK TY31LTy KE3CHJICPIHEH MypaFa KaJFaH peiauKTi cumartka ue [15]. Ankam
OKIMIIITIK JKaFbIHAH ATTMATHI OOJIBICEIHBIH bankair ayganpiHa xaTaabl. AKqana cyapy aakaObiHaa
KJIUMAT KYpT KOHTHHEHTAJJbl, KYPFaK, TOYNIKTIK >KOHE KBULABIK TEMIEpPAaTypaHbIH YJIKEH
amrumtyaacel 0ap. KbIChl CybIK, Kap a3, »a3bl BICTHIK KOHE KYpFak. bakaHac aybUIbIHIAFbI
METEOCTAHITUSHBIH MOIMETI OOWBIHINIA ayaHBIH €H YKOFaphl OpTallla aijIbIK TeMIeparypacsl 24-
26°C mringene, abcomorTik Makcumym 45°C, eH TemeHri -14-16°C abcomroTTi KaHTapna
Oaitkanaael, MUHUMYM -45°C. Oprama KbUIABIK TeMIepaTypa oH, mamaMmeH 6,6-9,9°C. As3chi3
MayChIMHBIH Y3aKThIFbI 150-160 kyH. TombipakThiH KaTy TepeHairi ogerre 40-45 cM-neH acnaiapl
YKOHE Kap a3 JKayaTbIH KaTThl KbIcTa FaHa | M-re xeTei. KermKbpUIAbIK [UKII/IE XKaybIH-IIaIIbIHHBIH
memuepi 100-gen 360 mM-Te neltin e3repeni, 6ipak oprama ecennex 180-240 mm Kypaiins [16].

3eprTey HOTWXKenepi OOWBIHIIA TOMBIPAK ChIHAMaJapblHAH MHUKPOOAABIPIAp MEH
anob6akrepusapAbH 48 Typi anbIKTanabl. bec Typi capei-kaceun, 21 Typi nuaHobakTepusiap,
8 Typi nuarommaap xoHe 14 Typi xachln 6anapipiap. EH jkui Ke3aeceTiH Typiepre ue Tom S TypAaeH
typanbl: Phormidium autumnale, Nitzschia palea, Chlorella vulgaris scone Nostoc linckia,
Anabaena flos-aguae. Xaceur 6anasipaapasiy apacsiaaa Chlorophyceae (Chlamydomonadaceae
acone Chlorococcaceae) exi KinachlHBIH Typuiepi anbikTangsl Bacillariophyta Gemimine
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Bacillariaceae xone Diadesmidaceae TykpiMaaceiHbIH —ekimaepi  kipai. Capsi-kachul
Botrydiopsidaceae sxone Eustigmataceae TykpiMaacsiHaH OOJIIBI.

AHBIKTaJIFaH [UAHOOAKTEPHSIIApABIH  IHIHIE, TYpAEpAiH OpTYpiauIiri  OoifbIHIIA
Nostocaceae TyKbIMIachl JKETEKI OpbIHFA He, OHBIH imnHae 4 Ttykbimpac (Anabaena,
Anabaenopsis, Aulosira sxone Nostoc). LlsiHbIFa OeKiHIll ©CKEH UAHOOAKTEpUsIIAp OKUIACPIHIH
Herisri yiaeci Anabaena cylindrica, A. oscillarioides, Nostoc commune CHSKTBI reTepOnUCTaIbI
dopmanapman Typansl. Cyanophyta OemimiHiH cupek ke3zeckeH Typiepi Plectonema,
Synechococcus TykeiMaacer epekiienet/i. XKim Topi3ai rerepormctainsl (75%) panobakTepusiap
0ip »kacymransl KOMOHUSUTBIK (14%) *koHe kim Topizai rerepouunctansl emec (11%) dopmanapaa
alKBIH YCTEMJIIK KOPCETTI.

Huanobaxmepuanapoviy anb2on02uAnbIK HCIHE DAKMEPUOIOZUATIBIK MA3A
oakwvL10apvin 061in any

Tannanran TOMBIPAK YITUIEp] HETI31HIe )KUHAKBI JaKbliap Oein any 9iciHiH KeMeTiMeH
[IMaHOOAKTEPHUSIAPIbIH 5 aNblrOJIOTHSIIBIK Ta3a JaKbUIIAphl O6MiHIN abiHABL. Mop]oaorusibiK
Oenrinepre coiikec HaHOOAKTEPHUSIIAP HETI31HEH Il TOPI3/l HeMece KOJIOHUsUIap Ty3el, Tek S4
KYJIbTypachl KOKKa TOpi3i )kacyla MilliHIHEe ne.

Keneci ke3eHme anplHFaH albrOJIOTHSIIBIK Ta3a IHMAHOOAKTEpHS NaKbULIAPHI 1Jecreni
OaxkTepusiap/aH Ta3apTeUiAbl. bakTepuonorusuiblk Tangay OoilblHIIA OapiblK JaKbuigapaa
inecnienti MUKpoduiopa aHbIKTaNAbl. benmiHreH nuaHoOaKTepHsIapblH iecne MHKPOQIOpachl
HETI31HEH TpaM-OH JKOHE TpaM-Tepic OakTepusulapiaH, alIbITKbUIAPAAH JKOHE  3€H
CaHbpIpayKyJlaKTapblHAaH TYpaThlHBl  aHBIKTaNAbl. OKIIaynaHfaH JaKpULAApABl  iJecrelni
MUKpO(DIIOpaiaH Ta3apTy ©Te KUbIH YaKbITThI KQXKET €TETIH IPOIIeCcC, OUTKEH1 IHaH00aKTepHsiIap
MEH OaKTepHsulap apachlHAa ThIFbI3 OHOLEHOTHKAIBIK OaifmaHbicTap Oap eKeHi Oenriii.
[{nanoGakTepusIapaAblH IIBIPBIITE Ka0aTTapbl MHUKPOOPTaHU3MICP YIIIH KOpPEK Ke31 JKoHe
TIPIIUTIK OPTAChl pETiHAe KbI3MET eTel. MyH/aii ThIFbI3 OailflaHbIC MYH/Ial KaYBIMIACTBIKTAPIbI
OKIIIayJIaHFaH JaKbU1apFa 06y IiH KUbIHIBIKTapPbIH aHBIKTaHTbI.

HuanoOakTepusuiapapl  OaKTEPUOJIOTUSUIBIK — Taszajay YIIIH OpPTYpii aHTUOMOTHUKTEp
KOJJIaHbUIAbl. AHTUOMOTHUKTEpAl TOMEH KOHIEHTpauusija KOJJaHFaH Ke3/le 1iecre
MUKPOOPTaHU3MIEP/IiH, AllIBITKBIIAP/IBIH, 3€H CaHBIPAYKYJIAKTAPAbIH, TPaM-OH KOHE TpaM-Tepic
OakTepusIapabIH ocyl o /e OaliKaaraHbl aHBIKTAIIBL. [ecne MUKpodIopaHblH aHTHOMOTHUKKE
Ce3IMTANABIFBIH Tanfay OapbIChIHIA KeiOip OakTepusuiapIblH Keiibip aHTHOMOTHKTEpre, ai
eKIHIIICIHIH OacKajapra ce3IMTaJl eKEHIIT1 aHBIKTAIIbl. Opl Kapai, ijecnen Mukpodopa op
TYpJI aHTUOMOTHKTEpre 9p TYpil Kepi »ayan OepreHIIKTeH Ta3apTy YIIIH aHTUOMOTHUKTEPIiH
KOCIajapbl TaHIAIBI: op TYpJi KOHIIEHTpallusIa TpaM-OH JKOHE TIpaMm-Tepic OaKTepusiapra
Kapchl KEH CHEKTpJl aHTUOMOTHKTEp JKOHE CaHbIpayKYJIaKKa Kapchbl aHTHOMOTHKTED.
CanpIpayKyJIakKa Kapchl aHTUOMOTHK pETiHIE OapibIK HYCKajapaa KeH CIEKTpil (pyHTHITUATIK
AHTUOMOTHK HUCTATUH TaHAAIIbI (KecTe 1).

Kecre 1- IlnanoOakrepusuiapasl iteceni Mukpodiopaaan 6akTepruOIOTHAIIBIK Ta3apTy

AHTHOUOTHUKTED JlaxpL Jaxpu1 Jakpin Hakpin Haxpt
KOCITachl : St - 52 .8-3 : 54 : >3
1M 11 1M 11 M 11 M 11 1M I
1 2 3 4 5 6 7 8 9 10 11
T'erTamurina+
TICHUIUJUTHH+ + - - - + + +
TETPALUKINH+ + - -
HUCTaTUH
Heomunun+
aMITUITAIUTAH . . + - + - -
XJI0paM(peHUKoI+ + - -
HUCTaTUH
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Kecre 1 sxanracel
1 2 3 4 5 6 7 8 9 10 11
KanamunuH+neHunun
WH+ BAaHKOMHUIIUH+ + + + - - - +

HUCTAaTUH

JULR07000705050%05 0
T€HTaMHUILUH+ + - - + - + - + - +
KaHAMHUIIMH+ HUCTaTUH
Eckepty: iM-inecrie Mukpoduiopanbi ecyi, Ll-iinanobakrepus, - ocyaiH 00aMaybl, + TaKbIIIBIH 6CYi.

AHTHOUOTUKTEPIIH KOCIIAChl KOMeTriMeH [IMaHOOAKTEPHUSIIAP IbIH utecneni
MUKPOOPTaHU3MIEPiH KO0 OPEKETi ChIHAIFAH 5 IMaHOOAKTePHUSIIBIK JAKBUIABIH TOPTEYIH]IE COTTI
00161, AHTHOMOTUKTEP/IIH KOCIAChIH KOJJaHFaHHAH KeWiH S-1 KyapTypachl omi je iiecrelni
OaKTepUsIIAPMEH KATThl 3aKbIMIATFAHBl AHBIKTAIIB.. AHTHOMOTHKTEPIIH KOHIICHTPAIUSCHIH
apTTHIPY L1ecnen OaKkTepusiapra 1a, IiaHo0aKTEepHsIIap NaKbUIbIHA J]a OAKTEPUIIHATIK dCEp €TTi.

AHTHOMOTUKTED KOCIAChIMEH OHJAEY HOTIDKeCiHAe OakTepuosIoTHsUIbIK  Taza 4
[IMaHOOaKTepHUsl NaKbUIAapbl anblHABL. [{manoOakTepusutapAblH OMIPIICHIITT €Ki OICIIeH —
MUKPOCKOIUSITBIK KOHE JAKBUIABIK TYypJe TEKCepuiai. AJNbBIHFaH IHAHOOAKTepUsiapIbiH 4
JMAKpUIbl  OAKTEPHOJOTHSIIBIK Ta3a JENM TaHBUIABL, OWTKEHI KyJIbTypalapael  Oeime
TeMIIepaTypachlHa 7 KYH YCTaFaHHAaH KeWiH inecnesni OakTepHsuapIblH 6Cyl aHBIKTaIMaIbl.

bakTepronorusuibIK Taza 1HaHoOaKTepHUsIapAbIH MOPQOIOTHACKIH 3epTTey S-2 Kacylna
KaOBIKIIaaphl, jKYKa, OO3FBUIT KOK-KAaChUI €KEHIH KOpPCETTi. TpUXoMajap HiireH, 6ip-OipiMeH
OpUITEH, KOJIJICHCH KaJKanapbl Oe1HOETeH, YIITaphl )KYKa €MeC JKOHE TY3Yy, alllblK KOK-)KacChLI,
eni 0,6-0,8 mxm ximmeni nuanoOakrepusiap. KeHanTapel Tycci3, Oip-OipiHe >xaObIcalbl.
Kacymamapel mHIMHAP TOpi3fdi, Y3BIHIBIFBI €HiHEH 2-8 ece YIIKeH, KoJACHEH Kajakajlapaa
Ty#ipikci3. XKinTepaiH KambIHIBIFB! Oip/eH, TeK €H YIIbl Te a3/all TapbUIbIl, ¢ OyriireH.
CoHFBI KacyIia I0Fajl KOHYCThI. beriHy 01p jKa3bIKTHIKTA KYpei, OyI1 )KacyIanap IblH ChI3bIKTHIK
opHaslacybIHa okenei. Tycl Kek-Kachll, KIeTKanap TyOiHe bIablc TyOiHe IIerin KajaMmaiibl, TeK
BIIBIC KaObIpFachiHAa OekiHim eceai. KaTThl KOpEKTIK OpTajaa Hamap eceli, oCy JaKblIAay/IbIH 8-
10-mb1 TOyadiri rama GakbulaHa OacTaiimbl. 3appyka cyiielk oprackiaa 22-30 °C  aya
TeMIiepaTypacbiHaa akchl oceni (1-cypet). Mopdonorusnsik Oenriepi OOWBIHIIA - Kiacc:
Oscillatoriophycideae, karap: Oscillatoriales, tykeimumac: Phormidiaceae, tysic: Phormidium,
typ - Phormidium SP S-2 perinzae aHbIKTa1a/1bI.

S3 nmakpUIBI - Kill TOpi3/i, alKbIH IIBIPBIITH KaOaTsl 0ap, TpUXoMasap >KaJFbl3, OIpTEKTi,
KO0 KOK-)KachlI,)Kacyia ememaepi 2,2 - 2,4-x 4,2-5, 9 mxMm. Tpuxomainap canbICThIpMaIbl TYP/Ie
napaJieslb OpHalIacKaH xKinTepai Kypaitael. Tpuxomanap Ty3y, KesqeHeH OeliMaepae cal HUITeH,
eHl 4-10 MKM, ambIK KOK-)KachbUl, Keije YIITapblHa coi HiIreH Oomazsl. JKacymramapabiy
Y3BIHABIFB 2,6-5 MKM, siFHH eHiHeH 2-3 ece Kpicka. KemneHeH Oemimuepnaeri TYHipIIiKTey
keOiHece alKbIH KopiHei. COHFBI xKacymianap a3Abl-KeITi alKbIH JKapThI Iap TOPI3l, KeHe col
KaJIBIHIaThUIFaH KaObIFbl Oap. beminy Oip jka3bIKTBHIKTA KYpei, Oy xKacyIanapablH ChI3bIKTHIK
OpHajacyblHa oKeneai. Tycl KOK-XKachll, JKacyliajliap ecipy BIIBICTAPBIHBIH — TYOlHE
TyHOaTaHOal b, BIABIC KaObIprackiHAa OekiHinm ecexi. Kartel oprama namap ecemi. Illtamm
aBTOTpOdTHL. I'poMOB cyiibiK KopekTik opranapbeiaaa 22-30 °C aya TemmepaTypachinja sKaKchl
eceni (cyper 1). Mopdonorusiblk cumartamanapsl Ooiibiamma - kimacc: Oscillatoriophycideae,
karap : Oscillatoriales, tykeimnac: Oscillatoriaceae, tysic: Oscillatoria, Typ: Oscillatoria SP S-3
AHBIKTAJIJIBL.

S-4 nmakpuTBl -OMap CYMBIK OpTala »aKChl JaMBIIBI KOHE KOKO KACBUI TYCTI CYCIIEH3HS
6omae1. KaTrThl KOpekTik opTa OeTiHae AYPHIC KOJOHUIIAp Ty3edi. MopdoloTHsubIK Oenriaepre
colikec, oBaJ MiMIiHAL )Kacymianap, Keiae meTTepi cal KUCBIK, epeceK jKacylalapIblH Meepi
3,6-7,7 mxm kypaiiasl. JKacymaneiH OesiHyl Typbic, OOIIHTEHHEH KEHiH CHIIUIeC jKacylanap
Keiie eKi - TOPT jKacyliaiaH TypaThiH Ti30eKTepre KOChUIabl. 3appyKThIH CYHBIK OpTachIiHaa 22-
35° C Temmeparypana xakchl ecei (cyper 1). MopdoNOrHsIbIK cHmaTTaManapsl GOMBIHIIA -

205



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

kiacc: Synechococcophycideae, karap: Synechococcales, Tykeimumac: Synechococcaceae, Tybic:
Synechococcus, Typ: Synechococcus SP S-4. AHBIKTaIIIBI.

S-5 nmakpuTBI- KOIO KOK-)KAChLI TYCTI JKacymanap. Tpuxomanap YIITapbl TapbUIMaraH.
Tpuxomanap JKaiFbl3, TY3y, chepalblKk jKacymamapaaH Typajsl, OJapAblH apachlHAa
reTepolrcTaap >KOHE CHPEK aKuHeTTep Ke3deceni. [erepommcramap Kem Karjaiiia
UHTEPKAIAPIBl  Oonanel. TpuxomanmapaplH auameTpi 2-8 MKM apaibiFbiHaa. beniny 0ip
Ka3bIKTRIKTA Xypeni. CyHbIK opTaaa mbIHBI KaObIprackiHa OekiHin eceni. [lItTaMM aBTOTPOQTHL.
BG-11 cyiibIK *oHe KaTThl opTamapbiaga 22-30°C aya TemmeparypachlHaa KaKchl oceli (Cyper
1). Mopdonorusblk cunarramaiapsl OoibiHIIa - kiace: Nostocophycideae, karap: Nostocales,
tyKeiMaacel: Nostocaceae, Tyeic: Anabaena, typ: Anabaena SP S-5 peTinje aHBIKTaIIBI.

3epTTey HOTHXKeJepi OOMBIHIIA 3epTTENTeH TOIBIPAK YATUIEpIHEH 5 albroJOTHUIBIK Ta3a
[IMaHOOAKTEepPHUsl  JAKbUIAAphl  OOJIHIN  aJbIHBIN, AaHTUOWOTUKTEPMEH OHJICYAeH KeHiH
OaKTEPUOIOTHSIIBIK KOHE AbTOJIOTUSIIBIK Ta3a NaKbULIAp peTiHae 4 Nakbu1 OOJiHII aTbIHIBL.

2000

Phormidium SP S-2 Oscillatoria SP S-3 Synechococcus SP S-4 Anabaena SP S-5

Cyper 1 - llmarnobakTepusuIapIsIH OOJIIHIIT aJbIHFAH ATBTOJIOTHSUIBIK KoHE OaKTepHaTIOTUSIIBIK Ta3a
JaKbUTIAPBI

Huanooakmepuanapovlyy  OKwiay1aHan  OAKbLIOAPLIHLIY, — OaKmepusaza  Kapcol
oencenoinizi

[{nanobakTepusimap — OpTYpJl OWOAKTUBTI MOJICKYyJajdapJblH OHIIPYIIiIepl OObII
caHalajbpl KOHE OJI OVJI OpraHU3MJIepPre IBOJIOLHUSIIBIK APTHIKIIBUILIKTAPIbI KAMTAMACKI3 €TE/Il.
CurHanaslK MeTabOIUTTEPAIH GYHKIUSIIAPBIH OPBIHAANTBIH, COH/Ial-aK 0acka opraHu3MIEep/IiH
ecyl MEH JaMyblHAa ocep eTeTIiH LHUaHOOAKTepUsUIApMEH CHHTE3ENITeH aJUICITOXUMHUSUIIBIK
CHUIIATTaFbl 3aTTap OakTepusIapra Kapchl, 3€H CaHbIpayKyJIaKTapblHa XOHE BUpPYCTapra Kapchl
acepi acep eryi MmymkiH [17,18].

Axpana Kypill ajJKanTapblHaH OeJiHIN aJblHFaH [MAHOOAKTEepUs MaKbUIIAPBIHBIH
OakTepusiFa Kapchl OCJICEHAUTINH 3epTTey YIIIH IMaHoOakTepusiap Ouomaccachl aJIbIHIBL.
[{nanobakTepus TaKbLIAAPBIHBIH OMOMAacCcachlHAH 9P TYPJIl epITKIIITEep KOMETIMEH CHIFBIHIBLIAD
QIBIHABI. AMITUIIUJUTMH aHTHOUOTHT1 OH OaKblIay peTiH/e MaliJalaHbUIIbL. 3epPTTEeY HOTHKECIH IS
OCy aiMaFbIHBIH TEXKETY JUaMETpPi ITHaHO0aKTEPHsUTApAbIH TYPiHE, KOJIAHBUIFAH EPITKIII TYpPIHE
YKOHE ChIHAJIFAaH MUKPOOPTaHU3MEPIiH TypiHe OailaHBICTBI O0IATHIHBI AHBIKTAJIIBI.

3eprrenren makpuiaapabH imriage Oscillatoria SP S-3 sxone Anabaena SP S-5 1aKkbUTbIHBIH
METaHOJI CHIFBIHABUIAPHI OaKTEPHSFa KAPCHI )KOFaphl OCIICEHIUTIKTI KOPCETTI. 3epTTey HOTHXKETepi
oormpmamra Oscillatoria SP S-3 kynbTypachIHBIH METAaHOJ CHIFBIHIBICHIHBIH OaKTepHsFa KapChl
acepiH 3epTTey KesiHjae Texeny aiMarbiHblH auameTpi E. Coli -12 +0,02 MM, Staphylococcus
aureus -11+£0,01 mm. P. aeruginosa sxone B. subtilis 6akTepustapbiama ecyaid Texeny aiMarbl
Hebopi 9,2 =0,03 xone 9,3=0,01 mm Gonsl (kecte 2).

3eprTeyeri e Koraphl OakTepusra Kapchl Oenceraiaik Anabaena SP S-5 KybTypachIHbIH
METaHOJI CBIFBIHIBICHIHBIH dcepi B. subtilis - 12 £0,05 mm xane E. coli -10,8+0,01 MM, conaH keiiin
Staphylococcus aureus - 9,2+0,05 mwm xone P. aeruginosa -8,5+0,06 mm (2-kecte) GakbLIaHIbI.

Oscillatoria SP S3 gakpuisl, 3epTTeNreH MEKPOOPraHU3MIEPIiH TECT ITaMIapblHa OpTalla
OakTepusra Kapchl OEJICEHAUTIKTI KopceTTi (kecte 2).
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BakrepusinappiH 3epTTenreH Tect mraMaapbl Synechococcus SP S-4 nakbUTbIHBIH METaHOI
CHIFBIHBICEIHA TEXKENIYIIH €H a3 alMarblH KepceTTi. OcymiH Texeny aimarbl 0,9-2,5 mm
apajbIFbIHIA OOJIIBL.

Kecre 2 - Dbeminin anplHFaH IMaHOOAKTEPHs NAKbULAAPBIHBIH OPTYPJi CHIFBIHABUIAPBIHA TECT
MHUKPOOPraHU3MICPAIH Ce3IMTAIIBIFBI (6CYiH TeXeNy aiiMarbl, MM).

. OxmrayanraH ITHaHOOAKTePHS
IImanobakTepus TaKbUIIAPHI MuKpOOpranu3MAep K JaKbUIOAPBIHBIH OKCTPAKThI
TCCT AaKblIIAaphbl
MeTtaHoxn OTtaHon
P. aeruginosa 5,5+0,06 1,3+0,02
Phormidium SP S-2 B. subtilis 4,3+0,01 0,8+0,06
E. coli 3,2+0,04 1,0+0,04
St. aureus 3,5+0,02 1,2+0,02
P. aeruginosa 9,2+0,03 5,6+0,04
. . B. subtilis 9,3+0,01 4,3+0,05
Oscillatoria SP S-3 E. coli 12 0,02 6,620,04
St. aureus 11+0,01 5,3+0,01
P. aeruginosa 2,5+0,01 0,5+0,02
B. subtilis 1,3+0,03 0,2+0,01
Synechococeus SP S-4 E. coli 1,240,01 0,3%0,02
St. aureus 0,9+0,02 0,1+0,02
P. aeruginosa 8,5+0,06 10,2+0,03
B. subtilis 12 +0,05 5,2+0,04
Anabaena SP S-5 E. coli 10,8+0,01 5,5+0,01
St. aureus 9,2+0,05 4,6+0,02

DTaHOJ CHIFBIHIBICH JKaFmaiibiHaa OakTepusra Kapcwsl Ocnmcenaimikti Oscillatoria sp S3
xoHe Anabaena SP S5 nakpuinapsl 1a KepceTTi, Oipak METaHOJ ChHIFBIH/IBICBIMEH CAIBICTBIPFAH 1A
onma aiikeiH emec. Oscillatoria SP S-3 kyabTypachIHBIH 3TaHOJ CHIFBIHIBICHIH Tai1alaHraH
Ke3le ecyiH Texeny aimarbl E. coli - 6,620,04 MM Kypajsl, an atanfaH JaKbUIIBIH METaHOJ
CBIFBIHABICBIHA OCYIIH Texkeny quamerpi 12 £0,02 mm kepceTTi. Bipak ecynin 6encenai Texenyi
P. aeruginosa Gaxrepusiceinga Anabaena SP S5 nakpUIBIHBIH 3TaHOJ CHIFBIHABICBIH 3€pPTTEY
Ke3iHJe Oalkainael skoHe Texkeny amarbl 10,2+0,03 MM GoJizbl, all OCHI JAaKbUIIBIH METaHOJ
CBIFBIH/IBICBIH/IA TECT NAKBUIIBIH OCYiHIH Texeny aiiMarbl 8,5+0,06 mm Gonapl (kecte 2).

On Oakputayna (aMOUIMIUIMH) 3€PTTEIATE€H TECT MHUKPOOPTaHU3MACPAIH OCYIHIH TeXenly
aliMaKTapbl allKbIH KOPiH/I, )KoHE Texeny auameTpi 18-aeH 20 MM apanbIFbiHaa OOJIBI.

Beninin anbiHFaH 1IMAaHOOAKTEPUS JAKbUIIAPBIHBIH CHIFBIH/IBUIAPBIHBIH OaKTepHsFa Kapchl
ocepl  KOMMEPIUSJIBIK aMIUIWIINH  aHTHOMOTHKTEPIMEH  CaJbICTHIPBULABI  KOHE OV
CaNIBICTBIPY/IBIH HATIOKEJIepl OakTepusra Kapchl HHACKC peTinae (kecre 3) kentipiared. Muaekc
nepekrepine coiikec, Oscillatoria SP S-3 sxone Anabaena SP S-5 gakpuiblHaH albIHFAH METAHOJ
CBIFBIH/IBUIAPBIHBIH THIMALTITI, ocipece E. coli-re xatwicThl, 66,6% xone 60% aMIUIMILIMH
aHTHOMOTHUTIHIH THiMUTiriHe *)akeiH. Conmaii-ak Oscillatoria SP S-3 kynbrypacer St aureus -
55% OakTepusichiHa Kapchl OH OenceHaumik kepcerti. Anabaena SP S5 nakeuisl TecT
JTAKbUIAPIBIH OCYIH TEXKEYre KaThICTBl alTapibIKTall OCJICEHIUTIK KOPCETTI oHe OaKkTepusFa
KapChl MHJCKC METAHOJI ChIFbIHABICBIMEH E.COli -60% jkoHe 3TaHOJI ChIFBIHIBICBIMEH
P. aeruginosa -51% kypapl.
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Kecte 3 - Beninin anmbiHFaH IuaHOOAKTEpUs AAKbUIIAPBIHBIH CHIFBIHIBUIAPBIHBIH OaKTepUsFa KapcChl
naaekci %.

. Oxmrananrad MUAHOOAKTEPHST
IImanobakTepus TaKbUIAAPHI Muxpoopranusmaep iz JaKbUIHAPBIHBIH OKCTPAKTHI
TECT MaKbUIAAPBT MeTtanon OTtaHon
P. aeruginosa 27,5 6,5
Phormidium SP S-2 B. subtilis 22,6 4,2
E. coli 17,7 55
St. aureus 17,5 6
P. aeruginosa 46 28
. . B. subtilis 48,9 22,6
Oscillatoria SP S-3 E coli 66.6 36.6
St. aureus 55 26,5
P. aeruginosa 12,5 2,5
B. subtilis 6,8 1,0
Synechococcus SP S-4 E coli 6.6 16
St. aureus 45 0,5
P. aeruginosa 42 5 51
Anabaena SP B. subtilis 63,1 27,3
S-5 E. coli 60 30,5
St. aureus 46 23

3eprTey HOTIXKelepi OOWBIHINIA HUAHOOAKTEPHsUIAPABIH OapiblK OeiHIN albIHFaH
nakeiiapeiaeiy imrage Oscillatoria SP S-3, Anabaena SP S-5 nakeiimapsl TECT mITaMIapbIHBIH
OCYIHIH TeXeNyiHIH €H YJIKeH alMaKTapblH KOpCEeTill, MaKCHMajbJbl OaKTepusra KapcChl
OenCeHaUTIKTI KopceTKeHiH aram eryre 6omambl. Phormidium SP S-2, Synechococcus SP S-4
JMAaKbUIIAPbIHAA 3EPTTEINeH TECT JaKbULAAp KAThIHACBIHIA TOMEHIT OaKTepHsFa Kapchl
oencennuik 6akpuIanabl. KeH crekTpiii aHTHOMOTHK aMITUIIMIIITHH OapJiblK TECT OaKTeprsIapablH
OCYIH TEXKEIl, AKbIH 6CY 30HACBIHBIH TEXEITyl aHBIKTAJIbI.

KopbIThIHABI

[{nanobakTepusiap >kaHa IpemnapaTTapAbl 931pJiiey YIIMiH BIKTUMaJl OaKTepusiapFa KapChl
Oencenpiniri 6ap TabMFU OHIMICPAIH €H MEepCHeKTHBANbI, OipaK MaijanaHelIMaraH Ke3/AepiHiH
Oipi Oonbim caHamampl. OHTAWIBI KapbIK, Cy, TEMIIEpaTypa, BUIFAJABLUIBIK JKOHE KOPEKTIK
3aTTapJblH KOJ SKETIMAUIIr Oap Kypill ajJKanTapblHBIH SKOXKYHenepi muaHoOaKTepusIapaAbH
JKarmap ecyl YIIiH KOJIAMJIBI OpTaHbl KAMTaMachl3 €Tel. 3epTTey HOTHXKeepl OoibIHIIIa AKqama
MAaCCHBIHIH €TiC alKanTapbIHBIH TOMbIPAFbIHAH MUKPOOAIBIpIIap MEH IIHaHOOaKTepHUsIIapbH 48
TYpi, OHBIH imiHae 21 Typi - nnaHoOakTepusiap aHbIKTaaAbl. [{nanobakrepusiap eKiIACpPiHIH
Heri3ri yneci rerepouuctaisl Gopmanap Oomnael. XKim Topi3ai rereporucTansl (hopmanapIbiH
Oacka dopmaniapra (O1p »KacyImIaiabl XKOHE XKIM TIP3/l TETEPOIMCTAIbl €MEeC) YCTEMIITT Kypill
aJIKaNTapbIHBIH Oacka TombIpakTapbiHaa aa Tipkenai [19]. Llnanobakrepusnap TaburaTTa KeH
TapaJFaHbIMEH, T€TePOIMCTAIBl TMOMYJISIUACHIHBIH KOMIIUII OaTHaKThl KYpIll ajdKarTapblHaa
OCeTiHl o1edu MoIiMeTTepae KeNTIpUIreH, OWTKEHI Kypilll alKanTapbl a30TThl OEKiTeTiH
[IHaHOOaKTepHsIApIBIH MOJI 6CYiHE ©Te KOJIaiIbl opTa 00ubin canazaast [20].

AHBIKTAIFaH HAaHOOAKTEpUsIIApIaH 5 ambrOJOTHSUIBIK Ta3a MUaHOOAKTEpHUsS NaKbLIIAPhI
OeJTIHII aNbIH/IBI, OipaK OHBIH TEK TOPT JAKBLIBI 0AKTEPHUONIOTHSIIBIK Ta3a JaKbUT pETiHe OOiHII
QJTBIH/TBIL.

ConFbl OHXXBUIIBIKTApAa CKPUHUHITIK Oarapiamanap [MHaHOOAKTEpUsIapIblH MEIUIIMHA
MeH (hapMarus YIIiH jkaHa OelceHal 3aTTapblH JeYeTTi Ko31 eKeHIH KOPCeTTl kKoHE KONTereH
OeJiceH 1l KochUTbICTap OeiHIm anbiHABl [21]. DBomtonus mpolecinae nuaHo0akTepusiap 0acka
OpraHu3MJCpAiH OJIIMIHE OKEJEeTIH 3aTTap/bl JETOKCUKAUMAJIAYAbIH JPTYPIi MeXaHU3MJIEPiH
xkacanbl [22]. Tomblpak HHAHOOAKTEPUSIIAPBIHBIH Oocekere KaOUIeTTLNIr:, aram alTKaH7a,
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oNapIblH 0acka MUKPOOPTaHU3MIIEPIiH KOOCIOIH TeKEUTIH OMONMOTUSIIBIK OeJICeH I 3aTTapIbIH
CUHTE31 CUAKTHI KaOljeTIHE HET130EIreH.

3epTTey HOTIXKeNnepi OOMbIHIIIA OaKTEPHOIOTHSUIIBIK Ta3a JaKbUI peTiHe OOIiHIN albIHFaH
nmano6akrepustiapasiy, apaceiHan Oscillatoria SP S-3, Anabaena SP S-5 nmakpuigapbIHBIH
metanon epitingicinae E. coli xone Staphylococcus aureus, B. subtilis ecyinin TexenyiHid eH
YJIKEH ayIaHIapblH KOPCETETE OTHIPHIIT MAaKCHMAJIIBI OaKTEpHsFa KapChl OCICEHIUTIKTI KOPCETTI.
Byn notmwxkenep Osman R. K. et al monmimerrepine coiikec keneni (2015), nnanoOakrepusiapabH
14 Typin cenekTHBTI ipikTey HoTIKenepi Ooiibinima Fisherella sp., Oscillatoria sp. »xone
Anabaena sp. naxkesiapsl rpamrepic 6akrepusuiap E. coli, Pseudomonas aeruginosa, Salmonella
typhimuri rpam-ox Oaktepustiap S. aureus, B. cereus xapchl aHTarOHHCTIK OCICCHIITIKKE HE
oomel [23].

OPTYpAl epiTKIITepAl KOJAaHy apKbUIbl aJbIHFaH I[MaHOOAKTEPHSUIAPIBIH OpTYPII
TYPJCPiHIH CHIFBIHABUIAPHI MATOTEHACP KAThIHACBHIHAA OaKTepusuiapra Kapchl OEICeHIITIKTIH
OPTYPIIi Jopekect KenTereH 9eou ManiMerTepae kenripiired. Tiwari & Sharma 3eprreynepine
Anabaena variabilis sxone Synechococcus nnaHoOakTepusUIBIK CHIFBIHABUIAPEI ENterococcus sp.,
Klebsiella sp. »xone E. coli kapch! aiiTapiabikTaii OakTepusira Kapchl OeIceHaiTiKTi kopcerTi [24].
backa aBropnap B. subtilis xone P. aeruginosa-ra xapcel xi0podopM MEH METaHOJIJIaH AJIbIHFaH
Anabaena variabilis 1akbUTBIHBIH CHIFBIHIABLIAPHI AWTAPIIBIKTAN OaKTepHsFa Kapchl OCICeHIUTITH
Oaitkanpl [25].

bakrepusiapra Kapcel areHTTep peTiHae IHaHo0aKTepHusIapAaH XJIOPEIUTHH TYBIHIbUIAPHI,
aKpHJI KBIIIKBUIBI, anu(aTThl KOCBUIBICTAp, TEPIEHAEP, KYKIPT O0ap rerepoduibii KOCbUIBICTap,
(dbeHo HHruOUTOPIIAPHI XKOHE T. 0. CUSKTHI KOIITETEH 3aTTap aHBIKTAIbI [26].

Omap opTypii OGMOTEXHOJOTHSUIBIK MaHBI3/Ibl KOCBUIBICTAP/ABIH KON MOJIIIEPiH aldy YIIiH
opacas 30p, Oipak o Jie a3 maiJaTaHblIFaH Pecypc OOJIBIN Ta0bLIA b, OUTKEHI OJ1ap dPTYPJIi 9cep
€TeTiH OMOJIOTHSUIBIK OEJICeH I 3aTTap/Abl CUHTE3/ACH I, COHBIH 1IIiH/IE CaHbIPAyKYIaKKa KapChl,
OakTepusira Kapchl )KOHE BUPYCKA KapChl OCICEHAUTIK. AJl ITHaHO0aKTepUsUIapAbIH KaHa TypJIepiH
137eCcTipy JKoHE OKIIayiay *oHe OMOJOTHSUIBIK OEJCeHl 3aTTapiblH MPOAYLEHTTEPIH TYphIC
TaHJay aybll MIApyallbUIBIFBI OMOTEXHOJIOTHSICHIH/IA YIIKEH MYMKIHIIKTEp MEH MepCIeKTHBAIAP
amazapl. TaOMFU TEKTEC KOCHUIBICTAP CHHTETUKAJIBIK KOCBUIBICTAPMEH CAaJIBICTHIPFaHIa OHAW
OMOJIOTHSUTBIK BIJBIPANIBI )KOHE KOPIIIaFaH OpTaFa Kayirci3 KOChUIBICTap OOJIbIT caHanaabl [27].
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Byn sxymeic UPH AP14870201 «Aysbin mapyanbulbiFbl OMOTEXHOJIOTHCHIHA Naiiianany

YIIIH ITHaHOOAKTEPHUSITApAbIH OOalIarkl MOJI KaHa €KIHII PEeTTIK METaOOIUTTEPIH 137Iey JKOHE
3eprTey», AP13068051 «Aybll ImapyambulbIFbl ©CIMIIKTEPIHIH OHIMIUIITIH apTThIpy YIIiH
MUKpOOAIIBIpJIap MEH [HMaHOOAKTepusulap INTaMmaapbl HETi3iHAe Ouompemnaparrap ainy
TEXHOJIOTUSICBIH 931ipJiey» eceOiHeH OPbIHIANIBI.
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BUOPA3HOOBPA3UE MUKPOBO/JOPOCJIEI MOCEBHBIX MJIOIAJEMN
AKJAJUHCKOT'O MACCHUBA M BBIAEJEHUE HMAHOBAKTEPUU C
AHTUBAKTEPUAJBLHON AKTUBHOCTBIO

AHHOTANUA

UzyueHo BumoBoe pa3zHOOOpa3uwe IMaHOOAKTEpHid M MHUKPOBOJOPOCIEH IOCEBHBIX IUIOMIAACH
AKpanMHCKOTO MaccuBa AJMaTHHCKON oOiacTu. bumopasHoobpazme MHUKPOOPTaHH3MOB IPEICTABISCT
co0OH KpyNMHEHIIMA HEUCIONb30BaHHBIM pe3epByap Uil NOTCHUUAIBHOTO OTKPBITHS HOBBIX
NEPCHEKTUBHBIX BHUIOB MHKpPOOpraHum3MoB. lLlempro wuccnenoBaHuii ObUI0O HM3yYEHHE BHIOBOTO
pasHoOOpa3usi MHKPOBOZOpPOCIEH M IMaHOOAKTEpUH U  BbIAEIEHHE MEPCHEKTUBHBIX BUIOB
nuanobakTepuid. Ilo pe3ympraTaM HCCIIeOBaHUI U3 MTOYB MTOCEBHBIX IUIONMIAEH AKTAIMHCKOTO MacCHBa
Obutd BbIENeHBl 48 BUAOB MHUKPOBOJOPOCIEH M IMaHOOAaKTepHid, W3 HUX 21 BHJI - LMAHOOAKTEPHHU.
OCHOBHYIO JOJIO TIPEACTaBHTENICH IMAHOOAKTEpUH COCTABISLIA TETEPONUCTHHIE QopMmbl. U3
OIIpEJICJICHHBIX BUJIOB IIMaHOOAKTEPHii BBIJIEJICHO 5 aIbrOJI0IMYECKU YUCTBIX KYJIBTYp, HO IPH IOITY4YEHUH
0aKTEepPHOIOTHYECKH YHCTHIX KYJIBTYp Mocie 00padOTKH ¢ aHTUOMOTHKAMH 4 KyIbTypbl LMaHOOAKTEpUil
MONy4eHbl B YUCTBHIM Buzae. [lo pesymbraTaM HCCIEIOBAaHMH M3 BBIIEICHHBIX YETBIPEX BHIOB
[IHaHOOAKTEPUIl MAKCHMAITBHYIO aHTHOAKTEpHATBHYIO aKTHBHOCTH MPOsABIsLIN KyapTypsl Oscillatoria SP
S-3, Anabaena SP S-5, nmokaspiBasi HanOOJBIIUE TUIOLIAM YTHETEHUS pocTa TecT-KynbTyp E. coli m
Staphylococcus aureus, B. subtilis ¢ skcrpakTamu meranona. llmanoOakTepuu HpeACTaBISIIOT COOOM
OTPOMHBII, HO €Ille MAaJOHCIIONB3yeMBIHd, pecypc JJisi MONYYSHHUs! OOJBIIOTO KOJIHYECTBA Pa3IMIHBIX
OMOTEXHOJIOTUYECKU BaXKHBIX COCIMHEHHH, 00JaJaroluX aHTH(QYHTralbHOW, aHTHOAKTEPHAIBHOW |
AHTUBUPYCHOM akTHBHOCTHIO. [loMCK 1 BbIIENEHHE HOBBIX BUAOB MAHOOAKTEPUI M NPaBUIBHBINA BEIOOD
MPOJIYIIEHTOB OMOJIOTHYECKH aKTHBHBIX BEIECTB OTKPBIBACT OOJBINNE BO3ZMOXKHOCTH U TEPCIICKTHUBHI B
arpoOHMOTEXHOJIOTHH.

KaroueBble ciaoBa: Ouopa3sHooOpasue, MHUKPOBOJOPOCIH, LHUAHOOAKTEPUH, aAIbIOJIOTHYECKU
YHCTBIC KyJIbTYPbI, aHTHOAKTEpUATbHAS AKTUBHOCTD.
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Abstract

The species diversity of cyanobacteria and microalgae of the acreage of the Akdala valley in the
Almaty region has been studied. Microbial biodiversity represents the largest untapped reservoir for the
potential discovery of new promising species of microorganisms. The aim of the research was to study the
species diversity of microalgae and cyanobacteria and identify promising species of cyanobacteria.
According to the results of the research, 48 species of microalgae and cyanobacteria were identified from
the soils of the acreage of the Akdala valley, where 21 species were cyanobacteria. The main proportion of
representatives of cyanobacteria were heterocystic forms. 5 algological pure cyanobacteria cultures were
isolated from certain types of cyanobacteria, but when obtaining bacteriologically pure cultures after
treatment with antibiotics, 4 cyanobacteria cultures were obtained in pure form. According to the results of
the research, the cultures of Oscillatoria SP S-3, Anabaena SP S-5 showed the maximum antibacterial
activity from the isolated four species of cyanobacteria, also showing the largest areas of growth inhibition
of the test strains of E. coli and Staphylococcus aureus, B. subtilis with methanol extracts. Cyanobacteria
are a huge, but still small-used resource for obtaining a large number of various biotechnologically
important compounds, because they synthesize various biologically active substances, which have
antifungal, antibacterial, anti-virus activity. The search and isolation of new species of cyanobacteria and
the right choice of producers of biologically active substances opens up great opportunities and prospects
in agrobiotechnology.

Keywords: biodiversity, microalgae, cyanobacteria, algologically pure cultures, antibacterial
activity.

The emergence of soil organic matter occurs with the direct participation of microorganisms,
whose multilateral action on plant and animal residues is described by a variety of biochemical
reactions. Filling the spaces unoccupied by higher plants, Cyanobacteria serve as a factor of
additional assimilation of solar energy and a source of additional biomass [1]. They participate in
the formation of soils and affect the physicochemical properties of the formed soils. The functions
of cyanobacteria in soils are determined by the ability to produce organic matter, fix atmospheric
nitrogen, increase the availability of phosphorus and other elements, release phytohormones and
toxins and also provide anti-erosion activity due to mucous substances and filamentous thallomas
[2]. The components producing cyanobacteria are antioxidants and pigments (including
fucoxanthin, carotenoids, lutein, b-carotene, astaxanthin and phycobilliproteins), long-chain
polyunsaturated fatty acids (LC-PUFA) and proteins (essential amino acids methionine, threonine
and tryptophan). These secondary metabolites are widely used in the food, feed, agricultural and
pharmaceutical industries [3].

It is also known that various types of cyanobacteria produce intracellular and extracellular
metabolites with antibacterial and antifungal properties [4]. Antimicrobials are widely used in the
treatment of bacterial infections, but bacteria can become resistant to existing drugs. For this
reason, researchers began searching for natural compounds to discover new antibacterial
compounds [5]. Cyanobacteria are considered as promising biological resources in this area.

Cyanobacteria are the main component of the microbial community in rice fields, contribute
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to the fertility of agricultural ecosystems and potential source of biologically active secondary
metabolites, which are compounds that are not necessary for cellular metabolism [6]. Some
potential applications of cyanobacteria that should be considered are the production of antibacterial
compounds for the pharmaceutical industry and the agricultural sector as biofertilizers and
biocontrol agents. Isolation and screening of cyanobacteria for the presence of antibacterial
substances and other pharmacologically active compounds is for increasing interest as a potential
source of new agrochemical agents [7]. In this regard, the purpose of our research work is to study
the species diversity of cyanobacteria and microalgae of the acreage of the Akdala valley in the
Almaty region and identify promising species of cyanobacteria.

Materials and methods

The object of research is the rice systems of the Akdala rice-growing valley, located on the
delta of the lle River.

Soil sampling was carried out using the envelope method [8]. A total of 28 algological
samples were collected. All collected samples were carefully labelled. The labels indicated the
sample number, the time and place of collection and the name of the collector. In the course of the
study, field collections and laboratory analyses were carried out using methods generally accepted
in algological practice. The qualitative composition of cyanobacteria was analyzed by the fouling
glass method. To do this, the soil samples were placed in Petri dishes, soaked with BG-11 medium
and cover glasses were placed on the surface so that they were in full contact with the soil.

The cups were incubated in natural light and at room temperature, and after 30 days the
glasses were examined for the presence of fouling. Cyanobacteria and microalgae were researched
using «Premere» and «MicrosAustria» light microscopes with magnification from 40 to 100 times.
About 30-40 visual fields were viewed from each water sample on at least 5 preparations. The
results obtained were shown as the number of cells in 1 ml of water. The number of cyanobacteria
and microalgae was estimated on a frequency scale when recalculated by 100 visual fields [9]. The
types of cyanobacteria and microalgae were determined in the native and fixed preparations of
cells. At the same time, formaldehyde and iodine solutions were used as a fixative. The types of
cyanobacteria and microalgae were determined using determinants [10, 11].

The accumulation culture of cyanobacteria was obtained according to the traditional method,
standard microbiological methods were used to isolate an algologically pure culture from the
accumulation cultures [12]. Cyanobacteria were grown in 500 ml flasks under sterile conditions.
The mineral medium of Gromov, Zarruk, IP-11 were used.

To obtain extracts of cyanobacteria, dry biomass of isolated cultures was obtained. Dried
samples were crushed using a sterile mortar and pestle. Then 0.5 g of the crushed sample was
mixed with 10 ml of the solvents used (methanol, ethanol) and kept overnight at room temperature
in a rotating shaker for complete extraction. At 4000 rpm for 15 minutes, the extracts were
centrifuged and concentrated at 50°C at reduced pressure. The concentration was adjusted to 1
mg/ml using the same solvent used for extraction and analyzed for antibacterial activity [13].

The antibacterial activity of isolated cyanobacteria cultures was studied on four types of
microorganisms from the culture collection of the Biotechnology faculty of Al-Farabi Kazakh
National University: gram-negative cocci facultative anaerobes Escherichia coli and aerobic
Pseudomonas aeruginosa, aerobic gram-positive spore-forming cocci Bacillus subtilis and
facultative anaerobic gram-positive cocci Staphylococcus aureus. Antibacterial activity was
determined using the agar diffusion method [14]. For the study, pure cultures of microorganisms
pre-grown on meat-peptone agar (MPA) at a temperature of 37°C for 24 hours were used. The
standard bacterial suspension was prepared on a sterile 0.9% sodium chloride solution. To do this,
the culture was introduced into a sterile vial with sterile saline with a bacteriological loop and the
concentration of microorganisms was brought to a value of 0.5 units of the McFarland turbidity
standard. Melted and cooled until 56°C MPA was poured into Petri dishes. 1.0 ml of the
corresponding suspension of microorganisms was added to the frozen agar using an automatic
pipette under sterile conditions in Petri dishes. After the uniform distribution of microorganisms

213



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

over the entire surface of the agar, the cups were incubated at room temperature for 15-20 minutes.
Then seven holes with a diameter of 6.0 mm were made on a cup with microorganisms. Then, with
the help of an automatic micropipette, cyanobacteria extracts were introduced into six wells by 20
ul. The samples were incubated at a temperature of 37 °C for 16 hours. The results were taken into
account by the presence or absence of bacterial growth around the wells with extraction by
measuring the diameter of the zone around the well in millimeters.

Discs with the antibiotic ampicillin (10 micrograms) were used as a positive reference
standard for determining sensitivity. The experiment was carried out in a triple repetition.

The antibacterial index of the researched cultures was determined by the formula:

Antibacterial index = (extract inhibition zone/antibiotic inhibition zone) x 100.

Results and discussion

Algoflora of acreage of the Akdala valley in the Almaty region

In the Akdala Valley, irrigation under rice is mainly developed takyr-like soils with different
degrees of salinization. The salinization of these soils has a relict character, inherited from earlier
hydromorphic soil formation periods [15]. The valley administratively belongs to the Balkhash
district of the Almaty region. On the Akdala irrigation valley, the climate is sharply continental,
arid with a large amplitude of daily and annual temperatures. Winter is cold, with little snow,
summer is hot and dry. According to the meteorological station in the village of Bakanas, the
highest monthly average air temperature values 24-26°C are observed in July, with an absolute
maximum of 45°C, the lowest minus 14-16°C in January, with an absolute minimum of minus
45°C. The average annual temperature is positive, about 6.6-9.9°C. The duration of the frost-free
season is 150-160 days. The depth of freezing of the soil usually does not exceed 40-45 cm and
only in severe winters with little snow reaches 1 m. The amount of precipitation in the long-term
cycle varies from 100 to 360 mm, but on average is 180-240 mm [16].

According to the results of the research, 48 species of microalgae and cyanobacteria were
identified from selected soil samples. Five species are yellow-green, 21 species are cyanobacteria,
8 species are diatoms and 14 species are green. The group that has the most common species is
represented by 5 species: Phormidium autumnale, Nitzschia palea, Chlorella vulgaris and Nostoc
linckia, Anabaena flos-aguae. Two classes of Chlorophyll species (Chlamydomonadaceae and
Chlorococcaceae) have been identified among green algae. The Bacillariophyta division included
representatives of the Bacillariaceae and Diadesmidaceae families. From the yellow-green family
Botrydiopsidae and Eustigmataceae.

Of the certain species of cyanobacteria, the leading position in species diversity is occupied
by the family Nostocaceae, headed by 4 genera (Anabaena, Anabaenopsis, Aulosira and Nostoc).
The main part of representatives of cyanobacteria that grew up attached to glass is Anabaena
cylindrica, A. oscillarioides, Nostoc commune, composed of heterocystic forms. The genera
Plectonema, Synechococcus differ in a smaller number of the Cyanophyta species. Filamentous
heterocystic (75%) cyanobacteria demonstrated clear dominance over unicellular colonial (14%)
and filamentous non-heterocystic (11%) forms.

Isolation of algologically and bacteriologically pure Cyanobacteria cultures

Using the method of accumulative cultures based on selected soil samples, 5 algologically
pure cyanobacteria cultures were isolated. According to morphological features, cyanobacteria are
mostly filamentous or form colonies, only the S-4 culture has a coccoid cell shape.

At the next stage, the obtained algologically pure cyanobacteria cultures were purified from
satellite bacteria. According to the estimates of bacteriological analysis, concomitant microflora
was present in all cultures. It was revealed that the accompanying microflora of isolated
cyanobacteria mainly consists of gram-positive and gram-negative bacteria, yeast and mold. The
purification of isolated cultures from bacteria is a very complex and time-consuming process, since
it is known that there are dense biocenotic connections between cyanobacteria and bacteria. The
mucous membranes of cyanobacteria serve as a source of nutrition and shelters for
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microorganisms. This close relationship determines the difficulties of dividing such communities
into isolated cultures: cyanobacteria and bacteria.

Different antibiotics were used for bacteriological purification of cyanobacteria. It was
determined that when using antibiotics in lower concentrations, the growth of associated
microorganisms, yeast, mold, gram-positive and gram-negative bacteria was still observed.
During the analysis of the antibiotic sensitivity of the associated microflora, it was found that some
bacteria are sensitive to some antibiotics, and the latter to others. Further, mixtures of antibiotics
were selected for purification: broad-spectrum antibiotics, against gram-positive and gram-
negative bacteria, and antifungal antibiotics in various concentrations, since the accompanying
microflora reacted differently to different antibiotics. A broad-spectrum fungicidal antibiotic
nystatin was selected as an antifungal antibiotic in all variants (Table 1).

Table 1 - Bacteriological purification of cyanobacteria from accompanying microflora

Culture Culture Culture Culture Culture
A mixture of antibiotics S-1 S-2 S-3 S-4 S-5
cm C cm C cm C cm C | cm C
Gentam|C|_n+ pen|C|II_|n+ + i i 4 ) 4 i + +
tetracycline+nystatin
NeomyC|n+_amp|C|II|n . + i i N i N i + i +
+chloramphenicol+ nystatin
Ka}namycm_+ pen|C|II_|n+ + i 4 4 4 4 ) i + +
lincomycin+ nystatin
Pen|C|II|n+_ gentamicin+ + i i N i N i + i +
kanamycin+ nystatin

Note: cm - concomitant microflora, C-cyanobacteria, - lack of growth, + culture growth.

These attempts to eliminate the accompanying microflora of cyanobacteria using a mixture
of antibiotics were successful for 4 out of 5 tested cyanobacteria cultures. It was found that after
using a mixture of antibiotics, the S-1 culture was still heavily infected with satellite bacteria. An
increase in the concentration of antibiotics had a bactericidal effect on both satellite bacteria and
cyanobacteria culture.

As a result of treatment with a mixture of antibiotics, 4 cultures of cyanobacteria were
obtained bacteriologically pure. The viability of cyanobacteria was tested in two ways -
microscopically and culturally. The 4 cyanobacteria cultures obtained were recognized as
bacteriologically pure, since the growth of "dormant" satellite bacteria after holding the cultures
at room temperature for 7 days was not detected.

The study of the morphology of bacteriologically pure cyanobacteria showed that the culture
of S-2 turf is leathery, thin, pale blue-green, trichomes are curved, intertwined, laced at the
transverse partitions, not thin and straight at the ends, bright blue-green, 0.6-0.8 microns wide. The
vaginas are colorless, glued together. The cells are cylindrical, their length is 2-8 times greater
than the width, at the transverse partitions without granulations. The threads are the same thickness
throughout, only the very end of it is very slightly narrowed and slightly bent. The terminal cell is
obtusely conical. Division occurs in one plane, which leads to a linear arrangement of cells. The
color is blue-green, the cells do not settle to the bottom, growing only by forming fouling on the
vessel wall. It grows poorly on a solid medium, growth appears only on 8-10 days of cultivation.
It grows well at an air temperature of 22-30°C on the liquid medium of Zarruk (Fig.1). According
to morphological characteristics, it is identified as - class: Oscillatoriophycideae Order:
Oscillatoriales, Family: Phormidiaceae, a genus of Phormidium, species Phormidium SP S-2.

Culture S-3 is filamentous, with a well-defined mucous membrane, single-row trichomes,
dark blue-green, cell sizes 2.2- 2.4-x 4,2-5.9 microns. Trichomes form strands that are located
relatively parallel. The trichomes are straight, slightly laced at the transverse partitions, 4-10
microns wide, bright blue-green, sometimes slightly curved towards the ends. The length of the
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cells is 2.6-5 microns, i.e. 2-3 times shorter than the width. Granulation at the transverse partitions
is mostly clearly noticeable. The terminal cells are more or less clearly hemispherical, sometimes
with a slightly thickened shell. Division occurs in one plane, which leads to a linear arrangement
of cells. The color is blue-green, the cells do not settle to the bottom, growing only by forming
fouling on the vessel wall. It grows poorly on a solid medium, growth appears only on 8-10 days
of cultivation. The strain is autotrophic. It grows well at an air temperature of 22-30°C on liquid
and agarized Gromov medium (Fig.1).

According to morphological characteristics, it is identified as a - Class:
Oscillatoriophycideae Order: Oscillatoriales, Family: Oscillatoriaceae, a genus of Oscillatoria,
species Oscillatoria SP S-3.

Culture S-4 - They developed well in a liquid medium and was a suspension of dark green
color. On the agarized solid nutrient medium, the correct colonies are formed. Morphologically,
the cells are oval in shape with rounded ends, sometimes slightly curved, the size of adult cells is
3.6-7.7 microns in length. Cell division is correct, after division, daughter cells sometimes remain
connected in chains of two or four cells. It grows well at an air temperature of 22-35°C on the
liquid medium of Zarruka (Fig.1). According to morphological characteristics, it is identified as a
- class: Synechococcophycideae, Order: Synechococcales, Family: Synechococcaceae, a genus of
Synechococcus, species Synechococcus SP S-4.

Culture S-5- The turf is dark blue-green. Trichomes are not narrowed at the ends and have
pronounced constrictions in the places of the partitions. Trichomes are single, straight, and consist
of spherical cells, among which heterocysts and, less often, akinets were found. Heterocysts are
intercalary in most cases. The diameter of the trichomes is within 2-8 microns. The division takes
place in one plane. On a liquid medium, it grows forming fouling on the vessel wall. The strain is
autotrophic. It grows well at an air temperature of 22-30°C on liquid and agarized media BG-11
(Figure 1). According to morphological characteristics , it is identified as a - class:
Nostocophycideae, Order: Nostocales, Family: Nostocaceae, a genus of Anabaena, species
Anabaena SP S-5.

According to the results of the research, 5 algologically pure cyanobacteria cultures were
isolated from the researched soil sample, but when obtaining bacteriologically pure cultures after
treatment with antibiotics, 4 cyanobacteria cultures were obtained in pure form.

»O0@

Phormidium SP S-2 Oscillatoria SP S-3 Synechococcus SP S-4 Anabaena SP S-5
Figure 1 - Isolated algologically and bacteriologically pure cyanobacteria cultures

Antibacterial activity of isolated cyanobacteria cultures

Cyanobacteria are producers of various bioactive molecules, the production of which has
provided these organisms with evolutionary advantages. Allelochemical substances synthesized
by cyanobacteria that perform the functions of signaling metabolites, as well as affecting the
growth and development of other organisms, can have a toxic effect. In addition to toxins,
cyanobacteria metabolites are rich in other active compounds with antibacterial, antifungicidal and
antiviral effects [17, 18].

To study the antibacterial activity of the isolated strains of cyanobacteria, the biomass of
cyanobacteria was obtained. Extracts with different solvents were obtained from the biomass of
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cyanobacteria strains. The antibiotic ampicillin was used as a positive control. Obviously, the
diameter of the inhibition zone depends on the type of cyanobacteria, the type of solvent used and
the microorganisms tested.

Of the investigated cultures, the best antibacterial activity was shown by methanol extracts
of Oscillatoria SP S-3 and Anabaena SP S-5 cultures. According to the results of the research, the
diameter of the inhibition zone when searching the antibacterial effect of the methanol extract of
the Oscillatoria SP S-3 culture was E. coli — 12 + 0.02 mm, Staphylococcus aureus - 11 + 0.01
mm. In P. aeruginosa and B. subtilis bacteria, the growth inhibition zone was only 9.2 £0.03 and
9.3+0.01 mm, respectively (Table 2).

The highest antibacterial activity when studying the effect of methanol extract of Anabaena
SP S-5 culture was measured against B. subtilis - 12 £0.05 mm and E. coli -10.8£0.01 mm,
followed by Staphylococcus aureus - 9.2+0.05 mm and P. aeruginosa -8.5£0.06 mm (Table 2).

Culture Oscillatoria SP S-3, showed moderate antibacterial activity against the studied test
cultures of microorganisms (Table 2).

The bacterial strains searched by the test showed the least inhibition zones when studying
the methanol extract of the Synechococcus SP S-4 culture. And the zone of no growth ranged from
0.9to 2.5 mm.

Table 2 - Sensitivity (no growth zone, mm) of test microorganisms to various extracts of isolated
cyanobacteria cultures

Cyanobacteria | Test culture of Extracts of isolated Cyanobacteria cultures
culture microorganisms Methanol Ethanol
Phormidium SP | P. aeruginosa 5,5+0,06 1,3+0,02
S-2 B. subtilis 4,3+0,01 0,8+0,06

E. coli 3,2+0,04 1,0+£0,04

St. aureus 3,5+0,02 1,2+0,02

Oscillatoria SP | P. aeruginosa 9,2+0,03 5,6+0,04
S-3 B. subtilis 9,3+0,01 4,3+0,05

E. coli 12 £0,02 6,6+0,04

St. aureus 11+0,01 5,3+0,01

Synechococcus | P. aeruginosa 2,5+0,01 0,5+0,02
SP S-4 B. subtilis 1,3+£0,03 0,2+0,01

E. coli 1,2+0,01 0,3+0,02

St. aureus 0,9+0,02 0,1+0,02

Anabaena SP | P. aeruginosa 8,5+0,06 10,2+0,03
S-5 B. subtilis 12 £0,05 5,240,04

E. coli 10,8+0,01 5,5+0,01

St. aureus 9,2+0,05 4,6+0,02

In the case of ethanol extract, the cultures Oscillatoria SP S-3 and Anabaena SP S-5 also
showed antibacterial activity, but less pronounced compared to methanol extract. The zone of no
growth of the E. coli bacterium was 6.6£0.04 mm when using the ethanol extract of the
Oscillatoria SP S-3 culture, while the methanol extract of this culture showed an inhibition
diameter of 12 +0.02 mm. But active suppression of growth was noted in the bacterium
P.aeruginosa in the study of ethanol extract of Anabaena SP S5 culture and the inhibition zone
was 10.2+ 0.03 mm, while the absence zone of the test culture of methanol extract of the same
culture was 8.5+ 0.06 mm (Table 2).

Positive control (ampicillin) showed pronounced zones of absence of growth of the
microorganisms investigated by the test and the inhibition diameter ranged from 18 to 20 mm.

The antibacterial effects of extracts of isolated cyanobacteria cultures were compared with
commercial ampicillin antibiotics, and the results of this comparison are given in (Table 3) as an
antibacterial index. According to the index data, the effectiveness of methanol extracts obtained
from the culture of Oscillatoria SP S-3 and Anabaena SP S-5, especially against E. coli, was 66.6%
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and 60% close to the effectiveness of the antibiotic ampicillin. Also, the culture of Oscillatoria SP
S-3 has positive antibacterial activity to St. aureus -55%. Anabaena SP S5 culture also showed
significant activity in inhibiting the growth of the culture and the antibacterial index was E. coli -
60% with methanol extract and P. aeruginosa -51% with ethanol extract.

Table 3 — Antibacterial index of extracts of isolated cyanobacteria cultures in %

Cyanobacteria Test culture of Extracts of isolated Cyanobacteria cultures
culture microorganisms Methanol Ethanol
Phormidium SP | P. aeruginosa 27,5 6,5
S-2 B. subtilis 22,6 4,2
E. coli 17,7 5,5
St. aureus 17,5 6
Oscillatoria SP | P. aeruginosa 46 28
S-3 B. subtilis 48,9 22,6
E. coli 66,6 36,6
St. aureus 55 26,5
Synechococcus | P. aeruginosa 12,5 2,5
SP S-4 B. subtilis 6,8 1,0
E. coli 6,6 1,6
St. aureus 4,5 0,5
Anabaena SP | P. aeruginosa 42,5 51
S-5 B. subtilis 63,1 27,3
E. coli 60 30,5
St. aureus 46 23

Thus, according to the results of the research, it can be noted that of all the isolated strains
of cyanobacteria, the cultures Oscillatoria SP S-3, Anabaena SP S-5 showed the maximum
antibacterial activity, showing the largest areas of inhibition of the growth of test bacterial strains.
Cultures of Phormidium SP S-2, Synechococcus SP S-4 showed low antibacterial activity against
the studied strains of microorganisms. Ampicillin, a broad-spectrum antibiotic, inhibited the
growth of all bacteria and there was a pronounced absence of a growth zone of all bacteria.

Conclusion

Cyanobacteria are considered one of the most promising but unused sources of natural
products with potential antibacterial activity for the development of new drugs. Rice field
ecosystems with their optimal levels of light, water, temperature, humidity and nutrient availability
provide a favorable environment for the mass growth of cyanobacteria. According to the results of
the research, 48 species of microalgae and cyanobacteria were identified from the soils of the
acreage of the Akdala valley, of which 21 species were cyanobacteria. The main proportion of
representatives of cyanobacteria were heterocystic forms. The dominance of filamentous
heterocystic forms over other forms (unicellular and filamentous non-heterocystic) was also
recorded on other soils of rice fields [19]. Although Cyanobacteria are ubiquitous in nature, it is
reported that their greater number, which makes up more than half of the heterocystic population,
grows in swampy rice fields, since rice fields provide very favorable conditions for the abundant
growth of nitrogen-fixing cyanobacteria [20].

5 algological pure cyanobacteria cultures were isolated from certain types of cyanobacteria,
but when obtaining bacteriologically pure cultures after treatment with antibiotics, 4 cyanobacteria
cultures were obtained in pure form.

In recent decades, screening programs have shown that cyanobacteria are a potential source
of new active substances for medicine and pharmacy, and numerous active compounds have been
isolated [21].In the course of evolution, cyanobacteria have developed various mechanisms of
detoxification of substances capable of causing the death of other organisms [22]. The
competitiveness of soil cyanobacteria is based, in particular, on their ability to synthesize
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biologically active substances that suppress the reproduction of other microorganisms.

According to the results of the research, the cultures of Oscillatoria SP S-3, Anabaena SP
S-5 showed the maximum antibacterial activity from the isolated four species of cyanobacteria,
showing the largest areas of growth inhibition of the test strains of E. coli and Staphylococcus
aureus, B. subtilis with methanol extracts. These results are consistent with the data of Osman
R.K. et al. (2015), according to their results of selective selection of 14 species of cyanobacteria
showed that Fisherella sp., Oscillatoria sp. and Anabaena sp. have antagonistic activity against
gram-negative bacteria E. coli, Pseudomonas aeruginosa, Salmonella typhimuri and gram-positive
bacteria S. aureus, B. segei [23].

Extracts of various types of cyanobacteria obtained using various solvents showed different
degrees of antibacterial activity against pathogenic microorganisms and were researched by
different researchers. In a research conducted by Tiwari & Sharma cyanobacterial extracts of
Anabaena variabilis and Synechococcus elongates have shown significant antibacterial activity
against Enterococcus sp., Klebsiella sp. and E.coli [24]. Other authors have observed significant
antibacterial activity of Anabaena variabilis in crude extracts from chloroform and methanol
against B. subtilis and P. Aeruginosa [25].

Numerous substances have been identified as antibacterial agents from cyanobacteria, such
as chlorellin derivatives, acrylic acid, aliphatic compounds, terpenes, sulfur-containing
heterophilic compounds, phenolic inhibitors, etc. [26]. They represent a huge, but still little-used
resource for obtaining a large number of various biotechnologically important compounds, since
they synthesize a variety of biologically active substances with different effects, including
antifungal, antibacterial, and antiviral activity. And the search and isolation of new species of
cyanobacteria and the right choice of producers of biologically active substances opens up great
opportunities and prospects in agrobiotechnology. At the same time, compounds of natural origin,
in comparison with synthetic ones, are easily biodegradable and are safe for the environment [27].
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AHHOTALUSA

B crathe mNpHUBOIATCS CBEAEHHS O BIMSHAW palMoOHa C JJ00aBICHHEM CEMsH JibHA Ha
HPOYKTHBHOCTH OBIYKOB Ka3aXCKOM OEJIOroJI0BOM MOPO/Ibl M BRIPAOOTKY MMHU MeTaHa. BeipaboTka MeTaHa
3aBUCHT OT KOHIICHTpAIUK apXxeil B MHKPOOHMOME KEIyIOYHO-KUIIEYHOTO TpakKTa >KUBOTHBIX. B
pe3ysbTaTe MPOBEICHHBIX MCCIICIOBAHUI YCTAHOBIICHO, YTO BBEJCHHE CEMsIH JIbHA B PAllMOHBI OBIYKOB
CIOCOOCTBYET MPUBECAM U YBEIHUCHHUIO BBIPaOOTKU MeTaHa. Tak, aOCOTIOTHBIN MPUPOCT KUBOI MAacChl B
OTBITHOM Tpyte coctaBuwi 124,5+6,95 xr, B KoHTpoasHOUW Tpynmne — 105,33+2,16 kr. Mcnosb3oBadue
CEeMsH JIbHA TIPUBEJIO K YBEIUUCHUIO KOJTMYECTBA aHAIPOOHBIX OAKTEPHUil U apXei, TO €CTh K YBEIUUCHUIO
BBIPa0OTKH MeTaHa. Ha ypoBHE CeMENCTB CTATUCTHYECKH 3HAYMMAst BAPHAIlHsI YUCIECHHOCTH METAHOT'€HOB
Ha 3-M MecsIIe 110 CPAaBHEHHIO C )KUBOTHBIMH JI0 KOPMJICHHUSI CEMEHAMM JIbHA, Havasla SKCIIEPUMEHTa, TOUKH
orcueta (TO), O6wsura moxrBepkmena it  Methanocorpusculaceae (ysenmumuenune B 255 pas),
Methanomethylophilaceae (yBenmuenue B 13 pa3) u Mathanobacteriaceae (yBenuuenue B 6 pas).

KarueBble ciioBa: MUKpOOWOM, KPYIHBINM pOraThlii CKOT, Ka3axckas 0eJorojoBas, CEeMeHa JIbHa,
CEKBEHUPOBAHKE HOBOTO MOKOJICHUSI.

CBblllle TIOJIOBUHBI METaHa B arMocdepe — pe3yibTaT Pa3BUTHUS CEITBCKOTO XO3SHCTBA,
MpeXJIe BCEro >XMBOTHOBOJACTBA. MeTaH oOpasyeTcs B KauecTBe MOOOYHOTO 3¢dekTa npu
MUIIEBAPUTENBHBIX IPOIIECCaX KPYMHOTO POraToro ckora. BeIOpOCHI MeTaHa >XUBOTHBIMU B
OKPYXKAIOIIYI0 Cpely CIOCOOCTBYIOT M3MEHEHHUIO KiuMmaTa. MeTaH MpUBOJIUT K MAPHUKOBOMY
3¢ deKTy: 0 CPaBHEHHIO C YTIIEKHCIBIM Ta30M OH CIIOCOOCH 3a/IepKUBATh OOJIBIIE TEIia, YeM
nuokcua yriepoja. XKemynouHble ra3bl B pe3yabTaTe HEMPABUJIBHOTO MUTAHUS U MULIEBApEHUs
KUBOTHBIX CTAHOBSITCS NMPOOJIEMOH CTpaH C pa3BUTHIM celbckuM Xo3siictBom. K 2030 romy
0’KUJAETCA YBEIIMUCHUE TEMIIEPATYPhI OKpYy»Karomieu cpenblt oT 1,5 no 2 °C.

Kazaxcran - crpaHa ¢ pa3BUTBIM >KUBOTHOBOJCTBOM, B KOTOPOH C KaXIbIM TOJIOM
YBEJIMYUBAETCS MOTosioBbe KpymHoro poraroro ckora (KPC), cooTBeTcTBEeHHO, BbIAENsAETCS
Oospiie MeTaHa. |JIsl yMEHBIIICHUST BHIOPOCOB METaHa HEOOXOJMMO MEHSTh PariioH KOpoB [1].
Uprety D.C. ¢ coaBT. 0TMEYAIOT, YTO COOTHOIICHNE KOHIICHTPATOB M I'Py0OTro KOpMa B parfioHe
BIIMSET Ha IMOKa3aTeId POCTa XKUBOTHOTO, OpokeHHEe B pyOlie, BHIOPOCH METaHa U 3J0POBBE
*uBOTHBIX [2]. Kak mpaBwio, korma [ojsi rpyOoOro Kopma BBIIIE, Pa3MHOMXKAIOTCS
[EJUTIOJI030pa3pylIaIe O0akTepun U B pyOIle mpeolsagaeT YKCYCHOKHCIIOE OpOKEHHE ¢
BBIpaOOTKON BOJOpOJA, YTO CTUMYJIHPYET MAacCUBHOE DPa3MHOKEHHE apXed. YBelnnueHue
YHCIIEHHOCTH apXei BeJeT K YBEIMUEHUIO BEIOpOCca MeTaHa.

Opnako, Korja yBemU4HMBAaeTCs JOJsi KOHIICHTpaTa B paiyoHe, mokasarenu pH B pyoOie
CHUKAIOTCSI, YTO CHEP>KMBAET POCT apxell u MH(Y30pui, IpU 3TOM YBEIUUMBAETCS BbIPAaOOTKA
MPOMMOHOBON KHCIOTHL. Psii aBTOPOB yCTaHOBWJIM, YTO COCTaB OPraHUYECKOTO BEIIECTBA
(YrneBosoB) B pallMOHE KUBOTHBIX BIUSET Ha XapakTep U CKOPOCTh (pepMEHTAIMH, a TaKKe Ha
obpazoBanue HezaMeHUMBIX KUpHBIX kuciaoT (HXKK) u merana [3-5]. Paumons! ¢ kpaxmaaom
CTUMYJIMPYIOT MPOIYKIUIO MPOMHOHATA U CHIXKAIOT BEIPAOOTKY MeTaHa. Takue paroHbl BIUSIOT
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Ha pH py0O1a u o6pazoBanue Metana. PaimoHsI ¢ coqiep:kanrueM rpyobIXx KOPMOB UMEIOT 0OpaTHOE
neiicTBre. BimsiHue cocTaBa paloHa Ha IMUCCHIO METaHa YCTaHOBWIIM U pyrue yuéubie [6, 7].
B Wuguu ycranoBneHO, 4TO [OMMITHHCKHE KOPOBHI MHUTAIOTCS KAYECTBEHHBIMU PALMOHAMH U
NpOAYLHMPYIOT B 6—7 pa3 MEHbIIIE ME€TaHa Ha | JI MOJIOKA, YEM MECTHBIE, YTO MO3BOJISIET CHU3UTh
samuccuio Mmetana Ha 20-30% 3a cuét nmorosioBbs [8]. Jpyrum crmoco60M CHHKECHUSI METaHOTCHE3a
B pyOlle MOKET OBITh HMHTHOMPOBAHKE 3a CUET 00pa30BaHUs albTEPHATHBHBIX MPOAYKTOB. Tak,
aIleTOTeHHBIE OaKTePHH B TOJICTOM KHIIEYHHKE MIICKOMHUTAIOIINUX MPOAYIUPYIOT YKCYCHYIO
kucyoty npu peaykiuu CO2 ¢ yaactuem Hp, oOpazyemoro B mporiecce hepMeHTaIMH YTIIEBOIOB
B ToyicToM kuineuHuke [9]. OOoraieHune parMoHa XUBOTHBIX XHPAMH BEAET K YMEHBIICHUIO
nH(py30puii B pyOlle U CHIDKCHHUIO METaHa, MPUYEM UCTOYHHUK KUpa BIUIEeT HAa 3 (HEKTUBHOCTH
ero aevicteus [10, 11, 12]. [TokazaHo MHrHOMpPOBAaHKE METAHOTCHE3a MPHU JOOABICHUH KUPOB
(HampuMep, ceMmsiH JbHa) K panuoHy [13]. Tlpu moOaBiaeHMM K KOpMY MpOOHMOTHKA W3 rpuda
Aspergillus oryzae ymenbiiaercsi oOpa3oBaHue meraHa B pyOie Ha 50%, 4TO CBSA3aHO CO
CHIDKCHHEM KonmdecTBa WHQY30puii B pyOroBoM comaepkumoM (Ha 45%) [14]. Hobanenue
Saccharomyces cerevisiae in vitro B ”HKyOAIMOHHYIO CUCTEMY BEIET K COKPAIICHUIO METaHa Ha
10%, B TO Bpems Kak nobaBiieHue IN ViVO — He BiusieT Ha He€ [15]. Pa3noxeHne pacTUTEIbHOIM
KJIETYATKH MPOMCXOAUT B PE3yNbTaTe TUIPOJIN3a MOJIMCAXapUIOB HA MOHOMEpPHL. MOHOMEpPHI
(bepMeHTUPYIOTCA ~ allUIOT€HE30M, YTO TMPHUBOJUT K OOpa3oBaHMIO OPTaHUYECKUX U
KOPOTKOLIETIOYEYHBIX JKUPHBIX KHUCIOT. Takke obOpasyrorcs Bomopon (Hz2) u yrmekucnslii ras
(CO2). Mertanorens! yaanstor Hz myrém Boccranosinerust CO2 ¢ o6pasoBanuem Metana [16, 17].
[ToaToMy moHMMaHKE MUKPOOHOTO COCTaBa JKETYJOYHO-KHIIIEYHOTO TPAKTa )KBAUYHBIX KHBOTHBIX
BaXHO JUIS OIICHKU CTENEHU BbIpaOOTKH MeTaHa. Pa3paboTka nueThl /Ui KPYIHOTO POraTtoro
CKOTa C IENbI0 CHIDKEHUSI IMHCCUM METaHa U €ro HEraTUBHOTO BO3JCUCTBUS HA OKPYKAIOIIYIO
cpeny SIBISETCS aKTyallbHOW TJI00AIbHON SKOJIOTHYECKON TTPOOIEMOI.

MarepuaJbl 1 METO/bI

UccnenoBanus BiustHUS 100aBIEHUSI CEMSIH JIbHA B PAllMOH HA MUKPOOHOTY KEITYI0YHO-
kuteuHoro Tpakta (KKT) kopoB mpoBoauiucsk B k/x «Kynaeibaes Jaynerranmy, Kapatansckoro
paiiona, JKeTbICyckoi 00JIacTH, B HUCHBITATEIIBHOM IIEHTPE MO OMPEACICHUI0 XUMHUYECKOTO
coctaBa KopMoB u kadectBa npoaykiuu TOO «KasHUMXuK u B mabopatopun mMosieKyaspHO-
reneruueckux uccnenoBannii TOO «HIIL[ MukpoOuonorun u BHUpycoJOrHM». B KauecTBe
00BEKTa UCCIICIOBAHMS CITYKHJIH OBIYKH Ka3aXCKoW 0eIorosoBoi mopo bl B Bo3pacte 8—10 mec.
co cpeaHel HavanbHOM *kuBOM Maccoit 180-210 kr u cpennecyrounsmM npupoctom 1100-1200 .
KopmoBas 6a3a Oblia mpeacTaBieHa CEHOM Pa3HOTPaBHBIM, CHIIOCOM KYKYpPY3HBIM, KYKYPY30H,
OTpyOsSIMU MIIEHUYHBIMU. XUMUYECKHUI aHaM3 KopMoB nipoBoauiu coraacHo ['OCT 32040-2021
r. [yt u3yueHuss XUMUIECKOTO COCTaBa KOPMOB HCTIOJIb30Basics pudop Mudpazak pupmer FOSS
(Janusg). JKuBOTHBIX coAep)Kaldd Ha OTKPBITHIX IUIOMIAJKaxX, Oe3 mpusssu. KopmieHue
OCYIIECTBIISIOCHh JBaXXIbl B CyTKH. llocie uW3ydeHHs] XMMHUYECKOrO cOCTaBa KOPMOB U
(dbopMUPOBaHUS MOAOMBITHBIX TPYNI C y4ETOM >KMBOH MAacChl U CPEIHECYTOYHBIX MPUPOCTOB
KUBOTHBIX ObUIM pa3paOOTaHbl PAaLMOHBI JUIsl MOAONBITHBIX rpynn. Ilpu co3maHuu panuoHOB
OBLIM HCIOJIH30BaHBl HOPMbI KOPMJICHHS CENbCKOXO3SHCTBEHHBIX JKUBOTHBIX, pa3paboTaHHBIC
BI'HUN xuBoTtHOBOACTBa [18]. B Xome ombiTa OOMH pa3 B MECALl MPOBOJIMIICA YUET
OPOAYKTUBHOCTH J>KMBOTHBIX U IMOEAAEMOCTH KOpMOB. KoindecTBeHHBbIE [aHHBIE ObUIH
00paboTaHbl METOJOM BapHUalMOHHOW cTaTucTuku [19]. B cooTBeTcTBUM cO cTaHIapTHBHIMU
3HAUEHUSMHU KPUTEPHS TOCTOBEPHOCTH (110 CTHIOJICHTY) IPUMEHSITUCH TPH YPOBHS BEPOSTHOCTH:
0,95; 0,99 u 0,999. I1pu P<0.95 paznuuust Mex1y TpyIIamMu CYUTAIUCh HE TOCTOBEPHBIMU. Eciun
YPOBEHB BEPOSTHOCTH BHIIIE YKA3aHHBIX MMOKA3aTeJeH, TO pa3Iuiusi CYUTAINCH JOCTOBEPHBIMHU C
ommoOkoi B 0,05; 0,01 1 0,001%.

HccnenoBanue MUKpoOHMOMa OBIYKOB IIPOBEICHO C MOMOIIBI0 16S METareHOMHOTO aHaIu3a
Ha cekBeHarope [llumina MiSeq o TexHooruu cekBeHupoBanus Hoporo mokoneHus (NGS). Jls
aHanu3a ObLIM 0TOOpaHbI 00pa3Ibl Gexanuit pektanbHo. OOpa3ibl ObLIH COOpaHbI y TpEX ObIUKOB
JI0 KOpMJIEHHUS pariioHoM ¢ cemeHamu JibHa (T0), a 3aTemM B mepBbIid, BTOPOH M TPETUI MECSIIBI
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nociie kopmiieHus. Kpome Toro, B OnbIT B Ka4eCTBE KOHTPOJISI OBUTH BKITFOYCHBI TPU KUBOTHBIX,
KOTOPBIM CEMEHa JibHa He JaBajiu. O0pa3ibl ObUTH JOCTABJICHHI B TAOOPATOPHIO B TEPMOUEMO/IaHE
¢ xmagosnemeHTamu u xpanwiuck npu -20 °C [20]. s Beigenenus JJHK Obuto B3sito 250 Mr
obpasnos dekammii. JIHK Beigensimm nabopom st Beiaenenns JJHK mukpobroma PureLink™
(Invitrogen, CIIIA) B cOOTBETCTBUU C MPOTOKOJIOM NMPOU3BOAUTENS. | eHeTHYeckne OMOINOTEeKH
JUTsl MeTareHoMHOro 16S cekBeHnpoBaHUs ObLIN MOATOTOBIEHBI B COOTBETCTBUU C PYKOBOACTBOM
(Ne 15044223 rev. A). 'otoBbie 6ubnuotexu ¢ PhiX cekBeHnpoBanu ¢ momolisio Habopa MiSeq®
Reagent Kit v3 na 600 nuxios (Illumina Inc., CIIIA).

Hannpie 16S metaGapkoaupoBaHus 00pasloB MPOaHATU3UPOBAHBI C TOMOIILI0 pabounx
nporieccop Data QC. Jlamuble creHepupoBaHbl u3 mporona MiSeq u cocrosum u3
JeMYJIbTUIUICKCUPOBaHHbBIX (aityioB fastq, xoropeie ObUIM MMIIOPTHPOBAHBI B MPOTPAMMHOE
obecrieuenre CLC Genomics Workbench v. 22. (Qiagen). Ilepen HauamoM Ki1aCTepH3aI[HH PHIBI
ObLTM O0pe3aHbl, a UYTEHHUsI C HU3KUM OXBAaTOM ObUTH yAalieHbl U3 aHanu3a. [locnenoBarensHOCTH
16S mpaitmMepoB 1)1 CEKBEHUPOBAHUS MPEIOCTaBIISUTHCH B (hopmate clc. B kauecTBe 6a3b1 JaHHBIX
npu aHanmuze ucnosb3zoBaigack SILVA SSU v. 138. (www.arb-silva.de/documentation/release-
138).

B monyne CLC Microbial Genomics mns u3mepeHus: anbda- u Oera-pazHooOpaszus
UCIONBb30Baoch (uiorenernueckoe jaepeBo Bcex OTU (¢unoreHerndyeckoe paszHOOOpazue u
paccrosinus UniFrac). ®unoreHeTndeckoe AEPEeBO PEKOHCTPYHPOBAIOCH C HCIOIH30BAHUEM
noJxoja MaKCHMaJIbHOTO npasaonoaoous, OCHOBaHHOTO Ha BbIpaBHUBAHUU
nocinenoBarenbHocTet (MSA) OTU, crenepupoBannbix B cteHae MUSCLE. C uenbio omieHKH
CXOJICTBa MEX 1y oOpasnamu mpoBeacH nuddhepeHInaabHbli aHATN3 YUCICHHOCTH C TEM, YTOOBI
HaliTh omepanuoHHble TakcoHommueckue enuHuibl (OTU), koropele uMeroT Haunboiee
Pa3IUYAOINIYIOCS YUCICHHOCTh B 00pasnax. JloCTOBEPHOCTh pe3yNbTaTOB OLIEHEHA aHaJINU30M
Permanova, KOTOpBIIf MOKHO MCTIOIB30BaTh ISl U3MEPEHUS BEIMYMHBI d3PPEeKTa U 3HAYUMOCTU
OeTa-pa3zHo0Opasusl.

Pe3yabTaThl M 00Cy:KIeHHE

B pesynbrate uccienoBaHHs KOPMOB YCTaHOBJEHO, 4YTO KayecTBO KOPMOB B K/X
«Kynnpibaes Jlaynerranm» Obl10 cpenHuM. Tak, CEHO pPa3HOTPABHOE IO COJAEPKAHUIO CHIPOTO
MPOTEUHA U CBHIPOM 30JIbI CIEAYET OTHECTU K 1-My Kjaccy, IO COACPXKAHUIO ChIPOM KIIETYATKU -
KO 2-My kJaccy. OJTHaKO MO COJIEPKaHMIO CYXOro BEIIECTBA CEHO HE ABISETCS KIacCHbIM. CHItoc
KyKypy3HblIil B coorBeTcTBUM ¢ ['OCT P 55986-2014 1o copepkaHHIO CyXOro BEILECTBA, CHIPOTO
MPOTEUHA U CHIPOI KJIETYaTKU OTHECEH K 1-My KJ1acCy, a 0 KOHIEHTPAILUU CHIPOH 30JIbI B CYXOM
BEIIeCTBE KopMa — K 3-My kiaccy. s mpoBeaeHUs HAYyYHO-XO3SIMCTBEHHOTO OIBITa OBLIO
c(OpMHUPOBAHO JIB€ MOJOMNBITHBIE TPYMIbI ObIMKOB 10 10 roioB B KaXJ0il MO MPUHIMILY Map
anayioros [21] (Tabmuma 1).

Tabmuna 1 — CxemMa HayYHO-X03HCTBEHHOIO OIBITA HA OBIYKaX

I'pynma VYcnoBus KOpMIICHHS
py KonnuectBo romnos P
KonTponpHas 10 bazosriii parion (bP)
OneITHas 10 BP + 3epHo apHA

OTauyne palMoOHOB MOAOIBITHBIX TPYII )XMUBOTHBIX 3aKJIOYaJIOCh B TOM, UYTO ONBITHAS
rpynmna B paluoHe Mojiydana ceMmeHa jibHa. Ilpu 3Tom rpyObie KopMa B CTPYKTYype paluoHa
KOHTpOJIbHOM rpymnnbl 3aHumanu 22,0%. Ha counble kopma npuxomwiock 20,0%. [lons
KOHIEHTPHUPOBAHHBIX KOPMOB cocTaBisiia 58,0%. AHanoru4yHasi CTpyKTypa palioHOB ObLIa U B
OmbITHOM Tpymme. Tak, Ha 10110 TPYOBIX KOPMOB IPUXOAMIIOCH 22,5%, Ha 10110 coyHbIX — 19,5%.
ons koHIIEeHTpaToB B panroHe cocranisiia 58,0 %. B Tom yucne Ha ceMeHa JibHa MPUXOIUIOCH
9,2%. IloemaeMocTh ceHa B KOHTPOJBHOH rpymme cocrtaBwia 86,3%, cuioca - 96,47%,
KOHIIEHTPAThI MOEIAJIUCH MOJIHOCTHIO. B ONBITHOM TpyIIIie oeaaeMocTh ceHa cocTaBuiia 86,43%,
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cujoca KyKypy3Horo - 96,5%, KOHLIEHTpaThl MOENATUCh MOJHOCThIO. 3 MOy4eHHBIX JaHHBIX
CleyeT, YTO MOeAaeMOCTh KOPMOB Oblla OJAMHAKOBOW B 00eux rpymmnax. B cpennem, B cyTku
KUBOTHBIE 00€UX TPYII NOTPEOIISIIN OJJUHAKOBOE KOJIMYECTBO cyXxoro Bemectna (7,53 kr). [Ipu
3TOM MOTpedsieHrne YHEPTHH ObLIO BBIIIE B ONBITHOM rpymme Ha 5,13%, ceiporo mporerHa - Ha
2,0%, nepeBapuBaemoro nporenHa — Ha 3,14%, a ceiporo xupa — Ha 56,6%, 4TO CBSI3aHO C
BBEJCHUEM B PAIIMOH CEMSH JibHa B KonnmdecTBe 500 r Ha rojgoBy B CyTKU. BBeneHue B paiirion
OTIBITHOMW TPYIITIBI CEMSH JIbHA 0Ka3aJI0 TIOJIOKUTEIBHOE BIUSHUE HA MPOTYKTUBHOCTH KHUBOTHBIX.
Tak, aOCONIOTHBIN MPUPOCT KUBOW MacChl B OMBITHOW rpymme coctaBui 124,5+6,95 kr, a B
KoHTposibHOM Tpynne — 105,33+2,16 «r. IlpeBbimenue coctaBuwio 19,17 kr wumm 18,2
OTHOCHUTENbHBIX TporeHTa (P>0,95). CpemHecyTOuHBI NMPUPOCT KUBOM MAacChl B ONBITHOW
rpynne Obul Bbime u coctaBun 1270,40+70,94 r. mpotuB 1074,8422,01 r. IlpeBblmeHue
coctaBmio 195,6 r unm 18,2 otHocuTenbHBIX TporieHTa (P >0,95). Takas pa3Huiia cBsizaHa ¢ TeM,
YTO pAIMOHBI OTMBITHOW TPYIIBI COJAEpKaIM B COCTaBe OOJbIIE DSHEPTUH, CHIPOTO U
NepeBapuBaEMOro MPOTENHA U JKHpa. YBEJIUYEHHE CPEIHECYTOUHBIX MPUPOCTOB >KUBON MaccChl
OBIYKOB OMBITHOW TPYMIIBI MOKa3alo 3(PpPEeKTUBHOCTH 3aTpaT KOPMOB Ha | Kr mpupocTa KUBOU
Macchl. Tak, B KOHTpoJibHOW rpymie oHu coctaBmwin 7,26 DKE (9HEpreTH4ecKux KOPMOBBIX
eauHun), a B onbiTHOM — 6,45 DKE unu mensiue Ha 0,81 9KE, yto cocraBuiio 12,6%. Hapsny ¢
9TUM, HW3Y4YEHO COJEpKaHWE aHa’dpPOOHBIX OakTepwii M apxel B (EKAIMSIX IOJOTBITHBIX
KUBOTHBIX. Pe3ynbTaThl HCce10BaHUi IPEICTABICHEI B TA0IHIIE 2.

Tabnuna 2 — Cogeprkanue aHadpoOHBIX OaKTepHid U apxell B heKanusx MoJONBITHBIX KUBOTHBIX, %0

MuxkpoOuora Ipynna Guricon YpOoBeHb BEpPOATHOCTH
KT or
AHadpoOHbIe OaKTepun 98,67+0,18 99,52+0,03 P >0,95
Apxen 0,02+0,01 0,2+0,01 P >0,999

W3 naHHBIX TaONUIEL 2 CIEayeT, YTO Hanbosiee BEICOKAs KOHIIEHTPAIHS apXei COMepIKUTCS
B omnbITHOM rpynme (0,2+0,01%) mo cpaBHEHUIO ¢ KOHTPOJIBbHOH rpynmoit 6brakoB (0,02+0,01),
yBenudeHue - 0,18 abcomorHpix mpouenta wid B 10,0 pa3 (P>0,999). Ananu3 moiaydeHHBIX
JAHHBIX TI0Ka3ajl, YTO BBEJIEHHE CEMsSH JbHA B PALMOHBI OBIYKOB CIOCOOCTBYET YBEIMUYCHMIO
KOJINYECTBA aHAPOOHBIX OaKTEpPHi IPU OJHOBPEMEHHOM MOBBIIIICHUH KOHIICHTPAIIUN apXCH.

B pesynbrare nposenenus OuonnpopmaTuueckoi 00paboTKH NOTy4eHbI CTEHEPUPOBAHHbIE
knacrepsl OTU, koTopbie TpeaocTaBieHbl Ha pucyHKe 1.

Spirochaetia
Fibrobacteria
Negativicuites

Ambundance

Verrucomicroblae
Gammaproteobacteria
Coriobacteria

Bacilli

Actinobacteria
Bacterioldia

Clostidia

To Mounth 1 Mounth 2 Mounth 3 Control

Pucynox 1 — Mukpo6uoTta GBIYKOB Ha ypOBHE Kjiacca B 00pasuax, CrpynnupoBaHHBIX 10 KOPMIICHHIO
CeMEHaMH JIbHA
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Ha pucynke 1 mokazano ysemuuenue uucieHHoctu Clostridia ¢ TO mo 3-ii mecsn
KOpMIICHHSI CEMEHAMH JIbHA, TOTr1a Kak KojauuecTBo Bacteroidia ymenbinaercs. DT pe3ysibTaThl
ObUIM JONOJHUTENBHO OIICHEHBI MyTEM NMPOBEICHUS CTATUCTHYECKOTO aHAJIN3a 00Pa3IIoB.

Anb(da-pazHOoOOpa3ue HAHECEHO Ha JUarpamMmy MyTEéM TPYNIUPOBKH 0OpPa3IOB BBEACHUS
CEeMsIH JIbHA (PUCYHOK 2).
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Pucynok 2 - Anbda-pazHooOpasue — NpsMOYrojibHas JuarpaMma mpu KOPMICHUH JTbHOM
Pucynok moka3sbeIBaeT 3HaUMTEIBHOE pa3jaenenue rpymm kopmieHus (p= 0,03).

AHamm3 Oerta-pa3zHOOOpa3usi IMOKa3biBaeT aHanu3 OCHOBHBIX KoopauHaT (PCoA) Ha
paccrostausx UniFrac (pucyHok 3).

Mecsing 3

Mecsinn 3

Mecsing 2

.’ Mecsim 1

Mecsin 2 . Mecsin 1

Pucynok 3 - PesynbraT aHanu3a Oeta-pasnooodpasus — PCOA
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B PCoA cdepsr Oera-pasHOOOpazusi Ha Tpaduke OKpamieHbl B COOTBETCTBUU C
METaJaHHBIMH (KOPMJICHHE DPAllMOHOM C CEMEHaMHu JibHa). MIHTepecHO, 4TO B ATOM aHaJn3e
mukpobuoTa B TO 1 yepe3 3 Mecsilia mociie KOpMJICHHsI CEMEHAMH JIbHA YETKO CTPYNIHUPOBaHA B
JIBa pasHbIX Kiactepa. KuBoTHBIE yepe3 | u 2 MecsIa TakKe OTACICHBI OT MEPBBIX TPYIII, HO
UMEIOT TeHICHITUIO CMEIUBAThCA APYT ¢ ApyroM. PCoA mpeamonaraeT mocTerneHHoe N3MEHEHNE
cocTaBa MUKPOOHOTHI ITOCTIE KOPMIICHHSI CEMEHAMU JIbHA.

Tabmuma 3 - PesynpTaT mepMyTaliioHHOTO MHOTOMEpHOTo aucrnepcrnonHoro anamm3a (IIEPMAHOBA)
ananu3 (bpaii Keptuc)

IlceBmocraTucTrka p-3Ha4YECHHE
I'pynnst

2.50489 0.00246

I'pynma 1 I'pynma 2 ITceBmocTaTucTrka P-3nauenmne (gé;gi!;;iiz)
Jo Mecsi 2 0,78822 0,90000 1,00000
Jo Mecsi 2 1,62391 0,10000 1,00000
Mecs 2 Mecsn 3 2,18331 0,10000 1,00000
Jo KoHnTpoan 2,06822 0,10000 1,00000
Mecs 2 KoHnTpoan 4,79052 0,10000 1,00000
Mecs 3 KoHnTpoan 11,24487 0,10000 1,00000
Jo Mecs 1 1,03102 0,50000 1,00000
Mecs 2 Mecsir 1 0,78543 0,60000 1,00000
Mecs 3 Mecs 1 5,38830 0,10000 1,00000
KouTponn Mecsir 1 5,03025 0,10000 1,00000

PERMANOVA ananu3 (XKakkapn)
Ilepemennas I'pymier IlceBmocTaTnucTHKa p-3HauYcHHE

Kopmnenue Ho, Mecsiu 2, Mecsn 3, Kontpous, Mecsin 1 2,17219 0,00051

I'pynma 1 I'pynmna 2 IceBnocraTucTuka P-3nauenue (553111;2111)
Jo Mecsi 2 0,92241 0,80000 1,00000
Jo Mecsi 2 1,98391 0,10000 1,00000
Mecs 2 Mecsi 3 1,97859 0,10000 1,00000
Jo KouTpoins 1,69119 0,10000 1,00000
Mecs 2 KonTtponn 2,97312 0,10000 1,00000
Mecsi 3 KonTtponn 6,45427 0,10000 1,00000
Jo Mecs 1 1,18759 0,20000 1,00000
Mecs 2 Mecsir 1 0,85116 0,60000 1,00000
Mecs 3 Mecs 1 3,95923 0,10000 1,00000
KoHnTpoan Mecsir 1 3,20675 0,10000 1,00000

Meranorensl. buonHdopmaTuyeckuii aHamW3 MPOBOAWICS Ha 3-X TaKCOHOMHYECKHX
YPOBHSIX: KJlacc, CEMEMCTBO U POA.

Jl71s mpoBepKU HaIMUKs Pa3HULBI MEXTY IBYMs IpynraMu npoBenéH auddepeHnnaibHbIi
aHaJIM3 YMCICHHOCTH apxeil (tabmuna 4). Pesynprar 3TOoro anamm3a mokasan 6-kpatHoe u 285-
KpaTHOE YyBEIMYCHUE YHCICHHOCTH apxeil kiaccoB Methanobacteria u Methonomicrobia,
COOTBETCTBEHHO, MOCJI€ BBEJCHHS B PALlMOH CEMsH JIbHA B T€YEHHE 3-X MECSIeB. DTU 3HAUYCHUS
CTATUCTUYECKU TMOJATBEPHKACHBI, IMOCKOJbKY IOKa3aTeNM P 3HAYUTEIBHO HMXKE MOPOTOBOTO
snavenus (p<0,05).

Tabmuia 4 - OTU JuddepeHimanbHblii aHaJIN3 YUCICHHOCTH Ha YPOBHE Kiacca

HaI/IMCHOBaHHC Kj1acca I/IBMeHeHI/Ie CFI/I6a P-gHaquHe
Methanobacteria 591 7,95E-3
Methanomicrobia 258,21 1,54E-3
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Tot e moaxo NPUMEHEH Ha YPOBHE CEMEUCTB U POJOB (PUCYHOK 4), UTO MOJITBEPKIAACT
YBCIUWYCHUEC COACPKAHHUA MCTAaHOI'CHOB Ha 3-m MECALC IO CPaBHCHUIO C XHMBOTHBIMH 10
kopmiieHuss cemeHamu sbHa (T0). B uacTHOCTH, METaHOTEHHBIH KOMIOHEHT MUKPOOHMOTHI
xenymouHo-kumeunoro tpakra KPC unentudunmpoBan kak cemeiictea Methanobacteriaceae,
Methanocorpusculaceae, Methanomethylophilaceae wu xax poxmer Methanobrevibacter,
Methanosphaera.

Abundance
4
1

B

L1l
T
gl

5% 5% 3
1% 3 a3
15% %
10% e
5% %
L )
T0 Month 3 T0 Month 3
Methancbacteriaceae ?:nt:t;hhaar:;(::hpnuesr(;ulum
Methanomethylophilaceae )
Methanobravibacter
Methanocorpusculaceae

PucyHok 4 - MukpoOroTa OBIYKOB Ha YPOBHSIX CEMEHCTB U POJIOB apxeid B 00pasiax,
CIPYIIIMPOBAHHBIX 110 KOPMJICHHIO CeMEHaMHU JbHA. KOMIIOHEHT MeTaHOT€Ha OKpallleH B CBETJIO-T0J1y00i
U 3eJIEHBI [BETA

TouHo Tak xe auddepeHnraIbHbIi aHaTN3 YUCICHHOCTH ObLT BBITIOJHEH IS CEMEHCTB H
pomoB MeTaHoreHOB (Tabiuisl 5, 6). Ha ypoBHe cemelicTBa CTaTUCTUYECKH 3HAYMMAs BapHAaIlHst
YHCIICHHOCTH Ha 3-M MecsIle M0 CPaBHEHHIO C KHUBOTHBIMU 110 KOpMIIeHHs ceMeHamu JibHa (T0)
Obuta moaTrBepkaeHa s Methanocorpusculaceae  (yBenwuenwe B 255 pa3) wu
Mathanobacteriaceae (yBenmuuenune B 6 pa3). PesymbraTel Takke MoKasanmu 13-kpaTHOe
yBenuuenue Methanomethylophilaceae.

Tabmuua 5 - OTU InddepeHunanbHplii aHANN3 YUCICHHOCTH HA YPOBHE CEMEHCTB apxei

Haumenosanue Hsmenenne cruda P-snaucnne
Methanocorpusculaceae 254,81 1,36E-3
Methanobacteriaceae 6,05 0,02
Methanomethylophilaceae 12,72 0,07
Tabmuua 6 -OTU InddepeHnmanbHbli aHaIN3 YUCICHHOCTH Ha YPOBHE POJIOB apXei
P-3nauenue
Hanmenosaune Hsmenenune cruda
Methanocorpusculum 166,92 0,08
Methanosphaera -1,51 0,52
Methanobrevibacter 1,00 0,98
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Coznana TeroBasi Kapta (PHECYHOK 5), BKIIOUAIONIasi BCE DKCIEPUMEHTAIBHBIE TPYIIITHI
(koHTpONL, 10 KOpMmieHus cemeHamu JibHa (T0), mecsiy 1, 2, 3) Ha ocHOBe TaOJIHIIBI
orepanuoHHbIX TakcoHoMuueckux enuHul] (OTU), 94To0Bl COXpaHHUTHh BCIO TaKCOHOMHYECKYIO
nH(popMaIrio B aHAIIK3E.

\ | e

KHE_S38 2 AKE_20  AEREKE_SI0 4380p_Su 521 REKLSS  IUp_S@0  ZIK_S1T  AJEMELSE  1bn_¥15 3K 3T

Feedng
Malhanoganicaitason LEW-ATOT, CUBEINZE 11189
falhanobrevivacter sp, KiI05525 11165
—I:U|a- ubievibadie gp. B2, AVB15204.1.1280
~Unculturad Methanobredhader <p 1233

_\; Uncuturad Wethanebredbaciar sp JFA0T0EE 11262
| Mesnanohrednastar sp YE301: GOBISSTS 1 931
Lu";..nmm Mathanobradhacter ap; K 51452

Unidantiied mathanagen 4RC1A AF0RE20% 11043

LIncutherad Methanehredbactar sp FIA10254 1 1262
———LIncutirad Meshanehredbacsar sp FI10258 1 1261
1 Uncutiured Meshanobresibacior sp JFE070701.1202
_[qullur:d methanagenic archason: AY4Z2087.1.913

Uncultured mefanegenic archacon; AY4ZZ366.1.1025
‘ Uncultured Methanabrovisacker sp; HO412064 11209
J

Unidentiicd methanagen ARC4D; AFOEI204.1.1012

Unzultred rumen methanegen; KO404261 11204

Uncultured Methanabrevibacter sp; HO413070.1 1203

[ Unidenbfied methanogen ARCE, AFO2E197.1.1015
Een-mu:rmu:lur rumminzslun, KP 2387 11280
Uncullured rurnen methanogen, S951820.1 1280

——Uncultured Wethanobrevisacer sp, KAE 842 1128/

| —Methanogenic srcharen LA MDY, ELMEIZ 1,124 Kopmnenwe
L F {Metapgannuie
Uncullured Melhangbrevacter sp, KJS22i08.1.1202 ypoBreHL #1)

I vecay 3 [l Mecau 1
TO M KonToons
Mecau 2

Pucynok 5 - TerutoBast kapta Tabnuisl OTU mo metanoreHam

OTOT aHanu3 Takke BechMa WH()OPMATHBEH, TaK KaK MOKAa3bIBACT, YTO YBEIMUYCHUE
METaHOT€HOB HE3HAYUTENIBHO JI0 2-X MECSIEB MOCIe KOPMIICHHUS CEMEHaMHU JIbHA, B TO BPEeMs Kak
C TpEeThero Mecslla HAYMHACT YBEJIMYMBATHCS METAHOTCHHAS COCTABISIONIAs MHUKPOOHOTHI
KEITYJ0YHO-KUIIIEYHOT O TPAKTa KPYIMHOI'O POraToro cKoTa.

3akiroueHue

B onbITHOM rpyrmie ObIYKOB, B palliOHE KOTOPBIX ObUIN CEMEHa JIbHA, HAOI0Jacs OB
MPUPOCT KUBOM MACChl MO CPAaBHEHUIO C KOHTPOJIBHOW rpynmnoi. B pesynbrare mpoBeIeHHOTO
MCTAar¢HOMHOI'O aHAaJIN34a BBIAABJIICHO, YTO BBCACHUC CCMSH JIbHA B PAlITMOHBI GBI‘IKOB CHOCOGCTByeT
YBEIIMYECHUIO KOJIMYECTBA aHa’poOHBIX Oakrepwii m apxei (cemeiicte Methanobacteriaceae,
Methanocorpusculaceae, = Methanomethylophilaceae u  pomo  Methanobrevibacter,
Methanosphaera), uto cmocoOCTByeT MOBBIICHUIO MPOIYKTUBHOCTH OBIYKOB, HO B TO K€ BPEMSI
MOBBIIIACTCS AMUCCUSI METaHa, YTO HETaTMBHO BIMIET Ha OKpyKaromlyro cpeny. Heobxomumo
MpOBEJCHUE NalbHEHIINX HCCIEAOBaHUN Ui pa3pabOTKH PAllMOHOB C LIETbI0 YMEHbILIEHUS
BBIPaOOTKH METaHa.
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3BIFBIP TYKBIMBIMEH A3BIKTAHIBIPYIBIH KA3BAKTBIH AKBAC TYKBIMBI
BYKALIBIKTAPBIHBIH ACKA3AH-IIIEK 5KOJIbl MUKPOBUOMACBIHIAF b
APXEWJIEPATH OHIM/ILIITT MEH IIOFBIPJIAHYBIHA 9CEPI

Tyiiin

Makanana 3BIFBIp TYKBIMBI KOCBUIFaH PAllMOHHBIH Ka3aKTBIH akK0ac TYKBIMIBI —OyKamapablH
OHIMJIITITIHE JKOHE ONApJbIH METaH OHJIIpyiHe ocepi Typalibl akmapaT OepinreH. Meran OeutiHici
JKaHyapJlapIblH acKas3aH-illeK MHKPOOMOMACHIHAAFEl apXeiyiepAiH MeJIepine OalIaHbICTEL. 3epTTey
HOTHXKECIHAC OYKalmapAblH pAalFOHbIHA 3BIFBIP TYKBIMBIH €HTI3Y CAJIMAKTHIH OCYiHE XOHE METaH
OHIIPICIHIH apTybIHA BIKIAJ €TeTiHI aHBIKTaAAbl. COHBIMEH, TOXKIPHOECIIIK TONTHIH TipiJicH calMarbIHBIH
a0CoJIIOTTI ecyi 124,5+6,95 KT, an Oakputay  ToOBIHmA-105,33£2,16 KT. 3BIFBIP
TYKBIMBIH IMali1ajaHy aHadpoOThI OaKkTepusTap MEH apxeinepiiH keOeroiHe, SFHH MeTaH OHIIPICIHIH
apTyblHA OKeai. TYKBIMIBIK JICHTCHIE 3BIFBIP TYKBIMBIMCH KOPEKTEHTCHIe JeHiH jKaHyapiapMeH
CaJIBICTBIPFaH/Ia 3-1IIi ai/la METaHOTCH/ISP CaHBIHBIH CTATUCTHKAJIBIK MaHBI3/IbI ©3repyi, SKCIIEPUMEHTTIH
Gacranysl, ansikTamansik HykTe (T0) Methanocorpusculaceae (255 ece ecy), Methanomethylophilaceae
(13 ece ecy) xone Mathanobacteriaceae (6 ece ecy) pacTaisl.

Kinrri ce3mep: MukpoOuoM, ipi Kapa MaJ, Ka3aKThIH akK 0achl, 3bIFBIP TYKBIMIAPHI, ®KaHA YpPIIaK
CCKBEHJIEY.
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INFLUENCE OF THE DIET ON THE PRODUCTIVITY OF THE KAZAKH WHITE
HEAD STEERS AND CONCENTRATION OF ARCHAEA IN THE
GASTROINTESTINAL TRACT MICROBIOME

doi: 10.53729/MV-AS.2023.01.15

Abstract

The article provides information on the effect of a diet with the addition of flax seeds on the
productivity of the steers of the Kazakh white-headed breed and their production of methane. The
production of methane depends on the concentration of archaea in the microbiome of the
gastrointestinal tract of animals. As a result of the research, it was found that the introduction of
flax seeds into the diets of the steers contributes to weight gain and an increase in methane
production. Thus, the absolute increase in live weight in the experimental group was 124.5+6.95
kg, in the control group - 105.33+2.16 kg.The use of flax seeds has led to an increase in the number
of anaerobic bacteria and archaea, that is, to an increase in methane production. At the family level,
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a statistically significant variation in the abundance of methanogens at 3 months compared to
animals before flax seed feeding, beginning of the experiment, baseline (TO) was confirmed for
Methanocorpusculaceae (255-fold increase), Methanomethylophilaceae (13-fold increase) and
Mathanobacteriaceae (increase 6 times).

Keywords: microbiome, cattle, Kazakh white-headed, flax seeds, new generation sequencing.

More than half of the methane in the atmosphere are the result of the development of
agriculture, primarily animal husbandry. Methane is produced as a side effect of the digestive
processes of cattle. Methane emissions from animals into the environment contribute to climate
change. Methane leads to the greenhouse effect: compared to carbon dioxide, it is able to retain
more heat than carbon dioxide. Stomach gases, as a result of malnutrition and digestion of animals,
are becoming a problem in countries with developed agriculture. By 2030, the ambient temperature
Is expected to increase from 1.5 to 2°C.

Kazakhstan is a country with a developed animal husbandry, in which the number of cattle
Is increasing every year, respectively, more methane is emitted. To reduce methane emissions, it
is necessary to change the diet of cows [1]. Pretty D.C., Char S., Hongmin D. et al. [2] note that
the ratio of concentrates and coarse feed in the diet affects the growth of the animal, fermentation
in the rumen, methane emissions and animal health [2]. As a rule, when the proportion of coarse
feed is higher, cellulose-destroying bacteria multiply and acetic acid fermentation with hydrogen
production prevails in the rumen, which stimulates massive reproduction of archaea with an
increase in methane emissions. However, when the proportion of concentrate in the diet is
increased, the pH in the rumen decreases, which inhibits the growth of archaea and ciliates, while
increasing the production of propionic acid. A number of authors have established that the
composition of organic matter (carbohydrates) in the diet of animals affects the nature and rate of
fermentation, as well as the formation of essential fatty acids (EFAs) and methane [3-5]. Starch
diets stimulate propionate production and reduce methane production. Such diets affect the rumen
pH and the formation of methane. Diets containing coarse feed have the opposite effect. Rations
containing roughage have the opposite effect. The influence of diet composition on methane
emission was also established by other scientists [6, 7]. BIn India, it was found [8] that Holstein
cows eat high-quality diets and produce 6-7 times less methane per 1 liter of milk than local cows,
which reduces methane emissions by 20-30% due to livestock. Another way to reduce
methanogenesis in the rumen may be inhibited due to the formation of alternative products. Thus,
acetogenic bacteria in the large intestine of mammals produce acetic acid during the reduction of
CO. with the participation of H2 formed during the fermentation of carbohydrates in the large
intestine [9]. The enrichment of the animal diet with fats leads to a decrease in the infusoria in the
rumen [10, 11] and a decrease in methane, and the source of fat affects the effectiveness of its
action [12]. The inhibition of melanogenesis has been shown with the addition of fats (for example,
flax seeds) to the diet [13]. When a probiotic from the fungus Aspergillus oryzae is added to the
feed, the formation of methane in the rumen decreases by 50%, which is associated with a decrease
in the number of infusorium in the rumen contents (by 45%) [14]. The addition of Saccharomyces
cerevisiae in vitro to the incubation system leads to a 10% reduction in methane, while the addition
in vivo does not affect it [15].

The decomposition of plant fiber occurs as a result of the hydrolysis of polysaccharides into
monomers. The monomers are fermented by acidogenesis resulting in organic and short chain fatty
acids. Hydrogen (H) and carbon dioxide (CO2) are also produced. Methanogens remove H; by
reducing CO> to form methane [16, 17]. Therefore, understanding the microbial composition of
the gastrointestinal tract of ruminants is important to assess the extent of methane production. The
development of a diet for cattle in order to reduce methane emissions and its negative impact on
the environment is an urgent global environmental problem.
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Materials and methods

Studies of the effect of adding flax seeds to the diet on the microbiota of the gastrointestinal
tract (GIT) of cows were carried out in the farm "Kuldybaev Dauletgali”, Karatal district, Zhetysu
region, in the testing center for determining the chemical composition of feed and product quality
of LLP "Kazakh Research Institute for livestock and Fodder Production” and in the laboratory
molecular genetic research of LLP "SPC of Microbiology and Virology".

Kazakh white-headed steers aged 8-10 months served as the object of the study, with an
average initial live weight of 180-210 kg and an average daily increase of 1100-1200 g. The fodder
base was represented by mixed hay, corn silage, corn, wheat bran. Chemical analysis of feed was
carried out according to State standart 32040-2021. To study the chemical composition of the feed,
an Infrasound device from FOSS (Denmark) was used. The animals were kept in open areas,
without a leash. Feeding was carried out twice a day. After studying the chemical composition of
feed and the formation of experimental groups, taking into account the live weight and average
daily gains of animals, rations for experimental groups were developed. When developing diets,
the norms of feeding farm animals developed by the Institute of Animal Husbandry were used
[18]. During the experiment, once a month, the productivity of animals and feed consumption were
taken into account. The digital material was processed by the method of variation statistics [19].
In accordance with the standard values of the reliability criterion (according to Student), three
levels of probability were used: 0.95; 0.99 and 0.999. At P <0.95, the differences between the
groups were considered insignificant. If the probability level of the above indicators, then the
differences are considered reliable with an error of 0.05, 0.01 and 0.001%.

The study of the steers microbiome was carried out using 16S metagenomic analysis on the
Illumina MiSeq sequencer using new generation sequencing technology (NGS). Fecal samples
were taken rectally from the steers for analysis. Samples were collected from 3 steers before
feeding with flax seeds (TO0), and then in the first, second and third months after feeding. In
addition, 3 animals that were not given flax seeds were included in the experiment as a control.
The samples were delivered to the laboratory in a thermowell with refrigerating elements and
stored at -20 °C [20]. 250 mg of fecal samples were taken to isolate DNA. DNA was isolated with
a PureLinkTM microbiome DNA isolation kit (Invitrogen, USA) in accordance with the
manufacturer's protocol. Genetic libraries for metagenomic 16S sequencing were prepared in
accordance with the guidelines (No. 15044223 rev A). The finished libraries with PhiX were
sequenced using the MiSeq ® Reagent Kit v3 for 600 cycles (Illumina Inc., USA).

The 16S metabarcoding data of the samples was analyzed using Data QC workflows. The
data was generated from the MiSeq run and consisted of demultiplexed fastq files that were
imported into the CLC Genomics Workbench v software. 22 (Qiagen). Before clustering started,
the reads were truncated and the low-coverage reads were removed from the analysis. Sequences
of 16S primers for sequencing were provided in .clc. format. SILVA SSU v. 138. was used as a
database in the analysis. (www.arb-silva.de/documentation/release-138).

In the CALC Microbial Genomics module, a phylogenetic tree of all OTU (phylogenetic
diversity and UniFrac distances) was used to measure alpha and beta diversity. The phylogenetic
tree was reconstructed using a maximum likelihood approach based on the alignment of OTU
sequences (MSA) generated in the MUSCLE stand. In order to assess similarities between
accessions, a differential abundance analysis was performed to find the operational taxonomic
units (OTUs) that have the most disparate abundances in the samples. The validity of the results
was assessed by the Permanova analysis, which can be used to measure the effect size and the
significance of beta diversity.

Results and discussion

As a result of the study of feed, it was found that the feed in the «Kuldybayev Dauletgali»
farm was of average quality. Thus, mixed hay in terms of the content of crude protein and crude
ash should be attributed to the 1st class, in terms of the content of crude fiber - to the 2nd class.
However, in terms of dry matter content, hay is not cool. Corn silage in accordance with State
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standart 55986-2014 is classified to the 1st class in terms of dry matter, crude protein and crude
fiber, and to the 3rd class in terms of the concentration of crude ash in the dry matter of the feed.
To carry out the scientific and economic experiment, two experimental groups of steers with 10
heads each were formed according to the principle of pairs of analogues [21] (Table 1).

Table 1 — Scheme of scientific and economic experience on steers

Group Number of steers Feeding conditions
Control group 10 Basic diet (BR)
An experienced group 10 Basic diet + flax grain

The difference in the diets of the experimental groups of animals was that the experimental
group received flax seeds in the diet. At the same time, coarse feed in the structure of the diet of
the control group occupied 22.0%. Juicy feeds accounted for 20.0%. The share of concentrated
feed was 58.0%. There was a similar structure of rations in the experimental group. Thus, the share
of roughage accounted for 22.5%, the share of succulent - 19.5%. The proportion of concentrates
in the diet was 58.0%. Including flax seeds accounted for 9.2%. Hay consumption in the control
group was 86.3%, silage - 96.47%, concentrates were eaten completely. In the experimental group,
the feedability of hay was 86.43%, corn silage - 96.5%, concentrates were eaten completely. It
follows from the data that the feed intake was the same in both groups. On average, animals of
both groups consumed the same amount of dry matter (7.53 kg) per day.At the same time, energy
consumption was higher in the experimental group by 5.13%, crude protein - by 2.0%, digestible
protein - by 3.14%, and crude fat - by 56.6%, which is associated with the introduction of flax
seeds into the diet in the amount of 500 g per head per day. The introduction of flax seeds in the
diet of the experimental group had a positive effect on the productivity of animals. Thus, the
absolute increase in weight in the experimental group was 124.5+6.95 kg, and in the control group
—105.33£2.16 kg. The excess was 19.17 kg or 18.2 relative percent (P>0.95). The average daily
increase in weight in the experimental group was higher and amounted to 1270,40+70.94 g versus
1074,8+22.01 g. The excess was 195.6 g or 18.2 relative percent (P>0.95). This difference is due
to the fact that the diets of the experimental group contained more energy, crude and digestible
protein and fat. An increase in the average daily weight gain of the experimental group of steers
had a positive effect on feed costs per 1 kg of weight gain. So, in the control group they amounted
to 7.26 EFU (energy feed units), and in the experimental group — 6.45 EFUor less by 0.81 EFU,
which was 12.6%. Along with this, the content of anaerobic bacteria and archaea in the feces of
experimental animals was studied. The research results are presented in table 2.

Table 2 — The content of anaerobic bacteria and archaea in the faeces of experimental animals, %

Group of steers
Anaerobic bacteria A_‘” Probability level
Control group | experienced
group
Bacteria 98,67+0,18 99,52+0,03 P >0,95
Archea 0,02+0,01 0,2+0,01 P >0,999

From the data in Table 2 it follows that the highest concentration of Archea is found in the
experimental group (0.2+0.01%) compared to the control group of steers (0.02+0.01). The increase
is 0.18 absolute percent or 10.0 times (P>0.999). The analysis of the data obtained showed that the
introduction of flax seeds into the diets of steers contributes to an increase in the number of
anaerobic bacteria while increasing the concentration of archaea.

As a result of bioinformatic processing, generated OTU clusters were obtained, which are
shown in Figure 1.
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Figure 1 — Microbiota of steers at the class level in samples grouped by feeding flax seeds

Figure 1 shows an increase in the number of Clostridia from TO to the 3rd month of feeding
with flax seeds. Moreover, the number of Bacteroides decreases. These results were further
evaluated by conducting a statistical analysis of the samples.

Alpha diversity was plotted on the diagram by grouping samples of flax seed introduction
(Figure 2).
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The figure shows a significant separation of feeding groups (p= 0.03).
Beta diversity analysis shows the analysis of basic coordinates (PCoA) at UniFrac distances
(Figure 3).
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Figure 3 - Result of Beta diversity analysis — PCoA

In PCoA, the spheres of beta diversity in the graph are colored according to the metadata
(feeding a flax seed diet). Interestingly, in this analysis, the microbiota at TO and after 3 months
flax seed feeding is clearly clustered into two different clusters. Animals over 1 and 2 months are
also separated from the first groups, but tend to mix with each other. PCoA, involves a gradual
change in the composition of the microbiota after feeding with flax.

Table 3 - Result of permutational multivariate analysis of variance (PERMANQOVA) analysis (Bry Curtis)

Pseudostatistics p-value
Groups
2.50489 0.00246
1 2 3 4 5

Group 1 Group 2 Pseudostatistics p-value (BE;1¥::$§ni)

Before Month 2 0,78822 0,90000 1,00000

Before Month 2 1,62391 0,10000 1,00000

Month 2 Month 3 2,18331 0,10000 1,00000

Before Control 2,06822 0,10000 1,00000

Month 2 Control 4,79052 0,10000 1,00000

Month 3, Control 11,24487 0,10000 1,00000

Before Monthl 1,03102 0,50000 1,00000

Month 2 Monthl 0,78543 0,60000 1,00000

Month 3, Monthl 5,38830 0,10000 1,00000

Control Monthl 5,03025 0,10000 1,00000

PERMINOVA analysis (Jacquard)
Variable Groups Pseudostatistics p-value
Feeding Before, Month 2, Month 3, Control, Monthl 2,17219 0,00051
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Table 3 continuation

1 2 3 4 5
Group 1 Group 2 Pseudostatistics p-value (BEr-w\]iZ:lrJgni)
Before Month 2 0,92241 0,80000 1,00000
Before Month 2 1,98391 0,10000 1,00000
Month 2 Month 3 1,97859 0,10000 1,00000
Before Control 1,69119 0,10000 1,00000
Month 2 Control 2,97312 0,10000 1,00000
Month 3 Control 6,45427 0,10000 1,00000
Before Month 1 1,18759 0,20000 1,00000
Month 2 Month 1 0,85116 0,60000 1,00000
Month 3 Month 1 3,95923 0,10000 1,00000
Control Month 1 3,20675 0,10000 1,00000

Methanogens. Bioinformatics analysis was carried out at 3 taxonomic levels: class, family
and genus.

To check for a difference between the two groups, a differential analysis of the number of
archaea was carried out (Table 4). The result of this analysis showed a 6-fold and 285-fold increase
in the abundance of archaea of the classes Methanobacteria and Methonomicrobia, respectively,
after the introduction of flax seeds into the diet for 3 months. These values are statistically
confirmed, since the p - values are significantly lower than the threshold value (p <0.05).

Table 4 - OTU Differential Population analysis at class level

Class name Changing the fold p-value
Methanobacteria 5,91 7,95E-3
Methanomicrobia 258,21 1,54E-3

The same approach was applied at the family and genus level (Figure 4), which confirms
the increase in methanogens at 3 months compared to animals before feeding with flax seeds (T0).
In particular, the methanogenic component of the microbiota of the gastrointestinal tract of cattle
was identified as the families Methanobacteriaceae, = Methanocorpusculaceae,
Methanomethylophilaceae and the genera Methanobrevibacter, Methanosphaera.
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Figure 4 - Microbiota of steers at the family and genus levels of archaea in samples grouped by feeding
on flax seeds. The methanogen component is colored in light blue
and green colors
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Similarly, differential abundance analysis was performed for families and genera of
methanogens (Tables 5, 6). At the family level, a statistically significant variation in abundance at
3 months compared to animals before flax seed feeding (TO) was confirmed for
Methanocorpusculaceae (255-fold increase) and Mathanobacteriaceae (6-fold increase). The
results also showed a 13-fold increase in Methanomethylophilaceae.

Table 5 - OTU Differential abundance analysis at archaeal family level

Name Changing the fold p-value
Methanocorpusculaceae 254,81 1,36E-3
Methanobacteriaceae 6,05 0,02

Methanomethylophilaceae 12,72 0,07
Table 6 -OTU Differential abundance analysis at the level of archaea genera
Name Changing the fold p-value
Methanocorpusculum 166,92 0,08
Methanosphaera -1,51 0,52
Methanobrevibacter 1,00 0,98

A heat map (Figure 5) including all experimental groups (control, before flax seed feeding
(TO), month 1, 2, 3) was created based on the table of operational taxonomic units (OTU) to keep
all taxonomic information in the analysis.
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Figure 5 - Heat map of the OTU table for methanogens
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This analysis is also very informative, as it shows that the increase in methanogens is
insignificant up to 2 months after feeding with flax seeds, while the methanogenic component
begins to increase as early as the third month.

Conclusion
In the experimental group of steers fed with flax seeds, there was a greater increase in weight
compared to the control group. As a result of the metagenomic analysis, it was revealed that the
introduction of flax seeds into the diets of steers contributes to an increase in the number of
anaerobic bacteria and archaea (families Methanobacteriaceae, Methanocorpusculaceae,
Methanomethylophilaceae and the genera Methanobrevibacter, Methanosphaera), which
contributes to an increase in the productivity of steers and methane emission.
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—Cnucok nureparypsl (opopmisiercs ¢ ykazaHueM (paMuiIny U HHUIMAJIOB aBTOPa, IIOJIHOTO
Ha3BaHUs KHUTH (CTAaThbU), MECTa M3JJaHUs, HA3BaHUS KypHaja (rojaa, ToMma, HOMepa, CTPAHHIIHI).

3. Pasmep omHO# cTaThu HE MOJHKEH MPEBBINIATH 5-7 MAITMHOMHUCHBIX CTPAHUI] (CTaThH
0030pHOTO XapakTepa — A0 15 cTp.), BKIroUas aHHOTAIUIO, TAOJHIIBI, PUCYHKH, CIIUCOK JINTEPATYPHIL.
B ToMm e d(aiine cremyer mHpeAcTaBNATh pE3lOME Ha TpeX s3bIKax (Ka3aXxCKOM, PYCCKOM U
AHTJIUHCKOM).

4. Crartbs noipkHa OBITH HaOpaHa Ha KoMmbloTepe B peaakTope MS Office Word, mpudrom
Times New Roman 12 T, ¢ mpo6enomM Mexay CTpok | KOMITBIOTEPHBI HHTEPBa, TIOJISl — BEpXHEE U
HIDKHEE 2 cM, JieBoe 3 cm, mpaBoe 1,5 cm. KonmuectBo pucyHKOB — HE Oojiee msTH. AHHOTAIHS,
TaOJUIIBI, PUCYHKH, CITUCOK JTepaTypsl — 11 miT yepe3 1 xommbproTepHbIN MHTEpBaL. CCBHUIKH HA
JUTEpaTypHBbIC UCTOYHUKH NAIOTCS IU(paMy B IPSIMBIX CKOOKaxX MO Mepe YIIOMUHAHUS U JIOJIKHBI
OBITh ACHTUYHBIMU Ha JIBYX s13bIkax. HeoO0X01MMO TIIaTenbHO CIEAUTD 382 TOYHBIM COOTBETCTBUEM
0003HaYCHHI B TEKCTE W Ha TAONHIAX, pUCYHKaX U Ap. IIpu M3M0KEeHUN IKCIEPUMEHTaIHHOTO
MaTepHuaa I0JbKHA OBITh HCTIOJb30BaHa MeXTyHapoHas cuctema enuuuil (CH).

5. Tlocne crarbu Ha AHIVIMACKOM SI3bIKE€ MPHUBOIMTCS CHHCOK JIUTEPATyphl B POMaHCKOM
andasute (References) niss SCOPUS u npyrux BA3 JIAHHBIX moiaHOCTBIO OTAETBHBIM OJIOKOM,
MOBTOPSISI CIIUCOK JINTEPATYphl K PYCCKOS3BIYHON YacTH, HE3aBUCUMO OT TOTO, UIMEIOTCSI WM HET B
HEM WMHOCTpaHHbIE MCTOYHUKH. ECIM B CHMCKe €cTh CChUIKM HAa MHOCTpPAaHHBIC MyOJIMKAIUU, OHH
TIOJTHOCTHIO TIOBTOPSIFOTCS B CITUCKE, TOTOBSIIIEMCSI B POMaHCKOM asihaBUTE (JTATHHUIIA).

B References He UCTIONb3yrOTCS pa3aenuTeNbHbIC 3HAKU («//» U «—»). Ha3BaHue NCTOYHUKA U
BBIXOJHbIE JTAaHHBIE OTIEJSIOTCS OT aBTOPOB THIIOM IIpH(Ta, Yalle BCEro KypCHMBOM, TOUKOW WIIU
3arsITOM.

Ha caiite http://www.translit.ru/ mokHO OeCIIaTHO BOCIIOJIB30BATHCA IPOTPAMMOI
TPAHCIUTEPALIUN PYCCKOTO TEKCTa B JATUHUILY, UCIONB3Ys pasindHble cuctembl. IIporpamma
OUYeHb MpPOCTasi, €€ JIETKO HCIOJIb30BaTh Ul FOTOBBIX CChUIOK. K mpumepy, BbIOpaB BapuaHT
cucrembl bubmmnorexkn Konrpecca CHIA (LC), momyyaem wu3o0paxkeHune BceX OyKBEHHBIX
cooTBeTCTBUH. BeTamisiem B crienuanbHOE 1oJie BeCh TeKCT Oubimorpaduu Ha PyCCKOM SI3bIKE U
HAOXKMMAeM KHOIIKY «B TPAHCIUT.

6. Crarbu, He cooTBercTBYIONME [IpaBunam, He MyOIMKYIOTCS U HE BO3BPAIAIOTCS aBTOPY.
Penakmmst octaBisieT 3a OO0 MpaBo MPOU3BOIUTH COKPAIIICHUS U MIPABKU CTATEH.
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