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YCTOMYUBOCTH BUPYCOB I'PATIIA K STUOTPOITHBIM ITPEITAPATAM
doi: 10.53729/MV-AS.2022.04.01

AHHoOTaNUSA

Pecriuparopuble BUpycHble WH(EKIHMH, SBISSICH HanOolee paclpoOCTPaHEHHBIMH CpeInd BCeX
3a00neBaHUil 4YenmoBeKa, HAHOCAT OTPOMHBIA YIIepO 3M0pOBBIO JIOAeH M IKOHOMHKE. COIUPKYISIIHS
Pa3HBIX BUPYCOB M BAPHATHBHOCTh UX COOTHOIICHUS OT CE30HA K CE30HY OCIIOXKHSIET MOJ00p CPEICTB JUIs
poMIaKTHKH U JedeHus1. Kpome Toro, acto nMeer MecTo HH(UITMPOBAHNE BUPYCAMH C YCTOWYHUBOCTHIO
K cnenuduueckuM npernapaTtam. [1podseMa pe3uCTeHTHOCTH WH(GEKIIMOHHBIX areHTOB K JISKApPCTBEHHBIM
CpeICTBaM Ha CETONHSIIHUHN JIEHb SBJSETCS ONHOM M3 TVIABHBIX 3a/1a4, CTOSIIUX Tepes OMOIOrHIeCKUMU
Y MEIWIIMHCKAMHU HayKaMu. JIekapcTBeHHasi yCTOWYMBOCTh BUPYCOB SBIISIETCS PE3YyIbTaTOM H3MEHEHUN
WX HACJIEICTBEHHBIX CBOWCTB W HEPENKO CBS3aHA C W30BITOYHBIM WCIOJIH30BAHMEM MPENapaToB.
BeposaTHOCTh TOSIBIEHHST YCTOWYHMBBIX K IIperaparaM INITaMMOB BHPYCOB HapacTaeT C YBEIWYEHHEM
MIPOAODKUTENIFHOCTH JISUEHHs] B KIMHWYECKoW mpakTtuke. Hapsmy c atum, 6omee 30% pe3ncTEeHTHBIX
ITAMMOB OOHAPY>KUBAeTCsl y OOJNBHBIX, HUKOT/Ia HEe IPHHUMABIIHIX 3THOTPOIHBIE penapathl. [loaTomy
BaXXHO BBIIBUTH COOTHOIIEHHWE YYBCTBUTENBHBIX W YCTOHYMBBIX INTAMMOB B TOMYJSIIUU, H3YIHUThH
MEeXaHHU3Mbl BO3HUKHOBEHHUS YCTOHYHBOCTH M BO3MOXKHBIE CIIOCOOBI €€ mpeomonieHusi. Bupyce rpuma,
n3onupoBanHble B Kazaxcrane ¢ 2015 r., mpOSBISIOT YyBCTBHTENBHOCTh K IIpemaparaM Ha OCHOBE
03eITbTAaMUBHUPA M ITUPOKUI CIIEKTP BOCIPUUMYMBOCTH K TpenaparaM aJaMaHTaHOBOTO psanga. M3ydenue
YyBCTBUTENFHOCTH a0OPUTEHHBIX BUPYCOB K TPOTHBOBHPYCHBIM TIpenapartaM MPeIOCTaBIIIET
nHpopMaruio s (HOPMUPOBAHUS PEKOMEHIAINI 0 HMCIIONB30BAHUIO JIEKAPCTBEHHBIX CPENCTB IS
JiedeHNs ¥ IPOPIIAKTUKHA TPUITIO3HOW NH(EKITNH y HaceleHws. ParmoHanbHOe UCTIONh30BaHHUE U TTOJ00D
JIEKAPCTBEHHBIX CPEICTB MOXET IO3BOJIUTH CHU3UTHh SKOHOMHYECKHE TOTEPH, CBA3aHHBIE C BPEMEHHOMN
HETPYIOCIIOCOOHOCTHIO YaCTH HACETICHHSI B SMUACMUYESCKHIA TTEPHOI.

KuroueBrble ciioBa: JIEKapCTBEHHAS PE3UCTEHTHOCTD, PECTUPATOPHBIE BUPYCHI, TPOTHBOBUPYCHEIE
mperapaTsl.

Octpsle pecnupaTopHble BUpycHble MH(pekuuu (OPBUM), k uucily KOTOpBIX OTHOCSTCA
IpUII M KOPOHABUPYC, SBIISAIOTCA CaMbIMH MAacCOBBIMU IOBTOPSIIOIIMMUCS HH(EKIUAMU
YeJI0BEUEeCTBA U MPEICTABIIAIOT CEPbE3HYIO TPOOIIeMY Ul 00IIECTBEHHOTO 31jpaBooxpanenus. [1o
COLIMANIBHOM 3HAYMMOCTH, OTPOMHOMY YIIepOy HAaHOCHUMOMY 3/I0POBbIO HAaCEJIEHUs U SKOHOMUKE,
OPBMU naxonsaTcs Ha MEPBOM MECTE Cpeiu Bcex 3a0oeBanuii yenoseka [ 1, 2]. Ha moro ce30HHBIX
OPBU mnpuxoautcs 10-30% BpemMeHHON HeTpynocnocobHocTu HaceneHus. O6bruno OPBU
coctaBisoT 10 40% Beex 3a0oseBaHMi B3pocibIX, Oosiee 80% Bcel MH(PEKIIMOHHON MaTOIOTHH,
6onee 60% 3aboneBanuii cpeau nerei. ExxeroiHo ce30HHbIE SMMIEMHUH PUBOJIAT IPUMEPHO K 3—
5 MUJUTMOHAM ClTy4yaeB TsDKeJIod 0osie3Hu u npuMepHo k 250500 Teicsiuam ciyyaeB cmepTH [3].
B pesynbrare nocnenneit mangemuu 2019-2022 rr., Bei3BanHoN kopoHaBupycom SARS-CoV-2,
3abosienu 6osiee 638 MITH. YenoBek, ymepiu 6,62 miH. [4].

6
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B pesynpraTe MaccoBbIX IPOTHUBOIMUIEMUYECKHX MEPOIPHUATUNA B MOCIEAHHE TPU roja
CHHM3MJIACh 3a0071eBaeMOCTh Irpunmom u apyrumu OPBU, HO Tem He MeHee HUKOT/Aa He Majaia 10
Hynsi. B nocneaHee BpeMsi HaOMIOAeTCsl COLMPKYIALMS Pa3sHBIX PECIMPATOPHBIX BUPYCOB U
ATHOJIOTUYECKas pacmu(poBKa AMUAEMHUYECKOTO TMpOLecca BapbUpyeT U3 roja B rox [5], uTto
OCJIOXKHSIET AMUIEMHUYECKYIO CUTYaIMIO U, COOTBETCTBEHHO, O00P CPEACTB ISl PO PHIAKTHKI
u nedeHus [6, 7, 8]. OcoOyroo cloXHOCTH co3maeT (akT OBICTPOH ajganTanuud BHPYCOB K
MCTIOJB3yEeMBIM XUMHUOTIpEnapaTaM ¢ (pOpMHUPOBAHHEM YaCTUIHOM MIIA TIOJTHON PE3UCTEHTHOCTH.

D¢ dextuBHas crpateruss mo OoppOe € pecnMpaTOpHBIMHA BHPYCAMH HPEAIOJIaraet
MIPUMEHEHHE ATUOTPOITHBIX XMMHUOIIPENApaTOB, OKA3bIBAIOLIUX HENOCPEACTBEHHOE BO3/ICHCTBUE
Ha crienu(UUECKyI0 MUIICHb — BUPYCHBIN O€JIOK, y9acTBYIOUIMH B nuKie peruukanmd [9, 10].

Haubosiee pacmpocTpaHeHHbIE Ha CETOAHSNIHUN JIeHh Ha OTEYECTBEHHOM pBIHKE
STUOTPOIIHBIE MTPenapaThl MPOTUB I'PUIITNIA MPEACTABIEHBI YETHIPbMS TPYIIIaMU:

—0J0KaTOpBl MOHHOTO KaHana (aaMaHTaHbl, pEMaHTaI1H);

—cneunduueckuil manepox remarrmoruaria (HA) (ap6unon);

—MHruouTOpH! HelipamuHuaasel (NA) (Tamuduio (03e1bTaMUBHP), pEIeH3a, IEPAMUBUD);

—uHrubuTopsl NP-6enka (MHraBUpuUH).

OTUOTPONHBIE XUMHUOIIpENapaThl MPOTUB KOPOHABUPYCa B HACTOSIIMI MOMEHT HaXoJAATCs
Ha CTaguu pa3pabOTKu W wucHbITaHuid [11], 5eyeHWe OCymecTBISeTCsT B OCHOBHOM
CUMIITOMaTHYECKOE M TpenoTBpaiaromiee ocaoxxkuenus [12]. PexkomengoBanusiii B 2020 1. m1s
neyenuss COVID-19 B CIIIA YnpasiieHHEM MO CaHUTApHOMY HAJ30py 34 Ka4ECTBOM IHUIIEBBIX
npoaykToB u MenukameHToB (U.S. Food and Drug Administration) [13] mpenapart «PemaecuBup»,
unrudupyroumii PHK-3aBucumyro PHK-nonumepasy Bupyca [14, 15], BeI3pIBaeT elie MHOKECTBO
coMHEHHUH u He pekoMmeHaoBadH BO3 [16].

[Ipo6nema Tepanuu pecupaTOPHBIX BUPYCHBIX MH(EKLIUI Ha CErOJHSIIHUMN AeHb Jajeka
OT pelIeHHs], TOCKOJbKY 4acTO UMEET MECTO MH(PHIMPOBAHUE BUPYCaMU C YCTOMUMBOCTBIO K
cneunpuyeckuM npenapartam. JIekapcTBeHHast yCTOWYMBOCTb SBISIETCS PE3YJIbTATOM U3MEHEHUIN
HaCJIeICTBEHHBIX CBOIMCTB BUPYCOB U pPa3BUBAETCS P MHOTOKPATHOM IPUMEHEHUU MPENapaToB
[17, 18]. Pe3aucTteHTHOCTH O0YCIOBICHA MYTAIIUSIMH B TOM BHPYCHOM O€JIKE, KOTOPBIHA SBIISACTCS
MHUIIEHBIO AeUCTBUS A1 penapara [19, 20].

Tak, BI' A(HIN1)pdm09, Bei3BaBmmii nepByro nanaeMuro X XI Beka, W3Ha4aIbHO OKa3aJIcs
PE3UCTEHTHBIM K IpernapaTaM aJaMaHTaHOBOTO PsAJa, HO YYBCTBUTENIHBIM K MHruoutropam NA
BUpYcOB rpummna. OJHaKO aKTUBHOE UCII0JIb30BAaHUE 03€IbTaMUBHUPA IIPUBEIIO K HOSBICHUIO yXkKe
B anpene 2009 r. HECKOJIbKUX PE3UCTEHTHBIX MYTAHTOB B MOMYJISALMM HOBOTO MAaHAEMUYECKOTO
mTaMMa.  OTO  ONpEeNeNuiI0  aKTyaJbHOCTh  PACHIMPEHHs] MOHHUTOPUHIA BO3HHUKHOBEHMS
YCTOMUUBBIX BapUaHTOB NPHU JalIbHEHIIEM UPOKOM HNPUMEHEHHMHU Ipenaparta, 0cOOEHHO Ipu
JICYEHUU JIETKUX (OPM U MpoduiiakTUKe 3a00JieBaHUs. Y CTOMUMBOCTD K 03€IbTaMUBHPY B 63%
CllyyaeB CBsi3aHa C TepaleBTUYECKUM U MPOQUIAKTUYECKHM MCIIOJIb30BaHUEM npenapata, 37%
PE3UCTEHTHBIX IITaMMa OOHAapyXeHbl Yy TAalMEeHTOB, KOTOpble paHee He NPUHUMAIH
creur(puyeckue NpOTUBOBUPYCHBIE MpenapaThl, YTO MOXKHO OOBSICHUTH Iepeiauell yCTOMUMBBIX
LITaAMMOB OT Y€JIOBEKA K 4enoBeKy [21].

PesucrentHocts BI' k mpemnaparam agamaHTaHoOBOro psafa aocturaer 90% B HEKOTOPBIX
cTpanax, Hampumep, B CIIIA [22] oOycrnoBieHa MyTalsiMu B mosioskeHusx 26, 27, 30, 34 M2
6enxa [23]. YcranoBneHo, yro 3ameHsl V28L u S31N B cTpyKkType 3TOro 06eika COBPEMEHHBIX
MaHJAEMHUYECKUX BUPYCOB CTPOTO acCOLMMPOBAHBI C PE3UCTEHTHOCTHIO K IPOTHUBOBUPYCHBIM
IpenapaTam aJlaMaHTaHOBOTO psiza [24, 25].

[Ipo6nema xuMuope3ncTeHTHOCTH Kacaetcs U NA-uHruoutopos [26]. C 1999 r., korzia oHu
MOSIBUJIMCHh HA PBIHKE, U BIUIOTH /10 Havajia ce3oHa 2007-2008 rr. moaasistomiee OOJBIIMHCTBO
LUPKYJIUPYIOLIUX BUPYCOB TPUINA COXPAHSJIO YYBCTBUTEIBHOCTH K 3TUM IIpenaparam, a
PE3UCTEHTHBIE IITaMMBbl BCTpeYajuCch He Oojee yeM B 6% ciyuaeB. OpHako B TeueHHE
crenyromux 1-2 neT Ao yCTOMYMBBIX BO30yauTenei pesko Bo3pocna [27]. Tak, B SAnonun oHa
Kk 2008-2009 rr. yBenuuunack npakrudecku 10 100%. B cezone 2012-2013 rr., HEOJHOKPATHO
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MOSIBISUTMCH COOOIIEHHs O BbIsBIeHUH Y 00ibHBIX mTamMMoB A (HIN1)pdm09, ycroituuBeix k
o3enbTamMuBupy [28]. B psne cinyyaeB ycTOMYMBBIE IITAMMBbI BBISBISUIMCH Y JIML, HE
MOJIBEPraBIINXCA JIedeHUI0 NA-MHMHOUTOpaMHU, YTO SIBJISIETCS JOKa3aTeIbCTBOM LUPKYISLUU
PE3UCTEHTHBIX LITAMMOB CPE/IU HACEJICHUS.

Pe3ucTeHTHOCTH K mpenapaTaM CHEU(HUYECKOrO JeWCTBUS O0OYCIOBICHA MYTallUsIMH B
reHax, KOAUPYIOIUX MX Oenku-muiieHd. K HacTosieMy BpeMEHU yYEHbIMM BO BCEM MHpE
BBISIBJICH Psii Takux MyTanmii B reHome BI. Tak, ycTOWYMBOCTh K TaMU(IIO Cpely MITAMMOB
A/HINI1 u A/H2N2 BrisiBacHa 3a cyeT akTuBHOro caiita R292K u E119G NA [29]. 3amena H275Y
B IIOBEpXHOCTHOM Tjukomnporenjge NA Bupyca TIpuImna OTBEYaeT 3a YCTOWYUBOCTh K
ozenbramuBupy [30]. B Hunepnannax Obut M30JupoBaH MaHAEMUYECKUN ITAMM BUpYyca TpUIIa
A(HIN1)pdm09 ¢ myramnueii 1223R B NA, BbI3BaBIIeH CHM)KCHHUE YYBCTBHTEIBHOCTH KO BCEM
cyuiecTByomuM uaruouropam NA Bupycos rpunna. Coobmanock o mrammax A(HIN1)pdmO09,
BbIsiBJIEHHBIX B Cunramype u ABctpaiuu B 10 u 30% ciaydyaeB COOTBETCTBEHHO, C MyTalllel
S247N B Oenke NA, KOoTOpas NpuBEIa K CHIKEHHIO YYBCTBUTEIIBHOCTH BHPYCOB K
o3enbTaMUBUpY U 3aHamuBupy [31]. Ycroituussie k o3enbTamuBupy Bupychl A(HIN1)pdmO09 c
H275Y-myranueit 6b111 n3onupoBansl oT nanueHToB B KOxxHo#t Kopee [32—35]. boiio Beicka3aHo
MIPENOJIOKEHNE O CYIIECTBOBAaHMHU JABYX conmyTcTBYromux H275Y-myranuu 3amen B Oenke NA
ce3oHHbIXx mTamMmoB A(HINI) — V234M u R222Q, noanepX uBaroluX BUPYCHYIO
KU3HECIIOCOOHOCTh U o0ecneunBaroux cTabuibHyto padoty NA. M3ydueHrne Ha MOETH XOpbKa
napbl YCTOMYMBOTO M UYYBCTBUTENBHOTO K o3eibTamuBupy mrtammoB BI' A(HIN1) pdm09
mokazano paziauure B 275-M monoxkeHun Oenka NA [36]. IlepBbrii ciydail W30s1IMA
PE3UCTEHTHOTO K 3TOMY Ipenapaty mramma Bl tuna B ¢ myranumeinn R152K B NA onucan B 1998
r. [37]. B 2007—2008 rr. B Mpsame Oblmn o6Hapyxkensl BI' A(H3N2) (< 1,5% wuzyueHHBIX
cinydaeB) ¢ mytarusamu Q136K u S31N B 6enkax NA u M2 cooTBETCTBEHHO, KOTOPBIEC 001a1au
MOHM)KEHHOW YYBCTBUTEJIBHOCTHIO KaK K 3aHAMHUBHUPY, TaK U K peMaHTaauHy [38].

MonexynsipHO-3I1IEMUOJIOTMYECKHE TaHHBIE MHOTMX MCCIIEI0BAaHUM MOATBEPKIAIOT, YTO
H275Y-myranus dacto ObIBacT BbI3BaHA CEJICKTUBHBIM OTOOPOM TIOJ  BO3JCHCTBHEM
cnernuduueckoro gedenus [39]. Taxxe B FOxnHoit Kopee B NA Bupyca rpunmna A(HINT)pdm09,
M30JIMPOBAHHOTO OT MAalMEHTa, IPUHUMABLIETO 03€JIbTAMUBUP U NIEpaMUBHp, ObL1a OOHapyKeHa
[117M-mytanus, KoTtopas MOXKET OBITh CBSI3aHA C TTOHKEHHON UYYBCTBHTEIBHOCTBIO K
o3enbTamuBHpy [40].

®opmupoBanue ycroiiunBoctu BI' k mpenapatam mpuBoauT Kk mpoliieme, Korzpa Habop
CYIIECTBYIOIMX MPOTUBOBUPYCHBIX CPEICTB OKa3blBaeTcsl Manod(h¢ekTUBHBIM. Bceneacraue
3TOr0 B KJIMHUYECKOH INpakTHKE YBEIUYMBAETCS MPOJOJIKUTENBHOCTh JIEYEHHUS, YTO, BCBOIO
ouepellb, CHOCOOCTBYET CENEKLUM YCTOMYMBBIX K IpernaparaM IITaMMOB M BEPOATHOCTb MX
nosiBiieHUs: HapactaeT. [lo3ToMy KpaiiHe BaKHO MMETh HE TOJBKO KaK MOXHO 0oJiee IHUPOKUN
CIEKTP MIPOTUBOI'PUIIIIO3HBIX IPENApaTOB C Pa3IMUYHBIM MEXaHU3MOM JICHCTBHSI, HO TAKXKe MTOHSATh
MEXaHU3Mbl BO3HUKHOBEHUS YCTOMYMBOCTH U BO3MOXKHbIE CLIOCOOBI €€ MPEe0J0ICHHUS.

PaGotel 1o wu3yueHuro yctoWuuBocth BI' Kk XumumompenaparaM U INpUYMH €€
(opMUpOBaHUs BEAYTCS BO MHOI'MX MCCJIEI0BATEIbCKUX LIEHTpax BO BceM mupe. B cBs3u ¢
BBICOKOM MYTallMOHHOM H3MEeHYMBOCThIO BI', nupkynupyronme B pa3IMyHbIX PErHOHAX U B
pa3Hoe BpeMs, MOTYT CYIIECTBEHHO pa3iuyarbes. [103ToMy pekoMeHanuu mno npouiakTuke,
JICYEHUIO U BaKLMHAIMK, pa3paboTaHHbIE 3a pyOeKOM, 4acTO OKa3bIBAIOTCS HEAKTYaJIbHBIMU
JUIsL OTEYECTBEHHOTO 3/IPaBOOXPAHECHMS.

[lomyueHHble JaHHBIE MOTYT CIIOCOOCTBOBATh pPAaHHEMY BBISBICHUIO OIACHBIX,
YCTOWYUBBIX K JICUEHHIO IITAMMOB M CBOEBPEMEHHOM OPraHMU3alMd MPOTHUBOIHUIAEMHUUYECKUX
MEpONpPHUATUH, HAIIPABJIEHHBIX HA MPEOTBpallleHUue pacnpocTpaHeHus UHpeKuu. BolsiBienue
MapKepoOB PE3UCTEHTHOCTH K XMMHUOIIpenaparaM MO3BOJSET YCKOPUTH IPOLIECC ONPENECICHUS
YCTOWYMBOCTH BHOBb MNOSIBJSIOLIMXCS IITAMMOB BHpYCa M YTOUHSATH CTPATErHIO JIEUEHUS U
npo(UITaKTUKY TPUIIINA cpean HaceneHus PecnyOnuku.

B Kazaxcrane Ttaxke BemyTcst paOOThI, I€JIb KOTOPBIX — M3y4eHHUE MPOOIEMBI
(bopMupoBaHUS JIEKAPCTBEHHO-YCTOHYMBBIX ()OPM BUPYCOB, a TAK)KE MOUCK IyTeH Mpeo10JIeHUs
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PE3UCTEHTHOCTH. BBIMONHEHBI S3KCIEPUMEHTHl MO aJanTaldd d3TAIOHHBIX MmMTaMMoB BIT
A/FPV/Waybrige/78 (H7N7) u A/Swine/lowa/30 (HIN1) K BBICOKHM KOHIIEHTPAIUSIM
AHTUBHMPYCHBIX MpenapaToB TaMU(IIo 1 peManTaauH. [lokazaHo, uro pedepencHsie mrammbl BI
A/HIN7 u A/H7N7 o00namaioT ONpeneseHHOW YyBCTBUTEIBHOCTHIO K BBIIIEHA3BAHHBIM
STHOTPOTHBIM XUMHOIIpENnapaTaM, IOJy4eHbl aJalTHPOBAHHBIE K JAHHBIM JIEKAPCTBEHHBIM
CpeAcTBaM MYTaHTHBIC BAPUAHTHI 3TUX IITAMMOB C U3MEHEHHBIMHA OMOJIOTUYECKHUMHU CBOHCTBAMHU
OCHOBHBIX IOBEPXHOCTHBIX O€IKOB. AHAIN3 JaHHBIX CEKBEHUPOBAHHUS MOATBEPANIT KOPPEISILINIO
MEXIy HW3MEHEHHEeM (DEHOTUITMUECKUX NPOSBICHUH OENKOB TreMarrialoTHHHHA H NA
Moar(UKAIUEH TeHeTHIESCKOTO anmapara. BeisiBiieHa 3aMeHa B MoJiekyJie Oeka M1 B IOJIoKeHUH
207, npuHuMaroas yyactue B ((OpMUPOBaHUM YCTOWUYMBOCTHU K Ipenapary TaMuQiito, paHee He
yKa3aHHas B Jiuteparype. CrenaHo npeanoioKeHUe O MyJIbTUTEHHOM XapaKTepe BOZHUKHOBEHUS
pe3uCTeHTHOCTH K Tamudutio [41].

JlaHHBIE TI0O YYBCTBHUTEIBHOCTH JTAJOHHBIX BHUPYCOB B OTHOIICHHH JIEKAPCTBEHHBIX
MpernapaToB MOCIYXWIM OCHOBAHHMEM JJIsi NPOBENEHUS MOJOOHOro poja HCCielOBaHUN Ha
Ka3aXCTaHCKUX IITaMMax BHpyca rpunma [42].

N3ydeHne 4yBCTBUTENBHOCTU K XMMHOIIpENapaTaM MoKa3ajao IreTeporeHHOCTh MOMYIISIIUU
Ka3aXCTaHCKUX BHUPYCOB TpUIINA MO 3TOMY Npu3HaKy. Tak, penmpoAyKuus BCeX H3yYEHHBIX
BUpPYCOB HMHruOupoBajach mpemnapatoM Tamuduio B pa3Hoil creneHd 3ddeKTuBHOCTH:
WNurnbupyromas xonuentpauus (MKso) BappbupoBanza B IIMPOKOM Iuana3oHe 3HAYEHUH: OT
0,60+0,3 mo 25,38+1,5 mr/mia. Ilo OTHOLIEHUIO K pEMaHTaJAUHY BHPYCHI B LEJIOM IPOSIBHIN
MEHBUIYIO CTETIEHb YyBCTBUTEIBHOCTH: PeNnpotyKius 73,91% n3014T0B ¢ aHTUT€HHOH (hopMyIoit
A/HIN1 wunrubuposanace mnpenaparom B pasznuuHbiXx no3ax (MKso cocraBuna 3,49+0,3 —
25,50£3,0 wmr/mm), 26,09% W30AATOB OKa3aluCh K JaHHOMY TMIpenapaTry IMOJTHOCTHIO
pesucteHTHeIMU. K apOugony M HMHIraBUpPHHY BCE HCCIEIyEeMbl€ BHPYCHl IPOSBUIM
pe3ucTeHTHOCTh [43, 44]. MoekynsapHO-OMOIOTUYECKUA aHaau3a abOpUTeHHBIX mTamMmMoB BIT
MO0Ka3aJl, OTCYTCTBHE MOJICKYISIPHBIX JAETEPMUHAHT YCTOMYMBOCTH Y BCEX HCCIEIYEMBIX
M30JIATOB K IpernapaTaM aJaMaHTaHOBOIO psAa M K IpernapaTaM Ha OCHOBE 03€IbTaMUBUPA
(Tamugmo) [ 45, 46, 47].

N3ydeHne MOJIEKYISIPHBIX U T€HETHYECKUX XapaKTEPUCTUK IITAMMOB SIBJII€TCS OCHOBHBIM
3BEHOM KaK CHUCTEMbl MOHMTOPHHIA 3BOJIIOIMOHHBIX M3MEHEHMH B I€HOME BUpYCa, TaK U
YYBCTBUTEIBHOCTH K IPOTUBOBUPYCHBIM JIEKAPCTBEHHBIM CpelcTBaM. MyTaluu, sSBISIOLIMECS
MapKepaMy YCTOHYMBOCTH K IPOTHUBOBHPYCHBIM IIpenapaTam, NpeACTaBIsA0T HHTEPEC C TOUKU
3peHUs] FTeHETUYECKOT0 NMPU3HAKa, MO3BOJISIOIIEr0 HICHTU(DULIUPOBATh PE3UCTEHTHBIN LITAMM.
Kpome TOro, oHu SBISAIOTCS HOBOW TI€HETHUYECKON OCOOEHHOCTHIO, CIIOCOOHOHM BIMATH Ha
BUPYJICHTHBIE M PENPOIYKTHUBHBIE CBOMCTBA BUpYyca. M3yueHne ycToiunBOCTH pecriupaTopHbIX
BHPYCOB K XUMHOIIpeNaparaM CrocoOCTByeT pa3padoTke 3pGEeKTUBHOM TAaKTUKU OOPHOBI, KaK C
STaJIOHHBIMH, TaK U HOBBIMU a0OpUT€HHBIMU IITaMMaMHU. Takke 3T0O 03BOJISET BBIIBUTH HOBBIE,
IeHETUYECKM H3MEHEHHbIE BapUaHThl BHPYCOB, IMOTEHIUAIbHO ONACHBIE /Js 4YellOBEKa,
IIPOBECTU KOPPEKIHUIO CIOCOOOB JIEUEHUsSI U MPOQPUIAKTUKU TI'PHUIINA, YTO OYEHb BAXKHO JUIS
MPAKTUYECKOHN 3MUJEMHOIOTUH.

®unancupoBanue: Pabora BbIoJHEHa B paMkax HayuHo-TeXHHYECKOH NIpOrpaMMsl
Komutera Hayku MuHucTepcTBa Haykd W Bbicuiero oopasoBanus PecnyOnuku Kaszaxcran:
BR10965178 «Pa3paboTka OpHUTrMHAIBHBIX OTEYECTBEHHBIX IPENapaToB C MPOTHUBOBUPYCHOM
aKTUBHOCTBIO, 3(h(pekTuBHBIX B oTHOIEeHNH COVID-19 u rpunmay.
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TYMAY BUPYCTAPBIHBIH OTHOTPOIITHI ITIPEITAPATTAPFA TO3IMALIITT

Tyiiin

Pecnimpatopnbik  BHPYCTHIK WH(pEKIusmap OapiblK aypyiapbl apachlHAa KU1 Ke3JIeCemdiTiH,
aZaMIapablH JAEHCAYIBIFBl MEH 3KOHOMHKACHIHA YJIKEH 3WSH KEeNTIPeTiH aypaliap KaTapblHa KaTalbl. Op
TYPAl BUPYCTapAbIH alHAIBIMBI YKOHE OJIapAblH MayChIMHAH MayChIMFa KaTHIHACBHIHBIH ©3TepTiIlTiriHe
0aiiIaHBICTHI AJIBIH-ATY XKOHE eMey IapalapblH TaHuayIsl KbiHaaTaasl. CoHpIMEH Katap, Ooenriti Oip
mperapaTTap¥a Te3iM/i BUpycTap HHPEKIHACH KUl Kezneceni. MH(GeKIMsITBIK KO3IBIPFBIITAPABIH ASPLTIK
3aTTap¥a Te3IMAUIIr Maceneci OYTiHri KyHI OMONIOTHS JKoHE MEMUITMHA FRUIBIMIAAPBIHBIH allIIbIHIA TYPFaH
Herisri Mocenenepain Oipi Oombim TaObuIaABl. BupycTapiaslH Aopire Te3iMIUTITi ONapiblH TYKBIM
KyaJIaliThIH KACHETTEPiHIH 63repyiHiH HOTHXKeci OOIBIN TaOblIa Ikl )KoHE KoOiHece mpernapaTThl IaMajjan
THIC KONIJaHyMeH OaitmaHbIcThI. Jlopire Te3iMi mraMMaapably naiaa 00y BIKTUMANIBIFRl KIMHUKAIBIK
TOXKipuOene eMey Y3aKThIFbUIBIFBIMEH OaiinanpIcThl. COHBIMEH KaTap, Te3imMai mrammaapasy 30%-m1an
acTambl ATHOTPOITHI TpenaparTapibsl emiKaliaH KaObuigamaraH Haykactapaa keszgecemi. COHIBIKTaH
TIOMYJIALAAAFBl CE3IMTAl JKOHE TO3iMJIiI ITaMMIApIbIH apaKaThIHACHIH aHBIKTAY KOHE TO3IMIUTIKTIH
naiiaa 0oy MeXaHU3MJIEPiH XKOHE OHBI )KEHYIIH MYMKIH JKOJIIapbIH TYCiHy MaHb3bl. Ka3akcranmga 2015
KBUIIaH Oepi OKIIayJIaHFaH TYMay BUPYCTaphbl OCENTAMUBHUD HETI3iHJETI pernapaTTapra JKoHe aJJaMaHTaH
mperapaTTapra KeH ayKbIMJIBI Ce3IMTaNABIKTEI Kepcereni. Ko3mbIpreluTapAbl BUPYCKa Kapchl
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mpenapaTTapra ce3iMTaJIbIFbIH 3ePTTEY XaNbIK apachlHAa TyMay WHQEKIHUACHIH eMACY KOHE aJIbIH aly
YLWIH mpenapaTTapAbl KoigaHy OOWBIHINA YCHIHBICTAPAbl KANBINTACTHIPY YINiH akmapaT Oepeni. Jopimik
3aTTapAbl YTHIMIBI MakallaHy *OHE TaHIAy JMHIEMHS KE3CHIHJIC XaJIBIKThIH Oip O6NiriHiH yaKbITIIa
EHOCKKE >KapaMCBI3[IbIFbIHA OaliIaHbICTHl 9KOHOMHKAJIBIK, IIBIFBIHIAPABI a3alTyFa MYMKIHAIK Oepeti.
KinTTi ce3nep: nopire Te3iMIiIIK, pecIUpaTOPIIBbIK BUPYCTap, BUPYCKa KapChl penapaTTap.
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RESISTANCE OF INFLUENZA VIRUSES TO ETIOTROPIC DRUGS
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Abstract

Respiratory viral infections, being the most widespread among all diseases in humans, cause
enormous damage to human health and the economy. The co-circulation of various viruses and the
variability of their correlation from season to season complicate the selection of agents for the prevention
and treatment. In addition, infection with viruses that are resistant to specific drugs occurs frequently. Drug
resistance in infectious agents is one of the major challenges of our time facing the biological and medical
sciences. Drug resistance among viruses is the outcome of changes in their hereditary properties and is
often associated with excessive use of medicines. The likelihood of the emergence of drug-resistant strains
increases with the treatment duration in clinical practice. At the same time, more than 30% of resistant
strains are found in patients who have never taken etiotropic drugs. It is therefore important to reveal the
correlation between sensitive and resistant strains in the population and to understand the mechanisms for
the emergence of resistance and possible ways to overcome it. Influenza viruses isolated in Kazakhstan
since 2015 reveal sensitivity to oseltamivir-based drugs and a wide range of susceptibility to adamantane
drugs. Study of the sensitivity of native viruses to antiviral drugs provides information for the formation of
recommendations for the use of drugs intended to treat and prevent influenza infection in the population.
Rational use and selection of drugs can reduce economic losses associated with a temporary disability
among a part of the population during the epidemic period.

Keywords: drug resistance, respiratory viruses, antiviral drugs.

Acute respiratory viral infections (ARVI), which include influenza and coronavirus, are the
most large-scale recurrent infections of mankind and pose a serious public health problem. In terms
of social significance, huge damage to the health of the population and the economy, ARVIs take
the first place among all human diseases [1, 2]. The share of seasonal acute respiratory viral
infections accounts for 10-30% of temporary disability of the population. Usually ARVIs account
for up to 40% of all adult diseases, more than 80% of all infectious diseases, more than 60% of
childhood diseases. Every year seasonal epidemics lead to about 3-5 million cases of severe illness
and about 250-500 thousand deaths [3]. The last pandemic caused by a coronavirus SARS-CoV-2
in 2019-2022, initiated a disease in more than 638 million people and claimed about 6.62 million
lives [4].

As a result of large-scale anti-epidemic measures, the incidence of influenza and other acute
respiratory viral infections has decreased over the past three years, however nevertheless never
dropped to zero. The co-circulation of various respiratory viruses has recently been observed while
the etiological interpretation of the epidemic process varies from year to year [5], which
complicates the epidemic situation and, accordingly, the selection of agents for prevention and
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treatment [6, 7, 8]. A particular difficulty is formed by the fact that viruses rapidly adapt to the
used chemotherapy drugs with the formation of partial or complete resistance.

An effective strategy to combat respiratory viruses proposes the use of etiotropic
chemotherapy drugs that have a direct influence on a specific target - a viral protein involved in
the replication cycle [9, 10].

The most common etiotropic drugs used against influenza are represented on the domestic
market today by four groups:

- ion channel blockers (adamantanes, rimantadine);

- specific hemagglutinin (HA) chaperone (arbidol);

- neuraminidase (NA) inhibitors (tamiflu (oseltamivir), relenza, peramivir)

- NP-protein inhibitors (ingavirin).

Etiotropic chemotherapy drugs against coronavirus are currently at the stage of development
and testing [11], the treatment provided is in general symptomatic and preventing complications
[12]. Remdesivir, a drug recommended in 2020 for the treatment of COVID-19 in the United States
by the U.S. Food and Drug Administration [13] which inhibits the RNA-dependent RNA
polymerase of the virus [14, 15], still raises many doubts and is not recommended by WHO [16].

The problem of therapy for respiratory viral infections is far from being solved today, since
infection with viruses that are resistant to specific drugs often takes place. Drug resistance is the
outcome of changes in the hereditary properties of viruses and develops with repeated use of drugs
[17, 18]. Resistance is caused by mutations in the viral protein that is the target for the drug action
[19, 20].

IV A(HIN1)pdm09, which caused the first pandemic in XXI century, initially turned out to
be resistant to adamantane drugs, but susceptible to NA inhibitors of influenza viruses. However,
the active use of oseltamivir has resulted in April 2009 in the emergence of several resistant
mutants among the population of the novel pandemic strain. This determined the relevance of
expanding monitoring of the emergence of resistant variants with further widespread use of the
drug, especially in the treatment of mild forms and the prevention of the disease. Resistance to
oseltamivir in 63% of cases is associated with the therapeutic and prophylactic use of the drug,
37% of resistant strains were detected in patients who had not previously taken specific antiviral
drugs, which can be explained by the transfer of resistant strains from person to person [21].

IV resistance to adamantane drugs reaches 90% in certain countries, for example, in the USA
[22] it is due to mutations in positions 26, 27, 30, 34 of the M2 protein [23]. It has been established
that the substitutions V28L and S31N in the structure of this protein of modern pandemic viruses
are strongly associated with resistance to adamantane antiviral drugs [24, 25].

The problem of chemoresistance also concerns NA inhibitors [26]. From 1999, when they
appeared on the market, until the beginning of the 2007-2008 season the vast majority of
circulating influenza viruses remained sensitive to these drugs while resistant strains were found
in no more than 6% of cases. However, over the next 1-2 years, the proportion of resistant
pathogens has risen significantly [27]. In Japan, by 2008-20009, it increased to almost 100%. In the
2012-2013 season, there were repeated reports of detection of A(HIN1)pdmO9 strains that are
resistant to oseltamivir in patients [28]. In a number of cases, resistant strains were detected in
individuals not treated with NA inhibitors, which is evidence of the circulation of resistant strains
among the population.

Resistance to specific drugs is caused by mutations in the genes encoding their target
proteins. By this time scientists around the world have identified a number of such mutations in
the IV genome. For instance, resistance to Tamiflu among strains A/HIN1 and A/H2N2 was
revealed owing to the active site R292K and E119G NA [29]. The H275Y substitution in the NA
surface glycoprotein of the influenza virus is responsible for resistance to oseltamivir [30]. In the
Netherlands, a pandemic strain of influenza virus A(HIN1)pdm09 was isolated with the 1223R
mutation in NA, which caused a decrease in sensitivity to all existing NA inhibitors of influenza
viruses. A(HIN1)pdmO9 strains were reported that were identified in Singapore and Australia in
10 and 30% of cases, respectively, with the S247N mutation in the NA protein, which led to a
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decrease in the sensitivity of viruses to oseltamivir and zanamivir [31]. Oseltamivir-resistant
A(HINT1)pdmO09 viruses with the H275Y mutation have been isolated from patients in South Korea
[32-35]. It was suggested that there are two H275Y mutation-associated substitutions in the NA
protein of seasonal A(HIN1) strains, V234M and R222Q, which maintain viral viability and
ensure stable NA activity. Study of a pair of oseltamivir-resistant and oseltamivir-sensitive IV
A(HINT1) pdm09 strains in a ferret model has demonstrated a difference in the 275 position of the
NA protein [36]. The first case of isolation of a type B IV strain resistant to this drug with the
R152K mutation in NA was described in 1998 [37]. During the 2007-2008 season in Myanmar,
IV A(H3N2) (<1.5% of examined cases) with Q136K and S31N mutations in NA and M2 proteins,
respectively, were detected, which had reduced sensitivity to both zanamivir and rimantadine [38].

Molecular epidemiological data from numerous studies confirm that the H275Y mutation is
frequently caused by selective selection under the effect of specific treatment [39]. In South Korea,
the 1117M mutation was also found in the NA of the A(HIN1)pdmO9 influenza virus isolated from
a patient taking oseltamivir and peramivir, which may be associated with reduced sensitivity to
oseltamivir [40].

The formation of IV resistance to drugs leads to a problem when a set of existing antiviral
agents is ineffective. As a result, selection of drug-resistant strains is observed in patients, and the
likelihood of their emergence rises with increasing duration of treatment in clinical practice. It is
therefore extremely important to have not only the widest possible range of anti-influenza drugs
with different mechanisms of action, but also to understand the mechanisms of resistance and
possible ways to overcome it.

Studies on the resistance of influenza viruses to chemotherapy drugs and the reasons for
its formation are being carried out in numerous research centers around the world. Due to the
high mutational variability, IVs circulating in different regions and at different times can vary
significantly. Therefore, recommendations for prevention, treatment and vaccination developed
abroad often turn out to be irrelevant for domestic health care.

The data obtained can contribute to the early detection of dangerous, treatment-resistant
strains and the timely organization of anti-epidemic measures aimed at preventing the spread of
infection. Identification of markers of resistance to chemotherapeutic agents makes it possible
to accelerate the process of determining the resistance of newly emerging virus strains and to
clarify the strategy for the treatment and prevention of influenza among the population of the
Republic.

Work is also being carried out in Kazakhstan, the purpose of which is to study the issue of
the development of drug-resistant forms of viruses as well as to find ways to overcome
resistance. Experiments were carried out on the adaptation of IV reference strains

A/FPV/Waybrige/78 (H7N7) and A/Swine/lowa/30 (HIN1) to high concentrations of the
antiviral drugs Tamiflu and Rimantadine. It was shown that the reference strains IV A/HIN7
and A/H7N7 have certain sensitivity to the above-named etiotropic chemotherapy drugs; mutant
variants of these strains adapted to these drugs with modified biological properties of the major
surface proteins were obtained. Analysis of sequencing data confirmed the correlation between
changes in the phenotypic manifestations of hemagglutinin and NA proteins and modification
of the genetic apparatus. A substitution in the M1 protein molecule at position 207, which is
involved in the formation of resistance to the drug Tamiflu, has been identified, which has not
been previously reported in the literature. An assumption was made about the multigenic nature
of the emergence of resistance to Tamiflu [41].

Data on the sensitivity of reference viruses to drugs served as the basis for conducting such
studies on the Kazakhstan strains of influenza virus [42].

Study of sensitivity to chemotherapy drugs showed the heterogeneity of the population of
the Kazakhstan influenza viruses according to this characteristic. The reproduction of all examined
viruses was inhibited by Tamiflu to varying degrees of effectiveness: the inhibitory concentration
(ICso) varied over a wide range of values from 0.60+0.3 to 25.38+1.5 mg/mL. With regard to
rimantadine, viruses in general showed a lower degree of sensitivity: the reproduction of 73.91%
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of isolates with the antigenic formula A/HIN1 was inhibited by the drug at various doses (ICso
was 3.49+0.3 - 25.50+£3.0 mg/mL), 26.09% of the isolates were completely resistant to this drug.
All examined viruses developed resistance to arbidol and ingavirin [43, 44]. Molecular biological
analysis of indigenous IV strains showed the absence of molecular determinants of resistance in
all studied isolates to adamantane drugs and oseltamivir-based drugs (Tamiflu) [45, 46, 47].

Study of the molecular and genetic characteristics of strains is a major link in both the
system for monitoring evolutionary changes in the virus genome and sensitivity to antiviral
drugs. Mutations that are the markers of resistance to antiviral drugs are of interest from the
point of view of a genetic trait that makes it possible to identify a resistant strain. In addition,
they are a novel genetic feature that can affect the virulent and reproductive properties of the
virus. The study of the resistance of respiratory viruses to chemotherapy drugs promotes the
development of effective tactics for combating both reference and novel native strains. It also
makes it possible to identify new, genetically modified variants of viruses that are potentially
dangerous to humans, to correct methods for treating and preventing influenza, which is very
important for practical epidemiology.
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AHHOTAIINA

X1nebd — cTparernyecky BaKHbIN NpoaykT nutanus. OOecleyeHne ero KauecTBa U 0e30MacHOCTH
BCerlla OCTaeTcs akKTyajdbHbIM. B 0030pe mpescTaBiieHbl JaHHbIE MHUPOBOW HAYYHOH JUTEPATyphl IO
OCHOBHBIM COBpeMeHHLIM HaHpaBHeHI/IHM I/ICCJ'IeIlOBaHI/Iﬁ B 06J'IaCTI/I XHe6OHe‘IeHI/IH. HOKaSaHBI OCHOBHBIC
3a/la4yM, BCTAIOIIME B HACTOSIIEE BpeMs Iepel] COTPYIHHUKAMHU XJIeOOMEKapHOW MPOMBIIUIEHHOCTH H
VYEeHBIMH, 3aHUMAIOIIUMHUCS Pa3pabOTKOW HOBBIX XJICOOMEKApHBIX MPOIYKTOB M 3aKBAaCOK. PackpsiTa
3HaAYNMas pOIH) HpI/IMeHeHI/ISI 3aKBACOK HAa OCHOBC MOJIOYHOKHCJIBIX 6aKTepPII7[ B O6CCHCT-ICHI/II/I Ka4dyeCTBa U
0e3011aCHOCTH XJIe00IEeKapHOH TPOAYKIIUH.

KuroueBnble cjioBa: xjie0, 3aKBacka, 0€30MacHOCTh, KAUYeCTBO, MOJIOYHOKHUCITBIC OAKTEPHU.

X7e0 — 0JIMH U3 OCHOBHBIX MPOIYKTOB MUTAHUS YETIOBEKa, IEPBOCTEIICHHO 3HAYMMBIN MTPH
HHU3KOM YpPOBHE [IOXOJIOB, U SBJAIONIMKACS OCHOBOW MHUPaMUIbl MPOJOBOJIHCTBEHHOM
oe3omacHocty [1]. Jlo mosoBUHBI cocTaBa Xjeba TPUXOIUTCA HaA JIOJIO IOJHCaXapHioB,
BBITIOJTHSIOUIUX YHEPTeTUYECKYIO PYHKIINIO. XUMUYECKUI cocTaB xje0a BKIII0YaeT Takxke OeNKH,
KUPbI, HE3aMEHUMbIE AMUHOKHCIIOTHI, BUTAMUHBI M1 MUHEpasibl. B OoJiee mo31HUX KyJIbTHUBapax
MIICHUIBI OTMEYaeTCss TEHICHIMS K TMOBBIIICHUIO COAEpPKaHMS KpaxMajga W CHHKEHUIO
kosimuecTBa 6enkoB [2]. Tak, xed u3 0enoi NIIEHNIHOW MYKH COJCPKUT OUYEHb MaJi0 BUTAMHUHOB
rpynnsl B, a conep:xanue B HeM kiieTyaTky He npessiiaer 0,1% npu cyrounoit Hopme 25 T [3].

[loBbiIeHne KayecTBa W 0O€30MACHOCTH xJieba SBJSETCS TJIaBHBIM HampaBleHHEM
nccaeaoBaHuil B obnactu xinebonedenus [4]. B mociennee BpeMs BOSHHKAIOT HOBBIE BOTIPOCHI B
obnactu 6€30MacHOCTH, CBSI3aHHBIE, B YACTHOCTH, C 00Opa30oBaHUEM IPH TepMHUEcKOil 00paboTke
MUY HOBBIX KOHTAMHUHAHTOB, TakMX Kak akpwiamun u ¢ypdypon [5]. OgHako BOMpOCHI,
CBA3aHHBIE C MHUKPOOHON KOHTaMHHALMEW, Mo-IpexHeMy akTyalbHbl. [loBbllieHHOE
OECrOKOMCTBO  MOTpeOuTeNeld  CBsI3aHO € YpOBHEM  KauecTBa W 0E30MacCHOCTH
MIPOJIOBOJILCTBEHHOTO 3€PHA, B IEPBYIO OUEPE/Ib C €T0 TPUOKOBBIM 3arps3HeHneM [6-8]. DakTopsl,
BIIUSIIOIIME HA KAUECTBO U O€30MacHOCTh Xjie0a, MpeACTaBIeHbl Ha PUCYHKE 1.

OnTUMaNbHBIMU TYTSIMHU pPELIEHUs MPOOJIEeMbl SBISIOTCA O00ECIeYeHHE 3KOJOTHYECKH
0€30MacHOM 3alTUTHI CETbCKOXO03HCTBEHHBIX KYIbTYp OT 00Jie3HE! U BpeuTeNeil 1 COXpaHHOCTH
ypoKasi, YAy4dIIeHHs] YCIOBUH XpaHEHHsI TMPOIYKIMH PACTCHHEBOJCTBA, HCIOJIb30BaHUE
Ouonornuecku OE30TMacHBIX CPEACTB YIY4IlEeHUs KadecTBa W Oe30macHOCTH Xjeba B BUE
CTapTOBBIX 3aKBACOK, BKITFOYAIONINX aKTUBHBIE aCCOI[UAIIMHA MOJIOYHOKHUCIBIX OAKTepUH U JPYTrUX
MHKPOOPraHU3MOB.

[locnennue wuccnenoBaHuss B O0NAacTH XJIeOOMEUYEHHsS] HAMpaBiCHbl Ha TMOBBIIICHHUE
6e3omacHoCTH xJieba [9], ero muTaTeNbHOM IEHHOCTH, COJEPKAHUS 3HAUUMBIX JJIS IO IeP KaHHSI
3I0pOBbsSI OMOJIOTUYECKH AKTUBHBIX COCIUHEHH, OPraHOJIENTUYECKHX I[IO0Kazareiei, cpoka
rogHocty U foctynHoctu [10, 11]. B o61actu 6e30macHOCTH yCUIHs HampaBiIeHbl HE TOJIBKO Ha
obecrevyeHne 3auThl OT 3arpsI3HAIONIUX U MUKOTOKCUT€HHBIX MHUKPOOPraHu3MoOB [12], HO 1 Ha
CHIDKEHHE XUMUYECKOTO PHCKA, CBA3AHHOTO ¢ 00pa30BaHHEM OT/IEIbHBIX COCTUHEHUM, TAKUX KaK
akponeud [13], u amneprernHoctu xneba [14]. OraenbHOe BHHMaHUE YAEICHO pa3pabOTKe
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Oe3rIrTeHOBOrO XJeba [15].

Pucynok 1 — ®akTopsl, BIUSONINE Ha Ka4eCTBO U 0€30MacHOCTh XJieba

B oGnactu nutarensHOM IEHHOCTH U APYTUX MTOKa3aTesield ToTOBOro xyebda pabora BeaeTcs
B JIByX OCHOBHBIX HaIIPaBJICHUSIX: TEXHOJOTMYECKOM W MHUKpoOHojorndeckoM. l3menenue
pelenTypsl SBISETCS OCHOBHOM cTparerueil pa3paOOTKM OpPUEHTHPOBAHHBIX Ha 3/I0pPOBbE
npoaykToB [16]. Pa3paGoTka TeXHOJOTHH TOJNyYEeHHUS HOBBIX COPTOB Xyie0a OCHOBBIBAETCS
MPEUMYIIIECTBEHHO Ha 00Jiee MHUPOKOM HCIIOJIH30BAHUU 1IETLHO3EPHOBOTO XJieba [17], p>kaHoi
[18] m apyrux BHIOB MYyKH, BKJIIOYas HETPaJULMOHHbIE, BBEJCHUH B COCTaB MEKAapPCKOM cMecu
Pa3IUYHBIX PACTUTEIBHBIX 100aBOK (OBOITHBIX, (PPYKTOBBIX, CEMSH) /ISt 000TANEHUS TUIIIEBBIMHU
BOJIOKHAaMHU M JIPYTUMHU OMOJIOTUYECKH aKTHBHBIMH BemiecTBamu [19-22], poprudukamnuu xieda
O0enkoM 3epHOO00OBBIX KYNbTyp [23-25], BUTaMUHAMU U MHKpodJeMeHTaMu [26]. braromaps
TEXHOJIOTHYECKUM pa3pabOTKaM acCOPTUMEHT XJIeOOOYIOUYHBIX M3 B 3HAUUTEIbHON Mepe
pacimpuiics B IOCIEIHUE TOAbI KaKk B MHUpe, Tak U B Kazaxcrane [27].

OcHOBHOE BHHUMAaHHE HCCIEJOBATEeIed B 00JIACTH OMOTEXHOJIOTHU M MHKPOOHMOJIOTHHU
HaIpPaBJICHO B IOCJIEIHHE TOAbl MPEUMYIIECTBEHHO Ha M3YYECHHE BIIUAHUS XJIEOHBIX 3aKBACOK,
OCHOBAaHHBIX Ha MOJIOYHOKHCIIBIX OaKTepUSX M HEKOTOPBIX APYrUX MHUKPOOpraHuM3Max Ha
pasnuyHbIe MokazaTenu xjaeda. OTMeyaercs ycToluMBasi TEHACHIUS K UCIIOJIb30BAHUIO XJIEOHBIX
3aKBACOK, OJM3KMX K CHOHTAaHHBIM, U 3aMEHE 3aKBACOK, OCHOBAHHBIX Ha MEKAPCKUX JIPOKKAX,
3aKBaCKaMU W3 MOJIOYHOKHCIBIX OaKTepuil, 4YacTO BKIIOYAIOIIUX TaKKe JUKUE IITaMMBbI
Opoxoked. B mocnmeaHuwe ronapl MOKa3aH IEPBOCTENIEHHBIM BKIAA TOA0Opa 3aKBackud B
obOecrieueHre KadyecTBa M 0€30MacHOCTH XJieba, TMOBBIIIEHHE €ro OpPraHoJeNTUYECKUX
nokasaresiel u Ouosjorndeckor neHHoctu. OCHOBHBIE HANpaBlIECHUS BO3JCHCTBHS 3aKBACKU Ha
pa3nuyYHbIEe 3HAYMMBIE TMOKa3aTenu Xxjieba MpeacTaBieHbl Ha pucyHke 2. OTMeueHO mydiiee
KauyecTBO, MHUTATEIbHAs IIEHHOCTh U OMOJIOCTYMHOCTh Xjie0a, MOJyYEHHOTO C MCIHOJIb30BAaHUEM
3aKBACOK B CPaBHEHUHU C XJeOOM Ha OCHOBE xjeOomekapHbIX apoxoked [28]. [TomxuepkuBaercs
BO3MOXHOCTh TOJaBleHUs] BO30yauTeneil kaprodenpHoil Gone3HN xjeba U MpeaynpexaCHUs
MOPYH TIECHEBBIMH IprOaMU 3a CYET UCIOJIb30BAHUS 3aAIUTHBIX KYIbTYP MUKPOOPTaHU3MOB [9,
12].

Canesin u coaBTopamu [28] MOKa3aHO TMOBBINIEHUE OWOJOTHYECKON IIEHHOCTH XJieba
WCIOJIb30BAaHMEM 3aKBACOK HAa OCHOBE MOJIOYHOKHUCIBIX OaKTepuil: MPOAYKIHS OHOAKTHBHBIX
MENTUAO0B U MMPOU3BOIHBIX AMUHOKHUCIIOT, MOTEHIIHATEHO MPEOHOTUYECKUX SK30TOIHCAXapUIOB;
YBEIMUEHUE YCBOEHHUS BHUTAMHUHOB, MHHEPAIOB, (OTOXUMHUYECKHX BELIECTB; CHHKXEHHUE
TIIMKEMHYECKOTO HHJAEKca xyeba. Suo W CcoaBTOpaMu BBHISBICHO [29], YTO 3aKBacku U3
MOJIOYHOKHUCTIBIX OaKTepuil, IMEIOT 00Jiee BHICOKYIO MPOTUBOTPUOKOBYIO aKTUBHOCTD, 00pPa3yloT
0osee 0OMIIbHBIE apOMaTUYECKHE COSAMHEHNUS, UMEIOT 00Jiee BRICOKYIO TUTATEIbHYIO IIEGHHOCTh
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IToBbIIeHNE, YIyqLIECHIE

A

Hcnonb30BaHue 3aKBACKH

WAVAVRRY

CokpaleHue

Pucynok 2 — BiinsiHre 3aKkBacok Ha OCHOBE MOJIOYHOKHCIIBIX OaKTepuil Ha MmoKa3aTelu Xjeda

1 00J1aJal0T aKTUBHOCTBHIO IO CHI)KEHUIO COJIEP’KaHUSl aKpUJaMHUa B CPaBHEHUU C 3aKBacKaMu
13 Xj1e0ONeKapHbIX JPOXKEH. A OJHOBpPEMEHHOE HCIOJIb30BAHME 3aKBACKU U PACTUTEIBHBIX
n00aBOK MOJKET OKa3aTh JIOTOJHHUTEIbHBIC WM Oojiee BbIpaXeHHBbIC 3(PQEKThI, HAIPHUMED,
(dhepmeHTaIMs 3aKBaCKOW KITyOHEW TommHaMOypa CHIKAeT KOHIIEHTPAIUIO aKpriIaMuaa B xjieoe
Ha 15% [30]. Ucnonp3oBaHue 3akBacku s Xjie0a Takxke crocoOCTBYeT Aerpatanuu GUTHHOBON
KHCJIOTHI M, COOTBETCTBEHHO, BEICBOOOXKICHUE M OOJIBIIYIO JOCTYITHOCTD Xkene3a [31].

AHanu3 mocieaHel JIuTepaTyphl, MPOBEISHHBIH Arora u coaBTopamu [32]), mokasaini, 4To
(depMeHTalMsg C MOMOIIBI0 3aKBACKU YBEJIWYMBajia OMOJOCTYIMHOCTh MHHEpAJOB, MO3BOJISATIA
oboramaTrh €€ NHIIEBbIMU BOJOKHAMH, CHI)KAla TJIMKEMUYECKH WHIEKC, Yyiydlana
yCBOSIEMOCTh Oe€lika ¥ YMEHbIIajla CoOJep)KaHue aHTUIUTATeIbHBIX ¢akTopoB. Reale u
COABTOpPaMM TaKKe TMOATBEPXKACHO BIMSHHE 3aKBAaCKM HA TIIOBBIIIEHHWE YCBOSAEMOCTH H
MPOIYKIIMIO MTOTEHIIMAIBHO OMOAKTUBHBIX COeTMHEHMH B xiiebe [33].

HccnenoBanue neTydynx apoMaTHYeCKUX COSAMHEHUN pa3IMUHbIX 3aKBACOK U Xyieba Ha UX
OCHOBE TOKa3zajlo Hanuuue 196 neTyunmx COEIMHEHMH, BIMSIONIMX HA OPraHOJENTHYECKUE
MOKa3aTesy U BKIIOYAIOIIUX B IEPBYIO OUEpe/ib alIbACTUIbI, CIIUPTHI U CIOKHBIE A3PUPBI, KOTOPHIE
cocTaBisui B cymme 111 pasnuunbix coenunenuii [34]. Cnenyromue no npeacTaBieHHOCTH 57
XMUMHYECKUX COCAMHEHHM COCTaBISUIM KETOHBI, KUCIOTHL, (pypaHsl U mupasuHbl. OcTaabHbIe
coeluHEHUs] ObUTM enuHUYHbl. OTMEYEHO TakkKe, 4YTo NpodWiIb JETYyYuX U HEJIeTydrx
COEIMHEHUH 1EeTbHO3EPHOBOTO Xjie0a C HCIOJIb30BAHMEM CMEIIAHHBIX 3aKBACOK 3aBUCEN OT
COOTHOILIEHUS] MOJIOYHOKHCIIBIX OaKTepuil U ApoxoKel BHYTpH 3akBacku [35].

Pa3paboTka 3aKBacox A [eIbHO3EPHOBOTO U 000TallIEeHHOTO OTPYOsIMU Xjie0a COCTaBIseT
OT/IEIbHOE HAIpaBJIeHWE WCCIeOBaHUN B OO0NAacTH MHUKPOOHOJOTHH UM OHOTEXHOJIOTHH
xJie0oTneyueHus], U SABISETCS KpailHe aKTyaJlbHOM, MOCKOJIbKY MCIOJIb30BAHHE IIETbHO3EPHOBOTO
xJie6a BocTpeOOBaHO MOTPEOUTEISIMHU U HETIOCPEICTBEHHO CBSA3BIBACTCS C YAYUYIICHUEM 3/I0POBBS
[36-38]. Ognako mpobOineMoil B 3Toil oOnacTu SBISETCS BIUSHUE KOMIIOHEHTOB OOOJOYKH H
3apojblllla 3€pHa HAa TEXHOJOTHYECKHMEe, B YAaCTHOCTH  PEOJIOTMUECKHE  CBOMCTBA,
OpraHoJienTHUYECKUe MoKazaTrean U 0nobde30macHOCTh TecTa u xieba [39-41]. Ma u coaBTopamu
[39] mokazaHo 3HaYMMOE BIUSHUE 3aKBACKH Ha CBOWCTBA IEIHHO3EPHOBOTO Xjie0a, B YACTHOCTH,
CHIDKCHHME COJICpP)KaHUSA aHTHUIHUTATEIbHBIX (PAKTOPOB, TOKCHYHBIX W BPEIAHBIX BEIIECTB.
HccnenoBanue BAMSHUS MHUKPOOPTaHM3MOB 3aKBACKHM Ha TMOKa3aTeNH XJieda MOKa3bIBaeT BKIAJ
OTJICTBHBIX BHJIOB TEPMOQIIBHBIX MOJIOYHOKHUCIBIX OaKTepuil B yAy4IICHHE IEIOr0 MEepeyHs
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3HAYUMBIX IIOKa3aTeliel, a MMEHHO MPOAYKIHUI0 apOMaTUYECKUX COEIMHEHU, I0/aBleHUE
IpuOKOBOI MOPYH, TOPUCTOCTD, 3JACTUYHOCTD, PACCHIITUATOCTh M BIAKHOCTD Xjieba [42].

3HauynTeNbHAS YaCTh MCCIIEOBAHUI B 007aCTH XJIEOHBIX 3aKBACOK IOCBSIIECHA U3YUCHHIO
€CTECTBEHHbIX MHUKpPOOHMOMOB CIIOHTAHHBIX 3aKBAaCOK, IOJYYEHHBIX C HCIIOJIb30BAaHUEM
Pa3NUYHBIX PAaCTUTENBHBIX MaTepuanos [43, 44]. CaenaH BBIBOA O TOM, YTO TIIATEIBHBIA OTOOD
ayTOXTOHHBIX MHOTO()YHKIMOHATBHBIX MHUKPOOHBIX IITAMMOB MOXET O0ECIEYUTh CTAOMIHHOE
MOBBIIIEHUE  O€30MaCHOCTH W YIY4YIIEHWE  [UTATENbHbIX, OPraHOJIENTUYECKUX U
(GyHKIIMOHATBHBIX CBOMCTB 3€PHOBBIX MPOIYKTOB [45].

C ToukH 3peHHs CTAOMIIbHBIX CBOMCTB 3aKBACKU MPEACTABISIOT HHTEPEC TAK)KE padbOTHI 110
0100pY ONTHMAJIBHBIX YCIOBUN BBICYITMBAHHS 3aKBacKu [46].

Takum oOpa3zoMm, pa3paboTka XJIEOHBIX 3aKBAaCOK OXBATHIBAET PA3JIMYHBIE COBPEMEHHBIC
HampasJieHUs pabOTHI MO YIYUIIEHUIO KayecTBa M O€30MacHOCTH XJieba, OKa3blBas BIMSHUE Ha
BCE IOKa3aTelId TOTOBOIO MPOJYKTa, MOBBIIIAS OMOJIOTMYECKYIO LEHHOCTh, MOTPEOUTEIHCKYIO
MIPUBJIEKATEILHOCTh U CPOK TOAHOCTH XJie0a U MO3TOMY SIBIISETCS aKTyaJbHbIM HaIlpaBJIEHUEM
UCCIIeIOBaHUH B 001aCTH XJ1€00IEYeHUSI.
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Abstract

Bread is a strategically important food product. Ensuring its quality and safety is always relevant.
The review presents data from the world’s scientific literature on the main modern areas of research in the
field of baking. The main tasks currently facing the employees of the baking industry and scientists involved
in the development of new baking products and starter cultures are shown. The significant role of the use
of starter cultures based on lactic acid bacteria in ensuring the quality and safety of bakery products is
revealed.

Keywords: bread, sourdough, safety, quality, lactic acid bacteria.

Bread is one of the main human food products, it is of paramount importance at low-income
levels, and is the basis of the food security pyramid [1]. Up to half of the composition of bread
falls on the share of polysaccharides that perform an energy function. The chemical composition
of’bread also includes proteins, fats, essential amino acids, vitamins, and minerals. There is a trend
towards an increase in the content of starch and a decrease in protein content in later wheat
cultivars [2]. Thus, bread made from white wheat flour contains very few B vitamins, and its fiber
content does not exceed 0.1% at a daily rate of 25 g [3].

Improving the quality and safety of bread is the main direction of research in the field of
bakery [4]. Recently, new safety issues have arisen, related in particular to the formation of new
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contaminants during the heat treatment of food, such as acrylamide and furfural [5]. However,
issues related to microbial contamination are still relevant. Increased consumer concern is
associated with the level of quality and safety of food grains, primarily with its fungal
contamination [6-8]. Factors affecting the quality and safety of bread are shown in Figure 1.

Figure 1 - Reasons for the decline in the quality and safety of bread

The best ways to solve the problem are to ensure environmentally safe protection of
agricultural crops from diseases and pests and crop safety, improve storage conditions for crop
products, and use biologically safe means for improving the quality and safety of bread in the form
of starter cultures, including active associations of lactic acid bacteria and other microorganisms.

Recent research in the field of bread baking is aimed at improving the safety of bread [9], its
nutritional value, and the content of biologically active compounds important for maintaining
health, sensory indicators, shelf life, and availability [10, 11]. In the field of safety, efforts are
directed not only to provide protection against contaminants and mycotoxigenic microorganisms
[12] but also to reduce the chemical risk associated with the formation of certain compounds such
as acrolein [13] and the allergenicity of bread [ 14]. Special attention is paid to the development of
gluten-free bread [15].

In the field of nutritional value and other indicators of finished bread, work is carried out in
two main areas: technological and microbiological. Reformulation is the main strategy for the
development of health-oriented products [16]. The development of technologies for obtaining new
varieties of bread is based mainly on the wider use of whole grain bread [17], rye [18], and other
types of flour including non-traditional ones, the introduction of various vegetable additives
(vegetables, fruit, seeds) into the baking mixture for enrichment with dietary fiber and other
biologically active substances [ 19-22], fortification of bread with protein of leguminous crops [23-
25], vitamins and microelements [26]. Thanks to technological developments, the range of bakery
products has expanded significantly in recent years, both in the world and in Kazakhstan [27].

The main attention of researchers in the field of biotechnology and microbiology has been
directed in recent years mainly to the study of the effect of bread sourdoughs based on lactic acid
bacteria and some other microorganisms on various indicators of bread. There is a strong trend
towards the use of bread starters close to spontaneous and the replacement of starters based on
baker's yeast with starters from lactic acid bacteria, often also including wild strains of yeast. In
recent years, the primary contribution of the selection of sourdough to ensuring the quality and
safety of bread, increasing its sensory characteristics and biological value has been shown. The
main directions of the impact of sourdough on various significant indicators of bread are shown in
Figure 2.
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Figure 2 - The influence of sourdough based on lactic acid bacteria on the performance of bread

The best quality, nutritional value, and bioavailability of bread obtained using sourdough in
comparison with bread based on baker's yeast were noted [28]. The possibility of suppressing the
causative agents of potato disease of bread and preventing spoilage by mold fungi through the use
of protective cultures of microorganisms is emphasized [9, 12].

Canesin and co-authors [28] showed an increase in the biological value of bread using
sourdoughs based on lactic acid bacteria: production of bioactive peptides and amino acid
derivatives, potentially prebiotic exopolysaccharides; increase in the absorption of vitamins,
minerals, photochemical substances; lowering the glycemic index of bread. Suo et al [29] found
that lactic acid bacteria starter cultures have higher antifungal activity, more abundant aromatic
compounds, higher nutritional value, and acrylamide reduction activity compared to baker's yeast
starter cultures. The simultaneous use of sourdough and vegetable additives can have additional
or more pronounced effects, for example, the fermentation of Jerusalem artichoke tubers with
sourdough reduces the concentration of acrylamide in bread by 15% [30]. The use of sourdough
for bread also contributes to the degradation of phytic acid and, accordingly, the release and greater
availability of iron [31].

The analysis of the latest literature by Arora et al [32]) showed that sourdough fermentation
increased mineral bioavailability, allowed for dietary fiber enrichment, lowered the glycemic
index, improved protein digestibility, and reduced antinutritional factors. Reale et al. also
confirmed the effect of sourdough on the increase in digestibility and production of potentially
bioactive compounds in bread [33].

The study of volatile aromatic compounds of various sourdoughs and bread based on them
showed the presence of 196 volatile compounds that affect sensory parameters and include
primarily aldehydes, alcohols, and esters, which amounted to 111 different compounds in total
[34]. The next 57 compounds were ketones, acids, furans, and pyrazines. The remaining chemical
compounds were in a single amount. It was also noted that the profile of volatile and non-volatile
compounds of whole grain bread using mixed starters depended on the ratio of lactic acid bacteria
and yeast within the starter [35].

The development of sourdoughs for whole grain and bran-enriched bread is a separate area
of research in the field of microbiology and biotechnology of bakery and is extremely relevant
since the use of whole grain bread is in demand by consumers and is directly associated with
improved health [36-38]. However, a problem in this area is the influence of the components of

27



MHUKPOBHOJIOI'US "KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

the shell and germ of the grain on technological, in particular rheological properties, sensory
characteristics, and biosafety of dough and bread [39-41]. Ma and co-authors [39] showed a
significant effect of sourdough on the properties of whole grain bread, in particular, a decrease in
the content of anti-nutritional factors, and toxic and harmful substances. The study of the effect of
sourdough microorganisms on bread indicators shows the contribution of certain types of
thermophilic lactic acid bacteria to the improvement of a whole list of significant indicators,
namely the production of aromatic compounds, the suppression of fungal spoilage, porosity,
elasticity, friability and moisture content of bread [42].

A significant part of research in the field of bread sourdoughs is devoted to the study of
natural microbiomes of spontaneous sourdoughs obtained using various plant materials [43, 44].
It was concluded that careful selection of autochthonous multifunctional microbial strains could
provide a stable increase in safety and improve the nutritional, sensory, and functional properties
of cereal products [45].

From the point of view of the stability of the properties of sourdough, works on the selection
of optimal conditions for drying the starter are also of interest [46].

Thus, the development of sourdough starters covers various modern areas of work to
improve the quality and safety of bread, influencing all indicators of the finished product,
increasing the biological value, consumer attractiveness, and shelf life of bread, and therefore is
an important area of research in the field of bread baking.
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AHHoOTaNUSA

B craTre npencTaBieHb COBPEMEHHBIEC CBEACHHS O TePIIECBUPYCaX, BRI3EIBAIOIINX PHHOITHEBMOHHUIO
y nomaaeh. [IpuBomsgTcs AaHHBIE O KIMHUYECKUX IPOSBICHHUSIX OONE3HM, METOJaX JIMATHOCTHKH U
BaKIMHONPODUIAKTAKH. [IpuBEIeHBI pe3yNbTaThl CepOIOTHUECKUX HuccienoBannii B MDA moroiaosws
nomaseii AMMaTHHCKON 00JIacTH - HalileHb! aHTuTeNa kak K EHV-1, tak u k EHV-4. Pa3zpaborannas tect-
cucreMa s [P mo3Bonser >()(eKkTHBHO AMArHOCTHPOBATh PHUHOIMHEBMOHUIO Y JiolIaaed B
KOHeBoAuecKkux xo3siictBax Kazaxcrana. [lonmHoreHoMHOE ceKBeHHpoBaHHE MecTHOro mramma EHV-1
[I0Ka3aJI0 U3MEHEHUsSI B T€HOME MOCJIEe aTTEHYHpPOBAaHUS IITaAMMa METOJOM MHOTOKPATHBIX MAaCCaKel B
KYJbTYp€ KIETOK.

KuarwoueBbie caoBa: rtepnecsupyc, EHV-1, EHV-4, punomneBmonus, Kazaxcran, Jommans,
JUArHOCTUKA, KIIMHHKA, BAKLIMHA, CEKBEHUPOBAHUE.

Bupycsr reprieca nmomaaeit (EHV), npencraBisror co00ii BBICOKOKOHTaruO3HbIE BUPYCHI,
BBI3BIBAIONINE 3a00JIeBaHUSA BEPXHUX JbIXaTENIbHBIX MyTeH, HeBpoJiorndyeckue 3a00JieBaHUS,
a0opThl W/WIM HEOHaTalbHYI0 cMepTh. [1,2]. PunomneBmonus nomaneii (PILJI) — »at0
HUCTOPUYECKH CJIOXKHUBIIeecss oOlee Ha3BaHWe 3a0oJieBaHus, BbI3bIBaeMoro nByms JIHK-
BHUpycamu u3 cemeiictBa Herpesviridae: Equid herpesvirus-1 u Equid herpesvirus-4 (EHV-1 u
EHV-4) [3]. O6a Bupyca otHocsTcs k poay Alphaherpesvirus u ux rermomsl ot 55% 10 84%
UJCHTUYHBI TI0 HYKJICOTHIHOMY COCTaBY, a IO aMUHOKHCIIOTHOMY CXOJICTBO COCTaBIsieT A0 96%
[4,5]. Ha ceromusmuuii nenp EHV-1 m EHV-4 xnaccuunupoBaHbl Kak MpPEICTaBUTEIN
noxacemeiictsa Alphaherpesvirinae poxa Varicellovirus [6].

B cemeiicTBe nomaauHbie HISHTUGUIUPOBAHBI BOCEMb FE€PIIECBUPYCOB, U3 KOTOPHIX MSATh
npuHaIeKat K mojacemeiictBy Alphaherpesvirinae u tpu - k Gammaherpesvirinae. Jlomaan
SIBJISIFOTCSL.  IpUpOIHBIME  X03sieBamu juts  Alphaherpesvirus tunmos 1 (EHV-1), 3 (EHV-3,
KoHWTanbHas dk3antema), 4 (EHV-4), Gammaherpesvirus tunos 2 (EHV-2) u 5 (EHV-5). HenasHo
Obut onucad BapuaHT EHV-1, Bo3HMKIINI B pe3ynbTaTe OJHOW TOYEYHOM MyTalMM B TEHE
BupycHoit J[HK-monmmepasbl M accOMHUPYIOMMICS ¢ HEBPOJOTUYECKUMHU 3a00JEBAaHHEM -
nomaguHoN repnecHor muenosHnedanonaruerr (EHM). M3onsius HOBOro HEHPOTPOMHOTO
Bupyca EHV-9 [7] ot razenu (Gazelle herpesvirus-1) ykaspiBaet Ha TO, 4TO CITHCOK W3BECTHBIX HA
CETOJHSAIIHUN JE€Hb I'epIIECBUPYCOB JIOIIAAUHBIX ele MoxeT nonojHutecs. EHV-1 u EHV-4
KIIMHUYECKH, STTM300THYECKH U SKOHOMHUYECKH HanboJiee 3HaYUMble TATOTEHBI IS JIOIAIEH.

Anuzoomonozua. PHHOTHEBMOHHS JOIIAAEH NIMPOKO PacpoOCTpaHEHA BO MHOTHX CTpaHax
mupa. B xossiictBax EHV-1 Bcrpewaercs wame (>60%) mno cpaBHenuto c¢ EHV-4,
MH)EKIHS TOCJIe OCTPOrO TEUEHHUs Y YKUBOTHBIX MPUHUMAET XapakTep 3aTsSKHOW JIaTEHTHOU
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uHoeknuu. [IpoucxonuT yepenoBaHrne BHE3AMHBIX OCTPBIX TEUCHUN C MEPHOJAMU aTUITHYHOTO
npoTtekanus 0osie3Hu. Takke XapakTepHa CE30HHOCTB: Yallle BCIBIIIKH MPOUCXOIST OCCHBIO U B
Hayaje 3UMbl.

Ilamozene3s. JlateHTHOCTH ajb(areprnecBUPyCcOB — BaKHast BUPYCHAsl CTpaTerus, KOTOpas
o0ecrieynBaeT €My BBDKMBAHHE M pPACHpOCTpaHEHHE BHYTpU mnomymsauuu jomanaedt [8]. Ha
CETOMHAIIHUN JIEHb SICHO, YTO JIATEHTHO WH(UIIMPOBAHHBIC JICWKOIMTHI HE PACIO3HAIOTCS
UMMYHHOU cucrtemoil xo3smHa. EHV-1 mepcuctupyer npeumymniectBeHHO B T-numMdonurax
CD5+/CD8+ wu  axkTHBHpYyeTCS  MHTEPJICHKMHOM-2 ¥  JIOIIAJWHBIM  XOPHUOHUYECKUM
roHagotponuHoM [9]. [Ipeanosaraercs, 4To peakKTUBUPOBAHHBIH JTATEHTHBINA BUPYC, BHIACIIAEMbII
C HOCOBBIMH HCTEUEHHUSIMHU, WUrpaeT KIYEeBYO poiib B snuzoortojorun EHV-1 u EHV-4.
®uznosiornyeckue (QakTopbl, OTBETCTBEHHBIE 32 PEAKTHUBALMIO IIOKA HEU3BECTHBI, HO
YCTaHOBJIEHO, YTO CIIOHTAaHHOE BbIJIEJICHHE BUpYCa CIEIYET 3a TaKUMHU CTpecc-(pakTopaMu Kak
O0THEM, KacTpalus, MepeMenieHrne KUBOTHOTO U peMutupyroiue 6omesnu [10].

Knunuxa. 1lpu 3apaxeHun B3pOCIBIX KUBOTHBIX HHKYOAIIMOHHBIN IEPUOJ COCTABIISET 2-8
cyT. Y OOJIbHBIX JKMBOTHBIX IMOBBINIAETCS TeMmieparypa Tena ao 39,5-40 °C, nabmrogarorcs
KOHBIOHKTUBHT, CEPO3HBbIM PUHUT, y4allleHHOE JbIXaHHe U cepiaueduenue. YacTelii mpHU3HaAK
00JIe3HU - OTEYHOCTh TA30BBIX KOHEYHOCTEW wiu noarpynaka. Ilpu nHduuupoBanun BHUpycOoM
EHV-1 xepebbie KoOBLIBI a0OPTHUPYIOT BO BTOpPOM MoJOBHHE xepeboctu Ha 7-10-m mec. B
HEKOTOPBIX CIIy4asiX BBIKHABIIIM MPOUCX0aT Y 90 % koObLIL

Bakyunonpogunaxmuka. B nacTosee Bpemsl cTpaTerus BaKI[MHAIIMM HaIlpaBJIeHa Ha
MpOoQUIAKTUKY 3a00JIEBAEMOCTH CPEIU KEepeOsAT-COCYHKOB, TaK KaK MMEHHO OHM CUHUTAIOTCS
OCHOBHBIM pe3epByapoM U (aKTOpoM TPAaHCMUCCHU BHUPYCOB puHOMHEBMOHUHU [11].
CymecTByroT, 0 KpaitHel Mepe, 12 MoHO- 1 nosiBaieHTHBIX BakunH K EHV-1 u EHV-4. Tonbko
OJHA M3 HUX JMIeH3upoBaHa B EBpocoroze: mHaktuBHpoBaHHas EHV-1 u EHV-4 Bakuuna,
cojepxariasi aJbloBaHT KapOoMep U obecrieunBaromias nNpopuIakTuKy abopTOB, BBI3BIBAEMBIX
EHV-1 [12]. B Poccun u Kazaxcrane mis cnenupudeckoi mpoUiIakTUKH HCIIOIb3YIOT JKHUBYIO
BHPYC-BaKIMHY MMPOTHB pUHOMMHEeBMOHMH 13 mTamma CB/69. Baknunanuio mpoBoAsST ABYKpaTHO
¢ uHTepBasioM 3—4 Mec. XKepeObIx KoObUT IMMYHH3UPYIOT Ha 2-3-M MecC xKepeOoCTH, IOBTOPHO
Ha 6-7-M Mec. B mociennee Bpems pa3pabaThIBaOTCs )KUBbIE TEHHO-UHKEHEPHBIC BaKIIUHHKI [ 13],
OJIHAKO MPHU UCIIBITAHUU UX UIMMYHOT€HHOCTh MOKA OKa3bIBAE€TCS HEBBICOKOM.

HaubGonee »s¢ddextuBHON sBNsSETCS BaklMHA, IOJIY4Y€HHAs METOJOM KJIACCHUYECKOTO
MyTareHesa in vitro, KoTopas Kpome pecrnupartopHor ¢opmbl u aboproB npu EHV-1, taxke
amumaer or EHV-4, npu 3ToM BBOAUTCA TOJBKO OJHOKpPaTHO HHTpaHazaibHO [14]. B
Kazaxcrane paspabaTbiBaeTcs cOOCTBEHHas BakllMHA Ha OCHOBE aTTEHYMPOBAHHOIO IITaMMa,
BBI3BABIIIETO MAaCCOBBIE A0OPTHI HAa FOTO-BOCTOKE CTpaHsbl [15].

Juaznocmuka. JIns wzonduuMu BUpyca M3 OHOJOTHYECKMX O0O0pa3loB HCHOJIb3YIOT
MIEPBUYHBIE KYyAbTYphl KIeTOK mouku sMOpuona nomanu (EEK) wumm munauu ¢pubpobractos,
MOJIy4YEHHBIC U3 AIHUJIEPMATILHON U JIETOYHON TKaHel XUBOTHBIX. JlanmpHeiyro JeHTUQUKAIUI0
BUpyca TMPOBOAAT B PEAKIUU HUMMYHO(MIYOPECHEHIIMM C HCIOJBb30BAHMEM MEUEHBIX
MOHOKJIOHAJIbHBIX aHTHUTeN [16]. Ilpu rucronoruyeckom MccieIOBaHWU NaTMarepuana B BHJIE
napa@UHU3UPOBAHHBIX O00pa3lOB HCMHOJIb3YEeTCSd HMMYHOIEPOKCHAA3HOE OKpAIlUBAaHUE C
oOHapy)KeHHEeM BHpyca IOJ CBETOBbIM MHUKpPOCKONOM. OJHOBpEMEHHO MOKHO HaOIIOIATh
XapakTepHble MOP(POJIOrHYeCcKre N3MEHEHH B TKaHsX [17].

Ceposornyeckasi TMarHoCTUKa OCHOBAHA HA BBISBICHWH IIPUPOCTAa TUTPOB AHTUTEN IIPH
HCCIIEIOBAaHUH MAPHBIX CHIBOPOTOK, B3SATHIX BO BPEMs OCTPOTO Mepro/ia 3a00JIeBaHus U B CTaIUU
pekoHBaneclueHIun (uepe3 2—4 Henenu). AHTUTENAa B CBIBOPOTKAX KpPOBH TAaKXE MOXHO
ONPENIETUTh B PEaKLUsIX CBSI3bIBaHUA KoMIuieMeHnTa u MDA [18].

[Tonmumepaznas nenHas peaxuus (ITHP) mcnons3yerca anst ObicTpoil ammiaudukanud u
OoOHapyXeHHUsS HYKJIEHHOBBIX KHCJIOT BHPYCOB PHHONHEBMOHMM B KIMHHUYECKHX 00pasuax,
napauHUPOBAHHBIX TKAHAX U KyJIbTypax KieTok. HaOmromaeTcst BrICOKasi CTENEeHb KOPPELuu
Mexay pesyapratamu I1LP u u3ondnuel Bupyca B KylbTypax KIETOK Ipu auarHoctuke EHV-1
nm EHV-4 [19]. Onnako mnpu wuHTepnperauuu pesyinbraroB IILIP cnexyer ydumTeiBath
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MPUCYTCTBUE BHPYCa B HEKOTOPBIX TKAHAX MpHU JaTeHTHoU nHpekuuu [20]. MOb pexomenayeT
rae3noBo [P mis o6napyxenuss EHV-1 unn EHV-4 B KIMHMYECKHX WM MAaTOJIOTHYECKUX
Mmatepuanax [21]. B maGoparopun sxonoruu BupycoB HIIL] mukpoOuonoruu u BUPYCOIOTHH
pazpabotana coOcTBeHHas TecT-cuctemMa Ha ocHoBe [III[P ans  omgHOBpemeHHOU
middepeHnnanbHON TMarHOCTUKY TPUIIIIA ¥ PUHOITHEBMOHHH Jlommazei [22].

MarepuaJjibl 1 MeTOABI

JUia  ceposIoTMYECKUMX  MCCIEAOBAHUN  HCIIOJIb30BAJIM  TECT-CUCTEMY Ha OCHOBE
MoauduimpoBanHoro Crabb and Studdert (1993) merona UDA, mist AMATHOCTUKH TEPIIECBUPYCOB
nomaneit ¢upmel «Svanova Biotech AB» (IlIBeumsi), OCHOBaHHOW Ha WCIIOJIb30BAaHUH
pexomOuHanTHbIX 0enkoB EHV1 nu EHV4 - “Eguine Herpes Virus type 1 and 4 Discriminating
Test (EHV1/EHV4-Ab)”, koTopasi MO3BOJII€T pacro3HaBaTh WHQUIMPOBAHHBIX JIOIIAJACH OT
HeuHuuuposanubix EHV1 u EHV4 xuBOTHBIX.

JI1st MOJIEKYJISIpPHOM TUAarHOCTHUKU MCTOJIb30BAIM COOCTBEHHYIO TECT-CUCTEMY Ha OCHOBE
[NOP nnst ogHOBpemeHHOM audQepeHuanbHON AUArHOCTUKM TpUINIa U PUHOIHEBMOHUU
nowmazaent. J{ms [P 6b11 BeIOpaH koHCepBaTUBHBIN yuyacTok reHoma EHV-4 —ren noBepxHOCTHOM
MemOpansl gB, koToperit umeet 89,6% HUASHTUYHOCTH C cCOOTBETCTBYIOIUM reHoM EHV-1 [8] u B
KoMIbroTepHO mporpamme OligoAnalyser pazpaboTaHbl paiiMepsbl.

Jlis  BbIIENEHUS TeprecBUPYCOB JOLIaJeld MaTepuaiabl OT OOJBHBIX KMBOTHBIX
WCIIOJIb30BANIUCh JJISl 3apakeHUsl INepeBHBaeMod KyabTypbl kieTok Tpaxen tensat (KKTT).
Beinenennsiii mramMM puHonHeBMoHUY Jjomaae AK-2011 pazmuoskanu n HakammBanu B KKTT
B tutpe 5,75 lg TCID50/cM3 u Bbllie (TUTP LHUTONATHYECKUX J103, BBI3BIBAIOIIUX KJIETOYHOE
noBpexxaeHrue MoHocnoss 'y 50% wuHbuummpoBaHHbIX). LluTonmaToreHHoe neiicTBue BuHpyca
MPOSIBIISIIOCh B MOHOCJIO€ MH(MUIIMPOBAHHBIX KIETOK Yepe3 72—90 dacoB mociie HHOKYIJISINN 1
pacnpocTpaHsiock Ha Oonee yem 85% kieroynoro moHocnosi yepe3 110-144 uaca mocie
WHPUITUPOBAHMS.

Jlst cekBeHUpOBaHUs HOBOTO TokoJsieHus BupycHyto JIHK Beimensumm ¢ momomisio Habopa
QIAmp Viral RNA Mini (Qiagen, I'epmaHus) B COOTBETCTBHH C MPOTOKOJIOM IPOU3BOJIUTEIIS.
bubmuorexy mosydanu ¢ momompio Habopa JIHK NEBNext Ultra (NEB, CIIA) u kauecTBO
oubnmuoTexkn oreHuBaIu ¢ nomomplo Agilent 2100 (Agilent, 'epmanmns). CexkBeHHpOBaHUE
poBoAMIIM Ha Tipubope MiSeq ¢ ucnosibzoBanueM Habopa v.3 (Illumina, CIIHA). IIporpammHoe
ob6ecrieuenne FastQC [23] wcmosb30BaJIoCh Ui OLICHKW KadecTBa mpouTeHui. [lomydeHHbIe
npouteHust Obu 00pe3ansl Ha 3' 1 S'-koHNax. s c6opku de Novo ucrnosb3oBaiu accemomep
SPAdes [24] B cocTtaBe mporpammuoro nakera Geneious Prime (Biomatters, HoBas 3emannus)
[25].

Pe3yabTaTsl M 00Cy:KIeHHE

B KazaxcTtane Bupychl pUHOITHEBMOHHH JIOIIA/IEH 4acTO LHUPKYIUPYIOT B XO3SUCTBaX, IIe
He npoBoadTcs npodunakruaeckue meponpusatus. Tak, ¢ 2000 mo 2007 rr. B AIMaTHHCKON
00JacTH pPeryIsipHO U30JIUPYIOTCS BUPYChl pUHOITHEBMOHUHU HA TIEPBUYHO-TPUTICHHIU3UPOBAHHBIX
KyJIbTypax KJIETOK Mouku 3MOpuoHa nomanu. Ilpu ceponorumueckom uccienoBanuu B MDA
HaiiieHsl anTuTena kak k EHV-1, tak u k EHV-4 [26].

ITpu nomomum “Eguine Herpes Virus type 1 and 4 Discriminating Test (EHV1/EHV4-Ab)”
ObUIM MPOMCCIIEOBAHbl CHIBOPOTKH KpoBU OT 30 KOOBUI OJAHOTO M3 XO3AWCTB AJIMAaTHHCKOMN
obOmactn KazaxcraHa, B KOTOPOM €XKErOJHO PErHCTPUPOBAIUCH CIydad abOpPTOB KOOBUI Ha
MOCIEIHUX MecsIax >KepeOOCTH, a TaKKe CIydyau POKICHUS HEKHU3HECHOCOOHBIX >KepeosT,
MOruOAOUINX B MEPBbIE YacChl )KM3HU. Pe3ynbTaThl HCCIe10BaHMs TPECTaBICHbI B Ta0bmue 1.
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Tabmuna 1 -duddepennmanus antuten k EHV1I/EHV4 u EHV4 B ceiBopoTkax somazeir B ELISA-
EHVI1/EHV4-Ab tecte ¢pupmbl «Svanova Biotech AB» (IlIenus).

Ne nomamu EHV1/EHV4 EHV4 Ne qomamu | EHV1/EHV4 EHV4
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Bce uccienoBanusie jgomany uMenu antureiaa K EHV4. 27% 3Tux )KUBOTHBIX TaK)XKe UMETH
antutena k EHVI. IlonydeHHble pe3ynapTaTbl CBUAECTENBCTBYIOT O LUPKYJISALHMM B JIAHHOM
MOTOJIOBBE JIBYX THUIIOB TepriecBupycos yomaaeii - EHV1 u EHV4. Pacnipoctpanennio nadpexumn
CIOCOOCTBOBAJIO CKYYEHHOE COJCp)KaHUE >KMBOTHBIX, OTCYTCTBHE PETYJSIPHOW BaKI[MHAIUH,
HECOONIIOICHHE KapaHTHHHBIX MEPONPHUATANA TIPU BBO3€ B JIAaHHOE XO3SHCTBO BHOBH
NpUOBIBAIONINX JOHIaJel, a TakkKe IMpH IMEepeMEIleHUH >KUBOTHBIX BHYTpPH Xo3siicTBa. Ha
OCHOBAHUU MOJYyYEHHBIX PE3YJIbTAaTOB, KOOBLIBI, HMetomue antutena k EHV1 Ob1mm oTnenens: ot
OCTaJbHBIX JKUBOTHBIX, @ U3 OCTABIIETOCS IOT0JIOBhS JIomIanek, nMeromux aaturena k EHV4 +
ObutH cpopmHpoBaHBl HEOONbIIME TPYHNNbl. B JaHHBIX NOArpyMNax JoIIaaell peryispHoO
MPOBOJUTCS M3Y4Y€HHE HMMMYHHOTO (OHA K TIeplecBUPYCHBIM MH(EKIUSIM Ha OCHOBAaHUU
HCCIe0BaHUsI CHIBOPOTOK JKMBOTHBIX B UMMYHO(GEpMEHTHOM TecTe (pupMmbl «Svanova Biotech
AB». OT0 1103BOJISIET, IO TTOJTYYEHHBIM pe3ynbTaTaMm UDA, oTaensaTh cepoHeraTUBHBIX ) KMBOTHBIX
OT CEpONO3UTUBHBIX, HE JIOMYCKas MX KOHTAKTa, TEM CaMbIM IIPEJOTBpaIlaTh AAJbHEUIIYIO
LHUPKYJSIUIO TePIIECBUPYCOB JIOMIA/IEH M CHU3UTh KOJMYECTBO a0OPTOB B IaHHOM XO35HCTBE.

B naboparopun skoj0ruM BHPYcOB pa3zpaboTaHa COOCTBEHHAs TECT-CUCTEMa Ha OCHOBE
[P ans omHOBpemeHHOW nudQepeHnnaIbHOW NUAarHOCTHKA TpHUINAa W PHHOITHCBMOHHH
nomaznei. IIpoBeneHo BblpaBHUBaHME T'eHa gB ¢ aHAJIOTMYHBIMU TOCIIEIOBATEIBHOCTIMU W3
MeXAyHapoAHOUW Oa3bl JOaHHBIX ['eHOaHK U ompeaereHbl KOHCEPBATUBHBIC YYACTKH IS
KOHCTpYHpOBaHuUs mpaiimepoB. B pesynpTaTe uccrnenoBanuii uyBctButensHoctu [ILIP-Habopa
ycTaHoBJeHO, uTo oTAenbHO ¢ JIHK Bupyca pruHOIMHEBMOHUM JIOMIAAeH TEeCT-cUcTeMa paboTaer
no 10-5 pa3Benenus (25 muKorpamm), 4TO COMOCTABHUMO C MEXKIYHAPOIHBIMU TPEOOBAHUSAMU,
npenbsBiasieMbiMu K uyBcTBUTENnbHOCTH [ILIP (pucynok 1). JlaHHas TecT-cucTeMa MO3BOJISET
3¢ GEeKTUBHO AUATHOCTUPOBATh PUHOITHEBMOHHUIO Y JIOIIA/Iel B KOHEBOIYECKUX X03siiCTBaX.

)/

Pucynok 1 — UyscturensHocTs [1LIP TecT-cuctembl ipu pa3BeaeHNH HCXOAHBIX 00pa3uos 1o 10-5
pa3BeneHHUs
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B 2011 r. mpousonuia BelbllIKa pUHONMHEBMOHMU Jowaned B KazaxcraHe B 0JHOM U3
X034HCTB 10ro-BocToka Kazaxcrana, B KOTOPOM €KETr0JHO PErucTpUpOBAINCH A00PTHI KepeObIX,
POXKICHNE HEXH3HECTIOCOOHBIX )KepeOsT, MOTHOAIONINX B TeUCHHE NMEepBhIX 12 yacoB ku3HU. B
HacTosiel cratbe B KazaxcraHe ONMCHIBAETCS MOJIEKYISIPHO-IFE€HETUYECKAsh XapaKTepUCTHKA
BBIJICJICHHOIO M30J5Ta M IPUBOJUTCA CTPOEHHE €ro IOJHOro TIeHoMa. B  pesyinbrare
CEeKBEHHPOBAHMUS TOTy4YSHHBIE TPOUTEHHs ObUH coOpanbl de Novo 1 KapTHpOBaHbI HA STAJIOHHOU
nocnenosarenpbHocT reHoma EHV-1 (pucynoxk 2).

> D EDE [ | D aaaasss—— s > &=
<amsemm € : <E@ee’ ea=m'a - - ‘e ‘amm " &L=
- ) == »
PEEESS EDS > B IEDES S g ) > BDRES BB > —
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Pucynok 2 — Cxema aHHOTaIMu reHOMa Ka3axcTaHckoro mramma EHV-1

AHanu3 reHOMOB BHPYCOB PHUHOMHEBMOHHUM METOJOM CEKBEHHPOBAHHS IOKa3aj, 4To y
EHV-1 on coctout u3 150 223, ay EHV-4 u3 145 597 nap ocHoBanuii. Y 000uX BUPYCOB OHU
YCIOBHO pa3fiefieHbl Ha JJIUHHBIA YHUKQJIbHBIA peruoH, (GIaHKUPOBAHHBIH KOPOTKUM
WHBEPTUPOBAHHBIM MOBTOPOM, U KOPOTKUH YHUKAJIbHBIM PErnoH, (praHKWPOBAHHBIN OCHOBHBIM
WHBEPTUPOBAHHBIM MOBTOPOM, U COCTOAT U3 76 OTKPBITBIX paMOK cuuThiBaHud [27]. B Hamem
MpPEeIBAPUTEIILHOM HCCIEIOBAHUU ONPEIEIIEHO, 4YTO TMOJHBI T'€HOM MECTHOTO IITamma
puHOTTHEBMOHMM cocTaBui Oosiee 145000 HYKJICOTHIOB M COCTOMT M3 74 OTKPBITBIX PaMOK
cuutbiBaHus. Ilpu arTeHyupoBaHMM mITaMMa METOJOM MHOTOKPATHBIX Maccaxked uyepes
KJIETOUHYIO KYJIBTYPY, OYEBHUIHO, BUPYC MOTEPSI TPU OTKPHITHIX PAMKHU CUUTHIBAHUS (HA PUCYHKE
2 MoKa3aHbl CTPEIKaMu).

3akioueHue

B Ka3zaxcrane BHUpYChl PpHUHONHEBMOHUHM OCTAOTCS  AKTYaJbHbIMH BHPYCHBIMU
MHGDEKIMUSIMH, HAHOCSIIMMU 3HAYUTENbHBIM ypOH KOHEBOACTBY. Ilpu ceponoruueckom
uccnenopanun B UDA naiinensl antutena kak kK EHV-1, tak u k EHV-4 npu oGcnenoBanun
MOTOJIOBbs JlomIazielt AnmatuHckoil oOmactu. [lomydennsie pesynabTatel MDA mo3Boiuiu
OT/ENIUTh CEPOHEraTUBHBIX >KMBOTHBIX OT CEPONO3UTUBHBIX, HE JOIyCKash MX KOHTAKTa, TEM
CaMbIM NPENOTBPAaTUTh AAJBHEHUIIYI0 LUPKYJALUIO T'EpIeCBUPYCOB JOWAACH M CHU3UTH
KonuuecTBO aboptoB. PaspaboranHas tect-cuctrema s I[P mo3Bomser s3ddexTrBHO
JUAarHOCTUPOBATh PUHOIMHEBMOHHUIO Yy JIOWIAJAEH B KOHEBOAYECKMX Xo3sicTBax KaszaxcraHa.
[lonHoe cexBeHupoBaHHe TeHOoMa MecTtHoro mramma EHV-1 B nanpHelmem pacmmput
MOHUMAaHHe OHWOJOTHMM JSTHUX BUPYCOB M OTKPOET JOMOJHUTEIbHBIE BO3MOXKHOCTH TS
MMMYHOTIPO(PHIAKTUKH.

Kak mpaBuno, 3HaYuTENbHOE KOJIWYECTBO aOOPTOB, BBI3BAHHBIX BUPYCOM, CBSI3aHO C
OTCYTCTBUEM  PYTMHHBIX JUAarHOCTHYECKUX TECTOB, HHU3KUM YyPOBHEM  BaKLIHMHALWH,
HEKOHTPOJIMPYEMBIM BBO30M JIOIIAJEH, CHUKEHUEM PE3UCTEHTHOCTH K BUPYCY B 3UMHE-BECEHHU I
MEepUOJ U JUTUTEIIbHON BEIKMBAEMOCTBIO MATOre€Ha B OKpYyXkatouiei cpene [28].
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Pabora Bemonnena B pamkax HTII BR10764975 «Pa3zpaGoraTte M THpEIOKUTH JUIS
MIPOU3BOJICTBA METO/bI JTMArHOCTUKHU, MPO(UIAKTUKHM OOJe3HEeH, Tepanuu HHQUIMPOBAHHBIX
KUBOTHBIX U 00€33apaXMBaHUs TIOYBCHHBIX CHOMPESI3BEHHBIX 04aroB» MHUHHCTEPCTBA HAYKU H
BbIcIIero oopasoBanus Pecnyonuku KazaxcraH.
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KA3BAKCTAHJATBI EHV-1 )KOHE EHV-4 )KBIJIKBIJIAP TEPITIECBUPYCTAPBI

Tyiiin

Makanaza >KbUIKbIJIap PUHOIMHEBMOHMSICH! aypyblH KO3[BIPAThIH T€PIIECBUPYCTAp KOHIHAE Ka3ipri
3aMaHHBIH MaJiMerTepi Oepinemi. AypyablH KIMHHUKAIBIK KOpIHICTepi, Oanay jKoHe BaKIMHAMEH allJbIH
aiy amictepi JKeHiH/e MamiMeTTep Oepinesni. AaMaTsl 00IBICH XKBUTKbITApEl MDA oniciMeH cepoIIOTUsIIBIK
3eprreynep otkizinai — EHV-1 sxone EHV-4 kapcel antuaenenep ta0buinel. O3ipienren IITP Tect xylieci
KaszakcraHHBIH JKBUIKBI IIApyalIbUIBIFBIHAA KBUIKBUIAPIBIH PUHOIHEBMOHUSCHIH OalayFa MYMKIHIIK
oepeni. XKeprinikti EHV-1 mraMMbIHBIH TOJIBIK TEHOMBIH CEKBEHJIEY, JKaCyIlla KyJIbTypacklHaH OipHerre
pET OTKi3Y 9iCiMEH aJiCipereHi reHOMBIHAAFHI e3repicTepi KOpCeTTi.

Kinr ce3mep: repmnecBupyc, EHV-1, EHV-4, punonHeBMOHus, at, Oanay KIWHHKA, BaKIUHA,
CEKBEHJIEY.
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EQUINE HERPESVIRUSES EHV-1 AND EHV-4 IN KAZAKHSTAN
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Abstract

Contemporary data on equine herpesviruses causing rhinopneumonitis in horses are present in this
paper. Data on clinical manifestations, methods of diagnosing and vaccine prophylaxis are given. The
results of serological studies of the population of horses in the Almaty region in ELISA are presented -
antibodies were found both to EHV-1 and EHV-4. The developed PCR makes it possible to effectively
diagnose rhinopneumonitis in horse breeding farms in Kazakhstan. Whole genome sequencing of the local
strain EHV-1 showed changes in the genome after strain attenuation after multiple passages in cell culture.

Keywords: herpesvirus, EHV-1, EHV-2, rhinopneumonitis, horse, diagnostics, clinics, vaccine,
sequencing

Equine herpesviruses (EHV) are highly contagious viruses that cause upper respiratory
disease, neurological disease, abortion and/or neonatal death. [1,2]. Equine rhinopneumonitis is
the historically common name for a disease caused by two DNA viruses from the Herpesviridae
family: Equid herpesvirus-1 and Equid herpesvirus-4 (EHV-1 and EHV-4) [3]. Both viruses
belong to the genus Alphaherpesvirus and their genomes are from 55% to 84% identical in
nucleotide composition, and in amino acid - the similarity is up to 96% [4,5]. To date, EHV-1 and
EHV-4 are classified as members of the Alphaherpesvirinae subfamily of the genus Varicellovirus
[6].

In the Equidae family, eight herpesviruses have been identified, of which five belong to the
Alphaherpesvirinae subfamily and three to the Gammaherpesvirinae subfamily. Horses are natural
hosts for Alphaherpesvirus types 1 (EHV-1), 3 (EHV-3, coital exanthema), 4 (EHV-4),
Gammabherpesvirus types 2 (EHV-2) and 5 (EHV-5). A variant of EHV-1 has recently been
described, resulting from a single point mutation in the viral DNA polymerase gene, and associated
with the neurological disease Equine herpes myeloencephalopathy (EHM). The isolation of the
new neurotropic virus EHV-9 [7] from the gazelle (Gazelle herpesvirus-1) indicates that the list
of currently known equine herpesviruses may still be complemented. EHV-1 and EHV-4 are
clinically, epizootically and economically the most significant pathogens for horses.

Epidemiology. Equine rhinopneumonitis is widespread all over the world. In horse
populations, EHV-1 infection is supposed to occur at a higher (>60%) frequency compared to
EHV-4. Equine rhinopneumonitis, having arisen in a horse breeding farm, become a stationary
infection. Acute outbreaks alternate with periods of an obscure, atypical course of the disease. In
affected herds, the virus persists due to the ability to survive for a long time in the organism of
horses, the universality of the transmission mechanism and the short duration of post-infection
immunity. In addition, equine rhinopneumonitis is characterized by seasonality - the largest
number of sick animals is registered in autumn and early winter.

Pathogenesis. The latency of alphaherpesviruses is an important viral strategy that ensures
its survival and distribution within the horse population [8]. To date, it is clear that latently infected
leukocytes are not recognized by the host's immune system. EHV-1 persists predominantly in
CD5+/CD8+ T-lymphocytes and is activated by interleukin-2 and equine chorionic gonadotropin
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[9]. It is assumed that reactivated latent virus excreted with nasal discharge plays a key role in the
epidemiology of EHV-1 and EHV-4. The physiological factors responsible for reactivation are not
yet known, but spontaneous viral shedding has been shown to follow stress factors such as
weaning, castration, animal movement, and remittent diseases [10].

Clinics. When adult animals are infected, the incubation period is 2-8 days. In sick animals,
the body temperature rises to 39.5-40 °C, conjunctivitis, serous rhinitis, rapid breathing and
palpitation are observed. A common symptom of the disease is swelling of the pelvic limbs or
dewlap. When infected with the EHV-1 virus, pregnant mares are aborted in the second half of
pregnancy at the 7-10th month. In some cases, abortions occur in 90% of mares. In the period
preceding the abortion, the mares have no visible signs of the disease, the normal development of
pregnancy continues. Abortions occur suddenly without noticeable precursors or dead foals are
born. An important step in understanding the pathogenesis of rhinopneumonitis is to define that
necrotizing vasculitis and thrombosis due to lysis of endothelial cells lining the capillaries of the
CNS, the fertilized uterus and other organs of the horse are the main factors causing abortions and
paresis.

Vaccination. Currently, the vaccination strategy is aimed at preventing morbidity among
suckling foals, since they are considered the main reservoir and transmission factor of EHV [11].
There are at least 12 mono- and polyvalent vaccines for EHV-1 and EHV-4. All of them are
intended for parenteral administration and serve to prevent the respiratory form of the disease.
Only one of them is licensed in the European Union: an inactivated EHV-1 and EHV-4 vaccine
containing a carbomer adjuvant and providing the prevention of abortions caused by EHV-1 [12].
In Russia and Kazakhstan, a live vaccine from the SV/69 strain is used. Vaccination is carried out
twice with an interval of 3-4 months. Pregnant mares are immunized at the 2-3rd month of
pregnancy, again at the 6-7th month. Young animals are first vaccinated at the age of 3-4 months.
For their passive immunization, hyperimmune antiserum is used, but it does not have a protective
effect during abortion. Recently, live genetically engineered vaccines have been developed [13],
however, during testing, their immunogenicity was found to be low. Testing of another
recombinant vaccine, using the Canarypox virus as a vector expressing EHV-1 gB, gC, and gD
proteins, provided only partial protection of horses from the respiratory form. In the USA, the
vaccines with the greatest ability to limit nasal shedding and viremia of the neuro virulent strain
include the vaccines licensed for control of abortion (Pneumabort-K & Prodigy), Calvenza and the
MLYV vaccine (Rhinomune) [14].

The most effective was the vaccine obtained by classical in vitro mutagenesis, which, in
addition to the respiratory form and abortions in EHV-1, also protects against EHV-4, while being
administered only once intranasally [15]. Another important characteristic of this live vaccine is
its ability to confer immunity to EHV-1 and EHV-4 in suckling foals via mother's milk [16].
Kazakhstan is developing its own vaccine based on an attenuated strain that caused mass abortions
in the southeast of the country [17].

Diagnostics. To isolate the virus from samples, primary cultures of equine embryonic kidney
(EEK) cells or fibroblast lines obtained from epidermal and lung tissues of animals were used.
Virus identification was carried out in an immunofluorescence assay using labeled monoclonal
antibodies. Frozen sections [18] can be investigated using this method.

In the histological examination of the pathological material in the form of paraffinized
samples, immunoperoxidase staining is used with the detection of the virus under a light
microscope. At the same time, specific morphological changes in tissues can be observed [19].

Serological diagnosis is based on the detection of an increase in antibody titers in the study
of paired sera taken during the acute period of the disease and in the convalescence stage (after 2-
4 weeks). The limiting antibody titer in the neutralization assay is considered to be the highest
dilution of serum, which 100% prevents infection of the cell monolayer from the cytopathic effect
of the virus [20]. Serum antibodies can also be detected by Complement Fixation Test and ELISA
[21], the advantages of which are that these methods provide faster results and do not require cell
cultures. During an outbreak of infection, antibodies to EHV1 and EHV4 were detected, which
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can be differentiated using the ELISA, which allows not only to speed up the diagnosis, but also
to take timely measures to combat this disease.

Polymerase chain reaction (PCR) is used for the rapid amplification and detection of nucleic
acids of EHV in clinical specimens, paraffinized tissues and cell cultures. There is a high degree
of correlation between PCR results and virus isolation in cell cultures in the diagnosis of EHV-1
or EHV-4 [22]. However, when interpreting PCR results, the presence of the virus in some tissues
during latent infection should be considered [23]. The OIE recommends nested PCR for the
detection of EHV-1 or EHV-4 in clinical or pathological specimens [24]. The Laboratory of
Ecology of Viruses of the Scientific and Production Center for Microbiology and Virology has
developed its own PCR-based test for the simultaneous differential diagnosis of influenza and
equine rhinopneumonitis [25].

Materials and Methods

For serological studies, an ELISA kit based on the modified Crabb and Studdert (1993)
method was used, for the diagnosis of equine herpesviruses (Svanova Biotech AB, Sweden), based
on the use of recombinant proteins EHV1 and EHV4 Discriminating Test (EHV1/EHV4-Ab). This
test allows to distinguish infected horses from non-infected EHV1 and EHV4 animals, monitor the
immune background of horses to herpesvirus infections and manage possible outbreaks of
abortions in pregnant mares.

For molecular diagnostics, we used our own PCR-based kit for the simultaneous differential
diagnosis of influenza and rhinopneumonitis in horses. The compatibility of the primers with each
other was checked in the OligoAnalyser software. For PCR, a conservative region of the EHV-4
genome, the gB surface membrane gene, was chosen, which has 89.6% identity with the
corresponding EHV-1 gene [8].

To isolate equine herpesviruses, samples from sick animals were used to infect a calf tracheal
cell line. The isolated strain of equine rhinopneumonitis AK-2011 was propagated and
accumulated at a titer of 5.75 Ig TCID50/cm3 and higher (the titer of cytopathic doses that cause
cell damage to the monolayer in 50% of the infected). The cytopathogenic effect of the virus was
manifested in the monolayer of infected cells 72-90 hours after inoculation and spread to more
than 85% of the cell monolayer 110-144 hours after infection.

Next Generation Sequencing. Viral DNA was extracted using the QIAmp Viral RNA Mini
kit (Qiagen, Germany) according to the manufacturer’s protocol. The library was obtained using
the NEBNext Ultra DNA kit (NEB, USA) and the quantity of the library was assessed using
Agilent 2100 (Agilent, Germany). Paired-end sequencing was performed on a MiSeq instrument
using v.3 kit (Illumina, USA). FastQC [26] software was used to assess the quality reads. The
obtained reads were trimmed at the 3’ and 5’ ends. SPAdes assembler [27] within the Geneious
Prime software package (Biomatters, New Zealand) [28] was used for de Novo assembly.

Results and Discussion

In Kazakhstan, EHV circulates in farms where preventive measures are not taken. Thus,
from 2000 to 2007 in the Almaty region, EHV were regularly isolated on primary equine embryo
kidney cells. Serological testing in ELISA revealed antibodies to both EHV-1 and EHV-4 [29].

Using the EHV type 1 and 4 Discriminating Test (EHV1/EHV4-Ab), blood sera from 30
mares of one of the farms of the Almaty region of Kazakhstan were examined, in which cases of
abortions of mares in the last months of pregnancy, as well as cases of birth non-viable foals dying
in the first hours of life. The results of the study are presented in table 1.
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Table 1 - Differentiation of antibodies to EHV1/EHV4 and EHV4 in equine sera in the ELISA-
EHV1/EHV4-Ab test (Svanova Biotech AB, Sweden)
EHVI/EHV

Horse # EHVI/EHV4 EHV4 Horse # EHV4

16
17
18
19 -
20 -
21 +
22 -
23 -
24 -
25 -
26 -
27 -
28 -
29 -
30 +

o

+ 4]

1
A e e e e e e
A A A EE E EA A R A R s

SE oo D|ao|c||on|u| s ||| —
1

All horses studied had antibodies to EHV4. 27% of these animals also had antibodies to
EHV1. The results obtained indicate the circulation in this population EHV1 and EHV4. The
spread of the infection was facilitated by the crowded rearing of animals, the lack of regular
vaccination, non-compliance with quarantine measures when newly arriving horses were imported
into this farm, as well as when animals were moved within the farm. Based on the results obtained
using this ELISA kit, mares with antibodies to EHV1 were separated from the rest of the animals,
and from the remaining population of horses with antibodies to EHV4. In these subgroups of
horses, the study of the immune background to herpesvirus infections is regularly carried out based
on the previous study. This allows, according to the results of ELISA, to separate seronegative
animals from seropositive ones, preventing their contact, thereby preventing further circulation of
EHV and reducing the number of abortions in this farm.

The Laboratory of Viral Ecology has developed its own PCR kit system for the simultaneous
differential diagnosis of influenza and rhinopneumonitis in horses. When designing primers, a
conservative region of the EHV-4 genome, the gB surface membrane gene, was chosen, which has
89.6% identity with the corresponding EHV-1 gene [8]. The alignment of the gB gene with similar
sequences from the Genbank was carried out, and conservative regions for primer design were
identified. As a result of the sensitivity studies of the PCR Kkit, it was found that the kit works
separately with DNA of the equine rhinopneumonitis virus up to 10-5 dilutions (25 picograms),
which is comparable to international requirements for PCR sensitivity (Figure 1). This kit allows
effective diagnosing of rthinopneumonitis in horses.

M Bupyc puHonHeamonny wramm CB/69
pPYC [

Figure 1 - The sensitivity of the PCR kit with diluted DNAs up to 10 dilution
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In 2011, there was an outbreak of equine rhinopneumonitis in Kazakhstan in one of the farms
in the south-east of Kazakhstan, where abortions of foals and the birth of non-viable foals that die
within the first 12 hours of life were recorded annually. This article in Kazakhstan describes the
molecular genetic characteristics of the isolated isolate and provides the structure of its complete
genome. In the result of sequencing, obtained reads were de Novo assembled and mapped on the
reference EHV-1 genome sequence (Figure 2).

> b - T > B m=
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- ) - B
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Figure 2 - Scheme of annotation of the genome of the Kazakhstani strain EHV-1

Analysis of the EHV genomes by sequencing showed that in EHV-1 consists of 150,223
base pairs, and in EHV-4 of 145,597 base pairs. In both viruses, they are divided into a long unique
region flanked by a short inverted repeat and a short unique region flanked by the main inverted
repeat, and consist of 76 open reading frames [30]. In our preliminary study, it was determined
that the complete genome of the local EHV strain was more than 145,000 nucleotides and consisted
of 74 open reading frames. When the strain was attenuated by multiple passages through cell
culture, the virus apparently lost three open reading frames (shown by arrows in Figure 2).

Conclusion

In Kazakhstan, EHV is important viral infection that cause significant damage to horse
breeding. The article shows cases of diagnosis, isolation and genetic characterization of local EHV
strains.

Serological examination in ELISA revealed antibodies to both EHV-1 and EHV-4 when
testing the horse population of the Almaty region. The obtained ELISA results made it possible to
separate seronegative animals from seropositive ones, preventing their contact, thereby preventing
further circulation of equine herpesviruses and reducing the number of abortions.

The developed PCR kit makes it possible to effectively diagnose rhinopneumonitis in horses
in farms of Kazakhstan.

Complete genome sequencing of the local EHV-1 strain will further expand our
understanding of the biology of these viruses and open additional opportunities for
immunoprophylaxis.

As a rule, a significant number of abortions caused by the virus is associated with a lack of
routine diagnostic tests, low vaccination rates, uncontrolled importation of horses, a decrease in
resistance to the virus in the winter-spring period, and a long survival of the pathogen in the
environment [31].
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AHHOTAIINA

BTOpI/I‘IHOG JIMTHOLCIIFOJIO3HOC CBIPLE ABJIACTCA CaMbIM prnHOMaCIHTa6HbIM B0306HOBHHCMBIM
pecypcoM Ha rmuiaHere. [I0KHMBHBIE OCTAaTKH, B YaCTHOCTH COJIOMa 3J1aKOBBIX KYJIBTYp, ITOBCEMECTHO
CKUTAIOTCS, co3laBasi yrposy okoinorud. OJHMM U3 CIOCOOOB  HCIMOJIB30BAHUS BTOPHUYHOIO
JIMTHOUCJUIIOJIO3HOI'O0 CBIPbA ABJIACTCA KYJIBTUBHUPOBAHHUE BBLICIINX I‘pI/I6OB. O}IHaKO OHEProE€MKOCTb
TEPMUUECKON MpenodpadboTku cybcTpaTa s BhIpaIlUBaHUsI TPUOOB OrpaHMYHMBACT UX MPOU3BOJCTBO. B
JaHHOW paboTe BBIAENEHO 23 W30MITa TUIECHEBBIX TPHOOB, 3aCOPSIONIMX MIICHUYHYIO, SYMEHHYIO W
OBCsAHYIO cojoMmy. Beimemeno 2 mramma rpuda Trichoderma longibrahiatum, semstromerocst marorenom
BBICIIMX IIEJUTIOJI030pa3pyiaromux rpubos. M3omupoBano aBa mramma Pleurotus ostreatus mis
JanpHelIeil paboThl MO 3ammTe cyOcTpara sl KyJIbTUBUPOBAHUS C TOMOIIBIO MHUKPOOPTaHU3MOB
AHTarOHUCTOB.

KiroueBble cjioBa: BO300OHOBISIEMOE JIMTHOLEIIIONIO3HOE CHIPbE, KyJIbTHBUPOBAaHUE ChEIOOHBIX
rpubOoB, TUIECHEBBIC TPUOBI, BEIIICHKA OOBIKHOBEHHAS, TPUXOAEpMA.

JIMTHOEITIONO3HbIE  OTXOAbl KYJIbTHBUPOBAHUS PA3IUYHBIX CEIbCKOXO3HCTBEHHBIX
KYJIbTYp SIBISIIOTCS CaMbIM PAaclpOCTPAaHEHHBIM BO30OHOBISIEMBIM IIEJITIOI030COAEPKALIIM
ceIpbeM Ha mianere [1, 2]. MaccoBoe CKUraHue MOKHUBHBIX OCTATKOB Ha MOJISIX MPUBOIUT K
YXYAUICHUIO 3KOJIOTHYECKON CHUTyallMM M MOTepe LEHHBIX pecypcoB. B MupoBoi mpakThke
CYUIECTBYIOT  pazNUYHbIC HAMNpaBlCHHUS KCIOJb30BAHUS JIMTHOLEIUIIOJO3HBIX  OTXOJOB
CENBCKOX035MCTBEHHBIX KYJIBTYP, BKIIFOYAs MMOJydeHUEe OMOTOILINBA [3-6], KoMIocTHpoBaHue [ 7-
9], mpuMmeHeHne B KauecTBE OHOYNOOpEeHUS Ui CTUMYJSALUU POCTa PACTEHUU U YIy4IICHHS
cTpykTypbl TouBkI [ 10, 11], mpoaykiuto nieHHbIX coenunenu [ 12-14]. IloctostaHo npoaosxkaercs
MOMCK HOBBIX CMOCOOOB M paboTa HaJ TMOBBIIIEHHEM HKOHOMUYECKOW 3(hdeKTuBHOCTH
WCIIOJIb30BAHUS JIMTHOLEIUTIONO3HBIX OTXOJOB Ui TONY4YeHHs] MPOJYKTOB C BBICOKOH
N00aBJICHHON CTOUMOCTHIO.

OnHuM M3 nyTed YTHIM3alUU LEJUTI0I030COAepKAIINX OTXO0I0B SBIISIETCS MPOU3BOJICTBO
BBICIIMX I[EJITIOI030Pa3Iaralouiux rpuboB, OTInYaoeecs ObICTPEIMU TEMIIAMH OTAa4YHl YpOxKas
U OONBIION MOMYNSIpHOCThIO mpoaykiuu [15-18]. Beicmime rpulbl HE TONBKO SBISIOTCA
BBICOKOIUTATENBHBIM U JIEIMKATECHBIM MPOJAYKTOM MHUTAHMS, HO TaKXKE CIY>KaT MCTOUYHHUKOM
OMOJIOTUYECKH aKTHUBHBIX BEIIECTB, UCHOIb3yEMBIX B MEAULIMHE JUIsl JIEUSHUS psijia 3a00JIeBaHUM,
B [IEPBYIO OYEPEIb B KAYECTBE MPOTUBOOIYXOJIEBBIX 1 UMMYHOMOAYIUPYOLUX cpeacTs [19-21].
B nocneanue roapl qoka3zaHoO BIMSHHE TPHUOHBIX MOJMCAXapUIOB U HAa KUIIEYHYI0O MUKPOOHOTY,
MPOAYLUPYIOIIYIO KOPOTKOLIETIOYEUHbIE KUPHBIE KUCTOTHI [22, 23].

[Ipon3BoACTBO BBICHIMX T'PHOOB OCYLIECTBISETCS METOJIOM TBepaodaszHOU (epMeHTau
LEJITI0JI030CoAepIKaIero coipbst [24]. OtpaboTaHHBIH CyOCTpaT, NpeACTaBIAIOLINN coOoM
O6romMaccy, o0OTraIieHHy0 OelKaMu, BUTAMUHAMU, THIPOIUTHUYECKUMU (epMEHTAMU U IPYTUMH
OMOJIOTUYECKH AaKTUBHBIMU BELIECTBAMH, MOXET ObITh HCIIOJIb30BaH B KAayecTBE KOPMOBBIX
no6aBok [25-27].
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OnHako MPOU3BOJCTBO TPHOOB OrPaHUYMBAET FHEPTOEMKOCTh TEPMUYECKOH MOJIrOTOBKU
cyoctpata anst ux BelpamuBanus [28]. [Ipu HEcOOMIOIEHUM TPaBUI ACENTUKH IMPOUCXOTUT
OypHOE pa3BUTHE KOHKYPHUPYIOIIUX MHUKPOOPTaHU3MOB, PEUMYILECTBEHHO IJIECHEBBIX I'PUOOB,
HAKaIUIMBAIOIINX MUKOTOKCHUHBI M TOJABIISIONINX PAa3BUTHE BHICIIETO rpuda BIUIOTH O MOJHOM
notepu yposkast. IIoCKoJIbKy 5KOHOMHYECKHE IOKa3aTeId MPOU3BOJACTBA BBHICIIMX TI'PHOOB B
3HAYUTEIILHOM CTENEHU OIPENEISIIOTCS JHEPreTUYECKMMM 3aTpaTaMH  Ha CTEpUIIM3ALUI0
cyOctpara, i ero OMOJIOTUYECKOW 3aIIUThl MOTYT OBITH HCIIOJIb30BaHBl aHTArOHUCTHYECKU
aKTHBHBIE IITAMMBI MHUKPOOPraHU3MOB. Mcmonbp30Banue OHOMPOTEKIINM HE TOJIHKO YMEHBIIIAET
70 MHUHHMYMa PHUCK 3apakKeHHUsi CyOCTpaTa KOHKYPEHTHBIMH MHUKPOOPTaHHW3MaMH, WCKITIOYast
HEO0XOAMMOCTh COOIIOJICHHUS CTEPUIIBHBIX YCIOBHUI, HO W TIO3BOJISIET MOJYYUTh KAUeCTBEHHYIO
MUTATEIbHYIO CEJIEKTHBHYIO CPEY JUIS TPUOOB U MOBBICUTH YpOKalHOCTH rpuda [29, 30].

Jigs  moxbopa  aHTaroHHWCTOB — MHUKPOMHUIIETOB-3acopuTenei  cyOctpata s
KyJIbTUBUPOBaHMS rprda BEIICHKA Ha MEPBOM dTare ObUIO MPOM3BEICHO BBIICICHHUE MJIECHEBBIX
rpu0oB.

O0beKThl U MeTOAbI UCCJIeI0BAHUS

[Tockonpky coJioMa, TPEUMYIIECTBEHHO MIICHUYHAS, SBJISIETCS OCHOBHBIM CYyOCTpaToM,
MPUMEHSIEMBIM JUIS KYJIbTHBUPOBAHUS BBICIIMX TPUOOB, JUISI BBIJICIICHUS MHKPOMHIICTOB-
3acOpHUTENIEH UCIIOIH30BAIM TJIABHBIM 00pa3om cosioMy: 3 oOpasiia mieHndHo# cosomsbl (2015 u
2020 roymoB cbopa, a TaKKe crapasi cojiomMa co ciegamu nopuu), sumeHHyto (2020 r.) u oBcAaHyIO
cosiomy (2019 r.). OToOpaHbI Takke ABa 00pasIia MI0I0BBIX Tell Tpruba BeleHKa 0OBIKHOBEHHAS
Y MHILIETTUH TIEJUTI0JIO30pa3pymarmux rpudoB (2 00pasia) u3 moJIypa3pyIieHHON APEBECHHBI.

Munenuii BemeHkd nosrydanu Ha cycino-arape (Wort agar, TM Media, India). [lnecueBsie
rpuObI BeIIETSIN Ha cpene Yameka (r/m): caxaposa 30,0; NaNOs 2,0; KH2PO4 1,0; MgSO4 0,5;
KCl10,5; arap-arap 20,0; Boga BogonpoBoanas. Crepunuzanus npu 1 atm. (121 °C) — 20 muH.

Jlnig u3onsiuuu rpuboB 00pas3Lbl COJIOMBI M YaCTH TJIOJIOBBIX TEJ BEHICHKU PacKiIaJbIBaIH
Ha MOBEPXHOCTHU arapu3zoBaHHOM cpenpl B yanikax [lerpu. [ToBepXHOCTH MII0IOBBIX TEJ BELICHKU
MpeIBapUTENIbHO 00pabaThIBalM ATHIIOBBIM CIHPTOM, CTEPUIIBHO paszpe3ajd U HCIOJIb30Balld
BHYTPEHHHE YacTH Tpuba /i BeiceBa. [ puoObl kynsTuBupoBanu mpu 28—30 °C mo 7 cyTtok. 3atem
rpulbl pacceBasid Ui MOJIYYEHHUS YHUCTBIX KyJIbTyp. BbleneHHbIe KyNbTypbl XpaHWINA Ha
CKOIIIEHHOM arape B XoJioauwibHuke mpu S °C.

BunoByro  mpuHaiiexHOCTh  TpUOOB  BelIEHKa U TpPUXOJepMa  OMIPEIeIIsIn
cexkpenupoBanueM ITS (Internal transcribed spacer) pernona o metoxy Cenrepa.

Jisa moctpoeHus ¢uioreHeTuyeckoro npesa mnpoogwiu cpaBHeHue ITS perumona
uccienyeMoro odpasia ¢ MociaeoBaTeIbHOCTSIMU pPeQEepeHTHBIX IITAMMOB, Pa3MEIIEHHBIX B
MexnaynapoaHoit 0a3e nmaHHbix Blast HamumoHambHOro 11eHTpa  OHOTEXHOJIOTHYECKOM
unpopmanuuu (NCBI). Iloctpoenue npeBa mnpousBoaunau B nporpamme Mera 11,
MocCJIeI0BaTeIbHOCTU BhipaBHUBAMH 110 ClustalW.

Pe3yabTaTsl M 00Cy:KIeHHE

[Tpu momeneHNH pa3aIMYHBIX 00Pa3IIOB COJOMBI Ha IIOBEPXHOCTD MTUTATEIILHOW CPEJIbI OBLIO
BBISIBJICHO 3HAYUTEIILHOE Pa3HOOOpa3ue IJICCHEBBIX I'puOoB. [l BeimeneHus] ObUIM OTOOpPAHBI
MUKPOMHUIETHl YETKO pa3iIHyaromeiics MOp(pOIOTHH C KaKJAOTO MCXOAHOTO cyocTpata. ['puObl
ObLTH TIepecessHbl HEOJHOKPATHO 0 IMOJYYeHHs] YHCTOH KyIbTyphl. B 1enmom, m3 oOpasnos
COJIOMBI BBIJIENICHO 23 N30JI5Ta IJIECHEBBIX TPUOOB: 14 - U3 MIIICHUYHOH COJIOMBI, 5 - U3 SYMEHHON
1 4 - u3 oBcsiHOM (Tabnuma 1, pucynox 1).

OcobOenHoctn MOp(HOJOTHM BBIICIEHHBIX HM30JIATOB TpPU pocTe Ha cpexe Yameka
npezacTaBieHbl B Tabnuie 1. Hanbosiee yacTIMU N30 TaMU € Pa3IMYHBIX 00pa3LoB MIICHHYHOH
COoJIOMBI ObUTM MEKpoMHIIETHI pojioB Fusarium, Aspergillus u Penicillium. Panee 6b110 mokasaHo,
gyro Tpudsl pogos Aspergillus u Penicillium sBnsiroTcsi OCHOBHBIMU 3aCOPHTENSIMH Pa3IMYHBIX
pactutenbHbIX cyocTpaToB [31]. [IpucyTcTBHe miecHeBBIX TpHOOB poaa Fusarium mo-BuauMomMy
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Hcrounuk Homep Cy0OcTpatHbIit . .
o Bo3ayumssiid Mmunenuit [Iponykiusa nurMeHTa B cpeny [Ipumeuanue
BBIACIICHUA Hn3o0JiaTa MUIICIIUHN
1 2 3 4 5 6
. . ITo Mopdonoruu pocra U MI0JOHOLIEHHS
MM 1-1 benbrit YepHsblit OTtcyTcTBYET pd P - .
cootBerctByet Aspergillus niger
. N ITo Mopdonoruu pocra 1 MIO0JOHOLIEHHS
MM 1-2 benbrit CuneBaTo-3€J1eHbII OTtcyTcTBYyET pd P .
cootBerctByet Penicillium sp.
. . Ene 3amerHBIN cepoBaTO- .
I 1-3 CepoBato-0erblii JKenroBato-0emnbrit pv [Ipenmonoxutensro Fusarium sp.
ITmennynas JKCJITOBATBIN
corioma 1 I 1-4 TemHO-OypHIii Byppwrii OTtcyTcTBYyeT -
(ypoxkaii 2020 Cepo-0eKeBbIii
T) TemHO-OyphIli HiTH ABHOMEPHBIN C .
ITx 1-5 ypv p P UepHblid -
cephIi 3€JICHOBATO-CEPHIMU
XOXJIaMHU
N Kononuu menkue, 5-7 MM IUaMETPOM,
CepoBaTsIii HiTH N N
[ 1-6 R CepoBarsrii BypoBaTo-xKopu4HEBbIi WHOT/IA C CEPBIMU WA OYPOBaTHIMU
TEeMH
KOJIBIIaMH{ ¥ KOHJICHCATOM.
CepoBartblii, BUJ N N
[T 2-1 p T 3eneH0BaTO-CePhI bnenno-6ypsrit -
CHU3Yy OypoBaThIit
N N N N ITo Mopdomorun pocra u TIOIOHOIIEHHUS
IMiennynas | [l 2-2 benprit Cepo-3eneHsrii Ouenb c1a0BIi KEeNTOBATHINA pd p -
cootBerctByer Penicillium sp.
conoma 2
Kpemosaro- KpemoBaro-cepoBaTo- N N .
(mopueHast) I 2-3 N N OtcyTcTBYET Mpunenuii paBHOMEPHBIN HEBBICOKHH
cepoBaTo-0Oenbrit OembIit
Cepo-Oypblii, cHU3 N N N
[ 2-4 PO-OYPEIF, Y BypoBaTo-cepsrii Crna0blit cepoBaTo-0yphIi -

Oypsrit
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1 2 3 4 5 6
[Mmennynas | [T 3-1 | bensiit YepHsbiit OTtcyTcTBYET ITo Mopdonoruu pocTa U MIOAOHOIICHHS
conoma 3 cootBercTByeT A. niger
(ypoxait [T 3-2 | Bensrit bensiii ¢ TeMHO-cepbiMu | OTCyTCTBYET Munenuil BBICOKUNA, pABHOMEPHBIH,
2015 1.) KOHUIUSIMU MpeanonIoKuTebHo MUucor sp.
[T 3-3 | bensriid Cepo-3enenslii OTtcyTcTBYyET ITo Mopdonoruu pocTa U MIOAOHOIICHHS
coorBerctByet Penicillium sp.
[T 3-4 | BexxeBato-0enblit bexxeBaTo-6emnblit OueHb c1a0BIi JKENTOBATHIN Munenuii HeBHICOKUN, PaBHOMEPHBIN
Sumennas Su-1 Beneliii, mecramu ¢ Benpbrit Cna0plil KOpHYHEBATO-KENTHIN | BO3ayHbIN MULIENHii paBHOMEPHBIH,
coioma pO30BaThIM npeanonoxuTenbHo Fusarium sp.
OTTEHKOM
-2 benbrit CepoBato-0ypsIit OtcyTcTBYyeET ITo Mopdooruu pocTa U MIOAOHOIICHHS
cootBercTByer Aspergillus sp.
Sg-3 UepHo-Oypsrit Cepnrii OrtcyTcTByeT -
Su-4 MooaHo-0embIit benbrit OueHb CNa0BIi JKEITHIH Bozxymabsiii Mutienuii paBHOMEPHBIH,
TpEeAmoIoXUTENpHO Fusarium sp.
Su-5 Yepuosato- Cepbrlif ¢ KeNTOBATO- Bypsrit -
OJIMBKOBBIN 3€IEHOBATBIMU XOXJIaMHU
OBcsHas Os-1 bBenpbrit Benpbrit OtcyTcTBYyeT Bo3nymnsiid MuLieanii BICOKHM, MIIOTHBIH,
cosoma MOXO)X HAa KOMKH BaTbl, IPEAIOI0KUTEIEHO
Fusarium sp.
Og-2 Benpbrit PozoBaro-0exeBatbrit OtcyTcTBYyET [Mpennonoxurensao Fusarium sp.
Og-3 CepoBaTblil CepoBaTblil Caero-0ypsbrit Muuenuil He BBICOKUI
OB-4 YUepHoBaThIi Ceppiii PozoBato-0Oypsrii -

50

Ned (39) 2022 www. imv-journal.kz




MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

SIYMEHHas

Pucynok 1 — MUKpPOMHIICTHI-3aCOPUTENH PA3IUYHBIX 00PA3II0B MIIEHUYHOM,
STUMEHHOU M OBCSHOM COJIOMBI

00BSACHSETCS UX IIUPOKUM PACIPOCTPAHEHHWEM B KauecTBE (PUTOMATOrE€HOB 3€PHOBBIX KYIBTYD
[32, 33]. CBexxas cojioma XapakTepu3oBajgach 0oJiee IUPOKUM HaOOPOM MHUIIEIUATBLHBIX TPHOOB
pa3IUYHON POJIOBOM MPHUHAMICKHOCTH. B Hel BcTpedanuch Takxke TpuObl ¢ cepoid, Oypoit u
OJINBKOBOM OoKpackoi muuenus. OfHaKo MpH XpaHEHUH KOJIMYECTBO IUIECHEBBIX IPUOOB C TaKOM
MUTMEHTAlUeN MUIIETUS Ha TOBEPXHOCTH COJIOMBI COKPAIATIOCh, HAYMHAIIM JOMUHUPOBATH POIbI
Penicillium, Aspergillus u Mucor. Uurepecto, uto rpudsl poaa Penicillium ve Gblin BBIAEICHBI
U3 SYMEHHOM U OBCSIHOM COJIOMBI, a Fusarium ObuT mpeicTaBIeH MPaKTHYECKH BO BCEX 00Opasiax.

W3 nnonoBbIx Tel rprda BeleHKa U LeJUTI0I030pa3pyLIatoiero rpuda, n30JIMpOBaHHOTO U3
MOJIypa3pyLIEHHOTO TIHS, BBIJEICHBI H30JSAThl MHULEIHAIBHBIX T'pUOOB 3€JIEHOW OKpackKw,
MPEAINOJIOKHUTEILHO OTHOCAIIHECS K poay Trichoderma. M3BecTHO, YTO IIECHEBBIE IPUOBI poaa
Trichoderma BbI3bIBatOT MOTEPH YPOIXKast BHICHINX O0a3UAUATBLHBIX TPHOOB, B YaCTHOCTH BEIIICHKH,
BO BCEM MHpE Ha MPOTsLKEHUU nocienuux 25 ner [34-37]. B Hamem uccienoBaHUU BUJIBI poja
Trichoderma He ObLTH BBISIBIICHBI HA IIOBEPXHOCTH MIICHUYHOM, SYMMEHHOMN HIJIH OBCSIHON COJIOMBI,
OJIHAKO OBLIIM BBIJIEJICHBI U3 TUIOJOBBIX TEJ M MHILEIHS IEJITI0I030pa3pyIialonuX rpudoB, B TOM
YHClie U3 KOMMEPUECKH JOCTYIHBIX 00pa3ll0B BEIIEHKH OOBIKHOBEHHOIA.

Ha pucynke 2 moka3zaH pocT u30saToB Trichoderma us riogoBbIX Tejl BEMICHKH U MULICITHSI
LEJUTI0NI030pa3pyIIaroIIero rpuoda.

[Ipumeuanue — 1, 2 U30IATHI U3 TUIOJOBOTO TEJla BENICHKH OOBIKHOBEHHOMW; 3 M3 MUIICIHS
LIEJUTION030pa3pyIIAOIIero rpuda.
Pucynok 2 — M3omsttel rpuba Trichoderma us mesutono3opaspyiiaonmx rpuoos
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[TpoBeeH MOJCKYIISIPHO-TEHETUYECKUIH aHAJIN3 JIByX BAPHAHTOB Iprla BEIICHKA
oObikHOBeHHAs (V1 1 V2) u nonyueHHbIX U3 HUX u30JaToB Trichoderma sp. V u Trichoderma
sp. VG.

NR 163515.1:191-621 Pleurctus ostreatus TENN 53662
V1
NR 163515.1:200-630 Pleurctus ostreatus TENN 53662
V2
MR 158885.1:172-584 Pleurotus ferulaginis ACAM 2010-0125
NR 158885.1:182-505 Pleurotus ferulaginis ACAM 2010-0125
NR 103594 .1:217-559 Pleurotus cystidiosus var. formosensis CBS 100129
sorrrr - MR 103594 1:217-641 Pleurotus cystidiosus var. formosensis CBS 100129
MR 154762 1:196-436 Coprinopsis calospora CBS 612.91
S NR 138022 1:256-654 Cystodermella lactea LUG 9395
NR 152918.1:182-488 Entoloma luteodiscum CAL 1312
MR 172768.1:181-595 Clitopilus amygdaliformis HKAS 81125
NR 172768.1:181-606 Clitopilus amygdaliformis HKAS 81125
NR 137816.1:199-509 Singerocybe umbilicata HKAS 77290
NR 159050.1:222-649 Tricholoma boreosulphurescens O F-187683
NR 119796.1:251-567 Phlegmacium carbonellum PDD 70502
— MR 119948.1:256-566 Agaricus erythrosarx MURU 6080
<|:[ NR 134357.1:49-591 Trichoderma tomentosum DAOM 178713a

0.06265

008576

0.08123

007255

005553
008485

0.05137
0. 20584

0.05557

0.07147

MR 137297 1:76-622 Trichoderma simmonsii CBS 130431
MR 138430.1:61-502 Trichoderma tawa BPI 745837
NR 138454.1:68-518 Trichoderma britdaniae WU 31610
SO NR 134338.1-82-553 Trichoderma patella BPI GJS 81-141
r MR 120299.1:82-532 Trichoderma ghanense ATCC 208858
NR 103704.1:82-528 Trichoderma saturnisporum
NR 103704 .1:82-641 Trichoderma saturnisporum
NR 077178.1:87-646 Trichoderma citrinoviride DAOM 172792
MR 138453 1:70-629 Trichoderma parareesei ATCC MYA-4TTT
{ NR 120297 .1:82-641 Trichoderma reesei
v
NR 120298.1:82-645 Trichoderma longibrachiatum
VG
NR 120298.1:82-531 Trichoderma longibrachiatum
MR 111317.1:1-555 Trichoderma orientale CBS 130428
{ MR 111317.1:1-440 Trichoderma orientale CBS 130428

033687

0.10

Pucynok 3 — @unorenernveckoe IpeBo U30IATOB rprba Bemenka oosikHoBeHHas (V1 u V2) u rpubos
pona tpuxoaepMma (V u VG) U3 IUIOAOBBIX TET BEIICHKH

I'pubsr poma Trichoderma otHecenst k Buay Trichoderma longibrahiatum. U3
JUTEPATYPHBIX JAHHBIX HW3BecTHO, 4yTo 1. longibrahiatum wapsimy ¢ Bumom Trichoderma

harZianum SABJIACTCA HpH‘IHHOﬁ 3€JIEHOU TUIECEHU IIpH MMPOU3BOJACTBEC PA3JIMYHbIX BHICIIIUX FpI/I6OB
[35, 38].

3akio4eHue

Takum 00pa3oB, B 11e70M OBLIO BBIIENICHO 23 M30IISTa [UIECHEBBIX IPHOOB C MOBEPXHOCTH
Pa3IMYHBIX 00Pa3lOB COJIOMBL: 14 M30JSITOB - U3 MIICHHYHOU COJIOMBI, 5 - C SYMEHHOM, 4 - C
oBCsHOM conomsbl. [Tomydeno 2 mramma rpuba P. ostreatus (BemeHka oObIKHOBEHHAs) U 2 IITAMMa
rpuba T. longibrahiatum, sssrorierocst matoresom P. ostreatus.

OrtoOpaHHBIE KYIBTYPBl MUKPOMHIIETOB-3acopuTeneil u mrammbl T. longibrahiatum oyayt
UCIIOJIb30BaHBI sl BBIICTICHHUs OaKTepHii aHTAarOHKCTOB MPH Pa3pabOTKe KOMIUIEKCHOTO METO/Ia
YTHIIM3AIHH COJIOMBI C IPHMEHEHHEM BhIciero rpuda P. ostreatus.
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TIOH/I NTAKBLIJIA PABIH JATHOIEJUTIOJIO3A KAJJIBIKTAPBIHAH
JACTYIIBI-MUKPOMUIETTEPTH BOJII AJTTY

Tyiiin

EKIHIIUTIK TUTHOIEIITION03a MKKI3aThl TUIAHETaAaFbl €H ayKbIMIIbI )KaHAPTHUIATEIH PECYPC OOJIBII
TabbUIabl. OCIMIIK KalIbIKTaphl, aTal aWTKaHIa OoHAI JaKbUIAapIblH CaOaHbl OpAalbIM >KarbLIbIIT
OTBHIPATHIHIBIKTAH SKOJIIOTHSFA Kayilm ToHAipeai. EXKIHIITIK TUTHOIEIUTI0N03a MIUKI3aThIH MaiJalaHy/IbIH
0ip KOJNBI-)KOFApPFbl  CaTHIIAFBl CAaHBIPAYKYJIAKTaApAbI ocipy. JlerenMen, caHpIpayKyIaKTap/ sl ocipy YIIiH
KOJTAaHBIIATBIH CYOCTPATTHIH TEPMUSUIBIK OHJACYJEeri SHEPTHsl CHIMBIMABUIBIFEI ONIApABIH OHIpiCiH
mekTerai. by xxyMbicTa Ommail, apma jkoHe CyJIbl ca0aHBIH JacTalThiH 23 3€H CaHbIpayKyJIaKTapbIHBIH
M30MIATHl OKIIaynanraH. L{emmrono3ansl Oy3aThIH KOFAPFhI CATHIIAFBI CAHBIPAYKYJIAKTAPBIH MAaTOreHI
6ombm TabbuiaTeiH Trichoderma longibrachiatum caHbIpayKyJIaKTapbIHBIH 2 IITAMMBI OKIIAyJTaHFaH.
AHTaroHHUCTIK MEKPOOPTaHU3M/IEPIiH KOMETIMEeH ocipiieTiH cyocTpaTThl Kopray yimiH Pleurotus ostreatus
€Ki IMTaMMbI OKIIAyJIaHFaH..

KinTTi ce3aep: xaHapTHUIATHIH JIMTHOLICIUTION 03 IIUKI3ATHI, KEYTe )KapaM/Ibl CAHBIPAYKYJIaKTap bl
ecipy, 3eH CaHBIPAYKYJIAKTaphl, KOJIIMT1 yCTPHUIlA CAHBIPAyKYJIaFhl, TPHXOAepMa.
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Abstract

Lignocellulosic secondary raw materials are the largest renewable resource on the planet. Crop
residues, in particular cereals straws, are burned everywhere, creating a threat to the environment. One of
the ways to use secondary lignocellulosic crop waste is the cultivation of higher fungi. However, the energy
intensity of the thermal pretreatment of the substrate for growing mushrooms limits their production. This
work identified 23 isolates of mold fungi that spoil wheat, barley, and oat straws. Two strains of the fungus
Trichoderma longibrahiatum, a cellulose-destroying edible mushroom pathogen, have been isolated. Two
strains of Pleurotus ostreatus were selected for further work on protecting the substrate for cultivation with
antagonistic microorganisms.

Key words: renewable lignocellulosic raw materials, cultivation of edible mushrooms, molds, oyster
mushroom, Trichoderma.

Lignocellulosic waste from the cultivation of various crops is the most common renewable
cellulose-containing raw material on the planet [1, 2]. Mass burning of crop residues in the fields
leads to environmental degradation and the loss of valuable resources. In world practice, there are
various directions for the use of lignocellulosic agricultural wastes, including biofuel production
[3-6], composting [7-9], use as a biofertilizer for promoting plant growth, and improving soil
structure [10, 11], and the production of valuable compounds [ 12-14]. The search for new ways
and work to improve the economic efficiency of using lignocellulosic waste to produce high-value-
added products is constantly ongoing.

One of the ways to utilize cellulose-containing waste is the production of cellulose-
decomposing higher fungi, which is characterized by a fast yield rate and high popularity of
products [15-18]. Mushrooms are not only a highly nutritious and delicacy food product but also
serve as a source of biologically active substances used in medicine for the treatment of several
diseases, primarily as antitumor and immunomodulatory agents [19-21]. In recent years, the effect
of fungal polysaccharides on the intestinal microbiota, which produces short-chain fatty acids, has
also been proven [22, 23].

The production of mushrooms is carried out by the method of solid-phase fermentation of
cellulose-containing raw materials [24]. The spent mushroom substrate, which is biomass enriched
with proteins, vitamins, hydrolytic enzymes, and other biologically active substances, can be used
as feed additives [25-27].

However, the energy intensity of the thermal preparation of the substrate for mushroom
cultivation limits their production [28]. If the rules of asepsis are not observed, there is a rapid
development of competing microorganisms, mainly mold fungi, accumulating mycotoxins and
suppressing the development of a higher fungus, up to a complete loss of the crop. Since the
economic indicators of the production of mushrooms are largely determined by the energy costs
for the sterilization of the substrate, antagonistically active strains of microorganisms can be used
for biological protection. The use of bioprotection not only minimizes the risk of substrate
contamination with competitive microorganisms eliminating the need to comply with sterile
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conditions but also makes it possible to obtain a high-quality selective medium and increase the
yield of the mushroom [29, 30].

For the selection of antagonists of substrate spoiling micromycetes during cultivation of the
oyster mushroom, mold fungi were isolated at the first stage.

Materials and methods

Since straw, mainly from wheat, is the main substrate used for the cultivation of mushrooms,
it was mainly used to isolate spoiling micromycetes: three samples of wheat straw (collected in
2015 and 2020, as well as old straw with traces of spoilage), barley (2020) and oat straw (2019).
Two samples of fruiting bodies of oyster mushrooms and mycelium of cellulose-destroying fungi
(2 samples) from semi-decomposed wood were also selected.

Oyster mushroom mycelium was obtained on Wort agar (TM Media, India). Molds were
isolated on Czapek's medium (g/1): sucrose 30.0; NaNO3 2.0; KH2PO4 1.0; MgSO4 0.5; KC1 0.5;
agar-agar 20.0; tap water, sterilization at 1 atm. (121 °C) for 20 min.

To isolate fungi, samples of straw and parts of oyster mushroom fruiting bodies were laid
out on the surface of an agar medium in Petri dishes. The surface of oyster mushroom fruit bodies
was preliminarily treated with ethyl alcohol, and sterilely cut, and then the internal parts of the
fungus were used for seeding. The cups were cultivated at 28-30 °C for up to 7 days. The fungi
were then plated until pure cultures were obtained. The isolated cultures were stored on agar slants
in a refrigerator at 5°C.

The species affiliation of oyster mushrooms and Trichoderma was determined by sequencing
the ITS (Internal transcribed spacer) region according to the Sanger method.

To build a phylogenetic tree, the ITS of the region of the studied sample was compared with
the sequences of reference strains located in the International Blast Database of the National Center
for Biotechnology Information (NCBI). The tree was built using the Mega 11 program; the
sequences were aligned according to ClustalW.

Results and discussion

When straw samples were placed on the surface of the nutrient medium, a significant variety
of mold fungi was revealed. For isolation, micromycetes of clearly different morphology were
selected from each initial substrate. Mushrooms were reseeded several times until a pure culture
was obtained. In total, 23 mold isolates were selected from various straw samples: 14 from wheat
straw, 5 from barley straw, and 4 from oat straw (table 1, figure 1).

. o W ¢ i
Figure 1 — Spoiling micromycetes of various samples of wheat, barley, and oat straw
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Features of the morphology of selected isolates during growth on Czapek's medium are
presented in Table 1. The most common isolates from various samples of wheat straw were
micromycetes of the genera Fusarium, Aspergillus, and Penicillium. It was previously shown that
fungi of the genera Aspergillus and Penicillium are the main spoilers of various plant substrates
[31]. The presence of mold fungi of the genus Fusarium is apparently due to their wide distribution
as phytopathogens of grain crops [32, 33]. Fresh straw was characterized by a wider range of
filamentous fungi of various genera. It also contained fungi with gray, brown, and olive colors of
mycelium. However, during storage, the number of mold fungi with such pigmentation of the
mycelium on the straw surface decreased, and the genera Penicillium, Aspergillus, and Mucor
began to dominate. Interestingly, molds of the genus Penicillium were not isolated from barley
and oat straw, while Fusarium was present in almost all samples.

Isolates of green mold presumably belonging to the genus Trichoderma, were selected from
the fruiting bodies of the oyster mushroom and the cellulose-destroying fungus from a dilapidated
stump. Molds of the genus Trichoderma have been known to cause crop losses of basidiomycetes,
in particular oyster mushrooms, over the past 25 years throughout the world [34-37]. In our study,
species of the genus Trichoderma were not found on the surface of wheat, barley, or oat straw but
were isolated from the fruit bodies and mycelium of cellulose-decomposing fungi, including from
commercially available samples of oyster mushrooms.

Figure 2 shows the growth of Trichoderma isolates from oyster mushroom fruiting bodies
and mycelium of a cellulose-decomposing fungus.
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Table 1 - Straw filamentous fungi - potential spoilers in the production of higher fungi

on the underside

Selection Isolate Substrate mycelium Aerial mycelium Pigment pI‘Od}lCthIl into a Note
source number medium
1 2 3 4 5 6
Wh 1-1 White Black No Accqrqlng to the morphology of_growt_h and
fruiting corresponds to Aspergillus niger
Wh 1-2 White Bluish green No Accorfi Ing to the morphology .Of. gt owth and
fruiting corresponds to Penicillium sp.
. : : . Barel i 1 ish .
Wh 1-3 Grayish white Yellowish white arely notlllc eak.> E grayis Presumably Fusarium sp.
Wheat straw yellowis
1 (harvest Wh 1-4 Dark brown Brown No -
2020) Even gray-beige with
Wh 1-5 | Dark brown or gray greenish-gray fluffy Black -
parts
Small colonies, 5-7 mm in diameter,
Wh 1-6 Grayish or darker Grayish Brown sometimes with gray or brownish rings and
condensate.
Wh 2-1 Greyish, bI‘(?WHlSh Greenish gray Pale brown -
ventral view
. . . According to the morphology of growth and
Wheat straw Wh2-2 White Grey-green Very faint yellowish fruiting corresponds to Penicillium sp.
2 iled i . : . .
(spoiled) Wh 2-3 Creaa}}fliiaylsh Creamy grayish white No Mycelium uniform and low
Grey-brown, brown . .
Wh 2-4 Brownish gray Weak grayish brown -




Table 1 continued
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1 2 3 4 5 6
Wheat straw | Wh 3-1 | White Black No According to the morphology of growth and
3 (harvest fruiting corresponds to A. niger
2015) Wh 3-2 | White White with dark gray No Mycelium is high, uniform, presumably
conidia Mucor sp.
Wh 3-3 | White Grey-green No According to the morphology of growth and
fruiting corresponds to Penicillium sp.
Wh 3-4 | Beige white Beige white Very faint yellowish Mycelium is low and uniform
Barley straw | BI-1 White, sometimes White Weak brownish yellow Aerial mycelium is uniform, presumably
with a pinkish tint Fusarium sp.
BI-2 White Grayish brown No According to the morphology of growth and
fruiting corresponds to Aspergillus sp.
BI-3 Black brown Gray No -
Bl-4 Milky white White Very weak yellow Aerial mycelium uniform, presumably
Fusarium sp.
BI-5 Blackish olive Gray with yellowish- Brown -
greenish tufts
Oat straw O-1 White White No The aerial mycelium is high, dense, similar
to cotton balls, presumably Fusarium sp.
0-2 White Pinkish beige No Presumably Fusarium sp
0-3 Grayish Grayish Light brown Mycelium is not tall
0-4 Blackish Gray Pinkish brown -
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Note - 1, 2 isolates from the fruiting body of oyster mushroom; 3 from the mycelium of a cellulose-
decomposing fungus.

Figure 2 - Trichoderma fungus isolates from cellulose-decomposing fungi
Molecular genetic analysis of two variants of the oyster mushroom (V1 and V2) and isolates

of Trichoderma sp. V and Trichoderma sp. VG.
The oyster mushroom has been confirmed to belong to Pleurotus ostreatus (figure 3).

NR 163515.1:191-621 Pleurotus ostreatus TENN 53662

V1
NR 163515.1:200-630 Pleurotus ostreatus TENN 53662
0.06269 Vo
P MR 158885.1:172-584 Pleurotus ferulaginis ACAM 2010-0125

NR 158885 1:182-595 Pleurctus ferulaginis ACAM 2010-0125

NR 103594 1:217-559 Pleurotus cystidiosus var. formosensis CBS 100129
sorrre - MR 103594 .1:217-641 Pleurotus cystidiosus var. formosensis CBS 100129
ooezz | NR 154762.1:196-436 Coprinopsis calospora CBS 612.91
S0%% MR 138022 1-256-654 Cystodermella lactea LUG 9395
NR 152818.1:182-488 Entoloma luteodiscum CAL 1312
NR 172768.1:181-595 Clitopilus amygdaliformis HKAS 81125
NR 172768.1:181-606 Clitopilus amygdaliformis HKAS 81125
NR 137816.1:199-509 Singerocybe umbilicata HKAS 77290

NR 159050.1:222-649 Tricholoma boreosulphurescens O F-187683

MR 118796.1:251-567 Phlegmacium carbonellum PDD 70502
— MR 119948.1:256-566 Agaricus erythrosarx MURU 6080

0.05993

0.20584

0.07147

NR 134357.1:49-591 Trichoderma tomentosum DAOM 178713a
NR 137297 1:76-622 Trichoderma simmonsii CBS 130431
NR 138430.1:61-502 Trichoderma tawa BFI 745837
NR 138454 1:68-518 Trichoderma britdaniae WU 31610

0.39687 e NR 134338.1:82-553 Trichoderma patella BPI GJS 91-141
r NR 120299.1:82-532 Trichoderma ghanense ATCC 208858
NR 103704.1:82-528 Trichoderma saturnisporum
NR 103704.1:82-641 Trichoderma saturnisporum

NR 077178.1:87-646 Trichoderma citrinoviride DACM 172792

NR 138453.1:70-629 Trichoderma parareesei ATCC MYA-4777
{ NR 120297.1:82-641 Trichoderma reesei
i
NR 120298.1:82-645 Trichoderma longibrachiatum
VG
NR 120298.1:82-531 Trichoderma longibrachiatum

NR 111317.1:1-555 Trichoderma orientale CBS 130428
{ NR 111317.1:1-440 Trichoderma orientale CBS 130428

—
0.10

Figure 3 - Phylogenetic tree of oyster mushroom isolates (V1 and V2) and fungi of the genus
Trichoderma (V and VG) from oyster mushroom fruiting bodies
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Fungi of the genus Trichoderma were assigned to the species Trichoderma longibrahiatum.
From the literature data, it is known that T. longibrahiatum, along with the species Trichoderma
harzianum, is the cause of green mold disease in the production of various mushrooms [35, 38].

Conclusion

Thus, in total, 23 mold isolates were isolated from the surface of various straw samples: 14
isolates from wheat straw, 5 from barley straw, and 4 from oat straw. Two strains of P. ostreatus
fungus (oyster mushroom) and two strains of T. longibrahiatum fungus, which is a pathogen of P.
ostreatus, were obtained.

Selected cultures of spoiling micromycetes and strains of T. longibrahiatum will be used to
isolate antagonistic bacteria for the development of an integrated method for straw utilization using
the P. ostreatus mushroom.

Funding
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Tyiiin
Byn makanaga KazakcranubiH OHTYCTIK OHIpiHJIE NalbIHAAIFAaH TAOMFU JKaFaaia e3iriHeH amry
apKbUIbl albIHFAaH IIapanTaH OeJiHIN ajblHFaH Saccharomyces TybIChIHA JKATAThIH JKaHa AalllbITKbI
ITaMAAPBIHBIH SPTYPIIi KACHETTePi 3ePTTEIll, epeKIIeNiKTepi aHBIKTAIIIBI.
KinTri ce3aep: mapan, amsITKbLIap, Kacuerrepi, Saccharomyces.

XKy3im koHE KeMIC—KUJIEK allbITyIaFbl 0acThl peJl alllbITKbIIApFa THECUTl. ANIBITKbIHBIH
ocepiHEH opJaiibIM IMICKEH XUACKTep MeH >KeMicTep/iH (dnuduTTi MUKpOQIOpaHbIH) OETiHIe
HIBIPBIH/IBI AIIBITY ©3/IMHEH Naiiia 607aybl MYMKIH.

JKy3iM HIBIpbIHBI TaMalla KOPEKTIK opTa OoJibll TaObUIa[bl, OMTKEHI KypamblHIa OHaii
amIBITBUIATEIH KeMipcynap (TJIroKo3a, (PpyKTo3a, caxaposa), COHAal-aK a30TThl 3aTTap MeEH
BuTamuHaep 0ap. COHABIKTaH MIBIPHIHFA P TYPJII MUKPOOPTaHU3MJIEP, OHBIH INIIH/E allbITKHI,
OaxkTepusUIap JaMu ajajpbl, 0JIap AOMIH ©3TepTil, JalblH OHIMHIH CarachlH TOMEHACTYl MYMKIH
[1].

OHepKocinTe JXKaFbIMCBI3 MUKpPOQIOpaHbl a3alTy YIIIH HETI3r1 ambITy KO3IBIPFBIIIBI
peTinae 6aranbl OHIIPICTIK KACHETTEePl 0ap MOJICHH allIbITKbLIAP MMai1aJaHbLIa b

—KaKChl camajipl IIapan ajly YIIIH amibITy TOMEH TeMIepaTypaja >XYpPreHi AypbiC.
CoHABIKTaH 1aparn almbITKbIChl CycloHbI 13 - 15°C ambITy Kepek;

—II1apan almbITKbUIaphl CIIUPTTIH >KOFaphl KOHLIEHTpauusckiHa (18% aeiiin) Te3imai 60ysl
tric. CIUPTTIH KOl MeJIIep/e naiaa 60mybl HHPEKIUSHBIH IaMyblHa KeIepri KeTipeni;

—KOMIPKBITITKBLT Ta3bIHBIH KOFAPhl KbICKIMBI KE31H/1€ KAHTTHI alllbITy KaO11eTi 00Tyl KEpPEeK
(ampITy conbIHaa KbickiM 500 — 600 MIIA xereni);

—aIIBITKBIIAP KBIIIKBUIFA TO3IMAI 00NYyBl THIC: €H THiMal ambiTy 8-10 /1 THUTpIeHreH
KBIIIKBUIIBIIBIKTA [Iapal KbIMIKbIIbIHA KalTa €CeNTereH/Ie XKYpeli;

—aIlBITKBI TYHIPIIIKTI )KOHE KYpFaK TyHOamap/bl Ty3yre Kaoiieri;

—IPOOKBLIAP @30TThI 3aTTAP IbIH )KETICIIEYIILTIr KaFAalibIH/AA alllLITKBIHBI AlIBITY KaO1IeT1
KOFapbl OOTYBI KEpeK.

[Mlapan ambITKeLIApEI SAaccharomycetaceae TykepIMaacTapeiHa, Saccharomyces vini sxome
Saccharomyces oviformis typnepine skaranapl. JKacymamapaslH TYpi MEH eJjmeMaepi AaMmy
JKarJainapel MEH KOPEKTIK opTara OaitnanbicThl. KenTereH xarmaitnapaa mapar ambITKbLIAphI
coTmak MilliHAl, CIopalibl, eHAIpiCTe, HEeTi31HEeH, OeIiHY apKbUIbI KeOeie .

Hlapan ambITKeUIAPBIHBIH Ta3a JaKplUAAphl IIapanTapAblH Oenriai Oip TypiepiHe Kapait
OomiHnreH xoHe cypbinTanFad. [llapanm amIBITKBICBIHBIH Ta3a KyJIbTypallapblH KY3IMHIH
CTepuibAeHTeH KypambiHaa 16-20 % kaHT 6ap a30TThI KOPEKTEHY CYCIOChIHAH OOl anajbl (Koc
(hocdop KIIIKBIIAB HEMece XJIOPIbl aMMOHHMIM, aMMHUaK epiTiHici) [2].

BapinbIK ambITKel MUKPOOpPTaHU3MAEp] ©3iHIH KeOelin-ecyi OapbIChIHIA KYpaMbIHAA TEK
KaHTBI 0ap TaOUFU JKOHE JKacaH bl JalbIHAANFaH, KaHT keleMi ofieTTe 30-32% 0oaThiH KOPEKTIK
opranapia KOpeKTeHin, kebeieni. byHnail ambITKbU1ap op Typili KAHTTAp[bl alllbITy >KOJIBIMEH
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KOJITaHAaThIH KacueTke ue. ColikeciHme 6acka MHUKpOOpPTaHU3MIEPre KaparaHjaa, OJIApJbIH COJI
OHIMHIH KOMIpCy aJMacyblHAa YIBUIBIK OoCEpiHE TYPAaKTBUIBIK KAacHUEeTi J>KOFapbl 0o0ajbl.
Saccharomyces TYBICTBIFBIHBIH aIIBITKbUIAPHI YIIIH CHHPTTIK alIBITYAAaFbl KaHT TEK KOMIpCy
TYPIHIIET1 KOPEK K31 FaHa eMec, COHBIMEH KaTap OHBIH iIIiHAer1 6acka OpraHu3MIEpMEH TIpIILTIK
YILIiH Kypeci 6ombin Tadbuansl [3, 4].

Saccharomyces vini - mapar ambITKbUIApBIHEIH ataybiH M.Meyen (1838) anramr yceiHFaH.
Keiiinipexk onbra Saccharomyces ellipsoideus Reess neren ekiuiri arayel maiiga 6osiasl. Chipa
aIIBITKBUIAPBIHA KaparaHJa Iapan ambITKbUIaphl dJumrc (Gopmaisl  Oojlaabl  Aer, Typ
KJIacCU(UKAIMACHIHBIH MOP()OJIOTHSUTBIK TPUHIMITH eHTi311. Bipak OHBIH TYXKBIpbIMIaMachl
nonenaenOeni. COHABIKTaH IMapar albITKbIIapbiH cunartayaa B.W. KyapsBies anranike! ataybia
cakran Kangasl. KymbTypa €3-63iH amIbITKaH KY3iM IIBIPHIHBIHAH OeITiHIN anbiHaabl. byHnmait
AIIBITKBUTAD KE3-KEJTeH ©3-031H alllbITKAH J>KEMIC-)KUICKTEep MIBIPhIHBIHAH aJbIHYbl MYMKIH.
HerizineH onap eHEpKOCINTIK XKoHE YH-KAWIBIK IIapan oHAIPICIHIe Ke3/1eCeTiH1 Oenrii O0abl.
Kazipri ke3zme opTypsii aBTOpiapAblH CHUNATTaFaH IIapan  allbITKbUIAPBIHBIH ~ OapJIbIFbI
B.U.KynpsiBues cunarrarad Saccharomyces vini TypiHe )aTKbI3bUIFaH [5].

3epTTeyiH MakcaThl >KepruliKT1 alllbITKbl paccajapblH ImIapan eHjipiciHe eHrizy. Ochl
MakcaTKa KeTy YIIIH ajlJbIMbI3fa KEWIHT1eW MIHJAETTepl KOWJIBIK: ©3JIMHEH ally apKbLIbl
aJIbIHFaH TaOUFU IIApalTaH ’aHa alllbITKbl IITaMMIApbIH 06l aity, 0JapAblH MOP(OIOTUSIIBIK,
KYJIbTYPaJIbAbIK, (DU3HOJOTUSIIBIK *oHE OMOXUMUSIIBIK KAaCHETTEpIH aHBbIKTay, TYpre IeiiH
QXKBIPATHIT, (U3UOJOTHAIBIK KACHETTEPIMEH EpEKINeICHETIH IITaMIapFa MaTeHT aily, OHBI
OH/IIPICKE YCHIHY.

Marepuasgap MeH daicrep

3eprrey o0bekTici peTinae TypkicTan o0bick Tynkibac aynanbl babIKIb! €11 MEKeH1H1e
ecipinreH Xy3iMHIH «Kapa Ky3iM» COpThIHAH YH KaFaalbIHIA TOCTYPIIl OMIICTICH O3/ITHEeH anry
apKBUIBI aJIbIHFAH [IapanTaH OeJIIHIN ajdbIHFaH ambITKeUTapaeiH 16 xaHa (1ZN, 2ZN, 3ZN, 4ZN,
5ZN, 6ZN, 7ZN, 8ZN, 9ZN, 10ZN, 11ZN, 12ZN, 13ZN, 14ZN, 15ZN, 16ZN) KynpTypaiabIK
ITaMM/Iaphl aJIbIHbI.

3epTTey OKYMBICHIHA MHUKpOOHWOJorHs OO#bIHIIA KaObUIMAHFAH KaIMbl  OJIICTEp
nagananeuiael [6]. TaOuru mapantad ambITKBIIAPIBIH Ta3a KyJIbTypalapblH Oeurinm amy YIIiH
Calbyp KOpEeKTIK OpTachlH TmaWmandaHaAblK. bejinm anbplHFaH aIlIBITKBUIAPABIH KaHa 16
KYJIbTYpaJapblHbIH MOP(OIOTHSIIBIK, KYJIbTYPalbIblK, (PU3UOJOTUMIIBIK KOHE OMOXMMHUSIIBIK
KacHeTTepl 3epTTENiHIN, Typre JACWIH aXbIpaThbUIAbl. JpOXOKbIIApABIH  MOPQOJIOTHSIIBIK
OenriiepiH MeTWIEH Keri OostypiMeH Oosir, Motic BA200 mapkaiibl  OMHOKYJISIPIIBIK
MUKPOCKOTIBIHAA, KYJIbTYypajbAblK KacuerTepin Cabyp, cycio, eT HeNTOHAbI CopIa, €T MeNTOHIbI
arap oprajapblHJa OCYIHIH CHIAaTbiHA Kapan aHbIKTaAbIK. buoxumusuiblk Kacuertepin [ucc
opracsiHa 1% keMipcybIH OipHelie TypiH (TJI0K03a, TaJlakTo3a, JTaKTo3a, caxaposa, padduHosa,
MajbTO3a, JEKCTPUH, HHYJINH, KCUI03a, apaduHO3a, TJIUIEPUH, COPOUT, AYIbLUT) KOCHIN, TYCIHIH
e3repyiHe Kapail keMipcynapabl bIAbIpaTy KaOUIeTiH aHbIKTaAbIK. OpraHuKasiblK KbIIIKbIIAapAaH
CYT JKOHE CIpKE KBIIIKBUIBIH BIIBIPATYybIHA 3€pPTTEAIK. AIIBITKBUIAPABIH (U3UOIOTUSIIBIK
KAacHUeTTepiH, OHbIH iriHae KaHTThIH 40, 55% KOHLIEHTPalMsACHIH allbITYbI, TY3/bIH 2, 5, 7% xoHe
9THI cnupTiHiy 18% KOHIEHTpauusIapbiHa TYPAKTBUIBIFBI, pH-TBHIH op TYpIi napaMeTrpiepinae
ecyiH cyiblk Cabyp optaceiHna 3eprrenik. KynpTypamapasl Ttepmocrtarra 28-30° C
TeMreparypanga ecipAik. bip ToymikTeH KeWiH Xalmbl KbIIIKBUIABUIBIFBIH HUHIUKATOP PETiHIE
¢denondranennniy 1% cnupTTik epiTiHaici xoHe TuTpiaey ymiH NaOH-teiH 0,1H epitiHzuici
naiganaHeUAbl.  JIpOXOKbUIApABIH CcaxXapo3aHbl allbITYybl JKOHE TY3Fa TYPAKTBUIBIFBI CYHBIK
KOPEKTIK OpTajia TY3reH KbIIIKbUIABUIBIK KOPCETKIIIIMEH aHBIKTAAbl. ALIBITKBI IITaMIapbIHBIH
aTuNl ciupTiHiH 18% KOHIEHTpAIUsIChIHA TYPAKTHUIBIFBIH OJApAbIH KOPEKTIK OpTaja ecy
KapKbIHIBUTBIFBIHA Kapail aHBIKTAIBIK.
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Hatm:kenep :koHe o1apAbl TAJIKBLIAY

bi3aiH Tabufu jxy3iM IIapanbiHaH OO alFaH albITKBUTAPABIH MOPGOIOTHUSIIBIK Oenrinepi
map Topizai 6onapl. XKacymanapaeie ememaepi 5-7 x 8-10 mxwm. (1-cyper).

Cabypo KaTThl KOPEKTIK OPTACHIHBIH OCTIH/E alllBITKbI KOJIOHUSIAPBIHBIH MIETI TeTic, O0eTi
JIOHEC, TYCI allbIK KOHBIPKAl, KOHCUCTEHIIMSACHI JKaFbUIFBILI, bUFAIIbI 00J11bl. CYHBIK KOPEKTIK
opraja ecKeHJe NpoOupka TyOiHAE Kem Menmepae TyHOa, OeTiHIe TUIeHKa Ty3im, a3fjarn
nanKpIIaHagb! (2-Cyper).

Kynerypanap Cabypo KOpeKTik opTajapelHaH OeJill adraHHaH KeHiH €T MenTOH/bI arapjaa
na tyrac cnopa tyseni. Crmopanapel map Topi3ai Oonapl. CropanapbIHbIH Kenemi 2,5-3 .
BereratuBTi K60er0 apKbUIBI KOJIAMJIBI JKaFgaid TyraHIa cropajap KaWTagaH OeuriHTim
KJIETKaJapra aiiHasapbl.

1 cyper - [llapamn amrbITKBI KJIETKACBIHBIH 2 cyper - Ilerpu asxmaceiama Cabypo
MHUKpOocKonThIK OcitHeci, 1000 ece yakeHTiIreH KOPEKTIK OpTaHbIH OCTiHIEr1 OCIHIIC]

Bapnbik OGemiHIN ambIHFaH allbITKBl MITaMMIAPhl CYUBIK KOPEKTIK OpTajaa anry KeMeriMeH,
al KaTThl KOPEKTIK opTajga TJI0KO3a, TrajakTo3a, caxaposa, padduHOo3a, MaabTO3aHBIH
KBIIIIKBUTIAHIBIPY  apKbUIBI  JKAKChl  JaMbIabl. JIeKCTpWH, J1aKkTO3a, WHYJIWH, KCHIIO3a,
apaOuHO3aIapMeH KOpeKTeHe anmaipl. CIHpTTEepACH STHUJ CHUPTI MEH TUIMIIEPUHIl alibITa
aJIaJipl, aJl COPOMT JKOHE JYJBIUTTI allbITan bl OpraHMKaIbIK KbIIIKBLIIIAPAAaH CYT KBIITKBUIBI
MEH CIpKe KBIITKBUIBIH JKaKChI bIIbIpATa/Ibl.

Jlommepnin  xoHe  KyapsiBueBTIH — aHBIKTaMajblFbl  OOWBIHINIA  O6JIN  aJbIHFaH
KYJIBTYpaJapblH  OapiblFbl  MOPQOJOTHUSIBIK, KYJIbTYPalIbJIbIK, (U3HOJOTHSUIBIK JKOHE
OMOXMMMSUIBIK KacHeTTepiHe Kapam Saccharomyces vini TypiHe J>KaTKbI3bUIIBI (CLITEME
KoxaxmeroBa 3.A.) [5].

Taburu mapanTtan OeNiHIN albIHFaH AlIBITKBl KyJIbTypalapbelHbIH caxapo3anbiq 40, 50%
KOHIIEHTPALIMACHIH/IA 6Cy KopceTKimTepi 1-kecrene Oepiirex.

Kecre 1 - AIIBITKBI KyTbTypalapbIHBIH caxapo3aHblH 9p TYPIi KOHIIEHTPANHSIAPbIH/IA 6CY KOPCETKImTepi

1 ToymiKTeri »anmbpl KIIIKBUIIBIK caHbl, °TepHep
Iramm Ne
Cabyp 40% caxapo3amMeH Cabyp 50% caxapo3ameH

1 2 3
1ZN 52 48
27N 50 40
37ZN 60 49
4 ZN 55 50
5 ZN 40 60
6 ZN 60 55
7 ZN 49 60
8 ZN 59 50
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Kecte - 1 xanracel

1 2 2
97ZN 62 60
10 ZN 59 60
11 ZN 50 45
12 ZN 45 41
13 ZN 68 55
14 ZN 60 53
15 ZN 72 55
16 ZN 55 50

[apan ambITKRLIAPEI Caxapo3aHbIH op TYPJi KoHUeHTpanuscbiaaa 3ZN, SZN, 6ZN, 7ZN,
9ZN, 10ZN, 13ZN, 15ZN xakcel JaMmblll, KOPEKTIK OpTa JaWKpUIaHABI JkoHe 41-72 °T
apabIFbIH/IA KBITIKBUT 06N, aya KemipIIikTepi y3ikci3 maina 6omasl (3 cyper). DTHI CIUPTIHIH
18 % KOHIEHTpPAIUACHIHAAFBI KOPEKTIK OpTaja aIIbITKBUIAPABIH KaHa MmTaMIapeiHeH 50%
KapKbIHJIBI 6Cyi OalKasIbl.

3 cyper - AIIBITKbI KyJIBTypajlapbIHbIH CaXapo3aHbl aIlIbITybl

Saccharomyces vini kynbTypanapbl KeIMbI3[aH OOJIiHreH JpOoXKbLIapapiH Saccharomyces
lactis TypiepiMeH cajbpICTRIpFaHIa caxapo3aHbl allbITy KaOlIeTTiIiri skorapsl 601asl [4, 5].

An ppoxokbuiapabiy CalOypo opraceiHa TY3AbIH 2, 5, 7% >xoHe stun cnupTiHiH 18%
KOHLIEHTPALIMSACHIH/IA 6CY HITHXKENEP1 2-KecTele KOPCETUIreH.

Kecre 2 - AmbITKbIIapapIH JKaHa INTaMMIAph! TY3IbIH 2, 5, 7% xoHe cnuptTiH 18% KoHIEeHTpalusIchiHIa
ecy HOTHKemepi

Calyp opTachlHIa TY3IbIH :?pTypni . Cabyp opracsima 18%
Iltamm Ne KOHLCHTPALACHIHAA | ToyatiKTe 6Cyi CIUPT KOHLIEHTPALMACHIH/IA
2% 5% 7% ecyi
1 2 3 4 5
1ZN T m i i
27N T m i i
37N n T T T
47N n T T T
57N n m m T
6 ZN n T T T
77ZN + + - -
8 ZN + + - -
9 ZN + + + +
10 ZN + +
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Kecrte - 2 xanracsl

1 2 3 4 5
11 ZN + + - -
12 ZN + + - -
13 ZN + + + +
14 ZN + + - -
15 ZN + + + +
16 ZN + + - -

An 2 % xoHe 5 % Ty3 KOHLUEHTpaUUsAChIHIA 0apiIbIK allbITKbI IITAMM/IAPbl TYPAKThI, ajl 7
% Ty3 koHneHTpauusuapeiaaa 3ZN, 5ZN, 6ZN, 7ZN, 9ZN, 10ZN, 13ZN, 15ZN mrammaapsl FaHa
TYPaKThl KAacHET KOpCeTKeH. Saccharomyces vini alIbITKBICHIHA TOH EPEKIIeNri - OJapJIblH
alTapibIKTal COMPTKE TO3IMIAUIINL. OTuia chnupTiHiH 18 % KOHIEHTpalusChIHIA >KOFaphlla
atanral 3ZN, 5ZN, 6ZN, 7ZN, 9ZN, 10ZN, 13ZN, 15ZN mramaapsl ;korapbl TOIIMIUTIK KACHET
KOPCETTI.

KopbITbIHABI

Jlomnepnin  xoHe  KyapsiBieBTIH — aHBIKTaMalbIFbl  OOWBIHIIA  OOJIN  aJbIHFaH
KyJbTypajapabiH Oapibirel Saccharomyces vini TypiHE >KaTaThIHIBIFBI Oenrini 6oJiael. JKanms
aJFaHna, O3AINHEH aily apKbUIbl aJbIHFAH IMapamn JAPOAOKBIIAPHl CaXapo3aHbIH op Typdl
KOHLIEHTPALIMACHIH JKaKChl allblTa ajlajbl JKOHE AalIbITy JeHreiiHe OailaHbICTBI Oip-OipiHEH
allbIpMaIIbUIBIFBI Oap.

TaOuru mapantan OesiHIN albIHFAH alIBITKbUIAPJABIH JkKaHa mraMmmaapsl 2%, 5% Ty3
KOHIICHTPAIUSICHIH/IA TYPAKTHI, a1 TY3AbIH 7 % *oHe 3Tui cnupTiHiH 18 % KoHIEHTpanusaChIH 1A
3ZN, 4ZN, 6ZN, 5ZN, 9ZN, 10ZN, 13ZN, 15ZN mramaapsl TO3IMIUTIK KACHET KOPCETTI.
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Abstract
In this article, various properties and features of new yeast strains belonging to the genus
Saccharomyces, isolated from wine obtained by self-discovery in natural conditions prepared in the
southern region of Kazakhstan, were studied and identified.
Keywords: wine, yeast, properties, Saccharomyces.

The main role in grape and fruit fermentation belongs to yeasts. Under the influence of yeast,
juice fermentation can occur spontaneously on the surface of usually ripe berries and fruits
(epiphytic microflora).

Grape juice is an excellent nutrient medium, as it contains easily fermentable carbohydrates
(glucose, fructose, sucrose), as well as nitrogenous substances and vitamins. Therefore, various
microorganisms can develop in the juice, including yeast, bacteria, which can change the taste and
reduce the quality of the finished product [1].

In industry, cultivated yeasts with valuable industrial properties are used as the main
fermentation stimulant to reduce negative microflora:

- To obtain a good quality wine, it is better that fermentation takes place at a low temperature.
Therefore, the wine yeast wort must be fermented at 13-15°C;

- Wine yeast must be resistant to high alcohol concentrations (up to 18%). A large amount
of alcohol prevents the development of infection;

— must have the ability to ferment sugar at high carbon dioxide pressure (at the end of
fermentation, the pressure reaches 500-600 MPA);

- Yeasts must be acid-resistant: the most effective fermentation takes place at a titrated
acidity of 8-10 G/L with a conversion to tartaric acid;
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- Ability of yeast to form granular and dry tinctures;

- Yeasts should have a high ability to ferment yeast in conditions of a lack of nitrogenous
substances.

Wine yeasts belong to the Saccharomycetaceae family, the species Saccharomyces vini and
Saccharomyces oviformis. The type and size of cells depends on the conditions of development
and the nutrient medium. In most cases, wine yeast is oval, spore bearing, reproducing in
production, mainly by division.

Pure wine yeast cultures are divided and sorted according to certain types of wines. Pure
cultures of wine yeast are isolated from nitrogenous feeding wort with a sterilized grape content
of 16-20% sugar (double phosphoric acid or ammonium chloride, ammonia solution) [2].

In the process of their reproduction, all yeast microorganisms feed and multiply in natural
and artificially prepared culture media containing only sugar, the volume of sugar is usually 30-
32%. Such yeasts have the ability to use different sugars by fermentation. Accordingly, they have
a higher property of resistance to toxic effects in carbohydrate metabolism of the same product
than other microorganisms. For yeasts of the genus Saccharomyces, sugar in alcoholic
fermentation is not only a food source in the form of a carbohydrate, but also its struggle for
survival with other organisms within it [3, 4].

I. Meyen (1838) first proposed Saccharomyces vini — the name of wine yeast. Later, its
second name Saccharomyces ellipsoideus Reess appeared. He introduced the morphological
principle of species classification, claiming that wine yeasts are more elliptical in shape than beer
yeasts. However, his concept has not been proven. Therefore, in the description of wine yeasts, V.
I. Kudryavtsev retained the original name. The culture is separated from the self-fermented grape
juice. Such yeast can be obtained from any self-fermented fruit juice. It turned out that mainly they
are found in industrial and indoor wine production. Currently, all wine yeasts described by various
authors are attributed to the type Saccharomyces vini, described by V. I. Kudryavtsev [5].

The purpose of the study is to introduce local yeast Russes into the production of wine. To
achieve this goal, we set ourselves the same tasks as after: to isolate new yeast strains from natural
wine obtained by self-discovery, to determine their morphological, cultural, physiological and
biochemical properties, to distinguish them by type and obtain a patent for strains that differ in
physiological properties, to present them for production.

Materials and methods

As the object of the study, 16 new (1ZN, 2ZN, 3ZN, 4ZN, 5ZN, 6ZN, 7ZN, 8ZN, 9ZN,
10ZN, 11ZN, 12ZN, 13zn, 14zn, 15ZN, 16zn) cultural strains of yeast extracted from wine
obtained by self-opening by traditional method at home from the "black grapes" grape variety
grown in the Balykshi settlement of Tulkubas District of Turkestan region were obtained.

The general methods adopted in Microbiology were used in the research work [6]. We used
the Saburo nutrient medium to extract pure yeast cultures from natural wine. Morphological,
cultural, physiological and biochemical properties of 16 new cultures of isolated yeasts were
studied and differentiated into species. We painted the morphological features of yeasts with
methylene blue paint and determined the culture properties under a binocular microscope of the
Motic BA200 brand by looking at the nature of growth in Saburo, wort, meat peptone broth, meat
peptone agar media. Biochemical properties we determined the ability to break down
carbohydrates by adding several types of 1% carbohydrates (glucose, galactose, lactose, sucrose,
raffinose, maltose, dextrin, inulin, xylose, arabinose, glycerin, sorbitol, dulcite) to the hiss
medium. We studied the decomposition of lactic and acetic acid from organic acids. We studied
the physiological properties of yeast, including fermentation of sugar concentrations of 40, 55%,
resistance to salt concentrations of 2, 5, 7% and ethyl alcohol concentrations of 18%, increase in
pH at different parameters in a liquid Saburo medium. We grew the crops at a temperature of 28-
30° C on the thermostat. After a day, a 1% alcohol solution of phenolphthalein was used as an
indicator of total acidity and a 0.1 n solution of NaOH for titration. The fermentation of sucrose
by yeasts and the resistance to salt.
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Results and their discussion

The morphological features of the yeast that we isolated from our natural grape wine were
spherical. The dimensions of the cells are 5-7 x 8-10 microns. (Figure 1).

On the surface of the solid culture medium of Saburo, the edge of the yeast colonies was
smooth, the surface was convex, the color was light brown, and the consistency was smeared,
moist. When growing in a liquid nutrient medium, a large amount of sediment forms at the bottom
of the test tube, a film on the surface, and slightly silts (Figure 2).

After being isolated from Saburo culture media by cultures, the meat also forms a whole
spore in peptone Agar. The spores were spherical. The volume of Spores is 2.5-3 p. When
favorable conditions are created by vegetative reproduction, the spores become dividing cells
again.

Figure 1 — Microscope image of a wine Figure 2 - Growth of yeast colonies on
yeast cell, 1000X magnified Petri in Saburo medium

All isolated yeast strains developed well in a liquid culture medium by fermentation, and in
a solid culture medium by acidification of glucose, galactose, sucrose, raffinose, maltose. It cannot
feed on dextrin, lactose, inulin, xylose, arabinoses. From alcohols, it can ferment ethyl alcohol and
glycerin, while sorbitol and dulcite do not ferment. From organic acids, it breaks down lactic acid
and acetic acid well.

According to the reference books of Lodder and Kudryavtsev, all cultures were classified as
Saccharomyces vini, based on morphological, cultural, physiological and biochemical properties
(reference Kozhakhmetova Z. A.) [5].

Indicators of growth of yeast cultures isolated from natural wine at a concentration of 40,
50% of sucrose are presented in Table 1.

Table 1 — growth rates of yeast cultures at different concentrations of sucrose

Strain no Total acidity number for 1 day, “Turner
) Saburo with 40% sucrose Saburo with 50% sucrose
1 2 3

1ZN 52 48
27N 50 40
3ZN 60 49
4 ZN 55 50
5ZN 40 60
6 ZN 60 55
7 ZN 49 60
8 ZN 59 50
9 ZN 62 60
10 ZN 59 60
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Table 1 continuation

1 2 3
11 ZN 50 45
12 ZN 45 41
13 ZN 68 55
14 ZN 60 53
15 ZN 72 55
16 ZN 55 50

Wine yeast developed well at different concentrations of sucrose 3ZN, 5ZN, 6ZN, 7ZN,
9ZN, 10ZN, 13ZN, 15ZN, the nutrient medium was silted up and formed air bubbles continuously,
releasing acid between 41-72 °t (figure 3). In the nutrient medium at a concentration of 18% of
ethyl alcohol, there was an intensive growth of 50% of new strains of yeast.

Figure 3 — Sucrose fermentation by yeast cultures

The cultures of Saccharomyces vini, separated from kombucha, had a higher ability to
ferment sucrose compared to the species of Saccharomyces lactis [4, 5].

And the results of the growth of drozhzhi in the Saburo medium at a concentration of 2, 5,
7% of salt and 18% of ethyl alcohol are shown in Table 2.

Table 2-new yeast strains growth results at concentrations of 2, 5, 7% salt and 18% alcohol

Growing in a Saburo medium at different Growth at an alcohol
Strain no. concentrations of salt in I day concentration of 18% in the
2% 5% 7% middle of Saburo

1ZN + + - -

27N + + - -

3ZN + + + +

4 ZN + + + +

5ZN + + + +

6 ZN + + + +

7 ZN + + - -

8 ZN + + - -

9 7ZN + + + +
10 ZN + + + +
11 ZN + + - -
12 ZN + + - -
13 ZN + + + +
14 ZN + + - -
15 ZN + + + +
16 ZN + + - -
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And at salt concentrations of 2% and 5%, all yeast strains were stable, and at salt
concentrations of 7%, only strains of 3ZN, 5ZN, 6ZN, 7ZN, 9ZN, 10ZN, 13ZN, 15ZN showed
stable properties. A characteristic feature of yeast Saccharomyces vini is their significant alcohol
resistance. At a concentration of 18% of ethyl alcohol, the above-mentioned strains of 3ZN, 5ZN,
6ZN, 7ZN, 9ZN, 10ZN, 13ZN, 15ZN showed high resistance properties.

Conclusion

It turned out that all the cultures isolated according to Lodder's and Kudryavtsev's reference
books belonged to the type Saccharomyces vini. In general, wine droppings obtained by self-
opening can well ferment different concentrations of sucrose and differ from each other depending
on the level of fermentation.

New strains of yeast isolated from natural wine are stable at a concentration of 2%, 5% salt,
and at a concentration of 7% salt and 18% ethyl alcohol, strains of 3ZN, 4ZN, 6ZN, 5ZN, 9ZN,
10ZN, 13ZN, 15ZN showed resistance.
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AHHOTAIINSA

Bupyc aymbI II0TOSHBIX SBIISETCS BEHICOKOKOHTATHO3HBIM IMATOT€HOM, KOTOPBIN XapaKTepru3yeTcs
JINXOPAJIKOM, TTHEBMOHMEH, BOCHAJICHUEM CIU3UCTBIX OO0OJNOYEK, JICHKONEHHEeH M IOpaXKCHUEeM
IICHTPaJbHOH HEPBHOM CHCTEMBI, IMPHUBOMAINCH 4YacTo K JeTaabHoMy wucxoxy. K sToit Oone3Hu
BOCIIPUUMYMBEI BCE COOAKH, HE3aBUCUMO OT TIOPOJIbI, HOPKH, MECIIbI, BOJIKH, JTUCHUIIbI, TIOJICHHU, TUT'PHI
u.T.a. B mnocnenHue roapl  MEKBHAOBbIE HHGEKIUU YyMbl IUIOTOSIHBIX  HAONIOMAIMCh Yy
HEYEJI0BEKOOOPa3HbIX MPUMATOB, BKIIIOUAs BBIBEICHHBIX M JUKMX MaKaK-pe3yCOB M SBAHCKHX Makak.
CMepTHOCTH OT YyMBbI INTOTOSITHBIX y MaKak-pe3ycoB gocturaer 5—30%. HecMoTpst Ha TOYTH CTONETHIONO
HUCTOPHIO OOPBOBI ¢ 3TOM MH(DEKIIUEH OCTAIOTCS aKTYalbHBIMH BOIPOCHI THATHOCTUKU, MPO(QHIAKTHKN H
crennduuecKoro jJeueHusl. Y YUThIBAs BAXKHOCTb 3TOH MPOOJIEMBI, JJIs Pa3paO0TKH IUArHOCTUYSCKUX HIIH
MPOPIITAKTHIECKIX CPENICTB HEOOXOIMMO HapaboTaTh BEICOKOAKTHBHYIO BUPYCHYIO Oromaccy. B cBsizu ¢
STUM, HalIM MWCCIENOBAHMS TOCBSIIEHbl M3YYEHUIO KYJbTYPAJIbHBIX CBOWCTB M ONPEACICHUIO
ONTHUMAJIBHBIX YCIOBUM KYJIbTUBUPOBAHUS BUPYCA YyMbI IUIOTOSIHBIX.

B pesynbrate nccriegoBannii Hanboinee ONTUMATBFHON T pa3MHOXKEHHS BUPYCa YyMBI TUTOTOSITHBIX
HaMH BBIOpaHa KynasTypa kierok Vero. IIpu atom LI1/] Bupyca pa3zBuBaercs depe3 48-56 4aCOB ¢ TUTPOM
BHpyca 6,25 Ig TIIso/cM’. Takoke onpeneeHsl ONTHMABHbBIE TAPAMETPBI KyJIbTHBHPOBAHHS BUPYCA TYMBI
IJIOTOSIAHBIX B KYJIBTYPE KJIETOK Vero.

KuiroueBble ¢j10Ba: yyma IUIOTOSAHBIX, KYJIBTYpa KIETOK, KyJIbTUBUPOBAHUE, aJalTalis BUpyca.

Uyma MmIoTosIHBIX — BBICOKOKOHTarHo3HOE MOBCEMECTHO pacrpocTpaHéHHOE 3a00JIeBaHuE,
COTPOBOXKIAIOIIEECs BBICOKON TeMIlepaTypoi, BOCIHAJICHHEM CIIHM3UCTBIX 000JI0YEK OpPraHOB
JIbIXaHUSI U 3PCHUS, U TOPAKEHUEM IIEHTpaIbHOM HEepBHOM cuctembl [1]. Uyma u3BecTHa co
BpeMEH ojoMalniHuBaHus cobak. Bo30ymurens uymsl miotosaneix - PHK-conepxkamuii Bupyc,
HMMEIOIINI Ha CBOEH MOBEPXHOCTH JiBa Oenka-antureHa H u F. Bupyc 4yMbl III0TOSTHBIX BXOAUT
B cemeiictBo Paramyxoviridae, pox Morbillivirus. K aToii ke rpyrmme OTHOCHTCS BHPYC KOpH
YeJIOBEKa, YyMbI KPYITHOTO pOTaToOro CKOTa M BO3OYAUTENHN psaaa Ipyrux O6omesnei [2, 3].

BaxxHO OTMETHTb, YTO HENABHO BO3HMKIM BCHBIIIKA YyMbl IUIOTOSIAHBIX C BBICOKOM
CMEPTHOCTBIO CpPEIM HEUYeJIOBEKOOOpa3HbIX MpuMaToB. KpymHas BCIBIINIKA YyMbI TUIOTOSTHBIX
IIPOM30IILIa Y MaKaK-pPe3ycoB Ha ImieMeHHOU (hepMe B mpoBuHiuK I'yancu B 2006 r., 3a KOTOpOit
Mociie/ioBajia eIle OJiHa BCHBIIIKAa Yy Makak-pe3ycoB B lleHTpe xuBoTHbIX B Ilekune B

2008r. CMepTHOCTH OT YyMbl IUIOTOSIAHBIX Y Makak-pe3ycoB gocruraet 5—30%. B cBs3u ¢ atumMm,
B OyayleM ecTb BEpOSATHOCTH Nepejauu BUpyca OT )KMBOTHBIX K YeNoBeKy [4, 5].

Uyma IUJIOTOSOHBIX MOJXKET MPOTEKAaTh MOJIHHMEHOCHO, CBEPXOCTPO, OCTPO, IMOAOCTPO,
a0OpTUBHO, THUMHWYHO M aTunuyHO. I[lo KIMHMYECKMM MpHU3HAKaM pas3nyaioT KaTapajibHYIo,
NErOYHYI0, KMIIEUHYI0, KOXKHYI0, HEpBHYIO M CMELIaHHYIO (TeHepaIn30BaHHYI0) (OPMBI OOJIE3HH.
Pazputue Toi MM MHOW (GOPMBI UyMbI ONpENENsIeTCs] peaKTUBHOCTBIO OPraHu3Ma *KHBOTHOTO.
OnuH U TOT K€ ITaMM BO30YAUTENSI MOKET BbI3bIBATh Y )KMBOTHBIX Pa3HOTHITHbIE KIMHUUYECKHUE
MpU3HaKu [6].

HecmoTpst Ha THOYTH CTOJIETHIOIO MCTOpPHIO OOpHOBI € 3TOM HH(peKuuel, ocraroTcs
aKTyaJIbHBIMH BOIPOCHl JHArHOCTHKH, MNPO(UIAKTUKA U crneuuduyeckoro sedenus. Jns
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pa3pabOTKM JMATHOCTHYECKUX W TPO(UIAKTUYECKHX CPEIACTB HEOOXOAMMO HapaboTaTh
BBICOKOAKTHBHYIO BHpYCHYI0O Ouomaccy. CoBpeMeHHbIe TpeOOBaHMS, TPEABbSIBISIEMbIE K
3pPEeKTUBHOCTH M OE30MAaCHOCTH BETEPUHAPHBIX IPEMapaToB, a TaKXKE HMX KayeCTBEHHOTO
MPOU3BOJICTBA ¢ coOmroneHneM mnpaBuia GMP, mpuBOIAT K COBEPIIEHCTBOBAHUIO TEXHOJOTHIMA
M3TOTOBJICHUS BAKIMHHBIX IPENApaTOB, CO3JAHUE KOTOPBIX CBOJUTCA K KYJIBTHBHUPOBAHUIO
BAKIMHHBIX IITAMMOB Pa3JIMYHBIX BUPYCOB B IEPEBUBAEMOI KJIETOYHOW JuHMM. OmnpeneneHue
ONTUMAJIbHBIX YCIOBHW KyJbTUBUPOBAHMS BHUPYCa SBILIETCS BAXKHEHUIIEH XapaKTEPUCTUKOMN
BHUPYCCOJEp)KAIeH CYCIIEH3MH, MPUTOJHON IS HW3TOTOBJICHHS CPEACTB CHelu(pUYecKon
npodunaktuku. [lomydeHue Bupyca ¢ HauOOIbIICH OMOJOTHIECKON M AHTUTCHHON aKTHBHOCTHIO
MO3BOJISIET ~ pa3padarbiBaTh I[POTHBOBHUPYCHBIE IIpEmaparbl C BBICOKOH HMMYHOTI'€HHOMN
aKTUBHOCTBIO. IcX0/1s1 U3 3TOrO, 1ENbI0 JAHHOTO HCCIIEIOBAHUS SBJISETCS BHIOOP ONTUMAIbHON
CUCTEMBI KyJIbTUBUPOBAHUS BUPYCA YyMbI INIOTOSITHBIX.

MarepuaJjbl 1 MeTOABI

tammel BupycoB. B pabote ncnonb3oBanu mrammsl «JI/» u «Bakuym» Bupyca dymbl
IJIOTOS AHBIX.

Br160p ontumanbHON CUCTEMBI KYJIbTUBUPOBAHMS BUPYCa YYMBI IJIOTOSAIHBIX. [1o maHHBIM
MHOTOYMCIIEHHBIX ~HCCIeAoBaTede Juisl KyJbTUBUPOBAHMUS BHpPyca YYMbl IUIOTOSIIHBIX
HCIOJIb3YIOTCS KaK MEepBUYHbIE, TAK U IIEpEeBUBAaEMbIE KJIETOUHbIE KyIbTYypHI [9, 10].

Ananrtanuio BUpyca YyMbl INIOTOSTHBIX K KYJAbTYpe KIETOK MPOBOMIIN C UCTIOIb30BaHUEM
CIEYIOIIMX KIETOYHBIX JIMHUM: NEepBUYHO-TpUncuHM3upoBaHHblx — IIT wm IIS, a Taxke
MIepEBUBAEMBIX JIUHUHN KyIbTyp KineTok — Vero, BHK-21, CIIOB, IB-RS-2 u I1O, BelpanieHHbIX B
npoOupkax. [ns agantanuu mramma «JIJ» n «Bakaym» BHpyca yyMbl IUIOTOSIHBIX K JTMHHUH
KJIETOK IMPOBEAEHO 6 MOCIeA0BaTENbHBIX ACCaXXEW BUPyCa HA BBILIECIIEPEYUCICHHBIX KYJIbTYpPaX.

JInst n3ydeHus BIUSHUS Ka4yeCTBA MOAAEP/KUBAIOIIEH MUTATEIbHOM CPE/Ibl HA pa3MHOKEHHE
BHpYyCa YyMbI TUIOTOSAHBIX HaMU ObLTH McibiTanbl uMmetomuecs B HUUIIBb nmutatensHbIC cpenpl
[ICII, IMBOM u HUrma. C 1enbio ONpeNeieHUs BIUSHHUS KOHIIEHTPAIIMU CHIBOPOTKHA Ha
Pa3MHOKEHHE BUPYCa YyMbl IUIOTOSTHBIX B KyJIbTypax KJIETOK ObLaM uchbITanbl 1, 2, 5 u 10%
KOHLIEHTpaluu (heTanbHON CHIBOPOTKHU TEJIAT B MOACPKUBAIOLICH cpee.

Onpenenenne OMOJOTMYECKOW aKTHBHOCTH IITaMMa BHpPYCa YyMbl IUIOTOSIAHBIX B
WCIBITAHHBIX CUCTEMaX KyJbTUBUpOBaHUs. i1 onpeneneHuss ONTUMaIbHON 3apakarolleil 103bl
BHUpYyCa YyMbl IUIOTOSIIHBIX, MPH KOTOPOH MPOUCXOAUT HaAuOOJblIEee €ro HAKOIUIEHHE, OBbLIN
ucnbiTanbl 10361 BUpyca oT 0,01 mo 1 TLJI so/xi. ITo mocTHkeHN0 TUTONMATHISCKOTO JCHCTBUS B
MOHOCJIO€ KYJIBTYpBI KJIeTOK Ha 85-90% mMarpackl moBeprajvuch IByM LHUKIAM 3aMOPaKUBaHU-
oTTauBaHus B npesenax oT MmuHyc 40 °C 1o koMHaTHOH TemiiepaTypbl. COOp BUPYCCOAEPKAIINUX
MatepuanoB (BCM) kaxporo maccaxka mpoBOJIWIICS B aCENTUYECKUX YCIOBUSX B CTEPUIIbHBIC
¢bnakonsl. OnHOBpeMEeHHO U3 Kaxaoro (iaakoHa ¢ BCM or6upanucsk nmpoOsl [UIsl ONpeaeieHus
OMOJIOTMYECKON aKTUBHOCTH BUPYCa B COOTBETCTBUU C METOJIOM. TUTp BUpyca OB pacCYUTaH C
ucnons3oBanueM Merona Reed IJ. u Muench H. A u 6bun ykasansl B lg TIIso/cm® [7].
CrepunbsHocTs BCM kaxaoro naccaxa onpezenena cornacHo I'OCT 28085-2013 [8].

Cratuctuueckas o06paboTKa pe3ynbTaToB. Bee SKCIeprUMeHTHI MPOBOIMIIA B TPEXKPATHOM
noBTOpHOCTU. CTaTUCTUYECKYI0 00pabOTKY SKCIEPUMEHTANBHBIX JAHHBIX MPOBOJWIH C
BBIUMCIIEHUEM CpeJlHero apu@merndeckoro 3HaueHus (X) u cpeaHell KBaapaTHYeCKOW OIIMOKU
(m) nmpu nomomu kKommnbioTepHoi nmporpammsl " Microsoft Excel" u GraphPad Prism Bepcuun
8.0.1. IudpoBbie naHHBIE MOJBEpraj CTATUCTUYECKOMY AHAJIM3Y C OINpPENEIeHUEM CPEIHUX
BEJIMYUH U UX OLIMOOK HEMIOCPEICTBEHHBIM U PAa3HOCTHBIM METOJIOM N0 CTBIOACHTY.

Pe3yabTaTsl M 00cy:KI1eHHE

Br16op onTuManbHON CUCTEMBI KyJIbTUBUPOBAHMS BUPYCA YYMBI IIIOTOSTHBIX

C HUCHoib30BaHMEM  BBILIEMIEPEUYMCICHHBIX  KYJIbTYp KIETOK IMpOBeACHO 1o 6
MOCJIEIOBATENBHBIX Maccaxeil. Pe3ynbTaThl 3TUX HCCIeT0BaHUN TIPEICTaBICHbI B Ta0nwuIe 1.
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Tabnuua 1 - Aganrtaisi BUpyca K pa3iMuHbIM KyJIbTypaM KIETOK

HaumenoBanue [TaccaxHbIi ypOBEHD
Bupyc/mramm
KYJIbTYPBI KJIETOK 1 2 3 4 5 6
UIl «JI» +--- ++-- +++- | A+ | | A+
1 YII «Bakuym» +--- ++-- +++- | | | A+
YIT «JI» +--- +4-- +++- | | | A+
T YII «Bakuym» +--- ++-- +++- | | | A+
YIT «JII» +--- + 4+ - +++4+ | A | A+ | A
Vero YII «Bakuym» +--- ++-- +++4+ | A | A+ | A
YIT «JII» ---- +--- +++4+ | A | A+ | A
BHK-21 YIT «Bakuym» +--- ++-- +++4+ | A | A+ | A
UIT «JII» ---- ---- --++ -ttt | | At
CIIGB
YIT «Bakuym» [ +- - - ++-- +4+4++ | ++++ | ++++
YIT «JII» - Ep— +--- +4+4+- | ++++ | ++++
IB-RS-2 YIT «Bakaym» - S +--- ++-- ++++ | ++++
YIT «JII» - R +--- ++-- +++- ++++
1o YIT «Bakuym» [ +--- ++-- +4+4++ | ++++ | ++++
IIpumeyanus:

1 «+ - - -» — mosiBnenwst LT/ Ha 25%;

2 «+ + - -» — mosgBienus LI1]] za 50%;

3 «+ + + -» — mosBaenus LI/ va 75%;
4 «++ + +» —mosenenus LIITJ] va 100%;
5 «- - - -» —orcyrctBue I,

Kak BumHo u3 pe3ynpraToB TaOnuibl 1, BUPYC YyMbl IJIOTOSTHBIX aJalTUpPYeTCs K
kynabtypaM kietok [T, [14, Vero, BHK-21 u CIIOB na 3 naccaxnoM ypoBHe. bosnee qynrenbHasi,
Ha 4 MaccayKHOM ypOBHE, aJanTarus Oblia K KyJIbTypaM KJIETOK rnepeBuBaeMoit imaun IB-RS-2 u
I10.

B xynbrypax knerok I, IIT, Vero u BHK-21 LII/] Bupyca pazBuBanocs yepe3 48—56 yac
MocJe 3apaXeHHs], IeCTPYKIUS MOHOCIIOS ¥ €ro OTCIOCHHE OT CTeKiIa HaOIroAamuch yepes 72
yaca. B kynbrypax kierok CIIOB IB-RS-2 u I[10O HIIJ Bupyca pa3BuBajioch uepe3 72 yaca.
Pa3mHOKeHne BUpyca COMPOBOXK/IaI0Ch BHAUajle O4aroBbIM, a Mo3aHee, nociae 96 4acoB, MOYTH
MOJIHBIM pa3pylIeHHEM KJIETOYHOTO MOHOCIIOS.

Takum 006pa3oM, MpOBEACHHBIE UCCIEIOBAHUS TTOKA3aIU, YTO BCE MCIBITAHHBIE KYJIbTYPHI
KJIETOK YYBCTBUTEJIBbHBI K BHPYCY UYMbI IUIOTOSITHBIX. CiemayeT OTMETHTh, 4yTO Oosiee 4€TKO
BbIpakeHHoe U panHee LI1/] Bupyca yyMbl mIOTOSIHBIX HAOMIOAAETCS B KYIbTYpPbI KiIeTok 115 u
Vero. OTMeueHO Takke, YTO YAOBICTBOPUTEIBHBIMU XapaKTEPUCTUKAMHU 00Jaal0T KYJIbTYphl
kierok IIT u CIIOB.

OtpaboTka ONTUMaJIbHBIX MAPaMETPOB TMOJYYEHHUS AaKTUBHOTO BHUPYCCOICPIKAIIETO
MaTtepuaia B BEBIOpAaHHBIX CUCTEMAaX KyJIbTUBHPOBAHHUS.

Pe3ynbTatel no onpeneneHno OMOJOTHYECKOM aKTUBHOCTHU IITaMMa BUPYCa B UCTIBITAHHBIX
CUCTEeMax KyJIbTUBUPOBAHUS MPECTABICHBI B Ta0nuLe 2.

Tabnuia 2 — buonoruyeckass akTHBHOCTh BUPYCa YyMBI IUIOTOSITHBIX, B Pa3IMYHBIX KYJIBTypaX KIETOK

HayMeHOBAMIe buonornueckas aKTI/I3BHOCTB BHPYCOB B KYIIbType
KyJIbTYpBI KIIETOK KommuectBo ombitoB | knerok, lg TIMso/cm” (M£m)
Itamm «JIJI» Itamm «Bakaym»
115 3 5,750,11 5,31£0,08
T 3 5,00+0,14 4,7310,12
Vero 3 6,25+0,11 5,7540,12
BHK-21 3 5,0+0,07 4,77+0,11
CIIDB 3 4,5+0,10 4,4310,09
1o 3 4,03+0,09 3,7720,11
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W3 maHHBIX, TPeICTaBICHHBIX B TAOIUIIE 2, CTIEAYET, 4TO HarnboJiee MPUeMIIEMON KyIbTypOit
KJIETOK JJISl ONpeAeIeHUs OMOJIOTHYECKO aKTUBHOCTH SIBJIIETCSI KyIbTyphl kietok [151 u Vero.

IIpu o>TOM OHMOIOrMYecKas AaKTUBHOCTb BHpyca cocTaBiuseT 5,75-6,25 lg TI/Iso/cm?,
COOTBETCTBEHHO.
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HaumeHoBaHMe KYJIbTYPbI KJIETOK

Pucynok 1 - buonorndeckass akTHBHOCTb BUPYCa YyMBI TUIOTOSITHBIX B PAa3JINYHBIX
KYJbTypax KJIETOK

Jns onpeneneHus: ONTUMAIIBHOW 3apakaromied 03kl BUPYCA YYMbl IUIOTOSIIHBIX, MPHU
KOTOPOM MPOUCXOUT HAauOOJIbIIIee €r0 HAaKOTUICHUE, HAMH OBLITA UCTIBITaHBI 10361 BHpyca oT 0,01
mo 1 THJ so/km1., KOTOPBIMH 3apakaid KylnbTypy KieTok Vero. CO0Op BHUPYCHOTO CBIPBSA
MPOU3BOIMIN depe3 72—96 yacoB Tocie 3apaxxeHusi. BHOIOTHYECKyr0 aKTUBHOCTh BHPYCHOTO
MaTepuasa Onpeaessuld MyTeM TUTPOBaHus P00 B KYJIbTYype KJIETOK Vero.

B pe3ynbrare npoBeaeHUs 3TUX UCCIIEA0BAHUM YCTAaHOBIIEHO, YTO HaKOOJIbIIIee HAKOTUIEHHE
BHpyca 4YyMbl IUIOTOSAHBIX B KymbType KineTok (6,25 lg TI/so/cM®) mpomcxomut mnpu
3apaxaromeid goze 0,1-0,5 TLs0/k1., a ONTUMAIBHBIM CPOKOM cOOpa BUPYCHOTO MaTepuana
sBisieTcss 96 yacos.

J7is n3yueHus BIMSHUA KauecTBa MO IACPKUBAIOLIEH MUTATEIbHOM Cpeibl HAa pa3MHOKEHUE
BHpyca 4yMbl IUIOTOSAHBIX UcnbiTaHbl umeromuecss B HUMIIBb nurarensnbie cpenst: TICII,
JIMOM u Urna. B pe3ynbraTe NpOBEAEHHBIX HCCIENOBAHUI YCTAHOBJIEHO, YTO NUTATEIbHAs
cpena Mrna u IICII uyepe3 48—72 uvacoB cHmxana cBoe pH M BbI3bIBaa pe3koe 3aMeIeHue
Pa3MHOKEHHs BHpyca U OMEpTBeHHE MOHOCIOs KieTok. Cpena JIMOM Ha npotsxenun 8—10
CYTOK HE OKa3blBaJla BIUSHUE HAa MOHOCJION KIJIETOK M CIIOCOOCTBOBaJla Pa3MHOKEHUIO BHpYcCa
YyMbl IUIOTOSIAHBIX B MCHBITAHHBIX KYJIbTypax KiIeTOkK uepe3 72-96 wacos. L[II/] Bupyca Ha
KYJIbType KJIETOK Vero mpeacTaBlIeHO Ha PUCYHKE 2.

Pucynok 2 — Iluronatuyeckoe AeHCTBIE BUPYCa YyMbI TUIOTOSTHBIX B KYJIbTYpPE
kierok Vero (yB. x 100).
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C nenplo onpeeneHus BIUSIHNSA KOHIIEHTPALMK CbIBOPOTKU Ha Pa3MHOKEHUE BUPYCA UYMBI
TUTOTOSITHBIX B KyJIBTYpax KJIETOK HcIbITanbl 1, 2, 5 u 10% koHeHTpanuu (eraibHOM CHIBOPOTKU
TEJST B IOAJIEPKUBAIOLLEN cpefie. B pe3ynbraTe NpoBEIEHHbBIX UCCIIEI0BAaHUI YCTaHOBJIEHO, YTO
1 % conepkaHue CHIBOPOTKH HE CIIOCOOCTBOBAIO OBICTPOMY HaKoIUIeHUIO Bupyca, L[1]] Bupyca
Obut0 cnaboe, AECTPYKIMM MOHOCIOS HE HACTymajgo. B manpHEHIIMX HCCIeqoBaHUSAX OBLIO
OTIPEJIENIEHO, YTO ONTUMAJIbHON OKa3anach 2 % KOHILIEHTpAIHs CIBOPOTKH.

BupycHble 0ON€3HM IUIOTOSIHBIX TMPHUYMHSIOT 3HAYUTENBHBIA  ymepO IymHOMY
3BEPOBO/ICTBY, JOMAIIHEMY U CITyK€OHOMY co0akoBoACTBY. Hanbosiee onacHbIM U3 HUX SIBJIIETCS
gyma IIOTOSAHBIX. [IepBbie BCIBIIIKY 3THX OoJe3nel nosBumchk B Asun 3000 et Hazaz, a 3aTeM
pacnpocTtpanuiauck Ha bimxauil Boctok, a 3arem B EBpomny. B Poccun uymy cobax BrnepBbie
3apeructpupoBaiv B 1762 r. B Kpeimy u Ha3Banm e€ "kpbIMcKast Ooje3Hsp', 3ateM B 1770 r. eé
oboHapyxumu B Mockse [9]. Ha tepputopum PecnyOmmkm Kazaxcran dyma IIOTOSTHBIX
BCTpEYaETCsl IOBCEMECTHO. AHAIM3 JIUTEPATyphl IIOKA3bIBAET, YTO JIaHHOE 3a00JI€BaHNE B CTPaHE
B pa3HbI€ TOJIbl PETUCTPUPOBAIIU CpeIn COOAK PA3IMYHBIX MOPOJI, HOPOK, TXOP30(peoK, NECIIOB,
nuc u Tronenen. [10, 11].

Bupyc uymbl IUIOTOSIHBIX MOXET OBbITh aJalNTUPOBaH K KypUHBIM HMOpPHOHaAM H
KYJIbTUBUPOBATHCS B HHUX IPHU 3apaXKCHUU Ha XOPUOHAJUIAHTOMCHYIO 000J0uKy. B o0osiouke
MOSIBJISIIOTCSL  cepoBaThie (DOKYyChl M TSDKM, B pe3yiabTaTe SMOpHUOHBI THOHYT. 3apakeHue
SMOpPHOHOB BHECEHHEM BUPYCCOJIEPKAIEr0 MaTepualia B KEJITOUHbIN MEIIOK BeAET K THOeIH X
Ha 7-11-e cytku nocine 3apaxenus [12]. W3 nurepaTypHbIX TaHHBIX U3BECTHO, YTO BUPYC UyMbl
IUIOTOSIAHBIX aKTHBHO Pa3MHOKAETCSl B MEPBUYHBIX KYJIbTYpax KJIETOK MOYKU U JETKUX CO0akK,
XOPBKOB, CIIM3UCTON 000I0YKH MOYEBOT0 My3bIpsi COOAK, a aAANTHPOBAHHBIE IIITAMMBI - B KJIETKaX
KypUHOTrO 3MOpHOHa U B nepeBuBaeMbIx kieTkax - MDBC, Vero u ap [13]. Hutonatuyeckoe
JEHCTBUE BUpPYCa MPOSIBISETCS 00pa3oBaHUEM CHHIMTHS uyepe3 7—14 mHel mocie 3apakeHus
MoHocnos [ 14]. Bupyc mocne agantaiiii BO3MOKHO KYJIbTUBUPOBATh Ha 3—0-MECSYHBIX XOPbKax
1 6—12-MecsSYHbIX IIEHKaX co0akK.

[lo pesymbraraM HamUX HCCIAEAOBAHUN BUPYC YyMbl IUIOTOSJHBIX aJalTUPOBAH K
kyaetypam kierok IIT, IIA, Vero, IIII, BHK-21, CIIOB, IB-RS-2, TIO, nauunas c¢ 3-ro
naccaxuoro ypoBHs, Bei3siBaeT L{I1]] uepes 48—72 wacos. Hanbosiee ontuManbHON CUCTEMOM JTst
Pa3MHOKEHHSI BUPYCa YyMbl TUIOTOSIAHBIX HAMM MPU3HAHA KyJIbTypa Kietok Vero. L{ITJ] Bupyca
pasBuBaercs uepe3 48—56 yacoB, TUTp BHpyca cocTaBun 6,25 lg TII/Iso/cm®. OmpeneneHs
OCHOBHbIE MapaMeTpbl (3apakarolasi 1033, KOHLEHTPAlMs CHIBOPOTKH, MUTATENbHAs Cpena)
KYJIbTUBHPOBAHUS BUPYCa YyMBI IJIOTOSIHBIX B KYJIBTYPE KIETOK Vero, Mo3BOJISIIOIINE MOTyYaTh
AKTUBHYIO BUPYCCOJIEPKAIIYIO CYCIICH3HIO.

3akioueHue

B pesynbrare mNpOBEACHHBIX HCCIENOBAHUN OMNpEAeNeHbl ONTHMAIbHBIE CHCTEMBI
KYJIbTUBHPOBAHUS BUPYCA YyMbI IIOTOSIHBIX HA KYJIbTYpaxX KJIETOK U YCTaHOBJICHBI OCHOBHBIC
napaMmeTpsl, MO3BOJSIONIUE MOJy4aTh BUPYCCOACPIKAIIYIO CYCHEH3UIO BUpYCa, MPUTOAHYIO B
TEXHOJIOTUM M3TOTOBJICHUS cCleuu(UYecKuX aHTUreHOB. [lodydyeHHble HaMU pe3yabTaThl
COBIA/IAIOT C JIUTEPATYPHBIMH JAHHBIMH U JOTOJIHAET HH(GOPMaIKIO0 00 ONTUMATBHBIX YCIOBUIX
KYJIbTUBHPOBAHUS BUPYCA UYMBbI TUIOTOSITHBIX.

duHaHCUPOBaHUE

PaGora BbIMONHEHAa B paMKax TOCYAApCTBEHHOTO 3aJaHusl «YCIyrd 1o oOecrnedyeHuro
Ouonoruueckoi 6e30macHoCTH B chepe HayKu» Mo 1eneBoMy GuHaHncupoBanue Ha 2022 ro npu
noanepxkke Komutera Haykn MuHHCTEepcTBa Haykd W BBICHIEro oOpa3zoBaHusi PecmyOnmuku
Kazaxcras.
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ET KOPEKTLJIEP OBACHI BUPYCBIH OCIPYIIH OHTAMJIBI )KYHECIH
TAHJIAY

Tyiiin
ET Kopekrinep ob6ackl BUpYChI — KbI30a, THEBMOHUSI, IIBIPHIILITH KAOBIKTHIH KaOBIHYbI, JTCHKOICHHS
KOHE OPTAJIBIK JKYIKe KyHeciHiH 3aKpIMIaHYbIMEH CHIIaTTaJaThbIH ©Te )KYKNaJbl aToreH. by aypynsix
cOHBI KeOiHece eaiMMeH asikTanaabl. by aypyra Oapiblk UTTEpIiH TYpiepi, Ky3eH, apKTUKaIbIK TYJIKi,
KaCKpIp, TYJIKi, UTOAJBIK, XKOI0APHIC JKoHE T.0. €TKOpeKTinepAiH OapibiFbl OeifiM Oombi kenemi. COHFbI
KbUIIAPhl MPUMATTapAa, OHBIH ILIHAE achbll TYKbIMIbI OHE jkKa0albl pe3yc MalMbULAApbl MEH SIBaH
MakakalapblHIAa €T KOopekTuiep ofacel Typ apaiblk uHGeKkuus TypiHae Oaiikanapl. Pesyc
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MalMBUTIAPBIHAAFEI 71iM KepceTkinn 5-30% sxerti. bys BUpycIieH Kypecy/liH FachIpFa KYbIK TapUXblHA
KapamacTaH, AUarHOCTHKA, aJJIbIH ally KOHE HAaKTHl eMey Macemnenepi o3eKkTi 0omibn Kana oepeni. byn
MOCENICHIH ~ MAaHBI3BUIBIFBIH ~ ©CKEePE  OTBIPBIN, JUATHOCTUKAJBIK HEMeCe MPOQPHIAKTHKAIBIK
mperapaTTap/bl xKacay YIIiH )KOFapbl OCICEH I BUPYCTHIK OMOMAaCCaHbI JKacay KaXeTTUTIr KOFaphl OOJIBIIT
tabbutabl. OChbIFaH OalNaHBICTHI, OI3MIH 3epTTEyJepiMi3 €T KOPEKTiIep 00achl BUPYCHIHBIH JKacylla
OCIHJIICIH/IC 6Cy ePeKIIESTIKTepiH aHbIKTayFa XKOHE OHTAIIIbI 6cipy JKYHECIH TaHaayra apHaIbl. 3epTTey
HOTHXKECiHIe Vero jxacyiia eciHIici €T KOpeKTijiep 00ackl BAPYCHIH OCIpY YIIIiH €H OHTAMIIbBI ACT TaHbLIIbI.
Bupycrein LITIO 48-56 caraTta namubl, Bupyc TuTpi 6,25 Ig TIDso/cM’ kypaasl. ConbiMeH KaTap Vero
JKaCyIlla eCiHIIICIHAE T KOPEeKTUIep 00achl BUPYCHIH OCIPYIiH HETI3ri mapaMeTpiiepi aHbIKTa b,
KinTTi ce3nep: er Kopekriniep 00ackl, kacyllia eCiHIICi, BUPYCThI 6Cipy, BUPYCTHIH OCHiMACIYI.
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SELECTION OF THE OPTIMAL SYSTEM OF CULTIVATION OF
CARNIVOROUS DISPEST VIRUS
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Abstract

Canine distemper virus is a highly contagious pathogen characterized by fever, pneumonia, mucosal
inflammation, leukopenia, and central nervous system involvement. This often leads to the death of
carnivores. All dogs, regardless of breed, are susceptible to this disease, minks, arctic foxes, wolves, foxes,
seals, tigers, etc. In recent years, interspecific infections of canine distemper have been observed in non-
human primates, including bred and wild rhesus monkeys and cynomolgus monkeys. Mortality from canine
distemper in rhesus monkeys reaches 5-30%. Despite almost a century of history of the fight against this
infection, the issues of diagnosis, prevention and specific treatment remain relevant. Considering the
importance of this problem, it is necessary to develop a highly active viral biomass in order to develop
diagnostic or prophylactic agents. In this regard, our studies were devoted to studying the cultural properties
and determining the optimal conditions for the cultivation of canine distemper virus.

As a result of research, we have recognized the Vero cell culture as the most optimal for the
propagation of canine distemper virus. Cytopathic effect of the virus develops in 48-56 hours, the virus titer
was 6.25 Ig TCIDsy/cm’. The main parameters of canine distemper virus cultivation in Vero cell culture
were also determined.

Keywords: canine distemper, cell culture, cultivation, virus adaptation.

Plague of carnivores is a highly contagious, ubiquitous disease accompanied by high fever,
inflammation of the mucous membranes of the respiratory and visual organs, and damage to the
central nervous system [1]. The plague has been known since the domestication of dogs. The
causative agent of carnivorous plague is an RNA-containing virus that has two proteins on its
surface-antigens H and F. The carnivorous plague virus is a member of the Paramyxoviridae
family, the genus Morbillivirus. The human measles virus, cattle plague and pathogens of a
number of other diseases belong to the same group [2, 3].

It is important to note that recently there have been outbreaks of carnivorous plague with
high mortality among non-human primates. A major outbreak of carnivorous plague occurred in
rhesus monkeys on a breeding farm in Guangxi Province in 2006, followed by another outbreak
in rhesus monkeys at the animal Center in Beijing in 2008. Mortality from carnivorous plague in
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rhesus monkeys reaches 5-30%. In this regard, there is a possibility of transmission of the virus
from animals to humans in the future [4, 5].

Carnivorous plague can occur at lightning speed, hyperacute, acute, subacute, abortive,
typical and atypical. According to clinical signs, there are catarrhal, pulmonary, intestinal,
cutaneous, nervous and mixed (generalized) forms of the disease. The development of a particular
form of plague is determined by the reactivity of the animal's body. The same strain of the pathogen
can cause different types of clinical signs in animals [6].

Despite the almost century-old history of the fight against this infection, the issues of
diagnosis, prevention and specific treatment remain relevant. To develop diagnostic and
preventive means, it is necessary to develop a highly active viral biomass. Modern requirements
for the effectiveness and safety of veterinary drugs, as well as their high-quality production in
compliance with GMP rules, lead to the improvement of technologies for the manufacture of
vaccine preparations, the production of which is reduced to the cultivation of vaccine strains of
various viruses in a transferable cell line. Determination of optimal conditions for virus cultivation
1s the most important characteristic of a virus-containing suspension suitable for the manufacture
of specific prophylaxis. Obtaining a virus with the greatest biological and antigenic activity allows
the development of antiviral drugs with high immunogenic activity. Based on this, the purpose of
this study is to select the optimal system for cultivating the carnivorous plague virus.

Materials and methods

Virus strains. The strains "LD" and "Vacchum" of the carnivorous plague virus were used
in the work.

Choosing the optimal system for cultivating the carnivorous plague virus. According to
numerous researchers, both primary and transferable cell cultures are used for the cultivation of
the carnivorous plague virus [9, 10].

Adaptation of the carnivorous plague virus to cell culture was carried out using the following
cell lines: primary-trypsinized — lamb kidney and calf kidney, as well as transplanted cell culture
lines — Vero, BHK-21, kidney of a pig embryo, IB-RS-2 and sheep kidney grown in test tubes. To
adapt the strain "LD" and "Vacchum" of the carnivorous plague virus to the cell line, 6 consecutive
passages of the virus were carried out on the above cultures.

To study the effect of the quality of the supporting nutrient medium on the reproduction of
the carnivorous plague virus, we tested the SSW, DMEM and Igla nutrient media available in the
RIBSP. In order to determine the effect of serum concentration on the reproduction of the
carnivorous plague virus in cell cultures, we tested 1, 2, 5 and 10% concentrations of fetal serum
of calves in a supportive environment.

Determination of the biological activity of a strain of carnivorous plague virus in tested
cultivation systems. To determine the optimal infecting dose of the carnivorous plague virus at
which its greatest accumulation occurs, we tested doses of the virus from 0.01 to 1 TCID so/cl.
Upon achieving cytopathic effect in the monolayer of cell culture by 85-90%, mattresses were
subjected to two cycles of freezing-thawing in the range from minus 40°C to room temperature.
The collection of virus-containing materials (VCM) of each passage was carried out under aseptic
conditions in sterile vials. At the same time, samples were taken from each vial with VSM to
determine the biological activity of the virus in accordance with the method. The virus titer was
calculated using the Reed 1.J. and Muench H. A method were specified in Ig TCIDso/cm’ [7]. The
sterility of the VCM of each passage was determined according to Interstate Standard 28085-2013
[8].

Statistical processing of the results. All experiments were carried out in three-fold repetition.
Statistical processing of experimental data was carried out with the calculation of the arithmetic
mean (M) and the mean square error (m) using the computer program "Microsoft Excel" and
GraphPad Prism version 8.0.1. Digital data were subjected to statistical analysis with the
determination of averages and their errors by the direct and difference method according to the
Student.
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Results and discussion

Choosing the optimal system for cultivating the carnivorous plague virus

Using the above cell cultures, 6 consecutive passages were carried out. The results of these
studies are presented in table 1.

Table 1 - Virus adaptation to different cell cultures

Name of the cell . . Passage level
Virus/strain
culture 1 5 3 4 5 p
HLDH + + + + + +
lamb kid --- +-- ++ - +++ +++ +++
amb kidne
’ "Vakchum" " * * * * +
--- +-- ++ - +++ +++ +++
HLDH + + + + + +
1fkid --- +-- ++ - +++ +++ +++
calf kidne
’ "Vakchum" " * * * * +
--- +-- ++ - +++ +++ +++
HLDH + + + + + +
e --- ++ - +++ +++ +++ +++
ero
"Vakchum" " * * * " *
akehum --- +-- +++ +++ +++ +++
HLDH - + + + + +
BHK-21 --- --- +++ +++ +++ +++
_ "Vakchum" " * * * " *
akehum --- +-- +++ +++ +++ +++
. . uLDu - - - - - = + +
kidney of a pig --- - - + + +++ +++ +++
embryo " " - +- + + + +
Vakehum --- -- +-- +++ +++ +++
"LD" - - - + + + +
IB-RS-2 --- -- ++ - +++ +++
) ] " " - T + + + +
Vakchum N - .
"LD" - - + + + +
heep kid --- -- +-- ++ - +++
sheep kidney - - - " m " — -
Vakchum + +++ +++ +++
Notes:

1 «+ - - -» — the appearance of cytopathic action by 25%;

2 «+ + - -» the appearance of cytopathic action by 50%;

3 «+ + + -» — the appearance of cytopathic action by 75%;
4 «+ + + +» — the appearance of cytopathic action by 100%;
5 «- - - -» — absence of cytopathic action.

As can be seen from the results of Table 1, the carnivorous plague virus adapts to cell cultures
of lamb kidney, calf kidney, Vero, BHK-21 and kidney of a pig embryo at the 3rd passage level.
The adaptation was longer, at the 4th passage level, to cell cultures of the IB-RS-2 and sheep
kidney transplanted line.

In the cultures of the cells of lamb kidney, calf kidney, Vero and BHK-21 the cytopathic
action of the virus developed 48-56 hours after infection, the destruction of the monolayer and its
detachment from the glass was observed after 72 hours. In cell cultures, the kidney ofa pig embryo,
IB-RS-2 cytopathic action of the virus developed after 72 hours. Reproduction of the virus was
accompanied at first by focal, and later, after 96 hours, almost complete destruction of the cellular
monolayer.
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Thus, the conducted studies have shown that all tested cell cultures are sensitive to the
carnivorous plague virus. It should be noted that a more pronounced and earlier cytopathic action
of the carnivorous plague virus is observed in the cell cultures of lamb kidney and Vero. It was
also noted that calf kidney and kidney of a pig embryo cell cultures have satisfactory
characteristics.

Development of optimal parameters for obtaining active virus-containing material in
selected cultivation systems

The results of determining the biological activity of the virus strain in the tested cultivation
systems are presented in Table 2.

Table 2 — Biological activity of the carnivorous plague virus in various cell cultures

. . . . . . 3
Name of the cell | Number  of Biological activity of viruses in cell culture, Ig TCIDso/cm” (M+m)
culture experiments
"LD" "Vakchum"
lamb kidney 3 5,75+0,11 5,31+0,08
calf kidney 3 5,00+0,14 4,73+40,12
Vero 3 6,25+0,11 5,75+0,12
BHK-21 3 5,0+0,07 4,77+0,11
Kidney of a pig 3 4,5+0,10 4,43+0,09
embryo
sheep kidney 3 4,03+0,09 3,77+0,11

From the data presented in Table 2, it follows that the most acceptable cell culture for
determining biological activity is the cell cultures of lamb kidney and Vero. At the same time, the
biological activity of the virus is 5.75-6.25 lg TCIDso/cm®, respectively.
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Figure 1 - Biological activity of the carnivorous plague virus in various cell cultures

To determine the optimal infecting dose of the carnivorous plague virus at which its greatest
accumulation occurs, we tested doses of the virus from 0.01 to 1 TCIDso/cl., which infected the
Vero cell culture. The collection of viral raw materials was carried out 72-96 hours after infection.
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The biological activity of the viral material was determined by titration of samples in Vero cell
culture.

As a result of these studies, it was found that the greatest accumulation of the carnivorous
plague virus in cell culture (6.25 lg TCIDso /cm®) occurs at an infecting dose of 0.1-0.5 TCIDso/
cl., and the optimal time for collecting viral material is 96 hours.

To study the effect of the quality of the supporting nutrient medium on the reproduction of
the carnivorous plague virus, we tested the SSW, DMEM and Igla nutrient media available in the
RIBSP. As a result of the conducted studies, it was found that the nutrient medium of Igla and
SSW decreased its pH after 48-72 hours and caused a sharp slowdown in the reproduction of the
virus and the necrosis of the monolayer of cells. The DMEM medium did not affect the cell
monolayer for 8-10 days and contributed to the reproduction of the carnivorous plague virus in the
tested cell cultures after 72-96 hours. The cytopathic effect of the virus on the Vero cell culture is
shown in Figure 2.

Figure 2 — cytopathic effect of carnivorous plague virus in vero cell culture (magnification x 100).

In order to determine the effect of serum concentration on the reproduction of the
carnivorous plague virus in cell cultures, we tested 1, 2, 5 and 10% concentrations of fetal serum
of calves in a supportive environment. As a result of the conducted studies, it was found that the
1% serum content did not contribute to the rapid accumulation of the virus, the cytopathic effect
of the virus was weak, the destruction of the monolayer did not occur. In further studies, it was
determined that the optimal serum concentration was 2%.

Viral diseases of carnivores cause significant damage to fur farming, domestic and service
dog breeding. The most dangerous of them is the plague of carnivores. The first outbreaks of these
diseases appeared in Asia 3,000 years ago, and then spread to the Middle East, and then to Europe.
In Russia, the plague of dogs was first registered in 1762 in the Crimea and called it the "Crimean
disease", then in 1770 it was discovered in Moscow [9]. On the territory of the Republic of
Kazakhstan, the plague of carnivores is found everywhere. An analysis of the literature shows that
this disease has been registered in the country in different years among dogs of various breeds,
minks, thorzofredok, arctic foxes, foxes and seals. [10, 11].

The carnivorous plague virus can be adapted to chicken embryos and cultured in them when
infected with the chorionallantoid shell. Grayish foci and strands appear in the shell, as a result,
the embryos die. Infection of embryos by introducing virus-containing material into the yolk sac
leads to their death on the 7th-11th day after infection [12]. From the literature data, we know that
the carnivorous plague virus actively reproduces in primary cultures of kidney and lung cells of
dogs, ferrets, and the mucous membrane of the bladder of dogs, and adapted strains - in chicken
embryo cells and in transplanted cells - MDVK, Vero, etc. [13]. The cytopathic effect of the virus
is manifested by the formation of syncytium 7-14 days after infection of the monolayer [14]. After
adaptation, the virus can be cultivated on 3-6-month-old ferrets and 6-12-month-old dog puppies.
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According to the results of our studies, the carnivorous plague virus is adapted to cell cultures
of lamb kidney, calf kidney, Vero, BHK-21, kidney of a pig embryo IB-RS-2 starting from the 3rd
passage level, causes cytopathic effect in 48-72 hours. We have recognized the Vero cell culture
as the most optimal system for reproduction of the carnivorous plague virus. The cytopathic effect
of the virus develops after 48-56 hours, the titer of the virus was 6.25 Ig TCIDso/cm®. The main
parameters (infecting dose, serum concentration, nutrient medium) of cultivation of the
carnivorous plague virus in Vero cell culture allowing to obtain an active virus-containing
suspension have been determined.

In order to determine the effect of serum concentration on the reproduction of the
carnivorous plague virus in cell cultures, we tested 1, 2, 5 and 10% concentrations of fetal serum
of calves in a supportive environment. As a result of the conducted studies, it was found that the
1% serum content did not contribute to the rapid accumulation of the virus, the cytopathic effect
of the virus was weak, the destruction of the monolayer did not occur. In further studies, it was
determined that the optimal serum concentration was 2%.

Viral diseases of carnivores cause significant damage to fur farming, domestic and service
dog breeding. The most dangerous of them is the plague of carnivores. The first outbreaks of these
diseases appeared in Asia 3,000 years ago, and then spread to the Middle East, and then to Europe.
In Russia, the plague of dogs was first registered in 1762 in the Crimea and called it the "Crimean
disease", then in 1770 it was discovered in Moscow [9]. On the territory of the Republic of
Kazakhstan, the plague of carnivores is found everywhere. An analysis of the literature shows that
this disease has been registered in the country in different years among dogs of various breeds,
minks, thorzofredok, arctic foxes, foxes and seals. [10, 11].

The carnivorous plague virus can be adapted to chicken embryos and cultured in them when
infected with the chorionallantoid shell. Grayish foci and strands appear in the shell, as a result,
the embryos die. Infection of embryos by introducing virus-containing material into the yolk sac
leads to their death on the 7th-11th day after infection [12]. From the literature data, we know that
the carnivorous plague virus actively reproduces in primary cultures of kidney and lung cells of
dogs, ferrets, and the mucous membrane of the bladder of dogs, and adapted strains - in chicken
embryo cells and in transplanted cells - MDVK, Vero, etc. [13]. The cytopathic effect of the virus
is manifested by the formation of syncytium 7-14 days after infection of the monolayer [14]. After
adaptation, the virus can be cultivated on 3-6-month-old ferrets and 6-12-month-old dog puppies.

According to the results of our studies, the carnivorous plague virus is adapted to cell cultures
of lamb kidney, calf'kidney, Vero, BHK-21, kidney of a pig embryo IB-RS-2 starting from the 3rd
passage level, causes cytopathic effect in 48-72 hours. We have recognized the Vero cell culture
as the most optimal system for reproduction of the carnivorous plague virus. The cytopathic effect
of the virus develops after 48-56 hours, the titer of the virus was 6.25 lg TCIDso/cm’. The main
parameters (infecting dose, serum concentration, nutrient medium) of cultivation of the
carnivorous plague virus in Vero cell culture allowing to obtain an active virus-containing
suspension have been determined.

Conclusion

As a result of the conducted studies, optimal systems for cultivating the carnivorous plague
virus on cell cultures were determined and the main parameters were determined that allow
obtaining a virus-containing suspension of the virus suitable for the production of specific
antigens. The results obtained by us coincide with the literature data and complements the
information about the optimal conditions for the cultivation of the carnivorous plague virus.
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BJIUSTHUE DHIOP®UTHBIX MUKPOOPTAHU3MOB HA YCTOMYNUBOCTH
NIEHUIBI K 3ACOJIEHUTIO
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AHHoOTaNUS

3aconeHne TO4YB SIBISIETCS cepbe3HOi mpobnemoit PecmyOnumkm Kazaxcran. OmuH w3 myTei
MOBBIIIEHUSI TOJIEPAHTHOCTH CEJIBCKOXO3IUCTBEHHBIX KYJIBTYpP K COJIEBOMY CTPECCY — HCIOJb30BAHUE
COO0IIECTB 3HAOPUTHBIX MHUKPOOPTaHMU3MOB, MOBBIMIAIOIINX YCTOHYMBOCTh PACTEHUH K pa3iInYHBIM
MOBPEKIAIONIMM  BO3JEHCTBUsIM. B naHHONH paboTe TMOKa3aHO BIMSHUE JHIAOPDUTOB pPACTCHUM,
MPOM3PACTAIONINX B 3aCYIUIMBBIX YCIOBHUSX, Ha CIOCOOHOCTh MPOPOCTKOB MIIEHUIIBI MTPOTHBOCTOSATH
coJieBOMY crpeccy. Haummyuine pe3yapTaTbl HA CHHTETUYECKON Cpele OKa3ala aCCOLUALINS U3 PACTECHUS
Erigeron canadensis B coderanuu ¢ 3HAO(DUTHBIM AKTHHOMHIICTOM IIIICHUIIbI, OTHECCHHBIM K BHIY
Streptomyces curacoi. BausiHue npeiBapuTenbHON aanTau 3H10(QUTHBIX MUKPOOPTaHU3MOB K XJIOPHILY
HATPUS HA YCTOMYMBOCTD PACTEHHUS-X035MHA K 3aCOJICHUIO OBLIO TIOKA3aHO HAMH BIIEPBHIE.

KaioueBsble cioBa: 3HA0GUTHI, IIEHUIA, COTIEYCTOWINBOCTD, alalTallls, aKTHHOMHIIETHI.

Ha tepputopun Kazaxcrana 41% nouB oTHOCHUTCS K 3acojieHHbIM. OCOOEHHO IIUPOKO OHU
pacrnpoCTpaHEeHbI B I0KHBIX M IIEHTPaIbHBIX paiioHax [1]. [loBceMecTHO OTMeHaeMble M3MEHEHUS
KIIMMaTHYECKUX YCIOBUM B COYETAaHHWU C HEPALMOHAIBHOM JESTeNbHOCTHIO YeOBEKa HAHOCAT
CEepPhE3HBI YPOH PpACTEHUEBOJCTBY, CHWXAas YypPOKAWHOCTh M KA4ECTBO MPOU3BOAUMOUN
npoaykuuu. [lo npubnusurensHomy pacuery ®AO okoso 96,5% cenbCcKoX03HCTBEHHBIX 3eMellb
B MHUpE MOJBEPKEHBI abnoTHYecKuM cTpeccam [2]. Hauboiiee cepbhe3HbIil aOMOTHYECKUI CTpece
BO BCEM MHpE, BIHUAIOIIMNA Ha POCT M MPOJYKTUBHOCTH PACTEHUN 3a CUET BO3ACUCTBUS Ha
HECKOJIbKO (PU3HOJOTHYECKUX U METAa00IMYECKUX MPOIIECCOB, CBSI3aH C 3aCYXOH M 3aCOJICHUEM.
[ToBbIlIeHHE KOHILIEHTPALUU COJIM B TOM U APYTrOM ciiydae SIBJISETCS MPUYUHOW OCMOTHYECKOTO
cTpecca pacTeHM W pOCTa HOHHOW TOKCUYHOCTH, IPU KOTOPBIX CHIDKAETCS CKOPOCTD
MIpOpacTaHusi CEeMsIH, UHTUOUpyeTcs: (POTOCUHTE3 PACTEHH, TepsSETCs LENOCTHOCTh KIETOUHBIX
MeMOpaH | TIOBBIIIAETCS OOpa3oBaHUE aKTUBHBIX (opMm kuciopoga [3-5]. M30wITouHOE
MOTJIONIEHNE ¥ HAKOTJIEHUE MOHOB HATPUS U XJIOPA B TKAHSAX PACTCHUM MPUBOAUT K CEPbE3HOMY
MOHHOMY fucbanancy U GyHKIMOHAIbHBIM HAPYILIEHUSM, 8 UMEHHO MPEMATCTBYET MOTJIOMICHUIO
AIIEMEHTOB, HEOOXOAMMBIX JJIsl POCTa U PA3BUTHS, TAKMX KAaK HMOHBI Kajus, YTO MPHUBOJIUT K
CHIDKEHUIO MPOTYKTUBHOCTU U BO3MOXKHOM rHOENH pacTeHwui [6].

Panee mpumeHsieMble CENEKIMOHHBIE M TPAHCTEHHBIE TEXHOJOTUU MOBBIIICHUS
PE3UCTEHTHOCTU KYJIbTYPHBIX PACTEHUH, B OCOOCHHOCTH B OTHOILIEHUHU COJICYCTOMYMUBOCTH, MTOKA
HE YBEHUYAIMCh OKOHYATENbHBIM yCIieXoM [ 7, 8]. MHOTOUYMCIEHHBIMH UCCIIEIOBAHUSIMH NTOKA3aHO,
YTO TOJEPAHTHOCTh PACTEHHUH K COJIEBOMY CTPECCY MOKHO MOBBICUTH C TIOMOIIBIO 3K30T€HHBIX
OMOCTUMYJIATOPOB, TAKUX KaK pU300aKTepuH, CocoOCTBYIOMUX pocty pactenuit (PGPR) [9-12].
OHM T[pPUMEHHMMBI K LIUPOKOMY KPYIy CEIbCKOXO3AWCTBEHHBIX KYJIbTYP MJSl YIYYIICHHS
MIPOpacTaHus CEMsIH IPU OJHOBPEMEHHOM YBEJIMYEHUU OMOMACCHI M IPOAYKTUBHOCTH PacTeHUN
[13-15]. BompmuactBo PGPR  BkIOWaroT pasinuuHble IITaMMbl  BuaoB Agrobacterium,
Azospirillum, Bacillus, Pseudomonas u Rhizobium [16, 17]. Oanako 3amiutHbie cBoiictBa PGPR
He 0e3rpaHUYHbl U C YBEIMYCHHEM 3aCOJICHUS TePSIOT CBOWCTBA CTUMYIISIIIMHM POCTa pacTEHUM
[18].
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B xommuekcHoi 00pr0e ¢ MOBPEKAAIOUINM BO3JICHCTBUEM TaKMX aOMOTHYECKHX (PaKTOPOB
KaK 3acyxa, 3acOJIEHHE, a TaKKe HHM3Kas WIM BBICOKAs TEMIlepaTypa, CTPECC, CBSI3aHHBIM ¢
TSOKETIBIMH ~ METalIaMH, Hapsay ¢ TpPaJuIUOHHBIMH crnoco0aMu HCHOJb30BaHUs —Ooiee
YCTOMUYUBBIX COPTOB KYJIBTYPHBIX PAaCTeHUH Bce OoJiblliee 3HAUEHUE MPUOOpPETaeT MPUMEHEHHE
SHIO(PHUTOB — COOOIIECTB MUKPOOPTaHU3MOB, KOJIOHU3UPYIOIIUX PACTEHUS W MOBBIIIAIONINX HX
CIIOCOOHOCTh TIPOTHBOCTOSITh PA3IMYHBIM TOBPEXKIAIONIUM Bo3aelicTBusM [19-25]. TlokazaHo,
9TO SHA0(PHUTHBIE AKTHHOMHIIETHl MOTYT BBITIOJHATH (PYHKIIMH CTUMYIUPYIOIIUX POCT pAaCTEHUH
MHKPOOPTraHU3MOB 32 CUET Pa3HOOOPA3HBIX MEXaHU3MOB BO3/eiCTBUsA [26-28].

HenocpencrBennoe BiMsiHUE SHIO(DUTHBIX MHKPOOPTraHM3MOB Ha COJICYCTOHYHMBOCTD
pacTeHui emie KpaiHe cinabo uccnegoBano. OaHAKO, UMEIOTCS TaHHBIE O OOJIETYeHUH COJIEBOTO
cTpecca y pacTEeHUH Tomara ¢ IOMOINBI0 TaJOTOJICPAHTHOTO akTuHomHmIeTra [29]. Qin u
coaBTopamu [30] moka3aHO, YTO PHAO(PUTHBIE AKTUHOMMUIIETHI BHOCST BKJIAJ B YCTOMYHMBOCTH
ramoutHOro pacteHus Limonium sinense. BeisiBieHo Takke, YTO KOJOHH3AIMS IIICHHIIBI
SHAO0(UTHBIMU aKTHHOMMIIETAMU IPOUCXOAMT Ha CaMbIX paHHUX CTaausax pasBurtus [31], dro
MOJKET OBITh MOJIE3HBIM MPH MPEAIOCEBHON 00pabOTKe CEMSIH.

B nanHO# paloTe BbIIENEHBI SHAO(DUTHBIE AKTMHOMHULIETHI MIIEHUIBI U HMCCIEI0BAHO
BIMSIHAE DHIO(DUTHBIX MUKPOOPTAHU3MOB, BBIJICIICHHBIX M3 Pa3IMYHBIX PACTCHUH B YCIOBHAX
3acyXH, Ha CIIOCOOHOCTh MPOPOCTKOB MIIEHUIIbI TPOTUBOCTOATH cojieBoMYy cTpeccy. Mcxoas us
MIPEbIAYIIEro OMbITa paboThl B 00JACTH MOBBIIMIEHUSI YCTOMYUBOCTH MHUKPOOPTAaHU3MOB ITyTEM
aJlanTanuyu K coJeBoMy cTpeccy [32], caenaHo Takke MPEeArnoiokKeHHe 0 BO3MOKHOCTH BIIMSIHUS
MIpeIBAPUTENIbHON aJanTaluuu HHA0(QUTHBIX MHKPOOPTaHM3MOB K COJIEBOMY CTpeccy Ha
COJIEyCTOMYMBOCTh PACTEHUN-X035EB.

O0BEeKTHLI 1 METOALI MCCJIe10BaAHUS

B pabote ucnonp3oBanu panee BoiaeneHHble acconuanuu OXK-Pa u OXII sanodutHBIX
MHKPOOPraHU3MOB M3 3aCyXOYCTOWYMBBIX PACTEHUI MEJIKOJCIECTHHK KaHajackuii Erigeron
canadensis u ropern nruumii Polygonum aviculare, oburaromux B mpemenax r. AiMaThl U
MOKAa3aBIIUX PaHEEe MOJIOKUTEIbHOE BIMSHUE HA POCT MIICHUIBI B JaOOPATOPHBIX YCIOBUAX
3acyxu [33].

DHA0(UTHBIE MHUKPOOPTraHU3MbI BBIJCISIIM W3 pacTeHui mienuisl (Triticum aestivum)
nocie 30-7HEeBHOrO KyJIbTHBUPOBAHHSA B JIADOPATOPHBIX YCIOBHSIX aTMOC(EpHON 3acyxu
(maumnas ¢ 10 qHsA OT 3aceBa) Ha MOYBE, OTOOPAHHOM 3a MpeenamMu . AjMaThl BOJIM3H TOJICH ¢
MOCEeBaMHU 3JIaKOBBIX KyJIbTYp. [l BeIAeeHus: S3HA0(PUTOB KOPHU U CTEOIN pACTeHUN TIIATEIBHO
OTMBIBAJIH, OTIOJIACKUBAJIA CTEPUIIBLHON BOJOTIPOBOTHOM BOIOH, pa3pe3alii Ha KYCOUKU Pa3MepoOM
okoJio 1 cm, oOpabaTbiBanu nocienoBaTenbHo 70% 3TaHOIOM, TUIIOXJIOPUTOM HATpHsl U CHOBA
70% »5TaHOJIOM, 3aT€M TpPEXKPAaTHO OTMBIBAJIM B CTEPUIILHOM BOJONPOBOJHOM Boxe. [lanee
KYCOUYKU CTEOJISI M KOPHS OTIEIBHO PAaCTUPATH B CTYIKE, J0O0ABIsUIA | MJ CTepHIIbHOM BOIBI U
BbIceBaM Ha cMech cpe (1:1): msaco-nenTonuslii arap (Nutrient agar, TM-Media, India) u Cabypo
(r/mm: rroko3a 40,0; nmernrron 10,0; arap-arap 20,0). [l KOHTpOJIst 9acTh HETbHBIX 00pab0TaHHBIX
KYCOUYKOB CTeOJISl M KOpHS pacKjiaJblBald Ha MOBEPXHOCTh cpenbl B yamkax lletpu, a Takxke
MIPOU3BOJIMIIM BBICEB BOJIBI U3 MocheAHero npoMbiBanus. [loceBsl kynbruBupoBanu mpu 30°C B
TeueHue 48 4. M3oimpoBaHHbIE aKTUHOMHIIETHI B JAIbHEUIIUM MOJIEP>KUBAIIM HA Cpele s
KynbTuBHpoBaHus aktuHoMmuieToB (TM Media, Uuaus).

Jis  MONeKyNIpHO-TEHETHYeCKOW  HMISHTHU(HUKAIMM  aKTUHOMHUIIETOB  MPOBOIIIIN
cekBeHupoBanue 16S pPHK mo Cosurepy. [lns ¢unoreneTnueckoro JpeBa HCHOIb30BAU
MOCIIEIOBATEIbHOCTH pePEepeHTHBIX ITaMMOB MexayHaponHoi 06a3bl naHHeIXx Blast NCBI.
[TocTpoenne gpeBa mpousBomwiau B  mporpaMmme Mera 11 ¢ BbIpaBHUBaHUEM
nocnenoBarenbHocTel o ClustalW.

Jy1st 0O6pabOTKM CeMsIH MIIEHUIIBI UCTIOIb30BaJIH accouanuu MukpoopranuzmMoB OXK-Pa u3
P. aviculare, OXII u3 E. canadensis u wu3onupoBaHHBIe aKTHHOMHIIECTHL. COCTaBIISFOIINEC
MUKpPOOPTraHMU3MBl TaK)Ke€ JOMOJHHUTEIBHO aJalTUPOBAM K XJIOPUAY HATPUS IMyTeM
MOCJIEIOBATENFHBIX MIEPECEBOB Ha ONTHUMAalbHYIO cpeny ¢ nobOasienueM 2% NaCl. Bnusnue
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KaKJI0W accolMaliy MCCIEN0BAIM C UCIIOJIb30BAHUEM HEAJANTHPOBAHHBIX U aJallTUPOBAHHBIX
MHUKPOOPTaHU3MOB.

JUia moJsiyyeHus accouualuii MCHOJb30BAIM PABHbIE COOTHOLIEHMS COCTABJISIOIINX
MUKpOOprann3MoB. CeMeHa MIISHUIbI COPTUPOBAIM M OTOMpaIM ceMeHa OJHOro pasmepa. Ha
OJIMH BapUaHT ombITa ucnojb3oBanu 2 yvamku Ilerpu mo 15 cemsan. CemeHa paBHOMEpPHO
cvaumBani 1 ma cycnensuu kietok (107 KOE/mn no cranpapry mytHoctn Mak-®apnania) B
CTEpUJIbHOW BOJIONPOBOJHOM BOJE M pAcKiaJbIBAIA HAa MMOBEPXHOCTU MOJTOTOBIIEHHOM CpEJIb
KospogrieBa ¢ no6asnennem xiaopuaa Hatpus (r/1: NaCl 10,0; MgS04 1,0; Ko:HPO4 1,0; CaHPO4
0,2; arap-arap 6,0; Boma BojompoBojaHAas). B koHTpone wucmonp3oBaiv 1 M CTepUIIbHOM
BostonipoBoAHOM Bojbl. KynerusupoBanu npu 30 °C. Yepes 3 cyTok mocie noceBa y4UThIBATH
KOJIMYECTBO MPOPOCIINX CEMSIH M KOJIMYECTBO KOPEHIKOB. Uepes 7 CyTOK 3amMepsiIu JUTUHY CTeOIs
Y MaKCHMAaJIbHYIO JUTHHY KOPHSL.

Cratuctrueckyro o0pabOTKy JaHHBIX MpoBoAWIM B mporpamMMme Excel ¢ ncnonabzoBanuem
oaHo(dakTopHoro aucnepcuonHoro ananuza ANOVA u anocrepuopHbIX TecToB. [[i1st cpaBHEHUS
CpPEIHUX 3HAYEHUH TI0 OTHOIIEHUIO K KOHTPOJIIO UCTIOBb30Banu kputepuit lannerra [34, 35], ans
MOTIAPHBIX CPaBHEHUH MeXIy o00pabOTKOW aganTUpOBaHHBIMH U HEaJalTHPOBAHHBIMU
BapUaHTaMM pa3IMYHBIX accouuanuii wucnonb3oBaiu TecT CrbrogeHTa. CTaTHUCTUYECKU
JOCTOBEPHBIMHU CUUTAIN pazmuuus npu p<0,05.

Pe3yabTaTsl M 00Cy:K1eHHE

W3 xopHell nieHuIpl, KyJIbTUBUPOBABIIEHCS B YCIOBUSX aTMOC(EPHOI 3aCyXHu BbIJEIECHO
HECKOJIbKO M30JITOB aKTHHOMMIIETOB, POAYLUPYIOIINX Oypblii mUrMeHT B cpeay. Cpenu HUX
0TOOpaHO J1Ba M30JIs1Ta, HaUOOJIee PA3TUYAIOIINXCS 110 CTENEHU MPOAYKIIUN MUTMEHTa B CPeNy:
Wh u 1zh2. TIpoBeneHa moeKyIsipHO-TeHEeTHYECKass UISHTU(HUKAIMS OTOOpaHHBIX IITAMMOB.
OMI0reHeTHYECKOe JPEBO IHIOPUTHBIX AKTHHOMUIIETOB MMIIEHUIIBI PUBEIECHO HA PUCYHKE 1.

NR 112253.1:72-858 Streptomyces alboniger strain MNBRC 12738

MR 115382 1:76-862 Streptomyces alboniger strain C55P432

NR 043228.2:102-888 Streptomyces alboniger strain DSM 40043

NR 115382.1:68-715 Streptomyces alboniger strain C5SP432
—— @ Wh

NR 114825.1:60-846 Streptomyces chartreusis strain ISP 5085
—L NR 112389 1:83-730 Streptomyces galilaeus strain NBRC 13400
NR 044518.1:80-866 Streptomyces plumbiresistens strain CCNWHX 13-160
NR 042097.1:72-858 Streptomyces phaeoluteigriseus strain ISP 5182
NR 112340.1:91-877 Streptomyces alboviridis strain NBRC 13013
NR 125579.1:96-882 Streptomyces graminilatus strain JL-6
MR 041058.1:78-864 Streptomyces cinereus strain NBRC 12247
NR 044146.1:106-892 Streptomyces flavovariabilis strain NRRL B-16367

NR 112525.1:84-870 Streptomyces cyaneus strain NBRC 13346
NR 037094 1:108-894 Streptomyces cyaneus strain H-112
NR 041085.1:82-868 Streptomyces canus strain NBRC 12872
MR 112351.1:62-709 Streptomyces lucensis JCM 4490 strain NBRC 13056
NR 041098.1:83-730 Streptomyces corchorusii strain NBRC 13032
@ 1zh2
NR 041217 .1:83-730 Streptomyces curacoi strain NBRC 12761
NR 115395.1:56-T703 Streptomyces chrestomyceticus strain CSSP548
MR 112394 1:83-730 Streptomyces capoamus strain NBRC 13411
NR 040856.1:90-737 Streptomyces capoamus strain JCM 4734
MR 041133.1:83-730 Streptomyces canarius strain NBRC 13431
NR 115453 1:66-713 Streptomyces canarius strain NRRL 2976

0.01

PI/IC}’HOK 1 — ®unorenernyeckoe APEBO BHI[O(I)I/ITHLIX AKTMHOMMUMIICTOB IIIICHUIIBI, KynLTHBHpOBaBmeﬁCH
B 3aCYIUIMBBIX YCIIOBHUAX
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CreneHb TOMOJIOTHH IOCIEA0BATEILHOCTH HYKIEOTHIOB H3oyATa 1zh2 ¢ OGnmxaimmm
mrraMmmoM NR 041217.1:83-730 Streptomyces curacoi strain NBRC 12761 cocrasuia 99,38%, a
uzoinsita Wh ¢ 6mmkaiimim mrammom NR 043228.2:102-888 Streptomyces alboniger strain DSM
40043-99,37%. Ha ocHOBaHMM TMOJyYEHHBIX pPE3YyIbTATOB, SHIAOMUTHBIE AKTHHOMHIIETHI
uneHTuduIMpoBaHbl Kak S. curacoi 1zh2 u S. alboniger Wh.

Bbienennpie  aKTHHOMHIIETHI  OBLTM  WCIOJIB30BAHBI COBMECTHO C  aCCOUMAIMSIMHU
3HI0GHUTHBIX MHUKpoopranu3moB E. canadensis u P. aviculare mns mpeamoceBHON 00pabOTKH
CeMsIH IIICHUIBI TPU KYIHTHUBUPOBAHWHM HA Cpe/e C IOBBIIICHHBIM COJCPKAHHEM XJIOpHIA
HaTpusi. Tabnumbl | ¥ 2 MOKa3bpIBAlOT JAHHBIE MO BIMAHUIO MPEANOCEBHON 00pabOTKU ceMsH
MIICHUIBl ACCOIMANMAMUA MHUKPOOPTaHMU3MOB, B TOM YHCJIE aIalTHPOBAHHBIMU K MOBBIIIEHHON
KOHIICHTPAIUHU XJIOPU/a HATPHSL.

Tabnuia 1 — I[oka3aTenu mnpopacTaHus CeMsH MIICHUIBI (depe3 3 cyTok) Ha cpene KoBpopiieBa ¢
nobasnenueM 1% xyopuia HaTpus

KonmaectBo cemsia
Accoruanus Bapuant C MPOPOCTKOM Cpennee KOMMACCTBO
KOpHEH, IIT.
crebmst, %
KonTtpoinb be3 00paboTkH 53 0,9+0,2
OX-Pa HeanmantupoBannsie 87 1,5+0,2
AnantupoBannbie k NaCl 87 1,8+0,2%*
OXII HeanantupoBaHHbIe 97 2,340, 2%**
AnantupoBannbie k NaCl 93 2,0+0,4*
OXII + S. HeanmantupoBannsie 93 2,1+£0,2%*
alboniger Wh Anantuposanssie k NaCl 100 2,0£0,2%*
OXII + S. curacoi | HeagantupoBaHHBIE 83 1,6+0,2
1zh2 Anantuposannsle K NaCl* 94 2,3+40,2%%
IMpumeuanne — OXK-Pa - xoncopuuyM sHIODUTHEIX MUKpoopranusmMos u3 P. aviculare; OXII -
KOHCOPIIMYM 3HIOGHUTHBIX MHKpOOpraHm3MoB u3 E. canadensis; * OTKIIOHEHHWE OTHOCHTEIbHO
KOHTpOJsl moctoBepHO mpu p<0,05; ** mpu p<0,01; *B rpade «BapmanT» 03Ha4aeT CTATHUCTUUECKH
JIOCTOBEPHOE OTJINYHE OTHOCHTEIILHO HeaJalTHPOBAHHOT'O BapUAHTA.

Tabnuma 2 — [lokazaTenu pa3BUTHS MPOPOCTKOB MIIEHHIBI (depe3 7 cyTok) Ha cpexe KoBposmesa c
nobasienneM 1% xmopuaa HaTpus

K . Cpennss Cpennsist
OJIMYECTBO PaCTECHUH
Acconmanus Bapmant o JITAHA JITTAHA
B % OTHOCHTEIHHO
KOPHS, MM crediIst, MM
3aceBa

KonTpons be3 obpaboTkn 37 - 3,9+0,4
OX-Pa HeanantupoBanusie 27 2,6+0,2 3,6+£0,4

AnanrrupoBannbie kK NaCl 27 2,2+0,2 3,3+0,6
OXII HeanantupoBanusie 50 4,8%+0,2 5,6%+0,5

AnanrrupoBannbie k NaCl 40 3,9+0,3 5,5+0,7
OXII + S. HeanantupoBanusie 37 3,6+0,3 4,4+0,4
alboniger Wh AnanrupoBanubie K NaCl 23 3,1+0,3 3,1+0,6
OXII + S. HeanantupoBanusie 50 3,6+0,3 3,4+0,5
curacoi 1zh2 AnanrrupoBannbie k NaCl 60 4,4*%+0,2 6,2%+0,2

[Mpumeuanue — OXK-Pa - koHcOpIyM 3H10GHUTHBIX MEKpoopranu3moB u3 P. aviculare; OXII -

KOHCOPIIUYM 3HIO0MDUTHBIX MHKpOOpraHu3mMoB u3 E. canadensis; “-“ HEBO3MOXXHO 3aMEpUTh H3-3a
pacnpocTpaHeHus TpruOKOBOH HH(EKINH; * OTKIIOHEHWE OTHOCHTEIHHO HEaJalITHPOBAHHOTO BApHaHTa
JnoctoBepHo npu p<0,05.

[IpuBenennsie B Tabnuue | naHHBIE MOKA3bIBAIOT, YTO 0OpabOTaHHBIE 3HAO(MUTHBIMU
MUKPOOPraHW3MaMu ceMeHa ObICTpee MpopacTaroT Ha cpejie ¢ fobaBiaeHueM 1% xiaopuaa HaTpus
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B CPaBHEHUHM C HEOOpaOOTaHHBIM KOHTpOJEM. YK€ uepe3 3 CYTOK IOCIe 3aceBa OTMEYaeTcs
pa3nuyre B KOJINYECTBE MPOPOCHIMX CEMSH U JUIMHE KOPEIIKOB MIICHUIIBI.

UYepes 7 cyrok (Tabnuma 2) BBDKMBAEMOCTh B KOHTPOJIE cocTaBmiia 37% MO OTHOMICHUIO K
KOJINYECTBY 3aCESIHHBIX CEMSH, @ B BAPHAHTE C 00pabOTKOI a1lanTHPOBAHHBIMU K XJIOPUTY HATPUS
MUKpOOpranm3Mamu accouuanuu uz E. canadensis, Bkirouaromeit S. curacoi 1zh2, - 60%.
3HaYNTEIbHOE BIIMSHHE HA IOJyYCHHBIE PE3yIbTAaThl OKA3aJI0 PaCIpOCTpaHEHHE T'PUOKOBBIX
3a0oneBaHuii MIIEHUIB! (PUCYHOK 2). OTcyrcTBHE TpPHOKOBOTO MOpPAKEHUS B BapuaHTE C
00paboTKO# SHAOPUTHBIME MHUKPOOPTaHU3MaMH MO3BOJISET MPEIINONIOKHUTh TAKKE HAJTHUUE Y
HUX TPOTHBOTPHUOKOBOW aKTHUBHOCTH. OJHAKO il TOATBEPXKICHHS ATOTO IPEINOJIO0KCHUS
HE00X0IMMO OT/IEIBHOE UCCIIC0BAaHHE.

Pucynok 2 — Biiusitaue 3HI0DUTHBIX MEKPOOPTaHU3MOB U HX aJIalTAIMU K XJIOPUTY HATPHUS Ha
COJIEYCTOWYMBOCTH TIPOPOCTKOB MIIEHHUIIBI

Hawnnyuime pe3yapTaTsl 10 CIOCOOHOCTH TPOPOCTKOB MIIEHUIIBI TPOTUBOCTOSATH COJIEBOMY
cTpeccy ObLTH OTMEUeHbI B BapuanTe ¢ accoranueii OXKIT mukpoopranusmos u3 E. canadensis,
U akTHHOMHIIETOM S. curacoi 1zh2. Acconuarust OXKII mokasana xopoiire pe3yabTaThl M0 JJIHHE
KOpHEH M MPOPOCTKOB TaKKe MpPU OTCYTCTBHHM B cOCTaBe S. curacoi 1zh2 u ucronb30BaHHH
HeaJanTUPOBaHHBIX BapuaHTOB. [IpenBaputenvHoe KynbTuBHpoBaHMe Ha cpene ¢ 1% NaCl,
HaMpOTUB, HECKOJbKO CHHU3WJIO BBDKMBAEMOCTbh U HE TOKA3aJ0 CTATUCTHYECKU JIOCTOBEPHBIX
OTJIMYMIA B CPABHEHHUH C KOHTPOJIEM. YKa3aHHOE OTIUYHE MOKET OOBSCHATHCS TEM, YTO OCHOBHOM
BKJIAJ] B 3aIIUTY PACTEHUH OT COJIEBOTO CTpecca B JAHHOW acCOLMAIMU BHOCUT UMEHHO KYJIbTypa
aKTUHOMHMIIETa. DTOT BBIBOJ MOJATBEP)KIACTCSI OTCYTCTBHEM IOJIOXKHUTEIBHOTO 3(deKTa mpu
ucrnoap3oBanuu S. alboniger Wh. Accommanus OXK-Pa u3 P. aviculare takke He oka3piBaia
3alUTHOTO JICHCTBUS IPU COJIEBOM CTPECCE.

3akioueHue

Takum 00pa3oMm, MOJTY4YEHHBIE JAHHBIE CBUAETEILCTBYIOT O CIHOCOOHOCTH accoIuaiuit
SHAO(MUTHBIX MHKPOOPTaHMU3MOB CMSr4aTh BO3JCHCTBHE COJIEBOIO CTpecca Ha pPaCTeHHS
TIIIEHUTIBI.

[IpoBeneHHOE HCCIEIOBAHUE TAKXKE pacIIUpsieT cBeleHUs 00 AHAO0(UTHON MUKpOOUOTE
MIIIEHUIIBI ¥ BIUSHUM SHAO0(DUTHBIX MUKPOOPTaHU3MOB Ha YCTOMUHUBOCTH K COJIEBOMY CTpeccy. B
JTUTEpaType UMEIOTCS CBEIEHUS O JOMHHUPOBAHMM B KOPHSAX puca SHAODUTHBIX
aKTHHOOAKTEepHid, oTHOCAIUXCS K Buay S. alboniger [36], a Takke O BBIICICHUN U3 Pa3IHYHBIX
yacTel pacTeHMI MIIEHUIbI Pa3HOOOPA3HBIX aKTUHOOAKTEPHIA, CIIOCOOHBIX K CTUMYIISIIUU POCTa
U 3ammTe oT uronaToreHHslx rpudoB [37-39]. Yandigeri u coaBTopamu ObIJIO MOKa3aHO, YTO
9HAO0(UTHBIE AaKTUHOOAKTEPHH MOTYT 3alIMIIATh PACTCHUS MIIEHUIBI B YCIOBHUSIX BOJJHOTO
crpecca [40]. Yka3aHus O BBIICJICHUH M HCIIOJB30BAHUHU S. CUraCOi Ul 3alllUThI MIIEHUIIBI OT
COJIEBOTO CTpecca He HAalJIEHBI B IOCTYITHOW HAyYHOU JTUTEpaType.
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Bnusinue npenBapuTenbHOM afanTanuy S3HI0(QUTHBIX MUKPOOPTaHU3MOB K XJIOPUIY HATPHS
Ha YCTOWYMBOCTH PACTEHH-XO35IMHA K 3aCOJICHUIO OBLIO MMOKA3aHO HAMH BIIEPBEIE.

Pesynbrathl nccnenoBanus OyayT HCIOIB30BAaHbI IS NAbHEHIIEH pa3paboTKu mpenapara,
CIOCOOCTBYIOIIETO BBKUBAHHUIO PACTCHUN B YCIOBUSAX 3aCOJICHHS. DTO MOMOXKET KaK M30exkarhb
OTPHIIATEIILHOTO BO3ACHCTBUS BTOPUYHOTO 3aCOJICHHS, TaK U PACIIUPUTH B OyAyIlleM IepeueHb
HCIIOJIb3YEMBIX Ul pACTEHHUEBO/ICTBA IT0YB.
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SHIO®UTTI MUKPOOPT AHM3MIEPIAIH BUIAVIABIH TY3IAHY
TO3IMILIITTHE DCEPI

Tyiiin

TombipakTeiH TY3naHybl Kazakcran PecmyOnukachHbIH KypAeni mpobieMacsl OONBIT TaObLIaIbI.
JaxkempgapaplH TY37aHy CTpecciHe Te3IMAUNTiH apTTBIpYAbIH Oip JKONBI-oCIMAIKTEpIiH opTYpIi
3aKBIMIANTBIH ocepiiepre TO3IMILTITIH apTTHIPATBIH SHAOPUTTI MHKPOOPTAHU3MIEP KayBIMIACTHIFBIH
maiiganany. by ®yMbIcTa Kyprak KaFaaia eceTiH oeCiMIIKTepaiH dSHA0GUTTEepiHIH Ongail KemerTepinin
TY3[aHy CTpecciHe TeTenm Oepy KaOureriHe ocepiH kepcereni. CHHTETHKAIBIK OPTAaNaFbl €H JKAKCHI
Hotmwkenepai  Erigeron canadensis ecimmirinig Streptomyces curacoi TypiHe »aTaTbhiH OWmailIbIH
SHAOGUTTI aKTHHOMHIIETIMEH OIpIKTIPUITeH acCOIMAIMACHl KOPCETTi. AJIBIH aja HaTpUH XIJIOpUIiHE
OediMIenin anblHFaH 3HIAOQUTTI MUKPOOPTaHU3AEPIiH HETI3r1 ©CIMIIKTIH TY3AaHyFa TO3IMIUTIK oCepiH
aJIFaIl KepceTTiK.

KinrTi ce3nep: sanodutTep, OMmaii, Ty3ra TO3IMIUTIK, OeHiMIeTy, aKTHHOMHIIETTED.
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INFLUENCE OF ENDOPHYTIC MICROORGANISMS ON WHEAT RESISTANCE
TO SALINITY
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Abstract

Soil salinization is a serious problem in the Republic of Kazakhstan. One of the ways to increase the
tolerance of agricultural crops to salt stress is the use of communities of endophytic microorganisms, which
increase the resistance of plants to various damaging effects. This work shows the influence of endophytes
of plants growing in arid conditions on the ability of wheat seedlings to withstand salt stress. The best
results on a synthetic medium were shown by an association from the plant Erigeron canadensis in
combination with an endophytic wheat actinomycete assigned to the species Streptomyces curacoi. The
influence of the preliminary adaptation of endophytic microorganisms to sodium chloride on the resistance
of the host plant to salinity was shown by us for the first time.

Keywords: endophytes, wheat, salt tolerance, adaptation, actinomycetes.

On the territory of Kazakhstan, 41% of the soil is saline. They are especially widespread in
the southern and central regions [1]. The widespread changes in climatic conditions, combined
with irrational human activities, are causing serious damage to crop production, reducing yields
and the quality of products. According to a rough estimate by the FAO, about 96.5% of agricultural
land in the world is subject to abiotic stresses [2]. The most serious abiotic stress worldwide
affecting plant growth and productivity through effects on several physiological and metabolic
processes is associated with drought and salinity. An increase in salt concentration in both cases
is the cause of the osmotic stress of plants and a rise in ionic toxicity, in which the rate of seed
germination decreases, plant photosynthesis is inhibited, the integrity of cell membranes is lost,
and the formation of reactive oxygen species is increased [3—5]. Excessive absorption and
accumulation of sodium and chloride ions in plant tissues leads to a serious ion imbalance and
functional disorders, namely, it prevents the absorption of elements necessary for growth and
development, such as potassium ions, which leads to a decrease in productivity and possible death
of plants [6].

Previously used breeding and transgenic technologies for increasing the resistance of
cultivated plants, especially with regard to salt tolerance, have not yet been crowned with final
success [7, 8]. Numerous studies have shown that plant tolerance to salt stress can be increased
with the help of exogenous biostimulants such as plant growth-promoting rhizobacteria (PGPR)
[9-12]. They are applicable to a wide range of crops to improve seed germination while increasing
plant biomass and productivity [13—15]. Most PGPRs include various strains of Agrobacterium,
Azospirillum, Bacillus, Pseudomonas, and Rhizobium species [16, 17]. However, the protective
properties of PGPR are not unlimited and, with increasing salinity, they lose their properties of
promoting plant growth [18].

In the complex fight against the damaging effects of such abiotic factors as drought, salinity,
low or high temperature, and stress associated with heavy metals, along with the traditional
methods of using more resistant varieties of cultivated plants, the application of endophytic
communities of microorganisms, which colonize plants and increase their ability to withstand
various damaging effects, is becoming increasingly important [19-25].
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The direct influence of endophytic microorganisms on the salt tolerance of plants is still
extremely poorly studied. However, there are data on the alleviation of salt stress in tomato plants
with the help of a halotolerant actinomycete [29]. Qin et al. [30] showed that endophytic
actinomycetes contribute to the resistance of the halophytic plant Limonium sinense. It was also
revealed that colonization of wheat by endophytic actinomycetes occurs at the earliest stages of
development [31], which can be useful in the pretreatment of seeds.

In this work, endophytic actinomycetes of wheat were isolated and the effect of endophytic
microorganisms isolated from various plants under drought conditions on the ability of wheat
seedlings to withstand salt stress was studied. Based on previous experience in the field of
increasing the resistance of microorganisms through adaptation to salt stress [32], it was also
suggested that the pre-adaptation of endophytic microorganisms to salt stress could affect the salt
tolerance of host plants.

Materials and methods

Previously identified associations of OX-Pa and OXII of endophytic microorganisms from
drought-resistant plants Canadian horseweed Erigeron canadensis and knotweed Polygonum
aviculare living within Almaty and showing a positive effect on wheat growth under laboratory
conditions of drought [33], were used in this work.

Endophytic microorganisms were isolated from wheat plants (Triticum aestivum) after 30
days of cultivation under laboratory conditions of atmospheric drought (starting from the 10th day
from sowing) on soil taken outside Almaty near fields with cereal crops. To isolate endophytes,
plant roots and stems were thoroughly washed, rinsed with sterile tap water, cut into pieces about
1 cm in size, treated successively with 70% ethanol, sodium hypochlorite, and again with 70%
ethanol, then washed three times in sterile tap water. Next, pieces of the stem and root were
separately ground in a mortar, and 1 ml of sterile water was added and inoculated on a mixture of
media (1:1): meat-peptone agar (Nutrient agar, TM-Media, India) and Sabouraud (g/I: glucose 40,
0; peptone 10.0; agar-agar 20.0). As a control, part of the completely processed pieces of the stem
and root were laid out on the surface of the medium in Petri dishes, and the water from the last
washing was seeded. The inoculations were cultured at 30°C for 48 hours. The isolated
actinomycetes were subsequently maintained on an actinomycete culture medium (TM Media,
India).

For molecular genetic identification of actinomycetes, 16S rRNA sequencing according to
Sanger was performed. For the phylogenetic tree, the sequences of reference strains of the Blast
NCBI International Database were used. The tree was constructed using the Mega 11 program
with sequence alignment according to ClustalW.

For the treatment of wheat seeds, associations of microorganisms OJ-Pa from P. aviculare,
OBT from E. canadensis, and isolated actinomycetes were used. The constituent microorganisms
were also additionally adapted to sodium chloride by successive transfers to the optimal medium
supplemented with 2% NaCl. The effect of each association was investigated using non-adapted
and adapted microorganisms.

To obtain associations, equal ratios of constituent microorganisms were used. Wheat seeds
were sorted and seeds of the same size were selected. For one variant of the experiment, two Petri
dishes with 15 seeds each were used. Seeds were evenly moistened with 1 ml of cell suspension
(107 CFU/ml according to McFarland turbidity standard) in sterile tap water and spread on the
surface of the prepared Kovrovtsev medium with the addition of sodium chloride (g/1: NaCl 10.0;
MgSO4 1.0; K2HPO4 1.0; CaHPO4 0.2; agar-agar 6.0; tap water). One ml of sterile tap water was
used as a control. Plates were cultivated at 30°C. 3 days after sowing, the number of germinated
seeds and the number of roots was taken into account. After 7 days, the length of the stem and the
maximum length of the root were measured.

Statistical data processing was carried out in the Excel program using one-way ANOVA
analysis of variance and post hoc tests. Dunnett's test [34, 35] was used to compare mean values
with respect to control; Student's t-test was used for pairwise comparisons between treatment with
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adapted and non-adapted variants of various associations. Differences were considered statistically
significant at p<0.05.

Results and discussion

From the roots of wheat cultivated under conditions of atmospheric drought, several isolates
of actinomycetes producing brown pigment in the medium were isolated. Among them, two
isolates were selected, the most different in the degree of pigment production in the medium: Wh
and 1zh2. Molecular genetic identification of the selected strains was carried out. The phylogenetic
tree of wheat endophytic actinomycetes is shown in Figure 1.

MR 112253.1:72-858 Streptomyces alboniger strain NBRC 12738

MR 115382 1:76-862 Streptomyces alboniger strain CSSP432

MR 043228 2:102-888 Streptomyces alboniger strain DSM 40043

MR 115382 1:68-715 Streptomyces alboniger strain CSSP432
—— & Wh

MR 114825.1:60-846 Streptomyces chartreusis strain ISP 5085
4|7— NR 112389.1:83-730 Streptomyces galilasus strain NBRC 13400
MR 044518.1:80-866 Streptomyces plumbiresistens strain CCNVWHX 13-160
MR 042097 .1:72-858 Streptomyces phaeoluteigriseus strain ISP 5182
MR 112340.1:91-877 Streptomyces alboviridis strain NBRC 13013
MR 125579.1:96-882 Streptomyces graminilatus strain JL-6
MR 041058.1:78-864 Streptomyces cinereus strain NBRC 12247
MR 044146.1:106-892 Streptomyces flavovariabilis strain NRRL B-16367

MR 112525.1:84-870 Streptomyces cyaneus strain NBRC 13346
MR 037094.1:108-894 Streptomyces cyaneus strain H-112
MR 041085.1:82-868 Streptomyces canus strain NBRC 12872
MR 112351.1:62-709 Streptomyces lucensis JCM 4490 strain NBRC 13056
MR 041098.1:83-730 Streptomyces corchorusii strain NERC 13032
@ 1zh2
MR 041217 .1:83-730 Streptomyces curacoi strain NBRC 12761
NR 115395.1:56-703 Streptomyces chrestomyceticus strain C55P548
MR 112394 1:83-730 Streptomyces capoamus strain NBRC 13411
NR 040856.1:90-737 Streptomyces capoamus strain JCM 4734
MR 041133.1:83-730 Streptomyces canarius strain NBRC 13431
MR 115453 1:66-713 Streptomyces canarius strain NRRL 2976

Figure 1 - Phylogenetic tree of endophytic actinomycetes of wheat cultivated in arid conditions

The degree of homology of the nucleotide sequence of the 1zh2 isolate with the closest strain
NR 041217.1:83-730 Streptomyces curacoi NBRC 12761 was 99.38%, and that of the Wh isolate
with the closest strain NR 043228.2:102-888 Streptomyces alboniger DSM 40043 was 99.37%.
Based on the obtained results, endophytic actinomycetes were identified as S. curacoi 1zh2 and S.
alboniger Wh.

The isolated actinomycetes were used together with associations of endophytic
microorganisms of E. canadensis and P. aviculare for the presowing treatment of wheat seeds
when cultivated on a medium with a high content of sodium chloride. Tables 1 and 2 show data
on the effect of the presowing treatment of wheat seeds with associations of microorganisms,
including those adapted to an increased concentration of sodium chloride.
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Table 1 - Indicators of germination of wheat seeds (after 3 days) on Kovrovtsev's medium with the
addition of 1% sodium chloride

Number of seeds Average number of
Association Variant with stem sprouts,
o roots, pcs.
Control No pretreatment 53 0.9+0,2
OX-Pa Not adapted 87 1.5+0,2
Adapted to NaCl 87 1.8+£0,2*
OXI1 Not adapted 97 2.3+£0,2%*
Adapted to NaCl 93 2.0+£0,4*
OXII + S. Not adapted 93 2.1£0,2%*
alboniger Wh Adapted to NaCl 100 2.04+0,2%*
OXII + S. curacoi | Not adapted 83 1.6+0,2
1zh2 Adapted to NaCl* 94 2.340,2%*

Note - OJX-Pa a consortium of endophytic microorganisms from P. aviculare; OXII - a
consortium of endophytic microorganisms from E. canadensis; * deviation relative to control is
significant at p<0.05; ** at p<0.01; * in the column "Variant" means a statistically significant difference
relative to the non-adapted variant.

Table 2 - Indicators of the development of wheat seedlings (after 7 days) on Kovrovtsev's medium with the
addition of 1% sodium chloride

. ' Number of plants Average root Average stem
Association Variant . . length, mm length, mm
relative to sowing, %
Control No pretreatment 37 - 3.9+0,4
OX-Pa Not adapted 27 2.620,2 3.6£0,4
Adapted to NaCl 27 2.240,2 3.3+0,6
OXII Not adapted 50 4.8%+0,2 5.6*%+0,5
Adapted to NaCl 40 3.9+0,3 5.5+0,7
OXII + S. Not adapted 37 3.6+0,3 4.4+0,4
alboniger Wh Adapted to NaCl 23 3.1+0,3 3.1+0,6
OXII + S. curacoi | Not adapted 50 3.6+0,3 3.4+0,5
1zh2 Adapted to NaCl 60 4.4%+0,2 6.2*+0,2
Note - OX-Pa a consortium of endophytic microorganisms from P. aviculare; OXII - a
consortium of endophytic microorganisms from E. canadensis; - impossible to measure due to the
spread of fungal infection; * the difference relative to the non-adapted variant is significant at p<0.05.

The data in Table 1 show that the seeds treated with endophytic microorganisms germinate
faster on a medium supplemented with 1% sodium chloride compared to the untreated control. As
early as 3 days after sowing, there is a difference in the number of germinated seeds and the length

of wheat roots.

After 7 days (Table 2), the survival rate in the control was 37% in relation to the number of
sown seeds, and in the variant with the treatment with sodium chloride-adapted microorganisms
of the association from E. canadensis, including S. curacoi 1zh2, - 60%. The spread of fungal
diseases of wheat had a significant impact on the results obtained (Figure 2). The absence of fungal
infection in the variant with treatment with endophytic microorganisms also suggests that they
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Figure 2 - The influence of endophytic microorganisms and their adaptation to sodium chloride on the salt
tolerance of wheat seedlings

have antifungal activity. However, a separate study is needed to confirm this assumption.

The best results in terms of the ability of wheat seedlings to withstand salt stress were noted
in the variant with the association of OXIT microorganisms from E. canadensis and actinomycete
S. curacoi 1zh2. The OXII association showed good results in terms of the length of roots and
seedlings, also in the absence of S. curacoi 1zh2 and the use of unadapted variants. Pre-cultivation
on a medium with 1% NaCl, on the contrary, somewhat reduced the survival rate and did not show
statistically significant differences compared to the control. This difference can be explained by
the fact that the main contribution to the protection of plants from salt stress in this association is
made by the actinomycete culture. This conclusion is confirmed by the absence of a positive effect
when using S. alboniger Wh. The association of OX-Pa from P. aviculare also had no protective
effect on salt stress.

Conclusion

Thus, the data obtained indicate the ability of associations of endophytic microorganisms to
mitigate the impact of salt stress on wheat plants.

The study also expands the knowledge about the endophytic microbiota of wheat and the
influence of endophytic microorganisms on resistance to salt stress. The literature contains data
on the dominance of endophytic actinobacteria belonging to the species S. alboniger in rice roots
[36], as well as on the isolation of various actinobacteria from various parts of wheat plants capable
of stimulating growth and protecting against phytopathogenic fungi [37-39]. Yandigeri et al
showed that endophytic actinobacteria could protect wheat plants under water stress conditions
[40]. Information on the isolation and use of S. curacoi to protect wheat from salt stress was not
found in the available scientific literature.

The influence of preliminary adaptation of endophytic microorganisms to sodium chloride
on the resistance of the host plant to salinity was shown by us for the first time.

The results of the study will be used for the further development of a drug that promotes the
survival of plants in saline conditions. This will help both avoid the negative impact of secondary
salinization and expand the list of soils used for crop production in the future.

Funding
This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP09258751).

References:

1 Isanova G.T., Abuduvajli C., Mamutov Zh.U., Kaldybaev A.A., Saparov G.A., Bazarbaeva T.A.
Zasolennye pochvy i opredelenie provincii solenakoplenija na territorii Kazahstana. Aridnye jekosistemy.
2017. T. 23, No. 4(73). S. 35-43. https://cyberleninka.ru/article/n/zasolennye-pochvy-i-opredelenie-
provintsii-solenakopleniya-na-territorii-kazahstana

100



MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

2 Cramer G.R., Urano K., Delrot, S., Pezzotti M., Shinozaki K. Effects of abiotic stress on plants:
A systems biology perspectivee. BMC Plant Biol. 2011. Vol 11. Art.ID 163(2011).
https://doi.org/10.1186/1471-2229-11-163

3 Greenberg B.M., Huang X.D., Gerwing P., Yu X.M., Chang P., Wu S.S., Gerhardt K., Nykamp
J., Yu X., Glick B., Gerwing P. Phytoremediation of salt impacted soils: greenhouse and the field trials of
plant growth promoting rhizobacteria (PGPR) to improve plant growth and salt phytoaccumulation.
Proceeding of the 33rd AMOP Technical Seminar on Environmental Contamination and Response. Ottawa:
Environment, 2008. P. 627-637.

4 Munns R., Tester M. Mechanisms of salinity tolerance. Annu Rev Plant Biol. 2008. Vol. 59. P.
651-681. https://doi.org/10.1146/annurev.arplant.59.032607.092911

5 Xu Z., Jiang Y., Jia B., Zhou G. Elevated-CO2 response of stomata and its dependence on
environmental factors. Front Plant Sci. 2016. Vol. 7. Art. ID 657. https://doi.org/10.3389/1pls.2016.00657

6 Shah A.N., Tanveer M., Abbas A., Fahad S., Baloch M.S., Ahmad M.I., Saud S., Song Y.
Targeting salt stress coping mechanisms for stress tolerance in Brassica: a research perspective. Plant
Physiol. Biochem. 2021. Vol. 158. P. 53—64. https://doi.org/10.1016/j.plaphy.2020.11.044

7 Phang T.H., Shao G.H., Lam H.M. Salt tolerance in soybean. J. Integr. Plant Biol. 2008. Vol. 50.
P. 1196-1212. https://doi.org/10.1111/j.1744-7909.2008.00760.x

8 Zou P., Li K.C, Liu S, Xing R.G, Qin Y.K., Yu HH., Zhou M., Li P. Effect of
chitooligosaccharides with different degrees of acetylation on wheat seedlings under salt stress. Carbohydr.
Polym. 2015. Vol. 126. P. 62—69. https://doi.org/10.1016/j.carbpol.2015.03.028

9 Zou P, Lu X, Jing C,, Yuan Y., Lu Y., Zhang C., Meng L., Zhao H., Li Y. Low-molecular-
weightt polysaccharides from pyropia yezoensis enhance tolerance of wheat seedlings (Triticum
aestivumL.) to salt stress. Front. Plant Sci. 2018. Vol. 9. Art. ID 427
https://doi.org/10.3389/1pls.2018.00427

10 Upadhyay S.K., Singh D.P. Effect of salt-tolerant plant growth-promoting rhizobacteria on wheat
plants and soil health in a saline environment. Plant Biol. (Stuttg). 2015. Vol. 17, Issue 1. P. 288-293.
https://doi.org/10.1111/plb.12173

11 LiL., LiL., Wang X., Zhu P., Wu H., Qi S. Plant growth-promoting endophyte Piriformospora
indica alleviates salinity stress in Medicago truncatula. Plant Physiol. Biochem. 2017. Vol. 119. P. 211-
223. https://doi.org/10.1016/j.plaphy.2017.08.029

12 Habib S.H., Kausar H., Saud H.M. Plant growth-promoting rhizobacteria enhance salinity stress
tolerance in okra through ROS-scavenging enzymes. Biomed. Res. Int. 2016. Vol. 2016. Art. ID 6284547.
https://doi.org/10.1155/2016/6284547

13 Paré P.W., Zhang H.M., Aziz M., Xie X.T., Kim M.S., Shen X. Beneficial rhizobacteria induce
plant growth: mapping signaling networks in Arabidopsis. Biocommun. Soil Microorg. Soil Biol. 2011.
Vol. 23. P. 403-412. https://doi.org/10.1007/978-3-642-14512-4 15

14 Bhattacharyya P.N., Jha D.K. Plant growth-promoting rhizobacteria (PGPR): emergence in
agriculture. World J. Microbiol. Biotechnol. 2012. Vol. 28, Issue 4. P. 1327-1350.
https://doi.org/10.1007/s11274-011-0979-9

15 Chung E.J., Hossain M.T., Khan A., Kim K.H., Jeon C.O., Chung Y.R. Bacillus oryzicola sp.
nov., an endophytic bacterium isolated from the roots of rice with antimicrobial, plant growth promoting,
and systemic resistance Inducing activities in rice. Plant Pathol. 2015. Vol. 31, Issue 2. P. 152-164.
https://doi.org/10.5423/PPJ.OA.12.2014.0136

16 Hamdia A.B.E., Shaddad M.A.K., Doaa M.M. Mechanisms of salt tolerance and interactive
effects of Azospirillum brasilense inoculation on maize cultivars grown under salt stress conditions. Plant
Growth Regul. 2004. Vol. 44, Issue 2. P. 165-174.
https://doi.org/10.1023/B:GROW.0000049414.03099.9b

17 Bharti N., Pandey S.S., Barnawal D., Patel V.K., Kalra A. Plant growth promoting rhizobacteria
Dietzia natronolimnaea modulates the expression of stress responsive genes providing protection of wheat
from salinity stress. Sci. Rep. 2016. Vol. 6. Art. ID 34768. https://doi.org/10.1038/srep34768

18 Upadhyay S.K., Singh D.P. Effect of salt-tolerant plant growth-promoting rhizobacteria on wheat
plants and soil health in a saline environment. Plant Biol. (Stuttg). 2015. Vol. 17, Issue 1. P. 288-293.
https://doi.org/10.1111/plb.12173

19 Arora N.K., Egamberdieva D., Mehnaz S., Li W.J., Mishra I. Editorial: Salt tolerant
rhizobacteria: For better productivity and remediation of saline soils. Front. Microbiol. 2021. Vol. 12. Art.
ID 660075. https://doi.org/10.3389/fmicb.2021.660075

101



MHUKPOBHOJIOI'US "KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

20 Kumar A., Singh S., Gaurav A.K., Srivastava S., Verma J.P. Plant growth-promoting bacteria:
Biological tools for the mitigation of salinity stress in plants. Front Microbiol. 2020. Vol. 11. Art. ID 1216.
https://doi.org/10.3389/fmicb.2020.01216

21 Verma H., Kumar D., Kumar V., Kumari M., Singh S.K., Sharma VK., Droby S., Santoyo G.,
White J.F., Kumar A. The potential application of endophytes in management of stress from drought and
salinity in crop plants. Microorganisms. 2021. Vol. 9. Art. ID 1729. https://doi.org/10.3390/
microorganisms9081729

22 Moghaddam M.S.H., Safaie N., Soltani J., Hagh-Doust N. Desert-adapted fungal endophytes
induce salinity and drought stress resistance in model crops. Plant Physiol. Biochem. 2021. Vol. 160. P.
225-238. https://doi.org/10.1016/j.plaphy.2021.01.022

23 Mbinda W., Mukami A. A review of recent advances and future directions in the management of
salinity stress in Finger Millet. Frontiers in Plant Science. 2021. Vol. 12. Art. ID 734798.
https://doi.org/10.3389/fpls.2021.734798

24 Ahluwalia O., Singh P.C., Bhatia R. A review on drought stress in plants: Implications, mitigation
and the role of plant growth promoting rhizobacteria. Resources, Environment and Sustainability. 2021.
Volume 5. Art. ID 100032. https://doi.org/10.1016/j.resenv.2021.100032

25 Mishra P., Mishra J., Arora N.K. Plant growth promoting bacteria for combating salinity stress in
plants - Recent developments and prospects: A review. Microbiol Res. 2021. Vol. 252. Art. ID 126861.
https://doi.org/10.1016/j.micres.2021.126861

26 Adeleke B.S., Babalola O.0., Glick B.R. Plant growth-promoting root-colonizing bacterial
endophytes. Rhizosphere. 2021. Vol. 20. Art. ID 100433. https://doi.org/10.1016/j.rhisph.2021.100433

27 Afzal 1., Shinwari Z.K., Sikandar S., Shahzad S. Plant beneficial endophytic bacteria:
Mechanisms, diversity, host range and genetic determinants. Microbiological Research. 2019. Vol. 221. P.
36-49. https://doi.org/10.1016/j.micres.2019.02.001

28 Yadav K.K., Shrivastava N., Solanki A.C., Upadhyay S., Trivedi M. Actinobacteria interventions
in plant and environment fitness. In: Microbiomes and Plant Health. — London: Academic Press, 2021. P.
397-427. https://doi.org/10.1016/B978-0-12-819715-8.00014-8

29 Gong Y., Chen L.J., Pan S.Y., Li X.W., Xu M.J,, Zhang C.M., Xing K., Qin S. Antifungal
potential evaluation and alleviation of salt stress in tomato seedlings by a halotolerant plant growth-
promoting actinomycete Streptomyces sp. KLBMP5084. Rhizosphere. 2020. Vol. 16. Art. ID 100262.
https://doi.org/10.1016/j.rhisph.2020.100262

30 Qin S., Feng, W.W., Wang T.T., Ding P., Xing K., Jiang J.H. Plant growth-promoting effect and
genomic analysis of the beneficial endophyte Streptomyces sp. KLBMP 5084 isolated from halophyte
Limonium sinense. Plant Soil. 2017. Vol. 416. P. 117-132. https://doi.org/10.1007/s11104-017-3192-2

31 Coombs J.T., Franco C.M. Visualization of an endophytic Streptomyces species in wheat seed.
Appl Environ Microbiol. 2003. Vol. 69, Issue 7. P. 4260-4262. https://doi.org/10.1128/AEM.69.7.4260-
4262.2003

32 Saubenova M.G. Polisaharidy drozhzhevyh organizmov. Alma-Ata: «Nauka» KazSSR, 1976.
112 s.

33 Oleinikova Y.A., Yermekbay Z.N., Kerdyashkin A.V., Alybayeva A.Z., Amangeldi A.A.,
Chizhayeva A.V., Saubenova M.G., Kerdyashkina G.V., Yelubaeva M.Y. Endophytic microorganisms
increasing wheat resistance to drought. Microbiology and Virology. 2022. No. 1(36). S. 94-112.
https://doi.org/10.53729/MV-AS.2022.01.06

34 Lee S., Lee D.K. What is the proper way to apply the multiple comparison test? Korean J
Anesthesiol. 2018. Vol. 71, Issue 5. P. 353-360. https://doi.org/10.4097/kja.d.18.00242.

35 Glanc S. Mediko-biologicheskaja statistika. M.: Praktika, 1999. 458 s.

36 Mahyarudin, Rusmana 1., Lestari Y. Metagenomic of Actinomycetes Based on 16S rRNA and
nifH genes in soil and roots of four indonesian rice cultivars using PCR-DGGE. HAYATI Journal of
Biosciences. 2015. Vol. 22, Issue 3. P. 113-121. https://doi.org/10.1016/j.hjb.2015.10.001

37 Gangwar M., Sheela Rani, Sharma N. Diversity of endophytic Actinomycetes from wheat and its
potential as plant growth promoting and biocontrol agents. Journal of Advanced Laboratory Research in
Biology. 2012. Vol. 3, Issue 1. P. 13-16. https://core.ac.uk/download/pdf/188610104.pdf

38 Deng S., Liu Y., Deng Z., Huang Y. Isolation of actinobacterial endophytes from wheat sprouts
as biocontrol agents to control seed pathogenic fungi. Archives of Microbiology. 2021. Vol. 203, Issue 10.
—P. 6163 — 6171. https://doi.org/10.1007/s00203-021-02581-3

102



MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

39 Al-Askar A.A. Endophytic Streptomyces olivaceiscleroticus Endo-1: Biocontrol agent and
growth promoter of wheat. Journal of Pure and Applied Microbiology. 2014. Vol. 8, Issue 1. P. 307-317.

40 Yandigeri M.S., Meena K.K., Singh D., Malviya N., Singh D.P., Solanki M.K., Yadav A.K.,
Arora D.K. Drought-tolerant endophytic actinobacteria promote growth of wheat (Triticum aestivum) under
water stress conditions. Plant Growth Regulation. 2012. Vol. 68, Issue 3. P. 411-420.
https://doi.org/10.1007/s10725-012-9730-2

103



MHUKPOBHOJIOI'US "KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

MPHTU: 34.27.23

AK. IBMYKAH!", A.C. KUCTAYBAEBA!, A.C. MAILIDKAH', H. BUPKEJIAH]I?,
N.C. CABULIKAS'
'Kaszaxckuii HalMOHAIBHBIA YHUBEpCUTET MMEHH anb-Dapabu, Anmartsl, Kazaxcran
>Vuusepcuret Beprena, bepren, Hopserus
*e-mail: izmukan@mail.ru

NCCIEAOBAHME ITPOAYIEHTOB TEPMO3UMOB, BBI/IEJIEHHBIX U3
KAPKEHTCKOI'O TEOTEPMAJIBHOI'O HCTOYHUKA

doi: 10.53729/MV-AS.2022.04.08

AHHoOTaNUS
OOBeKTaMu UCCIeIOBaHUS CITYKHIIN TePMOPHITbHBIE OaKTEpUH, OOUTAIOIINE B TOPSINX HCTOYHUKAX
Kapkenta AnmaTHHCKONW 00JacTH. CriocoOHOCTh  ATHX MHUKpPOOPTaHMU3MOB  MOJIEP)KUBATh

KHU3HEACATCIIbHOCTD B SKCTpEMAJIBHBIX YCIIOBUAX JACMOHCTPUPYET Hux IIoTeHIINaJI JJIsL
OMOTEXHOJIOTMYECKUX TMPOILECCOB. BbIeNeHO deThipe OaKTepUaIbHBIX H30JIATa C ONTHMAJIBHOM
temriepatypoir pocra ot 75°C m 85°C. Uersipe OakTepuaIbHBIX H30JATAa OXapPaKTEPU3OBAHBI IIO
MOp(l)OHOI'I/I‘IeCKI/IM, MHKPOCKOITUYECKUM, OMOXMMHMYECKUM I[IOKa3aTensiMu. Bce IMMOJTY4YCHHBIC HU30JIAThI
MMOJBEPTHYThl CKPUHUHTY Ha aMUJIa3HYyl, MPOTEa3Hylo, JIMIAa3HYI0 W IE/UIIOJIa3HYH) aKTHBHOCTb.
[MoyueHHBIE W3OJSTHI MIPENBAPUTENLHO HIAeHTH(UIMpoBanbl Kak Bacillus sp. mo mopdonorndeckum,
OMOXMMHUYECKUM U @HSHOHOFH‘IGCKI/IM XapaKTCPUCTUKAM.
KiroueBble cjioBa: TEPMO3UMBI, I'COTCPMAJIBHBIC HCTOYHUKHU, U30JIAT.

TepmodunbHBIE OaKTEpUH ABISIOTCS OTHON U3 HanOOoJIee OOIMIMPHBIX M aKTUBHO U3Y4aeMbIX
rpynn sKcTpeMo(puiIbHBIX MuKpoopranu3MoB [1-3]. TepmodunsHbie ¥ THIEPTEPMOPUIHHBIC
MHUKpPOOPIraHU3Mbl HHTEPECHBI IS OMOTEXHOJIOTHMH, TJABHBIM 00pa3oM, Kak IpOIyLEHTHI
BBICOKOCIICIM(PHUHBIX TEPMOCTAOMIBHBIX (DEPMEHTOB.

[Iponyuupyembie uMH (GEepMEHTHI, TaK Ha3blBa€Mble TEPMO3UMBI, HMEIOT  PsJ
OMOTEXHOJIOTMUECKUX MPEUMYIIECTB: BBICOKAs YCTOMUMBOCTH (PEPMEHTATHUBHBIX PEAKLUN IPH
BBICOKHMX TEMIIEpaTypax, yCTOMYMBOCTh K BBICOKUM KOHIIEHTPALUAM CyOCTpaTa M3-3a CHI)KCHHUS
BSI3KOCTH pacTBOpa M yBeaudeHUs KodhdunreHToB muddysun. TepmocTabuibHbie (GEepMEHTHI
3a4acTyl0 00JIalaloT TOBBINIEHHON YCTOWYMBOCTBIO K JICHATYpUPYIOIIUM areHTam |[2].
[Ipumenenne B  MHAYCTpUM  (EPMEHTATUBHOTO  TUIApOJM3a  OOYCIOBJIEHO  CTPOroi
CHEeU(pUIHOCTHIO U HAIIPABJIEHHBIM JIeiicTBHEM (DEpMEHTOB, U, COOTBETCTBEHHO, BO3MOKHOCTHIO
yIpaBlIeHUs MPOLECCOM TpaHCc(OpMalMK BEUIECTB U MOJIyYEHHUS HA BBIXOJE YHCTOTO IIEJIEBOTO
npoaykra. Kpome toro, npouecc ruzipoiinza ocyuiectsisiercs npu temmeparype 70-80°C. Ito, ¢
OJIHOM  CTOPOHBI, TMPEMATCTBYET pPAa3BUTHUIO TATOTCHHBIX OaKTepuil, KOTOpPhIE MOTYT
MIPUCYTCTBOBATh B ChIpbe s mepepadoTku. C Apyroil CTOpOHBI, MPH TaKOH TemrepaType He
MIPOUCXOIUT pa3pylIeHHs] HE3aMEHUMbBIX aMUHOKHUCIOT [4, 5].

[TocTosIHHBIN MOKCK HOBBIX TEPMO(HUIBHBIX IPOKAPUOT MPOBOAUTCS JIJIsl TOTO, YTOOBI HAUTH
O0akTepuu ¢ OMOTEXHOJIOTHMYECKHU MpHUBIIEKATEIbHBIMU CBOicTBamMH. Takum 00pazoMm, MOHCK
HOBBIX TEpMOGWIBHBIX OakTepuil THIPOIUTHKOB OCTaeTCsl aKTyaJdbHOW mpoOiemoi
HCCIIEIOBAaHUM C HAyYHOW M IIPUKIJIAJHOU TOUEK 3peHus [6, 7].

B cBsizu ¢ 3TuM, paHee Hamu Obla chOpMUPOBAaHA YHHKAIbHAS KOJUIEKIHS a3pOOHBIX U
aHa’pOOHBIX TEPMODUIBHBIX OAKTEpUH, BBIICJICHHBIX U3 TEPMATHFHOTO HCTOUYHUKA AJIMATHHCKOMN
obmactu JKapKkeHTCKOTO TeO0TepMAlbHOTO TOPSYEro HCTOYHUKA, PACIOJO0XKEHHOTO Ha
43°97°14.93”N, 79°66°12.09"E, 273 kM oT ropojia Anmatsl [§].

Ienp uccnenoBanus - BeACTIEHUE TEPMODUIBHBIX OaKTEPUid U3 TE€OTEPMATIHLHOTO TOPSYETO
HUCTOYHUKA AJMATUHCKON 001acTH, OMNpeneieHre TEPMOCTOUKOCTH H30JISITOB, MPOBEACHUE
CKPUHUHTA U TIOJIyU€HHUE U30JISITOB C IHMPOKUM CHEKTPOM THIPOJIa3HOM aKTUBHOCTH.
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MarepuaJjibl 1 MEeTOABI

Mecro uccnenoBanus u coop 06pasios. JKapKkeHTCKUI reoTepMaIbHbIN TOPIYN HCTOUHUK
pacnionoxkeH Ha 43°97°14.93”N, 79°66°12.09"E, 273 kM. oT ropoaa AiMarbl, HE JOXOAS A0
ropoaa XKapkeHt, B 80 kM ot rpanuilsl ¢ Kuraem. Heckosibko CKBaXXUH HaXOJSTCS B Mpeesiax
ropoga JKapkent, Bo BhnaauHax ypouuina JKapkyHak. JKapKyHaKCKoe MECTOPOKIEHUE
MOA3EMHBIX BOJI SIBJIIETCS LEHTPAJbHONW 4acThio JKapKEHTCKOro reoTepMallbHOIO MCTOYHHKA,
BKIIIOUaronero ckBakuHel Ne 5539, 1-PT. Bee ckBakuHBI pacnoio;KEHBI B IIpeienax TEPPUTOPUN
3emuienionb3oBanus TOO "Baiicepex-Arpo" [8].

Xumunueckuil coctaB ckBaxuHbl Ne 5539 xapakTtepusyeTcs Kak ciabOMUHEpPaTU30BaHHbIN
LIEJIOYHOM, YMEPEHHO PAIOHOBBIN, KDEMHHUCTBIN, IPEUMYILIECTBEHHO XJIOPUIAHO-OUKapOOHATHO-
HATPUEBBIA C BBICOKOW KOHIIGHTpamueil coiepykanus ¢propa. XapakTepHBIMH OCOOCHHOCTSMU
BOJBI ABIAIOTCA cnabas MuHepamusanus (1o 1,0 r/am?), menounas peaxius (pH 8,1-9,0),
BBICOKOE cojepkanue (gropa (10 10 mr/mm®), GanbHEOJOrMYECKM AKTUBHAS KOHIIEHTPAI[HS
KpEMHMEBOH KucioThl (cBhlme 50 Mr/mM°), Hanuuue paJoHa B KOHLeHTparuax no 60 nCi/m,
CBOMCTBEHHBIE JJI1 YMEPEHHO PaJIOHOBBIX BOJ [8].

Boigenenue Oakrepuii. [IpoObl BoAbl M OCaJAKOB U3 TOPSYMX MCTOYHHUKOB OTOMpANIUCh B
MJIACTUKOBBIE MpoOupku Tuma «Falcon» o0vemom 15 mi1, 3anosHss Bech 00beM 03 BO3IYITHBIX
nyctoT. [lepen oTbopoM pod B HCTOUHUKAX OIpeNesuld TeMIeparypy, 3HaueHust pH cpenpl.

[IpoOsl Boabl BHOCWMCh B MsiconenToHHbI OynboH (HiMedia, Uuaust) npu 80°C, mo
HCTEYEHHUIO 3 CyTOK O0OTaIleHHYIO KyJIbTypy BbIceBalld Ha nmuTaTenbHbli arap (HiMedia, Unaus)
JUIS TIOJTy4eHHS! OTAENbHBIX KOJIOHWH. Bce OakTepuanbHble M30JITHI, TOJydeHHbIE Ha YallKax
[leTpu, oTOMpaINCh U OUUILATHCH METOIOM MCTOIIAIONIEr0 MTpUXa. M304Thl ObLIH ONIpeIeeHbI
KaK YHCThIE MOCJIe€ MUKPOCKOTIUPOBAHUS KOJIOHUHN KYJIBTYP.

Onpenenenve TepMOYCTOMYUBOCTH. [[1s1 mccnenoBaHusi TepMO(MUIBHBIX XapaKTEPUCTUK
KK OaKTepuaabHBIA M30JIAT MHOKYIUpoBayics B 10 mi muTaTenbHOW OYJIbOHHOW CpEIIbI
(HiMedia, Mamus) B teuenue 3 aneit mpu 80°C. Kaxmyro OynbOHHYIO KyJAbTYypy OakTepuit
BBICEBAJIM Ha CBEKETIPUTOTOBIICHHYIO TUTATENIbHYIO arapoBylo cpeay U 24 yaca KyJIbTUBUPOBAIU
nmpu 75°C m 80°C. bakTtepuanbHble H30JATHI OTOMPAIUCh W TOBTOPHO TECTUPOBAINUCH Ha
TEPMOCTOUKOCTh TpH OoJiee BBICOKOW Temrepatype, 85°C, B Teduenue 3 cyrok. B wmtore, mis
JalbHENIIero U3y4eHus ObUTM OTOOpaHBI M30JIATHI, KOTOPbIE MOTJIM MEPEHOCUTh TEMIIEPATypy
85°C.

Mopdonoruueckas u OHOXMMHUYECKAs XapaKTEPUCTHKA HU30JSATOB. M3ydeHbl H3O0JISITHI
TepMO(PUIBHBIX OaKTepui MO pa3IUYHBIM MOPQOJOTHYECKUM IpHU3HAKaM, a UMEHHO: IIBET,
okpacka 1o I'pamy, ¢popma, o6pa3oBanre Cop U MOABUKHOCTb.

Ckanupymomas  3JekTpoHHass  mukpockonus (COM)  BBIACICGHHBIX  OaKkTepui.
Mopdonoruueckue MNpU3HAKU BBIACIEHHBIX IITaAMMOB OakTepuil OBLIM JAOMOJHUTEIBHO
uccnenaoBanel MetogoM COM ananmmsza npu noazaepxkke uHctutyra [IBX “HHIIOT” KazHY.
O6pazen ams COM rotoBuiM MyreM MepeHoca MUKPOOHBIX M30JISTOB B YHCTYIO MPOOUPKY IS
MUKpO(YrUpOBaHuUs, coaepkailyto npumepHo 1,5 ma 3,5% pactBopa riayTapoBOTo ajibAeruja.
3areM wu30sATHl TpombiBanin ochataeiM Oybepom (100 mm, pH 7,2), cnemom - H30ISATHI
00€3BOKMBAJIM C UCIOJIB30BAHUEM CIHHPTOBOrO rpaaueHta ot 10 go 95%. Jlanee 06e3BOKEHHBIE
o0pa3iibl BBICYIIMBAIUCh HA BO3JAyXEe M 3aKpeIJIsUIMCh Ha yriepogHoMm Hocutene. OOpasen
MOKPBIBAJIM TOHKUM clioeM cepebpa. [loirotoBiieHHbIE 00pa31bl HCCIIEAOBAINCH O] paCTPOBBIM
ANEKTPOHHBIM MHUKpOCKomoM - Raster electron microscope Quanta 3D 2001 Dual system (FEI
Company, USA) SEM.

[IpoBeneHbl OMOXMMHYECKHE HCCIEIOBAaHMS, Takue Kak (epMEeHTalusi caxapos,
oOpazoBanue H,S, oxucnenne Mn u Fe, oTHOLIEHHE K KUCIOpPOIY, WM adpalluy, HaJludue
KaTayla3bl ¥ OKCHJIa3bl 110 MeTouKaM, onucaHHbM IIpeckorTom et al [9-11]. 'a3000pazoBanue
onpenensau Ha ckormeHHoM TSI arape (HiMedia, Manus) [12, 13].

Onenka QepMeHTaTUBHOW MpOoAyKIuH. CKPUHMHT ¥ WACHTH(QHUKALHUIO TEepMO(UIBHBIX
OakTepuid, MPOIYIUPYIOIIUX TUPOJIA3bI, TPOBOJMIHN C UCHOIb30BAHUEM PA3JIMYHBIX CYOCTPaTOB,
TakuX Kak kapookcumeruiniemtonosa (KMLI) - mo Pamemy et al [14], kaprodenbHblii Kpaxmai -
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o bracawm et al [15], TBun 80 - mo Jlonr-By et al [16], u 06e3xupenHOE MOJIOKO - 10 Xaue et al
[17].

Pe3yabTaThl U 00CyXKIeHHE

N3 JXapkeHTCKOro TeoTepMalbHOIO HMCTOYHUKA BBIJCICHO YeThIpe OaKTepUalbHBIX
U30J151Ta, KOTOPbIM OBLIM IPUCBOEHBI cienyrolue Kojaosble HazBaHus: AC2S, AC3S, ACA4S,
ACSS. JIBa u3 HuUX OBLIM OTHECEHBI K TpamoTpunareiabHbiM Oaktepusim: AC2S, AC3S; u nBa
n3onsta AC4S, ACSS ObutH rpamMIionoKUTEIbHbIMHU.

[IpoBeneHo pU3NOIOr0-OHOXUMHUYECKOE UCCIIEIOBAHNE H30JISITOB C TOMOIIBIO Pa3TMYHBIX
UACHTU(UKAIIMOHHBIX TECTOB: Ha KaTajlazy W OKCHIa3y, (hepMEHTAIMI0 caxapoB (TJIFOKO3BI,
caxapo3bl, JJAKTO3bI), OTHOILIEHHUE K KUcIopody (Tabmuna 1).

Tabnuna 1- broxuMudeckast xapakTeprcTHKa OaKTepUANTBHBIX H30JITOB, ONYUYEHHBIX U3 JKapKeHTCKOro
reoTEpMaIbHOI0 HCTOYHHKA

buoxumuyeckue TecThl AC2S AC3S ACAS ACSS
CepoBOIOPOAHBIIN TECT - - - -
Karanaza + + + +
Oxkcunasa + - + -
I'maponus kpaxmana + + + +
depMeHTaLMS CaXapoB
I'moko3a + - + +
Caxapo3za - - - -
JlakTo3a - - - -
Oxkwucinerane Mn + + - -
Oxcurnenue Fe - - - -
OO0uratHeIi a3pod - - - -
dakyIbTaTUBHBIN aHA’POO + + + +
ITonBuxHOCTB + + + +
O06pa3oBaHUE HIOCTIOP + + + +
CuMBOIBL: + YKa3bIBAIOT Ha MOJIOKUTENBHBIN ITOKA3aTellb; - OTPHUIIATEbHBIN ITOKa3aTellb

YCcTaHOBIIEHO, YTO BCE UCCIIEAYyEMbIE U30JIAThl HE OTHOCHIUCH K OOJMTaTHBIM a’spobam, He
okucisin  Fe, mokasanum oTpuULIaTElIbHBIA peE3ylbTaT Ha CEPOBOJOPOAHBIN TecT. OpHako
MOJIOKUTETIFHYIO PEAaKIIMI0 OHU MPOSBUIIM Ha KaTalla3HYI0 aKTMBHOCTb, Ha FHAPOJIU3 Kpaxmania,
Ha okucieHne Mn. Kpome Toro, BBISBICHO, 4TO OHM COpa)kKMBaju BCE HCIBITAHHBIE caxapa,
00pa3oBBIBANIM OKCHJIa3y U OBbLIN (DaKyIbTaTUBHBIMH aHA3POOAMH.

N30nsThl 0TIIHYAINUCh MEXKIY CO00H U 10 MOP(OJIOTUYECKUM XapaKTePUCTUKAM: KOJIOHUU
Oaktepuit AC4S ObuIH OKpalieHbl B 6€70-KpeMOBBIN LIBET, POPMBI U CTPYKTYpPbI KOJOHUN ObLIN
HenpaBmwiIbHON popmbl, a komonuu AC2S, AC3S, ACSS Obutd KpyIrJIbIMU C POBHBIMU KpasiMu
(Tabnuia 2). Y Bcex OakTepuanbHBIX U30JIATOB U3yUAIHCh POCTOBBIE XapaKTEPUCTHKHU.

Tabmuma 2 - Mopdororuss KOMOHHMA HW3O0ISATOB, BBIACIEHHBIX U3 JKapKEHTCKOro TreoTepMalibHOTO
HUCTOYHHUKA

N3onsTel Konucucrenuus dopma Kpas Hpoqmﬂf IBer
KOJIOHUH
1 2 3 4 5 6

AC2S Cmusucras, ['magkas Kpyrnas PoBHEBIE [Tnockuit KpeMmoBsrit

. beno-
AC3S I'magkas Kpyrnas Penbednbie [Tnockuit KpeMOBELE

o beno-
AC4S Cnuzucras Henpasunpnas PoBHEIE Beimykmsiit .
KpPEMOBBIH

ACS5S Cmusucras, ['maakas Kpyrnas PoBHEBIE Brimyknsiit benmit

106



MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

Mopdonorudeckne XapaKTEpUCTHKUA BCEX HM30JIATOB ObUTH HcclieoBanbl Ha COM mpu
paznuuHbIX yBenuueHusx ot 6,000X mo 36,556X.
CkaHupyroIIas MeKTpoHHAsT MUKPOodoTorpadust H30ATOB MPEACTaBICHA HA PUCYHKE 1.

Pucynok 1 - Ckanupyromiast SJIeKTpOHHAs MUKpodoTorpadus U30IITOB.
A. AC2S B. AC3S (8,183X), C. AC4S (6,000X), D. AC5S (36,556X)

Ha muxpodororpadusix BuaHo, uro 6aktepuanbabie n3oaatel: AC2S, AC3S, AC4S, ACSS
HMEIOT TaJOYKOBUIHYIO ¢dopmy pasmepom 1,8x3,1 x 4,1 -0,6 mxm. [lpu BeIpammBannu Ha
oOoraieHHOW NHUTATEeIbHOW Cpele HMEIOT BHUJ TOJICTBIX U OONBIIMX Malo4yeK, WHOTIa
PaCMoJIOKEHHBIX B IIe0YKaxX (PUCYHOK 1).

Ha cnenytoiem stamne MUKpOOHBIE M30ISTHI MTOBEPraliCh CKPUHUHTY HA TEPMOCTOHKOCTh
Ipu pa3IuyHbIX Temreparypax, HaunHas ¢ 40°C go 95°C. na wuzomstoB AC2S, AC3S
ONTHMaJbHas TeMIleparypa pocra cocrasisiia 75°C, a MakcuManbHasi 1 MUHUMalbHadA - 95°C u
45°C. na wuzonstoB AC4S, ACSS onrtumaneHas temneparypa cocrtaBisia 85°C, a
MakcumaibHas 1 MuHuUManbHas - 95°C u 40°C.

3areM OakTepualbHBIE U30JISATHl MOJBEPTrajiuCh CKPUHUHTY HAa aMUJIa3HYIO, POTEa3HYIO,
JTUNA3HYIO U LEJUTIONA3HYI0 aKTUBHOCTH (PUCYHOK 2).

A) AC2S / AC3S (75) AC2S / AC3S (70)
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B) AC2S/ AC4S (70)  AC4S/ ACS5S (65)
:
C) AC4S / AC5S D) ACSS

Pucynok 2 - ®epmeHTaTHBHAS aKTUBHOCTH M30JISTOB, BRIETEHHBIX 13 JKapKeHTCKOTr0 Te0TepMaIbHOTO
ropsiuero UCTOYHKKA. A) IeJUTiofIa3Has akTUBHOCTh, B) aMuia3Has aktuBHOCTh, C) una3Has
aKTUBHOCTH, D) mpoTea3Has akTHBHOCTD.

OneHka pe3ynbTaToB MPOBOANIIACH 10 OIIPECIICHUIO JUaMeTpa 30H I'MIPOJIN3a CyoCTpaToB
(pucyHOK 2).

Kak Bugno u3 Tabauis 3, Tpu uzonsra (AC2S; AC4S; ACSS) npousBoauiu aMmusiaszy npu
75°C, npuuém AC2S u AC4S TposBIsIM aMUIa3HYIO aKTHBHOCTh Ha 52-54% Gogblie, yem
mrramm AC5S nipu 75°C, oanako npu 80°C uszonsat ACSS nposBiseT aMUIa3HYIO H HETI0Ia3Hyo
aKTUBHOCTH Oouible, yeM Ha 75% nipu 75°C. Apyrue nea uzossrta (AC3S; AC4S) npoayuuposaiu
npoteaszy npu 75°C, ognako npu 80°C y 3TUX U30JISITOB OTCYTCTBOBAJIA IPOTEa3Hast AKTUBHOCT.

Kpowme Toro, Hu3kyro nporeasnyto aktuBHOCTH 1ipu 75°C niposiBisuin AC2S u AC4S, a mpu
80 °C u 85 °C y Bcex M30JITOB IPOTEa3HOW aKTUBHOCTH HE HA0I01a10Ch, Y u3oisita AC2S mpu
75°C nabmroganach JHMa3Has aKTUBHOCTh, TOTJIa KaK MPU JPYTHX TEMIIEPATYPHBIX PEKHUMaxX
Junasa He MPOU3BOANUIIACS.

B pesynbraTe aHanu3a JaHHBIX, IPEICTABICHHBIX B TaOMUIE 3, MOKHO CHIENaTh BBIBOJ O
TOM, 4TO MPHU ONTUMAJILHOM TeMmIieparypHoM pexume, 75°C, nzonar AC2S MoxeT Npou3BOIUTh
OJIHOBPEMEHHO 3 pa3IMyHbIX OMOKaTaIN3aTOPa, TAKUE KakK: LeJUIi0a3a, aMuiIas3a 1 JIMIasa.

Takoe ke KOJIWYECTBO TEPMO3UMOB (IIeJUII0JIa3a, aMIiIa3a U npoteas3a) npu 75°C mMoxer
BbLIETATH U U30JsT AC4S, ognako nipu 80°C 3TOT U305 T IPOU3BOUT CO CPEIHEN AKTUBHOCTBHIO
TOJNBKO JBa (epMEHTa - LEJUII0NIa3y W aMuia3y, HalpOTHUB, BBICOKYIO AaKTUBHOCTh K 3THUM
(dbepMeHTaM MpH TAKOM TEMIIEPATYPHOM PEXKHUME MOXKET MPOsBIATH u3oiiat ACSS.

Tabmuma 3 — 3oHa rugponu3a cyocTpaToB (MM) B 3aBUCHMOCTH OT TeMIiepaTypHoro pexxuma (°C)

H3onsatel TeMnepagypa Ilemmronasa Awmunasa [Iporeasa JInmaza
pocta, "C

1 2 3 4 5 6
AC2S 75 39+7 162 - 2343
AC3S 75 - - 5+1 -
AC4S 75 25+2 18+2 7+1 -
ACS5S 75 9+1 7+1 - -
AC2S 80 - - - -
AC3S 80 - - - -
AC4S 80 20+2 15+£2 - -
ACS5S 80 35+2 28+1 - -
AC2S 85 - - - -

108



MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

[Iponomxkenue Tabnuuel 3

1 2 3 4 5 6
AC3S 85 - - - -
AC4S 85 - - - -
ACSS 85 - - - -

CuMBOIBI: (—) OTCYTCTBHE aKTUBHOCTH.

Takum 00pa3oM, B TIPOBEJCHHBIX HCCIENOBAHMAX IIOJYYCHBI IOTCHIIMAJIbHbIC
MPOMBIIICHHO-IICHHBIE ~ M30JIATHI  TEPMO(UIBHBIX ~ OaKTEepHid, KOTOpPBIE MOTYT  OBITh
MPOIyLIEHTaMH TEPMO3UMOB JJIs1 OMOTEXHOJIOTHUH.

3akiiloueHue

UccnenoBanue mnokasano, uro JKapkeHTCKHE Topsiuve HCTOYHMKH SBIISIOTCS OOraThiM
NCTOYHUKOM IICHHBIX TepMO(i)I/IJ'II)HI)IX MHUKPOOPTaHU3MOB - IPOAYHCHTOB IMPOMBIIIIJICHHO BAXKHBIX
(bepMeHTOB, TEPMO3UMOB, I HCIIOJB30BaHWA HX B PAa3IMYHBIX TMPOMBIIIICHHBIX H
OMOTEXHOJIOTHYECKUX MPOIECCaXx.
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3epTTey HbICaHAaphl peTiHae AJIMaThl OOJIBICHIHBIH JKapKEeHT BICTHIK OYJIaKTaphIHa MEKCHICUTIH
TepMobuIbl OakTepusiaap KOAJAHIbL. byl MHKpOOpraHu3MICpPAiH 3KCTpeMalibl JKaraaiiapia
TIPIIUTIKKE OCHIMIENYiH OJIapAblH OMOTEXHOJIOTHSIBIK MPOLIECTEp YIIIH deyeTiH kepcereni. OHTalIbI
ecy temmeparypackl 75°C sxone 85°C 0onaTbiH TOPT OAKTEPUSIIBIK U30JAT O6iHal. TepT OaKkTepHsIIbIK
M30JIAT MOP(ONOTHSITBIK, MUKPOCKOIUSAIIBIK, OMOXUMUSIIBIK KOPCETKIITEpMEH CHUNATTaNAbl. AJBIHFAH
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Abstract
The objects of the study were thermophilic bacteria living in the hot springs of Zharkent in the
Almaty region. The ability of these microorganisms to maintain vital activity in extreme conditions
demonstrates their potential for biotechnological processes. Four bacterial isolates were isolated, with an
optimal growth temperature of 75°C and 85°C. Four bacterial isolates were characterized by morphological,
microscopic, and biochemical parameters. All obtained isolates were screened for amylase, protease, lipase
and cellulase activity. The obtained isolates were preliminarily identified as Bacillus sp. according to

morphological, biochemical and physiological characteristics.

Keywords: thermozymes, geothermal sources, isolate.
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Thermophilic bacteria are one of the most extensive and actively studied groups of
extremophilic microorganisms [1-3]. Thermophilic and hyperthermophilic microorganisms are
interesting for biotechnology, mainly as producers of highly specific thermostable enzymes.

The enzymes produced by them, the so-called thermozymes, have several biotechnological
advantages: high stability of enzymatic reactions at high temperatures, resistance to high substrate
concentrations due to a decrease in the viscosity of the solution and an increase in diffusion
coefficients. Thermostable enzymes often have increased resistance to denaturing agents [2]. The
use of enzymatic hydrolysis in the industry is due to the strict specificity and directed action of
enzymes, and, accordingly, the possibility of controlling the process of transformation of
substances and obtaining a pure target product at the output. In addition, the hydrolysis process is
carried out at a temperature of 70-80°C. This, on the one hand, prevents the development of
pathogenic bacteria that may be present in raw materials for processing. On the other hand, at this
temperature, there is no destruction of essential amino acids [4, 5].

The constant search for new thermophilic prokaryotes is carried out to find bacteria with
biotechnologically attractive properties. Thus, the search for new thermophilic hydrolytic bacteria
remains an urgent research problem from a scientific and applied point of view [6, 7].

In this regard, we have formed a unique collection of aerobic and anaerobic thermophilic
bacteria isolated from the thermal spring of the Almaty region of the Zharkent geothermal hot
spring located at 43°97°14.93” N, 79°66°12.09"E, 273 km from the city of Almaty [8].

The study aimed to isolate thermophilic bacteria from the geothermal hot spring of the
Almaty region and determine the heat resistance of the isolates, as well as to screen and obtain
isolates with a wide spectrum of hydrolase activity.

Materials and methods

Place of research and collection of samples. Zharkent geothermal hot spring is located at
43°97°14.93” N, 79°66°12.09" E, 273 km from the city of Almaty, near Zharkent city, and 80 km
away from the border with China. Several wells are located within the Zharkent, in the depressions
of the Zharkunak tract. The Zharkunak underground water deposit is the central part of the
Zharkent geothermal source, including well No. 5539 (1-RT). All wells are located within the land
use territory of LLP "Bayserek-Agro" [8].

The chemical composition of well No. 5539 is characterized as a weakly mineralized
alkaline, moderately radon, siliceous mainly chloride-bicarbonate-sodium composition with a high
concentration of fluorine content. The characteristic features of this water are weak mineralization
(up to 1.0 g/dm?), alkaline reaction (pH 8.1-9.0), high fluorine content (up to 10 mg/dm?), the
balneological active concentration of silicic acid (over 50 mg/dm?), the presence of radon in
concentrations up to 60 nCi/l, characteristic of moderately radon waters [8].

Isolation of bacteria. Samples were taken in Falcon tubes with a volume of 15 ml. Samples
of water and precipitation were taken from hot springs, filling the entire volume of the tube without
air voids. Before sampling, the temperature and pH values of the medium were determined in the
sources.

A water sample was introduced into a meat-peptone broth (HiMedia, India) at 80°C, and for
3 days the enriched culture was sown on nutrient agar (HiMedia, India) to obtain individual
colonies. All bacterial isolates obtained on Petri dishes were selected and purified by the streak
plate method. The isolates were determined to be pure after microscopy of the culture colonies.

Determination of thermal stability. To study the thermophilic characteristics, each bacterial
isolate was inoculated in 10 ml of nutrient broth medium (HiMedia, India) and incubated for 3
days at 80°C. Each broth culture of bacteria was sown on a freshly prepared nutrient agar medium
and cultured at 75°C and 80°C for 24 hours. Bacterial isolates growing in Petri dishes were selected
and retested for heat resistance at a higher temperature of 85°C for 3 days. As a result, isolates that
could tolerate a temperature of 85°C were selected for further study.
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Metabolic and biochemical characteristics of isolates. Isolates of thermophilic bacteria have
been studied according to various morphological characteristics, like colour, Gram staining, shape,
spore formation, and mobility.

Scanning electron microscopy (SEM) of isolated bacteria. Morphological features of the
isolated bacterial strains were further investigated by the SEM analysis method with the support
of the SSE "NNLOT" KazNU Institute. The sample for SEM was prepared by transferring
microbial isolates into a clean microfugation tube containing approximately 1.5 ml of 3.5%
glutaraldehyde solution. Then the isolates were washed with a phosphate buffer (100 mm, pH 7.2).
After the isolates are dehydrated using an alcohol gradient from 10 to 95%. Then the dehydrated
samples were dried in air and fixed on a carbon carrier. The samples were coated with a thin layer
of silver. These samples were then observed under a scanning electron microscope - Raster
electron microscope Quanta 3D 2001 Dual system (FEI Company, USA) SEM.

Various biochemical studies have been carried out, such as the fermentation of sugars, the
H2S formation, the oxidation of Mn and Fe, obligate aerobes, facultative anaerobes, and the
presence of catalase and oxidase enzymes investigated by the methods described by Prescott et al.
[9-11]. The gas formation was determined using a TSI slant agar (HiMedia, India) [12, 13].

Evaluation of enzymatic products. Screening and identification of thermophilic bacteria
producing hydrolase were carried out using various carbon sources, such as carboxymethyl
cellulose (CMC) according to Ramesh et al. [14], potato starch according to Blasam et al. [15],
twin 80 according to Dong-Woo et al. [16], and skimmed milk according to Khaled et al. [17].

Results and discussion

Four bacterial isolates were isolated from the Zharkent geothermal source, which was
assigned the following code names: AC2S, AC3S, AC4S, and ACS5S. Two of them were classified
as Gram-negative bacteria: AC2, AC3S; and two isolates AC4S, and AC5S were Gram-positive.

Further, a physiological and biochemical study of the isolates was carried out using various
identification tests: for catalase and oxidase, fermentation of sugars (glucose, sucrose, lactose),
and oxygen ratio (Table 1).

Table 1- Biochemical characteristics of bacterial isolates obtained from the Zharkent geothermal source

Biochemical tests AC2S AC3S AC4S ACSS
Hydrogen sulfide test - - - -
Catalase + + + +
Oxidase + - + -
Starch hydrolysis + + + +
Fermentation of sugars
Glucose + - + +
Sucrose - - - -
Lactose - - - -
Oxidation of Mn + + - -
Oxidation of Fe - - - -
Obligate aerobe - - - -
Facultative anaerobe + + + +
Motility + + + +
Formation of endospores + + + +

Symbols: + indicate a positive indicator; - negative indicator

The studied isolates showed negative results on the hydrogen sulfide test, were not obligate
aerobes and did not oxidize Fe. However, they showed a positive reaction to catalase activity,
starch hydrolysis, and Mn oxidation. In addition, they showed good enzyme reactions to sugars,
and oxidase and were facultative anaerobes.

The obtained isolates differed among themselves in morphological characteristics: the
colonies of AC4S bacteria were coloured white-cream, the shapes and structures of the colonies
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were irregular, and the colonies of AC2S, AC3S, AC5S were round with even edges (Table 2).
Growth characteristics were studied in all bacterial isolates.

Table 2 - Morphology of colonies of four isolates isolated from the Zharkent geothermal source

Isolates Consistency Form Edges Colony type Color
AC2S Slimy, Smooth Round Smooth Flat Creamy
AC3S Smooth Round Wavy Flat White and

creamy
ACAS Slimy Irregular Smooth Convex White and

creamy
ACSS Slimy, Smooth Round Smooth Convex White

Further, the morphological characteristics of all isolates were studied on SEM at various
magnifications from 6,000X to 36,556X.
Scanning electron micrography of isolates is shown in Fig. 1.

Figure 1 - Scanning electron micrography of isolates.
A. AC2S B. AC3S (8,183X), C. AC4S (6,000X), D. ACSS (36,556X)

Microphotographs showed that bacterial isolates: AC2S, A3S, AC4S, and ACS5S had a rod-
shaped shape with a size of 1.8x3.1 x 4.1 -0.6 microns. When grown on an enriched medium, they
look like thick and large sticks, sometimes arranged in chains (Fig. 1).

At the next stage, microbial isolates were screened for heat resistance at various temperatures
ranging from 40 ° C to 95 ° C. For AC2S and AC3S isolates, the optimal growth temperature was
75°C, and the maximum and minimum were 95°C and 45°C. For AC4S and ACS5S isolates, the
optimal temperature was 85°C, and the maximum and minimum were 95°C and 40°C.

Then bacterial isolates isolated from the hot spring were screened for amylase, protease,
lipase and cellulase activity (Fig.2).

113



MHUKPOBHOJIOI'US "KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

Isolates were screened for the content of enzymes. 4 isolated microorganisms were tested
for the presence of secreted cellulase, amylase, protease and lipase. The results were evaluated by
determining the diameter of the hydrolysis zones of the substrates shown in Figure 2.

Among the four identified isolates, at least two extracellular hydrolyzed enzymes were
produced by each isolate (Table 3).

As can be seen from Table 3, three isolates (AC2S; AC4S; ACSS) produced amylase at
75°C, and AC2S and AC4S showed amylase activity by 52-54% more than the ACSS strain at
75°C, however, at 80°C, the ACS5S isolate shows amylase and cellulase activity by more than 75%
at 75°C. The other two isolates (AC3S; AC4S) produced protease at 75°C, but at 80°C these
isolates had no protease activity.

In addition, low protease activity at 75°C showed AC2S and AC4S, and at 80°C and 85°C,
protease activity was not observed in all isolates, and lipase activity was observed in AC2S isolate
at 75°C at other temperature conditions, lipase was not produced.

As a result of the analysis of the data presented in Table 3, it can be concluded that at an
optimal temperature regime of 75°C with AC2S isolates, it can simultaneously produce 3 different
biocatalysts, such as cellulase, amylase and lipase.

The same number of enzymes (cellulase, amylase and protease) at 75°C can also secrete
ACA4S isolate, but at 80°C this isolate can produce only two enzymes with average activity
cellulase and amylase, on the contrary, ACSS isolate can show high activity to these enzymes at
this temperature regime.

‘ 1

A) AC2S/AC3S (75)  AC2S/AC3S (70)

B) AC2S/AC4S (70) AC4S/ACSS (65)

0) AC4S / AC5S D)ACSS

Figure 2 - Enzymatic activity of isolates obtained from the Zharkent geothermal hot spring.
A) cellulase activity, B) amylase activity, C) lipase activity, D) protease activity.
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Table 3- The zone of hydrolysis of substrates (mm) depending on the temperature regime (° C)
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Isolates Optimal Cellulase Amylase Protease Lipase
temperature
AC2S 75 39+7 162 - 23+3
AC3S 75 - - 5+1 -
AC4S 75 25+2 18+2 7+1 -
ACSS 75 9+1 7+1 - -
AC2S 80 - - - -
AC3S 80 - - - -
AC4S 80 20+2 1542 - -
ACSS 80 35+2 28+1 - -
AC2S 85 - - - -
AC3S 85 - - - -
AC4S 85 - - - -
ACS5S 85 - - - -
Symbols: () No activity.

Thus, in our research, we have obtained potential industrially valuable isolates of
thermophilic bacteria that may be attractive for biotechnology.

Conclusion

The study showed that the Zharkent hot springs are a rich source of many thermophilic
microorganisms and should be investigated to obtain industrially important enzymes. These
isolates can be used in various extreme industrial and biotechnological processes after studying
and cloning their genes.
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KOHCOPLHUYMI' A KIPETIH KOJUIEKHUAJIBIK CYT KbILIKbIJIbI
BAKTEPUSAJIAPBIHBIH )KOHE JIAKTO3AHBI AIIBITATBIH AINIBITKBIJIAP MEH
CYT KbIIIKBbIJIbI BAKTEPUSAJIAPBIHBIH BEJICEHALIITT

doi:10.53729/MV-AS.2022.04.09

Tyiiin

Makanaja KOHCOPIMYMFa KIpeTiH CYT KbIIIKbIIBI OaKTEepUsIapbl MEH JIAKTO3aHBI AalllbITAThIH
aIIBITKBUIAP IBIH, MUKPOOHOJIOTHS XoHe BUpycosiorus FOO-HBIH MUKPOOPraHU3MICP KOJUIESKIIMSCHIHIA
caKTayJarbl, COHJal-aKk MUHEpasJbl Maija CaKTaJiFaH CYT KBIIIKbUIBI OaKTEPHUSUIAPBIHBIH TIPHILUTIKKE
KaOBUIETTUIINT MEH KBIMIKBUI TY3€TiH OeNCeHJIUIrT Typasibl DKCIIEPUMEHTTIK MAJNIMETTEp KEeNTipiireH.
AJIBIHFaH MAJIIMETTEDP CYT KBIIIKBLIbI OaKTepUsIapbIHbIH KOJICKIIMSUIBIK IITaMIapPbIMEH CaJIbICThIpFaHIa
KOHCOPLIMYMFa KIPETiH CYT KBIIIKbUIbI OaKTepUsUIaphl MEH JIAKTO3aHbI AlllbITATHIH AIIBITKbLIAPIBIH
KBIIIKBLT T3y KaOLIETiHIH )KaKChl eKEHIH KOPCETe/Ii.

KiarTi ce3mep: KbIIIKbUI TY3€TiH OCICEHAUIIK, CYT KbIIIKbUIBI OaKTepHsuiapbl, J1aKTO3aHbI
AIlIBITATBIH AIIBITKBI, TIIIIIKKE KAOBIISTTUIIK, TONY/ISIIUSHBIH ©3reprilliTiri.

CyT KBIIKBUIBI TaMaK ©HEPKOCIOiIHIIe; CYChIHIAp, MapMenajl, KOHCEPBUICY YpaiCTepiHe
KeHiHeH Koumanbuiaabl [1]. On, conmaii-ak a3bIK Jaspiay eHIIPICIHIC JKOHE ayblp OHEPKICINTE
KoJaanbuiabl. CyT KBIIIKBUIBI XKaKChl HoaumepieHe 1. OFaH JereH CypaHbIC; 01aH OUOJIOTHSUTBIK
BIABIPANTHIH TIOJIUMEPIIEP, OTTETIMEH KaHBIKKAH 3aTTap, ©CIMIIKTEP/IIH 6CYiH PETTETIITEp KIHE
apHaiibl MaKcaTTarbl XUMHSUIBIK OHIMIIEp aly VIIiH IIUKI3aT pPeTiHAe NaijallaHy MYMKIiHIIriHe
OaitmanpIcThI ©CT1 [2]. CYT KBIIIKBUIBIHBIH MUKPOOMOJIOTHUSITBIK CHHTE31 XUMUSITBIKKA KaparaHa
onnekaiima trimai [3-6]. IIpoOuoTHKTEpAiH KYpaMblH KIPETIH CYT KBIIIKBUIBIH OHIIPYIILIED -
roMo(epMEHTATUBTI CYT KBIIIKBUIbI OakTepusiapbl agamaap MeH jKac TeJIeplli eMJey YIIiH
KoJI1aHbLI1a b1 [7,8].

CyT KbIILIKBUIBIH OHAIPYAl OHTAWIAHABIPY >KYMBICTAPBIHBIH MAaHbI3Ibl OaFbIThl - CYT
KBIIIKBIIBIH ~ AIIBITaTBIH  OHAIPYIIUICPAIH OHOJIOTHSIIBIK KAaCHETTEpiH 3epTTey, OenceHi
roMo()epMEHTATUBTI CYT KBIIIKBIIBI OaKTEpUsIIAphIH TaHJay, OMOCHHTE3 YPIICIH OacKapyIbIH
napaMeTpiiepiH OHTAMIaHABIPY. 3epTTey MEeH KOJJaHy J1a MaHbI3[bl MHKPOOPraHU3MAEPAiIH
TaHJAIl aJbIHFAH JaKbUIIAPBIHBIH O6CYIHE JKOHE KBIIIKBUI TY3UTy YPAICIHIH THIMAUIIriHE OHTANIIbI
XKarnainapasl naiiganany [9]. A3oT neH kemipTeri ke3zaepi, pH, Temnepartypa, KyIbTypa TUTPI -
CYT KbIIIKBUIBIH OHIPYIIIre )KOHE OHBIH OHIMIUIIIHE 9Cep €TETIH OcCipy 9/1iCi CHIKTHI (hakTopap
apKbLUIbI aHbIKTa1ab! [ 10].

JILA. banHuMKOBa €3 >KYMBICHIHAA aTall OTKEHJEH, CYT KBIIIKbUIBI OaKTepHUsIapbIHBIH
KEKEJereH INTaMAapbIHbIH KAacHUeTTepi, COHAAal - aK oJapAblH KOMOHMHAIMSICHl OipKatap
KepceTkimTep OoibIHIIa OaFragaHa/ibl, oJlap €H albIMEH MbIHATAP bl KAMTHUIBI: KBIIIKBLUT TY3YII1
O€eJICeHIUTIK - CYT KbIIIKbUIBIHBIH OeNriIi 0ip H30MepiH KaJbIITACThIPY YILIH JAKTO3aHbIH O6JiHY
KeugamaeiFel MeH Teperairi [11, 12]. C. Hlredden xone Oackamap CYT KbIIIKbUIBI
OaKTepusIIapbIHBIH OPTYPIIl IITAMAAPHI TY3€TiH CYT KbIIKBUIBIHBIH KOHPHUTYpAIIUSIChIHA OPTYPIIl
¢bakTopnapablH  ocepiH 3eprrenil. benrini  OGonFaHnal, yakeITTBIH e3repyl, HWHKyOauus
Temmneparypacel, pH >XoHE KOPEKTIK opTa Kypambl, CYT KBIIIKbUIBIHBIH KOH(MUTYpalusIchiHA
aliTapibIKTail ocep €TKEeH KOK. 3epTTENreH JaKTOKOKK IITaMAapbIHbIH Kenmrimiri P-makrar, L.
bulgaricus xone L. lactis mrammaps! - ek R-nakrar, an L. helveticus xone L. acidophilus - exeyi
ne Oipnmedt memmiepae uzomepiep ImbFapaabl [13]. Ty3uireH cyT KBIIIKBUIBIHBIH (OpMAachl
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nakToOaKTepusuIapAsiH 6enriii Oip TypiHe ToH [14]. CyT KbIIIKBUIBI OaKTEPHUSIAPBIHBIH KBIIIKBLT
TY3€TiH O€JCEHIUIri ONapAblH CYTTEri ecy KapKblHbI MEH (EepMEHTAaTHBTI OelCeHILTIriHe
OaiinanpicThl. CyTTe ©CY KapKbIHBI TOMEH YKOHE THICIHIIE QJICI3 KBIIIKBUT TY3€TiH Ka0iieri 6ap
TAKTOOAKTEPHUSUIAPIBIH JKEKEJIeTeH TypJepiHe KOChIMIIA ocy (aKTopiapbl KaKeT (aIIBITKbI
aBTOJIM3ATHI, )KYTepi CHIFBIHIBICH koHE T.0.) [15, 16]. KpIKpu1 Ty311y O€ICEHAUTITT KYypaMbIHIa
JmakTo3a Oap TPOOMOTHUKTEPHIH epeKine OeNCeHIUNriHIH HOpPMallaHATBIH KOPCETKIIIl >KOHE
THICIHIIE XaHa OaKTEPUSUIBIK IperaparTapasl d3ipiiey Ke3iHAe JIaKTOOaKTepus IITaMMIapbIH
ipikTey kpuTepuiii 6obin Tadbutaast [17].

Marepuajaap MeH dicrep

Kympicta Anmatel 06bickl KackeneH aymaHblHIa— CYTTEH OOJIINT alTbIHFAH CYT KhIIIKBUTBI
mukpoopranusmaepi (Lactococcus lactis K-1, Lactobacterium bulgaricus K-3, Streptococcus
thermophilus K-2, Streptococcus lactis 6, Lactococcus lactis 8) >koHe JaKTO3aHBI alIBITATHIH
ameITKpUTap (Saccharomyces lactis 19 sxone Saccharomyces lactis 14¢) maiiganaHpuis!.

CyT KBIIIKBbUIBI MUKpoOopraHusMaepin ecipy yuriH MRS opracel maiipananbuigsr [18].
OpTtamarel KOMIPTET1 K31 — TIII0KO03a, a30T KO31 — alIbITKbl CHIFBIHIBICHI 00Jabl. TIpIILUTIKKE
Kabu1erTi )kacymanapasiH canbl (KOE/mn Hemece Tutp) ceinamansl 10 per cyiibinTy xoHe MRS
xoHe Calbypo arap KOCBUIFaH OpTachiHA ce0y ofiCiMeH aHbIKTaN b [ 19, 20].

Kotukoin mysiny snepeusacein anvikmay. 10 M1 crepuiib/ii Maiibl albIHFaH CYTTEH TYpPaThIH
TYTIKKE 3€pPTTENIETIH IITaMMHBIH | UIMeri eHTi3itin, oHTaiiel Temneparypana (30-37°C) 16 carat
IIHAE TepMocTaTTa ecipil (KBIIKBUI TY3UTy DHEpPrHsChIH aHBIKTaFaH Ke3/e), COAaH KeliH
TUTPJICHETIH KBIIIKBUIIBIK aHbIKTAIABI [21].

Tumpnenemin KpluiKbl10vikmol anvikmay. 10 mn ceiHamara 20 mu guctwiaeraren H.O
xoHe 2 Tamibl 1% denondranenn kocwuiapl. Conan keiin ceiHamanap 0,1 NaOH com KbI3rbuiT
0osty maiima OoJsiraHFa JIeHiH TUTpAeHAl. Tutpneyre xkidepinren skoHe 10-ra kebeitiniren NaOH
kenemi (M) Teprep rpagyceiMeH (°T) KOpCEeTUITeH TUTPJICHETIH KBIMKBUIIBIKTBIH KOPCETKINI1
Ooe! [22].

Hortu:xesiep xoHe TAJNKbLIAY

Op TYpal cakray MEp3iMIHEH KEHIH CYT KBIIIKBUIBI OAKTEPHSIIAPBIHBIH KOHE JIAKTO3aHBI
BIABIPATaThIH AIIBITKBUIAPIBIH TIPMILUTIKKE KaOBUIETTUIIr 107-10° epitinaiciner 3 aana Iletpu
TabakmanapbiHaarel (oprama ecernreH) MRS sxone CaOypo arap KOCBUIFaH OpTachIHAA ©CIpiI
€CenTeNiHal, WHKYOalnMsIaH KeWiHr1 KoJoHusapasl canay kesinme 30+1°C »xone 37+1°C 48
carar IiHAe eCipuUIreH, MUKPOOPTraHU3MICP/IIH TIPIIUTIK €Ty MaibI3bl, MUHEPAIIbl Mail KaOaThI
acThIH/A CaKTaFraHHAaH KeiiH kosoHust Kypaymbl Oipiikrep (KKB) caHblHBIH opTama MoHI
norapudmre KaTbicThl TaObUIABL [epextep CrhromeHTTIH | KpuTepuiii OoWbIHIIA ©HIEIl
(karesnep KeNTipiIMereH, OMTKEH1 TY)KbIPhIMIAP aMKbIH albIpMaIIbIIBIKTAPFa HETI3/ICTCH).
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Cyper 1- MuHepanipl Maii Ka0aThl aCThIH/A CAKTalIFAHHAH KeWiH KOHCOPIUYMFa KipeTiH CyT
KBIIIKBLIBI MUKPOOPTaHU3MJIEPIH KOHE JIAKTO3aFa alllbITKbUIAPIbI 06JIeK ocipy Ke3iHerl xacyaiap
CaHBIHBIH ©3TePYiHIH CaJbICTBIPMAJIbI AUATPAMMACHI

Munepanabl Maii KabaThl acThIHAA cakTayFa canbinrad AXJK KoHe JTaKTO3aHbI alllbITaThIH
AIIBITKBUIAPABIH TIPIIUTIKKE KaObuteTTimiri 9 aiman keitin 10-23% - ke aeiliH TeMeHereHi
anpikTansl. (1-cypet). Consimen, Lactococcus lactis 8 sxone Lactobacterium bulgaricus K-3 eki
MITAMMBIHBIH TIPIIUTIK €Ty JACHTeii, MUHEepaiapl Mail KaOAaThIHBIH aCThIHAA CaKTay MEp3IMIHIH
conpiaaa 42—53,5% neitin romenaeni. Streptococcus lactis 6 mrammbl €H TYpaKThl OOJIBII MIBIKTHI,
OHBIH MaKCUMAaJJIbl TIPIIUTIK €Ty JAeHTeli 9 aif cakraranHaH keiid 81,9% Kypabl.

JlakTobakTepusiIapMeH OpraHUKaIBIK KbIITKBIIAAPIBIH (CYT KBIIIKBUIBIH) TY3UTyl IIAPTTHI-
MaTOTeH/II MUKPOOPraHU3MJIEPTe KAThICThI aHTAarOHUCTIK OEJCEHIUTIK TEeTIKTEpiHiH Oipi OOJIBIT
cananaapl. OcbIiFad 0alIaHBICTBI KBIIIKBLT TY3UTY TUHAMHUKACHIH 3€PTTEY JIAKTOOAKTEPHUSIIAPIbIH
OMOJIOTHSUTBIK ~KACHUETTEPIH CHIATTayJa MaHBI3Ibl KE3€H peTiHJe KapacTelpbutanbl. bi3
CTEPWJIBJICHTEH Malbl aJblHFaH CYTT€ JIAaKTOOaKTepusIapabl ocipy Ke3iHAe THUTPJCHETIH
KBIIIKBUIABIKTBIH ©3repy JMHAMUKACHIH aHBIKTAIBIK.

Kecre 1 - Y1 y3aKkTeIFbIHa OaiJIaHBICTBI MHHEpAIABl Mail KabaThl acThIHIA CaKTaFaHHAH KeHiH
KOHCOPIIMYMFa KIpeTiH CYT KBIIMIKBUIBI OaKTepUSUIAPBIHBIH JKOHE JIAKTO3a AIIBITATHIH AIIBITKBIIAP/IBIH
KBITIKBUT TY3yITi OenceHaiiri

CYT KBITIKBLTBI YHbITY y3aKTEES 3% TutpaeHeTiH KbIIIKBUIIBIK, °T
OaKTepHsITapBIHBIH KOHE N .
YUBITKBIHBI €HI'13Y o o o
JIAKTO3aHBI allIBITATBIH . bacranker 3an 6 ait 9 ait
KE31Hae, carat
alIBITKbUIAPABIH IITAMMIAPEI
1 2 3 4 5 6
Streptococcus lactis 6 16 75 70 65 55
Lactococcus lactis 8 16 97 85 60 52
Lactococcus lactis K-1 16 80 70 60 55
Streptococcus thermophilus K-2 16 100 85 75 63
Lactobacterium bulgaricus K-3 16 95 80 75 65
Saccharomyces lactis 14c 16 200 195 180 170
Saccharomyces lactis 19 16 210 200 190 180

EH 66J’IC€H,Z[i KbIIIIKbBIJI eHiMz[epi JIAKTO3aHbl aAlIbITATBhIH AIIbITKBIJIAPABIH MTaMMIAapbl
ekeHairi ansikTanapl. Saccharomyces lactis 14c -200°T sxone Saccharomyces lactis 19- 210°T,
opTala KbIIIKbUI TY3YIIUIep CYT KBIIIKBIIBI OaKTepHsIapbIHbIH IITamaapbl 60ssl; Lactococcus
lactis 8 - 97°T, Streptococcus thermophilus K-2 - 100°T, Lactobacterium bulgaricus K-3 — 95 °T,
anci3 KpIIKeLT TY3rim Streptococcus lactis 6 - 75°T, Lactococcus lactis K-1 -80°T munepanabl
Mmai Ka6aTLIHLIH ACTbIHAA CaKTay HpOI_IeCiHI[C CYT KbIIIKBLIbI 6aKTepI/I$IJ'IapLI JKQHE JIaKTO3a
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aIIBITATBIH AIBITKBIIAP/IBIH KBIIIKBLT TY3YII1 OCTICEHAUTITIHIH o3repyiHe KaToIicTh (1-kecte) 9 aii
iminge Oyn kepcerkim 5-18% - geH acmaiTeIHIal MelnepAe TOMEHIETeHI AaHBIKTaJIbI.
Epexuenik Lactococcus lactis 8 mrammbiama 60mb1, OHbIH Oencenaitiri 45%-ke ToMeHaesi.

En Oencenai kplukbuiganabipreimTap; Lactobacillus casei 139 - 60°T, Lactobacillus
plantarum 53h - 55°T »xone Lactobacillus salivarius 8g - 50°T, Lactobacillus curvatus 18g- 45°T
xone Lactobacillus acidophilus 27w - 42°T, anci3 Keikel1 Ty3ymiiiep - Lactobacillus curvatus
18g-45°T »xone Lactobacillus acidophilus 27w-42°T, anci3 keimkei1 tysrimrep Lactobacillus
plantarum 2 - 22°T »xone Lactobacillus cellobiosus 20-20°T 6os1s1 (2-kecTe).

Kecre 2-KomieKIUsUIbIK CYT KbIIIKbUIbI OaKTEPUSIIAPBIHBIH KBIITKBLI TY3YIII OCJICSH IUTIr

YUBITY Y3aKThIFBI

CYT KBIIIKBUIABI OAKTEPUSIAP IbIH 3% YHBITKBIHBI KbImkpu1apiH Ocy TeMiiepaTypacsl,

KOJISKITUSIIBIK, IITaMMIaphbl EHTI3y Ke3iHJIe, Ty3inyi, Oactan °C
carart

1 2 3 4
Lactobacillus plantarum 2 16 22 35
Lactobacillus plantarum 22 16 35 35
Lactobacillus plantarum 53H 16 55 35
Lactobacillus acidophilus 27W 16 42 35
Lactobacillus curvatus 18g 16 45 35
Lactobacillus casei 139 16 60 35
Lactobacillus casei /73a 16 30 35
Lactobacillus salivarius 8g 16 50 35
Lactobacillus fermentum 27 16 35 35
Lactobacillus cellobiosus 20 16 20 35

Nel koncopumymusie (Lactococcus lactis K-1, Streptococcus thermophilus K-2,
Lactobacterium bulgaricus K-3 >xone makto3a ambsITKbICEI Saccharomyces lactis 19) skone
koHcopiuyM Ne6, Streptococcus (Streptococcus Nel) ONMyASIUACHIHBIH ©3TEPTiITIIHE 3€PTTEY
xypriziami. Lactococcus lactis 8, Saccharomyces lactis 14C), cyT KbIIIKbUIBI OaKTEPHSIAPBIHBIH
mITaMMJIaphl T€TEPOTCHIUTITIH KOpCeTTi. THIFbI3 KOPEKTIK OpTaHbIH OCTIHAE CYT KBIIIKbUIBI
OaKTepHsUTApBIHBIH AWMaMeTpi 2-4 MKM IIaMachlHIa, JOHEC, JOHTreJeK, IIeTI Teric, aK TYCTi
KOJIOHUSIIAp TY3UICTIHI 2-CYpeTTe KOPCETUITEeH.

) ' r)
Cyper 2 - CyT KbIIKbULABI OaKTepUSTIapbIHBIH MOMYJISIUSIIBIK ©3TeprillTiri
Eckepry: a) Lactococcus lactis K-1, o) Streptococcus thermophilus K-2, 6) Lactobacterium
bulgaricus K-3, B) Streptococcus lactis 6, r) Lactococcus lactis 8
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Cyper 3 - nakrodepMeHTaAHSIIAYIIIBI AlllLITKBLIAPABIH MOP(HOIOTUsACHl KopceTireH. ThIFbI3
KOpEKTIiK OpTaHbIH OCTIHJIe JaKTO3aHbI alllBITATHIH AIIBITKBUIAD AUAMETPi 6-8 MKM IIaMachbliH/Ia TOHEC,
JOHTENEK, IIET1 Teric, aK TYCTi KOIOHHSIIAp Ty3eli

CYT KBIIIKBUIBIHBIH €H IMePCTICKTHBAIBI MITAMM-TIPOIYIICHTIH TaHAy YIIiH CYT KBIIITKBLIBI
OaKTepUsUIAPBIHBIH 5 KYJbTYPAChIHBIH JKOHE JIAKTO3aHBI AIIBITATBIH AIIBITKBUIAPIBIH 2
KYJIBTYPAChIHBIH KBITIKBUI T3y Ka0ineri 3epTrenai. CyT KbIIIKBUTEI OaKTepHsUIap KOJOHHUSICHIHBIH
YKOHE JIAKTO3aHBI AlIBITATBIH AIIBITKBUIAPIBIH S HYCKACHI TAHIAJJIBI.

300
250
= =St lactis 6
200 .
4 L. lactis 8
E |, |actis K-1
150
g =—=5t. thermophilus K-2
et

=== | actobac. bulgaricus K-3
100 -
=S lactis 14c

S lactis 19
50

0 T T T T T 1
Bacrtanke!r 1 8apvaHT2 8apWaHT3 BapuaxT4 Bap1aHTS sapuaHT

Cyper 4 - KoHcopuimyMFa KipeTiH CyTKBIIIKBUTBI OaKTepHsIap MEH JIAKTO3aHbI AlllbITATHIH
AIIBITKBUIAP IBIH TAHIAT AJIBIHFAH HYCKAJAPBIHAA KBIIIKBUIBIKTEIH 63Tepy TUHAMIKACHIH aHBIKTAy

CyT kpinikpuUIbl OakTepusiiapasiy Lactococcus lactis 8 xxone Streptococcus thermophilus K-
2 mTaMMJApbIHBIH TaHIAN albIHFAaH 5 HYCKACBIHBIH ilIiHAe eH Oencenni 6onbim No2 sxone Ned
HYCKayapbl TabbLIampl. Streptococcus lactis 6, Lactococcus lactis K-1 mtamaapsinga opraiia
KBIIIKBLT Ty3eTiH Nod sxone Ne5 Hyckamapsl skone Lactobacterium bulgaricus K-3 mrraMMbitgarst
Nel sxone Ne3 Hyckayapbl aHBIKTaIbI. belceHai KpIIIKbLUT Ty3y KaOineTi JaKTO3aHbl alllbITAThIH
Saccharomyces lactis 14c sxone Saccharomyces lactis 19 ambitkputapbiga Ne2 skone Ne 4
HYCKaJlapbIHJa KepiHai (cypeT- 4).
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Eckepry: a) Lactococcus lactis 8 Ne2 myckacsr; 9) Ne 4 nycka Lactococcus lactis 8; 6) N2
Hycka Saccharomyces lactis 14 c¢; 8) Saccharomyces lactis 19-usir Ne4 Hyckacs

Cyper 5 - KoHcopuinyMFa KipeTiH CyT KbIIIKbIIbI OaKTepUsiIap MEH JTaKTO3aHbl alllbITATHIH
aAIIBITKBI IITAMM/IAPBIHBIH TAHJIAI AJbIHFAH HYCKAJIAPIHIAFbl TUTPJICHETIH KbIIIKBUIIBIK KOPCETKILITEepi

Koncoprimymra KipeTiH CYT KbIIIKBLIBI OaKTEPHUSIAPBIHBIH ITAMM/IAPBIHBIH HYCKAJIapbIHAA
TUTPJCHETIH KbITIKbUIABIFB 70-85°T apanwireiaaa 0onampl, Oyl - oprama OelICeHAUTIK OOJBIT
caHananpl, an oHblH napametpiepi 90 °T 6acram 110°T- aeitid sxorapsl 00JIIbI. ANTa KETY KEpeK,
Saccharomyces lactis 19 mrammbr 200-240°T TUTpJACHETIH KBIIIKBUIIBIKTBI KypaHThIH TaHIaIl
anpiaFad No4 HYCKa/ia, CaJBICTBHIPMAIIbI TYPJIE JKOFaphl KBIMIKBUT TY3y OEJICEHAUTIIIH KOPCETTI.
Tutpnenerin KeIKbLIABIFRI 20-60°T apanbiFbiHaa OOJIATHIH KOJUIEKIHMSUIBIK CYT KBIIITKBIIBI
OaxTepusIapbl OEJICEH I eMec OOJIBITI CaHaIa IbI.

Hortmwxkenepai KOpeITBIHABIIAN KeJle, TaHIa aJIbIHFaH OeC KyIbTypa HYCKaJIapbIHbIH IIIiH/e
Lactococcus lactis 8 sxone Streptococcus thermophilus K-2 ¢yT KbIIIKBIIBIHBIH [T€PCIIEKTHBAIIBI
OHJIIpyIIiiepl OOJBIN TaObLIaAbI JeTeH KOPBITHIHIBI jkacayFa Oonaabl. Onap 6acka 3epTTeirexH
ITaMMIapMEH CaJbICThIPFaH/Ia JKOFAaphl KBIIIKBLT Ty3y OenceHaunirin kepcerri. Koncopruymra
KIpeTiH CYTKBIIIKbUIBI OaKTEepHUsIapbl MEH JIAKTO3aHBI AlIBITATHIH AIIBITKBLIAD MITaMMIAPBIHBIH
HYCKAJIapblH IPIKTEY - YIO Y3aKTBIFbl KOHE KBIIIKBUI TY3y OEJICEHAUIIr1 CUSKTBI MapameTpiep
OOMBIHIIA )KYPT13UIA1 )KoHE OosaliakTa ojiap/ibl MPOOUOTHKTEP PETiHe Malgananyra 60aaabl.

DOKCIEPUMEHTTIK JKYMBICTAD HOTHXKECIHIE ajblHFAaH MOJIMETTEpP CYT KbIIIKBLIBI
OaKTepusIIapbIHBIH KOJUICKIUSUIBIK IITaMIAPbIMEH CAllbICTBIPFaHAa KOHCOPIMYMFa KIpEeTiH CYT
KBIIIKBLIBI OaKTepHUsIapbl MEH JAKTO3aHbI AllIBITAThIH AIlIBITKBLUIAP/IBIH JKaKChl KBIIIKbLUT TY3€TiH
KaOLIeTiH KepceTei.
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AKTUBHOCTb KOJUIEKIIHOHHBIX MOJIOYHOKHUCJIBIX BAKTEPUIA U
JAKTO30CEPAKUBAIOIMX TPOMXKEN 1 MOJIOYHOKUCJIBIX BAKTEPHIA,
BXO/ISIIUX B KOHCOPLIUYM

AHHOTALIUA

B cratee mpencraBieHBl  OKCIEPUMEHTANbHBIE  JaHHBIE MO  JKU3HECIIOCOOHOCTH U
KHCIIOTOOOpa3ylomield aKTUBHOCTH MOJIOYHOKHUCIBIX OaKTepHil M JIAKTO30COPaKUBAIOIINX IPOXKKEH,
BXOJSIINX B KOHCOPIIMYM, a TaKKe MOJOYHOKHUCIBIX OaKTepwii, XpaHAMMXCA B KOJUIEKIIUU
MukpoopranuzMos HIIL[ MukpoOuonorny u BUPYCOIOTHH TT0/T MUHEPATHHOM MaCIIOM.

[TomyueHHbIC TaHHBIE CBUIETEIBCTBYIOT O BBICOKOUM KHCIOTOOOpa3yroliel CloCOOHOCTH MITaMMOB
MOJIOUHOKHCIIBIX OaKkTepuii M JIAKTO30COPaXKUBAIOIIUX JPOXKEW, BXOAAINMX B KOHCOPIUYM, IIO
CPaBHEHUIO C KOJUIEKIIMOHHBIMU IITAMMAMH MOJIOYHOKHUCIIBIX OAKTEPHIA.
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Abstract

The article presents experimental data on the viability and acid-forming activity of lactic acid bacteria
and lactose-fermenting yeasts included in the consortium, as well as lactic acid bacteria stored in the
collection of microorganisms of the NPC of Microbiology and Virology in mineral oil. The data obtained
indicate a good acid-forming ability of the strains of lactic acid bacteria and lactose-fermenting yeasts
included in the consortium, compared with the collection strains of lactic acid bacteria.

Keywords: acid-forming activity, lactic acid bacteria, lactose-fermenting yeast, viability, population
variability.

Lactic acid is widely used in the food industry for the production of beverages, marmalade,
in canning processes [1]. It is also used in feed production and in heavy industry. Lactic acid
polymerizes well. The demand for it has grown due to the possibility of its use as a feedstock for
biodegradable polymers, oxygenated substances, plant growth regulators and special-purpose
chemical products [2]. Microbiological synthesis of lactic acid is much more cost-effective than
chemical synthesis [3-6]. Lactic acid producers homofermentative lactic acid bacteria are used as
part of probiotics for the treatment of humans and young animals [7, 8].

An important area of work on the optimization of lactic acid production is the study of the
biological properties of lactic acid fermentation producers, selection of active homofermentative
lactic acid bacteria, optimization of biosynthesis process control parameters. It is also important
to study and apply optimal conditions for the growth of selected cultures of microorganisms and
the effectiveness ofthe acid formation process [9]. By means of such factors as nitrogen and carbon
sources, pH, temperature, cultivation method, affecting the titer of the culture-producer of lactic
acid and its productivity [10].

As L. A. Bannikova notes in her work, the properties of individual strains of lactic acid
bacteria, as well as their combinations, are evaluated by a number of indicators, which primarily
include: acid-forming activity - the rate and depth of lactose cleavage with the formation of a
certain lactic acid isomer [11, 12]. S. Steffen et al. studied the influence of various factors on the
configuration of lactic acid formed by different strains of lactic acid bacteria. As it turned out,
changes in the time, incubation temperature, pH and composition of the nutrient medium did not
significantly affect the configuration of lactic acid. Most of the studied strains of lactococci
produced - P-lactate, strains of L.bulgaricus and L.lactis - exclusively R-lactate, and L. helveticus
and L.acidophilus - both isomers in the same amounts [13]. The form of lactic acid formed is
characteristic of a certain type of lactobacilli [ 14]. The acid-forming activity of lactic acid bacteria
is due to their high growth rate in milk and enzymatic activity. Certain types of lactobacilli, which
have a low growth rate in milk and, accordingly, a weak acid-forming ability, need additional
growth factors (yeast autolysate, corn extract, etc.)[15, 16].The activity of acid formation is a
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normalized indicator of the specific activity of lactose-containing probiotics and, accordingly, a
criterion for the selection of lactobacillus strains in the development of new bacterial preparations
[17].

Materials and methods

Lactic acid microorganisms were used in the work (Lactococcus lactis K-1, Lactobacterium
bulgaricus K-3, Streptococcus thermophilus K-2, Streptococcus lactis 6, Lactococcus lactis 8) and
lactose-fermenting yeasts (Saccharomyces lactis 19 and Saccharomyces lactis 14c) included in
the consortium, which are isolated from fermented dairy products of Kaskelensky district of
Almaty region.

MRS medium was used for the cultivation of lactic acid microorganisms [18]. The source of
carbon in the medium was glucose, the source of nitrogen was yeast extract. The number of viable
cells (CFU/ml or titer) was determined by 10-fold dilution of the sample and seeding on agarized
MRS and Saburo media [19, 20].

Determination of the energy of acid formation. 1 loop of the studied strain was inserted
into a test tube with 10 ml of sterile skimmed milk and thermostated at an optimal temperature
(30-37 ° C) for 16 hours (when determining the energy of acid formation), after which the titrated
acidity was determined [21].

Determination of titrated acidity. 20 ml of distilled H20 and 2 drops of 1% phenolphthalein
were added to 10 ml of the sample. The samples were then titrated with 0.1 NaOH until a faint
pink staining appeared. The volume (ml) of NaON used for titration and multiplied by 10 was an
indicator of titrated acidity expressed in Turner degrees (°T) [22].

Results and discussion

The viability of ICD and lactose-fermenting yeast after various storage periods was
evaluated by surface sieving from dilutions 107 - 10° in 3 Petri dishes (with the calculation of the
average value) on agarized media MRS and Saburo counting colonies after incubation at 30 + 1
°C and 37£1°C for 48 h. The percentage of survival of microorganisms was found in relation to
the logarithm of the average value of the number of colony-forming units (CFU) after storage
under a layer of mineral oil. The data were processed according to the Student's 1-criterion (errors
are not given, since the conclusions are based on obviously significant differences).
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Figure 1 — Comparative diagram of changes in the number of cells during separate cultivation of
lactic acid microorganisms and lactose-fermenting yeasts included in the consortium after storage under a
layer of mineral oil

It was found (Figure 1) that the viability of ICD and lactose-fermenting yeast stored under a
layer of mineral oil decreased to 10-23% after 9 months. Thus, the survival rate of two strains of
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Lactococcus lactis 8 and Lactobacterium bulgaricus K-3 by the end of the shelf life under a layer
of mineral oil decreased to 42-53.5%. The most resistant strain was Streptococcus lactis 6, the
maximum survival rate of which after 9 months of storage was 81.9%.

The formation of organic acids (lactic) by lactobacilli is considered one of the mechanisms
of antagonistic activity in relation to conditionally pathogenic microorganisms. In this regard, the
study of the dynamics of acid formation is considered as an important stage in the characterization
of the biological properties of lactobacilli. We determined the dynamics of changes in titrated
acidity during the cultivation of lactobacilli in sterile skim milk.

Table 1 - Acid-forming activity of lactic acid bacteria and lactose-fermenting yeasts included in the
consortium after storage under a layer of mineral oil, depending on the duration of coagulation

Duration of Titrated acidity, deg
Strains of lactic acid bacteria and coagulation when 6 2
lactose-fermenting yeast applying 3% starter Source 3 month 9
culture, hour month month
1 2 3 4 5 6
Streptococcus lactis 6 16 75 70 65 55
Lactococcus lactis 8 16 97 85 60 52
Lactococcus lactis K-1 16 80 70 60 55
Streptococcus thermophilus K-2 16 100 85 75 63
Lactobacterium bulgaricus K-3 16 95 80 75 65
Saccharomyces lactis 14c 16 200 195 180 170
Saccharomyces lactis 19 16 210 200 190 180

It was found that the most active acid producers were strains of lactose—fermenting yeast
Saccharomyces lactis 14c - 200°T and Saccharomyces lactis 19 — 210°T, moderate acid—forming
strains of lactic acid bacteria Lactococcus lactis 8 - 97°T, Streptococcus thermophilus K-2 - 100°T,
Lactobacterium bulgaricus K-3 - 95 °T, weak acid-forming Streptococcus lactis 6 - 75 °T,
Lactococcus lactis K-1 -80°T. With regard to changes in the acid-forming activity of ICD and
lactose-fermenting yeast during storage under a layer of mineral oil, it was found (Table 1) that
within 9 months this indicator decreased by no more than 5-18%. The exception was the strain
Lactococcus lactis 8, whose activity decreased by 45%.

Table 2 - Acid-forming activity of collection lactic acid bacteria

Duration of
Strains of collectible lactic acid coagu lat.lon vghen Acid formation in Growth 0
bacteria applying 3% milk, °T temperature, °C
starter culture,
hour
1 2 3 4
Lactobacillus plantarum 2 16 22 35
Lactobacillus plantarum 22 16 35 35
Lactobacillus plantarum 53H 16 55 35
Lactobacillus acidophilus 27W 16 42 35
Lactobacillus curvatus 18g 16 45 35
Lactobacillus casei 139 16 60 35
Lactobacillus casei /73a 16 30 35
Lactobacillus salivarius 8g 16 50 35
Lactobacillus fermentum 27 16 35 35
Lactobacillus cellobiosus 20 16 20 35
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It was revealed that the most active acid producers are strains of collectible lactic acid
bacteria Lactobacillus casei 139 - 60°T, Lactobacillus plantarum 53H - 55°T and Lactobacillus
salivarius 8g - 50°T, Lactobacillus curvatus strains 189 - 45°T and Lactobacillus acidophilus 27W
- 42°T were moderate acid-forming agents, Lactobacillus plantarum 2 - 22°T were weak acid-
forming agents and Lactobacillus cellobiosus 20 - 20°T (Table 2).

The study of population variability of consortium No.l (Lactococcus lactis K-1,
Streptococcus thermophilus K-2, Lactobacterium bulgaricus K-3 and lactose-fermenting yeast
Saccharomyces lactis 19) and consortium Ne 2 (Streptococcus lactis 6, Lactococcus lactis 8,
Saccharomyces lactis 14c), strains lactic acid bacteria showed heterogeneity. Figure 2 shows that
on the surface of a dense nutrient medium, lactic acid bacteria form similar colonies of about 2-4
microns in diameter, convex, round, smooth, white.

o )

Note: a) Lactococcus lactis K-1, b) Streptococcus thermophilus K-2, ¢) Lactobacterium
bulgaricus K-3, d) Streptococcus lactis 6, e) Lactococcus lactis 8
Figure 2 - Population variability of lactic acid bacteria

Figure 3 shows the morphology of lactobacillus yeast. On the surface of a dense nutrient
medium, lactose-fermenting yeasts form colonies about 6-8 microns in diameter, convex,
round, smooth, white.

Figure 3 - Population variability of lactose-fermenting yeast

To select the most promising strain-producer of lactic acid, the acid-forming ability of 5
cultures of lactic acid bacteria and 2 cultures of lactose-fermenting yeast was studied. 5 variants
of'a colony of lactic acid bacteria and lactose-fermenting yeast were selected.
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Figure 4 — Determination of the dynamics of acidity changes in selected variants of lactic acid
bacteria and lactose-fermenting yeasts included in the consortium

Of the selected 5 variants of lactic acid bacteria strains Lactococcus lactis 8 and
Streptococcus thermophilus K-2, the most active variants are Ne2 and Ne4. Moderate acid-
forming variants Ne4 and Ne5 in strains Streptococcus lactis 6, Lactococcus lactis K-1 and
variants Nel and Ne3 in the strain Lactobacterium bulgaricus K-3. The active acid-forming
ability was manifested in variants Ne 2 and Ne4 in lactose-fermenting yeasts Saccharomyces
lactis 14c and Saccharomyces lactis 19 (Figure 4).

0) - d)

Note: a) Ne2 variant Lactococcus lactis 8; b) Ned variant Lactococcus lactis 8; ¢) Ne2
variant Saccharomyces lactis 14c; d) Ne4 variant Saccharomyces lactis 19.

Figure 5 - Indicators of titrated acidity in selected variants of strains of lactic acid bacteria and
lactose-fermenting yeast included in the consortium

In variants of strains of lactic acid bacteria included in the consortium, the titrated acidity
of which ranges from 70-85 °T, are considered to be moderately active, and those with this
parameter over 90-110 °T highly active. It should be noted that the strain Saccharomyces lactis
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19 showed a relatively high acid-forming activity in the selected variant Ne4, the titrated acidity
of which ranges from 200-240 °T. Collection lactic acid bacteria, the titrated acidity of which
ranges from 20-60 °T, are considered inactive.

Summarizing the results obtained by us, we can conclude that out of the selected five
culture variants Lactococcus lactis 8 and Streptococcus thermophilus K-2 are promising
producers of lactic acid. They showed high acid-forming activity, in comparison with other
studied strains. The selection of variants of strains of lactic acid bacteria and lactose-fermenting
yeast included in the consortium was carried out according to parameters such as the duration
of coagulation and acid-forming activity and in the future they can be used as probiotics.

The data obtained as a result of experimental work indicate a good acid-forming ability
of the strains of lactic acid bacteria and lactose-fermenting yeasts included in the consortium,
compared with the collection strains of lactic acid bacteria.

References:

1 Gridneva E.E., Kaliakparova G.SH., Padalko I.U. Problemy i perspektivy razvitiya rynka hleba
i hlebobulochnyh izdelij v Respublike Kazahstan //Problemy agrorynka, 2018, Nel, 112-119.

2 Datta R. et al. Technological and economic potential of poly(lactis acid) fnd lactis acid
derivative//FEMS Microbiology Reviws.1995.Vol.16.221-231.

3 Trenina M.A., Lysenko A.M., Ahveredyan V.Z., Mchedlishvili E.B. Izuchenie vidovoj
variabel'nosti  bakterij Lactococcus lactis po priznaku adaptacii k vysokoj kislotnosti
sredy.//Mikrobiologiya. 2006.T.75.Ne1.118-126.

4 Duwat P., Cesselin B., Souris S.,Gruss A. Lactococcus lactis, a bacterial model for stress
responses and survival//J.Food Microbiol.2000.Vol.55.83-86.

5 Sjoberg A.,Persson I.,Quednau M.,Hahn-Hagerdal B. The influence of limited and non-limited
growth conditions on glucose and maltose metabolism in Lactococcus lactis ssp.lactis
strains//Appl.Microbiol.fnd Biotechnol.1995.Vol.42.No6.931-938.

6 Sheh Punia Bangar, Shweta Suri, Monica Trif, Fatih Ozogul. Organic acid production from
lactic acid Dbacteria: A  preservation approach. Food bioscience, Volume 46,
2022.101615/doi.org/10.1016/5.fb10.2022.101615.

7 Ganina V.. Stabilnye zakvaski - kachestvennye 1 bezopasnye molochnye
produkty//Molochnaya promyshlennost’. 1999. Ne8. 25-27.

8 Katarzyna Garbacz. Anticancer activity of lactic acid bacteria. Seminar in Cancer biology
available online 4.2022./doi.org/10.1016/j.semcancer.2021.12.013.

9 Kuksova E.V. Razrabotka tekhnologii kompleksnyh pishchevyh dobavok s ispol'zovaniem
kislotoobrazuyushchih bakterij: Avtoref.... dis. kand. tekhn. nauk. M. 2008. 27.

10 Warminska-Radyko 1., Olszewska M.,Miks-Krajnik M. Effect of temperature and sodium
chloride on growth and metabolism of Lactococcus strainsin long-term incubation of milk
//Milchwissenschaft-Milk Science International.2010.Vol.65.32-35.

11 Bannikova L. A. Mikrobiologicheskie osnovy molochnogo proizvodstva. Moskva, 1975.

12 L. A. Bannikova, N. S. Koroleva, V. F. Semenihina M.: Agro-promizdat, 1987.400.

13 SHteffen S. Konfiguraciya molochnoj kisloty, obrazuemoj razlichnymi shtammami
molochnokislyh bakterij, kak funkciya uslovij kul'tivirovaniya / S. SHteffen, B. Nik, B. X. Blan //
Mezhd. Kongress po molochnomu delu. M., Pishchevaya promyshlennost’, 1978.156-157.

14 Puhan 3. Sostav molochnokisloj flory i konfiguraciya molochnoj kisloty v jogurte / 3. Puhan,
O. Flueler, M. Banhedzhi // 19 Mezhd. kongress po molochnomu delu. M.: Pishchevaya prom-st', 1978.
192.

15 Pechurkin N.S. Populyacionnaya mikrobiologiya. Novosibirsk: Nauka. 1978.

16 Pechurkin N.S., Bril'kov A.V., Marchenkova T.V. Populyacionnye aspekty biotekhnologii.
Novosibirsk: Nauka (Sib. otd.). 1991.

17 Lihoded V.G., Bondarenko V.M. Antiendotoksinovyj immunitet v regulyacii chislennosti
esherihioznoj mikroflory kishechnika. Medicina, 2007.216.

18 Arkad'eva Z.A. i dr. Promyshlennaya mikrobiologiya. M.,1989. 686.

19Varfalomeev S.D. Kineticheskie zakonomernosti razvitiya mikrobnyh populyacij
/Sovremennye problemy biokinetiki. M.,1987. 6-77.

129



MHUKPOBHOJIOI'US "KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

20 Minevich I.G. Material'no-energeticheskij balans i kinetika rosta mikroorganizmov.M., 2005.
353.

21 Proskuryakov M.T.Biohimiya. Krasnodar,2007.199.

22 Gurevich YU.L. Ustojchivost' i regulyaciya v mikrobnyh populyaciyah.Novosibirsk, 1984.98.

130



MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

MPHTMU: 34.27.39

3.P. DAM3YJIMHA'", JI. T. TATAPKMHA!, T A. CITAHKYJIOBA',
I'.5. BAUMAXAHOBA!, C.A. AUTKEJIbJJUEBA', 11. D. CMUPHOBA',
3. AJIJEKCHEBA?

"HayuHo-11pou3B0ACTBEHHBII LIEHTP MUKPOOHOIIOTUM U BUPYCOJIOTHH, AJIMAThI,

Ka3zaxcran
’Bonrapckas akanemus Hayk, Codus, Bonrapus
“e-mail: elmira_f@mail.ru

BJIMSTHUE COJIEHOCTH U pH CPEJIbI HA JIETPAJTAIIMIO HE®TH
KOHCOPLHHUYMAMU TEPMOTOJIEPAHTHBIX HE@TEOKUCJIAIOLNX
MUKPOOPI'AHU3MOB

doi: 10.53729/MV-AS.2022.04.10

AHHOTAIINSA

Wzydeno Biusinue cosnéHoct W pH cpenpl Ha nerpamaiinio HehTH TPeMs KOHCOPLUYMaMH
TEPMOTOJIEPAHTHBIX HEPTEOKUCISIONMUX MHUKPOOPTraHU3MOB. Y CTAaHOBJICHO, YTO HCCIEAyeMbIe
KOHCOPLIMYMBI YCTOHWYMBBI K BBICOKOMY coaepkanuio NaCl B cpeme u 00J1ajalOT BBICOKOM
HeTEOKHCIISIFOIIEH aKTUBHOCTHIO. Tak, 3a 14 CyTOK KyJIbTUBUPOBAHUS CTEICHb YTUIIM3AIUU HEPTH C
2% NaCl B cpene cocraBmuia 50,7-66,8%, ¢ 5% — 65,5-72,8%, ¢ 10% — 69,0-73,5%.

[NokazaHa BbICOKas IECTPYKIIMOHHAS CIIOCOOHOCTh UCCIEIYEMbIX KOHCOPIIMYMOB TIPH Pa3HBIX
3HavyeHusx pH cpenpl. HanOounbinyto ak THBHOCTE OHU TPOSIBWIIK B IenouHol cpeze (pH 8 1 9), crenens
JIecTpyKuuu HeTH NP 3THUX 3Ha4YeHHAx cocrasmiia ceeiine 80%. B xucnoit cpeme (pH 5 u 6) Obuio
yTuau3npoBano 57,1-67,6% u 51,2-56,9% uedtu, npu pH 7 — 58,7-62,9%.

KawueBble caoBa: HepTsHOe 3arps3HeHHe, HEPYTEOKUCISIONIE MHKPOOPTaHU3MBI,
KOHCOPIIMYM, OMOpeMenuanusi, CoEHoCTh, pH cpempl.

Poct u pa3BuTHE MPOMBIIIIEHHOCTH B HACTOAIIEE BpEeMs MPUBENIM K MHTEHCHBHOMY
3arpsiI3HEHUI0 OKPY)KAIOIIEH Cpelibl TOKCUYHBIMU BelecTBaMu. Cpeu TakuX 3arpsisHUTeNen
OJIHO U3 MEPBBIX MECT NMPUHAAICKUT HeDTH U HedrenpoaykTam. Ha Bcex cragusix, HaunHas
OT pa3BellKu U JOObIUM He(TH, U KOHYAs UCIOIb30BAaHHEM HE(PTENPOIYKTOB, B TON HIIK HHOM
Mepe MPOUCXOIAT BEIOPOCHI MPOJAYKTOB B OKPYKAIOILYIO CPENy, YTO MPUBOJAUT K YXYIIIICHUIO
9KOJIOTHYECKOM CUTYallMU U K OTPULIATEIbHOMY BO3JICUCTBUIO Ha 370pOBbe Jitozei [1, 2].

[Ipn nomaganuu B 1OuYBYy HEPTh U HEPTEHPOAYKTHI OKa3bIBAIOT yrHETAoIIee
BO3JICHICTBHME HA PACTUTEIBHOCTb, IMOJABIAIOT IMOYBEHHYIO MHKpodiopy. B pesynbrate
CHIDKAETCs IUIOJIOPOAME TMOYB, YTO JEJaeT MX HEMPHUTOJHBIMHU IJIs CEeIbCKOXO3WCTBEHHOTO
ucrnoJib30Banus. [Ipu 3TOM ecTecTBEeHHOE BOCCTaHOBJICHHUE HeTE3arpsA3HEHHBIX [TOYB MOXKET
npotekarh necsatumietusmu [3]. Ilpu ncnons30BaHUU TOIBKO MEXAHUYECKHX, (PU3HUECKUX U
XMMHYECKUX METOJIOB peMeualuyd He oOecreunmBaeTcss HEOOXOIUMBIA YPOBEHb OYHCTKH
OKpyXamei cpeabl. Takue MeToAbl MOTYT NPUBOAWTH K BTOPHUUHOMY 3arpsi3HEHUIO H
HapYIICHUIO €CTECTBEHHBIX JlaHamadToB [4, 5].

Pactymas moTpeOHOCTH B BOCCTAaHOBIEHHM 3arpsS3HEHHBIX YYacTKOB TpUBeNa K
pa3paboTke TEXHOJIOTUM, MPU KOTOPHIX OCHOBHOE BHUMAaHHUE YIENSIeTCs OHOJOTHYEeCKOU
JETOKCUKAIIMM M YHUYTOXKEHUIO OPraHWYeCKHUX 3arpsi3HUTeNel. buonorudeckas ouyucTka
SIBJISIETCSl AJIbTEPHATUBHBIM METOJOM VYJAJEHUsl 3arps3HSIOUIMX BEIIECTB, MOCKOJBbKY HE
OKa3bIBa€T BPEJHOTO BO3ACHCTBUS Ha OKpPYXKalOUIyl0 cpedy [6]. buopemeaunamnus BXOIuT B
yucno 3TUX TexHojoruil. [Ipm e€ ucCnonp30BaHUU YHANSIOTCA WIH 00E3BPEKHUBAIOTCS
pasnuuHble 3arpsi3HUTENnu [7]. MeTton Guopemenuanui OCHOBAaH Ha NMPUMEHEHHH aKTHUBHBIX
MHUKPOOHBIX IITAMMOB, MPOSIBISIFOIIMX CIIOCOOHOCTh K JIETPajalliyl yrieBOJOPOJOB HEDTH.
YTeBOJOPOOKUCIIAIONINE MUKPOOPTaHU3MBl B CHIIy CBOEH TONU(YHKIIMOHATIHHOCTH,
(epMEHTaTUBHON aKTHBHOCTU M BBICOKOW CKOPOCTH Pa3MHOKEHHS CIIOCOOHBI HCIIOIh30BaTh
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YTJIEBOAOPOABI HEPTH B KaUECTBE €IMHCTBEHHOTO MCTOYHHUKA YIIIEpOaa U IOBOJHUTH MPOIECC
TpaHchOpMallMd OPraHUYECKOTO BeIIeCTBa [0 NOJHONW MuHepanu3anuu. KoHeuyHbIMHU
OPOAYKTaMH TakoW OuoTpaHchopMalMy SIBISIOTCS YIJIGKHCIBIA ra3, BOjJa W JIpyrue
HKOJIOTUYECKH HEHTpasibHble CcoequHeHus. VIMEHHO mo3ToMy OHOpemenuanus TOYB,
3arpsi3HEHHBIX HE(PTHIO u He(TENPOAYKTaMHU, AKTUBHBIMU ITaMMaMU
YIIEBOAOPOJOKHUCIIAIONINX ~ MUKPOOPTaHM3MOB —IIpe/ularaercsi B KauyecTBe HauOoiiee
MEPCIIEKTUBHOTO MET0/1a OOPBOBI C 3TUM 3arps3HeHueM [8, 9].

Oxono 60% MUpPOBBIX 3aracoB HE(YTH HAXOAWTCS HA TEPPUTOPHUSAX CTPAH C JKAPKUM
KIIMMAaTOM, TJie crienudrKa IPUPOIHBIX, B YACTHOCTH, TEMIIEPATYPHBIX YCIOBUMN BBIHYXKAAET
0oJiee TIIATEIBHO TOIXOJUTh K BEIOOPY METO/Ia peMeIualliy 3arpss3HeHHbBIX 3emenb [10, 11].
Temmeparypa sBIsICTCS OJJHUM U3 KIIOYEBBIX (PAKTOPOB, BIUSIOIINUM Ha (PU3HYECKIE CBOMCTBA
1 XUMHYECKHUI cOCcTaB HE(TAHBIX YIIIEBOIOPOIOB, a, CIEI0BATENIbHO, U HAa MX OMOIerpaaltio.
B 3aBucHMOCTH OT HEE MOTYT NpeTepIIeBaTh CE30HHbBIE N3MEHEHUS OaKTepraibHasi akTUBHOCTb
MU, COOTBETCTBEHHO, CKOpOCTh Ouogerpamammu Hebtu [12, 13]. Tawke Ha
MHUKpPOOMOJIOTMUECKHE MPOLIECChl OKa3bIBalOT BiMsHHE coi€HocTh W pH cpenpl. Llunb c
COABTOpPaMM MPEAINOJIOKHUIIN, YTO COJIEHOCTh OKa3bIBaeT OOJBIIOE BIIMSHHE Ha IPOLIECCHI
OnopeMenuanuu U OMOPa3NIoKEHUs, a TAKXKE BIUSET HA POCT U pazHooOpa3re MUKPOOOB [14].
Con€éHOCTh OKa3bIBa€T HEraTUBHOE BIMSHUE HAa aKTUBHOCTb psijia KIIOUEBBIX (DEPMEHTOB,
YCIIOKHSIOIIUXCS B MPOIIECCe Aerpagaiuy yrieBoaopoaoB [15]. KucioTHOCTs MOUYBBI Takke
UTpaeT BaXHYIO POJb: B MPUPOIAHBIX YCIOBUSAX MUKPOOPTaHU3MbI-OMOIECTPYKTOPHI 0OBIYHO
aKTUBHBI B y3Koii obnactu pH (HelTpanbHble, WM OJIM3KHE K HEUTpanbHbIM 3HaueHus) [16].

3arpsi3HeHue MoYB HEPTHhIO U HeDTEempOayKTaMu SIBISIETCS aKTyalbHOW MpoOiIemMol u
g Kazaxcrana. M3BecTHO, uTo B HedrenoOpBatomux pernoHax Kasaxcrana kimumar pe3ko-
KOHTHHEHTAJIbHBIN, XapaKTepU3YIOIIUNCS PE3KHMMU CE30HHBIMU U CYTOYHBIMHU Iepenagamu
temmneparyp. OQHON W3 TIABHBIX MPOOJIEM peMEAHAIlMi TEPPUTOPUA B YCIOBHUSIX KAPKOTO
KJIUMaTa SIBJsieTCs TOT (DaKT, YTO BBHICOKHME TEMIIEpPaTyphbl CHIKAIOT BA3KOCTh HE(TU U, TAKUM
obpazoM, yckopsitoT ee auddy3uto Brayob rpyHTa. B TO XK€ BpeMs TOBBIIICHHBIC
CpEIHECYTOUHbIE TEMIIEPATYPHI SABIISAIOTCA IPUUMHOM OBICTPOTO HCIAPEHUs BOJbI U3 TPYHTA,
YTO MPUBOJIUT K €r0 3acoJieHuIo [17].

B 3amagnom Kazaxcrane Ha HedTenmpompIcaax OTMEUYEHBI O4aru HEPTEXHUMHUECKOTO
3arpsi3HEHUs, 3aCOJICHHS CTOYHBIMHM IUIACTOBBIMHU BOJAMH, OTJIMYAIOLIUMUCS BBICOKOM
MHHEpaJIU3alKe BOI ¢ IpeodialanieM B COJIEBOM KoMIuiekce ximopuaa Hatpus [18]. Kpome
TOTO, Pa3IUBBI CHIPOM HE(TU BBHI3BIBAIOT MOJIIETAYMBAHUE PA3IMUYHON CTENEHH MOYBEHHOTO
pacTBopa, 4TO HAXOJAUTCS B 3aBUCUMOCTH OT KOHIIeHTparuu Hedtu [19].

Lenbto UCCIIeIOBAHUS ObLT0 U3y4yeHue CHOCOOHOCTH KOHCOPIIUYMOB
HE()TECOKUCISIOMNX MHKPOOPTaHU3MOB OKHUCIATH YIJIEBOJOPOAbI HE(PTH TPHU PA3IUYHBIX
koHneHTpamusx NaCl u pH cpenpl.

MarepuaJjbl 1 METO/AbI HCCICAOBAHUIM

Obvexmamu  uccredosanuii  ObUTM  OTOOpaHHBIE  AaKTUBHBIE  KOHCOPLMYMBI
He()TECOKUCISIOMUX OaKTepHil, COCTOSAIINE U3 IITAMMOB:

9 — Rhodococcus fascians K3, Dietzia sp. 84V, Pusillimonas sp. 1/8am;

18 — Dietzia sp.34, Dietzia sp.84V, Pusillimonas sp. 1/8aw;

19 — Dietzia sp.34, Dietzia sp.84Y, Rhodococcus sp. 1]I/1.

ITumamenvuvie cpeovi. MoanuduipoBaHHas MuHepaibHas cpena B/l cnemyromiero
coctaBa, 1/1: NH4NOs3 — 1,0, K;HPO4 — 1,0, KH2PO4 — 1,0, MgSO4 — 0,2, CaClx6H20 — 0,02,
FeCl3 — cnenpr, NaCl - 10,0, pH =7,0-7,2.

Heghms. Coipas HedTb MecTopoxieHus [loccop ATeipayckoii obaactu.

W3yueHne AeCTpyKIMOHHOW CIOCOOHOCTH OTOOPAHHBIX KOHCOPIIMYMOB TPU Pa3sHBIX
3HAYEHUSAX COJNEHOCTH MHUTATENbHOM cpeasl NpOBOAMIM B Kosbax Opieilimeiiepa ¢
MuHepanbHO# cpenoit B/I, B kotopyto no6asisiiau 2, 5 u 10% NaCl. Hedtb BHOCHIIN U3 pacueTa
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2% 1o o6beMy. Konbbsr naKyOHpoBau B TepMocTarupyemoM meiikepe mpu 30°C B Teuenue 14
cyrok. KonnyectBenHoe notpedieHne HehTH Onpeaessuii TPaBUMETPUIECKIM METOIOM.

JlecTpyKIIMOHHYIO CIIOCOOHOCTh OTOOPAHHBIX KOHCOPLIMYMOB IIPU Pa3HbIX 3HAYEHUSX
pH cpenbl (5-9) usyuanu B xuaxoil muHepanbHoil cpene BJl. pH 5 u 6 ycranaBnuBanu
MIOAKHUCIIEHUEM cpeibl cepHOoi KucnoToi, pH 8 u 9 — noamenaunBanuem 10%-HpIM pacTBOpOM
NaOH. Hedrts BHOCWIM wu3 pacuera 2% mno oOwvemy. KonObl uHKyOMpoBamu B
tepmocraTupyemoM 1eiikepe rnpu 30°C B teuenue 14 cyrok. KonuuectBeHHoe notpediieHne
He(PTH OTPEACISITN TPABUMETPUUYECKIM METOIOM.

Bce skcnepuMeHThbI CTaBHIINCh B 3-KpaTHOM MOBTOPHOCTH.

Cratuctuueckyro  oOpaOOTKy  pe3yabTaroB  HWCCIEAOBAHWUN  MPOBOJWINA  TIO
OOIICTIPHHATBIM ~ KPUTEPHUSAM BapUAIIMOHHO-CTATHCTUYECKOTO aHAlM3a C BBIYUCICHHEM
cpequux BenuuuH (M), omumOku cpeanel apudmeTnueckoil (m) C TOMOIIBIO IakeTa
KoMIbloTepHBIX Tporpamm Microsoft Excel, 2010. Ouenky crarucTudeckod 3HAYMMOCTH
pas3nuuuil CpelHUX BEIMYMH MPOBOAWIM MO cTaHAapTHOW Metonuke [20]. Craructuuecku
3HAYMMBIMU cuuTanu pasznuuus ¢ p<0,05.

PesyabTaThl HcciieqoBaHNii H 00CYXKIeHHE

N3BecTHO, yTO Mo4Ba Ha HedTenpombiciaax Kazaxcrana B pa3HOM CTENEHH 3acojeHa, Ipu
3TOM MpeobiiajaeT XJIOPUIHOE 3acosieHne. B cBs3u ¢ 3TUM OblLla M3ydeHa AEeCTPYKLMOHHAs
CMOCOOHOCTh OTOOPAHHBIX KOHCOPIITMYMOB TIPH Pa3HBIX 3HAYEHUSIX COJIEHOCTH cpenbl (2%, 5%,
10%).

PesynbTaThl mCcnenoBaHUS TOKAa3add, 4YTO OTOOpaHHBIE KOHCOPIMYMBI BBIICPKHBATH
konrentparuo NaCl mo 10% (tabmuma 1). Tlpu 2% NaCl nanbomnpiryro He)TEOKUCIISIONTYIO
aKTUBHOCTb TOKa3ajl KOHcopuuyM 19, cremneHb AeCTpyKUMU HE(OTH HpPH €ro KyJbTUBHPOBAHUU
cocraBuiia 66,8%. HanMmenblas akTHBHOCTD B 3TUX YCIOBHUSIX ObUIa y KOHCOPIMYMa 9, KOTOPBIN
yrunusuposai 50,7% nedtu.

[Tpu 5% conepxanuu NaCl B cpezne koncopunymsl 18 1 19 nerpamupoBainu HeTh IPUMEPHO
Ha OJTHOM ypoBHe. Uepes 14 cyTok KynbTUBUPOBAHUS €€ COJIEpKaHue CHU3WIOCh Ha 71,2% u 72,8%,
cootBeTcTBeHHO. KoHcopimym 9 Taioke OblT MEHEe aKTUBHBIM, CTENIEHb AECTPYKIIUK HETH MO/ €ro
BO3JIeiicTBHEM cocTaBmia 65,5%.

[Tpu 10% conepxannu NaCl B cpenie HanOosIb11ast HehTEOKUCTIONIas aKTHBHOCTh OTMEUECHA
y KOHcopuuyma 9, kotopblil yrunusupoBai 73,5% Hedti. MeHee akTHBHBIM ObLT KOHCOPIYM 19.

Tabmma 1 — Jectpykmms Hehtn M. Jloccop axkTHBHBIMH —KOHCOPIMYMAMH TEPMOTONEPAHTHBIX
He(TEOKUCIITIOININX MIKPOOPTaHW3MOB IIPH pasziiaHoi kKoHteHTparmy NaCl B cpene
Koncopimym CrerneHs niecTpykuun HeTH, %o
2% NaCl 5% NaCl 10% NaCl
9 (Rhodococcus fascians K3, Dietzia sp. 50,7 65,5 73,5
84V, Pusillimonas sp. 1/8am)
18 (Dietzia sp.34, Dietzia sp.84V, 64,3 71,2 71,9
Pusillimonas sp. 1/8am)
19 (Dietzia sp.34, Dietzia sp.84V, 66,8 72,8 69,0
Rhodococcus sp. 1]1/1)
KOHTPOIIb 20,6 21,0 19,1

B psine pabot nmokazano, yro Hammuue NaCl B cpenie ocnalusiio mporecc AeCTpyKIul HehTu 1
HePTENPOAYKTOB, MPEINOIOKUTENHHO, 32 CYET €r0 MHTUOMPYIOIIETO NEUCTBUS Ha POCT OaKTepHid.
VYBenuueHne KOHIIEHTPAIMA COJM CHIDKAJIO M CKOpoCTh Owoxerpamarmu [15, 21]. B wHammx
WCCTIEIOBAHUSIX YCTAHOBJIEHO, YTO JECTPYKIMOHHAs CIOCOOHOCTh W3y4aeMbIX KOHCOPIIHYMOB,
HA00O0pOT, MOBBIIIANACh ¢ yBenudeHrneM koHieHTparmu NaCl B cpene. Tak, HauMeHbIIasi CTENEHb
necTpykimu HeTtu oTMedeHa npu 2% conmepkannu conu. KoHcopuumym 9  yTuiam3mpoBai
MakcuMmanbHoe kKoimdectBo Hedru nipu 10% NaCl. Crenens nectpykiuu HeTH N0 BO3ICHCTBHEM
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koHcopuuyma 18 npu 5% u 10% coneprkanuu comm omMYanach Hes3HauuTensHo — 71,2 u 71,9%,
COOTBETCTBEHHO. Y KOHcopimyMa 19 oTMeuanoch HE0O0JIbIIOE CHUKEHUE aKTUBHOCTU — € 72,8% 110
69,0%. Bonee BBICOKas CKOpOCTb OMOpasNokeHHs He(YTH KOHCOPIMYMAaMH IIPU TIOBBIIICHHON
koHeHTparu NaCl, BO3MOXKHO, CBs3aHa C TeM, YTO MHKPOOPTraHW3MBI, BXOZAIIME B UX COCTaB,
aJIaTUPOBAHbI K STUM YCIIOBUSIM, TaK Kak ObUTH BBIIETICHBI U3 HeTe3arps3HEHHBIX MTOYB ATBHIPAYCKOM
o0JacTu, XapaKTepHU3yIOIINXCS BBICOKMM YPOBHEM 3aCOJICHHSI.

pH cpenpr Takke sBusercss OAHMM H3 (DAKTOPOB, BIMSIONIMX Ha OHOpEMEIHaIio
HedTe3arpss3HeHHbIX SKOCHCTEM. KHUCIOTHOCTh OKpYKaIOIel Cpe/ibl BIHSET Ha TaAKUE MPOLIECCHI, KaK
TPAHCIOPT Yepe3 KIETOYHYI0 MEMOpaHy 1 OaaHC KaTaIMTUYECKUX PEAKIIUi, a TAKXKE - Ha aKTHBHOCTh
¢depmenToB. YpoBeHb pH MOXET CWIBHO BapbUpOBAThCS, M €0 HEOOXOIMMO YYUTHIBATH TIPU
COBEPIIICHCTBOBAHUM METOJIOB OHMOJIOTHYECKONH OYMCTKH [6]. B cBs3u ¢ otmMm, Obula W3ydeHa
He(TeOKUCIISONIas aKTUBHOCTh OTOOPAaHHBIX KOHCOPIIMYMOB TIPH POCTE B KHUIKOW MHHEPATBHOM
cpene ¢ HeThIO TIPU Pa3HbIX 3HAYCHUSX KUCIIOTHOCTH (Tabmmiia 2).

Tabmma 2 — Jlectpykuust Hehptd M. Jloccop aKTUBHBIMH — KOHCOPIIMYMAMH — TEPMOTOJIEPAHTHBIX
HE(PTCOKHCIISFOIINX MUKPOOPIaHU3MOB TIPU pasHbIX 3HaueHusiX pH cpeip
Koncopuym Crenenb nectpykimy HetH, %
pHS pH6 pH7 pHS8 pH9
9 63,2 51,2 58,7 84,5 87,9
18 67,6 534 60,3 924 81,3
19 57,1 56,9 62,9 94,4 82,3
KOHTPOJIb 15,7 16,3 15,9 16,2 16,3

W3 maHHBIX TaONMIIEI 2 BUTHO, YTO BCE KOHCOPITMYMBI TIOKA3JIM HAUMEHBITYIO aKTHBHOCTD TMPH
pH 6, a HanbGombiryto - ipu pH 8 1 9.

B xucnoii cpene (pH 5) smyurie Bcero nerpamupoBat Hedts koHCOpimyM 18. [Tpu pH 6, 7 u 8
Haubosee Y3 PpeKTHBHBIM ObLT KOoHCOpIYM 19, a mpu pH 9 — koHCOpIIIYM 9.

Koncopuuym 19 mpu pH 5 u 6 yrummupoBan HedTh Ha ogHOM ypoBHE — 57,1% u 56,9%,
cooTtBeTcTBeHHO. C yBenMueHreM 3HadeHui pH Bo3pacTarna u JeCTpyKIIMOHHAs! aKTUBHOCTb, JIOCTUTast
makcumyMma ripu pH 8 (94,4%). I1pu pH 9 crenens aerpaganuu HeTH 3TUM KOHCOPLIMYMOM CHU3HIIACK,
HO OCTaBaJlach Ha BBICOKOM ypoBHE — cBbIie 80%.

Koncoprmymer 9 u 18 moka3aiy HaMMEHBIIIYIO aKTUBHOCTh B CITA0OKUCIIOW M HEUTpabHOM
cpene, npu pH 5 ona Obi1a HeckosbKO BhImie. Hambosbinee kosmmuecTBo HeTH KOHCOpHUyM 18
yrunmzuposait npu pH 8 — 92,4%, a npu pH 9 — Ha 11% menbie. Crenensb aerpagaimy HeTy MO
BO3JICHCTBHEM KOHCOpITMyMa 9, Ha000poT, yBeIMIMBaiachk ¢ oBbimeHneM pH ot 8 1o 9.

3akio4enue

Takum o00pazoMm, wHccedyeMble KOHCOPLMYMbI TOKa3ald YCTOMYMBOCTD K BBICOKOMY
COZIEPXKAHUIO COJIM M BBICOKYIO HE()TEOKUCISIONIYIO aKTUBHOCTb. [Ipy cosepskaHuM B MUTATENBHOM
cpene NaCl 2% crenenp yrunu3aiuu HedtH 3a 14 cyrok KyabTuBHpoBaHus cocTaBuia 50,7-66,8%,
ipu 5% —65,5-72,8%, nipu 10% — 69,0-73,5%. EctecrBennas yobuis HedTu coctamia 19,1-21,0%.

IokazaHa cocoOHOCTh K OGHOPA3NIOKEHHUIO HE(YTH OTOOPAHHBIMU AKTUBHBIMHM KOHCOPLIMYMAaMHU
Ipy pa3HbIX 3HaueHusX pH cpenpl. HanGomblnyro akTHBHOCTh KOHCOPLIMYMBI ITOKA3aJIM B ILEJIOYHOM
cpene (pH 8 u 9), crenens necTpykuuu HeTH MpU TUX 3HaYEHUsIX cocTtaBuia 84,5-94,4% u 81,3-
87,9%, cootBercTBeHHO. B Kucnoii cpene (pH 5 u 6) Opu10 yrummuposaso 57,1-67,6% u 51,2-56,9%
HedrH, pu pH 7 — 58,7-62,9%. IIpu arom ecrectBeHHas yoblib Hedtu cocraBuia 19,0-21,3%.

DduHaHCHPOBaHUE

HccnenoBanue BBIOJHEHO MTpH (PMHAHCOBOM Mo iiep>kke MUHUCTEPCTBA HAYKHU U BBICIIETO
oOpazoBanus Pecriy6nnku Kazaxcran (rpant AP09260140).
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TEPMOTOJIEPAHTTHI MYHAUTOTBIKTBIPFBIIII MUKPOOPT AHU3M/IEP
KOHCOPIIMYMJIAPBIHBIH MYHAMIbI bIJIIPATYBIHA OPTAHBIH
TY3AbIJIbIFbI MEH pH 9CEPI

Tyiiin

TepMoTonepaHTThl MYHAUTOTHIKTHIPFHIIT MUKPOOPTAaHU3MIEPIiH YII KOHCOPIIMYMBIHBIH MYHA/IbI
BIABIPaTybIHA OPTAHBIH TY3ABUTBIFEI MeH pH-HBIH ocepi 3epTTeni. 3epTTeneTiH KOHCOPITUYMIIAp OpPTaIaFsl
sxorapel NaCl memmiepine TO3IMAUIITT JKOHE JKOFaphl MYHAHTOTHIKTHIPFBIINT OEICEHIUTIK TaHBITKAHBI
anpIKTanabl. ConbpiMeH 14 ToymikTik ecipy kesinme oprama 2% NaCl Gap myHaiapl maiimara aceIpy
nmopexeci 50,7-66,8%, 5% - 65,5-72,8%, 10% - 69,0-73,5% xypasl.

3epTTeneTiH KOHCOPIMYMIAPABIH JKOFaphl BIABIPATy KaOiaeri opTaHeIH opTypiai pH MoHmepinme
kepineni. Omap cirTinli opTazga eH >Korapbl OenmceHAUTiKTI kKepcerTi (pH 8 sxome 9), Oy MoHmepIe
MYHa#IBIH BIABIpay nopexeci 80% -maH acram 6ommel. Keimkein oprana (pH 5 xone 6) 57,1-67,6% xone
51,2-56,9% mymnait matmamansuiasl, pH 7 xesinne - 58,7-62,9% 6onapl.

KinrTi ce3nep: MmyHaiiMeH nacTtaHy, MYHaHTOTBIKTBIPFBIII MHKPOOPTAHU3MIEP, KOHCOPIIUYM,
OropeMenuanysl, TY3/IbUIBIK, OpTaHbIH pH.

136


https://cyberleninka.ru/journal/n/pochvovedenie-i-agrohimiya
http://ascidatabase.com/author.php?author=Dariush&mid=&last=Minai-Tehrani
http://ascidatabase.com/author.php?author=Ali%20Herfatmanesh&mid=&last=
http://ascidatabase.com/author.php?author=Forood%20Azari-Dehkordi&mid=&last=
http://ascidatabase.com/author.php?author=Saiid%20Minooi&mid=&last=
https://docsdrive.com/pdfs/ansinet/pjbs/2006/1531-1535.pdf
https://docsdrive.com/pdfs/ansinet/pjbs/2006/1531-1535.pdf
https://www.google.com/search?q=%D0%A1%D0%BE%D1%84%D0%B8%D1%8F&stick=H4sIAAAAAAAAAOPgE-LUz9U3MLM0Ti5U4gAx00qyKrS0spOt9POL0hPzMqsSSzLz81A4VhmpiSmFpYlFJalFxYtYuS4svLDvYsuFHRf7d7Ay7mJn4mAAALyf9xJYAAAA&sa=X&ved=2ahUKEwiolcjIiZT7AhUFDRAIHcx3BBsQmxMoAXoECG4QAw

MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

IRSTI: 34.27.39

E.R. FAIZULINA!, L.G. TATARKINA!, G.A. SPANKULOVA!,
G.B. BAIMAKHANOVA!, S.A. AITKELDIYEVA!, LE. SMIRNOVA',
Z. ALEXIEVA?

'Research and Production Center for Microbiology and Virology, Almaty, Kazakhstan
?Bulgarian Academy of Sciences, Sofia, Bulgaria
“e-mail: elmira_f@mail.ru

INFLUENCE OF SALINITY AND pH OF THE MEDIUM ON OIL
DEGRADATION BY CONSORTIA OF THERMOTOLERANT OIL-OXIDIZING
MICROORGANISMS

doi: 10.53729/MV-AS.2022.04.10

Abstract

The influence of salinity and pH of the medium on oil degradation by three consortia of
thermotolerant oil-oxidizing microorganisms was studied. It was found that the studied consortia are
resistant to high NaCl content in the medium and have high oil-oxidizing activity. So for 14 days of
cultivation, the degree of utilization of oil with 2% NaCl in the medium was 50.7-66.8%, with 5% - 65.5-
72.8%, with 10% - 69.0-73.5%.

The high destructive ability of the studied consortia at different pH values of the medium is shown.
They demonstrated the greatest activity in an alkaline environment (pH 8 and 9), the degree of oil
destruction at these values was over 80%. In an acidic environment (pH 5 and 6), 57.1-67.6% and 51.2-
56.9% of oil were utilized, at pH 7 - 58.7-62.9%.

Keywords: oil pollution, oil-oxidizing microorganisms, consortium, bioremediation, salinity,
medium pH.

The growth and development of industry has now led to intense environmental pollution
with toxic substances. Among such pollutants one of the first places belongs to oil and oil products.
At all stages, from exploration and production of oil to the use of petroleum products, to some
extent, products are released into the environment, which leads to a deterioration in the
environmental situation and a negative impact on human health [1, 2].

When oil and oil products enter the soil, they have a depressing effect on vegetation and
suppress soil microflora. As a result, soil fertility is reduced, making them unsuitable for
agricultural use. At the same time, the natural restoration of oil-contaminated soils can take
decades [3]. When using only mechanical, physical and chemical methods of remediation, the
necessary level of environmental purification is not provided. Such methods can lead to secondary
pollution and disruption of natural landscapes [4, 5].

The growing need for remediation of contaminated sites has led to the development of
technologies that focus on biological detoxification and destruction of organic pollutants.
Biological treatment is an alternative method of removing pollutants, since it does not have a
harmful effect on the environment [6]. Bioremediation is one of these technologies. When using
it, various pollutants are removed or neutralized [7]. The bioremediation method is based on the
use of active microbial strains that exhibit the ability to degrade oil hydrocarbons. Hydrocarbon-
oxidizing microorganisms, due to their multifunctionality, enzymatic activity and high
reproduction rate, are able to use oil hydrocarbons as the only source of carbon and bring the
process of organic matter transformation to complete mineralization. The end products of this
biotransformation are carbon dioxide, water and other environmentally neutral compounds. That
is why the bioremediation of soils contaminated with oil and oil products by active strains of
hydrocarbon-oxidizing microorganisms is proposed as the most promising method for combating
this pollution [8, 9].
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About 60% of the world's oil reserves are located in the territories of countries with a hot
climate, where the specific nature, in particular, temperature conditions, forces a more careful
approach to the choice of the method of remediation of contaminated lands [10, 11]. Temperature
is one of the key factors affecting the physical properties and chemical composition of petroleum
hydrocarbons, and, consequently, their biodegradation. Depending on it, bacterial activity and,
accordingly, the rate of oil biodegradation may undergo seasonal changes [12, 13]. Salinity and
pH of the environment also influence microbiological processes. Qin et al. suggested that salinity
has a great influence on the processes of bioremediation and biodegradation, and also affects the
growth and diversity of microbes [14]. Salinity has a negative effect on the activity of a number
of key enzymes that become more complex in the process of hydrocarbon degradation [15]. Soil
acidity also plays an important role: under natural conditions, microorganisms-biodestructors are
usually active in a narrow pH range (neutral or close to neutral values) [16].

Soil pollution with oil and oil products is an urgent problem for Kazakhstan. It is known that
in the oil-producing regions of Kazakhstan the climate is sharply continental, characterized by
sharp seasonal and daily temperature fluctuations. One of the main problems of remediation of
territories in hot climates is the fact that high temperatures reduce the viscosity of oil and, thus,
accelerate its diffusion into the soil. At the same time, elevated average daily temperatures cause
rapid evaporation of water from the soil, which leads to its salinization [17].

In Western Kazakhstan, in the oil fields, there are pockets of petrochemical pollution,
salinization by waste formation waters, characterized by high mineralization of waters with a
predominance of sodium chloride in the salt complex [18]. In addition, crude oil spills cause
alkalization of varying degrees of soil solution, which is dependent on oil concentration [19].

The aim of the research was to study the ability of consortiua of oil-oxidizing
microorganisms to oxidize oil hydrocarbons at various concentrations of NaCl and pH of the
medium.

Materials and methods of research

The objects of research were selected active consortia of oil-oxidizing bacteria, consisting
of strains:

9 - Rhodococcus fascians K3, Dietzia sp. 84U, Pusillimonas sp. 1/8an;

18 — Dietzia sp. 34, Dietzia sp. 84U, Pusillimonas sp. 1/8an;

19 - Dietzia sp. 34, Dietzia sp. 84U, Rhodococcus sp. 1D/1.

Nutrient media. Modified VD mineral medium of the following composition, g/l: NH4NO;
- 1.0, KoHPOq4 - 1.0, KH2PO4 - 1.0, MgSO4 - 0.2, CaCLx6H20 - 0.02, FeCl; - traces, NaCl - 10.0,
pH=7.0-7.2.

Oil. Crude oil from the Dossor field, Atyrau region.

The study of the destructive ability of selected consortia at different salinity values of the
nutrient medium was carried out in Erlemeyer flasks with VD mineral medium, to which 2, 5, and
10% NaCl was added. Oil was added at the rate of 2% by volume. The flasks were incubated in a
thermostatically controlled shaker at 30°C for 14 days. The quantitative consumption of oil was
determined by the gravimetric method.

The destructive ability of the selected consortia at different pH values (5-9) was studied in a
liquid VD mineral medium. pH 5 and 6 were adjusted by acidifying the medium with sulfuric acid;
pH 8 and 9 were adjusted by alkalinization with 10% NaOH solution. Oil was added at the rate of
2% by volume. The flasks were incubated in a thermostatically controlled shaker at 30°C for 14
days. The quantitative consumption of oil was determined by the gravimetric method.

All experiments were performed in triplicate.

Statistical processing of the research results was carried out according to the generally
accepted criteria of variance-statistical analysis with the calculation of mean values (M), arithmetic
mean error (m) using the Microsoft Excel, 2010 software package. The statistical significance of
differences in mean values was assessed according to the standard method [20]. Differences with
p<0.05 were considered statistically significant.
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Research results and discussion

It is known that the soil in the oil fields of Kazakhstan is saline to varying degrees, with
chloride salinity predominating. In this regard, the destructive ability of the selected consortia at
different values of the salinity of the medium (2%, 5%, 10%) was studied.

The results of the study showed that the selected consortia withstood NaCl concentrations
up to 10% (Table 1). At 2% NaCl, consortium 19 showed the highest oil-oxidizing activity, the
degree of oil destruction during its cultivation was 66.8%. The lowest activity under these
conditions was in consortium 9, which utilized 50.7% of the oil.

At 5% NaCl content in the medium, consortia 18 and 19 degraded oil at approximately the
same level. After 14 days of cultivation, its content decreased by 71.2% and 72.8%, respectively.
Consortium 9 was also less active, the degree of oil destruction under its influence was 65.5%.

At 10% NaCl content in the medium, the highest oil-oxidizing activity was observed in
consortium 9, which utilized 73.5% of the oil. Consortium 19 was less active.

Table 1 - Destruction of oil of the Dossor oilfield by active consortia of thermotolerant oil-oxidizing
microorganisms at different concentrations of NaCl in the medium

Consortium Degree of oil destruction, %
2% NaCl 5% NaCl 10% NaCl

9 (Rhodococcus fascians K3, Dietzia sp. 50,7 65,5 73,5
84V, Pusillimonas sp. 1/8ar)

18 (Dietzia sp.34, Dietzia sp.84V, 64,3 71,2 71,9
Pusillimonas sp. 1/8am)

19 (Dietzia sp.34, Dietzia sp.84YV, 66,8 72,8 69,0
Rhodococcus sp. 1]1/1)

control 20,6 21,0 19,1

A number of studies have shown that the presence of NaCl in the environment weakened the
degradation of oil and oil products, presumably due to its inhibitory effect on bacterial growth. An
increase in salt concentration also reduced the rate of biodegradation [15, 21]. In our studies, it was found
that the destructive ability of the studied consortia, on the contrary, increased with an increase in the
concentration of NaCl in the medium. Thus, the lowest degree of oil destruction was noted at 2% salt
content. Consortium 9 utilized the maximum amount of oil at 10% NaCl. The degree of oil destruction
under the influence of consortium 18 at 5% and 10% salt content differed slightly - 71.2 and 71.9%,
respectively. Consortium 19 showed a slight decrease in activity - from 72.8% to 69.0%. A higher rate
of oil biodegradation by consortia at an increased concentration of NaCl may be due to the fact that the
microorganisms that make up their composition are adapted to these conditions, since were isolated from
oil-contaminated soils of the Atyrau region, characterized by a high level of salinity.

The pH of the environment is also one of the factors affecting the bioremediation of oil-
contaminated ecosystems. The acidity of the environment affects such processes as transport through the
cell membrane and the balance of catalytic reactions, as well as the activity of enzymes. The pH level
can vary greatly and must be taken into account when improving biological treatment methods [6]. In
this regard, the oil-oxidizing activity of selected consortia was studied during growth in a liquid mineral
medium with oil at different acidity values (table 2).

Table 2 - Destruction of oil at the Dossor oilfield by active consortia of thermotolerant oil-oxidizing
microorganisms at different pH values of the medium

Consortium Degree of oil destruction, %
pH5 pH6 pH7 pH8 pH9
9 63,2 51,2 58,7 84,5 87,9
18 67,6 534 60,3 924 81,3
19 57,1 56,9 62,9 94,4 82,3
control 15,7 16,3 15,9 16,2 16,3
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From the data in Table 2, it can be seen that all consortia showed the least activity at pH 6,
and the highest at pH 8 and 9.

In an acidic environment (pH 5), oil was best degraded by consortium 18. At pH 6, 7, and 8,
consortium 19 was the most effective, and at pH 9, consortium 9.

Consortium 19 at pH 5 and 6 utilized oil at the same level - 57.1% and 56.9%, respectively.
With an increase in pH values, the destructive activity also increased, reaching a maximum at pH
8 (94.4%). At pH 9, the degree of oil degradation by this consortium decreased, but remained at a
high level - over 80%.

Consortia 9 and 18 showed the least activity in a slightly acidic and neutral medium; at pH
5, it was somewhat higher. Consortium 18 utilized the largest amount of oil at pH 8 - 92.4%, and
at pH 9 - 11% less. The degree of oil degradation under the influence of consortium 9, on the
contrary, increased with an increase in pH from 8 to 9.

Conclusion

Thus, the studied consortia showed resistance to high salt content and high oil-oxidizing
activity. With a NaCl content of 2% in the nutrient medium, the degree of oil utilization for 14
days of cultivation was 50.7-66.8%, at 5% - 65.5-72.8%, at 10% - 69.0-73.5%. The natural loss of
oil amounted to 19.1-21.0%.

The ability of selected active consortia to biodegrade oil at different pH values was shown.
The consortia showed the highest activity in an alkaline environment (pH 8 and 9), the degree of
oil destruction at these values was 84.5-94.4% and 81.3-87.9%, respectively. In an acidic
environment (pH 5 and 6), 57.1-67.6% and 51.2-56.9% of oil were utilized, at pH 7 - 58.7-62.9%.
At the same time, the natural loss of oil amounted to 19.0-21.3%.
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AHHOTAIINSA

OOBexThl uccnenoBanus — MonouHokucieie 0akrepun (MKB), BbigerneHHbIE 13 OMOIOTUYECKUX
00pas31oB, U KojutekinonHble mrammbl MKB.

Lenp — xapakTepUCTHKA ITAMMOB IIPOOUOTUKOB Ui Pa3paOOTKH HAITUTKOB MPO(UIAKTHUECKOrO
Ha3Ha4YCHMUS.

B miportecce paboThl IPOBECH CKPUHUHT TPOOMOTHYECKH aKTUBHBIX mTaMmmMoB MKB, B pesynbTaTe
KOoTOporo otoOpano 17 Hanboree aKTUBHBIX KYJIBTYp, CPEU KOTOPHIX 13 KOJUIEKIIMOHHBIX INTAMMOB U3
Brobanka MpPOMBIIUIEHHBIX MHKPOOPTaHW3MOB PecryONMKaHCKOH KOJUIEKIIMA MHKpPOOPTaHU3MOB U 4
J1a00paTOPHBIX U30MTa. M3yueH npoOHOTHYEeCKUI TIOTSHIIMA OaKTEPHii: TPOAYKIIUS MOJIOUHOW KUCIIOTHI,
AHTaroHnu3M K YCIOBHO-IIATOI'CHHBIM MUKpOOpPraHusmMam, aJrc3uBHBIC CBOﬁCTBa, yCTOﬁ‘IHBOCTB K
HEOIaroNMpUATHBIM  YCIIOBUAM  skenyhouHo-kumieudoro tpakra (OKKT). Upentuduxamms ¢
ucnoas3zopanreM cucteMmbl Bruker MALDI-TOF Biotyper mo3Boyinia OTHECTH M30JISATHI K CICAYIOIIMM
sugam: Lactobacillus casei, Lactobacillus paracasei, Lactobacillus plantarum.

B pesynbrare MpOBENEHHBIX HCCIENOBAaHUI CO3MaHBI KOHCOPIUYMBI CTapTEPHBIX KYJIBTYD U3
mrrammoB Lactobacillus paracasei 2A, Lactobacillus casei Y1, Lactobacillus plantarum 1A, Lactobacillus
plantarum 17 A, Lactobacillus brevis 4 LB B-RKM 0610 u orobpan onTHMajbHbBI BapHaHT,
COOTBETCTBYIOIIMIA OCHOBHBIM TEXHOJOTMYECKHM XapaKTEPUCTUKAM C YYeTOM OHOCOBMECTUMOCTH
IITaMMOB JIJIs1 BKIIIOYEHHUS B COCTaB pa3pabaThiBaeMOro HaNmrMTKa MPOpUIaKTHYECKOr0 Ha3HAYECHHSI.

KuioueBble c10Ba: MOJIOYHOKHUCITBIE OaKTEPUH, ITAMM, TPOOMOTHK, AHTATOHU3M, aJII'€3Hsl.

Ha ceropHsnHuil JeHb OJHUM W3 OCHOBHBIX HAIPaBJICHUH B 00JaCTH 3I0POBOTO MTUTAHUS
SIBIISICTCSI  CO3J]AHWE WHHOBAIIMOHHBIX TEXHOJIOTUH MPUTOTOBICHHUS MPOAYKTOB (HAIIMTKOB)
NpOo(UITAKTUYECKOTO 3HAUCHHsI, OOOTallleHHBIX MUHEPATbHBIMH BEIISCTBAMH W BUTAMHHAMH,
npobuoTrkamMu u npedonoTrkamu [1]. OHM pa3nuyaroTcss pa3HOOOpa3HBIM COCTABOM, OJJHAKO
ACCOPTUMEHT OCHOBAH Ha IIEJICHAIIPABJICHHOM HCIIOJIb30BAaHUH MOJIOKA U CHIPbsS HEMOJOYHOTO
MPOUCXOXKICHHUS, TPHUAAIONIETO HOBBIM TPOJYKTaM OCJIKOBYIO, JIMIUJHYIO, YIJICBOIHYIO,
BUTAMHHHYI) WJIM MHHEPAIbHYIO HAMpPaBICHHOCTh [2]. PBIHOK MOJIOYHOH MPOIYKIIUU
pacimpsieTcsl TMOSBICHUEM HOBBIX (DYHKIIMOHAIBHBIX IPOJYKTOB TaKUX Kak, OHOMOJIOKO,
ouokedup, OHOHOTYPTHI, KOTOpBIE MPEACTABISAIOT COOON MPOAYKTHI (PepMEHTAIMU MOJIOKa
MOJIOYHOKHCIIBIMU OakTepusiMu. [IpoOroTHuecKre OakTepuu, KOTOpPbIe OOBIYHO HCIOJB3YIOT B
(bepMeHTHpPOBaHHBIX HamMTKaxX, 3T0 - Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus rhamnosus u Bifidobacterium sp. [3]. Ilpu pa3paboTke KOMOWHHPOBAHHBIX
MOJIOUHBIX ~ TIPOJYKTOB  VAEISETCS  BHHUMAHUE  PETYJIMPOBAHUIO  aMHHOKHCIOTHOTO,
XUPHOKHCIOTHOTO, MUHEPAIBHOTO M BUTAMHUHHOTO COCTaBa, a TAaKXKe MPUIAHUIO MPOIYKTaM
NeueOHO-TPO(PUITAKTHYECKIX CBOWCTB 3a CUET BKJIFOYCHHUS B UX COCTAB OMOJIOTHYCCKH aKTUBHBIX
BEIIIECTB U MUIIEBBIX JOOABOK HATYPAIBHOTO MPOUCXOKICHHUS.

AHanmu3 HayYHOH JIUTEPATyphl, TATEHTOB IO JIAHHOW HAyYHOU NpoOseMe CBUICTEIbCTBYET
0 TOM, 4YTO pa3pabOTKa pa3IM4YHBIX PEIENTYp M TEXHOJIOTUH TMPUTOTOBJICHUS JiedeOHO-
npo(UIAKTUYECKUX TPOAYKTOB (HAMKMTKOB) C HCIHOJb30BAHUEM MPOOMOTHKOB, SIBISCTCS
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aKTyaJbHbIM HalpaBJICHHEM, KOTOPbIE Ha PbIHKE MPUOOPETAIOT BCE OOJBINYIO MOMYJISIPHOCTh
cpeau noTpeOuTeNei, BISSICh HCTOYHUKOM MHOTHX HEOOXOIUMBIX ISl YeIOBEKa BemecTs [4-7].

K npoOuotnyeckumM npor3BoACTBEHHBIM HITAMMaM MPEIBIBIACTCS Psii TpeOOBaHUM, CpeH
KOTOPBIX: HAJIM4YME AHTarOHMCTHMYECKUX CBOWCTB II0 OTHOUICHUIO K KIMHMYECKMM M TECT-
ITaAMMaM I[IaTOI€HHBIX U YCIOBHO-IIATOT€HHBIX MUKPOOPIaHU3MOB, YCTOMYUBOCTD K JIEHCTBUIO
CEKPETOB JKENyJOYHO-KUIIEYHOro TpakTa U Ap. C 3TOH LENbl0 akTyalu3upyeTcs 3ajaya Io
XapaKTepUCTUKE IITAMMOB  NPOOMOTHKOB s  BKJIKOYEHHS B  COCTaB  HAMWUTKOB
po(UITAKTUIECKOTO Ha3HAYCHUSI.

MarepuaJjbl 1 MeTOABI

Buvioenenue uucmoti kynomypoi

B mensx wu3onMpoBaHMS MOJIOUHOKUCIBIX OakTepUil M3 pazIMYHbIX TPaJAULUOHHBIX
MIPOJIyKTOB JOMAIIIHEr0 MPUTOTOBJIEHMs (Ka3bl, CMETaHa, MPHUMILUK, Macio, ailpaH, KyMbIC,
Oanblk) OBUT HKCIOJB30BaH METOJN, omnucaHHbli B pabore E. Nagyzbekkyzy [8]. us
kynbTuBupoBanuss MKbB ucnonszoBanu cneunanusupoBansbie cpeasl MRS gupmbr HiMedia ¢
nHkyOauueit npu 37 °C B TeueHHe JIByX CyTOK B MUKpPOa’po(UIbHBIX YCIOBUSAX B TEPMOCTATE
(redLINE RI-53, I'epmanus).

HNneHTHdUKAINIO H30IATOB IMPOBOIWUIN ¢ HCIOBb30BaHueM cucteMbl Bruker MALDI-TOF
Biotyper. O6pazust ;yist MALDI-TOF MS rotoBuiu ciaeayromumM o0pa3oM: MPOBOIMIIN MPSIMOM
MEPEHOC CBEXEH SAMHUYHOW KOJIOHMU Ha TOJIMPOBAHHYIO CcTainbHy0 MuiieHb MSP 96 (Bruker
Daltonik), moacymmBanu. IlokpbBasii 1 M HAchIIEHHOTO pacTBOpa a-cyano-4-hydroxy-
cinnamic acid (HCCA) matrix solution B 50% aueronutpuie-2.5% TpudropykCycHON KUCIOTHI
(Bruker Daltonik) u BbicymuBanu npu KOMHaTHOM Temiieparype [9].

HccnenoBanue aHTaroHUCTUYECKOW aKTUBHOCTH METOI0M Auddy3uu B arap.

lNotoBun cycneH3uro KiIeTok cyrouHblx KynbTyp MKDB B komudectBe Imumn/Imi (o
CTaHJapTy OaKTepHaTbHON MYTHOCTH ) M HAHOCHJIM Ha IOBEPXHOCTh MUTATEILHOM CpeJibl B YAIIKU
[Terpu (MOXXHO BHOCHUTH B pAaCIUIaBICHHYIO M OcTyxeHHyo cpeny 0,1 mu cycnensun MKBD,
TepeMenInBaTh U paznuBarh B daniku [letpu). Jlanee Beipes3anu JIyHKH ¢ BepxoM auameTpom 10
MM U 3aMO0JHSIU UX KylbTypaMu TecT-mtaMMoB (0,1 mi). Uepes cyTku 3amepsiiiu AUaMeTp 30HbI
nojaBjeHus pocra 6akrepuii [10].

HccnenoBanue KUCI0TOOOpA3yOIIeH akTHBHOCTH 110 MeToty TepHepa [11].

KucnorooOpa3zymomiylo akTUBHOCTh MOJOYHOKHCIBIX OaKTepuih U KOHCOPIIMYMOB
ompenensan MerogoM TepHepa, mepel NOCEBOM 0053aTelbHO MPOBOAMIN OIpeAeTIcCHHEe
KHCIIOTHOCTH MOJIOKA.

HccnenoBanue aare3uu K 3puTpOLUTAM.

AJIre3MBHOCTh IITAMMOB H3ydald B cHUCTeMe IN Vitro Ha (opMaTHHU3UPOBAHHBIX
sputponurax venoBeka 0 (1) (Rh+) mo metonuke B. bpunmuca. I[Ipou3Boawim moacyer He MeHee
100 3pUTpOIIMTOB B HE MEHEE YeM B 5 MoJsxX 3peHus. Onpenensiiia CpeHUid oKa3aTeab aare3un
(CITIA), xosddunuent aaresun. CIIA omnpemensyii 1Mo CpeJHEMY UHUCITY MHKPOOOB,
MPUKPETUBIIUXCS K TOBEPXHOCTH OJHOTO SPUTPOLIUTA, TMOJCYUTHIBAS BCE HMEIOIIUECS
SPUTPOLMTHI B 5 MOJSIX 3peHusi, HO He MeHee 50 SpUTPOLUUTOB. ANTE3UBHOCTh CUUTAIOT HYJIEBOI
nipu CIIA ot 0 o 1,0, Huzkoii — 1,01-2,0, cpenneii — 2,01-4,01, Beicokoii — cBbime 4,0. M3 o6mero
YHUCJIA YYUTHIBAEMBIX SPUTPOLUTOB BEIUUCIISIIIN IPOLEHT SpUTPOIUTOB [12].

Omnpenenenne ycTONYUBOCTH K JEUCTBHIO JKEITUH.

YCTOMUYMBOCTh M3y4aeMbIX IITAMMOB K JKEITYM ONPENEISUIM IyTEM BHECEHHUS CYTOYHOMU
KyJIbTYypbl B 0ynboHHYI0 cperty MPC, conepxareii 0,3% u 0,5% Obrubeit xemun. baktepuanbHbiii
POCT aHANIM3MPOBAIM MyTeM IOJICUeTa XHM3HECHOCOOHBIX KonoHMHM mocie 0, 2 m 4 yacoB
KyJIbTUBUPOBaHMs B arapuzoBaHHOU cpeze npu 37 °C B Teyenue 48 yacos. 3HaueHus pH Oblian
npuBeeHs! 10 8,0 B COOTBETCTBUU C HIKCIIEPUMEHTAIBHBIMH IPOTOKOJIAMH, pa3pabOTaHHBIMU IS
naktobanmiul. daktudyeckn pH Kemdu U MOHKETYIOYHOTO COKA, BBLAEISIEMOTO B KHIIEYHHK,
cocrasiisieT npuMepHo 8,0 [13].

Omnpenenenne ycTOMYMBOCTH K NIOCIIEA0BATENBHOMY JEHCTBUIO KMCIOTHI U JKETUH.
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Nmuranuio tpamsuta mo XXKT npoBoaunu mo meronuke Haller [14]. Kynbprypsl BHauaie
nHKyouposau npu pH 2,0-3,0 B ¢puznonornueckom pactsope B TeueHue 1-2 4, 3aTeM noMeraim
B 1 % xemunwiii OynboH. HauanbHas KOHIIEHTpanus KyJIbTYphl MHKPOOPTraHH3Ma JOJDKHA
cocrapnarh 107 KOE/mn

Craructuueckasi 00paboTKa pe3ybTaToB.

Cratuctuueckyro 00paboTKy JaHHBIX IPOBOAMIIN C UCIIOIb30BAHUEM CPEAHETO TIOKA3aTers,
KBaJ[paTUYHOTO OTKJIIOHEHHUSI CpeIHel, omuOKu cpemnel, kodddummenta CrproneHTa, ypOBEHb
JIOBEPHUTEIBHOTO HMHTEpBaja p. Mcmoip3oBanack mporpamma «Statisy. Pe3ymbrarel cUMTaIMCh
JIOCTOBEPHBIMH, €CJTH BEPOSITHOCTh HOJIB-TUIIOTE3bI He mpeBbimaia 0,05 (p<0,05).

PesyabTaTsl H 00cyK1eHNe

N3 Ouonornyeckux oOpa3uoB BblAeneHO 10 M30/STOB, MMEIOIIUX MOPQOJOTrHUYECKH
XapaKkTepHBbIE I MOJIOYHOKHUCIIBIX OaKTepHil MPU3HAKY, @ IMEHHO OJHOPO/IHBIE KOJIOHUH OeJI0T0
win 0enoBaTO-MOJIOYHOTO I[BETa C PpOBHBIMU KpasMHU M BBINYKJIOH TOBEPXHOCTHIO, C
KHCIIOMOJIOUHBIM 3anaxoM. Ilocie onenku TuTpa sxkusHecnocoonoctu (e menee 107-10%) KOE/Mn
JUId JanbHene paboTel B3ATO 4 0TOOpaHHBIX M30iATa U 13 KouekunoHHbIX mTamMmmoB MKB
pona Lactobacillus, Lactococcus u Pediococcus (tabmwuia 1). Maentudukaliius ¢ HCHoIb30BaHHEM
cucrembl Bruker MALDI-TOF Biotyper mno3Bosiuna oTHecTH 4 OTOOpaHHBIX H30JSTa K
creayromuM Bugam: Lactobacillus casei, Lactobacillus paracasei, Lactobacillus plantarum.

Takum 00pa3om, KOJTMYECTBO HCCIENyeMbIXx HaMu 00BekTOB cocrtaBiser 17 MKB, kak
BBIZICJICHHBIX, TaK U KOJJICKIITMOHHBIX HITAMMOB.

Tab6nuna 1 — Komnekrnponnsie mramvbel MKB 13 PKM u BolienieHHbIe M3 OMOJIOTHYECKHX 00pa3iioB

HamMeHnoBanme mramMmma Hctounuk
Lactobacillus sakei 24 A B-RKM 0559 B-RKM

Lactococcus lactis B-RKM 0149 B-RKM

Lactobacillus pentosus 14 LB B-RKM 0604 B-RKM

Lactococcus lactis B-RKM 0357 B-RKM

Lactobacillus plantarum B-RKM 0670 B-RKM

Lactobacillus casei 15 LB B-RKM 0549 B-RKM

Lactobacillus fermentum 9 LB B- RKM0607 B-RKM

Pediococcus pentosaceus 22 LB B-RKM B-RKM

0598

Lactobacillus brevis 4 LB B-RKM 0610 B-RKM

Lactococcus lactis B-RKM 0024 B-RKM

Lactococcus lactis B-RKM 0149 B-RKM

Lactobacillus plantarum 5LLB B-RKM 0547 B-RKM

Lactobacillus plantarum B-RKM 0019 B-RKM

L.plantarum 17A 71a00paTOPHBII H30JIST
L.plantarum 4 A 71a00paTOPHBII H30JIST
L. casei Y1 71a00paTOPHBII H30JIST
L. paracasei 2A 71a00paTOPHBII H30JIST

[Ipumeuanne: B-RKM - brnobaHK MpOMBIIUIEHHBIX MHUKPOOPTaHH3MOB PecryOnMKaHCKOW KOJIEKIIHH
MHUKPOOPTaHU3MOB

N3yueHre aHTUMUKPOOHOW aKTUBHOCTH.

O,ZLHI/IM 13 Ba>XHBIX (1)aKTOpOB IIpU CKPUHUHTC Ha HpO6I/IOTI/I‘leCKI/IX IIpernapaToB ABJIACTCA
AHTArOHU3M K pa3JIMYHbIM MATOI'CHHBIM U YCIIOBHO-IIATOTCHHBIM MHUKPOOPIaHU3MaM.

B mammumx HCCICAOBAHUAX AHTAIOHHUCTHUYCCKAA AKTHBHOCTb H3Yy4alldaCb K TaKHUM TECT-
mrammam, kak Escherichia coli, Staphylococcus aureus, Candida albicans, Klebsiella
pneumoniae, Streptococcus pyogenes u3 buobanka MpoOMBIIUIECHHBIX MUKpPOOpranu3MoB PKM.
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Pe3ynbTaThl aHTaroCTUYECKOW AaKTHBHOCTH HCCIEIYyeMBIX OOBEKTOB IMPEACTABICHBI B
tabnuie 2, Hu3Kasi akTUBHOCTB — 1,0-4,9 mm, cpennsis — 5,0-8,9, Bbicokas - 6onee 9 Mm. B rpynmy
HEAKTHUBHBIX BOIIUIM KYJIbTYPhI, HE TI0IaBJUISIFOIIHE TECT-IITAMMBI.

BonpmmHCTBO OTOOpaHHBIX KyJABTYp IOKa3alio CpelHee 3HAUCHUE aHTAarOHHUCTHUYECKOU
aKTUBHOCTH K maroreHam Streptococcus pyogenes u Klebsiella pneumoniae: auamerp 30H
MO/ABJICHUST POCTa HE MpeBbImana 9 MM. BBICOKYIO CTEleHb aHTArOHW3Ma MPOSBUIIH JIHIIb
KyneTypsl B-RKM 0149 (11,33+0,18 mm) — x Streptococcus pyogenes u (11,2+0,3Mm) — x
Klebsiella pneumoniae. Illtamm 2 A (12,33+0,58 mm u 11,33+£0,4 MM, COOTBETCTBEHHO).

Tabmuua 2 — Jluamerp 30HBI MHTHOMpPOBaHUS (MM), OOYCIOBICHHOW AaHTUMHUKPOOHOH aKTHBHOCTHIO

mrammoB MKDB B OTHOIIIEHHM TECT-IITAMMOB

[IIramm MKB E. coli S. aureus | C. KI. Str.
albicans | pneumoniae | pyogenes
L. sakei 24 A B-RKM 0559 6,0+1* 7,7£0,57 | 2,4+0,3 7,8+0,3 6,8+0,5
Lc.lactis B-RKM 0149 10,1+0,53 | 10,0+1* 10,4+0,2 | 11,2+0,3 11,33+0,1
8
L. pentosus 14 LB B-RKM 0604 6,4+0,3 6,8+0,4 3,2+0,7 5,4+0,6 5,6+0,2
Le.lactis B-RKM 0357 7,1£0,4 5,4+0,6 0 7,3+0,4 7,8+0,6
L. plantarum B-RKM 0670 8,1+0,3 6,5+0,2 2,0+0,3 6,0+02 6,8+0,6
L. casei 15 LB B-RKM 0549 9,1£1,0* | 6,4+0,3 3,3+1* 7,7+0,9 8,8+0,2
L. fermentum 9 LB B- RKM 0607 6,1+0,2 7,1+0,2 0 6,8+0,5 7,1+0,8
P.pentosaceus 22 LB B-RKM 0598 | 3,0+0 6,0£1* 3,3+0,6 5,4+0,7 6,9+0,5
L.brevis 4 LB B-RKM 0610 3,8+0,4 6,6+0,6 0 6,4+0,3 7,8+0,7
Le.lactis B-RKM 0024 8,1+0,2 5,8+1* 2,9+0,4 8,8+0,6 8,5+0,3
Le.lactis B-RKM 0149 7,4+0,6 6,9+0,4 2,4+0,7 7,9+0,2 8,7+0,5
L.plantarum 5LB B-RKM 0547 4,6+0,7 7,4+0,2 0 6,2+0,4 6,7+0,1
L.plantarum B-RKM 0019 6,7+0,2 5,9+0,6 0 8,4+0,6 8,1+0,4
L.plantarum 17A 8,1+0,9 9,9+0,57 | 11,1+0,4 | 9,4+0,2 8,5+0,5
L.plantarum 4 A 12+1,0%* 14,5+0,2 | 7,3+0,3 8,4+0,2 7,9+0,7
L. casei Y1 14,6+0,4 | 11,5£0,3 | 9,8+0,6 7,4+0,2 8,4+0,5
L. paracasei 2A 11+0,3 15,5+0,5 | 12,0+£1 11,33+0,4 12,33+0,5
8

[Ipumeuanmne: * p<0,001; ** p<0,01; *** p<0,02; **** p<0,05
3ousl mHTHONpOBaHUs: 0 MM - HyneBas akTUBHOCTB; 1,0-4,9 MM - HU3Kas akTUBHOCTH; 5,0-8,9 MM -
cpenHsisi; > 9 MM - BBICOKas

ITo otHomienuto k Staphylococcus aureus moka3zaresid aHTaroHU3Ma ObLTH BBIIIE CPETHETO
y uetbipex Kynbtyp Lc.lactis B-RKM 0149 (10,01 mm), mramm17A (14,5+0,2 mm), mramm Y 1
(11,5+£0,3mMm) u muramm 2 A (15,5+£0,5mm).

HauMmenbime mnoka3zarenn aHTarOHUCTHYECKOW AaKTHMBHOCTH Yy BCEX KYJIbTYp ObUIH
otmeueHsl K TecT-itammy C. albicans, a'y Le.lactis B-RKM 0357, L. fermentum 9 LB B- RKM
060, L.brevis 4 LB B-RKM 0610, L. plantarum 5LB B-RKM 0547 u L. plantarum B-RKM 0019
OHa MOJHOCTHIO 0TCyTcTBOBaA (=0). JIumib yeTbipe KynpTyphl: u30asT 2 A, uzonsat Y1, Le. lactis
B-RKM 0149 u mramm 17A mopaBisiii pocT AaHHOTO TECT-IITaMMa C aKTUBHOCTHIO BBIIIE
CpeaHen.

K Escherichia coli Beicokre moka3zarein aHTarOHHCTHYECKONW aKTHBHOCTH MOKa3aiu Lc.
lactis B-RKM 0149 (10,1+0,53 mm), L. casei 15 LB B-RKM 0549 (9,1+1,0 mm), mramm 4 A
(12£1,0 mm), mramm Y1 (14,6+0,4 mMm) u mramm 2 A (11+0,3 mm). Huskas akTUBHOCTB
3apeructpupoBana y P. pentosaceus 22 LB B-RKM 0598, L.brevis 4 LB B-RKM 0610, L.
plantarum 5LB B-RKM 0547 (3,0+0 mM, 3,8+0,4mM 1 4,6£0,7 MM, COOTBETCTBEHHO ).

Takum 00pazoM, BBICOKON aHTarOHUCTHYECKON aKTUBHOCTHIO B OTHOIIEHUHM BCEX
UCTIBITaHHBIX TECT-KYJIbTYp 00nanatoT KynbTypbl: Le.lactis B-RKM 0149, mramm 17A, mramwm 4
A, mramm Y1 u mramm 2 A. CnabeiMu aHTaroHucTami sisisitotres P. pentosaceus 22 LB B-RKM
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0598, L. brevis 4 LB B-RKM 0610. K Ttecr-mrammy Candida albicans y psima kymetyp
AHTArOHUCTUYECKAS aKTUBHOCTH HE ObLIa BBISIBICHA.

HccnenoBanue KUCIOTOOOPA3YIONICH aKTUBHOCTH.

OnnuMm W3 Hambosee M3BECTHBIX OMOJIOTMYECKUX CBOWCTB MOJIOUHOKHCIBIX OakTepuit
SIBJIIETCSL CIOCOOHOCTH MPOAYIIHPOBATH MOJIOUHYIO KHCIIOTY.

HeakTUBHBIMU CUHTAIOTCS mTaMMbl, TUTpyEMas KUCIOTHOCTb KOTOPBIX KOJIC6JICTC$I B
npenenax 20-80° T, a Te mrTaMMbl, y KOTOPBIX 3TOT Moka3zarenb Beime 120°T, cumrarorcs
BBICOKOAKTHBHBIMH. B  mpuBeneHHoil Hmwke Tabmume 3 oToOpakeHBI — IMOKa3aTeln
KHCIIOTOOOpa3yrolell akTHBHOCTH HCCIIETYEMbIX IITAMMOB.

[ToyueHHbIC JaHHBIE CBUJACTEIBCTBYIOT O XOPOIIEH KHUCIOTOOOpa3yrolield CrocOOHOCTH
OOJIBIIMHCTBA IIITAMMOB. DTOT MapaMeTp oTMedeH y mrammoB Lactococcus lactis B-RKM 0357,
Lactobacillus plantarum B-RKM 0019, Lactobacillus casei Y1, Lactobacillus paracasei 2A,
Lactobacillus plantarum 17A, Lactobacillus plantarum 4 A.

Tabnuna 3 — BozaeiicTBue Obrubeit sxemun Ha poct MKB

HaumenoBanue mraMma Kucnoroodpaszoranue | KonueHnrpamus Cpennmit
B MoJioke, “T Onruneit sxeman (%) MOKa3aTelhb
aare3nu
0,3 0,5 (CTIA)
L. sakei 24 A B-RKM 0559 73 ++ ++ 3,8+ 1,7%*
Le.lactis B-RKM 0149 119 + + 3,5+1,6
L. pentosus 14 LB B-RKM 0604 71 - - 2,7+1,08
Lc.lactis B-RKM 0357 125 ++ + 3,5+1,6
L. plantarum B-RKM 0670 123 - - 2,1 £1,08
L. casei 15 LB B-RKM 0549 58 - - 2,2+1,0
L. fermentum 9 LB B- RKM0607 40 - - 2,4+1,0
P.pentosaceus 22 LB B-RKM 0598 55 - - 0,4+0,23
L.brevis 4 LB B-RKM 0610 115 + + 1,9+0,9
Lc.lactis B-RKM 0024 33 ++ + 32+1,4
Lc.lactis B-RKM 0149 127 + + 2,8 +1,08
L.plantarum 5LB B-RKM 0547 51 - - 3,0+1,1
L.plantarum B-RKM 0019 120 - - 2,8+ 1,08
L.plantarum 17A 126 ++ ++ 4,0 +1,98%*
L.plantarum 4 A 128 + - 5,8 £ 2,2 ***
L. casei Y1 145 ++ ++ 6,6 £ 2,38***
L. paracasei 2A 130 ++ ++ 48+1,0

[Ipumeuanue: ++ pocT XOpOWMI; + BUIUMBII POCT; - OTCYTCTBUE POCTa
* p<0,001; ** p<0,01; *** p<0,02; **** p<0,05
CIIA: 0-1,0 - mer aktuBHOCTH; 1,0-2,0 - Cnadsrif; 2.01-4.01 - YMmepenHsiii; > 4,0 -BBICOKHIA.

W3yueHue aare3uBHON aKTUBHOCTH.

B cBsi3u ¢ Tem, YTO 3amUTHBIC (PYHKIMU JAKTOOAIMIUT PEATU3yIOTCs Ojlaroaapsi aare3uu
MHUKPOOPraHU3MOB K OIHUTEIHAIbHBIM KIIETKAM KHIICYHUKA, KOHKYPEHIIMHA 32 PEICNTOPHI
CBSI3bIBaHMS, OJIOKAIbl AAre3WU M KOJOHHW3AIMU CIIM3UCTHIX IATOTCHHBIMH W YCIIOBHO-
MaTOT€HHBIMU MUKPOOPTraHU3MaMu,0blIa UCCIIeI0BaHa aAre3UBHAsI CIIOCOOHOCTH JIAKTOOAKTEPUH.

HccnenoBanue aare3uBHOCTH ITAMMOB MTPOBOAMIIOCH IN Vitro Ha GopMaTHHU3HPOBAHHBIX
sputponutax yenoseka 0 (1) (Rh+) mo meronuke B. bpunuca. [Tokazano, 4To Bce KOJIEKIIMOHHBIE
IITAMMBI TIPOSIBIISIIOT aAre3MBHYIO aKTHUBHOCTh, 11 mTamMMOB 0OONamaroT CpeaHeil CTeleHbIO
aaresud, 1 mramm nposiBuia cinadyro crenenb CITA, 1 mTamm He 061a1aeT JaHHBIM CBONUCTBOM.
BoisiBneno, uto kynbTypel MKDB, BbmeneHHBble W3 OHONOTMYECKHMX OOpas3IoB, 00Iagar0T
CIIOCOOHOCTBIO K a/IT€3UU B BHICOKOW CTENeHH. 3HAUSHUS TTOKa3aTeNnel aire3un MpecTaBlIeHbI B
tabmnuue 3.
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YCTOHUMBOCTD KYJBTYp K MpoOaM, MIMHTHUPYIOIIUM TPAH3HUT IO KEIYJ0YHO-KHIICYHOMY
TPaKTYy.

Komnexnuonusle KylnbTypsl B KoJu4yecTBe 13 mTaMMOB OBUIM HCCIIEOBaHBl Ha
YCTOHYMBOCTB K BO3JCHCTBHIO ObIubei sxeman kKoHreHTpanusax 0,3% u 0,5%, 6 u3 KoTopsIx ObLITH
CIOCOOHBI PAacTH B MPUCYTCTBUM JKEITYHM B HCCIEAYEMBIX KOHIICHTpalUusX. 4 BBIJICICHHBIC
KYJIbTypbl OaKkTepuil HE TOAABISIOTCS KEMYbI0 M CHOCOOHBI PAaCTH BO BCEX KOHIICHTPALUSX
(tTabnuua 3). Takum obpazom yctaHoBjieHO, uT0l0 kynpTyp MKDB mnposiBisitoT akTUBHOCTH B
OTHOIIICHHUH JIBYX KOHIEHTPAIINH jKETUH, UTO SBJISETCS OCHOBAHUEM IIPU BEIOOPE MTPOOHOTHIECKU
aKTHUBHBIX KYJIBTYD.

Wmutanuto Tpanszuta no JXKT mnpoBoammm mno wmeroamke Haller n coast. (2001).
Y CTORYIMBOCTB K ISHCTBUIO KUCIOTHI OOHApYKeHa y 13 IakToO0anusuI ¢ TUTPOM KU3HECTIOCOOHBIX
kietok ot 10% 1o 108 KOE/Mi1. OcHOBHYIO Maccy COCTaBJIAIOT KyAbTyphl ¢ mokasarenem JKCIT —
107-108 KOE/m1.

[TomyuenHble pe3ynbTaThl YCTOMUMBOCTH JITAOOPATOPHBIX H30JSTOB K CTpecc-(hakropam
invitro  yka3plBalOT Ha CIOCOOHOCTh IITAMMOB JIAKTOOAIM/UT K  BBDKUBAaHHIO —MPH
HeOIaronpusATHBIX JUIsl HUX YCJIOBUsIX B BepxHux otaenax XKKT.

TexHonornueckas XxapakTepUCTUKA MOJIOYHOKHCIIBIX IITAMMOB.

Jlanee HamMM OBLIM IMOJIy4€HBl KOHCOPLUYMBI Ha OCHOBE JIBYX U 00Jjiee MOJIOUHOKHUCIBIX
OaxTtepuit. Jyis cocTaBieHUss KOMOMHAIMI OBLITM OTOOpPAHBI CIENYIOIIHUE BHUJIBI JTAKTOOAKTEPHIA:
Lactobacillus casei Y1, Lactobacillus paracasei 2A, Lactobacillus brevis 4 LB B-RKM 0610 u
2 kynbTypsl Lactobacillus plantarum (17A, 4A).

B tabnuie 4 oTMeueHbl OCHOBHBIE MOKA3aTe, XapaKTePU3YIOIINE N3ydaeMble LITaMMBI:
OpraHoJIeNTUYECKUE CBOMCTBA, KOHCUCTEHIINS, aKTUBHOCTh CBEPTHIBAHUS, KUCIOTOOOpa30BaHHUE.

Cnenysi TONY4YEHHBIM JaHHBIM, B KadyeCTBE CTAPTEPHBIX KYIbTYp sl Pa3pabOTKU
KHCJIOMOJIOYHOTO TPOAYKTa OTOOpaHbl KyJIbTypbl, KOTOpPbIE COOTBETCTBYIOT OCHOBHBIM
napamerpam. Kpome Toro, HecMoTpsi Ha cialble XapakTepUCTHUKU B Ipolecce (epMeHTaluu
MOJIOKa, 8 UMEHHO aKTHUBHOCTh 00pa30BaHMs CTYCTKa M KUCIOTOOOpa30BaHME, B pabOTy ObLI B3SIT
mrramMm Lactobacillus brevis, tak kak mramMmm uMeeT HayIHO-TIPOM3BOACTBEHHBIH 3a71en [8].

[Ipu cocTaBneHUN KOHCOPLMYMOB OTOOpPAHbI IITaMMbI, 00JIajatole aHTarOHUCTHYECKON
CIIOCOOHOCTBIO, aJAr€3UMBHOM AaKTHBHOCTBHIO M YCTOMYMBOCTBHIO K HEONArompusATHBIM (pakTopam
KEITYTOYHO-KUIIEYHOTO TPaKTA.

Tab6nmia 4 - OCHOBHBIC ITOKA3aTeNId aKTHBHOCTH 1 DHEPTHHU KHUCIO0TO00pa30BaHUS

Kynbtypst TekcTypanbHbIE CBOHCTBA OpraHonenTHyecKkne CxBamr | pH | Kucnor.
KOHEYHOI0 IIPOAYKTa CBOICTBa CTyCTKOB UBaHHE AKTHBHOCTb
(€))
L. casei Y1 CKalllMBaHHE OTINYHOE, I[BeT MOJIOYHBIH, BKYC 3,5-4 6,4 | 66°
KOHCHCTEHIUS OXHOPOJHAS, YHCTBIA
BS3KOCTB XOpPOIIasi, BKyC KHCIIOMOJIOUHBIN
KHUCJIOMOJIOYHBIN
L. paracasei 2A CKBaIIMBaHUE XOpOIIIEe, LlBeT MOIOUHBIH, 4-445 6,5 |75
KOHCHCTEHIIUS I'yCTas, BKYC CO BKYCOM Ke(upa
BSI3KOCTB CPEJHSIA, BKYC
KHUCJIOMOJIOYHBIN
L.brevis CkBammBanue ciaboe, LBeT Genblii, 3amax 14 5,0 | 102°
4 LB B-RKM 0610 | momy>kunkast KOHCHCTSHIIHS MOJIOYHEIH, BKYC
CJIETKa KHCIOBaThIN
L.plantarum 4A CkBammBaHue X0OpoIiee, LlBer MonOUHBIH, BKYC | 5 6,0 | 68°
crabast BSI3KOCTh, TycTas YHCTBIA
KOHCHCTEHIIUS KHCIIOMOJIOUHBIH
L.plantarum 17A CkBammBaHue X0OpoIiee, LlBer MoOUHBIH, BKYC | 6 6,4 | 66°
BSI3KOCTB CPEIHSIA, YUCTBIN
OITHOPOIHAS KHCIIOMOJIOUHBIHN
cMeTaHooOpa3Has
KOHCHCTCHIIUS
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HpI/I CO3JaHun KOM6I/IHaLII/II>'I Y4YUTBIBAJIN 6HOCOBM€CTI/IMOCTB mTaMMOB, BXOIAIIIHNX B
KoHcopuuyM. O11eHKy OMOCOBMECTUMOCTH ITPOBOMIIN IIyTEM COBMECTHOIO KyJbTUBUPOBAHMS HA
IUIOTHOM arapoBOM cpeie METOJOM NEPIEHAUKYISPHBIX ITPUXOB. O COBMECTUMOCTH LLITAMMOB
CYJUIIH I10 PABHOMEPHOMY POCTY U OTCYTCTBHIO 30H 3aJE€PKKH POCTA.

[Ipu mnepBu4yHOM OTOOPE COCTABJICHBI CJCAYIONINE KOMOWHAIIMA OHOCOBMECTHUMBIX
[ITAMMOB MOJIOYHOKHUCIBIX OakTepuii: Bapuant 1: Lactobacillus casei Y1, Lactobacillus brevis 4
LB B-RKM 0610; Bapuant 2: Lactobacillus casei Y1, Lactobacillus brevis 4 LB B-RKM
0610;Lactobacillus paracasei Y2; Bapuant 3: Lactobacillus casei Y1, Lactobacillus paracasei 2
A; Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus plantaturum 4A; Bapuant 4:
Lactobacillus casei Y1, Lactobacillus paracasei A2; Lactobacillus brevis4 LB B-RKM 0610,
Lactobacillus plantaturum 17A.

I[J'ISI YCTO WUYUBOIO COCTOAHUA mTaMMOB IMPUMCHSIIN METOJ HCIIPEPBIBHOTO
KynbTUBHpOBaHUs. C 3TOH 1IENbIO B CTEPUIIbHBIE TPOOUPKH ¢ 00€3’)KUPEHHBIM MOJIOKOM BHOCHJIN
no 100 MKJI Ka)kJIOW KyJIbTYpbl B accollalMsX. 3aTeM MPOOMPKH MOMeENald B TEPMOCTAT MPHU
TeMiieparype 37° u depe3 kaxzaple 12 yacoB KyabTyphl IepeceBaiu B cBexxkee Monoko. [locie
KaXI0ro OTpE3Ka KYJIbTHBUPOBAHUA CHHUMAIW TAKUC MapaMETPhbl KakK KI/ICJ'IOTOO6p330BaHI/I€ n
opraHozientuka. [lyreM MHKpPOCKONMPOBAaHUS MPOBOAUIM MHUKPOOHOJIOTMUECKUN KOHTPOJb U
IIOACYUTBIBAJIN KOJIMYECTBO JKU3HECIIOCOOHBIX  KJIETOK. HerepBIBHOG KYJIbTUBHUPOBAHHC
IMPOAOJIKAIN 0 MOJIYYCHUS MMOCTOAHHOTO COOTHOICHUA MUKPOOPIraHu3MOB, BXOAAIINX B COCTaB
KOHCOPLILYMOB.

Takum  oOpa3oM, Ha OCHOBE BH3YyaJIbHOW  OIIGHKH  OHMOCOBMECTMMOCTH U
OKCIICPUMCHTAJIIBHOM noz[60pe COOTHOIICHUSA KYIbTYP, OBLIM COCTaBJIEHBI HECKOJIBKO BAapHUaHTOB
(Tabmuma 5).

Tabnuma 5 — XapakTepuCTUKH MONTYYEHHBIX MTPOAYKTOB, MOIYYEHHBIE B TIporiecce (hepMeHTAI[MH MOJIOKa
MIpeUI0KEeHHBIMH BapHaHTaMH KOHCOPITMYMOB

BapuanTsl Tekcrypanbsubie cBoiicTBa | OpranonenTtudecku | AktuB | pH Kucno | KOE/mn
KOMOHMHAITNH | KOHEYHOT'O TTPOIYKTa € CBOMCTBa HOCTB TOOOD
CTYCTKOB CKBa a30BaH
IMBa He I10
HUS TepHo
(1) py°
Bapwuanr 1 CkBammBaHHe XOpoIIee, LIBeT MOIOYHBIH, 4,5 3,6 70 2,8x10°
KOHCHCTEHITHS BKYC YHCTBIN
OITHOPOHAS, BI3KOCTD KHCJIOMOJIOYHBIH C
XOopormas TIPUATHBIM
MIPUBKYCOM
Bapuanr 2 CkBalllMBaHu€e XOpouiee, IIBeT MOTOYHEIH, 3,5 4,0 76 4x10°
BSI3KOCTB XOpOIIIas, BKYC MPUSTHBINA
IUTOTHAS KOHCHUCTEHITHS KHCJIOMOJIOYHBIH
OJTHOPOTHAS
Bapuanr 3 CkBallluBaHH€ XOpoLIee, IIBer MOIOYHBII 5,0 4,0 81 2x10%
KOHCHCTEHITHS OembIi, BKYC
OJTHOPOJTHAS, BSI3KOCTh KHUCJIBIN
YIIOBJIETBOPUTENbHAS
Bapuanr 4 CkBalllMBaHu€ XOpouiee, IIBer MOJIOYHEIH, 5,0 4,0 107 6x10°
BSI3KOCTB CPEJTHSIS, BKYC KHUCITBIH
KOHCHICTEHITUS TycTas

B pesynbrare uccienosanuii oroopan BapuaHT 2, B cocTaB kotoporo Bxoaat Lactobacillus
casei Y1, Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus paracasei 2A. Jlanubiii
KOHCOPOUYM COOTBETCTBYCT Tpe6yeMBIM nmapaMeTpaM TCXHOJOTHYCCKUX XapaKTCPpHUCTHUK, a
HUMCHHO: UMCCT TCKCTYpPAJIbHbIC CBOMCTBA KOHEYHOI'O MMPOAYKTa B BUJC XOPOIICTO CKBAIIIMBAHUA
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U BS3KOCTH, IUIOTHOM M OJHOPOAHOM KOHCUCTEHLIMM, IIPOSIBISIET COOTBETCTBYIOLIUE
OpPraHOJIENITUYECKUE CBOMCTBA: MOJIOYHBIA LBET, YACTHIA KHUCJIOMOJIOYHBIM BKYC C IPHUATHBIM
MIPUBKYCOM, aKTUBHOCTb CKBAIIMBAHUA -3,5 4acoB, kuciaoTtoodpazoBanue no Tepuepy- 90 °T, Tutp
IPOOUOTHYECKUX KIETOK - 4x10° KOE/mu.

3akiro4eHue

[IITaMMBI MOJIOYHOKHC/IBIX OAKTEPHil M3YYCHBI HA HAIUYHE MPOOMOTHYECKUX CBOMCTB M
COOTBETCTBHE OCHOBHBIM TEXHOJIOTHUYECKHM XapaKTEPUCTHKaM (OpraHOJICIITHYECKHE CBOMCTBA,
KOHCHCTEHIHMSI, aKTHBHOCTh CBEPTBHIBAHHS, KHCIOTOOOpA30BaHHE) B KAayeCTBE CTAPTEPHBIX
KyJIbTYp KOHCOPIIMYyMa JUIsl pa3pabOTKK KHUCIOMOJIOYHOTO Mpoaykra. Ha ux ocHOBe co3maHbl 4
KOMOMHAIMM KOHCOPIIMYMOB CTapTEPHBIX KYJIBTYP C y4€TOM OHOCOBMECTHMOCTH IITAMMOB.
OTto0Opan onTuMabHbIH BapuaHT, KoHcopiuym Lactobacillus casei Y1, Lactobacillus brevis 4 LB
B-RKM 0610, Lactobacillus paracasei 2A, coOTBETCTBYIOIIHII OCHOBHBIM TEXHOJIOTMYCCKHM
XapaKTEpPUCTHKaM C Y4eTOM OHMOCOBMECTHMOCTH IITAMMOB ISl BKIIOYEHHS B COCTaB
pa3pabaThIBAEMOT0 HAIUTKA MTPOPHIAKTHIECKOTO Ha3HAYEHUS.

DuHaHCUPOBaHHUE
Hacrosimee wuccnenoBanue ¢uHaHcupyeTcss MUHUCTEPCTBOM CEIIbCKOTO  XO3SIHCTBA
Peciyommuku Kazaxcran (rpant Ne BR10764998).
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NPOPUITAKTUKAJIBIK MAKCATTAT'BI CYCBIHAAPABI 93IPJIEYT'E APHAJITAH
MNPOBUOTHUKAJIBIK ITAMMIAPABIH CUITATTAMACBI

Tyiiin

3epTTey HBICAHAAPHl - OWOJIOTHSJIBIK YJTUISPJCH JKaHa OOJIiHIN aJbIHFAH CYT KBIIIKBLUIBI
6axrepusutapsl (CKbB) xone xomtekusuislk CKb mrammapsr.

Makcatbl - NPOMWIAKTHKAIBIK CYCBIHAAPABI 93ipJey YIIH MPOOHOTHKAIBIK [ITaMMIAPJIBIH
CHITATTAMACHI

JKyMmpic GapbIChIHAa MPOOHOTUKATIBIK OCICEH I IITaMMIapra CKPHHHHT XKYPTi3UIl, HOTHXKECIHIEC €H
Oenmcenai perigae 17 makell TaHOAIIBI, OJApABIH imriHAE PecmyOawKamblK MHKPOOPTaHU3MIED
KOJUICKITUSCHIHBIH OHEPKOCINITIK MUKpoopranm3Maep buobankiHeH 13 KOUIEKIUSIIBIK INTaMM XoHe 4
3epTXAHANBIK U30JAT. [I[pOOHOTHKAIBIK MTOTSHITNAI 3€PTTENIi, OHBIH IMTIHAE CYT KHIIIKBIIBIHBIH OHIIPICI,
OIMTOPTYHUCTIK MHKPOOPTaHU3M/IEpTe aHTarOHM3M, KAaOBICKAK KaCHETTepi, acKa3zaH-iIIeK KOITaphIHBIH
Konakicei3 sxkarmaiiapbiHa tesimauriri. Bruker MALDI-TOF BIOTYPER kyiieciH KojigaHa OTBIPBIIT
COMKEeCTeHIIpY H30IATTapIbl KeJleci TypJepre »aTkpi3yra MyMKiHmik Oepmi: Lactobacillus casei,
Lactobacillus paracasei, Lactobacillus plantarum.

Kyprizinren 3eprreynep notmkecinge Lactobacillus paracasei 2A, Lactobacillus casei Y1,
Lactobacillus plantarum 1A, Lactobacillus plantarum 17 A, L. brevis 4 LB B-RKM 0610 mrraMMaapsiHan
CrapTep DakpUIAAPBIHBIH KOHCOPIIMYMIAPhl KYPBUIABI KoHE IITaMMAApABIH OMOYIIIeCIMALTITiH eckepe
OTBIPHITI, HETI3T1 TEXHOJOTHUIBIK CHIIaTTaMaIapFa COMKEC KEIETiH OHTAMIBI HYCKa TaHIaJIbl.o31paeHIT
KaTKaH MPo(UIAKTUKAIBIK MAKCATTAFbI CyChIHHBIH KYPaMbIHA CHT13Y.

Tyiiin ce3mep: cyT KbIIIKbIIH OAKTEPHUSIIAPHI, IITAMM, TPOOHOTHK, AaHTATOHU3M, aJTC3Hs.
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Abstract

The objects of study are lactic acid bacteria (LAB) isolated from biological samples and collection
strains of LAB

Purpose - characterization of probiotic strains for the development of preventive drinks

In the course of the work, screening of probiotically active strains was carried out, as a result of
which 17 cultures were selected as the most active, among them 13 collection strains from the Biobank of
Industrial Microorganisms of the Republican Collection of Microorganisms and 4 laboratory isolates. The
probiotic potential was studied, among which, the production of lactic acid, antagonism to opportunistic
microorganisms, adhesive properties, resistance to adverse conditions of the gastrointestinal tract.
Identification using the Bruker MALDI-TOF Biotyper system allowed isolates to be assigned to the
following species: Lactobacillus casei, Lactobacillus paracasei, Lactobacillus plantarum.

As a result of the research, consortiums of starter cultures were created from strains of Lactobacillus
paracasei 2A, Lactobacillus casei Y1, Lactobacillus plantarum 1A, Lactobacillus plantarum 17 A,
Lactobacillus brevis 4 LB B-RKM 0610 and the optimal variant was selected that corresponds to the main
technological characteristics, taking into account the biocompatibility of strains for inclusion in the
composition of the drink for preventive purposes.

Keywords: lactic acid bacteria, strain, probiotic, antagonism, adhesion.

Today, one of the main directions in the field of healthy nutrition is the creation of innovative
technologies for the preparation of products (drinks) of preventive value, enriched with minerals
and vitamins, probiotics and prebiotics [1]. They differ in a variety of composition, but the range
is based on the targeted use of milk and raw materials of non-dairy origin, which gives new
products a protein, lipid, carbohydrate, vitamin or mineral focus [2]. The market for dairy products
is expanding with the emergence of new functional products such as biomilk, biokefir, bioyogurt,
which are products of milk fermentation by lactic acid bacteria. Probiotic bacteria that are
commonly used in fermented drinks are Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus rhamnosus and Bifidobacterium sp. [3]. During development of combined dairy
products, attention is paid to the regulation of amino acid, fatty acid, mineral and vitamin
composition, as well as to giving the products therapeutic and prophylactic properties due to the
inclusion of biologically active substances and food additives of natural origin in their
composition.

An analysis of the research and patents on this scientific issue indicates that the development
of various formulations and technologies for the preparation of therapeutic and prophylactic
products (drinks) using probiotics is an important area that is becoming increasingly popular
among consumers on the market, being a source of many necessary for human substances [4-7].

A number of requirements are imposed on probiotic production strains, among which the
presence of antagonistic properties in relation to clinical and test strains of pathogenic and
opportunistic microorganisms should be studied for resistance to the action of secrets of the
gastrointestinal tract, etc. For this purpose, the task of characterizing probiotic strains is being
updated for inclusion in preventive drinks.
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Materials and methods

Isolation of culture

In order to isolate lactic acid bacteria from various traditional home-made products (kazy,
homemade sour cream, irimshik, butter, ayran, koumiss, balyk) the method described in the work
E. Nagyzbekkyzy was used [8]. For the cultivation of LAB, specialized MRS media (HiMedia)
were used with incubation at 37°C for two days under microaerophilic conditions in a incubator
(redLINE RI-53, Germany).

Isolates were identified using the Bruker MALDI-TOF Biotyper system. Samples for
MALDI-TOF MS were prepared as follows: a fresh single colony was directly transferred to a
polished MSP 96 steel target (Bruker Daltonik) and dried. Covered with 1l of a saturated solution
of a-cyano-4-hydroxy-cinnamic acid (HCCA) matrix solution in 50% acetonitrile-2.5%
trifluoroacetic acid (Bruker Daltonik) and dried at room temperature [9].

Test of Antagonistic activity of LAB

A cell suspension of daily LAB cultures is prepared in an amount of 1 mld/1 ml (according
to the standard of bacterial turbidity) and applied to the surface of the dish (0.1 ml of LAB
suspension can be added to the molten and cooled medium, mixed and poured into a Petri dish).
Next, wells with a top diameter of 10 mm are cut out and filled with cultures of test strains (0.1
ml). A day later, the diameter of the zone of absence of bacterial growth is measured [10].

Study of acid-forming activity according to the Turner method [11].

The acid-forming activity of lactic acid bacteria and consortia was determined by the Turner
method; before sowing, it is imperative to determine the acidity of milk, since there may be some
deviations.

Test of adhesion of LAB

The adhesiveness of the strains was studied on formalized human erythrocytes 0 (1) (Rh+)
according to the method of V. Brilis [12]. At least 100 erythrocytes were counted in at least 5 fields
of view. Determined the average adhesion index (AAI), adhesion coefficient. AAI was determined
by the average number of microbes attached to the surface of one erythrocyte, counting all
available erythrocytes in 5 fields of view, but not less than 50 erythrocytes. Adhesion is considered
no activity at AAI from 0 to 1.0, low - 1.01-2.0, medium - 2.01-4.01, high - over 4.0. The
percentage of erythrocytes was calculated from the total number of erythrocytes taken into
account.

Bile Tolerance

The resistance of the studied strains to bile was determined by adding a daily culture to the
MPC broth medium containing 0.3% and 0.5% bovine bile. Bacterial growth was analyzed by
counting viable colonies after 0, 2 and 4 hours of cultivation in agar medium at 37°C for 48 hours.
pH values were adjusted to 8.0 according to experimental protocols developed for lactobacilli. In
fact, the pH of bile and pancreatic juice secreted into the intestine is approximately 8.0 [13].

Tolerance to sequential action of acid and bile

Simulation of transit through the gastrointestinal tract was performed according to the
method of Haller et al. [14]. Cultures were first incubated at pH 2.0-3.0 in physiological saline for
1-2 hours, then placed in 1% bile broth. The initial concentration of the microorganism culture
should be 107 CFU/ml

Statistical processing of results

Experiments of this study were performed in triplicate and the results developed as mean +
standard deviation (M+SD). Statistical significance was assessed by Student’s % s t test. Results
are considered significant at p < 0.05.

Results and discussion

10 isolates with morphologically characteristic features of of LAB were isolated, namely
homogeneous colonies of white or whitish-milky color, with smooth edges and a convex surface,
with a sour-milk smell. After determining the viability titer (not less than 10’-10° CFU / ml), 4
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isolates and 13 collection strains of LAB of'the genus Lactobacillus, Lactococcus and Pediococcus
were taken for further work (Table 1).

Identification using Bruker MALDI-TOF Biotyper identified 4 isolates to the species: L.
casel, L. paracasei, L.plantarum. Thus, the number of studied objects is 17 strains of LAB,
including newly isolated and collectible strains.

Table 1 - Collection strains of LAB from RCM and isolated from biological samples

Strain name Source
Lactobacillus sakei 24 A B-RKM 0559 B-RKM
Lactococcus lactis B-RKM 0149 B-RKM
Lactobacillus pentosus 14 LB B-RKM 0604 B-RKM
Lactococcus lactis B-RKM 0357 B-RKM
Lactobacillus plantarum B-RKM 0670 B-RKM
Lactobacillus casei 15 LB B-RKM 0549 B-RKM
Lactobacillus fermentum 9 LB B- RKM0607 B-RKM
Pediococcus pentosaceus 22 LB B-RKM 0598 B-RKM
Lactobacillus brevis 4 LB B-RKM 0610 B-RKM
Lactococcus lactis B-RKM 0024 B-RKM
Lactococcus lactis B-RKM 0149 B-RKM
Lactobacillus plantarum 5LLB B-RKM 0547 B-RKM
Lactobacillus plantarum B-RKM 0019 B-RKM
L.plantarum 17A laboratory isolate
L.plantarum 4 A laboratory isolate
L. casei Y1 laboratory isolate
L. paracasei 2A laboratory isolate

Note: B-RKM - Biobank of Industrial Microorganisms of the Republican Collection of Microorganisms

Study of antimicrobial activity

One of the important factors in screening for probiotic preparations is antagonism to various
pathogenic and opportunistic microorganisms.

In our studies, antagonistic activity was studied against test strains Escherichia coli,
Staphylococcus aureus, Candida albicans, Klebsiella pneumoniae, Streptococcus pyogenes from
Biobank of Industrial Microorganisms of the RCM.

The results of the antagonistic activity are presented in Table 2. The inactive group included
cultures that did not suppress test strains.

Most of the cultures showed an average value of antagonistic activity to pathogens
Streptococcus pyogenes and Klebsiella pneumoniae: the width of growth inhibition zones did not
exceed 9 mm. Only cultures of B-RKM 0149 (11.33+0.18 mm) to Streptococcus pyogenes and
(11.2+£0.3 mm) to Klebsiella pneumoniae showed a high degree of antagonism. Strain 2 A
(12.33+£0.58 mm and 11.33+0.4 mm, respectively).

Table 2 - Diameter of the inhibition zone (mm) caused antimicrobial activity of LAB strains against test
strains microorganisms (M+SD)

Strain name E. coli S.aureus | C. albicans | KI. pneumoniae, | Str.s

pyogenes
1 2 3 4 5 6

L. sakei 24 A B-RKM 0559 6,0+£1* 7,7+0,57 | 2,4+0,3 7,8+0,3 6,8+0,5

Le.lactis B-RKM 0149 10,1£0,53 | 10,0£1* | 10,4+0,2 11,2+0,3 11,3320,
18

L. pentosus 14 LB B-RKM 0604 6,4+0,3 6,8+0,4 3,2+0,7 5,4+0,6 5,6+0,2

Lc.lactis B-RKM 0357 7,1£0,4 5,4+0,6 0 7,3+0,4 7,8+0,6

L. plantarum B-RKM 0670 8,1+0,3 6,5+0,2 2,0+0,3 6,002 6,8+0,6
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Table 2 continuation

1 2 3 4 5 6
L. casei 15 LB B-RKM 0549 9,1£1,0%* 6,4+0,3 3,3+1%* 7,7+0,9 8,8+0,2
L. fermentum 9 LB B- RKM 0607 6,1+0,2 7,1+0,2 0 6,8+0,5 7,1+0,8
P.pentosaceus 22 LB B-RKM 0598 3,0+0 6,0+1* 3,34+0,6 5,4+0,7 6,9+0,5
L.brevis 4 LB B-RKM 0610 3,8+0,4 6,6£0,6 0 6,4+0,3 7,8+0,7
Le.lactis B-RKM 0024 8,1+0,2 5,8+1%* 2,94+0,4 8,8+0,6 8,5+0,3
Le.lactis B-RKM 0149 7,4+0,6 6,9+0,4 2,4+0,7 7,9+0,2 8,7+0,5
L.plantarum 5LB B-RKM 0547 4,6+0,7 7,4£0,2 0 6,2+0,4 6,7+0,1
L.plantarum B-RKM 0019 6,7+0,2 5,9+0,6 0 8,4+0,6 8,1+0,4
L.plantarum 17A 8,1+0,9 9,940,57 11,1+0,4 9,4+0,2 8,5+0,5
L.plantarum 4 A 12+1,0%* 14,5+0,2 7,3+0,3 8,4+0,2 7,9+0,7
L. casei Y1 14,6+0,4 11,5+0,3 9,8+0,6 7,4+0,2 8,4+0,5
L. paracasei 2A 11+0,3 15,5+0,5 12,0+1 11,33+0,4 12,3340
,58

Note: * p<0,001; ** p<0,01; *** p<0,02; **** p<0,05
Inhibition zones: 0 mm - No activity; 1.0-4.9 mm - Weak; 5.0-8.9 mm - Moderate; > 9 mm - Strong.

Antagonism indicators to Staphylococcus aureus were moderate in Lc.lactis B-RKM 0149
(10.0=1 mm), strain 17A (14.5+0.2 mm), strain Y1 (11.5+£0,3 mm) and strain 2 A (15.5+0.5 mm).

The lowest indicators of antagonistic activity in all cultures were noted against C. albicans.
For Lc. lactis B-RKM 0357, L. fermentum 9 LB B-RKM 060, L. brevis 4 LB B-RKM 0610, L.
plantarum 5LB B-RKM 0547 and L. plantarum B-RKM 0019 it was completely no activity (=0).
Only four cultures - isolate 2 A, isolate Y1, Lc. lactis B-RKM 0149 and strain 17A suppressed
the growth of C. albicans with moderate activity.

To Escherichia coli, strong level of antagonistic activity were shown by Lc. lactis B-RKM
0149 (10.1+£0.53 mm), L. casei 15 LB B-RKM 0549 (9.1£1.0 mm), strain 4 A (12+1.0 mm), strain
Y1 (14.6+0.4 mm) and strain 2 A (11+0.3 mm). Low level activity was registered in P. pentosaceus
22 LB B-RKM 0598, L. brevis 4 LB B-RKM 0610, L. plantarum 5LB B-RKM 0547 (3.0+0 mm,
3.840.4 mm and 4, 60.7 mm, respectively).

Thus, in general, cultures have strong antagonistic activity: Lc. lactis B-RKM 0149, strain
17A, strain 4 A, strain Y1 and strain 2 A. Weak antagonists are P. pentosaceus 22 LB B-RKM
0598, L. brevis 4 LB B-RKM 0610. No antagonistic activity was detected against the Candida
albicans test strain in a number of cultures.

Study of acid-forming activity

One of the best known biological properties of LAB is the ability to produce lactic acid.

Strains whose titratable acidity ranges from 20-80° T are considered inactive, and those with
this indicator over 120° T are considered highly active. Table 3 below shows the indicators of the
acid-forming activity of the studied strains.

The data obtained indicate a good acid-forming ability of most strains. This parameter was
noted in the strains Lactococcus lactis B-RKM 0357, Lactobacillus plantarum B-RKM 0019,
Lactobacillus casei Y1, Lactobacillus paracasei 2A, Lactobacillus plantarum 17A, Lactobacillus
plantarum 4 A.

Table 3 - The impact of bovine bile on the growth of the LAB

Strain name Acid-forming in milk, | Concentration of Average
°T bovine bile (%) adhesion index
(AAID)
0,3 0,5

1 2 3 4 5
L. sakei 24 A B-RKM 0559 73 ++ ++ 3,8+ 1,7**
Lc.lactis B-RKM 0149 119 + + 3,5+1,6
L. pentosus 14 LB B-RKM 0604 71 - - 2,7+1,08
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Table 3 continuation

1 2 3 4 5

Le.lactis B-RKM 0357 125 ++ + 3,5+1,6
L. plantarum B-RKM 0670 123 - - 2,1 +£1,08
L. casei 15 LB B-RKM 0549 58 - - 22+1,0
L. fermentum 9 LB B- RKM0607 40 - - 2,4+1,0
P.pentosaceus 22 LB B-RKM 0598 55 - - 0,4 +£0,23
L.brevis 4 LB B-RKM 0610 115 + + 1,9+0,9
Le.lactis B-RKM 0024 33 ++ + 32+14
Le.lactis B-RKM 0149 127 + + 2,8 +1,08
L.plantarum 5SLB B-RKM 0547 51 - - 3,0x1,1
L.plantarum B-RKM 0019 120 - - 2,8+ 1,08
L.plantarum 17A 126 ++ ++ 4,0 £1,98%*
L.plantarum 4 A 128 + - 5,8 £2 21%**
L. casei Y1 145 ++ ++ 6,6 £ 2,38%**
L. paracasei 2A 130 ++ ++ 48+1,0

Note. ++ Good growth; + Visible growth; - No growth
AALI 0-1.0 - No activity; 1.0-2.0 - Weak; 2.01-4.01 - Moderate; > 4.0 - Strong. (M+SD)

Study of adhesive activity

The protective functions of lactobacilli are realized due to the adhesion of microorganisms
to intestinal epithelial cells, competition for binding receptors and blockade of adhesion and
colonization of mucous membranes by pathogenic and opportunistic microorganisms. Therefore,
the adhesive ability of lactobacilli was investigated.

Test of the adhesiveness of strains was carried out on formalized human erythrocytes 0 (1)
(Rh +) according to the method of V. Brilis. All collection strains showed the property of adhesion
(table 3). 11 strains showed moderate degree, 1 strain showed a weak degree of AAI, 1 strain does
not have this property. All newly isolated LAB cultures have a strong level of adhesion. The values
of the adhesion index are presented in Table 3.

Tolerance of cultures to test samples simulating transit through the gastrointestinal tract

Collection cultures in the amount of 13 strains were tested for tolerance to bovine bile
concentrations of 0.3% and 0.5%, 6 of them were able to grow in the presence of bile at the studied
concentrations. 4 isolates are not inhibited by bile and are able to grow at all concentrations (Table
3). Thus, 10 LAB cultures are active against two concentrations of bile, which is the basis for
choosing probiotic active cultures.

Simulation of transit through the gastrointestinal tract was performed according to the
method of Haller et al. (2001). Acid resistance was found in 13 lactobacilli with viable cell titer
from 10* to 103 CFU/ml. The bulk is made up of cultures with an indicator of GSP - 107-108 CFU
/ ml.

The obtained results of the tolerance of laboratory isolates to stress factors in vitro indicate
the ability of strains of lactobacilli to survive under unfavorable conditions for them in the upper
gastrointestinal tract.

Technological characteristics of LAB

We obtained consortiums based on two or more LAB. The following species of lactobacilli
were selected for combinations: Lactobacillus casei Y1, Lactobacillus paracasei 2A,
Lactobacillus brevis 4 LB B-RKM 0610 and 2 cultures of Lactobacillus plantarum (17A, 4A).

Table 4 shows the main indicators characterizing the studied strains: organoleptic properties,
texture, coagulation activity, acid formation.

Following the data obtained, cultures that correspond to the main parameters were selected
as starter cultures for the development of a fermented milk product. In addition, despite the weak
characteristics in the process of milk fermentation, namely the activity of clot formation and acid
formation, a strain of Lactobacillus brevis was taken into work, since the strain has a scientific and
industrial foundation [8].
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During the development of consortia, strains with antagonistic ability, adhesive activity and
tolerance to adverse factors of the gastrointestinal tract were selected.

Table 4 - Main indicators of activity and acid formation

Strain name Textual properties of the Organoleptic properties | Ferme | pH | Acid

experimental product of clots ntation formation

(h) activity

L. casei Fermentation is excellent, the | The color is milky, the 3,5-4 6,4 | 66°
Y1 consistency is homogeneous, | taste is pure fermented

the viscosity is good, the taste | milk

is fermented
L. paracasei Fermentation is good, the | The color is milky, 4-4,45 16,5 | 75°
2A consistency is thick, the | the taste is kefir-flavored

viscosity is medium, the taste is

fermented milk
L.brevis Fermentation is weak, semi- | The color is white, the | 14 5,0 | 102°
4 LB B-RKM | liquid consistency smell is milky, the taste
0610 is slightly sour
L. plantarum | Fermentation is good, low | The color is milky, the | 5 6,0 | 68°
4A viscosity, thick consistency taste is pure fermented

milk

L. plantarum | Fermentation is good, medium | The color is milky, the | 6 6,4 | 66°
17A viscosity, homogeneous | taste is pure fermented

creamy consistency milk

In the process of creating consortium associations, the biocompatibility of the strains was
considered. Biocompatibility assessment was carried out by co-cultivation on agar medium by the
method of perpendicular strokes. The compatibility of strains was reported by uniform growth and
the absence of inhibition zones.

During the primary selection, the following combinations of biocompatible strains of LAB
were compiled: Association 1 - Lactobacillus casei Y1, Lactobacillus brevis 4 LB B-RKM 0610;
Association 2 - Lactobacillus casei Y1, Lactobacillus brevis 4 LB B-RKM 0610; Lactobacillus
paracasei Y2; Association 3- Lactobacillus casei Y1, Lactobacillus paracasei 2 A; Lactobacillus
brevis 4 LB B-RKM 0610, Lactobacillus plantarum 4A; Association 4- Lactobacillus casei Y1,
Lactobacillus paracasei A2; Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus plantarum
17A.

For the stable state of the strains, the method of continuous cultivation was used. For this
purpose, 100 ml of each culture in associations were added to sterile tubes with skimmed milk.
Then the test tubes were placed in a incubator at a temperature of 37 © and every 12 hours the
cultures were transplanted into fresh milk. After each segment of cultivation, parameters such as
acid formation and organoleptics were removed. Microbiological control was carried out by
microscopy and the number of viable cells was calculated. Continuous cultivation was continued
until a constant ratio of microorganisms belonging to the consortia was obtained.

Thus, based on a visual assessment of biocompatibility and experimental selection of the
ratio of cultures, several variants were compiled (Table 5).
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Table 5 - Characteristics of the obtained products in the process of milk fermentation with compiled

consortia options

Associations Textual properties of the | Organoleptic Fermen | pH | Acid CFU/
experimental product properties of clots tation formation | ml
(h) activity
Association 1 | Good fermentation, the | The color is milky, | 4,5 3,6 |70 2,8x
consistency is uniform, | the taste is pure 108
the viscosity is good fermented milk
with a pleasant
aftertaste
Association 2 | Good fermentation, | The color is milky, | 3,5 40 |76 4x10
viscosity is good, dense | the taste is pleasant 9
consistency is uniform sour-milk
Association 3 | Good fermentation, the | The color is milky, | 5,0 4,0 |81 2x10
consistency is uniform, | sour taste 8
the viscosity is
satisfactory
Association 4 | Good fermentation, | The color is milky, | 5,0 4,0 | 107 6x10
medium viscosity, thick | sour taste 8
consistency

As a result of the studies, Association 2 was selected, which included Lactobacillus casei
Y1, Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus paracasei 2A. This consortium
showed the required parameters for our product and the titer of viable cells turned out to be higher
than in other variants. The consortium shows the required parameters of technological
characteristics, namely, it has textural properties of the final product in the form of good
fermentation and viscosity, dense and homogeneous consistency, exhibits organoleptic properties
corresponding to the milk color, pure fermented milk taste with a pleasant aftertaste, fermentation
activity is 3.5 hours, acid formation according to the Term 90 ° C, the titer of probiotic cells is
4x10° CFU/ml.

Conclusion

Strains of LAB have been studied for the presence of probiotic properties and for compliance
with the main technological characteristics (organoleptic properties, consistency, coagulation
activity, acid formation) as starter cultures for the development of a fermented milk product. Based
on them, 4 associations of a consortium of starter cultures have been developed, taking into account
the biocompatibility of strains. The consortium Lactobacillus casei Y1, Lactobacillus brevis 4 LB
B-RKM 0610, Lactobacillus paracasei 2A showed the required parameters and was taken for
inclusion in the basis of the developed drink.
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IMPABUJIA
W3/IaHUs )KypHaJia
«MUKPOBHOJOI'US )KOHE BUPY COJIOT' USI»

Kypnan mybnukyer craThil (PyHIAMEHTAIBHOTO M MPHUKIAJTHOTO Xapakrepa. MaTepuaisl
JOJIKHBI OTPAXKaTh PE3ybTaThl HAYYHbBIX UCCIEA0BAHUN U PAKTUUECKUX JOCTUKEHHUM B 00J1acTH
MUKPOOHOJIOTHH, BUPYCOJIOTUH, OMOTEXHOJIOTHH U SKOJIOTHH.

[Tnara 3a myOIMKaIUIo cTaTeii He B3UMACTCH.

[pencraBiennsie 11si OMYOIMKOBAHUS MaTE€pUAbl JOJDKHBI YIOBJIETBOPSATH CIEIYIOIIIM
TpeOOBAHUSIM:

Conepxath pe3yinbTaThl OPUTMHATIBHBIX HAYYHBIX UCCIIEI0BAHUM [0 aKTyaJIbHBIM IpoliieMam
B 00mactT¥ MHUKpPOOMOJIOTMM, BUPYCOJIOTMH, OHOTEXHOJIOTMM U 3KOJOTMHM, paHee He
OIyOJINKOBaHHBIE U HE MIPEAHA3HAUCHHBIE K MyOIUKallUU B JPYIUX U3AHUSX.

Bce cratbu npuHuMaroTcs M MyOJIMKYIOTCS OJHOBPEMEHHO Ha JBYX S3bIKax (Ka3aXCKOM U
AHTJIMHACKOM, WM PYCCKOM U aHTJIMHCKOM).

Crartbu NpPUHUMAIOTCS B 2JeKTpoHHOM Buae (B dopmate .doc, .docx mmbo .rtf) uepes
npoduiib aBTOpa Ha caiite imv-journal.kz.

[Ipu HeBbInoNHEHNHU (HOpMaTbHBIX TPEOOBAaHUH, CTAThs K IMyOIUKAIIMN HE IPUHUMAETCS.

CraTpu, MOCTYNUBIIME B PEAAKIMIO >KypHajga, MOTYT OBIThb IMPOBEPEHBI C MOMOIIbIO
cucTeMbl AHTHIUIaruaT. B ciydae, ecnm pe3ynbTaT MPOBEPKH BBISIBISIET HEKOPPEKTHO
0o(pOpMIICHHbIE 3aMMCTBOBAHHUS, CTaThsl MOXKET ObITh OTKJIOHEHA.

[Ipn BbIMonHEHMH (GOPMaANbHBIX TPEOOBAHUM, CTaThsl HANPABIAETCS HAa PACCMOTPEHHE
YJIeHaM pPEeJIKOJUIETUH, MMEIOIUM YYEHYIO CTElEeHb B Hay4HOW 0OJacTH, COOTBETCTBYIOILEH
cozepkanuto ctaThu. [Ipu 3TOM penakius onpenensier COOTBETCTBUE CTaThu MPOGUITIO KypHaa,
TpeboBaHusAM K odopmieHuo. [Ipr cOOTBETCTBIM BbIlIeyKa3aHHBIM TPEOOBAHUSM HAIIPABIISIET €€
Ha peleH3UPOBaHUE CTOPOHHEMY CIIELUATKCTY, 00JIafjatoleMy BBICOKUMHU MPO(eccCHoHaNbHBIMU
3HAHUSIMH M OTIBITOM PabOThl IO KOHKPETHOMY HAay4YHOMY HAIpPaBJICHHIO, UMEIOIIEMY YUEHYIO
crerredb PhD, mokTopa nim kanauaaTa HayK.

K penensupoBanuio He MPUBJIEKAIOTCS CHEIHMATUCTHI, pabOTalOINe B OJJHOM OTAEJE WU
JernapTaMeHTe YUYpeXIeHHs, TJe BbINOJHEHAa paldoTa. PereH3eHT BBIHOCUT peuieHue o
BO3MOXHOCTH OITyOITMKOBaHUS

OxoHYaTenbHOE pelleHue O 1eeco00pa3HOCTH MyOIuKauy npuHuMaercs PenakunoHHon
KOJUIETHEHN B COOTBETCTBUHU C PEKOMEHAALUSIMH PELICH3EHTOB.

[Tocne npunsaTus PenakinoHHON KoJIIeTHed pelieHusi O JOIMyCKe CTaThbH K IMyONHMKaIuu
OTBETCTBEHHBII peAakTOp >KypHaina HHPOpMHpPYyeT 00 OSTOM aBTOpa U YKa3bIBa€T CPOKH
MyOJIUKAIIIH.

1. TlpucnaHHble MaTepUaNbl TOJDKHBI COJIEPKATh:

—Martepuaisl craThi ((paiiay co cTaThel MPUCBAMBACTCS UMSI IO (haMIITUH TIEPBOTO aBTOPA).

—Cgenenus 00 aBTopax ((amuiusi, UMs, OTYECTBO, YUCHAs! CTEIICHb, 3BaHHE, JIOJKHOCTD,
MeCTO pabOThl, KOHTAKTHBIE TelIe(POHBI, AEKTPOHHBIE anapeca (e-mail), naeHTUOUKAITMOHHBINA
nomep (ORCID).

—OTCKaHI/IpOBaHHOC COMMPOBOANUTCIIBHOC IMUCHMO.

2. CraTbsl IOJDKHA COAEPIKATh:
- MPHTHU - wMexrocyaapcTBEHHBIH pyOpUKaTop HAay4YHO-TEXHUYECKOMN
uHpopMaIuu
—®@ammwiuu  aBTOpOB CTaTbu (MPONMUCHBIMM OYKBaMHU, HWHUIMAJIBI CIEIYIOT Iepea
bamunueit);
—Ha3Banue opranmzanuu, B KOTOpOW Oblja BBINOJHEHAa paboTa W TropoAa (CTPOUHBIMU
OyKBamH);
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—HazBanue cratbu (IpONUCHBIME OYKBaMU MOTYKHPHBIM IIPUPTOM);

—AnHOTaIMs (B HaYalie CTaThU Mepe] OCHOBHBIM TEKCTOM);

—KiroueBrie croBa (ae 6onee 7);

—BBenenne (0e3 3arojoBka), B KOTOPOM KpaTKO H3JIaraercs akTyallbHOCTh W HOBHU3HA
paccMaTpuBaeMoro BOIIpOCa;

—OCHOBHON TEeKCT (BKJIIOUAeT MaTepuaibl U METOAbI, PE3ylIbTaTbl U 0O0CYXKJEHUE,
3aKITI0YEHHUE, COAEpIKallee KpaTKoe H3JI0’KEHHE OCHOBHBIX PE3YJIbTaTOB paboTh);

—Crmcox nurepatypsl (opopmMirsieTcs ¢ ykazaHueM (paMuIny 1 MHUIAAIOB aBTOPa, IOJIHOTO
Ha3BaHMs KHUTHU (CTaTbU), MECTa U3JaHUs, Ha3BaHUs )KypHaa (roja, Toma, HOMepa, CTPaHUIIbI).

3. Pa3mep oxHOW cTaThMl HE JIOJDKEH TNPEBBINIATh S5-7 MAIIMHONMCHBIX CTPAHUI (CTaThH
0030pHOTO XapakTepa — A0 15 cTp.), BKIII04as aHHOTAIHIO, TaOIHIIbI, PUCYHKH, CITUCOK JIUTEPATYPHI.
B ToM ke (aiine cnemyeT NpeACTaBIATh PE3lOME Ha TpeX S3bIKax (Ka3aXCKOM, PYCCKOM U
AHTJIMICKOM).

4. Cratbs 10JKHa OBbITH HaOpaHa Ha KoMmmbloTepe B peaakrope MS Office Word, mpudrom
Times New Roman 12 T, ¢ npo6enom Mex 1y cTpok | KOMIIbIOTEpHBIN HHTEPBaJI, MOJISl — BEPXHEE U
HIDKHEE 2 cM, JieBoe 3 cM, mpaBoe 1,5 cm. KommdecTBo pucyHKoOB — He Oosiee MsaTH. AHHOTAIuS,
TaOIUIIBI, PUCYHKH, CIIUCOK JUTepaTypbl — 11 nt yepe3 1 kommbioTepHblil nHTEpBal. CChUIKM Ha
JUTEpaTypHble UCTOYHUKHU JAOTCs [UdpaMu B MPSIMBIX CKOOKaX MO Mepe YIOMUHAHUS U JIOJKHBI
OBbITh UAEHTUYHBIMU Ha IBYX si3bIKax. Heo0X01MMO TIIaTeNbHO CIEIUTh 38 TOYHBIM COOTBETCTBUEM
0003Ha4YeHM B TEKCTe U Ha Tabiuuax, pucyHkax u jap. [Ipu u3i10KeHUH 3KCIIEpUMEHTATBHOTO
MaTepuaia JI0JKHA ObITh HCIOIb30BaHa MexayHapoaHas cucrema enunul (CH).

5. Tlocne cratbu Ha AQHIVIMIICKOM SI3bIKE MPHUBOIMUTCS CHHCOK JIUTEPATYpbl B POMAHCKOM
andasute (References) mis SCOPUS u npyrux BA3 JIAHHBIX momHOCTBIO OTIENBEHBIM OJIOKOM,
MOBTOPSISI CIIMICOK JIMTEPATYPhl K PYCCKOSI3BIYHOM YacTH, HE3aBUCUMO OT TOTO, UMEIOTCSI WJIM HET B
HEM MHOCTpaHHbIE UCTOYHUKHU. EciM B cHucke ecTh CChUIKM Ha MHOCTPAHHbIE MYOJMKAlWH, OHU
MTOJTHOCTBIO TIOBTOPSIFOTCS B CITUCKE, TOTOBSIIIEMCSI B POMaHCKOM ajihaBHUTE (JJATUHUIIA).

B References He ncnomnb3yroTces pasaenuTenbHble 3HakU («/» U «—»). Ha3BaHue ncTouHuKa u
BBIXO/IHbIE JJAHHBIE OTNENSIOTCS OT aBTOPOB TUIOM IIpH(Ta, yallle BCEro KypCHMBOM, TOYKOW WU
3aIATOM.

Ha caiitre http://www.translit.ru/ Mo0XHO OecCIJIaTHO BOCIIOJIB30BAaThCS IPOrPaAMMOi
TPaHCIUTEPALUNA PYCCKOTO TEKCTa B JIATHMHMILY, UCIIOJB3Ys pa3inuyHble cuctembl. [Iporpamma
OuYeHb MpPOCTasi, €e JEerko MCIOJB30BaTh AJIsl TOTOBBIX cChUIOK. K mpumepy, BbIOpaB BapHaHT
cuctembl bubmmorekn Konrpecca CIIA (LC), momydaeM u300pakeHHE BCeX OYKBEHHBIX
COOTBETCTBUH. BeTamisiem B cnienuaibHOE MOJIe BECh TEKCT Oubnuorpaduu Ha pycCKOM SI3bIKE U
Ha)KMMaeM KHOIIKY «B TPAHCIUT.

6. CTaTLI/I, HE COOTBCTCTBYIOLIUC HpaBI/IJ'IaM, HC HY6J'II/IKYIOTC${ 1 HE BO3BPALIAOTCS aBTOPY.
Pepakuums ocraBiser 3a coboit IIpaBO IIPONU3BOANTL COKPAIICHHA U IIPABKU crareil.
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