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H.I'. KNIUBJIEEBA, M.I'. ITAMEHOBA, T.U.I'JIEGOBA, H.T. CAKTAT'AHOB
TOO «HayuHO-1IpOM3BOICTBEHHBIH LIEHTP MUKPOOHOJIOTUHN U BUPYCOJIOTHH,
r. Anmatsl, Kazaxcran

HOUPKYJISANUA BUPYCA I'PHUIIIIA A B ITIOITYJISAIUA KOLIEK 1 COBAK
doi: 10.53729/MV-AS.2022.01.01

AHHOTALIUSA

Bupycsl rpunmna A SBISIOTCS BaXXHBIMH ITaTOI'€HAMH, IIPUCYTCTBYIOIIMMH BO BCEM MUPE U
YIPOXKAIOLUIMMU 340POBBIO JIFOAEH M KUBOTHBIX. DKOJIOTHS M SMUAEMHOJIOTUS BUPYCOB rpunma A
OUYEHb CJIO)KHBI M TIOABJICHHE HOBBIX 300HO3HBIX IATOr€HOB, IOCTOSIHHO DPAa3BUBAIOIIMXCS U
NPEOJIONICBAONINX MEXBHIOBOH Oapbep, SBIISETCS OMHOW M3 CaMBIX CEPhE3HBIX MPOOIeM s
rI00ambHONW 0€30TMacHOCTH B OONACTH 3ApaBOOXpaHeHus. Bupycel rpunma A XapakTepu3yroTcs
TEHEeTUYECKOM M aHTUT€HHOM M3MEHYMBOCTBIO, BO3HMKAIOIIEH 3a CYET COYETAHUS BBICOKOU
CKOPOCTH MyTallii ¥ CErMEHTHPOBAHHOTO T'eHOMa, OOECIEYMBAIONIETO CIIOCOOHOCTh OBICTPO
U3MEHATBCS M aJalTUPOBATHCS K HOBBIM Xo3sieBaM. lloaTomMy 3Ta KaTeropus BUPYCOB HMEET
PasHOOOpa3HbIA KPYr X0351€B, BKIIIOYasl OOJbIIOE KOJMYECTBO BHIOB NTHLl M MIEKONHUTAIOMKX. B
TEUYEHHE TIOCIEJHETO JACCATHIICTUS 3HAYUTENIbHOE BHUMAHHUE YJIENsUIoch HHMEKIUSM BHUpyca
rpurma y co0ak, IMOCKONbKY nBa monruna Bupyca rpurma H3NS um H3N2 BeI3Bamm HECKOIBKO
Benbiiek B Coenunennbix HltaTtax u FOxHOM A3nu, cTaB 3HAEMUYHBIMU. XOTS Y KOLIEK CPUIII
MEHBIIIE ONKCAaH B JINTEPATYPE, ITH KUBOTHBIE TO-NIPEKHEMY OKa3bIBAIOTCS BOCIPUUMYHUBBIMU KO
MHOTHM HHQEKIUSIM NTHYbero rpunma. HecMoTpsi Ha TO, YTO SMHAEMHU T'PUIIA MPEACTABISIOT
yrpo3y IS 310pOBbs COOAK M KOLIEK, PUCKH JUIA JIFOIeH B 3HAYUTEIILHON CTETIEHH HEU3BECTHHI. B
JAHHOM CTaThbe PacCMAaTPUBAIOTCS CaMble MOCIIEAHNE TaHHbIE 00 SMUAEMHUOJIOTHH BUPYCOB TPHUIIIA
A y cobak M KOIIEK, CYIIECTBYIOIIUE J0Ka3aTeIbCTBA CIOCOOHOCTH ajanTaliid 3THX BHIOB K
XO034MHY, BHYTPUBHIOBas Iepefada U (OPMHUPOBAHHE HOBBIX JIMHUM Ipunma A IOCPeACTBOM
FeHOMHOH peaccoprauuu. Takoe yriayOJeHHOE IOHMMaHHWE NpEArNoiaraeT HeoO0XOIUMOCTh
YCUJICHHSI MOHHUTODHHTA W HCCIEJOBAaHUN JUIs OOECledeHHUs] ONTHUMAaJIbHOW TOTOBHOCTH K
Hen30€XXHBIM BCIIBIIIKAM M HaHAEMHSAM, a Takke HaOIIONEHHS 3a POJIBIO B3aWMOJCHCTBUS
JOMAIIIHUX KMBOTHBIX M YeJIOBEKa B cBeTe KoHUenuun «EnuHoe 310poBse» [1] 1 moTeHIHANbHOTO
TIOSIBIIEHUST HOBBIX 300HO3HBIX BUPYCOB.

KiroueBbie cjioBa: BHpYC, TPHIII, 300HO3, CO0aKa, KOIIKA, MEXBHJIOBAs Iiepesaya,
peaccopTanus

Bupyc rpunma wumeer Oonblioe  3HAYEHHE, IOCKOJIBKY  MPEICTAaBIISIET
HEMOCPEACTBEHHYIO Yrpo3y Ui JtoJed U >KUBOTHBIX. Cpenu dYeThIpex THUIOB BHUpyca
rpunna (A, B, C u D) Bupycel rpunna A (BI'A) sBastorcs Hanbosee BaKHBIMU C
KIIMHUYECKOW TOYKH 3PEHUs, BBI3bIBAsl TsDKEJIbIE AMUAEMUU CpPeld JIOACH U JOMAITHUX
JKUBOTHBIX. JIWMKWE TepeNeTHbIe NTUIBI W JICTYYHe MBIIN SBJISIOTCS OCHOBHBIMH
€CTECTBEHHBIMU pe3epByapaMu, OT HHX BUPYC MOXET IMEPEHOCUTHCS Ha JIPYTHE BUIBI
JKUBOTHBIX-X0351€B, TaKWE KaK YTKH, KypbI, JIOIIAIA, CBUHBU, KUTHI, KOIIKH, COOAKH H T. II.
[2, 3,4,5,6,7,8,9, 10]. BTA 00bIYHO UMEIOT OTPAaHUYEHHBIH KPYT X035€B, HO MUHOTJA
nepenarTcs oT ogHoro Buma apyromy [11, 12, 13]. Beicokas uyactora MyTtauuii B
COUETAaHWHM C BBICOKOH CKOPOCTBIO PEIUIMKAIIMA M PEaCCOPTAIMH TO3BOJSET BUPYCY
OBICTPO aTanTUPOBATHCSA K M3MEHEHUSIM B OKpYJKaroiiel cpene. B koHeuHoM wTOre 3TO
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MOJKET NMPUBECTH K CO3JaHMIO BUpYCa, CIIOCOOHOTO Pa3MHOKAThCA B OPraHU3ME YeJIOBeKa
U 00JIaJaloNIer0 HOBBIMH AHTUTCHHBIMH CBOWCTBAMHU, YTO MOXET CTAaTh MPHYUHOM
BCIIBIIIKY MaHaeMun. [IpumMedarenbHO, YTO CEpbe3HYI0 Yrpo3y Ul 30POBbs UEIOBEKa B
MEePBYIO OYEpeb MPEACTABIISIOT JOMAIIHUE MTHUIBI U CBUHBH, MOCKOJIBKY HCTOPUYECKHU
OOJILIITMHCTBO YEJIOBEUYECKUX MaHIEMU BO3HUKAIM OT NTHUIl U cBUHEH [14, 15]. B cBs3u ¢
TEM, YTO B HACTOSIIIEE BPEMSI B MUPE YHCIIO BJIAJICIBIIEB KOIIECK M COOAK YBEIMYUBALTCS, &
COLIMAJIbHOE TOBEJCHHE MMEET TEHACHILUIO PEruCTPUPOBATh 3TH BUIbl KUBOTHBIX B
KadyecTBe WieHOB ceMbH [16-18], m3ydyenue smuaemuonorun BI'A y cobak u Komek u
MyTel UX Mepejayu OCTAIOTCS aKTyaJIbHOM 3a/1auei.

[TosiBnenne BI'A u mocnenyromiee pacnpocTpaHeHUE Cpeid cOOaK M KOIIEK

BonbmMHCTBO /JOMANIHUX XUBOTHBIX COAEP)KATCSl B HEOONBIIMX KOJIMYECTBAX B
KWIBIX [IOMAaX, U MHOTME€ W3 HHUX HE MMCEIOT WJIM MMEIOT JIMIIb KPATKOBPEMEHHBIE U
HEYacThle KOHTAKThl C JIPYTMMM MPEACTABUTEISIMU TOrO € BHUAA, MO3TOMY Ieperada
rpunna HedpdexkTuBHa. TeM He MeHee, HEKOTOpbIE JOMAIIHUE COOAKd U KOIIKH
COJIEPIKaTCs B IJIOTHBIX MOMYJISIIUAX, TAKUX KaK MUTOMHUKHU WJIH MIPUIOTHI ISl )KUBOTHBIX.
B Takux ycinoBHAX KOHTaKThl MEXy cOOaKaMH U KOIIKaMU HEM30€XHbI, a IPU MONagaHuu
BHUPYCOB T'pUIINIa B MOMYJISILIMIO BO3MOKHA yCTOMUMBAs Mepeadya HEKOTOPBIX JIMHUHM, YTO
MOJKET NPUBECTH K YCTOMYMBBIM BCIBINIKAM MU 3MUAEMUYECKOMY MJIM JIU300THYECKOMY
noTeHIMaTy. TeCHbIe KOHTAKThl COOAK M KOIIEK C JIIOJbMH TaK)Xe MOTYT OBITh MPHYNHON
300HO3HOI'O MOTEHLMalla BUPYCOB TpHUINAa U CHOCOOCTBOBATH 3apakEHUIO COOAaK WIIH
KOIIIEK BUPYCaMH I'PUIINA YEJIOBEKA.

B Hacrosmiee BpeMs IpHmIl y KOLIEK U COOAK BbI3BIBAIOT IATH HOATUIIOB BI'A,
ONMCAHHBIX B JIUTEpaType. DTO BapHaHTHI JiomaauHoro U ntuusero BI'A H3N8 [19, 20,
21] m H3N2 [22, 23, 24], au3konaToreHHbId Bupyc nrtuubero rpunmna (HBII) H7N2,
BbICOKOIIATOTeHHBIH BUpyc nrtuubero rpunma (BBIII) HS5N1, a takke manaemuueckuii
Bupyc HINI [25, 26], nponosmkaroniuil TUPKYJIUpOBaTh B HACTOSALIEE BPEMs KaK BUPYC
CE30HHOI0 IrpuMmna cpeau aoaen. Merorcs cooOeHns 0 HUPKYIUPYIOIINX CPEAH KOIIEK
U cobaK ¢ MPU3HAKAMU PECIUPATOPHON MH(EKIUH APYrHX MOJTHIIOB, Takux kak HS5N6,
H5N2, H3N1, HON2 u HIONS [27, 28, 29, 30, 31]. B ocHOBHOM 3TO BHUPYCHI TpHUIINa
NTHYBETO MPOUCXOXKJECHHUSI UM TeHETUYECKHE PeacCOpPTaHThl, 0Opa30BaHHbBIE IMOCIE KO-
MH(QEKINN pa3INYHbIMM NTUYbUMH, CBHUHBIMHU M uenoBeueckuMu BI'A. CooOmienus o
3apakeHUM KOIIEK M co0ak denoBe4ecKUM BapuaHTOM BI'A ce30HHBIX THUIIOB ObLIM
onyOJIMKOBaHbI, HO B TOpa30 MEHbIIeH crenenu [32].

Bupyc rpunmna co6ax (BI'C) nontuna H3N§ Bnepsbie 3apeructpuposat B 2004 r. Bo
BpEeMs BCIIBIIIKM TSDKEJIOTO PECHUPATOPHOrO 3a00JIeBaHUS Y TOHYMX OOp3bIX, OJHAKO
MMEIOTCS cepoJiornueckue nokazarenscTBa nossienus BI'C-H3N8 B 1999 r. [11, 23, 33].
C T1ex mop BUPYC CUYMTAETCA OHIAESMUYHBIM isa cobaubeit momymsimuu B CIIA,
MOpaKaIOIIMM KaK co0aK M3 MUTOMHUKOB, TaK U JAoMamHUX cobak [23]. YV mopaxeHHbIX
cobak HaOMOAaIach MHEBMOHUS paznuyHoW crtemeHu TsokecTH, U BI'C-H3N8 nerko
nepeaaBajcs OT UHPHUIMPOBAHHBIX COOAK APYTMM BOCHPUUMYMBBLIM coOOaKaM MpH IpSIMOM
koHTakTe [34]. Undexuus B'C-H3N8 taxke copaanyuecku perucTpupoBaiach B Ipyrux
qyacTax Mupa, Takux kak Kananma, BenmkoOpuranwus, Apctpanus, Kurait u Hurepus [35],
HO IIpu 3TOM npojoipkaromencs nupkymsiqun BI'C-H3N8 B 3Tux pernonax He OTMEUYEHO.
Puck nossnenus BI'C-H3NS8 ocraercs ouenp HuzkuM [36-40]. [Toarun BI'C-H3NS, mo-
BUJUMOMY, ULUPKYJIUPYET B KPYMNHBIX TOPOJCKHUX TMPHUIOTAX J[UIg >KUBOTHBIX, TJ€
BOCIIPUHMMYMBBIE )KUBOTHBIE )KUBYT B IUIOTHOM nomyssuuu [41-45]. IlpumedarensHo, 4TO
¢ 2016 r. He ObLTO 3aperucTpupoBaHo ciryuaes 3apaxenus BI'C-H3NS.

B 2006 r. vosbIit monTun BI'A H3N2 Bo3nuk y cobak B Kutae u KOxnoit Kopee, a
3aTeM OBICTPO PacHpOCTpPaHUIICS B HECKOJNBbKUX paiioHax HOro-Bocrounoit Asuu, rIe B
HACTOSIIEEe BpEeMS OH CTa0MIIBHO LIUPKYJIUPYET B cOOAYbEH MOIMYIISALUH, CTaB SHJEMUYHBIM
[22-24, 46-48]. BI'C-H3N2 Bnepsbie BoisiBieH B CIIIA B 2015 r. xak B0o30OyauTeNb
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SMUAEMHUYECKUX BCIBIIIEK TSDKEIBIX PECHUPATOPHBIX 3a00JIeBaHUMN, MOPA3UBIIUX OoJiee
1000 cobak B Yukaro u Onmsnexamux paiionax [49-51]. Pacnpoctpanenue BI'A B CIIIA u
Kanane Morio npou3oiitu B pe3ynbTaTe MosBICHUS cO0aK, UMIOPTUPOBAHHBIX U3 A3WU B
CIIIA [52]. HecmoTpst Ha MECTHBIE MEpbl KOHTPOJIS, BUPYC IPOJODKAI LIMPKYJIUPOBATh
cpenu cobaubeil MOMYISALUUA U PACIPOCTPAHMIICA HA HECKOJIBKO IPYTMX palOHOB CTPAHBI.
DTO CBHIETENILCTBYET 00 yCTOHYMBOM mepenade nHPEKuu oT cobaku codake B CIIA u3
A3uu, B pe3yJIbTaTe COUYCTAHHUS HECKOJIBKUX JIOKAIBHBIX Bemblek [49, 52]. Coobmanock
TaK)K€ 0 HEKOTOPBIX CIIy4asiX MEKBHJIOBOM Nepeiaun BUpyca Komkam [53].

HBIII' A noaruna H7N2, mupkyaupoBaBIIMiI Ha MSCHBIX PBIHKaX, TOPTYIOLIUX
XKUBOM nTHLEH Ha BocToke M ceBepo-BocTtoke CIHA B 1994-2006 rr., ObLI
UACHTU(PUIIMPOBAH KaK BO30OYIUTENb IPUIIIO3HON HHPEKIIUU B KolIaybeM npuiote B Hpro-
Mopke B mexabpe 2016 r. BrocmencTun MH(EKIHS PACHPOCTPAHMIACH HA HECKOJIBKO
nputoToB B mratax Hero-HMopk u IlencuisBanus. Y 3apakKeHHBIX KOLIEK HAGNFONAIHCH
Takue KJIMHUYECKUE TMpU3HAKM, KakK Kallelb, 4YMxaHue M HacMopk [54, 55]. B
SKCIIEPUMEHTANBHBIX YCIOBUSIX ycTaHOBIeHO, uro mnoatun A/H7N2 sddextuBHO
peIUTUIIUPYETCS B BEPXHUX U HIDKHUX JbIXaTEIbHBIX IYTAX KOIIEK H oOJagaeT
CIIOCOOHOCTBIO PACTIPOCTPAHATHCS CPEAM ITUX KUBOTHBIX, YTO yKa3bIBACT HA aJaNTallUIO
nTuubero Bapuanta A/H7N2 x komkam. Bo Bpemsi BCHBIIKM BETE€pHHAp, JICUMBIIMN
JKUBOTHBIX, Takxke 3apaswics BI'A H7N2 komaubero mNpOUCXOXKIEHUS, U Y HEro
MOSIBUJIUCH pecripaTopHble CUMIITOMEI [54]. Kpome Toro, ciydail nepenayu HHPEKIUUA OT
KOIIKM 4YeJIOBEKY OBbLI 3aperUCTPUPOBAH Yy COTPYOHUKA TMPHUIOTA 7S >KUBOTHBIX, Yy
KOTOPOTO OOHApPYXWIHCh JIETKHEC CHMIITOMBI 3a00JIeBaHUS ¥  KOTOPBIA  WMeI
HEMOCPE/ICTBEHHBI KOHTAKT C OOJIbHBIMM KOIIKaMu. Jl0 HAacTOSIIEero BpEMEHH He
COO0IIAJIOCH O CIIyYasiX Mmepeavyu BUpyca OT YeJIOBEeKa YelnoBeKy [56, 57].

BBIII' A/H5N1 mnepBoHauanbHO BO3HMK B Kwurae B 1996 r. m c Tex mop
pacrpoCTpaHuiICs BO MHOTHE PallOHBI MUpPA, BBI3bIBas MH(PEKIIUA Y MHOTHUX BHUJIOB MTHI]
[58]. Cobaku W KOIIKH 3apa)kaluCh TpPHU MPSAMOM KOHTaKTe€ C OOJIHBIMH MNTHUIIAMH,
0COOEHHO TPpHU YyHOTPeOJICHUH WX B TUILY B chIpoM Bue [59-61]. Ocobyro 03a004€HHOCTD
BBI3BIBAJIM TSDKEINIBIE CUMITOMBI, HE OTPaHMYMBAIOLIMECS MOPAKEHUEM TOJIBKO OPraHoB
npixaHus. [Ipy 3ToM IpOSBISIIOCH TaK)Ke MOPAKEHHE NMEUYEHU M KENTYyJA0YHO-KHILIEYHOTO
TpakTa, a BO MHOTHX cllydasx - cuctemMHas uHpekmus. Kpome Toro, coobmanock o
CyOKIIMHUYECKOM  3apakeHuu  Komek BupycoM HSNI  mocnme  KoHTakta C
UHOUIIUPOBAHHBIMH MNTUIAMH WJIM WX OSKCKpeMeHTamMu [62], dYTo yKa3plBaeT Ha
CIIOCOOHOCTh KOULIEK CIYXKUTh MOTEHLIMAIbHBIM O€CCUMOTOMHBIM pe3epByapoM A/HS5SNI.
Tem He MeHee, HU3Kas pacHpocTpaHEeHHOCTh aHTuUTen K HS5N1 Oputa oTmeueHa B
CBIBOPOTKAX KpOBM KOLIEK Jake B palloHaX, B KOTOPBIX B 3TO K€ BpeMs
3aperucTpupoBaHbl NTULB], HHGUIUpoBaHHble BBIII HSN1 [26, 63-66].

B Urtamuu B 2009 r. Bcnbimka manaemudeckoro rpumnma A(HIN1)pdm09 npousomnia
B KosoHMH u3 90 Oe3AOMHBIX KOIIEK, coaepkaimxcs B kieTkax [67]. IlomoBuHa
JKUBOTHBIX HWMeJa TPU3HAKK TSDKENBIX PECIHUPATOPHBIX W IKEITYI0YHO-KUIIETHBIX
uHpekuuid. OOpasibl CHIBOPOTKH U Ma3KH U3 TJIOTKU OBUTH B3ATHI Y 38 U3 65 BBDKUBIIUX
komiek. bonee monoBunbI (55%) MPOTECTUPOBAHHBIX OBLITN CEPOMTO3ZUTUBHBIMU HA HATHMYHE
aatuten Kk A(HIN1)pdm09, nBa ma3ka oka3aiaucCh MOJOXKHUTEIbHBIMH Ha TPHUCYTCTBHE
A(HINT)pdmO09 ¢ momompto IT1P-ananu3a, moaTBepKaast ClIOCOOHOCTD Mepeadn BUpyca
oT kowku Komke [67]. Kpome Toro, 3aperucTpupoBaHbl HECKOJIBKO CIIOPAJIUYECKUX
cilly4yaeB ecTecTBeHHoro 3apaxeHus Bupycamu rpunmna A(HINI1)pdm09 y nomamnumx
KOIIIEK, MPOSBISIONINX KIMHUYECKHE MPU3HAKUA OCTPON pecnupartopHoit uHdexnuu [68—
72]. B mocnemHux ciaydasx HamOoJiee BEPOSITHBIM HMCTOYHUKOM 3apa)KEHUS OKa3aliCh
JIOJM, TIOCKONBKY BIIJENbIbl MH(QHUIIMPOBAHHBIX KOIIEK TaKKe HMEIM B aHaMHeE3e
TSDKEINIbIe pecupaTOpHbIe 3a00JeBaHMsl C MOATBEPKIACHHBIM HUH()UIMPOBAHUEM BUPYCOM
A(HIN1)pdmO09 [69,71]. bonee Toro, Hanu4ue antuten K Bupycy rpunmna A(HIN1)pdm09
OBLTO OOHAPY)KEHO B TPH paza OoJIbIIIE y JTOMAITHUX KOIIEK, YeM y CBOOOIHO TYJISIOIIHNX
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KUBOTHBIX [73]. ¥ cobak Takke ObUIM 33JOKYMEHTHPOBAHBI HEKOTOPHIE PEIKHE CIydan
ecrectBerHor uHpekmmu A(HIN1)pdmO09 [74]. Omnako, HecMOTpsi Ha CIOCOOHOCTH
BHpYCa PEIUIMLUPOBATHCA B ABIXATEIBHBIX MYTIX COOAK B SKCIIEPUMEHTAIBHBIX YCIOBUSX,
CUMITOMBI ObLTM HE3HAYUTEIHHBIMU, U TIEpe/iada BHpPyca oT cobaku cobake MpOsBIISIACH
ckopee Hedp(HeKTUBHO [74].

PeaccopTrantHbie BUpYCHI Ipulllia A, BCTpEUAIOIIKEcs y KOLIEK U co0ak

VYcenemHast MexBuaoBas nepenada BI'A 3aBUCHT Kak OT TeHETHYECKUX (DakTopoB
X035lMHa, TaK U OT TeHeTHYecKux (akTOpoB BUpPYyCa, a MOCIEAYIOIIee pacHpoCTpaHEeHUE
BUpyCa B HOBOW MOMYJSALUHU XO35SMHA TpeOyeT Mephoja ajanTaldd K HOBOMY XO3SUHY
[13,75]. Onucanbl X035€Ba M BUPYCHBIC JETEPMUHAHTHI, YUYACTBYIONINE B CIICHU(UIHOCTH
BHpYCa, U JalbHEUIIINE MEXaHU3MBbI aJIJalITAllMM K KOLLIKaM U coOaKaM.

PeaccopranTHble BUpYCHI TPUIIIA ITUL]

Cpenu nerepmuHanT cneunpuynocty BI'A g xo3snHa ocoboe 3HaueHUE HMeEeT
HaJIUYUe BUPYCHBIX PELENTOPOB, BOCIPUUMYUBBIX K KJIETKaM-X035l€B, OCOOEHHO TeX, C
KOTOPBIMU CIIOCOOEH CBSI3bIBaThCs BUpYCHBIN remarrmtotunud (HA). bonpmmuacteo BI'A
ITHUI] U Y€JIOBEKa OTAAIOT MPEANOUYTEHUE ClIeHU(UIECKUM TUIIaM PELENTOPOB, UMEIOIINM
IJIMKaHBI C OCTaTKaMH CHAJIOBOM KHUCIOTHI B 0-2,3 (NTHYM pernentop) win B 0-2,6
(peuentop MiekonuTaromux) cBa3six [76]. Ilockonbky sSnuTENuil BEPXHUX W HIDKHUX
JBIXATENbHBIX MyTe cOo0aK W KOILIEK COJEPKUT PEelenTophbl 0-2,3 CUaJOBOW KHUCIOTHI,
BO3MOXKHA IpsiMasi nepejavya MOATUIIOB NITUYLETr0 T'pUINa OT JOMAallHEed NTHUIbI cobakam
nin komkam [24,77]. B ocHoBHOM Oblmu omucaHbl MexaHu3Mbl nepenaun BI'C-H3N2,
XOTs MMEJUCh CBEJEHUS O €CTeCTBEHHBIX MH(pekuusx BI'A nruubero nmpoucxoxaeHus B
Kurae: HON2 [27, 31], H5N1 [58, 65], HSN6 [78], HSN2 [28].

I'enernueckuit ananu3 BI'’A H3N2 y co0ak mokasai, 4To Bce T€HbI U30JSTOB TECHO
cesa3anbl ¢ BI'’A H3N2 nruubero npoucxoxnaeHus. CrernaHo NpeAnonokeHue, 4ro BeCh
F€HOM BHUpYCa NTHUYBEr0 TIpuMna Obul mepenaH cobakam 0e3 Kakux-1u0o NPU3HAKOB
peaccoptauuu reHoB [22,24,79]. beuio oOHapyXeHO, YTO BHpPyC Haubojee IIUPOKO
pacnpocTpaHeH B MUTOMHUKAX, BEPOSATHO, M3-32 TECHOTO (PU3MUECKOT0 KOHTAKTa MEXIY
UHOUIMPOBaHHOW aomamHed nTuueid u cobakamu [79-81]. C MoOneKylIsIpHOH TOYKH
3peHusi OOHApy>KEHO, 4TO OONbIIMHCTBO H30JsATOB A/H3N2, BBIZENEHHBIX OT cO0aK,
UMEIOT Kak MMHUMYM aBe mytauuud B HA (Serl159Asn u Trp222Leu), koTopsle MOIIH
criocoOcTBOBaTh mepexoay Bupyca rpunma A/H3N2 ot ntun codakam [50, 82]. Kpome
TOTO, BIIOJHE BEPOSITHO, YTO IIOCTENIEHHOE HAKOILJIEHHME MYTAalMid B BOCBMH TE€HHBIX
CerMeHTax MOTIJIO MpuBecTH K crnernudpuueckor agantarmuu k BI'C-H3N2 [79, 83], xots
CKOPOCTh 53BOJIIOIIMM CETMEHTa HeWpaMUWHHUAa3bl Obla BbINIE, YEM Yy CEMH JAPYTux
CerMeHToB [79]. OTo Takxke moATBepkIaeTcs TeM (pakToM, uyTo Kopelckue uzonsatel BI'C-
H3N2 2012-2013 rr. penauuupoBaiuch ¢ 0ojiee BBICOKUM TUTPOM U BbI3BIBAIM OoJjiee
TSKEJIbIe KIIMHUYECKHE CUMIITOMBI, 4eM M30JAThl 2009 T., 4TO SICHO yKa3bIBaeT Ha TO, YTO
BI'C-H3N2 nocTosiHHO pa3BUBAeTCs B MOIMYJISIUN COOaK.

[Tpumeuarensro, uro BI'C-H3N2 B ganpHeinem nprodpen cnocoOHOCTh 3apakaTh
KOILIEK €CTECTBEHHBIM ITyTEM, O YeM BIIEPBBIE COOOIIMIM W3 MPHUIOTA IS JKUBOTHBIX B
Kopee [53]. AHanu3 Te€HOMHOH TMOCIIE€NOBATEILHOCTH Kolaybero wuzojsta A/H3N2
MOKa3aJl BBICOKOE CXOJCTBO mocienoBaTenbHocTel (98,0-99,8%) ¢ cobaubuM H30ISATOM
A/H3N2, aro mo3BossieT npeAanonoxuTs, uto BI'C-H3N2 MokeT ecTecTBEHHBIM 00pa3om
nepeaaBaTbCsi OT co0ak KomkaMm ©Oe3 mpenBaputenbHO amantanuu  [53,84,85].
CnenoBarenbHO, 3TO YyKa3blBaeT Ha CIOCOOHOCTh KOIIEK BBICTYNaThb B  POJIH
POMEXYTOYHOT0 X0351Ha B nepenaue Bupyca A/H3N2 cpenu npeacraButeneil cemeiicTa
KOIIaYbUX U MCOBBIX.



Nel (36) 2022

PeaccopTranTHbie BUpPYCHI TpUIINA JIOMIAIEH

BI'C-H3N8 Bo3nmk mocne mepenadn Bupyca rpumnma jomaaei (BIJI) cobakawm,
BEPOSATHO, B pPE3yJbTaTe€ TECHOTO KOHTAaKTa € HWHOUIMPOBAHHBIMU Jomaabmu [11].
dutoreHeTHUeCKUl aHaan3 reHOMHBIX nociienoBareabuocteii HA BI'A H3NS momaneit u
cobak mokazan, uyto Bce mnocieaoBarenbHocTh BI'C-H3N8 oOwenuHeHbl B OJHY
MOHO(HIETHYECKYI0 Tpynmy, oriaununyto ot BIJI [11]. [lo cux mop He coobmianoch o
KaKuX-1100 JI0Ka3aTeiabCTBaX pPeaccopTaluu C JIPYrUMH TMOATUIIAMH BHUpYyCa TpHUIIIA.
CpaBuenue mnocnegoBarenbHocTed H3N8 nomaneit m  co0ak  BBIABWIO KIFOUEBbHIC
AMUHOKHUCIIOTHBIE OCTaTKHU, KOTOpblE MOTYT OBITh BOBJEYEHBI B CHEHU(PUYHOCTD
CBS3BIBAHUS PELENTOPOB M TPONU3M KIETOK-x03seB [23, 86, 87]. MurepecHo, uTO
CTPYKTYPHBIN aHalli3 W aHAIW3 CBS3BIBAHMUS C peuentopamu B ciaydae ¢ BI'’A H3N2
noaTBep kAT poiab myrauuu HA Trp222Leu miis oGiieryeHuss MEXBHUIOBOH IMepenadn
BUpyca OT Jomaaed cobakam [88—90]. Omnako HET cBeneHUH O (PEHOTUIMHMYECKHUX
ornuuusix BI'C-H3N8 ot mrammos BI'JI-H3N8 ¢ Touku 3peHuss BOCIPOU3BOJUMOCTU U
MH(MEKIMOHHOCTH, YTO TMO3BOJISIET MPEIINOJIOKUTh, YTO MEXKBUIOBas Iepenaya M
ajlanTaius BUPYCOB IPUIITNIa MOTYT OBITH CKOpEE OMOCPEI0BAHBI TOHKUMHU U3MEHEHUSIMH B
ouonorun Bupyca [87, 91]. Kpome Toro, aHaan3 aMUHOKUCIOTHOW MOCJIEI0BATEIbHOCTH
coBpeMeHHbIX M307s1TOB BI'C-H3N8 mokaszan, 4ro BO3MOXKHO UMEJI MECTO 3HAYUTEIbHBIN
aHTUTeHHBIH apeid. B nenom, ¢ MomenTa nossienus Bupyca BI'C-H3NS8 B momymsiiuun
co0ak, HcCleoOBaHUSl JAMHAMUKHA Pa3BUTHS IOKa3ajdd, YTO OH SBOJIOLMOHUPOBAT U
pa3aesIuiICs Ha HECKOJIBKO JIMHUM [92].

PeaccopTanTHbIE BUPYCBI IPUIINA YEJIOBEKA

Ha  cerogusmuuii  n1eHb  MMEETCSs  MHOIO  CEpPOJOTMYECKMX  JTaHHBIX,
CBHUJIETEJILCTBYIOIMX O TOM, 4YTO KOIIKM M CO0OakM BO BCEM MHpE MOTYT ObITh
uHuIMpoBanbl 4YenoBedyecKkUMH ce30HHbIMH mTaMMmamMu A(HIN1)pdm09 u A/H3N2,
BEpPOATHO, IIyTeM MpsMOM Imepenadn oOT uX BiazensleB [93-96]. Ora rumoresa
MOJITBEPXKJIAeTCsl HECKOJbKMMHM MoMeHTaMmu. [Ipexnae Bcero, B OOJNBIIMHCTBE CIIy4aes,
UL, YXaXHMBAKOIIME 3a JKUBOTHBIMHM, WJIM BIAAEHbLBl CaMHU MMEIU HCTOPHIO
TPUMIONOA00HBIX 3a00JIEBaHUH, U JUIsl HEKOTOPHIX U3 HUX 3TO ObUTO ToaTBepkaeHOo [TLP.
Kpome TOro, BOCHpMHUMYMBOCTL KOIIEK M CcO0aK XOpOUIO KOppeiaupoBajga ¢
pacipoCTpPaHEHHOCTBHIO TPHUIINA B MOMYIISILIMY JIOJIEH U JJaXke ciieoBajia Ce30HHON MOJIETN
Kak y mojed. Takxke BblIeIeHHE BUpyCa M aHAJINW3 IOCIEA0BAaTEIbHOCTH BCEX BOCBMHU
FeHOB c00aYbMX HU30JIATOB MOKAa3aJd BBICOKOE CXOJICTBO HYKJIEOTHUJIOB, YTO IO3BOJISET
HPENONI0KUTh, YTO YeJIOBEUECKHE BHPYChl MOT'YT MHOHUIMPOBATH cOOAaK M KOLIEK Oe3
npenBapuTenbHoil agantanuu. OAHAKO MOJPOOHOCTH O MOJIEKYJISIPHBIX JAETEPMUHAHTAX,
NOTEHLMAIBHO CBA3aHHBIX C NIEPEJavei, 10 CUX NOpP HE PACKPBITHI.

Jlpyrue peaccopTaHTHBIE BUPYCHI TPHIINA, BCTPEUYAIOLINECS Y KOIIEK U co0aK

OCHOBHOE BHHUMAaHHE TPATUIIMOHHO YACISUIOCH CBHHBSIM KAaK OCHOBHBIM
«CMEIIUBAIONINM COCyIaM» MIIEKOMUTAIONINX JIi PEKOMOWHAIIMM BHPYCOB TPHUIINA OT
pasHbIx BUAOB x031€B [97]. IlockoNbKy B JBIXaTENbHBIX MYTSX CBUHBH PAaCIOIO0KEHBI
peuenTtopsl a-2,3 U 0-2,6 CHaJIOBOM KHUCIIOThI, OHA CIY>KUT HOCUTEJEM JIJIsl TeHETUUECKOU
peaccopTaiy BHpyca TPHIIA, MO3BOJISAS NTUYHUM, CBUHBIM W YEJTOBEYECKHUM TOJTHUIIAM
BT'A pexoMOuHUpOBaTh B mocieayoiiee ko-uH(peKInonHoe 3aboneBanne. 3Has, 4To 00a
perienitopa OOHApY)KEHBI B JIBIXaTENBbHBIX oOpraHax cobak u komek [98-100], »tm
JKUBOTHBIE MOTYT OBITh OJJHOBPEMEHHO WJIH MOCIIEe0BATeIbHO WH(DUIIMPOBAHBI BUPYCAMH
NTAYLEr0 TPHMNA W/WIK TPUIIA MIIEKOMUTAIOMNX, YTO JENaeT WX BO3MOXKHBIMHU
X035i€BaMU  JJIi TeHepalid BUPYCOB C HOBBIMH KOMOMHAIIMUSAMH TE€HOMOB, C
SMHUAEMHUYSCKHUM H/WIHM NaHIEMUYECKUM ITOTEHIIHATIOM,

Y cobak oOHapyXeHBbl pa3IHyYHbIE TCHETHYECKH W3MEHCHHBIC IOATHUIIEI BHpYyca
rpunma. B 2012 r. B FOxnoii Kopee or cobGak ObLI BBIZCICH HOBBIM IITAMM IOATHIIA
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A/H3N1. [TomHOreHOMHOE CEKBEHUPOBAHHUE IIITaAMMa MTOKA3aJI0, YTO OH COJAECPKUT CETMEHT
rera HA BI'C-H3N2 wu ocraBumMecss cemMb JApYyrUX CErMEHTOB TI€Ha 4eJOBEKa
A(HINT)pdmO09 [101-103]. C Tex mop, mo KpailHel Mepe, YeThIpe IPYyrux peaccopTaHTa,
Bkimouatone BI'C-H3N2 u A(HIN1)pdm09, 6su1u BeieneHsl ot cobak B FOxxHON A3uu
[104, 105]. IlosBinenwe HOBbIX peaccoptaHTOoB BI'C-H3N2, BeposiTHO, BO3HUKIO B
pesynbrare ko-uH(pexkuun BI'C-H3N2 u A(HIN1)pdm09, uto xoppenupyer ¢ TaHHBIMHU O
HallMuuKu aHTUTeN No3uTuBHBIX Kak kK BI'C-H3N2, Tak m Kk BUpyCy rpuimna 4ejioBeKa
A(HIN1)pdm09 B nonynsiuu cobaxk [24, 103].

[IpumeuarenbHO, YTO MHOKECTBEHHAsi TeHOMHasi peaccoprauus Mexay BI'A HIN1
CBUHOTO TMPOMCXOXKJIEHUS W SHACMHYHbIMH coOaubumu JmHusMA A/H3N2, coBmecTHO
HUPKYTUPYIOUIMMH Yy co0ak, HeJaBHO Oblla 3aperucTpUpoBaHa y JAOMalIHUX co0ak B
Kurae [106]. bomee toro, riybokuii aHamu3 MaHHBIX TocieaoBatenbHOCTel BI'A
pasIMYHBIX BUIOB Moka3ai, yTo reH NS BI'C-H3N2, BeiienieHHbIN OT KUTaHCKOW COOaKU B
2007 r., TecHO cBsizaH C BHpycamu mntudbero rpunma A/HSNI, uyTto ykaspiBaeT Ha
BO3MOXXHOCTh peKoMOMHauu Mexay codaubum A/H3N2 u ntuubum A/H5N1 Bapuantamu
[107]. OcoOyto 03a00UE€HHOCTH BBI3BIBAET TOT (haKT, YTO HEKOTOpPHIe peaccopTanTsl BI'C-
H3N2 npoaeMoHCTpupoBaiu crnocoOHOCTh UHGUIMPOBATh U 3P(HEKTUBHO MEepeaaBaThCs
COBMECTHO MIPOXKMBAIOIIMM COOaKaM B JKCIIEPUMEHTAJIbHBIX YCJIOBHSIX, TEM CaMbIM
MOJJEP)KUBask MOTCHIMATIBHYIO aJaNTallMi0 HOBBIX MOJATHIOB K momynsiuusaM cobak [104,
91].

Jlo HeaBHErO BpEMEHH CUMTANIOCh, UTO Y KOLIEK peaccoprauuu Mexay BI'A nTui u
MJICKOMUTAIOMNUX HE TMPOUCXOIUT. MHEHHE HW3MEHHIIOCh, KOTJa HOBBIM peaccopTaHT
BUpyca rpunna noaruna H5N6 Obu1 BblAeneH oT AByX Komiek B BoctouHoM Kwutae [108].
O06a mramma BUpyca rpuriia OblUId CEKBEHUPOBAHBI, U TEHETUYECKUM aHAIIU3 TIOKa3aJl, 4YTO
9TH BUPYCHI MOJYYMIM CBOU I€HBI OT TPEX NTHUbUX MOATHUIIOB, BKJIIOYasi BUPYCHI TPHUIINA
noarunoB H5SN6 (HA, NA, PA), HON2 (PB2, M, NS) u H7N9 (PB1, NP), BeIiefieHHBIX B
Kutae. AHanu3 nOpeanoyYTUTENBHOCTH CBSI3bIBAHUA C PEUENTOPAMH H30JMPOBAHHOIO
Kommaubero Bupyca H5SN6 moxkasai, 9To oH 00siajiaeT Crielu(PuIHOCThI0, KaK K MTHUYbUM,
Tak U K yeloBedeckuM perentopam. Kpome Toro, Bupyc A/HS5N6, xoTs u He ObLn
JIETANBHBIM, TPOSBWI CIIOCOOHOCTh PEIUTUIIMPOBATHCA C BBICOKMM THTPOM B JIETKUX

I/IHq)I/II_II/IpOBaHHLIX MLIH.ICﬁ, qTOo YKaSBIBaeT Ha agarTaiguio K X035{I/IHy—MJ'IeKOHI/ITaIOH_IeMy
[108].

O6cyxaenne

VYcTaHOBIEHO, YTO COOAKU-KOMIIAHBOHBI W KOIIKM WIPAIOT JABOMHYIO pOjb B
KayecTBE XO35€B BHpyca Irpumnmna A, Tak Kak MOJJEP>KUBAIOT MEXK- U BHYTPUBHJIOBYIO
nepenayy u renepupyrot HoBeli BI'A nocpencrsom pekomOunanuu. Hecmotpst Ha T0, 4TO
OOJIBIIMHCTBO CIIy4aeB €CTECTBEHHBIX MEKBHJIOBBIX MH(GEKIUN MPHUBEIN K OrPaHUYECHUIO
nocJeayouel nepenaun cpenu codak U KOIIEK, J1Ba MOATHIIA IPUITA B HACTOSIEE BpeMs
MPOJIOJDKAIOT IUpKymupoBath cpeau codbak (BI'C-H3N8 u BI'C-H3N2). B To Bpems kak
pOJIb KOIIEK MEHEE SICHA U MEHEee 3aJOKyMEHTHPOBAaHA, OHHM IO-NPEKHEMY OCTAIOTCS
BOCIPUHUMYHMBBIMU K BHUPYCY IpHIlla (B OCHOBHOM K MH(EKUUSIM MTUYBETO TPUIIA). ITO
JIOJDKHO BBI3BIBATh OECIIOKOWCTBO, OCOOCHHO Yy TUKHUX M OpOASYMX KOILIEK, KOTOpPbIE, KaK
MIPaBUJIO, MEHEE KOHTPOJIHpPYEMbIe U 00Jee TECHO KOHTAKTHUPYIOT C NTHIIAMU U IPYTHMMH
CEJIbCKOXO3SMCTBEHHBIMU KXUBOTHBIMU. OJIHAKO MOYKHO TAaK)KE MPEATIONO0KUTH, YTO M3-3a
COLIMAJILHOW OpraHu3alMy KOIEK, KOTopas MpeOoTBpallaeT HpsIMON KOHTAKT MEXIy
KUBOTHBIMH, HEOOXOIUMBIN JUIS TIepeiadd BUpPYyca, BUPYC MOXKET O4eHb Hed(h(HEKTUBHO
nepeaBaThCs CPeau KOIaybeil Momysiuu.

Bonee Toro, umeroTcs NaHHbBIE, CBUICTEIbCTBYIOIIME O TOM, YTO COOAaK M KOIIEK
clenyeT paccMarpuBaTh KaK COCyIbl JUIsl CMEIIMBAHMS HOBBIX BHPYCOB TIpHIIMA.
[TpumedaTenbHO, YTO BHPYCHI COOAYbEro TPHIINA, U OCOOCHHO BUpychl monaruna BI'C-
H3N2, ¢ MomeHTa CBOEro TOSIBICHHS MHOTOKPAaTHO PEKOMOWHHUPOBAIUCH C
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aJanTUPOBAHHBIMM K MTHIAM M MJEKONHUTAOIIMM BUPYCAMHU TIpHUINA, 4YTO SCHO
MOKa3bIBAET, YTO TeHO(OH]I ITUYBUX, YEIIOBEUECKUX M CO0aUbUX BHPYCOB JCHCTBUTEIHHO
COBMECTHUM. DTHU HOBBIE BUPYChl MOTYT B JaJbHEHIIEM IIMPOKO PACIIPOCTPAHIATHCS CPEIn
JOMAIIHUX CcO00aK M KOIIEK W TOITOMY MOTYT MpPEACTABIATH YIPO3y Ui 3I0POBbS
yenoBeka. Ha cerogHsAImHUNA A€Hb 3apErUCTPUPOBAH TOJIBKO OJMH CIIy4ald MEXBHIOBOTO
pacnpocTpaHeHusT OT KOIIKM YEJIOBEKY, M 3TO IPOU30LUIO IIOCIE JJIUTENBHOIO U
HE3alUIIEHHOTO KOHTAaKTa C OOJIbHBIMH KOUIKAMHU M UX PECHHPATOPHBIMU BbIICICHUSIMH,
YTO YKa3bIBaeT Ha HU3KHH pPHCK nepenadd nHpekuuu ot komku yenoBeky [109]. Ckopee
MH(GUIUPOBAHHBIE JIIOJU MOTYT OBITh MCTOYHUKOM HHGEKIHU JOMAIIHUX XUBOTHBIX, a
coyeTaHue 0OpaTHOrO 300HO3a (OT YeJIOBEKa JOMAIIHUM )KMUBOTHBIM), TOTEHIHATbHAS KO-
uH(pEeKIUs M peaccopranus T€HOB MOTYT CO3/aTh OJaronpUsATHYIO ASKOCHUCTEMY IUIs
IPEOI0JICHHS BUIOBOTO Oapbepa MeX ]y JOMAIIHUMU KUBOTHBIMHU U JIFOJbMH.

B cBere omyOIMKOBAaHHBIX SMUAEMHOJOTHYECKUX JAHHBIX W TEKYIIUX 3HAHUM O
MOJIEKYJISIPHBIX MEXaHU3MaX, JIEXKAIIUX B OCHOBE MEXBHI0BOH Iepelaul U TeHETUYECKOM
peaccopTaluu, IpeCTaBIsieTcs BaKHBIM YCUIIUTh aKTUBHOE HAOJIOJCHHE 32 KOIIKaMH H
cobakamu B pamkax IIporpammel OOH «Onun mup, onHo 310poBbe». IIpumeuaTenbHo,
YTO peanu3alus KPYMHOMACIITaOHBIX MPOTrpaMM CEPOJOTHYECKOro Haa3opa 3a
antutenamu Kk BI'A B monmynsnusx co0ak M KOIIEK MOXKET CIYXHUTb OPUEHTHPOM IUIf
MOHHUTOPHHTa OOIIEro pHCKa BO3JICHCTBUS HA YEIOBEKAa MOSBIAIOIMIMXCS 300HO3HBIX
BUpycoB rpumnma. Kpome Toro, madopmamus o BHUpycax TpHINIA, HUPKYIUPYIOIIAX B
NOMyJSIIUSIX co0aK U KOIIEK, TAKXKe UMEET pelIaroliee 3HaueHue B BEIOOpPE BUPYCOB IS
co3manus d¢pdekTuBHBIX BaknuH [110], U, HECOMHEHHO, MOMOXXET B TPOPHUIAKTHKE H
O6oppbe ¢  Oynymwumu snugemusimMu.  [losBreHue  OBICTPBIX  MOJEKYISPHBIX
MUAarHOCTHUYECKUX TecToB, Takux kak [I[[P B peampHOM BpemMeHu u OecrnpucTpacTHOE
CEKBEHUPOBAHUE HOBOI'O INOKOJICHHS, MOTYT HANPSAMYIO BBISIBISTH BUPYCHBIE MMATOIEHBI,
o0ecnieunTh paHHee NMpeAynpekaeHue u Ooliee aleKBaTHYI0 OOpbOy €O BCIBIIIKAMH B
cllydyae CUMIITOMOB PECHUPATOPHOro 3a0oyieBaHus y Komek U cobak. [TockoiabKy reHe3uc
HOBBIX BHPYCOB M3Y4EH HEIOCTATOYHO, AAJbHEHIINE MCCIEeI0BaHUs, HAIPABJICHHBIE HA
W3Y4YEHHE DKOJIOTHH, HBOJIOLMM U MeXaHn3MoB BI'A mpu B3auMOIEHCTBUM 4e€JIOBEKa U
YKUBOTHBIX, TIOMOTYT JIy4llle MOHATh, KaKOW BUPYC MPEJICTABISIET CEPHE3HYIO YTPO3y IS
YEJI0BEKA.
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H.I'. KNIUBJIEEBA, M.I'. ITAMEHOBA, T.M.I'JIEGOBA, H.T. CAKTAI'AHOB
«MuUKpOOHOIOTHS K9HE BUPYCOJIOTHUS FhUIBIMU-0 HAIPICTIK opTaibirbly KILIC,
Anmartsl K. Kazakcran

MBICBIKTAP MEH UTTEP NONYJIAIUACBIHAAFBI A TYMAYbBI
BUPYCBHIHBIH, AHHAJIBIMbI

Tyiiin

A TymMayel BHpYCTapbl aaaMmaap MeEH JKaHyapJapJblH JCHCAYJIBIFbIHA Kayil
TOHAIPETIH €H KYpAesdl BUpycTapiblH Oipi 60ibIn TaOblIaabl. A TYMaybl BUPYCTApBIHBIH
9KOJIOTHSCHI MEH SITHICMHOJIOTHAICHI OT€ KYPJAENi KOHE YHEeMi JaMBI OTHIPATHIH >KOHE
TYpAep TOCKAaybUIBIH KECill OTeTiH >KaHa 300HO3JIBIK MaTOTeHACPIiH TNaiiina 0oyl
»kahaHIBIK TEHCAYBIK KAYINCI3AIriHIH €H KYpJeil Maocenenepinin 0ipi 00BN TaObLIa b,
A TYMaybIHBIH BUPYCTapbl JKOFaphl MYyTalMs >KbUITAMJIBIFBI MEH CETMEHTTENTeH
TEHOMHBIH YWJIeCyl HOTHXECIHIe Taijga OoJIaThIH TEHETHKAJBIK JKOHE aHTUTEHIIK
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O3TEPrillTIKIICH CUIATTajaabl, SFHU Te3 33repy JKoHE jKaHa wuelepiHe OeHimaeny
MYMKIHZITiH KamTamachi3 ereai. COHIBIKTAaH OChl BUPYCTApPABIH TYpJEpi KycTap MEH
CYTKOPEKTIIEPIIH KOITEereH TYPJEpiH KOoca alFaHja, OPTYpJl apajblK OpraHu3MIepAl
KO3JIBIpaThIH BUpycTapra sxkataapl. COHFbI OHXBULABIKTA uTTepaeri H3NS sxome H3N2
TyMay BUPYCHIHBIH HH(EKIUsIapblHa Ko KeHUI OemiHyxae, diiTkeHi Amepuka Kypama
[rarraper Mmer OHTYCTIK A3usiga 3HIEMUKAIBIK OONBIN, OipHENIe aypyabl TYABIPIBL.
O1e0MeTTepIc MBICBIKTAap TYMay a3 CHIaTTajica J1a, Oy jkaHyapiiap KYC TYMaybIHBIH
KemTereH nH(peKIusuIapbiHa alli e ce3iMTan. by mMakanaga UTTep MEH MBICBIKTapIarbl A
TYMaybl BHUPYCTApPBIHBIH JIHIEMHOJIOTUSACHI TYpalbl COHFBI JIEPEKTEP, OCBHI TYpPICPIiH
uecine Oeilimaeny KabuieTi, TypapaiblK Oepiry )KoHE TeHOMIBIK peaccopTaius apKblIbl A
TYMaybIHBIH JKaHa JMHUSJIAPBIHBIH KAJIBINTACYBl TYpajibl Oap Ioenaep KapacThIpbLIabl.
Byn keHeHTUIreH TYCIHIK KaKblH apaja O0NaThIH 1HAETTEPre XKOHE MaHIEMUSIFa OHTAMIIBI
JMAWBIHIBIKTBl KaMTaMachl3 €Ty YVIIH KEHEHTUITeH MOHUTOPHHT II€H 3epTTeyiepii
KYIIEHTYAlI KaKeTTUITiH, coHaai-aK «bip TyTac neHcaynbslky TYKbIpbIMaaMachl [ 1] sxoHe
YKaHa 300HO3/IBIK BUPYCTAp/IbIH BIKTHMAJ MMaka 00Jybl TYPFBICBIHAH Yl JKaHyapiapbl MCH
aJ1aM opeKeTiHIH paniH 0aKplIay KaKETTUIIrH YChIHA/IBI.

Kiarri ce3mep: Bupyc, Tymay, 300HO3, HT, MBICBIK, TYp apaiblK Oepiny,
peaccopranus
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Abstract

Influenza A viruses are important pathogens worldwide that threaten human and
animal health. The ecology and epidemiology of influenza A viruses are very complex and
the emergence of novel zoonotic pathogens, that are continually evolving and overcoming
the interspecies barrier is one of the greatest challenges to global security in the healthcare
sector. Influenza A viruses are characterized by genetic and antigenic variability resulting
from a combination of high mutation rates and a segmented genome that provides the
ability to rapidly change and adapt to new hosts. Therefore, this category of viruses has a
diverse host range, including a large number of avian and mammalian species. Influenza
virus infections in dogs have received considerable attention during the past decade since
two subtypes of influenza virus, H3N8 and H3N2, caused several outbreaks in the United
States and Southern Asia, having become endemic. Although influenza in cats has been
less described in the literature, these animals still appear to be susceptible to numerous
avian influenza infections. Although influenza epidemics pose a health hazards to dogs and
cats, the risks to humans are substantially unknown. This paper reviews the latest data on
the epidemiology of influenza A viruses in dogs and cats, the existing evidences for the
ability of these species to adapt to the host, intraspecific transmission and the formation of
new influenza A lines through genomic reassortment. This enhanced understanding
suggests the need to strengthen monitoring and research to ensure optimal readiness for
imminent outbreaks and pandemics, and surveillance of the role of companion human-
animal interactions in light of the One Health concept [1] and the potential emergence of
novel zoonotic viruses.
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The influenza virus is of great importance because it poses an immediate threat to
humans and animals. Among the four types of influenza virus (A, B, C and D), influenza A
viruses (IAV) are the most clinically important, causing severe epidemics in humans and
domestic animals. Wild migratory birds and bats are the main natural reservoirs, from
which the virus can be transmitted to other animal hosts such as ducks, chickens, horses,
pigs, whales, cats, dogs, etc. [2, 3,4, 5,6, 7, 8,9, 10]. IAVs normally have a limited host
range, but are sometimes transmitted from one species to another [11, 12, 13]. A high
mutation rate combined with a high speed of replication and reassortment allows the virus
to quickly adapt to changes in the environment. Ultimately, this could lead to the creation
of a virus capable of replicating in the human body and possessing new antigenic
properties, which could cause a pandemic outbreak. It is noteworthy that poultry and swine
pose a serious threat to human health in the first place, since historically most human
pandemics have originated from birds and swine [14, 15]. Due to the fact that the number
of cat and dog owners in the world is currently increasing, and social behavior tends to
register these animal species as family members [16-18], epidemiological investigation of
IAV in dogs and cats and the modes of their transmission remain a relevant task.

Emergence IAV and subsequent spread among dogs and cats

Most pets are kept in small numbers in residences, and many have no or only brief
and infrequent contact with other members of the same species, so influenza transmission
is not effective. However, some domestic dogs and cats are kept in dense populations such
as kennels or animal shelters. Under such conditions, contact between dogs and cats is
unavoidable, and if influenza viruses enter the population, sustained transmission of some
strains is possible, which can lead to persistent outbreaks and epidemic or epizootic
potential. Close contact of dogs and cats with humans may also be responsible for the
zoonotic potential of influenza viruses and may contribute to the infection of dogs or cats
with human influenza viruses.

Currently, influenza in cats and dogs is caused by five subtypes of IAV described in
the literature. These are variants of equine and avian IAV H3NS§ [19, 20, 21] and H3N2
[22, 23, 24], low pathogenic avian influenza virus (LPAIV) H7N2, highly pathogenic avian
influenza virus (HPAIV) H5N1 as well as the pandemic HIN1 virus [25, 26] which
currently continues to circulate as the seasonal influenza virus in humans. There are reports
about circulating among cats and dogs with signs of respiratory infection of other subtypes
such as H5SN6, HSN2, H3N1, HON2, and H10NS [27, 28, 29, 30, 31]. These are mainly
influenza viruses of avian origin or genetic reassortants formed following co-infection with
different avian, swine and human IAVs. Reports of infection with the human [IAV variant
of seasonal types in cats and dogs have been published, but to a much lesser extent [32].

The canine influenza virus (CIV) of the H3N8 subtype was first reported in 2004
during an outbreak of severe respiratory disease in racing greyhounds, but there is
serological evidence for the emergence of CIV-H3NS8 in 1999 [11, 23, 33]. Since that
time, the virus has been considered endemic among the canine population in the USA,
affecting both kennel and domestic dogs [23]. Pneumonia of varying severity was observed
in affected dogs, and CIV-H3N8 was easily transmitted from infected dogs to other
susceptible dogs due to direct contact [34]. CIV-H3N8 infection has also been sporadically
reported in other parts of the world, including Canada, UK, Australia, China, and Nigeria
[35], but there has been no continued circulation of CIV-H3N8 in these regions. The risk
of appearing CIV-H3N8 remains very low [36—40]. The CIV-H3N8 subtype appears to
circulate in large urban animal shelters where susceptible animals live in dense population
[41-45]. It is noteworthy that no cases of CIV-H3NS infection have been reported since
2016.
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In 2006, a novel IAV H3N2 subtype emerged in dogs in China and South Korea, and
further quickly spread to several areas of Southeast Asia, where it is now stably circulating
in the canine population, having become endemic [22-24, 46-48]. CIV-H3N2 was first
identified in the USA in 2015 as a causative agent of epidemic outbreaks of severe
respiratory disease that affected more than 1,000 dogs in Chicago and surrounding areas
[49-51]. The spread of IAV in the USA and Canada could have occurred with the
emergence of dogs imported from Asia into the USA [52]. Despite local control measures,
the virus has continued to circulate in the canine population and has spread to several other
areas of the country. This indicates sustained dog-to-dog transmission of infection in the
USA from Asia, resulting from a combination of several local outbreaks [49, 52]. Some
cases of interspecies transmission of the virus to cats have also been reported, which are
described in the -Interspecies transmission of influenza A virus in cats and dogs” section
of present paper [53].

LPAIV A of the H7N2 subtype, which circulated in meat markets selling live poultry
in the eastern and northeastern USA during 1994-2006, was identified as the causative
agent of influenza infection in a cat shelter in New York in December 2016. The infection
subsequently spread to several shelters in the states of New York and Pennsylvania.
Infected cats have shown clinical signs such as coughing, sneezing, and running nose [54,
55]. Under experimental conditions, it was found that the A/H7N2 subtype effectively
replicates in the cat upper and lower respiratory tracts and had the ability to spread among
these animals, which indicates the adaptation of the avian A/H7N2 variant to cats. During
the outbreak, the veterinarian treating the animals was also infected with feline H7N2 AIV
and exhibited respiratory symptoms [54]. In addition, a case of cat-to-human transmission
was reported in an animal shelter employee who showed mild symptoms of the disease and
had direct contact with sick cats. No cases of human-to-human transmission of the virus
have been reported up to this day [56, 57].

HPAIV A/H5NI originally originated in China in 1996 and has since spread to many
parts of the world, causing infections in many bird species [58]. Dogs and cats have
become infected through direct contact with sick birds, especially when they were eaten
raw [59-61]. Of particular concern were severe symptoms, not limited to the affection of
the respiratory system only. At the same time, damage to the liver and gastrointestinal tract
was also manifested, and in many cases a systemic infection as well. In addition,
subclinical infection of cats with H5SN1 virus after contact with infected birds or their feces
has been reported [62], indicating thus the ability of cats to serve as a potential
asymptomatic reservoir of A/HSN1. However, a low prevalence of H5N1 antibodies was
found in feline serums, even in areas where birds infected with HPAIV H5N1 have been
reported at the same time [26, 63—66].

In Italy an outbreak of pandemic A(HIN1)pdmO09 influenza occurred in a colony of
90 caged stray cats in 2009 [67]. Half of the animals exhibited signs of severe respiratory
and gastrointestinal infections. Serum samples and throat swabs were collected from 38 of
the 65 surviving cats. More than half (55%) of those tested were seropositive for the
presence of A(HINI1)pdm09 antibodies, with two swabs positive for the presence of
A(HIN1)pdm09 by PCR, confirming cat-to-cat transmission of the virus [67]. In addition,
several sporadic cases of natural infection with A(HIN1)pdmO09 influenza viruses have
been reported in domestic cats showing clinical signs of acute respiratory infection [68—
72]. In the latter cases, humans were the most likely source of infection, as owners of
infected cats also had a history of severe respiratory disease with confirmed
A(HIN1)pdmO09 virus infection [69, 71]. Moreover, the presence of antibodies against the
influenza A(HIN1)pdmO09 virus was found to be three times higher in domestic cats than in
free-roaming animals [73]. Some rare cases of natural infection with A(HIN1)pdmO09 have
also been documented in dogs [74]. However, despite the ability of the virus to replicate in
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the respiratory tract of dogs under experimental conditions, symptoms were insignificant
and dog-to-dog transmission appeared to be rather ineffective [74].

Reassortant influenza A viruses found in cats and dogs

Successful interspecies transmission of IAV depends on both host and virus genetic
factors, and subsequent spread of the virus among the new host population requires a
period of adaptation to the new host [13, 75]. The hosts and viral determinants involved in
the specificity of the virus are described, as well as further mechanisms of adaptation to
cats and dogs.

Reassortant avian influenza viruses

Among the determinants of IAV specificity for a host, of particular importance is the
presence of viral receptors that are susceptible to host cells, especially those to which the
viral hemagglutinin (HA) is able to bind. Most avian and human [AVs show preference for
specific types of receptors that have glycans with sialic acid residues in a-2,3 (avian
receptor) or a-2,6 (mammalian receptor) linkages [76]. Since the canine and feline upper
and lower respiratory tract epithelium have a-2,3 sialic acid receptors, direct transmission
of avian influenza subtypes from poultry to dogs or cats is possible [24, 77]. The
mechanisms for CIV-H3N2 transmission have mainly been described, although there have
been reports of natural infections with IAV of avian origin in China: HON2 [27, 31], HSN1
[58, 65], HSN6 [78], HSN2 [28].

Genetic analysis of canine IAV H3N2 showed that all genes of the isolates were
closely related to IAV H3N2 of avian origin. It has been suggested that the entire avian
influenza virus genome was transferred to dogs without any signs of gene reassortment
[22, 24, 79]. The virus has been found to be most prevalent in kennels, likely due to close
physical contact between infected poultry and dogs [79-81]. From a molecular point of
view, it was found that most A/H3N2 canine isolates have at least two mutations in HA
(Ser159Asn and Trp222Leu), which could facilitate the transition of A/H3N2 influenza
virus from birds to dogs [50, 82]. In addition, it is likely that the gradual accumulation of
mutations in eight gene segments could lead to specific adaptation to CIV-H3N2 [79, 83],
although the evolutionary rate of the neuraminidase segment was higher than that of the
other seven segments [79]. This is also supported by the fact that the Korean CIV-H3N2
isolates (2012-2013) replicated at a higher titer and caused more severe clinical symptoms
than the 2009 isolates, clearly indicating that CIV-H3N2 is constantly evolving in the dog
population.

It is noteworthy that CIV-H3N2 subsequently acquired the ability to naturally infect
cats, as first reported from an animal shelter in Korea [53]. Genomic sequence analysis of
the feline A/H3N2 isolate showed high sequence similarity (98.0-99.8%) with the canine
A/H3N2 isolate, suggesting that CIV-H3N2 can be naturally transmitted from dogs to cats
without prior adaptation [53, 84, 85]. This therefore indicates an ability of cats to act as an
intermediate host in the transmission of the A/H3N2 virus among feline and canine
species.

Reassortant equine influenza viruses

CIV-H3N8 emerged after transmission of an equine influenza virus (EIV) to dogs,
probably as a result of close contact with infected horses [11]. Phylogenetic analysis of the
HA AIV-H3NS8 genomic sequences from horses and dogs showed that all CIV-H3NS
sequences are combined into a single monophyletic group, distinct from EIV [11]. No
evidence of reassortment with other influenza virus subtypes has been reported until now.
A comparison of equine and canine H3N8 sequences has identified key amino acid
residues that may be involved in receptor binding specificity and host cell tropism [23, 86,
87]. It is interesting that structural and receptor binding analyses for IAV H3N2 support
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the role of the HA Trp222Leu mutation in facilitating interspecies transmission of the virus
from horses to dogs [88—90]. However, there are no reports of phenotypic differences
between CIV-H3N8 and EIV-H3NS8 strains in terms of reproducibility and infectivity,
suggesting that interspecies transmission and adaptation of influenza viruses may be rather
mediated by subtle changes in the virus biology [87, 91]. In addition, analysis of the amino
acid sequence from contemporary CIV-H3N8 isolates indicated that there may have been
significant antigenic drift. In general, since the emergence of the CIV-H3NS8 virus in the
canine population, evolution dynamics studies showed that it has evolved and split into
several lineages [92].

Reassortant human influenza viruses

As of today, there is much serological evidence that cats and dogs around the world
can be infected with human seasonal strains of A(HIN1)pdm09 and A/H3N2, probably
through direct transmission from their owners [93-96]. This hypothesis is supported by
several aspects. First of all, in most cases, the animal caretakers or owners themselves had
a history of influenza-like illness, and for some of them this was confirmed by PCR. In
addition, susceptibility in cats and dogs correlated well with the influenza prevalence in the
human population and even followed a seasonal pattern as in humans. Furthermore, virus
isolation and sequence analysis of all eight genes from the canine isolates demonstrated
high nucleotide similarity, suggesting that human viruses could infect dogs and cats
without prior adaptation. However, details about the molecular determinants, potentially
associated with transmission, have not yet been disclosed.

Other reassortant influenza viruses found in cats and dogs

The most attention has traditionally been paid to swine as the key mammalian
-mixing vessels” for the recombination of influenza viruses from different host species
[97]. Since the a-2,3 and 0-2,6 sialic acid receptors are located in swine respiratory tract, it
serves as a vehicle for genetic reassortment of the influenza virus, allowing the avian,
swine, and human AV subtypes to recombine into a subsequent co-infectious disease.
Knowing that both receptors are found in the respiratory organs of dogs and cats [98-100],
these animals could be simultaneously or sequentially infected with avian and/or
mammalian influenza viruses, which make them possible hosts for generating viruses with
the novel combinations of genomes and an epidemic and/or pandemic potential.

Different genetically modified influenza virus subtypes have been revealed in dogs

In 2012, a novel strain of the A/H3N1 subtype was isolated from dogs in South
Korea. Whole-genome sequencing of the strain showed that it contained the HA gene
segment from CIV-H3N2 and the remaining seven other gene segments of the human
A(HIN1)pdmO09 [101-103]. Since then, at least four other reassortants, including CIV-
H3N2 and A(HIN1)pdm09, have been isolated from dogs in Southern Asia [104, 105].
The emergence of novel CIV-H3N2 reassortants probably has resulted from co-infection of
CIV-H3N2 and A(HINI)pdm09, which correlated with the data confirming the presence
of antibodies positive for both CIV-H3N2 and human influenza virus A(HIN1)pdm09 in
the canine population [24, 103].

It is noteworthy that multiple genomic reassortment between swine-origin IAV
HINI and endemic canine A/H3N2 lineages co-circulating in dogs has recently been
reported in domestic dogs in China [106]. Moreover, a deep analysis of IAV sequence data
from different species showed that the NS gene of CIV-H3N2 isolated from a Chinese dog
in 2007 is closely related to avian influenza A/H5N1 viruses, indicating the possibility of
recombination between canine A/H3N2 and avian A/H5N1 variants [107]. Of particular
concern is the fact that some CIV-H3N2 reassortants have demonstrated the ability to
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infect and effectively transmit to cohabiting dogs under experimental conditions, thereby
supporting the potential adaptation of novel subtypes to canine populations [104, 91].

Until recently it was believed that reassortment between avian and mammalian IAVs
did not occur in cats. This opinion has changed when a novel reassortant of the HSN6
subtype influenza virus was isolated from two cats in eastern China [108]. Both strains of
the influenza virus have been sequenced, and genetic analysis has shown that these viruses
received their genes from three avian subtypes, including influenza virus of subtypes
H5N6 (HA, NA, PA), HON2 (PB2, M, NS), and H7N9 (PB1, NP) isolated in China. The
receptor-binding preference analysis of the feline isolated HSN6 virus showed that it
possesses specificity for both avian and human receptors. Moreover, the A/H5N6 virus,
although not lethal, demonstrated the ability to replicate to a high titer in the lungs of
infected mice, indicating adaptation to a mammalian host [108].

Discussion

It was established that companion dogs and cats play a dual role as hosts for
influenza A virus as they support inter- and intra-species transmission and generate novel
IAV through recombination. Although most natural interspecies infections have limited
subsequent transmission in dogs and cats, two influenza subtypes currently continue to
circulate in dogs (CIV-H3NS8 and CIV-H3N2). While the role of cats is less clear and less
documented, they remain susceptible to influenza virus (primarily to avian influenza
infections). This should be a cause for concern, especially for feral and free-roaming cats,
that tend to be less controlled and have more close contacts with birds and other farm
animals. However, it can also be hypothesized that, due to the social organization of cats,
which prevents the direct contact between animals necessary for the transmission of the
virus, the virus may transmit very inefficiently among the feline population.

Moreover, there is evidence to suggest that dogs and cats should be considered as
mixing vessels for novel influenza viruses. It is noteworthy that canine influenza viruses,
and especially those of the CIV-H3N2 subtype, have repeatedly recombined with avian-
and mammalian-adapted influenza viruses since their emergence, clearly showing that the
gene pool of avian, human, and canine viruses is indeed compatible. These new viruses
may further spread widely among domestic dogs and cats and may therefore pose a threat
to human health. As of today, only one case of interspecies cat-to-human spread has been
reported, and this occurred after prolonged and unprotected contacts with sick cats and
their respiratory secretions, indicating a low risk of cat-to-human transmission [109].
Rather infected humans may be the source of infection for domestic animals, and the
combination of reverse zoonosis (from humans to domestic animals), potential co-
infection, and gene reassortment may create a favorable ecosystem for crossing the species
barrier between domestic animals and humans.

In light of published epidemiological data and current knowledge of the molecular
mechanisms underlying interspecies transmission and genetic reassortment, it seems
important to strengthen active surveillance of cats and dogs as part of -One World, One
Health”. It is noteworthy that the implementation of large-scale IAV antibody
serosurveillance programs in canine and feline populations may serve as a guideline for
monitoring the overall risk of human exposure to emerging zoonotic influenza viruses. In
addition, information about influenza viruses circulating in canine and feline populations is
also crucial in selecting viruses for the development of effective vaccines [110], and will
undoubtedly help in the prevention and control of future epidemics. The advent of rapid
molecular diagnostic tests, such as real-time PCR and unbiased next-generation
sequencing, can directly detect viral pathogens, provide early warning and more adequate
outbreak control for respiratory symptoms in cats and dogs. Since the genesis of novel
viruses is not well understood, further research aimed at studying the ecology, evolution
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and mechanisms of [AV in human-animal interactions will help to better understand which
virus poses a serious threat to humans.
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AHHOTALIUSA

YCTONUMBOCTE K aHTUOMOTHKAM BO3pacTaeT BO BCEM MHUPE M SABISIETCS OAHOM U3 CaMbIX
OonpmKx MpobjeM B COBPEMEHHOW MEOUIMHE U IIIOOANbHOW Yrpo30i Ui 3ApaBOOXPAaHEHUS.
HoBrle MexaHuU3Mbl PE3UCTEHTHOCTH TOSBISIOTCS M PACIPOCTPAHSAIOTCS IOBCIONY, YrpoxKas
CIIOCOOHOCTH JICYUTh paclpoCTpaHeHHbIe MH(EKIMOHHbIE 3a0oneBaHus. BBuay storo, 0oibiioe
3HaYCHHWE MMEET BOIPOC IIOMCKAa HOBBIX A(PQPEKTUBHBIX AHTUOMOTUKOB, CHHTE3UPYEMBbIX
pa3in4YHbIMHM MHUKPOOpTraHU3MAMH — aKTI/IHO6aKTCpI/I5{MI/I, HEMHUILICJINAJIbHBIMU 6aKT€pI/I$IMI/I,
rpubamu. B HacTosiee BpeMs HCCIIe0BaTENN COCPENOTOUCHBI Ha BBIICICHUH aKTHHOOAKTEpUH 13
HEOOBIYHBIX MECT OOHMTaHMS: MAaHIPOBBIX 3apOCICH, IyCThIHEH, MOPCKHMX W IPECHOBOIHBIX
pe3epByapoB, a TaKKe BHYTPEHHUX TKaHeH pacTeHHi. MUKpOOpraHU3MBI-OHA0(DHUTE — OOTaTHIA U
CIIIé HE IIOJIHOCTBIO I/ISY‘IGHHBII\/'I HNCTOYHUK HOBBIX [MPUPOIHBIX OMOJIOTMYECKA aKTUBHBIX
COCIMHEHW, MPUBJICKAIOIINNA BHUMaHHE MHOTHX Y4YCHBIX BO BCEM MHpe. Bonbmiold WHTEpec
NPEACTABISIIOT AHAO(UTHBIE AKTMHOMUILETHI, CHHTE3UPYIOIIME pa3HOOOpas3Hble OHOIOTHYEeCKUe
AKTUBHLIC BCUICCTBA U JAIOMIUEC IMPAKTHUYCCKU HECOTrPaAHUYCHHBLIC BO3MOXHOCTU MJIA pa3pa60TKH
HOBBIX JICKAPCTBEHHBIX IpenapatoB. B 0030pe mpecTaBiieHbl JaHHbIC O OMOJOTHYCCKH aKTHBHBIX
MeTaboIUTaX, MPOAYLHPYEMBIX SHI0(PUTHBIMH aKTHHOMMLIETAMH, o0magaronmx
ITPOTUBOOITYXOJIEBBIMHU, TPOTHUBOBOCHAIUTCIBHBIMH, AaHTHOKCUIAHTHBIMU, aHTI/I6aKTepI/IaJ'IBHBIMI/I
CBOMCTBaMHU.

KawueBble ciaoBa: uHQEKIMOHHBIE  3a00JIEBaHMSA, AHTUOMOTHKOPE3UCTEHTHOCTD,
3HI0(UTHBIE aKTHHOMHIIETHI, META0OUThI, aHTUOMOTHUKU

HNHdexmonHble 3a0051eBaHUS MO-TIPEKHEMY OCTAIOTCS YIPO30M, SIBIIASACH OCHOBHOM
OPUYMHON CMEPTHOCTH B pPa3BUBAIOIIMXCS CTpaHaxX W CEpbEe3HOM mpobiemoit s
nepenoBbix crpaH. lllupokoe mnpruMeHeHMe B MEAMIIMHCKOW MpPAaKTHUKE aHTHOMOTHKOB
NpPUBEIO K 3HAYMTEIbHBIM H3MEHEHHSM B ATHOJIOTMYECKOH CTPYKType HH(EKIMOHHBIX
3a00J1€BaHU U HEYKJIOHHOMY POCTY aHTHOAKTEepUaIbHON PEe3UCTEHTHOCTH BO3OYIUTENCH
K pa3iMyHbIM aHTHOAKTepuanbHbIM MpenapataMm [1-3]. PacripocTpaHeHne pe3sucTeHTHOCTH
rermme T maft hmappl K aHTHOAKTEPUATIbHBIM IIperapaTaM HaOJk01aeTcsl BO BCEM MHpE U
B ITOCJIE/IHUE TOJIBl 3Ta TEHJACHIIUS pe3Ko Bo3pocia. Pa3zButue aHTHOMOTHKOYCTOWYMBOCTH
y MHOTUX OaKTepualbHBIX IATOT€HOB, B TOM 4YHCJIE MHOXKECTBEHHAas JIEKapCTBEHHAas
ycroituuBocte (MDR), craHoBHTCS OJHOH M3 OCHOBHBIX HpOOJEeM COBpeMEHHOU
MEAMIMHBI, Jelas TPaJulMOHHYI0O Tepanuio HedD(EKTUBHONW, a MOITOMY JIeUEHHE
UHQEKIM CTaHOBUTCSA 0Oo0Jiee CIOXKHBIM, C BBICOKHM YPOBHEM pa3BHTHS OCJIOKHEHHH,
JetanbHOCTH U Oosiee noporuM [4, 5]. D10 nenaer mosiBaeHue cynepOakTepuil kpaiiHe
BO)XHBIM JUUISl 3/J]paBOOXPAHEHUs B 1I€JIOM — OOJBIIMHCTBO BO3MOXKHOCTEH COBpEeMEHHON
MEJUIIMHBI 3aBUCUT OT CIIOCOOHOCTH OOpOThCS ¢ WHQPEKIUSIMUA, KOTOPhIE MOTYT
BO3HUKHYTh B pE€3yJbTaTe MEpPECaJKU OpraHOB, CYCTaBOB, JIEUEHHUS paKa U XPOHUYECKUX
3a0oyieBaHUH, TaKUX Kak AualdeT, acTMa U peBMaTOUIHBIN apTput. Ecnu Bpaun numarorcs
3TOr0 MHCTPYMEHTA, IOYTH BCE JOCTHKEHUS COBPEMEHHONW MEAMIIMHBI OKa3bIBAIOTCS
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Oecnionie3nbl. [loaTOMy yCTOMYHMBOCTH OakTepuil K aHTHOMOTHKAM SIBIIIETCS OTHOM U3
CaMbIX aKTyaJbHBIX IPOOJIEM OOIIECTBEHHOTO 3paBOOXPAHEHUS B MUPE.

Bcemupnas opranu3zanus 3ApaBOOXpaHEeHUs Ha3bIBa€T aHTUOMOTUKOPE3UCTEHTHOCTD
OJIHOM U3 Cepbe3HEUIINX YIpo3 I 310POBbsl HACEJIEHUS, a CUTYalUI0, KOTJa JIFOU MOTYT
HNOTUOHYTh OT OOBIYHBIX MH(EKLUUN, «OYEHb PeaibHON BO3MOKHOCTBHIO» ITOTO CTOJETHS
[6]. B mocienHux uccieaoBaHusIX aMepukancKkoro L{eHTpa mo KOHTPOI0 U IpOpHIaKTHKE
3aboneBanuii (CDC) orMeuanoch, YTO YCTOWYMBBIC T'paMOTpHUIIATEIbHBIC OaKTEpUH
SIBJISIIOTCS  CEPbE3HOM T100aabHON MIPOOJIEMOM OOIIECTBEHHOro 37paBooXpaHeHus [7].
[[Itammbl, TpoayHHMpyIOMKe OeTanakTamMasbl pacmupeHHoro cnekrpa aeicteus (bBJIPC),
TaKXKe YacTO MMEIOT T'eHBl PE3UCTEHTHOCTH K AaHTUMHUKPOOHBIM IpermaparaM JIpyrux
KJIaCCOB (aMUHOTJIMKO3U1aM, (TOPXUHOIOHAM, KO-TPUMOKCA30I1y).

3HAUUTEIBHO  BO3pOCIAa U IOJWIEKAapCTBEHHAs  PE3UCTEHTHOCTh  CpPEau
IPaMIIOJIOKUTEIBHBIX ~ MH(MEKIMOHHBIX  areHToB, KOTOpble  CTaHOBATCA  Oouee
pacpoCTpaHEHHBIMU HM30JIITaMU BO MHOTMX MEIMLMHCKUX LIeHTpax. bornee mosoBuHBI
BO30yauTeNel aHTMOTeHHBIX HMH(DEKIUN SBISETCS TPaMIIOJIOKUTEIBHBIMU OaKTepUsMHU,
cpeau  KOTopblx Oonee 26,4% mTaMMOB pE3UCTEHTHBI KO BCEM CTaHIApTHBIM
anTuouoTukam [8-10]. CrekTp MOIMPE3UCTEHTHBIX TPAMIIOJIOKHUTEIBHBIX MHUKPOOOB 3TO
CTapWIOKOKKH, pe3ucTeHTHhIe K wmetnnwumHy (MRSA/MRSE) wmm  obGmanaromive
MIPOMEKYTOUHON pe3uCTeHTHOCThIO K rimkonentuaaMm (GISA), THEBMOKOKKH C BBICOKOM
CTENEHbIO PE3UCTEHTHOCTH K NEHUIWIINHY, JHTEPOKOKKHU, PE3UCTEHTHbIE K BAHKOMULIUHY
U MUKOOAKTEepUH, 3aHUMAIOIIKE JTUIUPYIOIIEE MOJI0KEHHE CPEAU YCIOBHO-TIATOT€HHBIX U
naToreHHbIX Bo30ynuteneit uHdeknuii [§]. IIpobiema ycTOWIMBOCTH yCyryOuIseTcs: TeMm,
yTO MaciTabbl pa3pabOTKM HOBBIX AHTHOMOTHKOB YMEHBIIAIOTCS, B TO BpeMsl Kak
JEICTBUE CYLIECTBYIOIIUX aHTHOMOTHKOB ocinabusercs. Ilo muenuto sxcneproB BO3,
CYLIECTBYIOT TpPU TPYIIBl MHUKPOOPTaHU3MOB, YCTOWYMBOCTH Yy KOTOPBIX OTHOCAT K
KPUTHYECKH 3HAYMMOW — 3TO SHTEpOOaKTEpUH, CHHETHOIHAs MalovYKa U allMHETOOaKTep,
CTapUIOKOKKH [6]. DTH GaKTEepUM MOTYT BBI3BIBATH LIEJBIN CIIEKTp 3a00JIeBaHUN, HAUHHAS
OT MH(pEKUUNH MOYENOJOBbIX MyTel M 3aKaH4YMBas MH(EKIUSAMH JbIXaTeNbHBIX MmyTei. U
OHM BCTpPEYAIOTCS TOpa3go daile, 4eM, Halpumep, Bo30yAuTenb TyOepkynesa, A
KOTOpOro mpobjeMa aHTHOMOTUKOPE3UCTEHTHOCTU CTOUT TOxe octpo. B suBape 2018
roga BO3 ony0nmkoBana oT4eT 0 ri1o0anbHOM KPU3HCE PE3UCTEHTHOCTH K aHTUOMOTHKAM.
B stoM otuere HOBas TioOanbHAsS aHTUMUKpOOHas cuctema Habmonenus (GLASS),
BHeZpeHHas B Mae 2015 rona, Oblia HCTONb30BaHa TSI MOAIEPKKH CTaHIapTU30BAHHOTO
Ha0JI0/IeHUs! MPOTUBOMUKPOOHOH pe3ucteHTHOCTH (AMR) Bo Bcem mupe [11]. OcHoBHas
LeJIb ATOI0 MCCIEN0BAaHUS - OTCIEKHBAHHUE CBSI3aHHBIX C PE3UCTEHTHOCTBIO BOIIPOCOB,
CBA3aHHBIX C MEAMKAaMEHTaMM, WCIIOJIb3YEMbIMH JJI JIEYEHHs] CTAllMOHApHBIX U
OOIIMHHBIX MHQEKIuH B 52 cTpaHax-ydacTHHIIAX. OCHOBHOE BHUMAaHUE B UCCIICIOBAHHUH
ynensercst Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Streptococcus
pneumoniae, Salmonella spp., Shigella spp. u Acinetobacter baumanii.

CornacHo nanHbIM 110 EBporneiickoMy peruoHy, pe3ucTeHTHbIE HH(EKIIUN PUBOIST
K 3HAQUUTEIbHOMY YBEJIMYEHHMIO HAarpy3kd Ha HDKOHOMUKY H 3apaBooxpaHeHue. [lo
nporHozam BO3, npu coxpanenun curyanuu Kk 2050 romy, CMEpPTHOCTb BCIIEICTBHE
Hed(P(PEKTUBHOCTH AaHTUOAKTEPHUATBHBIX MPENapaToB MPEBBICUT MOKa3aTed CMEPTHOCTH
OT 3JI0KA4eCTBEHHBIX HOBOOOpasoBanmii. YcroiuuBocts Klebsiella pneumoniae,
pacmpoCTpaHEHHOTO BO30YIUTENS KUIIEYHONH HH(EKINH, K mpernapaTraM aHTHOMOTHKOB
TpyIIbl KapOalleHeMOB OXBaTWiia Bce peruonsl mmupa. l[llupokoe pacmnpocTpaHeHne
nojy4yuiia pe3ucteHTHocTh E. coli x  ¢ropxuHononam [12-14]. Takke OTMeE4eHO
pacuiMpeHre yCTOMYMBOCTH K mpemaparam nepsoi nuaum  Staphlylococcus aureus,
BBI3BIBAIOIIECTO TsDKENbIe WHPEKIUA B METUIIMHCKUX YUPEXKICHUAX U 32 UX Mpeneiamu
[15-17]. Hns tepanmuu TyOepKylie3a ¢ MHOXXECTBEHHOH JIEKQPCTBEHHOW yCTOWYHUBOCTHIO
MPUMEHSFOTCS TOpa3ao 0oJiee MPoI0IKUTENbHBIE U MeHee d((DEeKTHUBHBIC KYypPChI JICUCHHSI,
4yeM mpu 00bIYHOM TyOepkyiese [18,19]. B mociennee BpemMsi OTMEUEH BBHICOKUN YPOBEHb
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JIETabHOCTH, BBI3BAaHHBIN MATOT€HHBIMH I'prbamu, OOJIBIIMHCTBO U3 KOTOPBIX MPUOOPEINo
MHO>KECTBEHHYIO JIGKAPCTBEHHYIO YCTOMYUBOCTH. | pHOKOBBIC HH(EKIUH, BBI3HIBAEMBIC
narorenusiMu  rpubamu  Candida spp., Cryptococcus, Aspergillus spp., sBastoTcs
HanboJiee OMacHBIMU IPHU OINEPALMOHHBIX MPOLEAypax M TpaHCIUIaHTaluu opraHos [20,
21]. Otu TUNBl MHPEKIMOHHBIX 3a00JIEBAHMI BBI3BIBAIOT CEPbE3HBIC TPYAHOCTH TPHU
JICYCHUHU W YaCTO CTAHOBSITCS NMPUYMHON WHBAIMIHOCTH U CMEPTH MalUEHTOB. Bmecrte ¢
STUM TOCTOSTHHO MOSBJSIOTCS HOBBIE IITAMMbI ATOTEHHBIX MUKPOOPTaHU3MOB, KOTOPHIE
HE TOJIAF0TCSI JICYCHUIO HUKAKUMU U3 CYIIECTBYIONIUX aHTHOMOTHKOB.

CrpemuTtenbHoe yBelMYeHHE 4YHcia 3a00JIEBaHMI, BBI3BIBAEMBIX PE3UCTEHTHBIMU
dbopMaMu MHUKPOOPTaHU3MOB, IMPOHMCXOAUT Ha (POHE TPYAHOCTEH B CO3JIAaHUM HOBBIX
JICKapCTBEHHBIX MpenaparoB. YKCIO HOBBIX aHTUOMOTHUKOB, MPOLIEALINX BCECTOPOHHUE
UCIIBITAaHUSI M PEKOMEHJOBAaHHBIX K KIMHUYECKOMY UCIOJIb30BAHUIO, C KaXJbIM
JIECATUIICTHEM HEYKJIOHHO cHuxkaetcs [22, 23]. IIpobrema yCTOWYUMBOCTH yCYryOiseTcs
TE€M, YTO MacITaObl Pa3padOTKH HOBBIX AaHTUOMOTHKOB YMEHBIIAIOTCS, B TO BPEMs Kak
NEHCTBUE CYIIECTBYIONIUX AHTUOMOTUKOB oOciadnigerca. 3a TMOCieqHUuEe AeCITUIICTHS
y4CeHBIC pa3paboTaii OYCHb MaJI0 HOBBIX AHTHOMOTHKOB, W OOJBIIMHCTBO M3 HEIABHO
0JI00pEHHBIX JIEKAPCTBEHHBIX CPEJCTB SIBISIOTCS CIIETKa OTIMYAIOLIUMUCS BapUaHTaMHU
YK€ CYIIECTBYIOLIUX MIPEIapaToB.

HHHOBaIIIOHHBIE aHTHOaKTepuaIbHbIE npenaparbl BBIBOJIATCA Ha
(dapmaneBTUUECKHil PHIHOK OTHOCHTENIBHO PEJIKO, a YCTOMYMBOCTh K HUM DPa3BUBACTCS
oueHb ObIcTpo. HaifTu xumuueckue BeliecTBa, KOTOpble YOUBAIOT OaKTEpUH, HECIO0XKHO,
ClIOkHee pa3paboTaTb HOBbIE JIEKAPCTBEHHBIE CPEJICTBA, HETOKCUYHBIE I 4yesioBeka. [1o
cocTosHMIO Ha sHBapb 2020 roga, yucHble BEeAyT KIMHUYECKUE HcciaenoBaHus 50 HOBBIX
aHTUOMOTHKOB. OJHAKO OOJIBIIMHCTBO W3 HHUX, KaK IMOKAa3bIBAIOT HCIIBITAHUS, MEHEe
3¢ (PeKTUBHBI MO CPABHEHUIO C CYIIECTBYIOIIUMHU aHTHOAKTEpUATbHBIMU IpenapaTamMu, a
TaK)K€ OrPaHWYEHbl Y3KHM CIEKTPOM XHMHYECKOro paszHooOpasus [24]. B smoxy
PE3UCTEHTHOCTH TIOSBUIUCH TAaKUE JIEKAPCTBEHHBIC CPEICTBA KaK TEUKCOOAKTUH —
AHTUOMOTHK, CHUHTE3UPYEMBI TpPaMOTPUIIATEILHBIMUA  OAaKTEPHUSIMHU, TMPOSBIISIOIINMA
BBICOKYIO 3(P(EKTUBHOCTh MPOTUB MYJIbTUPE3UCTEHTHOTO INTaMMa  30JIOTHCTOTO
cTaUIIOKOKKA, TYOEPKYJIE3HOW MaIOYKH, CUOMPCKON SI3BBI, MPU STOM HE BBI3BIBAIOITUIN
no0oyHbIX  3(QexToB;  OeJakBWIMH —  HPOTHBOTYOEPKYJE3HBIH  mpemnapar,
UHTHOUpYIOUM  (pepMEeHThI, YYacTBYIOIIUME B KIETOYHOM JAbIXaHMM MHKOOAKTEpHUH.
Jannsiii npenapaT 3¢G¢GeKTUBeH NPOTHB IITAMMOB C MHOXXECTBEHHOHW W IIUPOKOM
PE3UCTEHTHOCThIO, OKa3bIBAaeT OaKTEPUIIMJIHOEC M OaKTEPUOCTATUYECKOE JIEUCTBHE B
3aBUCUMOCTH OT J03bl. SkQl — MUTOXOHIPHANBFHO HAIMpPABICHHBI AHTHOKCHAHT,
cunte3upoBanHpli B HUM®XB MI'Y, mnokazanm BBICOKYIO aHTUOAKTEPUATBHYIO
AKTUBHOCTb, MOpaxas MeMOpany Oakrepuil. Ha maHHbIN MOMEHT ecTh HH(pOpPMAIUS O €T
sbdextuBHoct B ortHomenun Bacillus subtilis, Mycobacterium sp. u Staphylococcus
aureus. [25, 26].

[IpeumymecTBaMu  HATYpaJIbHBIX ~METAOOJIUTOB SABISIIOTCA WX CTPYKTYPHOE
pa3HooOpas3ne, HECKOJBKO XHpaldbHBIX IIEHTPOB, a TakKe HMX BBICOKAas aKTHBHOCTH,
CEJICKTUBHOCTh M HECKOJIBKO CIOCOOOB JEHCTBUA. MHOTOIIEHTPOBBIC JIMTAH[-OCIKOBBIC
B3aMMOJICHCTBUSI  HATYpaldbHBIX  META0ONMUTOB  OOeCHeunBalOT  (PyHKIHMOHATHHOE
pa3zHoo0pa3ue U CeIeKTUBHOCTh B OTHOUIEHUH OoJiee ueM OJ1HOM 1enu. MIX coBMecTUMOCTb
C KIETKaMHU-XO35IMHAMH M TpemapaTUBHBIE CTPYKTYPhl TapaHTUPYIOT Pa3HOOOpa3HbIE
s dexTri. Bo3MoxkHas CBSI3b MEXKIYy MHKPOOPTaHM3MAMH M KJICTKaMH-XO3S€BaMHU C
MOMOIIbI0  METAa0ONMTOB  MUKPOOPTaHM3MOB  TpUBENIa K  OTKPBITUIO  MHOTHUX
MIPOTUBOOITYXOJIEBBIX U aHTUBUPYCHBIX coenHeHni. ECTh ciryyau, Korma oguH MeTaboIuT
nposiBisieT 10 10-15-u pa3nuyHbIX TUIOB aKTUBHOCTU U3-3a HAJTUYHUSI HECKOJIBKUX CAUTOB
CBSI3BIBAHUS C KJIETKaMu xo3suHa [27, 28].

[TouBeHHBIE MHKPOOPTaHW3MBI- AKTHHOMHWIIETH, U B YacTHOCTH, Streptomyces,
ABIIAIOTCS LIEHHBIM HMCTOYHUKOM HPUPOJHBIX COCTUHEHHM pa3HOOOpa3sHBIX CTPYKTYp C

31



Nel (36) 2022

pa3IMYHBIM CHEKTPOM JEWUCTBHUA ISl CO3[IaHHMS HOBBIX JICKAPCTBEHHBIX IMpenaparos [29,
30]. BOTBIIMHCTBO MPOMBINIICHHO-IIEHHBIX aHTHOMOTHUKOB MOJIyYEHO M3 aKTHHOMHIIETOB,
HIMPOKO PACIPOCTPAHEHHBIX B OOBIUHBIX 3KOCHUCTeMax. B Hacrosiee BpeMs akLEHT B
OTKPBITUU TIPUPOIHBIX OHOJOTHMYECKH AKTHBHBIX COCAMHEHHH M3MEHWICS B CTOPOHY
HEJOOIICHEHHBIX CpeJl OOUTaHHS MHKPOOPTaHM3MOB, TAaKUX KaK OKEaHbl, Tropsyue
UCTOYHUKH, JICAHUKOBBIE OTJIOXKEHUSA, a TaKKe — HCHOJb30BaHUSA SHIO(DUTHBIX
Mukpoopranu3moB [31-34]. Ilouck 0COOBIX SKOJOTHYECKMX HHII HApPSIy C HOBBIMHU
METOJaMHU BBIICJICHUS HOBBIX POJOB aKTHHOOAKTEPHI MOXKET NMPHUBECTU K BBISBICHUIO
HOBBIX F€HHBIX KJIACTEPOB, a 3HAYUT, U HOBBIX MPOJYKTOB. Penkue popl akTHHOMMUIIETOB,
KOTOpbIE B IIEJIOM CUMTAIOTCA HE CTPENTOMHUIIETaMH, W HOBBIE HM3OJATHI Streptomyces,
oOHapyXeHHblE B OTUX MecTaXx oOOuTaHHUS, VYK€ Jald  OTKPBITHE  HOBBIX
NPOTHBOMHUKPOOHBIX MPEMaparoB C YHUKAIbHBIMH ~XHMHYECKHMH  CTPYKTYpamH,
MOATBEPXKJasi, YTO MHKPOOHBIE TPUPOAHBIE METAaOOIUTHI BCE €IIe  SBISIOTCS
MHOTO00€IIAOIIMMHI UICTOYHUKAMHU HOBBIX JICKAPCTBEHHBIX cpeACcTB [35-38].

Takum  obOpazom, Onarogaps CBOEMY pPa3HOOOPa3HI0 W SBOJIOIHMOHHOM
IPEIPACTIONOKEHHOCTH K IPOAYKIIUY aHTUOMOTUKOB JIJIsl 3aBOEBAHUS 3KOJIOTHYECKUX HUIII
B Ipollecce KOHKYPEHIIMH IPYr C JAPYroM, MHKPOOPTaHU3MbI  OCTAIOTCS OJHUMHU W3
HanOosee 3(h(HEeKTUBHBIX MPOIYIIEHTOB BEIIECTB ¢ AaHTHOMOTUYECKOIN aKTHUBHOCTH.

DOHIOQUTHBIE AKTUHOMHUIIETHI SIBISIFOTCS MAalIOM3YYE€HHBIMH TMOTEHIIHMATbLHBIMU
UCTOYHHKAMH OTPOMHOTO KOJMYECTBA HOBBIX TPUPOJHBIX TPOIYKTOB, HMEIOIINX
0O0JIbIIME MEePCIEKTUBBI B CEJTLCKOM XO03MHCTBE U (hapMalleBTHUECKON MPOMBIIUICHHOCTH.
B nHacrosiiee Bpems yxe 0OHapyKCHBI pa3IMdHbIC OMOJIOTHYESCKH aKTUBHBIC META0OUTHI
SHAO(DUTHBIX MUKPOOPTaHU3MOB, o0nanaromue POTUBOOITYXOJIEBBIMH,
IPOTHBOBOCTIAJIMUTEIBHBIMUA, AHTHOKCHUAAHTHBIMH, aHTHOAKTEpHUAILHBIMH CBOWCTBAMH.
[ToaToMy IIaHCHI BBISIBUTH Cpel SHAOMUTHBIX AKTUHOMHUIIETOB HOBBIE MPOAYLEHTHI H
HOBBIE€ OMOJIOTMYECKH aKTUBHBIE BEIIECTBA, OUEHb BBICOKU.

HccnenoBanust mokazanu OoJiblioe  pa3HooOpazue BHUJOB MUKPOOPTaHU3MOB-
SHAO0(UTOB U BBIJIETICHHBIX U3 HUX COCIUHEHUH C pa3IMuHbIM OMOJIOTHYECKUM JEHCTBUEM.
N3 rpubOB-3HIOPUTOB dalle BCEro BBIACNIAIOT BTOPUYHBIE MeTa0OIMTHL. Tak,
supouTHBI Tpud Cryptosporiopsis quercina CHHTE3UpyeT BEIIECTBO KPHITOKAHIMH,
aktuBHOoe B otHomenuu Candida albicans, Trichophyton spp. [39]. U3 kynbTyps
sunodutHoro rpuba Pestalotiopsis microspora monyunwsin aMOYMHOBYIO —KHCIOTY,
oOnajaromyto npoTuBorpuOkoBeiM aeiictBuem [40]. KynbTypa sHaopuTHOro rpubda
Periconia sp., Beigenennas u3 Piper longum L, cuHTe3upyeT OMOJOTMYECKH aKTHBHOE
BEIIECTBO QJKAJOUJHONW TMPUPOABI — MHUIEPUH, KOTOPbI 007anaeT BBICOKOM
AHTUOMOTHYECKOM  aKTUBHOCTBIO B OTHOIIEHHWHM  BO30ymauTene  TyOepkynesa
Mycobacterium tuberculosis u M. smegmatis ¢ MuUHUMaIBbHOW MMOJABISAIOIICH
koHUeHTpauuei 1,74 pM u 2,62 pM, cootBeTcTBeHHO [41].

N3BectHO, 4TO mpencraButenu Oakrepuit poma Bacillus cuntesmpyror Gorbmioe
pa3HooOpa3ue aHTUMUKPOOHBIX coeauHenuil. [Ipoaymnupyembie sHmoduramu Bacillus
subtilis BemecTBa cemeicTB Cyp(aKkTHHOB, HUTYPUHOB M (DEHTHIIMHOB 00NajaroT
FeMOJUTHYECKUMHU, TIPOTUBOBUPYCHBIMU U aHTHOAKTepUAIbHBIMU cBoWcTBamu [42]. U3
sHnoduTHoro mTamma Oaktepum Pseudomonas viridifla-va EB273 momydens
JIMIIONENTUAHBIE AaHTHOMOTUKHA JKOMHUIMHBI — dJKOoMUIMHLI A, B u C. DT BemiectBa
CIOCOOHBI MOJABIATH pocT natoreHoB Candida albicans u Cryptococcus neoformans [43].

B xome wuccnenoBaHWW TO OTKPHITHIO HOBBIX AHTUOMOTHMKOB W3 SHIO0(PHUTHBIX
AKTUHOMHUIIETOB BBIJIEJIEHA M H3yY€Ha Tpylna MeNTHAHBIX aHTUOMOTHKOB LIMPOKOTO
CHeKTpa JAeWcTBUS — MyHyMOunuHbl [44]. MynymOunuusl A-D cuHTE3UpYyHOTCS
kynbTypoit Streptomyces NRRL 30562, a mynymbunmusl E-4 u E-5 — Streptomyces sp.
[45]. Bce mpencraButenn cemeilictBa MYyHYMOWIIMHOB aKTHBHBI B OTHOIICHHH
rpaMITONIOKHUTENbHBIX OakTepuii, Takux kak Bacillus anthracis, Streptococcus pneumonia,
Enterococcus faecalis u Staphylococcus aureus, Bkirodass METHIMIIMH-PE3UCTEHTHBIN
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mrramm S.aureus (MRSA, ATCC 33591) u BanHKOMUIIMH-pE3UCTeHTHBIN iramm E.faecalis
(VREF, ATCC 51299). I'pynma nenTuaHbIX aHTHOMOTHKOB KOPOHAMHUIIMHOB 00pa3yercs
KyJIbTypoll akTuHOMUIIETa-3HAO(uUTa Streptomyces sp. MSU-2110, BwimeneHHOW U3
pacrenust Monstera Sp. AHTHOMOTMKM MHTHOMPYIOT pOCT TPHOOB, a TaKke O00JAHaroT
aKTUBHOCTBIO B OTHOIIEHHHM BO3Oymutens wmamsapuu P. falciparum [46]. Iramm
Streptomyces laceyi MS53 cunTe3upyer 6-aaKuICaTHIUIOBBIC KUCIOTHI - CaJalleuHbl A U
B, xoTopble IpOsBISIOT HIUTOTOKCUYHOCTh B OTHOIICHUU JIMHUM KIJIETOK paka MOJOYHOM
skenes3bl yenoBeka SKBR3 ¢ 1C50 3nauenusimu 3,0 u 5,5 “M, coorBercTBeHHo [47, 48]. U3
sHa0GUTHOrO akTHHOMHMIETa Streptomyces hygroscopicus TP-A045 Obut  BhIZCICH
NTEPOIUINH, TPOSBISIONIMA [UTOTOKCUYHOCTh B OTHOIIEHHMH HEKOTOPBIX KICTOYHBIX
JMHUN paka yenoBeka co 3HadeHusmu IC50 2,9—7,1 *M [49]. HoBblil xj10pcoaepKatimii
aH3aMHIMH (ansamycin), Ha3BaHHbIM HagTomuuuHoMm K (naph-thomycin K), oGpasyercs
MTaMMOM  aKTHHOMHUIIeTa-dHAodpuTa  Streptomyces sp. CS, BbI€IEHHOTO U3
JekapcTBeHHOTO pactenust Maytenus hookeri. OH moka3ajl HIUTOTOKCHYECKYIO aKTHBHOCTb
B OTHOIICHWHU KJIEeTOuHbIX JuHUM P388 m A-549 B IC50 0,07 u 3,17 uM [50, 51]. U3
KyJIbTyphl Streptomyces sp. 1s9131 nonydeHo qBa HOBBIX MAaKpOTETPOJIUIA — TUMEPHBIN
muHakTUH (dimeric dinactin) u aumepHbli HOHakTUH (dimeric nonactin). Pe3ynbTarhb
aHai3a OWOJIOTMYECKON aKTUBHOCTH IIOKAa3ajdd, YTO JUMEPHBIM JAMHAKTHH 00Jjajaet
BBICOKOH IIPOTUBOOIYXO0JIEBOI M aHTUOAKTEpUaIbHOW aKTUBHOCTBIO [52].

Ha  ceromusmamii  1eHb  pa3HooOpa3We  KYJIbTUBHPYEMBIX  SHIO(PHUTHBIX
AKTUHOOAKTepUN HAXOMUTCS Ha HayaJlbHOW CTaIWU HCCIeAOBaHUA. B pacTeHHsX
IIPUCYTCTBYET OTPOMHOE pa3zHOooOpa3ue IHT0(PUTHBIX aKTUHOOAKTEPHIA, UMEIOLIUX BaKHOE
SKOHOMHMYECKOE 3HAa4YeHHE MH3-32 HUX CIOCOOHOCTH MPOAYIHHPOBATH MEPCIEKTHUBHBIC
OMOAKTHBHBIE  BENIECTBA,  BKIOYAass  NPOTUBOMHUKPOOHBIC,  AHTHOKCHJIAHTHEIE,
MIPOTUBOPAKOBBIE U Apyrue (apmaneBTuueckue coeauHeHus [53]. M3 nexapcTBEHHBIX
pactenuit Kuras Obu1o BbiienaeHo 560 s3HIOPUTHBIX aKTHHOMUIIETOB, KOTOPBIE MPOSIBIISLIN
AHTUMHUKPOOHYI0O  aKTUBHOCTh IIUPOKOro cmekTpa geiictBus [54]. IlomoOubie
UCCIICIOBAaHHUS  JIOKA3bIBAIOT, YTO  OSHAOMUTHBIE  MHUKPOOPTaHWU3MBI  SIBISIOTCS
MEPCTIeKTUBHBIMU MPOAYIIEHTAMH IIEHHBIX OMOJOTHYECKH aKTUBHBIX COSAMHEHUN.

Takum 00pa3oM, MUKPOOPTAaHU3MBI-OHIO(PUTHI MPEACTABISIIOT CO00i Ooratbii U
JAJIeKO eII¢ HEe TMOJIHOCThIO W3YYEHHBIM HCTOYHHK HOBBIX MPHUPOJHBIX OHOIOTHYECKH
AKTUBHBIX COEAMHEHHUH C Pa3MYHBIMU CTPYKTypaMH M Pa3HOOOPa3HBIM OHMOIIOTUYECKUM
IeiicTBUEM,  TMOTCHIMANbHBIX s OpUMEHEeHus B (apMmaleBTHUYECKOH U
OouorexHonoruueckoi mnpaktuke. CymiecTByeT OoJbloe pa3HooOpaszue 3HA0(UTHBIX
AKTUHOMMUIIETOB JIO CHX IMOp HE U3YYEHHBIX, U IIAHCHI HA TIOMCK HOBBIX MUKPOOPTaHU3MOB
B MaJIOMCCIIEIOBAHHBIX MECTax OOMTaHUs BENUKH. B ycrnoBusix 000OCTpeHUs HACYIIHBIX
npo0jeM COBPEMEHHOIro oOliecTBa pa3pabdOTKa TEXHOJOTHH MONydyeHUs M NpPUMEHEHUs
COBPEMEHHBIX KOHKYPEHTOCIIOCOOHBIX W MMIIOPTO3aMEMIA0IINX MUKPOOHBIX TpenapaToB
JUTSE  Pa3IMYHBIX OTpacieil MPOMBIIIIEHHOCTH, MEIUIIMHBI, CEIhCKOTO XO34HCTBA H
9KOJIOTMM CTAaHOBUTCS MEPBOOYEPEAHON 3a/Jayeil COlMaIbHO-3KOHOMHUYECKOTO Pa3BUTHUS
rocynapctB. [loMuMo mpuMeHEeHUs B MEAWIIMHE, HOBBIE OHOJIOTUYECKH AaKTHBHBIC
BEIIECTBa MOTYT OBITh MEPCHEKTUBHBI B CEJIBCKOM XO034iCTBE Oiarofaps UX crocoOHOCTH
CTUMYJHPOBaTh POCT pPACTEHUH; YHUYTOXKATh HACEKOMBIX WM BPEAUTENCH; yIydIlaTh
YCBOEHHME TNHTATENBHBIX BemecTB. KpoMme Toro, »HIOPHUTHBIE aKTHHOOAKTEPUH MOTYT
UTPaTh PEIIAIOIIYIO POJIb B OXpaHE OKPYXKAIOMICH Cpellbl, B MOAAEPKAHUN OIPeIeICHHBIX
€CTECTBEHHbIX ~ MecT oOuTaHus. BO3MOXHOCTHP  HCIONB30BaHUS  COOCTBEHHBIX
pa3HOOOpPa3HBIX  AKCTPEMANbHBIX MPUPOJIHBIX  CYOCTpaTOB  OTKpBIBaeT  OOJNbIINE
BO3MOXXHOCTH JUISI CKDUHHHTA HOBBIX KOHKYPEHTOCIIOCOOHBIX JIEKAPCTBEHHBIX BEIECTB,
4TO  CO3/acT  OCHOBY JUISI  pa3BUTHS  HMHHOBAIMOHHON  (apMalleBTUYECKOM
npoMelnieHHocTH Kazaxcrana.
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AHTUOMOTHKTEpIi 13ley Mocelieci YJIKEeH MaHbl3fa uHe, OJapAblH HEeri3ri Ke3i opTypdi
MUKPOOPTraHM3MJIEp —  aAKTHHOOAaKTepusuiap,  MHUIENUs  Ty3e  ajJMalThIH OakTepusuiap,
CaHBIpayKYJIaKTap CHHTE3JNEHTIH TaOWFu KOChUTBICTAp Ooiybim TabObutagpl. Kazipri yaksiTTa
3epTTEyIIIep aKTHHOOAKTepHUsIIapbl epeKille MEeKeHICHTIH KkepiepJeH Oesyre Hazap aynapajbl:
MaHrpajiap, eJaep, TeHi3 JKoHe TYIIBI Cy pe3epByapiapbl, COHAal-aK oCiMAIKTepAiH iIIKi TiHAEPi.
Muxkpoopraau3mMaep-sHA0PUTTEP-OYKiNT anemueri KenTereH FaabIMIapAblH HazapbhlH ayaapaThiH
’KaHa TaOWFU OHOJIOTHSUTBIK OeJICeHAI KOCBUIBICTApIBIH Oail sKoHE ol TOJBIK 3epPTTEIIMEreH Ko3i.
OHAOGUTTI aKTHHOMHUIETTEP YJIKEH KbI3BIFYIIBUIBIK TYABIPAIbI, OpTYPJi OMOJOTUSIIBIK OesceH Il
3aTTapAbl CHHTE3EHI JXKoHE j>KaHa NpenapaTTapibl o3ipiieyre MIeKCi3 MYMKIHAIKTep Oeperi.
[Homyna >HAOPUTTI aKTHHOMHUIIETTEPAIH OPTYPNi OHWONOTHAIBIK OeliceHal MeTa0oNUTTepiHIH
ICIKKE Kapchl, KaObIHYFa Kapchl, aHTUOKCHIAHTTHI, bakTepusra Kapchl KacHeTTepi Oap eKEHIITi
TypaJibl MOJIIMETTEP KENTipiIreH.
KinTTi ce3mep: aHTHOMOTHKKE TO3IMILTIK, SHIODUTTIK AKTHHOMHIIETTEP, AHTHOUOTHKTED.
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Abstract
Antibiotic resistance is on the rise worldwide, one of the biggest problems in modern
medicine and a global public health threat. New resistance mechanisms are emerging and spreading
everywhere, threatening the ability to treat common infectious diseases. In view of this, the
question of finding new effective antibiotics, the main source of which are natural compounds
synthesized by various microorganisms - actinobacteria, nonmycelial bacteria, fungi, is of great
importance. Currently, researchers are focusing on isolating actinobacteria from unusual habitats:
mangroves, deserts, marine and freshwater reservoirs, and internal plant tissues. Microorganisms-
endophytes are a rich and not yet fully studied source of new natural biologically active
compounds, attracting the attention of many scientists around the world. Of great interest are
endophytic actinomycetes, which synthesize a variety of biologically active substances and provide
practically unlimited opportunities for the development of new medicines. The review presents data
that various biologically active metabolites of endophytic actinomycetes have antitumor, anti-
inflammatory, antioxidant, and antibacterial properties.
Key words: antibiotic resistance, endophytic actinomycetes, antibiotics.

Infectious diseases are still a threat, being the main cause of death in developing
countries and a serious problem for advanced countries. The widespread use of antibiotics
in medical practice has led to significant changes in the etiological structure of infectious
diseases and a steady increase in the antibacterial resistance of pathogens to various
antibacterial drugs [1-3]. The spread of resistance of hospital flora to antibacterial drugs is
observed all over the world and in recent years this trend has increased dramatically. The
development of antibiotic resistance in many bacterial pathogens, including multidrug
resistance (MDR), is becoming one of the main problems of modern medicine, making
traditional therapy ineffective, and therefore the treatment of infections becomes more
complex, with a high level of complications, mortality and expensive [4, 5]. This makes
the appearance of superbugs extremely important for healthcare in general — most of the
possibilities of modern medicine depend on the ability to fight infections that can arise as a
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result of organ transplants, joints, cancer treatment and chronic diseases such as diabetes,
asthma and rheumatoid arthritis. If doctors are deprived of this tool, almost all the
achievements of modern medicine are useless. Therefore, the resistance of bacteria to
antibiotics is one of the most pressing public health problems in the world.

The World Health Organization (WHO) calls antibiotic resistance one of the most
serious threats to human health, and the situation when people can die from common
infections is a "very real possibility" of this century [6]. Recent studies by the American
Centers for Disease Control and Prevention (CDC) have noted that resistant gram-negative
bacteria are a serious global public health problem [7]. Strains producing ESBL also often
have resistance genes to antimicrobial drugs of other classes (aminoglycosides,
fluoroquinolones, co-trimoxazole).

Poly-drug resistance among gram-positive infectious agents has also increased
significantly, they are becoming more common isolates in many medical centers. More
than half of the pathogens of angiogenic infections are gram-positive bacteria, among them
more than 26.4% of strains are resistant to all standard antibiotics [8-10]. The spectrum of
polyresistant ~ gram-positive  microbes:  Staphylococci  resistant to  methicillin
(MRSA/MRSE) or having intermediate resistance to glycopeptides (GISA), Pneumococci
with a high degree of resistance to penicillin, Enterococci resistant to vancomycin and
mycobacteria, occupying a leading position among opportunistic and pathogenic pathogens
of infections [8]. The problem of resistance is compounded by the fact that the scale of
development of new antibiotics is decreasing, while the effect of existing antibiotics is
weakening. According to WHO experts, there are three groups of microorganisms whose
resistance is classified as critically important: Enterobacteria, Pseudomonas aeruginosa
and Acinetobacter, Staphylococci [6]. These bacteria can cause a whole range of diseases,
ranging from urinary tract infections to respiratory tract infections. They are much more
common than, for example, the causative agent of tuberculosis, for which the problem of
antibiotic resistance is also acute. In January 2018, WHO published a report on the global
antibiotic resistance crisis. In this report, the new Global Antimicrobial Surveillance
System (GLASS), introduced in May 2015, was used to support standardized surveillance
of antimicrobial resistance (AMR) worldwide [11]. The main objective of this study is to
track resistance-related issues related to medications used to treat inpatient and community
infections in 52 participating countries. The study focuses on Escherichia coli, Klebsiella
pneumoniae, Staphylococcus aureus, Streptococcus pneumoniae, Salmonella spp., Shigella
spp. and Acinetobacter baumanii.

According to data from the European region, resistant infections lead to a significant
increase in the burden on the economy and healthcare. According to WHO forecasts, if the
situation persists by 2050, mortality due to the ineffectiveness of antibacterial drugs will
exceed the mortality rates from malignant neoplasms. The resistance of Klebsiella
pneumoniae, a common intestinal bacterium, to the drug of last resort (carbapenems) has
spread to all regions of the world. E.coli resistance to fluoroquinolones has become
widespread [12-14]. Staphlylococcus aureus resistance to first-line drugs, which causes
severe infections in healthcare institutions and beyond, has also become widespread [15-
17]. For the treatment of multidrug-resistant tuberculosis, much longer and less effective
courses of treatment are used than for ordinary tuberculosis [18,19]. Recently, there has
been a high level of mortality caused by pathogenic fungi, most of which have acquired
multidrug resistance. Fungal infection, caused by pathogenic fungi Candida spp.,
Cryptococcus, Aspergillus spp., is the most dangerous during surgical procedures and
organ transplantation [20, 21]. These types of infectious diseases cause serious difficulties
in treatment and often cause disability and death of patients. At the same time, new strains
of bacteria are constantly appearing that cannot be treated with any of the existing
antibiotics.
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The rapid increase in the number of diseases caused by resistant forms of
microorganisms occurs against the background of difficulties in creating new drugs. The
number of new antibiotics that have passed comprehensive trials and recommended for
clinical use is steadily decreasing every decade [22, 23]. The problem of resistance is
compounded by the fact that the scale of development of new antibiotics is decreasing,
while the effect of existing antibiotics is weakening. In recent decades, scientists have
developed very few new antibiotics, and most of the recently approved drugs are slightly
different versions of existing ones.

Innovative antibacterial drugs are introduced to the pharmaceutical market relatively
rarely, and resistance to them develops very quickly. It is not difficult to find chemicals
that kill bacteria — it is more difficult to find products that will be non-toxic to humans.
As of January 2020, scientists are conducting clinical development of 50 new antibiotics.
However, most of them, as tests show, are less effective compared to existing antibacterial
drugs, and also limited by a narrow spectrum of chemical diversity [24]. In the era of
resistance, antibiotics appeared such as teixobactin (an antibiotic synthesized by bacteria),
showing high efficacy against a multi-resistant strain of Staphylococcus aureus, tubercle
bacillus, anthrax, while not causing side effects; bedaquiline is an anti-tuberculosis drug
that inhibits enzymes involved in the cellular respiration of mycobacteria. It is effective
against strains with multiple and broad resistance, has a bactericidal and bacteriostatic
effect depending on the dose. SkQ1, a mitochondrially directed antioxidant synthesized at
the MSU RIPCB, showed high antibacterial activity, affecting the bacterial membrane. At
this point there is information about its effectiveness against Bacillus subtilis,
Mycobacterium sp. and Staphylococcus aureus [25, 26].

The advantages of natural metabolites are their structural diversity, several chiral
centers, as well as their high activity, selectivity and several modes of action. Multicenter
ligand-protein interactions of natural metabolites provide functional diversity and
selectivity for more than one target. Their compatibility with host cells, preparative
structures guarantee a variety of effects. The possible connection between microorganisms
and host cells with the help of microbial metabolites has led to the discovery of many
antitumor and antiviral compounds. There are cases when one metabolite exhibits up to 10-
15 different types of activity due to the presence of several binding sites with host cells
[27, 28].

Actinomycetes, and in particular Streptomyces, are a valuable source of natural
compounds of various structures with a different spectrum of action, and so far, their value
remains for screening producers and creating new medicines [29-30]. Most industrially
valuable antibiotics are derived from soil microorganisms - actinomycetes, widely
distributed in conventional ecosystems. Currently, the emphasis in the discovery of natural
products has changed towards undervalued habitats, such as oceans, hot springs, glacial
deposits, as well as endophytic microorganisms [31-34]. The search for special ecological
niches along with new methods of isolating new genera of actinobacteria can lead to the
identification of new gene clusters, and hence new products. Rare genera of actinomycetes,
which are generally considered non-streptomyces, and new Streptomyces isolates found in
these habitats have already yielded the discovery of new antimicrobials with unique
chemical structures, confirming that microbial natural products are still a promising source
for drug discovery [35-38].

Thus, microorganisms continue to be one of the most attractive sources of antibiotic
activity due to their diversity and evolutionary predisposition to the production of
antibiotics to conquer ecological niches in the process of competition with each other.

Endophytic actinomycetes are poorly studied potential sources of a huge number of
new biologically active natural products with great prospects in agriculture and the
pharmaceutical industry. Currently, various biologically active metabolites of endophytic
microorganisms with antitumor, anti-inflammatory, antioxidant, and antibacterial
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properties have already been discovered. Therefore, the chances of identifying new
producers and new biologically active substances among endophytic actinomycetes are
very high.

Studies have shown a wide variety of types of microorganisms-endophytes and
various compounds isolated from them with various biological effects. Secondary
metabolites are most often isolated from endophyte fungi. Thus, the endophytic fungus
Cryptosporiopsis quercina synthesizes the substance cryptocandin, active against Candida
albicans, Trichophyton spp. [39]. Ambuic acid with antifungal action was obtained from
the culture of the endophytic fungus Pestalotiopsis microspora [40]. The culture of the
endophytic fungus Periconia sp. isolated from Piper longum L synthesizes a biologically
active substance of alkaloid nature - piperine, which has a high antibiotic activity against
the causative agents of tuberculosis Mycobacterium tuberculosis and M.smegmatis with a
minimum suppressive concentration of 1.74 pM and 2.62 pM, respectively [41].

It is known that representatives of the genus Bacillus synthesize a wide variety of
antimicrobial compounds. Substances of the family of surfactins, iturins and fungicides
produced by Bacillus subtilis endophytes have hemolytic, antiviral and antibacterial
properties [42]. Lipopeptide antibiotics ecomycins - ecomycins A, B and C were obtained
from Pseudomonas viridiflava EB273 endophytic bacterium strain. These substances are
capable of suppressing the growth of human pathogens Candida albicans and
Cryptococcus neoformans [43].

In the course of research on the discovery of new antibiotics from endophytic
actinomycetes, a group of broad—spectrum peptide antibiotics, munumbicins, were
isolated and studied [44]. Munumbicins A-D are synthesized by Streptomyces NRRL
30562 culture, and munumbicins E-4 and E-5 by Streptomyces sp. [45]. All
representatives of the munumbicin family are active against gram-positive bacteria such as
Bacillus anthracis, Streptococcus pneumonia, Enterococcus faecalis and Staphylococcus
aureus, including the methicillin-resistant S.aureus strain (MRSA, ATCC 33591) and the
vancomycin-resistant E.faecalis strain (VREF, ATCC 51299). The group of peptide
antibiotics coronamycins is formed by a culture of actinomycete endophyte Streptomyces
sp. MSU-2110 isolated from the plant Monstera sp. Antibiotics inhibit the growth of fungi,
and also have activity against the pathogen of malaria P.falciparum [46]. Streptomyces
laceyi MS53 strain synthesizes 6-alkylsalicylic acids - salaceins A and B, which show
cytotoxicity against the human breast cancer cell line SKBR3 with IC50 values of 3.0 and
5.5"M, respectively [47, 48]. Pterocidin was isolated from the endophytic actinomycete
Streptomyces hygroscopicus TP-A045. It showed cytotoxicity against some human cancer
cell lines with IC50 values of 2.9-7.1"M [49]. A new chlorine-containing ansamycin called
naphtomycin K is formed by actinomycete endophyte Streptomyces sp. CS strain isolated
from the medicinal plant Maytenus hookeri. It showed cytotoxic activity against cell lines
P388 and A-549 in IC50 0.07 and 3.17 ¢cM [50, 51]. Two new macrotetrolides were
obtained from Streptomyces sp. 1s9131 culture — dimeric dinactin and dimeric nonactin.
The results of the biological activity analysis showed that dimeric dinactin has a high
antitumor and antibacterial activity [52].

To date, the variety of cultivated endophytic actinobacteria is at the initial stage of
research. There is a huge variety of endophytic actinobacteria in plants, which are of great
economic importance due to their ability to produce promising bioactive substances,
including antimicrobial, antioxidant, anticancer and other pharmaceutical compounds [53].
560 endophytic actinomycetes were isolated from medicinal plants in China, which
showed broad-spectrum antimicrobial activity [54]. Such studies prove that endophytic
microorganisms are promising producers of valuable biologically active compounds.

Thus, endophyte microorganisms represent a rich and far from fully studied source of
new natural biologically active compounds with various structures and diverse biological
effects, potential for use in pharmaceutical and biotechnological practice. There is a wide
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variety of endophytic actinomycetes that have not yet been studied, and the chances of
finding new microorganisms are great in poorly explored habitats. In the context of the
aggravation of the pressing problems of modern society, the development of technologies
for obtaining and applying modern competitive and import-substituting microbial
preparations for various industries, medicine, agriculture and ecology is becoming a
priority task of the socio-economic development of states. In addition to medical
applications, new biologically active molecules can be useful in agriculture due to their
ability to stimulate plant growth; repel insects and pests; improve nutrient absorption.
Besides, endophytic actinobacteria can play a crucial role in environmental protection, in
maintaining certain natural habitats. The possibility of using our own diverse extreme
natural substrates opens up great opportunities for screening new competitive medicines,
which will create the basis for the development of an innovative pharmaceutical industry.
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TOO «HayuHO-1IpOoU3BOICTBEHHBIN LIEHTP MUKPOOHOJIOIMHU U BUPYCOJIOTUH, T. AJIMATBHI,
Kaszaxcran

OIIEHKA )KU3HECIIOCOBHOCTH ¥ BUOJOT MYECKOM AKTUBHOCTH
XJEBOIIEKAPHBIX 1 BUHHBIX JPOXKEN MOCJIE JJIATEJIBHOI'O
XPAHEHMUA

doi: 10.53729/MV-AS.2021.04.03

AHHOTAIIUS

B pabore mpexacraBieHbl pe3yNbTaThl TMPOBEPKH IKHU3HECIOCOOHOCTH U AKTUBHOCTH
XJIeOONEeKapHbIX M BUHHBIX OPOXOKEH, XPaHSIIIUXCS Pa3HbIMH CIIOCOOaMHU B KOJUICKLUH HAay4HO-
npou3BoAcTBeHHOro lLleHTpa MukpoOHosoruuM W BHUpycojorMH. Bce wnccnemyeMble IITaMMBbI
xJIeOOTeKapHbIX JPOXOKeH, 3a HCKIroueHueM Schizosaccharomyces pombe, B pasHoii creneHu
COXpaHWJIM CBOIO aKTHBHOCTh IIOCJE AJMTENbHOro xpaHeHus. HamOompinas moxbemHas cuiia
Haburoanach y KynsTyp Saccharomyces cerevisiae Paca IllenkoBckas u Saccharomyces cerevisiae
Paca «Coun b» npu xpaneHun 1o MUHEpaIbHBIM MacJIOM.

N3 Bcex BUJOB XpaHCHUA HAWJTYYIIUMU JJIs1 BUHHBIX nponcncef/'l ABJIAIOTCA METOBI IIEPECEBA U
xpanenus B 10% pacTBope rimieprHa nNpu HU3KUX Temmeparypax. [lpu atux cnocobax xpaHeHus
COXPAHSIOTCS BBICOKAasl >KM3HECTIOCOOHOCTh W OpouiibHAas aKTUBHOCTh. [Ipu XpaHeHHH TMOJ
MHUHEpPaJIbHBIM MacCJIOM aKTUBHOCTH ILpO)K)KeI‘/'I CHMXKACTCA.

KioueBble ci0Ba: KOJUIEKIHS, METOIAbl XpPaHEHUs, *XU3HECIIOCOOHOCTb, AKTUBHOCTb,
JPOKKH.

B xonnexuun Hay4HO-POU3BOACTBEHHOTO L{eHTpa MUKPOOHOIOTUU U BUPYCOJIOTUH
NONJEPKUBAIOTCA  KyJIbTYpbl ~ MHUKPOOPIaHM3MOB,  OTHOCSIIMECS K  Pa3IM4HbIM
CUCTEMATUYECKUM TpYIIaM, MEPCHEKTUBHbIE KaK Il HAyYHBIX UCCIEIOBAaHUM, TaK U JUIS
IIPOMBIIUIEHHBIX ILi€JIel. Bonbllyo rpynmy NpOMBIIUIEHHO-IIEHHBIX MHKPOOPTraHU3MOB
COCTABJISIIOT JPOXKH [1].

Ha npoTskeHnu ThICAYENeTHH JIOIM MCIONB3YIOT APOXOKH s (epMeHTaruu U
Bbineukd. O CyIIECTBOBAaHUM JAPOXKEH 3HANM elle IpeBHHE ETUNTSHE, NMPUMEHSS UX B
NUBOBAapeHUH M BbiNeuke xjeba. CoBpeMeHHas MHUIIEeBas MPOMBIIUICHHOCTh HIMPOKO
WCIIOJIB3YET pa3W4Hble BHJBI JIPOXIKEH I IPOU3BOACTBA BBICOKOKAYECTBEHHBIX
IIPOJIYKTOB.

Jposxoxu Saccharomyces cerevisiae siBiIslFOTCS OCHOBHBIM JIEHCTBYIOIIMM 3JIEMEHTOM
B Ipoueccax M3rotopiaeHUs BuHA [2]. CylllecTByeT MHOXKECTBO pac 3THX APOXIKEH U Y
KaXKIO0W U3 HUX CBOU 0cOOeHHOCTH. DOPMHUPOBAaHUE BBICOKUX BKYCOBBIX M apOMATUYECKUX
CBOWCTB BHHA 3aBUCHUT HE TOJILKO OT KauecTBa IepepadbaThiBa€MBbIX IUIOI0B U STOJ, HO U B
3HAQUUTEIIBHOM Mepe - OT >KU3HEIEATEIbHOCTH APOAOKEH, NMPUHUMAKOUIUX Y4YacTHE B
OpoxeHHH. BbICOKOKaueCTBEHHbIE BMHA MOXXHO MOJYYUTh TOJIBKO C YY4aCTHEM XOpPOLIO
10/100paHHBIX, OTCENIEKIIMOHUPOBAHHBIX JAPOXKIKEH.

M3BecTHO, UYTO  AKTUBHOCTh  JIPOXOKEH — ompenensercs  OpoAWIbHOH U
cnupTooOpasymomieil crocoOHOCThIO, YCBOCHHEM a30THCTHIX BEUIECTB U CaxapoB, CIIUPTO-
U KHCJIOTOBBIHOCIMBOCTBIO. Ha aKkTUBHOCTH IPOXOKEH BIMSIOT TakkKe KOHLIEHTPALUA
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CaxapoB U 3TUJIOBOTO CIIUPTA, YIJIEKUCIIBIN ra3, 1aBjieHUe, BBICYIINBAHUE, AHTUCENTUKU U
ap. [3]. Onnako npu XpaHEHUH IITAMMBI JOBOJBHO YacTO TEPSIOT CBOM IEPBOHAYAIbHBIC
CBOICTBa, B CBSI3U C 4Y€M, MOJJIEPKAHUE U COXPAHEHHUE TPOAOKEBBIX KYJIbTYp B TEUCHHE
JUTUTEIIBHOTO BpEMEHU 0€3 yTpaThl UX IMOJIE3HBIX KAYECTB MPEACTABISAET MEPBOCTEIIEHHYIO
BOKHOCTH [4].

MarepuaJbl 1 MeTObI UCCJIEIOBAHUM

OObekTaMH HCCIICAOBaHMS SBISUIMCH 13 BUHHBIX JAposokei: Saccharomyces
cerevisiae (vini) Ne Pucmunr 23, Saccharomyces cerevisiae (vini)Kaxypu-KaxeruHckas,
Saccharomyces cerevisiae (vini) VYprok, Saccharomyces cerevisiae (vini)Ereps 1,
Saccharomyces cerevisiae  (vini)[Ipukymckas 123/3, Saccharomyces cerevisiae
(vini)CnuBoBast 21, Saccharomyces cerevisiae (vini)Nelll-7, Saccharomyces cerevisiae
(vini)Myckar (68)16, Saccharomyces cerevisiae (vini)Ammopr 199, Saccharomyces
cerevisiae (vini)sonounsie 2(2), Saccharomyces cerevisiae (vini)2 kommuiekc Nel8,
Saccharomyces cerevisiae (vini)2 kommiekc Nel9, Saccharomyces cerevisiae (vini)2
komruieke Ne20 u 7 xmebomekapHbIX apoxokeit: Saccharomyces cerevisiae NePaca 14,
Saccharomyces cerevisiae Myrant N9, Saccharomyces cerevisiae NeA-21,
Saccharomyces cerevisiae Paca Kuprusckas, Saccharomyces cerevisiae Paca «Coun by,
Saccharomyces cerevisiae Paca Illenkosckas, Schizosaccharomyces pombe.

KynbTypbl apoxokell Ha XpaHEeHHE 3aKiaAblBaIl 3 crocodamu: METOJOM IepeceBa,
XpaHEeHUEe TMOJ] Ba3eJMHOBBIM MacioM u B 10% pacTBope riuiepuHa OpPH HUKHX
temneparypax. KynbTypel Oposkeid nepeceBald Ha CKOIIECHHYIO HHUTATENBHYIO Cpeay
Puzepa, KymbTHBHpoBamd B Tedenne 2 cyrok mpu t=30°C. Ilocie HcTedeHHs cpoka
UHKYOaMu TPOOMPKH C BBIpOCHICH KYIbTYpPOW 3aJIMBAIM CTEPHJIBHBIM Ba3eIMHOBBIM
MaclioM M XpaHWUJIM TpU KOMHATHON Temmeparype. C 2-CyTOYHBIX KYyJIbTYyp BUHHBIX
npoxoked nenanu cMbeiB 10% pactBopom riuiiepuHa. ['0ToByIo cycrnieH3u0 oobeMoM 1 mut
3aJMBAJIM B KPUONPOOUPKU. XpaHWIU B XOJOUIBHUKE IPU t=-18-20°C.

Ku3HecmocoOHOCTh ~ KJIIETOK — ONpEAeNsuId MO0  WHTEHCHBHOCTH  pocTa  Ha
arapu3oBaHHOW MHTATEIbHOW Ccpele CIEAYIOMUM 00pa3oM: KyJIbTYPBl, XpaHSAIIUECS
METOJIOM TIepeceBa, o MUHEpaIbHbIM MaciioM U B 10% pacTBope riuiepuHa npu HU3KUX
TEeMIepaTypax MepeceBaliv Ha CKOIIEHHYIO MUTATeNbHYI0 cpeay Punnep u BbIpanuBanu B
TeueHue 2-CYTOK B TepMocTate mpu temmeparype 28°C.

HccnenoBanust 1o oOMpeAeNeHu0 OpOoauIbHOW aKTUBHOCTH TPOBOJIWIINCH B
Ta00paTOPHBIX YCJIOBHSAX IO OOMIEHPUHATHIM 3aBOJACKUM MeTonam [5]. JpoxoxeBas
pa3BoJika TOTOBWJIACh B PAaBHBIX YCIOBUSAX Ha TMACTEPU30BAHHBIX SIOTOYHOM U
BUHOTPAJHOM coOKax. [[nsg OpokeHHs BHOCWIM JIBYXCYTOUHYIO KYJIBTYPY ApOXKEH B
kosmdectBe 2%. COpakuBanu s0J0YHBIH M BUHOTPAAHbIN coku, conepxammue 10 /100
oM’ caxapa, Ipu TeMIieparype 35°C.

OnpeneneHne TOABEMHOW CHIIBI JApOXKkedl. B  TepMocTar, mnpeaBapUTenbHO
pa3orpeThii 10 TEMIIEPATYPhI 35°C, momermaiy Ha 2 yaca 7 T IIICHHYHOMN mykH, 10—-15 mu
BOJHOTO pacTBOpa XJIOpUAa HATpUsi ¢ MaccoBod monedt 2,5%, MepHBId UWIHHIP C
BOJIOTIPOBOAHOM BOMOHM, ¢apdopoByto wyamky. OT cpemHel mnpoObl OTOMpanu u
B3BemmuBaiy 1o 0,31 r xmebonekapHbIX IpOoXOKel, EPeHOCH X B GpapdopoByro YaIllky,
npumuBain 4,78 MII BOJHOIO pacTBOpa XJIOpHUJa HATpPUsA A0 MOJYYEHUS OTHOPOIHOM
cycriensun. K monydeHHo# cycrieH3uu 100aBIsiu M0 7 T MIICHHYHOW MYKH, TIIATEIBHO
MepeMeNnBaIN U MPUAABATH MOJTYYEHHOMY TECTy mapooOpasnyio dopmy. IlomydenHoe
TECTO MOMEIIAJIH B IMJIMHAPHUUYECKYI0O €MKOCTh C BOJOIPOBOJHOM BOJIOM, HarpeTou o
TeMIepaTypbl 35°C, mocue 4ero eMKOCTb IOMELIAITH B TEPMOCTAT C TEMIIEPATYPO 35°C.

[Tokazarenp «moabeMHas CHlia APOXOKEH» paBeH MEpUOAY BPEMEHH B MHHYTaX,
MpOUIe/IIIEMY C MOMEHTA OITYyCKaHHUs TECTa B eMKOCTh JI0 €0 BCIUIBITHS, YMHOKEHHOMY Ha
ko3 duument 3,5.
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Pe3yabTaTsl M 00Cy:KI1eHHE

[IpoBeneHa OILIEHKA JKU3HECTIOCOOHOCTH — XJIEOOMEKApHBIX  JIPOXKKEH  IMOCie
AJIUTECIIBHOTO  XpPaHCHUA. O0BexTaMu HU3YUCHUA CIYXKWIHN CICAYIOINHUE IITaMMBbI:
Saccharomyces cerevisiae Paca 14, Saccharomyces cerevisiae Myrant Ne9,
Saccharomyces cerevisiae MeA-21, Saccharomyces cerevisiae Paca Kuprusckas,
Saccharomyces cerevisiae Paca «Coun by, Saccharomyces cerevisiae Paca IllenkoBckas,
Schizosaccharomyces pombe.

[Ipy npoBepke KHUIHECIIOCOOHOCTH  XJICOOMEKAPHBIX  JPOXOKEH  pe3ybTaThl
I/ICCJ'IC,Z[OBaHI/Iﬁ IIoKasajikd, 4YTO IIpH XpaHECHUHU METOIAOM IIEpECE€Ba Yy BCCX KYIBLTYP
BbDKHMBAEMOCTD JIYULIE, YEM MIPU OCTAIbHBIX METOAAX XpaHeHUs (Tadbiuua 1).

Tabmuma 1 - JKusHecmocoOHOCTH XJIEOOMEKAPHBIX JAPOXIKEH TpH pasHBIX crocobax
XpaHeHus

Crioco0 xpaHeHus
B 10% p-pe
Hazsanue KYJIBTYp METOAOM moJJ MUHCPAJIbHBIM rMaepruHa nmpu
rnepecena MacJIOM HU3KUX
TeMIIepaTypax
Saccharomyces cerevisiae Paca 14 +++ + ++
Saccharomyces cerevisiae NeA-21 +++ +++ +++
Saccharomyces cerevisiae Myrtant Ne9 +++ ++ +
Saccharomyyces cerevisiae Paca 4+ ++ -+
Kuprusckas
Saccharomyces cerevisiae Paca «Coun +++ + ++
b»
Saccharomyces cerevisiae Paca 4+ + 4
IIenxoBckas
Schizosaccharomyces pombe +++ + +
[Tpumedanue: +++ Xopommii poct, ++ cpellHuii pocT, + caadblid pocT

[Ipu xpanennu B 10% pacTBOpe IiMIEpUHA NMPH HU3KHX TEMIIEpaTypax KyJIbTYphI
MOKa3aJIi XOPOIIUH W CPEAHUN POCT W JIMIIH J[BA IITAMMa CJIa00 POCIM Ha MUTATEITHHON
cpene. Xyxke KU3HECOCOOHOCTh XJIEOOMEeKapHBIX JIPOAOKEH coXpaHseTcs MpU XpaHEeHUU
[0/l MUHEpaJIbHBIM MAacliOM: y 4YeThlpeX IITaMMOB HaOmtojascs cialblif pOCT, y ABYX —
CpEeIHUI1 U TOJIBKO OJIUH IITaMM TOKa3aJl XOPOIIHA POCT.

OnMHaKOBYIO BBDKMBAEMOCTH TPH BCEX TPEX METOJAX XpPaHEHHs IOKa3ajil JBeE
KynbTypbl:  Saccharomyces cerevisiae NeA-21, Saccharomyces cerevisiae Paca
Kuprusckas.

Ha cnenyromem stane Obuta n3ydeHa OMOJIOTHYECKAass aKTUBHOCTH XJIeOOMEKapHBIX
TPOKOKEH ToCTIe JUINTEEHOTO XPaHeHHs Pa3HBIME crioco0amu. Pe3ymbraTsl peacTaBiIeHbI
B Tabnue 2.

W3 maHHBIX TAaONWIBI BUAHO, YTO BCE HCCIIEAyeMBbIE INTAaMMBI XJIeOOIeKapHBIX
JPO’OKeH, 3a uckioueHueM Schizosaccharomyces pombe, B pa3HoOil cTeneHH COXpaHUIH
CBOIO AaKTHBHOCTh TIOCNE [UIMTENBHOTO XpaHeHWs. HawmOonpimas moabeMHas CuHiia
HaOmoganack y KyJiaeTyp Saccharomyces cerevisiae Paca Illenxosckas u Saccharomyces
cerevisiae Paca «Coun by mpu xpaHeHUH 0] MHHEPAIbHBIM MacioM — 77 MUH U 84 MuH,
COOTBETCTBEHHO. Y OCTAJBHBIX KYJIBTYpP XJIe0ONeKapHbIX APOXOKEH MObeMHAs CHila Oblia
Hibke. HanMeHbIyr0 aKTHBHOCTh MOKa3zan ImTamMm Saccharomyces cerevisiae Paca
Kuprusckas mocne XpaHeHHs 0] MHHEpaIbHBIM MaciioM U B 10% pacTBope riuiepuHa —
161 1 263 muH.
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Tabmuua 2 - AKTUBHOCTB XJ1€00MEKAPHBIX APOXKIKEH MOCe JUINTENLHOTO XPaHeHHUs

pa3sHbBIMU METOJaMU

[Tepecen MuHepanbHOE Macio 10% p-p rmuepuna
o bEMHA MoabEMHA oaAbEMHA
Hasganue kynsTyp BpeM BpeEMs BpeMs
BCIIJIBITUS A CHHaU BCIIBITUS A CHHaU BCIIIBITHUSA A CHHav
, MUH APOIKIKCH, , MUH APOIKIKEH, , MHH JAPOKIKCH,
MHWH MUH MHUH
Saccharomyces | 5 175 30 105 34 119
cerevisiae Paca 14
Saccharomyces | 5, 119 32 12 .
cerevisiae A-21
Saccharomyces
cerevisiae Myraut | 47 165 33 116 35 123
Ne9
Saccharomyces
cerevisiae Paca 38 133 46 161 75 263
Kuprusckas
Saccharomyces
cerevisiae Paca 40 140 22 77 40 140
[llenxoBckas
Saccharomyces
cerevisiae Paca 31 109 24 84 35 123
Couu b
Schizosaccharomyc
es pombe i ) i

I/I3yqua SKU3HECIIOCOOHOCTE BUHHBIX I[pO)I()KeI\/'I, 3aJI0OKCHHBIX Ha MIHUTCIBHOC
XpaHEHHue pa3HbIMU criocobamu (Tabnuia 3).

Pe3yJ'IBTaTLI HCCIICAOBaHUA ITOKAa3ajJInu, 4YTO U3 13 mrammoB 12 uMmenn XOpOHII/Iﬁ pocT
npyd XpaHCHHHM METOJOM IiepeceBa, a KyjibTypa Saccharomyces cerevisiae (vini)
[Tpukymckass 123/3 — cnabsiit poct. Ilpu XpaHeHMHM NOJ MHHEpaJbHBIM MacioM y 5
KyJbTyp ObljIa XOpoliias BEDKHBAEMOCTh, B TO BpeMs Kak y pac Jpoxoked Saccharomyces
cerevisiae (vini)2 xomrutekc Ne20, Saccharomyces cerevisiae (vini)Puciuuar Ne23,
Saccharomyces cerevisiae (vini) Ereps 1, Saccharomyces cerevisiae (vini)Ypmok,
Saccharomyces cerevisiae (vini) CauBoBast 21, Saccharomyces cerevisiae (vini)llI-7,
Saccharomyces cerevisiae (vini)Anmopt 199 — cnabas. Ilpu xpanennun B 10% pacTtBope
[JIMIEpUHa TpPU HU3KUX Temreparypax y 6 KyJbTyp BHMHHBIX JpOXokedl HaOmromasics

XOpOIIUA POCT, y OCTaJbHBIX INTaMMOB Saccharomyces cerevisiae (vini)lll-7,
Saccharomyces cerevisiae (vini)Kaxypu-Kaxerunckas, Saccharomyces cerevisiae
(vini)¥prok, Saccharomyces cerevisiae (vini) Ilpuxymckas 123/3, Saccharomyces

cerevisiae (vini)Anmopt 199, Saccharomyces cerevisiae (vini)Slomounsie  2(2),
Saccharomyces cerevisiae (vini) 2 xomruiekc Nel9 — cpenumii poct. U3 pe3ynbTatoB
I/ICCJ'ICI[OBaHI/Iﬁ BUJHO, YTO BCC UCIIOJIB3YyEMbIC HAMU MCTOABI COXPAHAIOT HITAMMbI BUHHBIX
JIPOKKEN B CTAOMIIHHO KU3HECTIOCOOHOM COCTOSTHUH.
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Tabmmia 3 - BepkuBaeMOCTh BUHHBIX JIPOKIKEH TIPH Pa3HBIX CIIOCO0aX XpaHEHUS

Croco0 xpaHeHus
10% p-p
HasBanue kynetyp M Hon TIIALEPHUHA IPU
€TOJ1 IepeceBa MUHEPaAJIbHBIM
MacJIOM HHSKHIX
TeMIIEpaTypax
Saccharomyces cerevisiae +++ + +++
(vini)Puciunr Ne23
Saccharomyces cerevisiae +++ +++ ++
(vini)Kaxypu-Kaxerunckas
Saccharomyces cerevisiae +++ + ++
(vini)Yprok
Saccharomyces cerevisiae (vini) +++ + +++
Ereps 1
Saccharomyces cerevisiae (vini) + +++ 4
[Mpukymckas 123/3
Saccharomyces cerevisiae (vini) +++ + +++
CnuBoBas 21
Saccharomyces cerevisiae ++ + 4
(vini)II-7
Saccharomyces cerevisiae (vini) +++ ++ +++
Myckat (68)16
Saccharomyces cerevisiae -+ + 4
(vini)Ammopt 199
Saccharomyces cerevisiae +++ +++ ++
(vini)SI6mounsre 2(2)
Saccharomyces cerevisiae (vini) -+ +++ -+
2 xomrurekc Nel8
Saccharomyces cerevisiae (vini) +++ +++ ++
2 xomruiekc Nel9
Saccharomyces cerevisiae (vini) -+ + -+
2 xomrurekc Ne2()

[Mpumedanue +++ XOpoWHiA pocT, ++ CpeHuil pocT, + cinadblii pocT, - HET pocTa

M3BecTHO, UYTO  AKTUBHOCTh  JIPOXOKEH  Ompenensercss  OpoAMIbHOH |
CIHUPTOOOpa3yIoIIeil CIOCOOHOCTHIO, YCBOCHUEM a30THUCTBIX BEIIECTB M CaxapoB, CIIUPTO-
U KUCIIOTOBBIHOCIHBOCTBIO.

Hamu mpoBeaeHBI HCCACIOBaHUS IO ONPEACICHUI0 OpOJUIBHOW aKTHBHOCTH
BUHHBIX JIPOXOKEH MOCIE JIUTEIBHOTO XpaHEeHUs. Pe3ysbTaThl MpeaCTaBieHbl B TaOIHIIe
4,

W3 mpejncTaBieHHBIX TaHHBIX TaOmWIl 4 BHIHO, YTO MmTaMM Saccharomyces
cerevisiae (vini) Pucmuar Ne23, XxpaHsammics MeTOJOM TiepeceBa, M INTaAMM
Saccharomyces cerevisiae (vini) Myckar (68)16 mpu Bcex Tpex CrIoco0ax XpaHCHHS
obyamany BBICOKOW OpOIMIBHOW aKTUBHOCTHIO. [IpyM ATOM BhIMagaeMblii OCaJOK HMEIN
3epHHUCTYIO CTPYKTYpPY, YTO CIIOCOOCTBOBAJIO OBICTPOMY OCBETJIICHHUIO COPOKEHHOTO
BUHOMaTepuana. MeHee aKTHBHBIMH OBLIM pachl JApOsokei Saccharomyces cerevisiae
(vini)Kaxypu-Kaxerunckas u Saccharomyces cerevisiae (vini)lll-7, cogepkanue crnupra
IIPpU X KyJIbTUBUPOBAHUU cocTaBmio 3,5-3,8 00. %, HO IIpU 3TOM OKpacka MOJy4eHHOTO
BHHA ObLTa OOJiee HHTEHCHUBHOM.
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Mertobl XpaHeHUS [Tokazarenu
crupt, 00.% IPOJI0I-
HaszBanue xynpTyp | Mcnons3oBaHue KHTCTIb-
HOCTb 0caJIoK
1 2 3 6
POXKEHMUS,
CYT.

Saccharomyces Bunorpagnoe 5 3,8 4 KpymHo-
cerevisiae BHUHOZEITHE IS 3€pPHHUCTHIN
(vini)Pucmuar CYXUX BHH
No23
Saccharomyces Bunorpannoe 3,8 3,5 3 Xoporio
cerevisiae BHUHOZEIHE IS chopMupoBaH,
(vini)Kaxypwu- CYXHX BHH NPUKPETIeH K
Kaxerunckas CTEHKaM

(3epHHCTHII)
Saccharomyces ITnonoso- 1,8 1,5 1,8 [IIaJKUI
cerevisiae (vini) ATOJTHOE
Ereps 1 BHHOJIEJINE
Saccharomyces ITnonoso- 1 0,8 0,5 [IIAJKUI
cerevisiae (vini) ATOJHOE
Ipuxymckas 123/3 | BuHOeNNE
Saccharomyces ITnoxoBo- 1 0,8 0,6 LIIaJKUiI
cerevisiae STOJTHOC
(vini)Yprok BUHOJICTTHE
Saccharomyces s nonyuenus | 3,5 3,5 3,5 KpytHo-
cerevisiae IAMITAHCKOTO 3€PHUCTBIN
(vini)II-7
Saccharomyces Bunorpaanoe 5,5 5,5 52 Xoporio
cerevisiae (vini) BUHOJICTTHE chopMHpOBaH,
Myckar (68)16 MIPUKPETUICH K

CTeHKaM

(3epHHCTHII)
Saccharomyces [TnonoBo- 1 3,5 3,5 KpymHo-
cerevisiae SITOTHOE 3€PHUCTBIN
(vini)sI6mounbIe BUHOJICTTHE
2(2)
Saccharomyces ITnonoBo- 0,8 0,8 0,8 T"'omoreHHEBIH,
cerevisiae (vini) ATOJHOE ILIOXO
Amnopt 199 BUHOJICIIHE chopMUpOBaH
Saccharomyces ITnonoso- 0,8 0,7 0,8 Xoporio
cerevisiae (vini) ATOJTHOE chopMHpOBaH
CnuBoas 21 BUHOJIEJINE
Saccharomyces Bunorpaanoe 1 1,2 0,8 TITAIKWH
cerevisiae (vini) BUHOJICITHE
Komruieke Nel8
Saccharomyces Bunorpannoe 0,7 0,8 0,8 TJIaIKUH
cerevisiae (vini) BUHOJICITHE
komuiekc Nel9
Saccharomyces Bunorpannoe 4,2 4,2 5 TJIaJKUN
cerevisiae (vini) BUHOJICITHE
komruiekc No2(

[Ipumeuanmne: 1 — Mmeron mepeceBa; 2 — MOA MHMHEpaTbHBIM MacioM; 3 — B 10% p-pe
[JIMLEPHUHA IIPY HU3KUX TeMIepaTypax
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[Ipu kynpTHBHpOBaHMM InTamMMa Saccharomyces cerevisiae (vini)2 xomrmuiexc Ne20
coJlep)KaHue CIUPTa ObLIO BBICOKUM U cocTaBisuio 4,2—5 00. %, ogHako oOpa3yemblil
0CaJIOK UMeEJI TIAJIKYI0 CTPYKTYpY. OcTanbHbIe pachl APOXIKEH TaKKe UMENIH MbUIEBUIHYIO
CTPYKTYpY OCaJKa.

W3 mnpencraBieHHBIX KyIbTyp ciiadoe OpokeHue HaOoaloch y MITaAMMOB
Saccharomyces cerevisiae (vini) Ammopr 199, Saccharomyces cerevisiae (vini)
IMpuxymckas 123/3, Saccharomyces cerevisiae (vini)2 xomruiekc Nel8 u Saccharomyces
cerevisiae (vini)2 xomrmiekc Nel9.

Takum 00pazoMm, M3 BCEX BUIOB XPAaHEHHS HAWIYYLIMM JUIS BHHHBIX IPOXKKEH
ABISIETCST MeToJ mnepeceBa M xpaHeHne B 10% pacTBope rivuepruHa OpH HU3KUX
temneparypax. Ilpu 3Tux crnocobax xpaHeHHs HAOIIOACTCA BBICOKAs KHU3HECTIOCOOHOCTD
u 6p0,Z[I/IJ'IBHa${ AdKTHUBHOCTD. HpI/I XpaHCHUU 110JT MHUHCPAJIbHBIM MACJIOM A4KTHUBHOCTbH
JIPOKKEHN OblJIa HECKOJIBKO HUXKE.
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I'"'T.JOKAKHWUBAEBA, O.H.INEMIIIYPA, JI.A.TIEYBEKOBA
«MuUKpOOUOIOTHS )KOHE BUPYCOJIOTHUS FHUIBIMU-0 HAIpICTIK opTaibirsly KILC,
Anmatsl K. Kazakcran

Y3AK YAKBIT CAKTAFAHHAH KEWTH HAYBAMXAHAJIBIK JKOHE IIIAPAII
AMIBITKBIJIAPBIHBIH OMIPIIEHAII'T MEH BUOJIOTI'UAJIBIK
BEJICEHAUIITTH BAFAJIAY

Tyitin

Kympicta MukpoOHonIorust %oHe BUPYCOJIOTUS FHUIBIMU-OHIIPICTIK OPTaTBIFBIHBIH
KOJUICKIIMACBIHIA  OPTYPJII  TOCUIAEPMEH  CakTajlFaH HayOaiixaHa MeH  Imaparn
AIIBITKBICHIHBIH OMIPIICHIITT MeH OeJCeHIITITiH TeKcepy HOTHXKeNepl YCHIHBUIFaH.
Schizosaccharomyces pombe kocmaranga, OapibIK 3epTTEITEH AlIBITKBI IITAMIAPhl Y3aK
YaKbIT CaKTaJlFaHHAH KeHiH opTyp:ii aspexene Oencenni Oonabl. EH yikeH keTepy Kyl
Saccharomyces cerevisiae wmomenuertepinae Oaiikanasl Il{enkoBcKas KapbIChl KOHE
Saccharomyces cerevisiae "Couu B" ’apbicbl MUHEpaJIIbl Maii aCThIH/IA CAKTAJIFaH KE3Ie.

bapnbIk cakray TypsiepiHiH 1MIiHZE IIapan ambITKbICHl YIIIH €H aKChl 9/1iC-TOMEH
Temneparypana riuuepunHin 10% epitinaicine KaifTa ce0y koHe cakray onictepi. by
CaKTay oMICTepIMEH >KOFaphl OMIPIIEHIIK TI€H amiblTy O€JNCEeHIITIr CcaKTajIaIbl.
Munepanapl Mail aCThIH/Ia CaKTAIFaH Ke3/1€ alllbITKbI OSICeH LTI TO MEHICH I

KiarTi ce3aep: xunHay, cakray 9/icTepi, ©MipIIeH/IK, OEICeHIUTIK, alllbITKBI.
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Abstract

The article presents the results of testing the viability and activity of baker's and wine
yeast stored in various ways in the collection of the Research and Production Center of
Microbiology and Virology. All observed strains of baker's yeast except of
Schizosaccharomyces pombe, retained their activity to varying degrees after long-term
preservation. The highest lifting force was observed in cultures of Saccharomyces
cerevisiae Rasa Schelkovskaya and Saccharomyces cerevisiae Rasa «Sochi B» when
preserved with mineral oil.

From the all preservation methods, the best one for wine yeast is subculture and
storage in a 10% glycerol solution at low temperatures. With these preservation methods,
high viability and fermentation activity are maintained. When stored with mineral oil, yeast
activity is reduced.

Keywords: collection, preservation methods, viability, activity, yeast.

The collection at the Research and Production Center of Microbiology and Virology
maintains cultures of microorganisms belonging to various systematic groups, promising
both for scientific research and for industrial purposes. A large group of industrially
valuable microorganisms are yeasts. [1].

For thousands of years, people apply yeast for fermentation and baking. The ancient
Egyptians knew about the existence of yeast, using it in brewing and baking bread. The
modern food industry makes extensive application of various types of yeast to produce
high quality products. The Saccharomyces cerevisiae yeast strain is the main active
element in wine making processes. [2]. There are many races of this yeast and each of
them has its own characteristics. The formation of high taste and aromatic properties of
wine depends not only on the quality of the processed fruits and berries, but also to a large
extent on the vital activity of the yeast involved in fermentation. High-quality wines can
only be obtained with the participation of well-chosen, selected yeasts.

It is known that the activity of yeast is determined by the fermentation and alcohol-
forming ability, the assimilation of nitrogenous substances and sugars, alcohol and acid
tolerance. The activity of yeast is also affected by the concentration of sugars and ethyl
alcohol, carbon dioxide, pressure, drying, antiseptics and other. [3]. However, during
storage, strains quite often lose their primary properties, and therefore, maintaining and
preserving yeast cultures for a long time without losing their essentials qualities is of
paramount importance. [4].

Materials and methods of research

The objects of the research were 13 wine yeasts: Saccharomyces cerevisiae (vini) No
Risling 23, Saccharomyces cerevisiae (vini)Kahuri -Kakhetinskaya, Saccharomyces
cerevisiae (vini) Uryuk, Saccharomyces cerevisiae (vini)Eger 1, Saccharomyces cerevisiae
(vini)Prikumskaya 123/3, Saccharomyces cerevisiae (vini)Slivovaya 21, Saccharomyces
cerevisiae (vini)NeSh-7, Saccharomyces cerevisiae (vini)Muskat (68)16, Saccharomyces
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cerevisiae  (vini)Aport 199, Saccharomyces cerevisiae (vini)Yablochnye 2(2),
Saccharomyces cerevisiae (vini)2 complex Nel8, Saccharomyces cerevisiae (vini)2
complex Nel9, Saccharomyces cerevisiae (vini)2 complex Ne20 and 7 baker's yeast:
Saccharomyces cerevisiae NecRasa 14, Saccharomyces cerevisiae Mutant Ne9,
Saccharomyces cerevisiae NeA-21, Saccharomyces cerevisiae Rasa Kirgizskaya,
Saccharomyces cerevisiae Rasa «Sochi B», Saccharomyces cerevisiae Rasa Shelkovskaya,
Schizosaccharomyces pombe.

Yeast cultures were planted in 3 ways: by reseeding, preservation with Vaseline oil,
and in 10% glycerol solution at low temperatures. Yeast cultures were inoculated on the
slanted nutrient medium of the Reader, cultivated for 2 days at t=30°C. After the expiration
of the incubation period, the tubes with the grown culture were filled with sterile vaseline
oil and stored at room temperature. From 2-day cultures of wine yeast, a wash was done
with a 10% solution of glycerol. The prepared suspension with a volume of 1 ml was
poured into cryovials. Stored at refrigerator with t=-18-20°C.

Cell viability was determined by the intensity of growth on an agar nutrient medium
as follows: cultures stored by reseeding under mineral oil and in 10% glycerol solution at
low temperatures were subcultured into a slanted Ridder nutrient medium and grown for 2
days in a thermostat at a temperature of 28°C.

Studies to determine fermentation activity were carried out at laboratory conditions
according to generally accepted factory methods [5]. Yeast wiring was prepared under
equal conditions on pasteurized apple and grape juices. For fermentation, a two-day yeast
culture was added in an amount of 2%. Apple and grape juices containing 10 g/100 cm3 of
sugar were fermented at a temperature of 35°C.

Determination of the lifting power of yeast. 7 g of wheat flour, 10-15 ml of an
aqueous solution of sodium chloride with a mass fraction of 2.5%, a measuring cylinder
with tap water, and a porcelain cup were placed in a thermostat, preheated to a temperature
of 35°C, for 2 hours. From the average sample, 0.31 g of baker's yeast was taken and
weighed, transferred to a porcelain cup, 4.78 ml of an aqueous solution of sodium chloride
was added until a homogeneous suspension was obtained. 7 g of wheat flour were added to
the resulting suspension, thoroughly mixed, and the resulting dough was spherical. The
resulting dough was placed in a cylindrical container with tap water heated to a
temperature of 35°C, after which the container was placed in a thermostat with a
temperature of 35°C.

Yeast lift is equal to the period of time in minutes from the moment the dough is
lowered into the container until it rises, multiplied by a factor of 3.5

Results and discussion

An assessment of the viability of baker's yeast after long-term storage was carried
out. The following strains served as the objects of study: Saccharomyces cerevisiae Rasa
14, Saccharomyces cerevisiae Mutant N9, Saccharomyces cerevisiae NeA-21,
Saccharomyces cerevisiae Rasa Kirgizskaya, Saccharomyces cerevisiae Rasa «Sochi B »,
Saccharomyces cerevisiae Rasa Shelkovskaya, Schizosaccharomyces pombe.

During the examination of baker's yeast viability, the results of the research showed
when preservation by the subculture method, all cultures have a better survival rate than
with other storage methods (table 1).
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Table 1 - Viability of baker's yeast with different preservation methods

Preservation method
Culture name Culture . . . in 10% solutlon of
method With mineral oil glycerin at low
temperatures
Saccharomyces cerevisiae Rasa 14 +++ + ++
Saccharomyces cerevisiae NeA-21 +++ +++ +++
Saccharomyces cerevisiae Mutant Ne9 +++ ++ +
Saccharomyyces cerevisiae Rasa +++ ++ +++
Kirgizskaya
Saccharomyces cerevisiae Rasa «Sochi +++ + ++
B»
Saccharomyces cerevisiae Rasa +++ + ++
Shelkovskaya
Schizosaccharomyces pombe +++ + +

Notes: +++ good growth, ++ average growth, + weak growth

When stored in a 10% glycerol solution at low temperatures, the cultures showed
good and medium growth, and only two strains grew weakly on a nutrient medium. Worse,
the viability of baker's yeast is preserved when stored under mineral oil: four strains
showed poor growth, two had medium growth, and only one strain showed good growth.

Two cultures showed the same survival in all three preservation methods:
Saccharomyces cerevisiae NeA-21, Saccharomyces cerevisiae Rasa Kirgizskaya.

At the next stage, the biological activity of baker's yeast was researched after long-
term preservation in various ways. The results are presented in table 2.

It can be seen from the table that all the studied strains of baker's yeast, with the
exception of Schizosaccharomyces pombe, retained their activity to varying degrees after
long-term storage. The highest lifting force was observed in cultures of Saccharomyces
cerevisiae Rasa Shelkovskaya and Saccharomyces cerevisiae Rasa "Sochi B" when stored
with mineral oil - 77 min and 84 min, respectively. The rest of the cultures of baker's yeast
had a lower lifting force. The lowest activity was shown by the strain Saccharomyces
cerevisiae Rasa Kirgizskaya after storage under mineral oil and in 10% glycerol solution -
161 and 263 min.

Table 2 - Activity of baker's yeast after long-term preservation by different methods

Cultivation Mineral oil 10% glycerin solution
Culture name lifting lifting lifting
ascent ascent ascent
time, min force Of time, min force Of time, min force Of
yeast, min yeast, min yeast, min
1 2 3 4 5 6 7
Saccharomyces 50 175 30 105 34 119
cerevisiae Rasa 14
Saccharomyces 34 119 32 112 -
cerevisiae A-21
Saccharomyces 47 165 33 116 35 123
cerevisiae Mutant
N9
Saccharomyces 38 133 46 161 75 263
cerevisiae Rasa
Kirgizskaya
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Table 2 continuation

1 2 3 4 5 6 7
Saccharomyces 40 140 22 77 40 140
cerevisiae Rasa

Shelkovskaya
Saccharomyces 31
cerevisiae Rasa

Sochi B

Schizosaccharomyc - - -
es pombe

109 24 84 35 123

During the research was studied the viability of wine yeast stored for long-term
preservation in various ways (Table 3).

The results of the research show that out of 13 strains, 12 had good growth during
storage by reseeding, and the culture of Saccharomyces cerevisiae (vini) Prikumskaya
123/3 had poor growth. When stored with mineral oil, 5 cultures had good survival, while
yeast races Saccharomyces cerevisiae (vini) 2 complex Ne20, Saccharomyces cerevisiae
(vini) Risling Ne23, Saccharomyces cerevisiae (vini) Eger 1, Saccharomyces cerevisiae
(vini) Uryk, Saccharomyces cerevisiae (vini) Slivovaya 21, Saccharomyces cerevisiae
(vini) Sh-7, Saccharomyces cerevisiae (vini)Aport 199 — week. When stored in a 10%
glycerol solution at low temperatures, 6 cultures of wine yeast showed good growth, the
remaining strains Saccharomyces cerevisiae (vini) Sh-7, Saccharomyces cerevisiae (vini)
Kahuri-Kakhetinskaya, Saccharomyces cerevisiae (vini) Uryk, Saccharomyces cerevisiae
(vini) Prikumskaya 123/3, Saccharomyces cerevisiae (vini)Aport 199, Saccharomyces
cerevisiae (vini) Yablochnie 2(2), Saccharomyces cerevisiae (vini) 2 complex Nel9 —
average growth. It can be observed from the research results that all the methods we use
keep wine yeast strains in a stable viable state.

Table 3 - Survival of wine yeast with different preservation methods

Preservation method
Culture method in 10% solution of
Culture method With mineral oil glycerin at low
temperatures
1 2 3 4
Saccharomyces cerevisiae +++ + +++
(vini) Risling Ne23
Saccharomyces cerevisiae +++ +++ ++
(vini) Kahuri Kakhetinskaya
Saccharomyces cerevisiae +++ + ++
(vini) Uryk
Saccharomyces cerevisiae +++ + +++
(vini) Egerl
Saccharomyces cerevisiae + +++ ++
(vini) Prikumskaya 123/3
Saccharomyces cerevisiae +++ + +++
(vini) Slivovaya 21
Saccharomyces cerevisiae ++ + ++
(vini) Sh-7
Saccharomyces cerevisiae +++ ++ +++
(vini) Muskat (68)16
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Table 3 continuation

1 2 3 4
Saccharomyces cerevisiae +++ + ++
(vini) Aport 199
Saccharomyces cerevisiae +++ +++ ++
(vini) Yablochnie 2(2)

Saccharomyces cerevisiae +++ +++ +++
(vini) 2 complex Nel8
Saccharomyces cerevisiae +++ +++ ++
(vini) 2 complex Nel9
Saccharomyces cerevisiae +++ + +++
(vini) 2 complex Ne20

Notes: +++ good growth, ++ average growth, + weak growth

It is known that the activity of yeast is determined by the fermentation and alcohol-
forming ability, the assimilation of nitrogenous substances and sugars, alcohol and acid
tolerance.

We have carried out studies to determine the fermentation activity of wine yeast after
long-term storage. The results are presented in table 4.

From the data presented in Table 4, it can be seen that the strain of Saccharomyces
cerevisiae (vini) Risling Ne23, stored by reseeding, and the strain of Saccharomyces
cerevisiae (vini) Muskat (68) 16, with all three storage methods, had high fermentation
activity. At the same time, the precipitated had a granular structure, which contributed to
the rapid clarification of the fermented wine material. The yeast races Saccharomyces
cerevisiae (vini) Kahuri-Kakhetinskaya and Saccharomyces cerevisiae (vini) Sh-7 were
less active, the alcohol content during their cultivation was 3.5-3.8 vol. %, but the color of
the resulting wine was more intense.

Table 4 - Characteristics of the fermentation activity of wine yeast

Preservation methods Indicators
Culture name Application alcohol % duration of L
1 2 3 fermentation, | precipitation
days.

1 2 3 4 5 6 7
Saccharomyces Grape 5 3,8 4 7 Coarse-
cerevisiae (vini) winemaking for grained
Risling Ne23 dry wines
Saccharomyces Grape 3.8 3,5 3 7 Well formed,
cerevisiae (vini) winemaking for attached to
Kahuri dry wines walls
Kakhetinskaya (grainy)
Saccharomyces Fruit and berry | 1,8 1,5 1,8 7 smooth
cerevisiae (vini) winemaking
Egerl
Saccharomyces Fruit and berry | 1 0,8 0,5 7 smooth
cerevisiae (vini) winemaking
Prikumskaya 123/3
Saccharomyces Fruit and berry | 1 0,8 0,6 7 smooth
cerevisiae (vini) winemaking
Uryk
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1 2 3 4 5 7
Saccharomyces For champagne | 3,5 3,5 3,5 Coarse-
cerevisiae (vini) making grained
Sh-7
Saccharomyces Grape 5,5 5,5 5,2 Well formed,
cerevisiae (vini) winemaking attached to
Muskat (68)16 walls

(grainy)
Saccharomyces Fruit and berry | 1 3,5 3,5 Coarse-
cerevisiae (vini) winemaking grained
Yablochnie 2(2)
Saccharomyces Fruit and berry | 0,8 0,8 0,8 Homogeneou
cerevisiae (vini) winemaking s, poorly
Aport 199 formed
Saccharomyces Fruit and berry | 0,8 0,7 0,8 7 well formed
cerevisiae (vini) winemaking
Slivovaya 21
Saccharomyces Grape 1 1,2 0,8 7 smooth
cerevisiae (vini) 2 | winemaking
complex Nel8
Saccharomyces Grape 0,7 0,8 0,8 7 smooth
cerevisiae (vini) 2 | winemaking
complex Nel9
Saccharomyces Grape 4,2 4,2 5 7 smooth
cerevisiae (vini) winemaking
complex Ne20

Notes: 1 - reseeding method; 2 - with mineral oil; 3 - in 10% solution of glycerol at low

temperatures

When cultivating the strain Saccharomyces cerevisiae (vini) 2 complex Ne20, the
alcohol content was high and amounted to 4.2-5 vol. %, however, the formed precipitate
had a smooth structure. The rest of the yeast races also had a pulverulent sediment
structure.

Of the presented cultures, weak fermentation was observed in strains of
Saccharomyces cerevisiae (vini) Aport 199, Saccharomyces cerevisiae (vini) Prikumskaya
123/3, Saccharomyces cerevisiae (vini) 2 complex Nel8 and Saccharomyces cerevisiae
(vini) 2 complex Nel9.

Thus, of all types of storage, the best method for wine yeast is the method of
subculture and storage in a 10% glycerol solution at low temperatures. With these methods
of storage, high viability and fermentation activity are observed. Yeast activity was slightly
lower when stored under mineral oil.
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AHHOTALIUSA

B crartee mpuBeneHnl pe3ynbTaThl MOHHUTOPHHTOBBIX oOcnemoBanuii B FOxuOM, FOrO-
Bocrounom wu lLlentpanmsHoMm permonax Kaszaxcrana nukmx mocamok sOmonm CuBepca Ha
MOPaKEHHOCTh 0OJNe3HAMH. B  Xome MpOBEACHHBIX HCCIIEAOBAaHMN yCTAaHOBJIEHO, 4YTO B
00CIIeTOBaHHBIX PErMOHAX BCTpEYaNIUCh Takue OonesHu, kak mapma (Fusicladium dendriticum),
MoHHIHO3Has TwiogoBas rauab (Monilia fructigena), murocnopos (Cytospora capitata), myunucras
poca siononn (Podosphaera leucotricha), psxaBumna (Gymnosporangium juniperinum Mart.) u
MATHUCTOCTH Pa3Iu4HOM 3THonornu. B 3acynuuBenii 2021 rog Ha JUKOIIIONOBBIX HACAKICHUSIX
NpPOSIBIICHHE TAapIIf, MOHWIMO3HOW IUIOAOBOM THWIM, DPAa3JIMYHBIX BUAOB ISTHUCTOCTEH U
pkaBunHBl ObUTO crabbiM. OcHOBHOM Oone3Hp0 B 2021 romy Obima MydyHHCTas poca, KOTopas
Mapa3suTUpoBaja Ha YTHETEHHBIX 3aCYXO0H JepEBbIX.

KaoueBble cj10Ba: MOHUTOPUHI, Ooyie3HH, aukas s0soHs CuBepca, (QUTONATOICHBI,
BO30YIUTEIH

Nukast sionmonst Kazaxcrama Malus sieversii (Ledeb) M.Roem., sBistromasics
a0OpUTreHOM Ka3aXCTaHCKHUX IUIOJOBBIX JIECOB, MPU3HAHA POAOHAYAILHUKOM SOTOHU
Malus domestica. B HacTosiiiee Bpemsi TEHETHYECKHE pECypChl SOJOHEBBIX JICCOB
SBIISIFOTCS. MUPOBBIM HCTOYHUKOM T'€HOB YCTOWYMBOCTHU ISl CENEKIIUU TJIOJJOBBIX KYIBTYP.
I'enodonn kazaxcranckoit sOmonu CuBepca MOXKET CIYKUTh OCHOBOW I CO3JaHUS
3UMOCTOMKHUX, 3aCYXOYCTOWYHMBBIX, YCTOHYMBBIX K Oosie3HsSM copToB. Ha Tepputopuu
Kazaxcrana pomu si6moHu CuBepca COCpPEIOTOYEHBI B OCHOBHOM B 3aWJIMUCKOM U
JIxynrapckoM Anaray Ha BeicoTe 2500-3000 M Han ypoBHeM mops [1].

Ha cerogusmnuii 1eHb COCTOSIHUE 3TOT0 YHUKAIBHOTO T€HETUYECKOTO pe3epBaTa nu3-
3a BO3JICHCTBUS aHTPOIOTEHHOTO (haKTOpa OIIEHMBAETCS, KaK HEYJOBIETBOPUTEIHHOE.
HeraruBHBIMU BO3JACHCTBHSIMH ~ Ha  TPHPOJHBIE  OSKOCHUCTEMBI,  OINPEACITAIONTUMHU
JETpaIalliio0 TUIOAOBHIX JIECOB, SIBISIETCS MEXaHWYECKOe pa3pyllieHUe TUIOAOBHIX JIECOB U
UX MECT OOWTaHHs B pe3yabTaTe XO3SHCTBEHHOW MEATENILHOCTH dYeloBeka. S10moHs
CuBepca 3anHeceHa B Kpachyro kuury PecnmyOmmku KazaxcraH kak BHA C CHIBHO
COKpAIIAOITUMCS apeayioM [2].

CornacHo Konmenuuu 10 COXpaHEHHWI0O U YCTOWYMBOMY HCIOJB30BaHUIO
o6uopazHoobpa3uss B Pecryonmuke Kazaxcran no 2030 roma ocHOBHOW 3amadeit ObLTO
COXPaHHUTH JUKYIO sIOJOHIO in situ, pa3paboTaTh KOMILJIEKC MEPONPUITUIN, HAPABICHHBIX
Ha BOCIPOHU3BOJCTBO M TIOBBIIICHHE IPOJYKTUBHOCTH SOJOHHMKOB. Ho HemocraTkom
ATOr0 TMPOEKTa SBJSUIOCH TO, YTO B HEM HE YICNIAIOCHh JOCTATOYHOTO BHHMAHHUS
O0MopazHOOOpa3ni0 MHpa BPEIHBIX HACEKOMBIX M MaTOT€HHBIX MHKPOOPTaHU3MOB,
KOTOPBIC B OT/ICIbHBIC TOJIbI CTABST SIOJIOHHUKY HA TPAHU BBDKUBAHUS U Jaxke rudenu [3].
bone3sHn papeBecHBIX KyJIbTYp M KYCTapHUKOB BBI3BIBAIOT MAacCOBOE YCBIXaHHE W
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ocnabyieHue JecoB, KpOME TOro, MPUBOAST K TUOENU OTAEIbHBIX JEPEBbEB M IENBIX
YYaCTKOB JIECHBIX HacaxaeHui. Kak M3BeCTHO, M3 paHee NPOBEICHHBIX HCCIEAOBAHUI
[1,4-6], nukass s0J0HS TOpa)kaeTCs PA3TMYHBIMUA OOJIE3HSAMH, TIO3TOMY JUIsl HAc
NpPEACTaBsUT  OONBIIOW HMHTEPEC YCTAaHOBUTH (DUTOCAHUTAPHOE COCTOSHHE IMOCAIO0K
TUKOIUIOAOBBIX HacaxkaeHud s6monm CuBepca B HacTosilee BpeMs; BbBISIBUTH
JIOMUHAHTHBIE BUJBI 3a00J€BaHUN W B JalbHEHIIeM pa3paboTaTh MPEBEHTHBHBIC MEPHI
O0pBOBI C UCTIONIB30BAHUEM HKOJIOTMUECKU Oe30MacHbIX OHMOoNpenapaToB.

[lenpl0 HamMX WCCIEAOBAHWMA SBWJIOCH TPOBEJACHHE (DUTOMATOIOTHYECKOTO
oOcreoBaHUSl JUKOIUIOAOBBIX JIECOB, OIpeAeNieHuEe BUIOB OoJe3Hell UKo sS0JI0HU
CuBepca 1 u3ydeHue GUTONaToIOTHIecKoe COCTOSIHUA e€ ocaiok B Kazaxcrane.

OO0beKThI 1 METOABI UCCIETOBAHUI

OOBEeKTOM HCCNEAOBaHUS CIYKUIH KYJIbTYPbl MHUKPOOPTaHMU3MOB, BbIIEJICHHBIE C
00pa3IoB pa3IMYHBIX OpraHoOB (IUIO/ABI, JIUCThS, BETKH) MOCaI0K AUKOH s10;10HU CuBepca,
KOTOpBhIE OBLTM OTOOpaHbl B XOJe MapupyTHbIX oOcienoBanuii B HOxxHom, FOro-
Bocrounom u LlentpanbHoMm permonax Kazaxcrana. O6cnenoBanue npoBoamiu B 2021
roJly COBMECTHO C COTpyaHHMKamu Ka3axckoro Hay4HO-HCCIIEOBATEIbCKOTO HHCTUTYTA
mmonooBomeBoacTBa (KasHUUWII) B mepuon pocta m mogoHomeHus s6monn. OTOOp
00pa310B MOPaKEHHBIX OPTraHOB SO0JIOHU MPOU3BOJUIIHN C COOIIIO/IEHUEM MPaBUI 0TOOpa U
TPAaHCIIOPTUPOBKH OHMOJIOTUYECKOTO Marepuania, MCKITFOYAIOIIINX BHEIITHIOIO
KOHTaMHHAIIMIO U 00€CTIeYNBAIOIINX COXPAHHOCTh UCXOTHOM MUKPOGIIOpHI [§].

st OlleHKM Ka4yeCTBEHHOTO M KOJIMYECTBEHHOTO COCTaBa MHMKPOOOIIEHO30B
bunnocdepsl S07I0HN UCTOIB30BAIM METOJI CMbIBA U METOJ HAaKOIUTENbHBIX KYIbTYp [9-
11]. Jlna BbIaeneHUS] MUKPOOPTAaHU3MOB HCIOJIB30BAINCH CEJIEKTUBHBIC MHUTATEIIbHBIC
cpenst: PITA, CITA u MRS — mns 6axrepuit, KI'A — ans rpubos, CaGypo — 115 ApoxoKeH,
Yaneka-/[okca — 111 aKTHHOMHUIIETOB. OxkpammBanue OaxTepuit o I'pamy
BBITIOJHSUIH TI0 MeToauke, onucannoi Claus [10]. Mopdonoruro KJIETOK
UCCJIEIOBAJIN CBETOBOM MUKpOCKOIUEN (MKCHPOBAHHBIX MpenapaTos [11].

NnenTudukanuo MHKPOOPTaHU3MOB TPOBOAMIM Ha OCHOBAaHHM HM3yUeHUS
MOP(OJIOTO-KYIbTYypaIbHBIX ~ CBOMCTB  C  HCIOJB30BAHHEM  COOTBETCTBYIOIIHUX
onpenenutenei [12-14].

Pe3yabTaTsl U 00Cy:KICHUE

C uenbio BBIABIECHUS OCHOBHBIX Oosie3Hel nukoil s0;0HM CuBepca Hamu B 2021
rofy ObLIM MpPOBEeAEHBI (PUTOCAHUTAPHBIE 00CIIEIOBAHUS MTOCAJOK B PA3IMUHBIX PErHOHaX
Kazaxcrana. B xoJe IPOBEJCHHBIX o0crnenoBaHui OCYIIIECTBIICH yuer
pacIpoCTPaHEHHOCTH M BPEIOHOCHOCTH JOMUHAHTHBIX BUIOB Oosie3Helt 10moHu CuBepca
(Tabmuua 1, pucynku 1-3).

YcTraHoBieHO, 4YTO B O0OCJENOBAaHHBIX pPErHOHaxX JIOMHUHAHTHBIMH  BHJIaMHU
3a00JIeBaHNM, TIPEICTABIISIONINE OMACHOCTD sl si070HU CHBepca, SBISIFOTCS CIETYIOITHe
Buabl Oonesneit: mapma (Fusicladium dendriticum), mMoHunIMO3Has TMJI0J0Bas THWJIb
(Monilia fructigena), murtocnopo3 (Cytospora capitata), myunucras poca sSOJOHH
(Podosphaera leucotricha), pxaBumna (Gymnosporangium  juniperinum Mart.),
nsiTHUCTOCTH (Bacterium cerasi) pa3nu4Hoi STHOIOTHH.

OcHOBHOI 00J€3HBIO, NMPUHOCSIIEH yuiepd TUKUM SOJOHEBBIM cajaM, SIBISETCS
napiia, BeI3biBaeMasi rpuOkom Venturia inaequalis. Dta uHpeKIus CHIKAET ypOKalHOCTh
IUIOJIOBBIX JIEPEBBEB M YXYJIIAeT KAaueCTBO IJIOZOB. YcTaHOBIeHO, uto B 2021 romy
KIMMaTH4eckue yciuoBus it Kazaxcrana ObITM BeChbMa 3acCyIUIMBBIMH, W TIOATOMY
NpOsIBIIEHUE 3TOro 3aboyieBaHHsl ObUIO ciaaObIM BO BCEX pErMoHax oOcieloBaHUsA, a B
OTJENIbHBIX HACaKIEHMUAX sIOJOHM Mapluia BOBCE OTCYTCTBOBana. Bo3Oyaurens JaHHOM
00J1€3HM OBLT BBIJIEJIEH C MMOPAXKEHHBIX JIUCTHEB U IJIOJI0B B NIEPUOJT BETE€TAIIMU IEPEBHEB.
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Bropoe Mectro 1o cTemeHM BpPEJOHOCHOCTHM 3aHMMaeT MYYHHCTas poca,
B030yauTenb- rpubd Podosphaera leucotricha. B cBsi3u ¢ TeM, uTo BO30yAMTENb 3TOM
MHGEKIUU SBIsIeTCs OOJIMIaTHBIM MMapa3uToOM, €€ MPOSBICHUE B 3TOT OCTPO3ACYILIUBBIM
roJl Ha YTHETEHHBIX PACTCHHSIX OBUIO 3HAYMTEIHHBIM. MaKCUMAIBHOE MMOpAKESHUE
OTJENBHBIX JepeBbsiX B TypkecTaHckod u JKaMObuIcKOW oOnacTsax moxomuio Ao 25%.
Bo30ynurens MydHHCTON pOCHI OBLT BBIJCIICH C MOJIOIBIX TTOOETOB U JINCTHEB SOIOHHU.

B nepuox mionoHomeHus ObulM OOHApyXKeHbl IUIOABI SOJOHHU, IOpaKEHHBIE
MOHMJIMO3HOW TUTIOJI0OBOM rHWIbI0 (Bo3Oymutenar Monilia fructigena Pers.)) 3ro
3a0osieBaHue B ci1a0oii creneHu Obulo oOHapyxeHo B JKoHrap-AnaTayCcKoM 3aroBEIHHUKE
(Uepnosckoe WY, Koxxkapckoe WNY) u Wine-Anatayckom 3anoBennuke (Yimense
Conpgatckoe, AKCaliCKO€ YIIIeIbe).

[{utocnopo3 (Bo3oyautens Cytospora capitata S.) BcTpeuayics BO BCEX pErHmOHax
o0cieoBaHuUs Ha OT/ICIIBHBIX JIEPEBhSIX B PA3JIMUHON CTENIEHU NposBiIeHH OT 5% 10 35%.

Bo30Oynurens 1muTocmopo3a ObBUT BBIIEICH C TMOPAKEHHBIX BETOK W CTBOJIOB
SIOJIOHM.

[pu3Haky mopakeHUsl p:kaBuMHON (Bo3OymauTesr Gymnosporangium juniperinum
Mart.) u apyrumu BUAaMy MSATHUCTOCTEH B caOON CTENEHU MPOSBISUIMCH HA €IUHUYHBIX
JIepeBBSIX U 0CO00 OIMACHOCTH JUIsl pACTEHUI HE MPeICTaBIsuI (Tabuma 2).

Takoe 3aboseBanue, Kak OakTepHalbHbI 0Xor (Bo30yaurenb Erwinia amylovora),
KOTOpPOE SIBJIIETCS 0CO0O BPEIOHOCHBIM Ha KYJIBTYPHBIX IOCaakax sOJOHM, Ha
JTUKOIUIOOBBIX HACAXKICHUSAX HE OOHAPYKEHO.
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Takum o0pa3om, B XoJle¢ MPOBEIEHHBIX MCCIEAOBAHUNA YCTaHOBIEHO, 4YTO B
oOcnenoBaHHBIX pernoHax Kaszaxcrana Berpeuanuch Takue Oosiesnm s0;10HM CuBepca, Kak
napira (Fusicladium dendriticum), monunmosnas tutomoBas ramias (Monilia fructigena),
mutocniopo3 (Cytospora capitata), myunucras poca somonu (Podosphaera leucotricha),
pkaBurHa (Gymnosporangium juniperinum Mart.) ¥ OSATHECTOCTH Pa3IHMYHOM 3THOJOTHH. B
3acynuiuBbiii 2021 rox Ha JUKOIUIOAOBBIX HACAKIACHUSIX NPOSBICHHE HapLIM, MOHMIMO3HON
IUIOZIOBOM THUJIM, PA3IMYHBIX BUAOB MSATHUCTOCTEH M piKaBUMHBI ObLIO ci1aObiM. OCHOBHOM
0onesnpto B 2021 rogy Obula Myd4HHCTas poca, KOTOpas IapasuTHUpOBala Ha YTHETEHHBIX
3aCyXOil IepeBbsX.

Pabora BeimonHeHa B pamkax HayuHo-TexHUueckoi nporpammsl KH MOH PK «3Okonoro-
UHTPOAYKIIMOHHBIA aHATN3 KOJUIEKIIMOHHBIX POHI0B ['0Ccy1apcTBEeHHBIX OOTAaHUYECKUX CaJlOB U
CKPUHUHT TIPUPOAHON (IIOpHl s Pa3pabOTKHM HAYyYHO-OOOCHOBAHHBIX PEKOMEHAALUH 1O
ACCOPTUMEHTY PacTeHUM JIJIsl 03€JICHEHUS TOPOJOB M HACEJIEHHBIX ITYHKTOB Pa3HbIX MPUPOIHBIX
30H Kazaxcrana»
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OHTYCTIK, OHTYCTIK-IbIFbIC ’KOHE OPTAJIbIK KABAKCTAH
KATJAUBIHAATBI CUBEPC AJIMA )KABAU )KEMIC OCIMJIEPIHIH
AYPYJIAPBIHA ®PUTOCAHUTAPJIBIK MOHUTOPUHI'

Tyitin

Makanana KazakcTaHHbIH OHTYCTIK, Onrycrik-11biFpIc J)KoHE OpTansik
aiimakrapeiHaarkl CHBEpC ajMa aralibIHBIH ka0albl eKITeIepiH aypyFa MIAABIFYFa )KYPri3iireH
MOHHUTOPHHITIK 3€pTTEYJIEpAiH HOTIXKeNepi OepiareH. 3eprreynep OapbIChIHAA 3€pTTENreH
aiimakrapna kotelp (Fusicladium dendriticum), monwmmmo3 wripiri (Monilia fructigena),
nurocrnopo3 (Cytospora capitata), anma yaTaktel kerepy (Podosphaera leucotricha), tar
(Podosphaera leucotricha) cusikTel aypynapasiH 6ap exenairi anbiktaiasl. (Gymnosporangium
juniperinum Mart.) skoHe opTypiIi STHONIOTHSHBIH gakTapbl. Kyprak 2021 KbUibl xKabaiibl KeMic
EKITeTIepiH/Ie KOTBIPABIH, MOHIJIMO3/BIK >KEMIC IIIPIKTEePiHIH, TYpJi MaKTapAblH XOHE TOT
OacynblH KepiHici onci3 001abl. AFBIMIAFBI KBUILABIH HETI3T1 aypybl KYPFaKIIBUIBIKTAH a3arl
NICKKEH araiTap/a Mmapa3uTTEHTeH YHTAKThl Kerepy OOJIIbI.

KiarTi ce3nep: MmoHuTOpUHT, aypynap, Sievers kabaifbl aqma arainbl, (UTOMATOTEHIED,
MaTOTeH.
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Abstract
The article presents the results of monitoring surveys in the Southern, South-Eastern and
Central regions of Kazakhstan of wild plantings of the Sievers apple tree for disease infestation.
During the research, it was found that in the surveyed regions there were such diseases as scab
(Fusicladium dendriticum), moniliose fruit rot (Monilia fructigena), cytosporosis (Cytospora
capitata), apple powdery mildew (Podosphaera leucotricha), rust (Gymnosporangium
juniperinum Mart.) and spotting of various etiologies. In the drought period of 2021, the
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manifestation of scab, moniliose fruit rot, various types of spotting and rust on wild fruit
plantations was weak. The main disease in 2021 was powdery mildew, which parasitized
drought-stricken trees.

Key words: monitoring, diseases, Sievers wild apple tree, phytopathogens, pathogen

Kazakhstani wild apple tree Malus sieversii (Ledeb) M. Roem., which is a native of
Kazakhstani fruit forests, is recognized as the ancestor of the apple tree Malus domestica. In our
days, the genetic resources of apple forests are recognized as the world source of resistance
genes for the selection of fruit crops. The gene pool of the Kazakhstani Sievers apple tree can
serve as the basis for the creation of winter-hardy, drought-resistant, disease-resistant varieties.
On the territory of Kazakhstan, groves of the Sievers apple tree are concentrated mainly in the
Zailiysky and Dzungarian Alatau at an altitude of 2500-3000 m above sea level [1].

Today, the state of this unique genetic reserve is assessed as unsatisfactory due to the
impact of the anthropogenic factor. The negative impacts on natural ecosystems that determine
the degradation of fruit forests are the mechanical destruction of fruit forests and their habitats as
a result of human activities. The Sievers apple tree is listed in the Red Book of the Republic of
Kazakhstan as a species with a greatly reduced range [2].

According to the Concept for the conservation and sustainable application of biodiversity
in the Republic of Kazakhstan until 2030, the main goal was to preserve the wild apple tree in
situ, develop a set of measures aimed at the reproduction and increase in the productivity of
apple trees. However, the disadvantage of this project was that it did not pay enough attention to
the biodiversity of the world of harmful insects and pathogenic microorganisms, which in some
years put apple trees on the verge of survival and even death [3]. Diseases of tree crops and
shrubs cause massive drying and weakening of forests, in addition, it leads to the death of
individual trees and entire areas of forest plantations. As is known from previous studies [1,4-6],
the wild apple tree is affected by various diseases. Therefore, it was of great concern to us at the
moment what is the phytosanitary state of plantings of wild fruit plantations of the Sievers apple
tree. To identify dominant types of diseases and further develop preventive measures to combat
the use of environmentally sustainable biological products.

The aim of our research was to conduct a phytopathological examination of wild fruit
forests and to determine the types of diseases of the wild Sievers apple tree and to study the
phytopathological state of its plantings in Kazakhstan.

Objects and methods of research

The object of the research was cultures of microorganisms isolated from samples of
various organs (fruits, leaves, branches) of Sievers wild apple plantations, which were selected
during route surveys in the South, South-East and Central regions of Kazakhstan. The
examination was carried out in 2021 together with the employees of the Kazakh Research
Institute of Horticulture (KazRIH) during the period of growth and fruiting of the apple tree. The
selection of samples of the affected organs of the apple tree was carried out in compliance with
the rules for the selection and transportation of biological material, excluding external
contamination and ensuring the safety of the original microflora [§].

To assess the qualitative and quantitative composition of microbiocenoses of the apple
phyllosphere, in this case were used the flush method and the method of enrichment cultures [9—
11]. There are selective nutrient media: RPA, SPA and MRS for bacteria, CHA for fungi,
Sabouraud for yeast, and Czapeka-Dox for actinomycetes were used for the isolation of
microorganisms.

Bacterial Gram staining was performed according to the method described by Claus [10].
Cell morphology was examined by light microscopy of fixed preparations [11].

Identification of microorganisms was carried out on the basis of the study of
morphological and cultural properties using the appropriate determinants [12-14].
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Results and discussion

In order to identify the main diseases of the Sievers wild apple tree, in 2021 we conducted
phytosanitary research of their plantings in various regions of Kazakhstan. During the research,
we identified the prevalence and harmfulness of the dominant types of diseases of the Sievers
apple tree (Table 1, figure 1-3). It has been established that in the examined regions, the
dominant types of diseases that pose a danger to the Sievers apple tree are the following types of
diseases: scab (Fusicladium dendriticum), moniliose fruit rot (Monilia fructigena), cytosporosis
(Cytospora capitata), powdery mildew of the apple tree (Podosphaera leucotricha), rust
(Gymnosporangium juniperinum Mart.), spotting (Bacterium cerasi) of various etiologies.

Scab, caused by a fungus (Venturia inaequalis), is the main disease affecting wild apple
orchards. This disease reduces the yield of fruit trees and impairs fruit quality. It was found that
in 2021, the climatic conditions for Kazakhstan were very dry, and therefore the manifestation of
diseases was weak in all regions of the study, and in some apple plantations it was completely
absent. The causative agent of this disease was isolated from affected leaves and fruits during the
growing season of trees.

Powdery mildew, the causative agent of the disease, the fungus Podosphaera leucotricha,
ranks second in terms of severity. Due to the fact that the causative agent of this disease is an
obligate parasite, the manifestation of the disease in this acutely dry year on oppressed plants
was significant. The maximum manifestation of the disease on individual trees in the Turkestan
and Zhambyl regions reached 25%. The causative agent of powdery mildew was isolated from
young shoots and leaves of an apple tree.

During the fruiting period, we found apple fruits affected by monilous fruit rot (Monilia
fructigena Pers.). This disease was found to a weak degree in the Zhongar-Alatau Reserve
(Chernovskoye AIl, Kokzharskoye AI) in the Ile-Alatau Reserve (Soldatskoe Gorge, Aksai
Gorge. Cytosporosis (Cytospora capitata S.) occurred in all regions of the survey on individual
trees in varying degrees of manifestation from 5% to 35%.

The causative agent of cytosporosis was isolated from the affected branches and trunks of
apple trees. Signs of damage by rust (Gymnosporangium juniperinum Mart.) and other types of
spotting were weakly manifested on single trees and did not pose a particular danger to trees
(Table 2). Such a disease as bacterial blight (Erwinia amylovora), which is especially harmful on
cultivated apple plantations, was not found by us on wild fruit plantations.
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To summarize, during the research it was found that in the established lacations there were
diseases such as scab (Fusicladium dendriticum), moniliose fruit rot (Monilia fructigena),
cytosporosis (Cytospora capitata), apple powdery rose (Podosphaera leucotricha), rust
(Gymnosporangium juniperinum). Mar.) and spotting of various etiologies. In the drought year
of 2021, large scab, moniliose fruit rot, various types of spotting and rust were detected on wild
fruit plantations. The principal disease in 2021 was powdery rose, which parasitized drought-
stricken trees.
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HCCJEIOBAHUE MPOTEOJUTUYECKOM U DK30IMOJIUCAXAPHU/I-
MNPOIYUUPYIOIIEN AKTUBHOCTHA MOJJIOYHOKHUCJIBIX U
MPOITMOHOBOKHUCJIBIX BAKTEPHUI, MIEPCIIEKTUBHBIX /11 IPUMEHEHUS
B AKBAKYJIBTYPE
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AHHOTALIUSA

HccnenoBana  mpoTeonuTHUYECKas aKTHBHOCTh W CIIOCOOHOCTh K MPOTYIHUPOBAHUIO
AK30MONUCaXapuIoB y 17 IMITaMMOB MOJIOYHOKHCIBIX OakTepwii W 8 IITaMMOB MPOMHOHOBOKHCIIBIX
Oaxtepuil. Hanbosee BHICOKOI MPOTEONIMTHUECKONH aKTUBHOCTBIO CPENU MCCIEAYEMBIX MOJOYHOKUCIBIX
Oaktepuii 007amar0T BHOBH BbimeneHHble u3oisaTel Wf-20, WF-2, Wf-10 u komieKnuoHHBIH IITaMm
Lacticaseibacillus casei Ai-2. Cpean mpONHOHOBOKUCIBIX OakTepuii Hanboiee BBHICOKON MPOTEHHA3HO-
MENTUIA3HOM aKTUBHOCTBIO 00JIaar0T HOBBIE M30MATEl [1-2, [1-3, [1-4, 11-8 U KOJUIEKLIMOHHBIN IITAMM
Propionibacterium freudenreichii subsp. shermanii-3. Haubombliee KOTHYECTBO SK30MOIMCAXAPHIOB
CHHTE3HUPYIOT HOBBIC M30JsThl MQ-1 (320Mmr/100ma) u Mg-2 (360 mr/100mu). Eme 4 HOBBIX H30JsTA
MosTouHOKUCBIX Oaktepuii (Wf-2, Wf-6, Wf-10, Wf-20) u 4 HOBBIX H30JTa MNPOMMOHOBOKHCIIBIX
Oakrepuii ([1-2, I1-4, II-5, [1-8) MOXHO OTHECTH K ITaMMaM CO CPEIHEH CTENEHBIO MPOAYKIIUU
sk3omnonucaxapunoB — ot 110 mo 220 mr/100 mur cpensl. B pe3ynbTare MpOBENEHHBIX WCCIIEIOBaHUN
OTOOpaHbl 7 MITAMMOB - KaHAWIATOB B MPOOMOTHKU I aKBAaKYJIbTYPHI: M30JATHI MOJOYHOKHCIBIX
oaxrepuit Wf-2, Wf-6, Wf-10, Wf-20 u wusonsaTel mpornuoHOBOKKCIBIX Oaktepuit [1-2, I1-3 wu [1-8,
oOnajaronie CcpeaHed WIM BBICOKOW MPOTEOTUTHYECKOM W IK30MOJHCaXapHI-poaAyIHpYomen
CrocoOHOCTRIO. BBeneHne mx B cocTaB MpOOMOTHYECKUX MPENnapaToB Ui PhIO MO3BOJMUT YIYYIIUTh
MPOILIECCHI MMUIICBAPEHUs,, YCKOPHUTH aJallTal[Mi0 YXUBOTHBIX K BBICOKOIHEPIETUYCCKHUM palOHAM U
HEOEJIKOBBIM a30THUCTHIM BEIIECTBAM, ITOBBICUTH 3(PPEKTUBHOCTh MCIIOIB30BAHUS KOPMa, PE3UCTEHTHOCTh
K OOJIe3HSM, BBIKHBAEMOCTh U TIPOAYKTUBHOCTD PBIO.

KaroueBbie cJoBAa: MOJIOYHOKHCJIBIE OaxTepuw, MIPOITUOHOBOKHCITBIC OaxTepuu,
MIPOTEOIUTHYECKAS aKTUBHOCT, MPOJIyIIUPOBAHUE 3K30IMOIMCAXaPUI0B, IPOOUOTHK, aKBAKYJIbTYPA.

AKBaKynbTypa SIBIISIETCSI JTMHAMUYHO Pa3BUBAOIINMCS HaIpaBJICHUEM
MPOJIOBOJILCTBEHHOTO CEKTOpa, CIOCOOHBIM PEIINTh MPOOJIEMBI 3J0pPOBOTO M OEIKOBOTO
MU TAHHUS. CornacHo mnocnenneit mupoBoil cratuctuke DAO, mupoBoe MNPOU3BOJICTBO

aKkBaKyJabTypel goctursio B 2018 r pexkopaHoro yposHs - 114,5 MIH TOHH B KMBOM BECE,
CTOMMOCTh TpoAax cocTtaBuia 263,6 mupa momwtapoB CIIIA. B oOmem oO6beme mpomayKITus
BOJIHBIX XHBOTHBIX cocTaBisuia 82,1 muH. ToHH (250,1 mupa gommapos CIIA), cpenu HuX
npeobnagamu peiObl (54,3 muH. ToHH, 139,7 mupn mommapoB CIIA), mpousBeAcHHBIE B
aKBaKyJIbType BHYTpeHHUX BojmoeMoB (47 muH T, 104,3 mupa nomnapo CIIIA), a takxe B
MOpCKOM U mpuOpexHoil akBakyiabType (7,3 MiH T, 35,4 mupz gomtapos CIIA). IToMmumo peiOb
B aKBaKYJbTYpPE BOAHBIX )KUBOTHBIX OBUIM Mpou3BeeHbl MOJUTIOCKH (17,7 MiH TOHH, 34,6 Mipa
nosmapo CIIIA), pakooOpasubie (9,4 mmH. ToHH, 69,3 mupa nmommapo CIIIA), Mopckue
OecrozBonouHble (435 400 tonH, 2 mupa nomnapoB CIHIA), Boxubie yepenaxu (370000 ToHH,
3,5 munpna gomnapoB CIIA) u isrymiku (131300 Tonn, 997 M nomtapos CIIA) [1].

Ha rno6ansHOM ypoBHe, HaumHas ¢ 2016 romga, akBakyinbTypa SBISETCS OCHOBHBIM
UCTOYHHUKOM PBIOBI, JOCTYIHOM Ut yrnoTpebiaenus B numry, B 2018 1 ata mons coctasisiia 52
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MPOIIEHTa OT 001ero oobema, onepeauB pridoIoBcTBO. M mo mpornozam ®AO, B Gimmkaiimme
roJIbl CIEAYET OKUAATH €llle OOJIBIIEr0 pocTa IPOU3BOICTBA AKBAKYJIBTYPhl B MUPE, IPUUEM €0
OoJpIias 707151 OyIeT MPUXOIUTHCS Ha CTpaHbl A3uu [1].

OpnHako, ObICTpOE pacHIMPEHNE HHTEHCUBHOM aKBaKyJIbTYPhI yXKe MPUBEIIO K YBETUYCHUIO
pacIpOCTPAaHEHHOCTH TPAHCIPAaHUYHBIX BUPYCHBIX, OaKTepUalbHbIX, Mapa3UTapHbIX U
IpUOKOBBIX HMH(EKIMHA Yy KyJIbTHUBHPYEMBIX BOJHBIX OpPraHW3MOB, 4YTO TMOBIMSJIO Ha
YCTOMYMBOCTh IIPOM3BOJCTBA AKBAKYJIbTYPbl BO MHOIMX cTpaHax [2]. BeceMma cymecTBeHHBIE
HKOJIOTHYECKUE, COIMAJIbHBIE M HSKOHOMHYECKHE TIOCIEJCTBHS BCIBIIIEK 3a00JeBaHUI
00yCJIOBIMBAIOT HEOOXOIUMOCTh CMEHBI IapagurMbl B paboTe ¢ puckamMu On00e30macHOCTH
aKkBakyJIbTypel. HoBas crparerus ymydmieHHs KOHTpPOJIA O€30MacCHOCTH NpeaycMaTpHBaeT
MHHOBAI[MOHHBIE ~ TE€XHUYECKHE pa3pabOTKM, KacaloUluecs YCWIEHUS  NPO(UIAKTUKU
3a007eBaHUN B AaKBaKyJdbType (BKIIOYAas CHUKCHHE YCTOMYMBOCTH K MPOTHBOMHUKPOOHBIM
npenaparaM B aKBaKyJIbTYpe M INPUMEHEHHH NOAXOAALIMX aJbTEpHATUB MPOTUBOMUKPOOHBIM
mperaparam), KOpMOB, TCHETHYECKOTO OTOOpa, OMO3aIMUTHl U KOHTPOJIs OOJIe3HEH, MU(PPOBBIX
WHHOBAIWK U T.1. [1].

ANbpTepHaTUBHBIM A(PPEKTUBHBIM TPOPUIAKTHUECKUM M 3alIUTHBIM CPEJACTBOM IS
YMEHBIIEHUS 3aBUCUMOCTH OT AHTUOMOTHMKOB, BaKUUH M JpPYTrUX JIEKapCTBEHHBIX
XUMHOTIPENapaToB, a TAaKXKe Ui YJIy4YIICHUS 370pOBbs PHIO B aKBAKYJIbType MOTYT CIYXKHTb
npenapaThl Ha OCHOBE JKMBBIX KJIETOK MHUKPOOPTaHM3MOB M/MJIM UX META00IUTOB (IpOOMOTHKH,
MeTabnoTuku U T.10.) [3-7]. [lpu 3TOM, MOJOYHOKHCIIBIE W MPONHMOHOBOKHUCIBIE OaKTepuu
MOXHO paccMaTpuBaTh IpU pa3paboTKe TakUX IpenapaToB Kak HauOoJjiee yCIEIHIHble U
0e30MacHble MUKPOOPTraHU3MbI JUIsl aKBAKYJIbTYpPhl. MOJIOUHOKHCIBIE M IPONUOHOBOKHUCIIBIE
OaKTepuM SBISAIOTCS MPEACTaBUTEISIMM MHUKPOOHMOTHI pbIO M YelloBeKa, OHM 00JalaroT
AQHTarOHUCTUYECKON aKTUBHOCTBbIO K YCJIIOBHO-IIATOI€HHBIM OakTepusM, rpubam U BUpYyCaM,
BO30Y)KJAIOIIUM MHKPOOHOIOTMYECKYIO0 MOpYY KOPMOB, 3arpsi3HSIOIIMM BOJOEMBI, a TaKkKe
BBI3bIBAIOIIMM 3a0o0JyieBaHusl pbl0. MHOro4McieHHble HAay4HbIE HCCIIEIOBAaHUS JOKAa3bIBAIOT
[IEHHOCTh 3TOH OOLIMPHON TIpyHNIbl MHUKPOOPTaHU3MOB JJsl IMPEJOTBPALLCHUS U JICUEHUS
3a00JeBaHul PBIO M JIPYrUX BOJHBIX OpraHu3MoB [3,8]. JKuBble KJIETKH MOJIOYHOKHCIBIX U
POMHOHOBOKHUCIIBIX OakTepuil, MX (EepMEeHThl U METaOONUTHl IOJIOKUTEIBHO BIMSAIOT Ha
PE3UCTEHTHOCTh K HMH(EKIMOHHBIM 3a00JIEBaHUSAM, BBDKMBAEMOCTb M MPOAYKTUBHOCTH PHIO.
[TponoHOBOKHUCIIBIE OaKTepUH, 00JaIAIONINe TOBBIIICHHON (DYHTUIIMAHON aKTUBHOCTHIO, IPU
BBEJICHUU UX B COCTaB aCCOLMALIMN B JIOMOJHEHHE K MOJIOYHOKHUCIBIM OAaKTEPHUSAM IO3BOJISIFOT
paclIMpUTh  CIEKTP  AHTAarOHUCTUYECKOM  aKTMBHOCTM  MPOOMOTMKAa B  OTHOLIEHHUH
MUKOTOKCUTE€HHBIX T'pHOOB. AHTHUMyTareHHas 3allliTa IMPONUOHOBOKHUCIBIX OaKTepHil MOXET
CIOCOOCTBOBATh CHUKEHUIO T€HETHUECKUX U3MEHEeHUH Yy pbIO [9].

OnHUM W3 BaXKHBIX KPUTEPHEB, KOTOPHIM JOJDKEH 00JaJaTh yCHEUIHBIH KaHIUAaT B
OpOoOMOTUKM, TIOMHUMO aHTArOHUCTHYECKONW AaKTHUBHOCTHM, O€30MacHOCTH U JIp., SBISAETCA
CIOCOOHOCTh ~ IITAMMOB ~ MHUKPOOPTaHHW3MOB  NPOU3BOAMTH  OPraHUYECKHE  KUCIIOTHI,
BHEKJIETOUHBIE (DepMEHTHI (IIpoTeasa, MPOU3BOACTBO aMUIA3bl, LIEJUTIONIO3b, (PUTa3bl, XUTHHA3HI,
aunasel U Ap.) u sk3ononucaxapuabl (OIIC) [5]. MomouHoKuCHbIE W MPONHOHOBOKUCIIBIE
0aKTepHH CUHTE3UPYIOT MOJIOUHYIO, IPOITMOHOBYIO U YKCYCHYIO KHCIIOTBI, KOTOpBIE 00JIaAatoT
AHTUMHUKPOOHBIMU CBOWCTBaMH, CHOCOOCTBYIOT YJIYYIICHHUIO MUIIEBAPEHUs, HOpMaIU3aluu
MHUKPOOMOTHI BOAHBIX JXMBOTHBIX, @ TaKXKe MOAJIEPXKAHUIO YHUCTOTHI BOABI B MCKYCCTBEHHBIX
Bojoemax [10,11]. IIpou3BOACTBO M AOCTYNHOCTH BHEKJIETOYHBIX (EPMEHTOB, TaKUX Kak
npoTeasbl, KapOOrMiapasbl, aMuias3bl, JUHasbl W  QUTa3Bl Yy  MOJOYHOKUCIBIX H
MPOMMOHOBOKUCIBIX OakTepuil CHOCOOCTBYIOT TOMY, YTO MPOOMOTHKM Ha HMX OCHOBE
MIOJIO’KUTENIBHO BIMSAIOT HA TEMIIBI POCTA XO35IMHA, YIy4dlllas KOHBEPCHIO U YCBOSIEMOCTb KOpMa.
[ToMmuMo 3TOrO, MHpOAYLHUPYEMBIE O3TOH TPYNIOW MHKPOOPTaHU3MOB 3K30IOIMCAXaAPUIBI,
00J1ajatoT 3allMTHBIMU CBOMCTBAaMH, CIOCOOHOCTBHIO COPOMPOBATH MUKOTOKCHHBI M BEILECTBA,
BBI3BIBAIOIIMNE  TOKCHYECKHE, aJUIEPTHYECKHE pEeaKUUh W THUIEPYYyBCTBUTEIBHOCTH K
KOMIIOHEHTaM KopMa. MOJIOUHOKHUCIBIE W TPOIMUOHOBOKHCIBIE OAaKTEpHUH y4YacTBYIOT B
(dopmMHpoBaHUU PEHOMEHA «OPATBHOM TONEPAHTHOCTH K MUIIEBHIM aHTUT€HAM.
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B cBs3u C BBIIIEU3T0KEHHBIM, POBOAMMBIE HCCIEIOBAaHUS, HalpaBlIC€HHbIE HAa TOUCK
HOBBIX OTEYECTBEHHBIX IITAMMOB MOJIOYHOKHCIIBIX U MPOMHOHOBOKUCIIBIX OaKTEpUil ¢ BHICOKOM
(bepMEeHTaTUBHON U SK30MO0NKUCAXapUI-TPOAYLUPYIOIIEH aKTUBHOCTBHIO [UIsl TOCIEAYIOLIeH
pa3paboOTKN HAa UX OCHOBE  BBICOKOAKTHBHOTO CTAOMIBHOTO MPOOMOTHUYECKOTO Mpernapara Jjs
KOpMJICHUSI pbI0 B YCIIOBUSIX aKBAaKyJbTYphl, SIBJSIOTCS AaKTyalbHBIMH, HMEIOT HAYYHYIO U
MPAKTUYECKYIO0 3HAYUMOCTb.

Marepuajibl 1 MeTOABI

OObeKkTaMM MCCIEAO0BAaHUS CIYXWIA H30JAThl MOJIOYHOKHMCIBIX M IPONUOHOBOKHUCIBIX
OaxkTepuii, BbIJCIEHHBIE M3 CHIPHEBBIX KOMIIOHEHTOB (3€pHO M MyKa KYKYpY3bl, MIICHUIIBI,
SAYMEHS P>KM, NIIEHWYHAsl KJIEHKOBHHA MU 3apOJblll, KYKYPY3HbII IVIIOTEH U Jp.), BXOASILUX B
pelentypbl KOPMOB JUIsl PbIO M JPYrMX €CTECTBEHHBIX HCTOYHUKOB (MOJIOUHBIE MPOAYKTHI,
pyoenr KPC, kumiedHwk pbuI0), a TaKkKe KOJUICKIMOHHBIE MMTaMMbl. OOpas3ibl CHIPbS IS
BBIJICTICHHUS] HOBBIX IITAMMOB MOJIOYHOKHCIIBIX M MPOMHUOHOBOKHCIBIX OaKTepuil oTOMpanu u3
pasnmuunbix  permonoB PK  (Anmarmuckas, Typkecranckas, Bocrouno-Kazaxcranckas,
Kocranaiickas u [TaBnomapckas o0iactu).

N3004ThI  MOJIOYHOKHUCHIBIX OAaKTEpHil MOJydaad METOJOM BBICEBA OIPEACICHHOTO
KOJIMUECTBA CBIPhS M €0 pa3Be/IeHUI Ha arapu30BaHHbIE YJIEKTUBHbBIE MUTATENbHBIE cpeasl MRS
(TM Media, Wummsa) wu Lactic Streak Agar (TM Media, Wnanus). [Jnst  BeigeneHus
MPOMMOHOBOKUCIBIX OakTepuii ucnonb3oBanu arap ASLA ¢ pocTtoBoit 100aBKoOM st
IPONMOHOBOKUCHBIX OakTepuil. KynbTUBUpOBaHME H30JSTOB IPOBOAMIM B aHA’pOCTaTe B
atmocepe ¢ conepkanuem 14-16% yrnekucioro rasa, 4-6% BoaopoJga U KUCIOpOIa — HE
6omee 0,1%, mpu Temneparype 30, 37 u 42°C B Teuenue 24-48 yacos.

OtaenpHble KOJNOHMM IEPECeBAIM B CTEPUIIbHOE O00€3)KMPEHHOE MOJIOKO; HW3OJISTHI,
o0Opa3yolue CrycTok, HCIOJNb30BaIM JIs IOJYyYEHUS YHUCTOM KyJIbTYphl W JaJbHEHIINX
UCCIICIOBAaHUM MX TNPOOMOTHYECKUX CBOWCTB. [l KYJIbTUBHUPOBAHUS YHMCTBIX KYJIBTYp
MOJIOUHOKHUCIBIX U TMPOMHMOHOBOKHUCIIBIX OAKTEpUI MCIIONb30BANIN KUJKYIO TUTATEIbHYIO CPELy
MRS Broth (TM Media, Wunus), uis OPONHMOHOBOKUCIBIX OaKTepUil JOMOJHUTEIBHO
WCIIOJIB30BAIM Cpeay CieAyrolero cocrasa: nentoH -1,0%; mpoxxeBoit skctpakt — 1,0%;
rmoko3a — 1,5%; BoccranoButenu (0,5% cynbdura Hatpus wiu 0,05% uuctenna u 0,05 %
TBHHA-80).

KucnorooOpa3oBaHue mTaMMOB OLIEHUBAIM IO aKTUBHOW M TUTPYEMOIH KMCIOTHOCTH IPU
KYJIbTUBUPOBAaHUM B CTEPUILHOM 00€3xkHpeHHOM Mojoke miu cpeae MRS Broth. Turpyemyto
KHUCJIOTHOCTh ONPEIENSUIM  TUTPOMETPHUECKUM METOJIOM, AaKTHBHYIO KHUCIOTHOCTH (pH)
OTpEeIETISITN OTEHIIMOMETPUYECKHU TTPU TOMOIITH JIeKTpoHHOTO pH-MeTpa [12].

[TpOTEONNTUYECKYI0 AKTUBHOCTH BBIJCIEHHBIX H30JISITOB ONPENENSJIM Ha IUTATEIbHOU
cpene cinenyrotiero cocrara (% mac./00.): nmentoH - 0,5; ToBsHkui 3KCTpakT - 0,3; 00€3:KUPEHHOE
Monoko -1; arap -1,8; Boma -100. MoOJIOKO CTEpUIM30BAIM OTAEIBHO, M00ABISIN TEpe]
HCIIOJIb30BaHUEM B CTEPHWJIbHYIO PAcIUIaBICHHYIO Cpely, TIIATEIbHO MepeMenuBaid. Ternyro
MUTATENBHYIO CpPely pa3iuBaIX MO 4YamkaM [leTpu M naBamu OCTBITH, Jajiee arapoByHO Cpeny
neppopupoBaiy CTEPHIIN30BaHHON MpoOkoi bopa u 3anmuBanu B JYHKH CYTOUHYIO KYJIBTYpPY
MOJIOYHOKHCIIBIX MJIM MPONHMOHOBOKHUCIBIX OaKTEepHid, MpeaBapUTEIbHO BhIpalieHHyo Ha MRS
Broth npu cootBeTcTBytomelt ontumansHoi Temmneparype (30,37°C). Yamku BeIIepKUBATN TPU
32-37°C B TeueHue 48 4 MHKyOaUMU M HAOMIOJAIM 3a MPOTEa30H MO 30HE IMPOCBETIICHUS
MOJIOUHOM cpeibl BOKPYT JIYHKH, U3Mepss JuameTp 30HbI [ 13].

DK30M0IMcaxapu00pa3yomlyl0 aKTUBHOCTh MOJOYHOKHUCIBIX M MPOMHOHOBOKHUCIIBIX
OaxkTepuil ONpeeNsiu CleAyomuM o0pa3oM: KyJIbTUBUPOBAHUE OaKTEpHil MPOBOIMIN B KOJI0ax
(o6vemomM 50 mur) B xunkoit cpene MRS Broth (pH=6,0) npu temnepatype 32-37°C B TeueHue
48 4. Jlanee ob6pazoBanue DIIC onpenessyiv COriacHO CXeMe:

1) otaeneHue KyIbTypalbHON )KUIKOCTH OT OMOMACCHI,

2) nearpudyruposanue npu 5000 g B Teuenue 15 MuH,

3) oxyaxkaeHue OECKIECTOUYHOTO cynepHaranTta o 4°C,
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4) BHeCEHHE B OXJIQXICHHBIM CyINEpHATAHT JIBOMHOTO oO0bema 96% OXJaXACHHOTO
stuioBoro crnupra (3-5 °C); orcrauBanue B Teuenue 12 4 npu remneparype 4 °C,

5) uenrpudyruposanue npu 4000 g B Teuenue 60 MuH,

6) mpoMbIBaHUE OCaJgKa ATWIOBBIM crupToM, BbicymmBanue IIIC npu 50°C po
MOCTOSTHHOTO Beca (B TeueHue 48 yacoB), B3BEIIMBAHHUE.

Pe3yabTaThl M 00Cy:KIeHHE

C nenpio 0TOOpPa BBICOKOAKTHBHBIX INTAMMOB MOJIOYHOKHCIIBIX M IPOIMHOHOBOKHCIIBIX
OakTepuii OBUI TPOBEICH CKPHHUHI (DEPMEHTATHBHOW M SK30TOJMCAXapPHI-TIPOLYIIHPYIOIICH
AKTMBHOCTH y 22-X BBIJIEJEHHBIX YHUCTHIX H30JATOB OAKTEPHUH, a TAKIKE Y TPEX KOJUICKIIMOHHBIX
KyJIbTYp C BBICOKOH aHTaroHucTuueckoir axrtuBHOCTBIO (Lactobacillus helveticus Sh-4,
Lacticaseibacillus casei Ai-2, Propionibacterium freudenreichii subsp. shermanii -3).
CKpHHMHT TIPOBOMJIM TI0 CJIEAYIONIMM IPU3HAKAM: KHCIIOTOOOpa30BaHUE, MPOTEOTHUTHUCCKAS
AKTUBHOCTH M CIIOCOOHOCTH K 00Pa30BaHUIO IK30MOIHCAXapH/IOB.

Pe3ynbTaThl MCCIIE0BaHMsI KHCIOTOOOPA3yIoIIe M MPOTEOJMTHYECKOW AKTHBHOCTH Y
BBIJICJICHHBIX U KOJUIEKIIHOHHBIX IMTAMMOB MOJOYHOKHCIBIX M IIPOITHOHOBOKHCIIBIX OaKTEPHIA,
IpEJICTABICHHBIE B Ta0iMile 1, CBUAETENBCTBYIOT O HAIMYMHM CPEIAd HHMX KakK IITaMMOB C
BBICOKOI

Ta6J'II/IIIa 1 — ®Ou3MoJIOro-OMOXMMHUYECKas AKTUBHOCTH BBIACJICHHBIX M KOJIJICKIIMOHHBIX
mMTaMMOB MOJIOYHOKHCJIBIX U ITPOITMOHOBOKHUCIIBIX 6aKTepI/Iﬁ

AKTHUBHAsI KHUCIIOTHOCTB, Turpyemas [IpoTeonuTnyeckas akTUBHOCTb,
ITamm
pH KHUCJIOTHOCTb, °T JIUaMETpP 30HbI, MM
1 2 3 4
MoJI04HOKHCIIBIE OaKTEPUH
Mg-1 4,6 96+0,38 8+0,05
Mg-2 4,5 98+0,33 9+0,03
Wg-1 3,9 164+0,10 940,03
Wg-3 4,0 152+0,62 940,02
Wg-4 3,5 200+0,28 940,04
Wg-8 3,6 191+0,68 11+0,04
Wg-35 34 210+0,48 10+0,02
Wi-2 3,0 254+0,16 12+0,04
Wi-6 3,0 249+0,37 10+0,02
Wif-10 4,7 89+0,01 12+0,03
Wif-20 3,1 241+0,16 20+0,04
Wf-71 36 190+0,18 8+0,03
Rg -9 4,5 103+0,02 940,02
Rf -3 4,3 120+0,21 10£0,05
Kc-1 3,3 220+0,12 940,01
Lb.h. Sh-4 3,3 22040,02 940,01
Lb.c. Ai-2 3,1 240+0,04 12+0,02
[IponmoHOBOKHUCIIBIE OaKTEPHUU
11-1 4,4 109+0,17 940,01
11-2 4,3 125+0,12 16+0,03
11-3 4,4 115+0,13 14+0,02
1I-4 3,9 160+0,14 13+0,02
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[Ipomomxenne Tadmuibl 1

1 2 3 4

11-5 43 120+0,09 110,01
117 44 110+0,39 100,01
118 42 1304027 12+0,02
Pb.sh.-3 43 125+0,07 12+0,01

SHEpruel KMCI0TO00pa30BaHus U CPEAHEN MPOTCOIMTHYECKON akTuBHOCTRIO (WQ-35, Wf-2, WH-
6, Wf-10, Wf-20, Kc-1, Ai-2, [1-4), Tak ¥ mTaMMOB C HHU3KOH CIIOCOOHOCTHIO K MPOIYKIIUU
KHCJIOT ¥ nenTtu3anuu 6enka (Mg-1, Mg-2, Rg-9, 77-1).

[Ipyn TecTupoBaHWM KYJIBTYp MOJOYHOKHCIBIX M TPOMUOHOBOKHCIIBIX OaKTepuil Ha
MPOTEOJIMTHYECKYIO aKTHBHOCTD BBISIBJICHO, UTO MPH T00ABICHUU B MOJIOYHBIN arap HEOOIbIINX
KOJIMYECTB TMENTOHA U MSICHOTO OKCTpaKTa HAOMIOAAaeTcs akTuBanus (EepPMEHTHBIX
NPOTECOJIMTHUECKUX CHCTEM Yy BCeX ITaMMOB Oaktepuil. Cpenu BceX HCCICIyEeMBIX KYJIBTYp
CJIeZlyeT OTMETHTHh HOBBIM BBIJCICHHBIA M30JAT MOJOYHOKUCIBIX Oaktepuit WF-20 u wm3omsrt
MPOMUOHOBOKUCHBIX  Oaktepuit [I-2 (pucyHok 1), oOnanmaromue Hambonee BBICOKOU
MPOTEUHA3HO-TICTITUAA3HOW  aKTHBHOCTBIO, CPaBHMMOH C  aKTUBHOCTBIO  HM3BECTHBIX
MPOM3BOJICTBEHHBIX MTPOOHOTHYECKHX IITaMMOB [ 12]. TlonydeHHbIe JaHHBIC CBUACTEIBCTBYIOT O
MEPCIIEKTHBHOCTH UCIOJB30BaHUSI HAaW0O0JIee aKTHBHBIX IITAMMOB B COCTAaBE MPOOUOTHYCCKOTO
npemnapara Jiisi pbiO, MOCKOJIbKY MPOJYKIUS OPraHHMYECKUX KHCJIOT, @ TAK)KE BHEKJICTOYHBIX U
KJICTOYHO-CBSI3aHHBIX TPOTEMHA3 M TMenTHaa3 OOyCIOBIMBaeT JeuyeOHO-PO(UIaKTHYECKHE
CBOWCTBA KYJIBTYp, WIPaeT CYHICCTBEHHYIO pOJIb B HOpMalIM3aluu OEJIKOBOro oOMEHa B
OpraHusMe, criocoOCTBYET Jy4lliell KOHBEPCUU U YCBOEHUIO Kopma [ 14].

Pucynok 1 — IIpoTeonuTudeckas akTUBHOCTh M30JIATa MOJIOYHOKUCIBIX OakTepuit Wf-20 n
M30J1ITa IPOITMOHOBOKHCIIBIX OakTepuii /1-2 Ha MOJIOYHOM arape ¢ 100aBJICHHEM IENTOHA U MSCHOTO
9KCTPaKTa, d -TraMeTp 30HBI MPOTEOIH3a

CrocoOHOCTh K MPOAYKIMU SK30IOJUCAXapuI0B — BECbMa IIEHHBIH TNPU3HAK JUIs
NpOOMOTHYECKMX  MHKPOOPTaHW3MOB.  BbimenseMbie  9K30MoiMcaxapuasl  00JagaroT
IPOTEKTOPHOM (DYyHKIIMEH, 3aIIUIIAI0T KJIETKH OT BBICYIIMBAHUS, MTOBBIIIAIOT UX YCTOWYMBOCTH K
cTpeccaM B HeOmarompusATHbIX  ycioBusax.  CrnocoOHOCT K MPOAYLIMPOBAHHIO
HK30MOIMCAXAPUIOB, OOJANAOMIUX TEPMO- U KPHONPOTEKTOPHBIMU CBOWCTBaMHM, OyaeT
YBEJIMYUBATh BBDKUBAEMOCTh MHPOOMOTHYECKHMX MHUKPOOPTaHU3MOB TPH TOJYyYEHHH CYXOM
dopmbl mpenapara, a Takke B ClIydae BBOJA MPOOMOTHKA B COCTaB IKCTPYAUPOBAHHBIX KOPMOB
It pei0. DK30omosMcaxapuabl  TaKXKE  CIIOCOOCTBYIOT — aare3ud  MpOOMOTHYECKHX
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MHUKPOOPTaHU3MOB Ha CIIM3HCTHIX TIOKPOBAaX M CTEHKaX KHIIEYHWKA pPBHIO, y4acCTBYIOT B
PETYISIIIAKA POCTa ¥ PAa3MHOXKCHHSI ITOJIE3HBIX MUKPOOPTAaHU3MOB, B UMMYHHBIX IPOIIECCaX H T.J1.

Pe3ynbpTarhl uMcclieoBaHUS CIIOCOOHOCTH K 0Opa30BaHUIO JK30IOJIUCAXAPUIOB Y
BBIJICTICHHBIX W KOJUIGKIIMOHHBIX ~MOJIOYHOKHCIBIX H TPOIMUOHOBOKHUCIBIX OaKTepui,
NpEJCTaBICHHbIE HAa PUCYHKaX 2 W 3, CBUJCTEIBCTBYIOT O TOM, 4YTO BCE TECTHPYEMBbIC
MUKpPOOPTaHU3MBI B pa3Hoi crenenu mnpoxyuupyioT OIIIC. Haubonpimee KOJIUYECTBO
MOJINCAXAPUAOB IKCKPETUPYIOT H30JIATHI MOJOYHOKHCIBIX Oaktepuit Mg-1 (320mr/100mn) u
Mg-2 (360 mr/100mi). Eme 4 HOBBIX HM301sTa MOJIOUYHOKKCIBIX Oaktepuit (WF-2, Wf-6, Wi-10,
Wf-20) 1 4 HOBBIX H30JIs1Ta IPOITMOHOBOKKCIBIX OakTepuit (I1-2, I1-4, I1-5, I1-8) MOXHO OTHECTH
K IITaMMaM CO CPEIHEH CTENeHbI0 MPOAYKINHU dK30noaurcaxapuaoB — ot 110 qo 220 mr/100 miu
Cpepl.
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PucyHnoxk 2 — Dx30omonucaxapu-mpoayIUPYIOIas aKkTHBHOCTh MOJIOYHOKHCIIBIX U TIPOMTMOHOBOKHCITBIX
Oaxrepuii

Wf-20

Pucynok 3 — O6pa3zoBanue sk30morcaxapuioB usosstamu I1-7 u Wf-20

Takum o00pa3om, B pe3ylbTare CKpUHHHTA (HU3UOJIOTO-OMOXHMHUYECKHX CBOWCTB 22-X
HOBBIX M 3-X KOJUICKIIMOHHBIX IITAMMOB, OTOOpaHbl 7 MITAMMOB-KaHIUIATOB B MPOOUOTHKHU:
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U30JIAThI MOJIOYHOKUCIBIX Oaktepuit Wf-2, Wf-6, Wf-10, Wf-20 u u30515ThI TPOITHOHOBOKHCITBIX
Oakrepuit [7-2, [I-3 wu [I-8, obnamarouiye BBICOKOH M CpegHEH MPOTEOIUTUYECKOH U
9K30MOJIMCAXaAPUA-IIPOAYIIHUPYIOIICH aKTUBHOCTBIO.

PazpaboTka Ha HX OCHOBE HMHHOBAIIMOHHOTO MNPOOHMOTHYECKOTO IMperapara JUls
NPEJOTBPALICHHUS PA3BUTHS MHUKPOOHOJIOTUYECKON MOpYH KOPMOB ISl PhIO, YJIYUIICHUS WX
Ka4yeCcTBa, CAHUTAPHOI'O COCTOSIHUS U YBEIMYCHUS CPOKOB XPAHCHUS; YIYUIICHHUS] CAHUTAPHOTO
COCTOSIHUSI BOJIOEMOB JUISL PBIO, @ TaKKe ISl MOBBIIICHUS MTPOAYKTUBHOCTH U PE3UCTEHTHOCTH
[IEHHBIX BHUJIOB PHI0 K WH(MEKIMOHHBIM 3a00JIeBaHUSM OYyJIET CIIOCOOCTBOBATH YCTOWYHMBOMY
Pa3BUTHIO aKBAKYJIBTYPhI U TIOJTYYCHUIO 0€30MaCHON PHIOHOM MPOIYKIINH.
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A.B.UYMXAEBA', A A. AMAHTEJIJII', A K. AJILIBAEBA', E.A. OJIETHUKOBA',
H. 10. IOTOPOKO®
L (MHKPOGHOIOTHS XOHE BHPYCOIOTHS FHUIBIMH-0 HAIPiCTiK opTasrsiy JKIIC, AnMars K.
Kazakcran
2"Oxrycrik-Opan MemiekeTTik yansepenteti” ®MAIKB BM, YensOuuck Kanach

AKBAKVYJIBTYPAJIA KOJIJTAHY YIIIH HEPCIIEKTHUBAJIBI CYT
KbIIIKbIJIBI MEH ITPOIIMOH KbIIIKbIJIbl BAKTEPUAJIAPBIHBIH
IMPOTEOJIMTUKAJIBIK )KOHE 3K30IIOJINCAXAPU-OHAIPY LI
BEJCEHAUIITTH 3EPTTEY

Tyiiin

CYT KBIIKBUIABI OakTepHsUIapbiHBIH 17 MTaMMBIHOA JKOHE TMPOMUOH  KBIIIKBUIIBI
OakTepusUIapbIHBIH § IITaMMBIHAA MTPOTEOJUTHKAJIBIK OCICEHAUTIK MeH 3K30MOoIncaxapuaTepIi
OHIIpY KaOieTi 3epTTeiai. 3epTTEeNTeH CYT KBIIKBUIBI OAKTePUSIIAPBIHBIH IIIIHICTI €H JKOFaphl
IPOTEOJINTHKANBIK, Oeacenainikke xkaHagan Oeminren WF-20, Wf-2, Wf-10 usonsrrapsl skoHe
Lacticaseibacillus casei Ai-2  KOMICKUMSJIBIK IITaMMbl ~ He. [IpONMOH  KBIIIKBLIBI
OaxktepusnapbiHblH iminne [7-2, [1-3, [1-4, [1-8 >kaHa oOKIIaylaHFaH HU30JSTTaphl JKOHE
Propionibacterium freudenreichii subsp shermanii-3 kosuleKIHSIBIK IITAMMBI MPOTCHHA3A-
NeNnTUa3aHbIH €H KOoFapbl Oencenaunirine ue. [lonucaxapunrep/id eH ke caHbIH kaHa M/[-1
(320 mr/100 wmm) xone Mg2 (360 mr/100 M) wmsomsitrapel cuHTe3Aekai CyT KBIIIKBIIIBI
OaktepusuiapbiHblH Tarbl 4 kaHa wusonatel (Wf-2, Wf-6, Wf-10, Wf-20) >xoHe mnpomnmon
KBIIIKBUIABl  OakTepusiapelHblH 4 kaHa w3onsarrapein  (/1-2, [II-4, [I-5, II — 8)
9K30M0JIMCaxapuATep OHAIPICIHIH opTala Jopexeci Oap mTamjaapra >KaTKel3yra 6omansi-110-
HaH 220 wmr/100 mn opranma. JKyprizuireH 3epTTeyiep HOTHXKECIHAE AaKBaKyJabTypa YIIIH
NpOOHOTHUKTEpre YMITKep 7 MITaMM TaHJAAJIbl: CYT KBbIIIKbIIIbI OAKTEepHsIIapbIHBIH U30JIATTaphI
WF-2, Wf-6, Wf-10, Wf-20 >xoHe nMpOonroH KbIIIKbUTBI OaKTepUsUIAPbIHBIH H30MATTaph! [1-2, [1-3
xoHe [1-8, opraiia Hemece KOFaphl MPOTEONUTUKAIBIK KOHE IK30II0JIMCaxapuI-oH 1ipy KaoiieTi
6ap. Omapapl OanblKKa apHaJFaH MPOOMOTHKAIBIK MpenapaTTapiblH KypaMblHA €HIi3y ac
KOPBITY TPOLECTEPIH JKaKCapTaabl, XKaHyapiIapAblH >KOFapbl SHEPTHSUIBI JHETaNap MEH aKybl3
eMec a30TThl 3aTTapra OeWiMIenyiH Te3[eTell, >KemJl NaiijanaHy THUIMIUIMIH, aypyFa
TO31MAUTIKT1, OaJIBIKTapIbIH OMIp CYPYIH KOHE OHIMILIITTH apTThIpalbl.

Kiarri ce3gep: cyT KbIIKbUIABI OakTepusiap, NPOMUOH KBILKBUIABI OakTepusiap,
MPOTEOTUTHKAIBIK OEJICEH UK, K30MOINCcCaxapuaTep OH 1pici, MPOOUOTHK, aKBaKyJIbTypa.
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Abstract

The proteolytic activity and ability to produce exopolysaccharides in 17 strains of lactic acid
bacteria and 8 strains of propionic acid bacteria were studied. The newly isolates Wf-20, Wf-2, Wf-10 and
the collection strain Lacticaseibacillus casei Ai-2 have highest proteolytic activity among the studied
lactic acid bacteria. Among propionic acid bacteria, the new isolates P-2, P-3, P-4, P-8 and the collection
strain Propionibacterium freudenreichii subsp shermanii-3 have the highest proteinase-peptidase activity.
The largest number of exopolysaccharides are synthesized by new isolates Mg-1 (320mg/100ml) and Mg-
2 (360 mg/100ml). Another 4 new isolates of lactic acid bacteria (Wf-2, Wf-6, Wf-10, Wf-20) and 4 new
isolates of propionic acid bacteria (P-2, P-4, P-5, P-8) can be attributed to strains with an average degree
of exopolysaccharide production - from 110 to 220 mg/100 ml of medium. In result of the conducted
studies 7 candidate strains for probiotics for aquaculture were selected: isolates of lactic acid bacteria Wf-
2, Wf-6, Wf-10, Wf-20 and isolates of propionic acid bacteria P-2, P-3 and P-8 having medium or high
proteolytic and exopolysaccharide-producing ability. Their introduction into the composition of probiotic
preparations for fish will improve the digestive processes, accelerate the adaptation of animals to high-
energy diets and non-protein nitrogenous substances, increase the efficiency of feed use, disease
resistance, survival and productivity of fish.

Keywords: lactic acid bacteria, propionic acid bacteria, proteolytic activity, production of
exopolysaccharides, probiotic, aquaculture.

Aquaculture is a dynamically developing area of the food sector that can solve the
problems of healthy and protein nutrition. According to the latest FAO world statistics, global
aquaculture production reached a record level in 2018 - 114.5 million tonnes in live weight, the
value of sales amounted to USD 263.6 billion. In the total volume the farming of aquatic animals
amounted to 82.1 million tonnes (USD 250.1 billion), fish predominated among them (54.3
million tonnes, USD 139.7 billion), harvested from inland aquaculture (47 million tonnes, USD
104.3 billion), as well as marine and coastal aquaculture (7.3 million tonnes, USD 35.4 billion).
In addition to fish, shellfish (17.7 million tonnes, USD 34.6 billion), crustaceans (9.4 million
tonnes, USD 69.3 billion), marine invertebrates (435,400 tonnes, USD 2 billion), aquatic turtles
(370 000 tonnes, USD 3.5 billion) and frogs (131 300 tonnes, USD 997 million) were produced
in aquaculture [1].

At the global level, since 2016, aquaculture has been the main source of fish available for
food, in 2018 this share accounted for 52 percent of the total, ahead of fishing. According to
FAO forecasts, even greater growth in aquaculture production in the world should be expected in
the coming years, with a large share of it coming from Asian countries [1].

However, the rapid expansion of intensive aquaculture has already led to an increase in the
prevalence of cross-border viral, bacterial, parasitic and fungal infections in cultivated aquatic
organisms, which has affected the sustainability of aquaculture production in many countries [2].
The very significant environmental, social and economic consequences of disease outbreaks
necessitate a paradigm shift in dealing with the biosafety risks of aquaculture. The new strategy
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for improving safety control provides for innovative technical developments related to
strengthening disease prevention in aquaculture (including reducing antimicrobial resistance in
aquaculture and the use of suitable alternatives to antimicrobial drugs), feed, genetic selection,
biosecurity and disease control, digital innovations, etc. [1].

Preparations based on living cells of microorganisms and/or their metabolites (probiotics,
metabiotics, etc.) can serve as an alternative effective preventive and protective agent to reduce
dependence on antibiotics, vaccines and other medicinal chemotherapeutics, as well as to
improve the health of fish in aquaculture [3-7]. At the same time, lactic acid bacteria and
propionic acid bacteria can be considered in the development of such drugs as the most
successful and safe microorganisms for aquaculture. Lactic acid bacteria and propionic acid
bacteria are representatives of the fish and human microbiota, they have antagonistic activity to
conditionally pathogenic bacteria, fungi and viruses that excite microbiological spoilage of feed,
pollute water bodies, and cause fish diseases. Numerous scientific studies prove the value of this
vast group of microorganisms for the prevention and treatment of diseases of fish and other
aquatic organisms [3,8]. Living cells of lactic acid bacteria and propionic acid bacteria, their
enzymes and metabolites have a positive effect on resistance to infectious diseases, survival and
productivity of fish. Propionic acid bacteria with increased fungicidal activity, when introduced
into associations in addition to lactic acid bacteria, allow to expand the spectrum of antagonistic
activity of the probiotic against mycotoxigenic fungi. Antimutagenic protection of propionic acid
bacteria may contribute to the reduction of genetic changes in fish [9].

One of the important criteria that a successful candidate for probiotics should have, in
addition to antagonistic activity, safety, etc., is the ability of microbial strains to produce organic
acids, extracellular enzymes (protease, amylase production, cellulose, phytase, chitinase, lipase,
etc.) and exopolysaccharides (EPS) [5]. Lactic acid and propionic acid bacteria synthesize lactic,
propionic and acetic acids, which have antimicrobial properties, contribute to improving
digestion, normalizing the microbiota of aquatic animals, as well as maintaining the purity of
water in artificial reservoirs [10,11]. The production and availability of extracellular enzymes
such as proteases, carbohydrases, amylases, lipases and phytases in lactic acid bacteria and
propionic acid bacteria contribute to the fact that probiotics based on them positively affect the
growth rate of the host, improving the conversion and digestibility of feed. In addition,
exopolysaccharides produced by this group of microorganisms have protective properties, the
ability to absorb mycotoxins and substances that cause toxic, allergic reactions and
hypersensitivity to feed components. Lactic acid bacteria and propionic acid bacteria are
involved in the formation of the phenomenon of "oral tolerance" to food antigens.

In connection with the above, the ongoing research aimed at finding new domestic strains
of lactic acid bacteria and propionic acid bacteria with high enzymatic and exopolysaccharide-
producing activity for the subsequent development on their basis of a highly active stable
probiotic drug for feeding fish in aquaculture conditions are relevant, have scientific and
practical significance.

Materials and methods

The objects of the study were isolates of lactic acid bacteria and propionic acid bacteria
isolated from raw materials (corn grain and flour, wheat, rye barley, wheat gluten and germ, corn
gluten, etc.) included in the formulations of fish feeds and other natural sources (dairy products,
cattle rumen, fish intestines), as well as collection strains. Samples of raw materials for isolation
of new strains of lactic acid bacteria and propionic acid bacteria were taken from various regions
Republic of Kazakhstan (Almaty, Turkestan, East Kazakhstan, Kostanay and Pavlodar regions).

Isolates of lactic acid bacteria were obtained by seeding a certain amount of raw materials
and its dilutions on elective nutrient media MRS Agar (TM Media, India) and Lactic Streak Agar
(TM Media, India). To isolate propionic acid bacteria, ASLA agar with a growth additive for
propionic acid bacteria was used. Isolates were cultured in an anaerostat in an atmosphere
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containing 14-16% carbon dioxide, 4-6% hydrogen and oxygen - no more than 0.1%, at a
temperature of 30, 37 and 42 ° C for 24-48 hours.

Individual colonies were placed into sterile skimmed milk; the isolates forming the clot
were used to obtain pure culture and further studies of their probiotic properties. For the
cultivation of pure cultures of lactic acid bacteria and propionic acid bacteria the liquid nutrient
medium MRS Broth (TM Media, India) was used, for propionic acid bacteria, the following
medium was additionally used: peptone -1.0%; yeast extract - 1.0%; glucose - 1.5%; reducing
agents (0.5% sodium sulfite or 0.05% cysteine and 0.05% twin-80).

The acid formation of the strains was evaluated by the active and titratable acidity when
cultured in sterile skimmed milk or MRS Broth medium. Titrated acidity was determined by
titrometric method, active acidity (pH) was determined potentiometrically using an electronic pH
meter [12].

The proteolytic activity of the isolates was determined on nutrient medium of the following
composition (% wt./vol.): peptone - 0.5; beef extract - 0.3; skimmed milk -1; agar -1.8; water -
100. The milk was sterilized separately, added to a sterile molten medium before use, and
thoroughly mixed. The warm nutrient medium was poured into cups and allowed to cool down,
then the agar medium was perforated with a sterilized Boron plug and a daily culture of lactic
acid bacteria or propionic acid bacteria, previously grown on MRS Broth at the appropriate
optimal temperature (30.37 ° C), was poured into the wells. The cups were kept at 32-37°C for
48 hours of incubation and the protease was observed along the zone of enlightenment of the
lactic medium around the well, measuring the diameter of the zone [13].

The exopolysaccharide-forming activity of lactic acid bacteria and propionic acid bacteria
was determined as follows: bacterial cultivation was carried out in flasks (with a volume of 50
ml) in a liquid medium MRS Broth (pH=6.0) at a temperature of 32-37 °C for 48 hours. Further,
the formation of EPS was determined according to the scheme:

1) separation of culture fluid from biomass,

2) centrifugation at 5000 g for 15 min,

3) cooling of the cell-free supernatant to 4°C,

4) introduction of 96% cooled ethyl alcohol (3-5 © C) into the cooled supernatant of double
volume; settling for 12 hours at a temperature of 4 ° C,

5) centrifugation at 4000 g for 60 min,

6) washing the sediment with ethyl alcohol, drying EPS at 50 © C to a constant weight
(within 48 hours), weighing.

Results and discussion

In order to select highly active strains of lactic acid bacteria and propionic acid bacteria,
screening of enzymatic and exopolysaccharide-producing activity of 22 isolates of bacteria and
three collection cultures with high antagonistic activity (Lactobacillus helveticus Sh-4,
Lacticaseibacillus casei Ai-2, Propionibacterium freudenreichii subsp. shermanii -3) was carried
out. Screening was carried out according to the following criteria: acid formation, proteolytic
activity and the ability to form exopolysaccharides.

The results of the study of acid-forming and proteolytic activity in isolated and collection
strains of lactic acid bacteria and propionic acid bacteria, presented in Table 1, indicate the
presence among them as the strains with high acid formation energy and average proteolytic
activity (Wg-35, Wf-2, Wf-6, Wf-10, Wf-20, Ks-1, Ai-2, P-4), and strains with low ability to
produce acids and protein peptization (Mg-1, Mg-2, Rg-9, P-1).
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Table 1 - Physiological and biochemical activity of isolated and collectible strains of lactic acid bacteria
and propionic acid bacteria

Strain Active acidity, pH Titrated acidity, °T | Proteolytic activity, zone diameter,
mm
Lactic acid bacteria
Mg-1 4,6 96+0,38 8+0,05
Mg-2 4,5 98+0,33 9+0,03
Wg-1 3.9 164+0,10 940,03
Wg-3 4,0 152+0,62 9+0,02
Wg-4 3,5 200+0,28 940,04
Wg-8 3,6 191+0,68 11+0,04
Wg-35 3,4 210+0,48 10+0,02
Wif-2 3,0 254+0,16 12+0,04
Wi-6 3,0 249+0,37 10+0,02
Wi-10 4,7 89+0,01 12+0,03
Wi-20 3,1 241+0,16 20+0,04
Wif-71 36 190+0,18 8+0,03
Rg -9 4,5 103+0,02 9+0,02
Rf -3 4,3 120+0,21 10+0,05
Kc-1 33 220+0,12 9+0,01
Lb.h. Sh-4 33 220+0,02 9+0,01
Lb.c. Ai-2 3,1 240+0,04 12+0,02
Propionic acid bacteria

P-1 4,4 109+0,17 9+0,01
P-2 4,3 125+0,12 16+0,03
P-3 4.4 115+40,13 14+0,02
P-4 3.9 160+0,14 13+0,02
P-5 4,3 120+0,09 11+0,01
P-7 4.4 110+0,39 10+0,01
P-8 4,2 130+0,27 12+0,02
Pb.sh.-3 4,3 125+0,07 12+0,01

At testing cultures of lactic acid bacteria and propionic acid bacteria for proteolytic
activity, it was found that when small amounts of peptone and meat extract are added to milk
agar, activation of enzyme proteolytic systems is observed in all bacterial strains. Among all the
studied cultures, it should be noted a new isolate of lactic acid bacteria Wf-20 and an isolate of
propionic acid bacteria P-2 (Figure 1), which have the highest proteinase-peptidase activity,
comparable to the activity of known industrial probiotic strains [12]. The data obtained indicate
the prospects of using the most active strains as part of probiotic preparation for fish, since the
production of organic acids, as well as extracellular and cell-related proteinases and peptidases,
determines the therapeutic and prophylactic properties of cultures, plays a significant role in the
normalization of protein metabolism in the body, contributes to a better conversion and
assimilation of feed [14].
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Figure 1 - Proteolytic activity of lactic acid bacteria isolate Wf-20 and propionic acid bacteria
isolate P-2 on milk agar with the addition of peptone and meat extract, d - is the diameter of the
proteolysis zone

The ability to produce exopolysaccharides is a very valuable trait for probiotic
microorganisms. The secreted exopolysaccharides have a protective function, protect cells from
drying out, increase their resistance to stress in adverse conditions. The ability to produce
exopolysaccharides with thermo- and cryoprotective properties will increase the survival of
probiotic microorganisms when obtaining a dry form of the drug, as well as in the case of
introducing a probiotic into the composition of extruded fish feed. Exopolysaccharides also
promote adhesion of probiotic microorganisms on the mucous membranes and intestinal walls of
fish, participate in the regulation of growth and reproduction of beneficial microorganisms, in
Immune processes, etc.

The results study of the ability to form exopolysaccharides in isolated and collectible lactic
acid bacteria and propionic acid bacteria, shown in Figures 2 and 3, indicate that all tested
microorganisms produce EPS to varying degree. The greatest amount of polysaccharides is
excreted by isolates of lactic acid bacteria Mg-1 (320 mg/100 ml) and Mg-2 (360 mg/100 ml).
Another 4 new isolates of lactic acid bacteria (Wf-2, Wf-6, Wf-10, Wf-20) and 4 new isolates of
propionic acid bacteria (P-2, P-4, P-5, P-8) can be attributed to strains with an average degree of
production of exopolysaccharides - from 110 to 220 mg/100 ml of medium.

Thus, as a result of screening the physiological and biochemical properties of 22 new and 3
collection strains, 7 candidate strains for probiotics were selected: isolates of lactic acid bacteria
Wif-2, Wf-6, Wf-10, Wf-20 and isolates of propionic acid bacteria P-2, P-3 and P-8, which have
high and medium proteolytic and exopolysaccharide-producing activity.
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Figure 2 - Exopolysaccharide-producing activity of lactic acid bacteria and propionic acid bacteria

Figure 3 - Formation of exopolysaccharides by P-7 and Wf-20 isolates

Development on their basis of an innovative probiotic preparation to prevent the
microbiological spoilage of feed for fish, improve their quality, sanitary condition and increase
shelf life; improving the sanitary condition of fish reservoirs, as well as increasing the
productivity and resistance of fish to infectious diseases will contribute to the sustainable
development of aquaculture and the production of safe fish products.
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AHHOTAIIUSA

Perynsapnas nepuoguyHOCTb U YCHJICHHE 3aCyX BBI3BIBAIOT CEPbE3HYIO 03a00UEHHOCTh HACEICHUS B
PecrryOnmmke Kazaxctam w Bo Bcem Mupe. ONTUMaTbHOW MEpPOHW MPENOTBpAlIeHUS THUOenn
CEJIbCKOXO3SIMCTBEHHBIX  pPAaCTEHUM  HapsQy C  arpoOTEXHMYECKMMM MepaMHd U CEJIeKIUEH
330yx0y0T017I‘-IHBBIX COpPTOB ABJISICTCA HUCIIOJIB30BAaHUC mperapaTtoB Ha OCHOBE SHHO(I)I/ITHBIX
MHUKPOOPTraHU3MOB, OOECIICUMBAIOIINX HECMeUU(PUIECKyl0 YCTOMYMBOCTh pacTeHui. B  nmaHHOM
UCCIIeIOBaHWU  OBIT  COCTaBJIGH IIepeueHb pacTeHWid, TMpOoU3pacTaloliuX B 4Yepre Topoja,
XapaKTEepPHU3YIOINXCS. BHICOKON CTENEHbI0 3aCyXOycTOHUMBOCTH. M3 MOBCEMECTHO MpEACTaBICHHOIO B
3aCyIUIMBBIX MecTaXx OOMTaHUS TOpLA NTUYBETO BBIICJIEHBl JIHIO(PUTHBIE MHKPOOPTaHU3MBL
BereranmoHHble ONbITH MOKa3adH MOBBIIIEHNE BHDKMBAEMOCTH MIIEHUIBI IPH UMUTALUH 3acyXu B 2,5
pa3 y pactenuii, obpaboranHbix sHmoduramu Polygonum aviculare ¢ sxentoii U opaH:KE€BOW OKPaCKOM
KOJIOHHH. YKa3aHHbIE H30JIATHl MOTYT OBITh MCIOJB30BaHbl B JasbHEHIIeld pa3paboTke MHUKPOOHBIX
npenapaToB /sl MOBBILIEHUS YyCTOWYNBOCTH PACTEHHUH K 3acyXe.

KuiroueBble cioBa: 5H10(UTHI, 3acyxa, Hecnenupuyeckas yCTOHIMBOCTb, mineHuia, Polygonum
aviculare

B mocnennue ronel 3acyxa crana cepbe3Hoil mpobiemoi B PecryOnmke Kazaxcran u BO
BCEM MHpE B CBS3M C M3MEHEHHEM KIMMAaThuecKux ycioBuii [1-8]. 3a mocienHue HECKOIbKO
JECATKOB JIeT Ha TeppuTopun KaszaxcraHa HaOMI0[anoch MOBCEMECTHOE MOBBIIMICHHE CpeIHen
TOJIOBOM M CE30HHBIX TEMIEpaTyp Mpu3eMHOro Bozayxa. B cpennem no Kazaxcrany xaxasie 10
JIET CpeqHEeroioBas TemiepaTrypa Bo3ayxa noseimaercs Ha 0,27°C [9]. YacTtoTa CHIIBHBIX 3aCyX
CTPEMHUTENBHO BbIpOCia. B creayromeM Beke NpPOrHO3UPYETCS YCKOPEHHOE pacIIUpeHue
wiomand 3acynuuBbix 3emens [10, 11]. CormacHo ortdery Opranuzainmu OO0beIWHEHHBIX
Hammii, okono 130 ctpan Mupa MOTYT CTOJIKHYTHCS C OOJBIION 3aCyXOH YK€ B 3TOM CTOJIETHH,
OKUJAIOTCSl YacThle U CHIIbHBIE 3acyXu B Oojbluneld yactu Adpuku, LentpansrHoit u KOxHoi
Awmepuku, llenTpambHoit A3sum, 10kHOM ABcrpanuu, FOxuoit Espombl, Mekcukn u
Coenunennbix Ilraro [12]. ITo manaeiM OOH, HexBaTka BOABI M 3acyXxa HaHeCyT yIepO
YyelloBeYeCTBY B Maciutabax, comoctaBuMbix ¢ napaemueidr COVID-19, nmpu 3TOM pucKu
BO3pACTalOT 110 Mepe MOBBIIICHUS II00ATLHON TeMIIepaTyphl BO3AyXa.

ATtMocdepHbIe 3acyXH HAHOCST OTPOMHBIN YPOH CEIHCKOMY XO3SICTBY, BBI3BIBasl THOEIH
CEJIbCKOXO03SUCTBEHHBIX PACTEHHH U MaJeK CKOTA, MO IETIOYKe BICKYIIUE 33 COOO0M NanbHEHIIne
U3MEHEHHS B DSKOHOMHKE U COIMalbHOM Onaromonyuyuu. PerymspHble 3acyxu Takxe
CrocoOCTBYIOT nanbHedmed nerpaganuu noys [13]. HeoOxoauMocTh MPUHATHS SKCTPEHHBIX
Mep s YIy4dlIeHHS MPOrHO3MPOBAHHUS 3acyX, TUIATEIBHOTO IUIAHWPOBAHUSA M pealu3aliuu
MEPOMNPHSITHIA IO COKPAIICHUIO UX TYOUTEIHHOTO BO3JCHCTBYS U MOCIEACTBUI OYSBHU/IHA.

OmHuM U3 CrocoOOB TMOBBIIMIEHUS YCTOWYMBOCTH PACTEHHUM K 3aCyXe HapsIy C CO3JaHUuEM
3aCyX0YyCTOMYMBBIX COPTOB U arpOTEXHUYECKUMHU Mpuemamu |14, 15] sBnserca ucrnonb30BaHHe
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IpernapaToB C  MHUKPOOPraHU3MaMH, OOECTEeYUBAIOUIMX  YCTOMYMBOCTH  PACTEHUH K
abuoTHyYecKNUM cTpeccaMm, BKIodas U 3acyxy [16, 17]. OcoOblii uHTEpec B 3TOM IUIaHE
NOPEJCTaBISIIOT  AHAOMDUTHBIE  MHUKPOOPTaHU3MBI,  IOBBIIAIONIME  HECHenU(pUUIECKYIO
ycTOH4YMBOCTh pacTeHuid [18-21]. BausHue MuUKpoOOpraHm3MoB Ha YCTOMYMBOCTb PAaCTEHHM K
3acyxe MHOroctopoHHee. OHO BKJIIOYAET: MPOIAYKIHMIO OaKTepUaIbHBIX 3K30MOJIHCAXaPHUIIOB,
yaepxkuBatomux Biary [17, 22, 23]; oCMOTHMYECKYI0 ajanTaluio 3a CYeT MPOIyKLUHU
COCTMHEHUIN OCMOIIPOTEKTOPOB, TaKUX KaK MPOJIMH, XOJUH, TaJaKTUHOJN M YBEJIWYCHUS
CONep)KaHWsl OONIMX pACTBOPUMBIX caxapoB B pacreHusx [17, 24, 25]; cuHTe3
AHTUOKUCITUTEIBHBIX (epMEHTOB [26-28]; MOIyIAHMIO ypOBHEH (DUTOTOPMOHOB, B YaCTHOCTHU
KACMOHOBOM M abcum3oBoil kucnoT [24, 29-33]; moBblIeHHE AOCTYMHOCTH MHTATEIbHBIX
BemecTB [34]; cunre3 dpepmenTa |-aMuHONMKIIONPONaH-1-KapOOKCHIIaT JeaMUHA3bl U CHIKEHUE
MHAYLUUPOBAHHOM CTpPECCOM MPOAYKIMM 3TWiIeHa [17]; aMMreHeTHYecKyr peryssiuio psaa
TFEHOB PAaCTEHUH, CBSI3aHHBIX C AOMOTHYECKHMM CTPECCOM, OTBEYAIOIIMX 3a 3aKPBITHE YCTHUII,
CUHTE3 aHTHOKUCIHUTEIBHBIX (hepMeHTOB | Ap. [17, 24, 34, 35-38]. K Hacrosmemy BpeMeHU
JIoKa3aHa Ooiyiee BbICOKass A(OPEKTUBHOCTh HHAODHUTOB B CpPaBHCHUU C PHU30CHEPHBIMH
MHUKpPOOPraHM3MaMHy B CTUMYJISILIUU pOCTa U 3amuTe pacrenuii [ 18, 20, 39-41].

OnHako MeXaHW3Mbl B3aUMOJICUCTBUS PACTECHHH U SHIAO(DUTHBIX MHKPOOPTaHH3MOB
NOJHOCTRIO HE wu3ydeHbl. K Tomy ke mns Hamboiee H(PQPEKTUBHOrO BO3JEHCTBHS Ha
CEJIbCKOXO3SUCTBEHHBIC U CaI0BO-TIAPKOBBIE PACTEHUSI HEOOXOAUMBI U30JISIIHS U UCCIeI0BAaHUE
MECTHBIX ILITAMMOB.

Ilenpto Hamiero wuccieAoBaHUA ObUIO BbIAETCHHE DSHIOPUTHBIX MHKPOOPTaHU3MOB,
CBS3aHHBIX C MECTHBIMHM DPACTEHUSIMH, XOPOILO BbIIECPKUBAIOIIMMU 3aCyLUIMBBIE YCIOBHS, U
OmpefieNieHue HX BIUSHUS HAa YCTOMUMBOCTH K 3aCyX€ B@XKHBIX CEIIbCKOXO3SHCTBEHHBIX
3€pHOBBIX KyiabTyp. Ha naHHOM sTanme B KauecTBE OOBEKTa i BBLIEIECHMSI SHAO(UTHBIX
MUKpPOOPTraHU3MOB ObLIN HCCIIEI0BAaHbI BUABI YPOaHO(IOPHI, CIOCOOHBIE K MTPOU3PACTAHUIO KaK
BO BJIQXKHBIX, TaK U B 3aCYILJIUBBIX YCIOBHSIX.

Martepuajibl 1 METObI

Pactenuss nans BblmeneHUs SHIOPUTHBIX MHUKPOOPTaHU3MOB OTOHMpAIM C BIAXKHBIX
(MONMMBHBIX TEPPUTOPHUI) U 3aCYLUIMBBIX MECT oOuTaHus Meneyckoro paiioHa ropoaa Anmarsl.
Jns orbopa pacteHuid BBIOMpATU ONMM3KOPACHONOKEHHBIE YYaCTKH C OJMHAKOBBIMHU
MOYBEHHBIMH  YCIOBUSAMH, PA3THYAIONIMECS JIHMIIb IO CTEICHH YBIAXKHEHUS: PEryJIIpHO
OpoLIaeMbl€ U HETIOJIUBHBIE 3aCYILIUBbIE TEPPUTOPHH.

st BeIACNIeHUs] SHAO(PUTHBIX MUKPOOPTAHW3MOB KOPHU U CTEOJIM PACTCHHUH BIAXHBIX U
3aCyIUIMBBIX MECT TIIATEIbHO OTMBIBAJIU, OINOJACKUBAJIA CTEPUIIBHOM BOJOMPOBOJHON BOJOM,
paspe3ayii Ha KYyCOUYKH pa3MepoM Okojio 1 cM, oOpabarbiBaqu HTAaHOJIOM U PACTBOPOM
TUTOXJIOPUTA HATPHUSL U OTMBIBAIA B CTEPHIIbHOI BOAOMPOBOAHON Boje. Jlamee Kycouku cTeds
W KOPHS OTJEITBHO PAacTUpaIN B CTYIKeE, M00aBIsIM 1 M CTEpWIBHOW BOJABI W BBICEBAIU Ha
cmech cpen (1:1): mscomentonusni arap (Nutrient agar, TM-Media, India) u Cabypo (1/x:
rmoko3a 40,0; menron 10,0; arap-arap 20,0). [l KOHTpods 9acTh HEIbHBIX 00pabOTaHHBIX
KYCOUYKOB CTeOJIsl M KOpHS pacKIaJblBaj i Ha MOBEPXHOCTH cpenbl B yamkax I[lerpu. IloceBbl
kynbTuBHpOoBaM mpu 30°C B TeueHme 48 4. 3aTeM MNPOU3BOJAMIM CpPAaBHEHHE COCTaBa
HAOGUTHON MHUKPOQIIOPH pAaCTEHUI 3aCyIUIMBBIX M BIAXKHBIX MECT OOMTAHHS U OTCEBAIU
W30JISThI, XapaKTEePHBIE [T PACTCHUM CYXHX MOYB.

Jlst onpenieneHust BIUSHUAS OTOOPAHHBIX U30JISTOB HA CIIOCOOHOCTh PACTEHUM MIIICHUIIBI
SUMEHSI TPOTHUBOCTOATH 3aCyXe TMPOBOIWIM BETETAllMOHHBIE OJKCHEpUMEHTHL. [louBy,
OTOOpaHHYIO B TOPOJCKUX YCIOBHSX, MPOCYIIHBAIX, oTBemmBanyd mo 200 r u momMemnianud B
CTEpUJIN30BaHHBIE 3TUJIOBBIM CHUPTOM IIJJACTHKOBBIE €MKOCTH auamerpoM 9 cm. Cemena
bypaxHOi mMIIeHHUNBI U suMeHs (mo 15 miT.) 3amauuMBaiy pa3felibHO B TEYCHHE 5 MUH B
CYCTIEH3UH OTOOPAHHOTO MHKPOOPraHW3Ma C KOJUYECTBOM KIETOK 1 X 10° KOE/mn wu
packiiaJplBaIi Ha TMOBEPXHOCTHM TNouBbl. CBepxy 3acbimanu 30 T MOYBBI M TMOJUBAIU
BOJIOITPOBOAHOM OTCTOSIBIICHCS BOAOW B KoiaumyecTtBe 70 Mi s mpopactaHusi ceMsiH. [loceBbl
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OCTaBJISIM MPU KOMHATHOW TemmepaTtype 26 — 28°C. B nanpHeiileM MoJMB COKpamaiv 10
pazoBoit 11036l OoT 30 mu (mepBast Henens mnocie npopactanus) no 20 mut. IlpunepxuBanuck
cienyromiero rpaduka MOJUBOB I PACTCHHUM mimeHunbl: 7-¢ cyTku — 30 mur, 11-e cytku — 30
Mmi, 12-e cytku — 20 mi, 16-e cytku — 25 mi, 20 cytku — 25 mul. SldMeHb JOMOJHUTEILHO
nojauBaJid Ha 15 cytku B konmyectBe 25 M u Ha 19 cyrkum B kosmuectBe 20 mu. Brary
pacupeiensiiii  paBHOMEPHO IO TMOBEPXHOCTU TMOYBbl. OTMEYayn CTENeHb YChIXaHHS U
KOJIMYECTBO 3aCOXIIUX U KUBBIX PACTEHUH.

Craructuueckyro 00paOOTKy JaHHBIX [POBOJWIH C
CTthprO€EHTA.

HCIOJIb30BAHUEM  KPUTEPHS

Pe3yabTaThl U 00CYy:KIeHHE

CocTaBlieH CIIHCOK COPHBIX 3aCYXOYCTOMUYMBBIX (KCEPOME30(HUTHBIX) PacTCHUH Topoja
Anmartel. BeisBiieHo 19 HanMeHoBaHME pacTeHH#, oTHocsmuxcsa K 11 cemerictBam. HanbGoree
HIMPOKO OBLJIO MPEICTABICHO CEMEHCTBO CJIOKHOUBETHBIX — 6 BUIOB pacTeHuid. OcTalibHBIC
ceMeicTBa HACUUTHIBAIM MPEUMYILECTBEHHO [0 OJHOMY IPEICTaBUTEINI0, CAMHUYHBIE — 10 JIBa
(Tabmuma 1).

Tabmuma 1 — Kcepome3ogutHble pacTeHus TOpoaa AIMaTh

Bun, nat. (pyc.)

CewmeiicTBo, nat. (pyc.)

Anisantha tectorum (L.) Nevski (HepaBHOIIBETHHK
KpPOBEJIbHBIN)

Poaceae (MATIHMKOBBIC)

Arctium lappa L. (JTormyx 605b1110#1)

Asteraceae (Co>KHOLIBETHBIC)

Artemisia absinthium L. (ITosieib ropbKkast)
Artemisia vulgaris L. (IToeIHE 0OBIKHOBEHHAS)
Asperugo procumbens L. (Octpuria jexauas)
Cannabis sativa L. (Konormist noceBHast)
Capsella bursa-pastoris (L.) Medikus (ITacTtyribs
CyMKa OOBIKHOBEHHAsI)

Chenopodium album L. (Maps 6eas)

Cirsium arvense (L.) Scop. (Bozsik mosieBoii)
Euphorbia esula L. (Mosouait ocTpsiii)

Geum urbanum L. (I'paBuiiat ropoJicKoii)
Lactuca serriola L. (Jlaryk KomMmacHbIii)

Lycopsis orientalis L. (KpuBorget BOCTOYHBI#)
Plantago lanceolata L. (ITomopo)XHHK JIaHIIETHBI#)
Plantago major L. (ITogoposkHHUK OOIBIIIOw)

Poa bulbosa L. (MATIHK JTyKOBUYHBI)
Polygonum aviculare L. (I'oper ntuunii)
Taraxacum officinale F.H. Wigg. (OnyBanunk
JIEKapCTBEHHBIN)

Veronica persica Poir. ex Lam.

(Beponuka nepcuackasi)

Asteraceae (Cmo)XKHOIIBETHBIC)
Asteraceae (Cmo)XKHOIIBETHEIC)
Boraginaceae (bypaunukoBbie)
Cannabaceae (KonormiéBbie)
Brassicaceae (KamycrtHsie)

Chenopodiaceae (Mapessbie)
Asteraceae (Ci0KHOIIBETHBIE)
Euphorbiaceae (Momnouaiinbie)
Rosaceae (1LInmoBHHKOBEIC)
Asteraceae (C0XHOIBETHBIE)
Boraginaceae (bypaunukoBbie)
Plantaginaceae (ITogopoKHUKOBBIC)
Plantaginaceae (ITogopoKHUKOBbIE)
Poaceae (MATIMKOBBIC)
Polygonaceae (I"peuniinbie)
Asteraceae (C0XHOIIBETHBIE)

Scrophulariaceae (HoprunukoBbie)

Jlnist BeIACIIEHUS SHA0(DUTHBIX MUKPOOPTaHU3MOB ObLT 0TOOpaH ropert mruymii (Polygonum
aviculare L.) xak Hambojee IIMPOKO IMPEICTABICHHBIN MOBCEMECTHO B Pa3IMUYHBIX paiioHax
ropoaa. beimn 0TOOpaHbl pacTeHUS ¢ TEPPUTOPHUI PA3TIUYHON CTETICHH YBIAXXHEHHOCTH.

Pacrenuss ropua NTUYBEro NOJMBAEMBIX M 3aCYLUIMBBIX TEPPUTOPUN 3HAYUTEIHHO
pa3Iu4aIuch Mo MOp(OJIOTUU: JUIMHE U PA3BETBICHHOCTH CTE0JIA U KOPHS, pa3MepaM JIMCTHEB.
Cpenssisi IMHA KOPHS TOplia NTHYbEro, OTOOPAHHOTO ¢ 3aCYIIIUBBIX MECT, coctaBuia 2,8+0,3
cM, cTel0st 6,9+0,3 cm (P<0,001). V pacteHuil MOJMBAEMBIX YYaCTKOB JJIMHA CTEOIs
XapaKTepU30BAIACh 3HAUUTENBHO OONBIIUMU pazMepaMu 12,2422 cM, a cpefHss ATUHA KOPHS
nocturana — 16,5+3,5 cm (P<0,05). Ilpu 3TOoM y pacTeHH#l, MPOU3PACTAIONIUX B YCIOBUSIX
3aCyXH, OTMEYAJICS TOJILKO OJUH Mmober 0e3 pa3BeTBICHUN U OJUH OCHOBHOW KOPEHb C OUY€HBb
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MEJNKUMHU OOKOBBIMHM KOpemlkamu. Ha peryisipHO MOJMBaEMBIX y4yacTKax y ropua NTHYBEro
OTMEUaJIOCh 2 - 4 JUIMHHBIX MMOOeTa W 3HAYUTEIIbHOE DPA3BETBJICHHE KOPHS C MHOXKECTBOM
MEJIKUX KOPEIIKOB.

N3 oroOpaHHBIX pacTeHUW OBUIH BBIACIEHBI ASHAO(DUTHBIE MHUKPOOPTraHU3MEL. [Ipu
CpPaBHEHMHM COCTaBa »JHIO(PUTOB Tropla MTUYHET0, MPOU3PACTAIONIEIO HA MOJUBAEMBIX
TEPPUTOPHUSAX, C SHAOPHUTAMHU PACTEHUN IMOCTOSHHO TMEPECHIXAIOMIMX MECT OBUIO OTMEYECHO
Hanuyue OOJIBLIOT0 KOJIMYECTBA MUKPOOPTAaHU3MOB C JKEITHIMH U OpPAHKEBBIMU KOJIOHUSIMHU
pa3nuuHbiX OTTeHKOB (Pucynok 1). Cpeau 3HIOPUTOB pacTeHHid BIAXHBIX MECT TaKHe
MUKpPOOPTraHM3Mbl HE BCTPEYAINUCh. bBBUTM  BBIOENEHBI JBa HM30JIATa, 3HAYUTEIHHO
pa3IuyarouXxcs Mo oKpacke KojgoHuil. [10CKOIbKY UMEIOTCS TaHHBIE O BO3MOXKHOCTH BIIMSIHUS
SHIO0(PHUTHBIX MUKPOOPTaHU3MOB Ha PACTCHHS Pa3IMYHOTO CUCTEMATHYECKOTO TOJIOKEeHUS [42],
OBUTM TIOCTaBJICHBI BETETAIIMOHHBIC OIBITHI HA 3CEPHOBBIX KYJIBTYpax C HCIOJIb30BaHUEM
BbIJIEJICHHBIX MUKPOOPTaHU3MOB.

CeMmeHa MIIEHUIBI ¥ TYMEHS 00padaThIBAIM CYCHEH3MEH MUKPOOPTaHU3MOB, BBICEBAIH,
OJTHOKPAaTHO OOMJIBHO MOJIMBAJIHU JJIsl IPOPALIMBAHU U COKpAIlaIM MOJUB, HAUMHAs CO BTOPOU
HEJIeNMH OT T0CeBa TaK, YTOOBI CpeHEe KOJIMYECTBO OCAIKOB HE IMPEBBIIIATIO 5 MM B CYTKHU (B
COOTBETCTBUM C OIpe/eleHneM MoHATUA aTMocdepHas 3acyxa [43]). Temneparypa Bo3ayxa He
npesbiasia 25°C Ha mporsbkenun 30 cyrok. MakcumanbHas fo3a mnosmBa (30 min)
COOTBETCTBOBaJIa 4,7 MM OCaJKOB, IIPH 3TOM IIOJUB OCYIIECTBIISJICS YEpPE3 HECKOJIBKO JIHEH.
CpenHee KOMMYECTBO BOJABI Ha MPOTSKEHUH 25 CyTOK 3KCIEpUMEHTa (IOCie MpOopacTaHHs
CeMsIH) COCTABMJIO JJIS MIIEHULBI 5 MJI B CYTKH, YTO cOOTBeTcTBOBasIO 0,64 MM 0cCajiKoB, a Jis
stameHs 6,8 mi1, cootBeTcTBeHHO 0,87 MM. J[aHHBIN BOTHBINA PEKUM (PAaKTHUECKH COOTBETCTBOBAI
0€3/10kKTHOMY MEPUOJY, MOCKOJBKY CPEIHECYTOYHOE KOJIMYECTBO BJIArM HE MPEBBILIATO 1 MM.
Pa3zoBoe xomm4ecTBO 0caaKoB OBUIO MEHEEe 5 MM, TO €CTh SABISLIOCh Hed(hdekTuBHBIM [44]. Bee
pacTeHHsl OYeHb TSKENO MEePeKUBATM MMHUTALMIO 3acyXd. PocT pacreHuil oObIYHO OTMeuancs
TOJIbKO B TIEPUOJIBI Cpa3y IMOcie MojiuBa (IpH MojuBe B KoiaudecTtBe 4,7 mm). B nanpuelmem y
MIIEHUIIB HAOMIONAJICS YaCTUYHBIA XJIOPO3 U CKPYUYHMBaHUE JUCTHEB, yBAnaHue pacTeHuid. [Ipu
COKpAIIIEHUH Pa30BOro MojuBa A0 3,1 MM pOCT CHJIbHO 3aMeJIsICs, MPOUCXOINUI0 OTMHpPAHUE
BEPXHHUX YacTel JMCTHEB BIUIOTH 0 MOJIHOTO 3achiXxaHus pactenuil (Pucynok 2).

Slamens okazancs Gonee TpeOOBaTEIbHBIM K TIOJWBY, BEPOSITHO BCIIEICTBHE OOJBIICH
IMIMPHUHBI JMUCTHEB M HECIIOCOOHOCTH MX K CKPYYMBAHMIO MPU PEryJIIPHOM OTCYTCTBHUHU BIIArH,
MO03TOMY €My MOTpeOOBAINCH JONOJHUTENIbHbIE MoauBbL. Ho, HecMOTps Ha 3TO, pacTeHUs
UCTIBITHIBAIM CHJIBHYIO HEXBaTKy BJIard, OTMEYAJHMCh 4YacToe IMOJIeraHue MOOeroB M CTOMKHUI
XJI0p03 (JTaHHBIC HE TIPE/ICTABIICHBI).

[Ipu mnocnexyromeM TMONKMBE HE3AaCOXIIME 4YacTH JIUCTbEB MIIEHUIBI MPOJIOIHKAIH
otpacTarh. [Ipu 3TOM BO Bce 3Tamnbl KyJIbTUBUPOBAHUS HAOIIOJANICA 3HAUYUTENbHBIN 3alIUTHBII
s¢dekt ucrnonb3oBanus uzoisroB P. aviculare. Beicota pacTeHuii mMpeBOCXOaUIa TAKOBYIO B
KOHTpOJIE, 3aChIXaHUE BEpPXYIIEK JHCTbEB B TMEPBbIE JBE HEIENINW OHKCIEpPUMEHTa ObUIO
3HAYUTEIBHO MEHEE BBIPAKEHO.
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11 cyr. 16 cyr.

22 cyr. 24 ey,

O - 06paboTka cycreH3uen U3051sTa C OpaHKEeBBIMU KOMOHUAMY; JK - 00paboTka cycrneH3uei
M30JISTa C JKENTHIMH KoJoHusME; K - 6e3 00paboTkw.

Pucynok 2 — BiusiHue sH10(pUTHBIX MUKpOOpranu3MoB P. aviculare Ha pocT NILICHHUIIBI B YCIOBHSAX
MMUTALUY 3aCyXHU

B nanpHeifmem mnocne yBAgaHMS MOJHUMAIOCh 3HAYUTENBHO OOJIbIIEE KOJUYECTBO
pacTeHuii, 4eM B KOHTpoJIE. YiKe Ha 22 CyTKH dKCIepuMeHTa 1noruoio 6omee 60% KOHTPOIbHBIX
pacTeHH, TUCThS e )KU3HECTOCOOHBIX PACTEHUH Yy 3HAUUTENIbHOM yacTh 3acoxiu Ha 50 — 70%
mmHbl. [Ipu 3TOM pacreHus, oOpaOoTaHHbIE OOOMMM H30JSTaMH OaKTepHil, MOIHOCTHIO
COXPaHWIN KHU3HECTIOCOOHOCTh. B OTAENBHBIX Clydasix ObLIO BBISBIEHO 3acyIIMBaHUE He Oolee
1 cM camoii BepxHel 4yacTu JncTheB. Yepe3 24 CyTOK KOJIMYECTBO PACTEHUM, MEPEHECIINX
3acyXy, IPEBOCXOAMIIO B OIILITHOM BapUaHTE KOHTPOJBHOE B 2,5 pas.

[To oxoHuaHMM PKCTIEpUMEHTA OBLTH BBIACICHBI YHI0(UTHBIE MEKPOOPTaHU3MBI U3 KOPHEH
U crebsielt KM3HECNOCOOHBIX pPAacTeHMH MIIeHUIbl. B Bapuante ¢ 00pabOTKONW H30JIATOM C
OpaH)XEBBIMU KOJIOHMSIMU MMKPOOPTaHM3MBl C OPAHXKEBOM OKpacKOW KOJOHHUH He ObLIN
3aMedeHbl npu pacceBe. Ho B BapuanTe ¢ 00pabOTKOM <«CKENThIM» H30JIATOM B KOPHSX ObUIM
BBISIBJICHBI OKPAIIICHHBIE B XKEJITHIN 1[BeT KoJoHUH (PrcyHok 3).

OTcyTCcTBHE OpaHXKEBO OKpAIIEHHBIX KOJOHMHA NpPH BbICeBE 3HIO0(DUTHONH MHUKPO(IOPHI
yepe3 MecdAll KyJIbTHBHPOBAHUS IIOCIE OOpaOOTKM H30JSATOM MOXKET OBITh CBSI3aHO Kak C
HECTIOCOOHOCTBIO €r0 K MPOHUKHOBEHUIO BHYTPh PACTEHUH MIIEHMIBI, TAK U C HEJIOCTaTOYHBIM
CpPOKOM KynbTUBHpOBaHHSA. OpHAKO, HECMOTPSA Ha 3TO, 00pabOTKa CyCHEH3MEW H30JIATa C
OpaH)XEBBIMU KOJIOHUSMH CIIOCOOCTBOBAJIA 3AIIUTE PACTEHUI MIIEHUIBI OT 3aCyXH.

Jnst stamens 3amuTHBIA dddexT He Obut mokazaH. OTMedanu JIMIIb CTUMYIISIIIUIO POCTa
pacTeHM B cCaMOM HavaJle KU3HEHHOT'0 IMKJIA.
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Pucynok 3 — DupoduTHas MUKpoQIIOpa IEpEeHECIITNX 3aCyXy PACTEHHHN MIIEHUIIBI, 00pabOTaHHBIX Mepe
MOCEBOM CYCIICH3UCH MUKPOOPTaHU3MOB C KEJITOM OKPACKOH KOJOHHI

B 1memom mnpoBeneHHBIE HCCIENOBAaHUS MOATBEpIWINA 3(PPEKTUBHOCTE SHIO(DUTHBIX
MHUKPOOPIaHU3MOB JIIsl  3alllUThl pacTeHudl oT abuoTuueckux (axkrtopoB. Ilockonbky
MHUKpO(II0pa paCTeHHIA ¢ 3aCYIIIMBBIX MECT OTJINYAJIACh OT TAKOBOW Ha PETYJISPHO TOJMBAEMBIX
TEPPUTOPUAX HAIMYUEM MUKPOOPTaHU3MOB C JKEITO-OPAHXKEBOM IMUIMEHTAlMed KOJOHUM,
HauOosee BEpPOATHO BIMAHHE HA YCTOWYMBOCTb PACTEHUH HMMEHHO KapOTHHOWJIOB
MHUKPOOPIraHu3MoB. I3BECTHO, YTO KapOTHMHOMJIHbIE MMUTMEHTHI 00J1a/1al0T aHTUOKCUIAHTHBIMU
u (oTo3amUTHBIMUA CBOMCTBamMHu [45, 46]. B mocnemnue ToOABl IOKA3aHO, YTO JIETy4He
COEIMHEHUs, 00pa3yroluecs BCISICTBUE OKUCIUTEIBHOIO pacaja KapoTUHOUAOB PACTEHUH,
JEHCTBYIOT B KAayeCTBE CTPECCOBBIX CUTHAJIOB U YYACTBYIOT B JMMIE€HETHYECKOM PEryJslUH,
BbI3bIBAsl IE€PENPOIPAMMHUPOBAHUE SKCIIPECCUM T'€HOB B CTOPOHY AaKTHBALlMM MEXaHHU3MOB
KJeToyHOU 3amuThl [47, 48]. OgHako B 3TOM 001acTH 3HAHUM K HACTOSIIEMY BPEMEHH UMEETCS
elle CIMIIKOM MHOTo npo6esnoB [49]. B wactHocTH, HE OOBSICHEHO HAJIMYUE OYEHb OOJIBIIOrO
KOJIMYECTBA PAa3IMUHBIX PETYISATOPOB YCTOMUYMBOCTH Y Pa3HbIX pacTeHHUil. Bo3moxkHo, paznuuus
B XMMHUYECKOM CTPOEHHHM KAapOTHHOHUOB DA3JIMYHBIX PACTEHUH MOPOXKIAIOT pazHOoOOpasue
PEryysiTOpOB, YTO MOJKET SBIATHCA TAKKE MPUYUHOW OTCYTCTBHSI 3alIUTHOTO BO3IEHCTBUSA
BBIJICJIEHHBIX MUKPOOPTraHU3MOB Ha pacTeHHs stuMeHs. [103ToMy AJist 3alUThI STIMEHS OT 3aCyXH
noTpedyeTCsl TONOJHUTENbHBIN CKPUHUHT 3(PPEKTUBHBIX YHIOPUTHBIX U MUKPOOPTaHU3MOB U3
JpYTUX PACTEHUH, B TOM YHCJIE HEMTOCPEACTBEHHO U3 SUYMEHS.

JanpHelimas paboTa B 3TOM HampaBiIeHUH OYAET COCPEJOTOYEHA KAaK Ha OINpeaeleHUH
IIOJIHOTO CIIEKTPa CENbCKOXO3ANCTBEHHBIX KYJIBTYp, Ha KOTOPBIE PACIIPOCTPAHAETCS 3AIUTHBIN
3¢ (deKT, TaK U Ha UCCIEAOBAaHUU CAMUX H30JISITOB, BKJIIOYAsl COOTBETCTBYIOIINE SKCIIEPUMEHTHI,
Kacaroluecss ux Oe3omnacHocTU. B Oyaymiem JaHHbIE HEPCHEKTUBHBIE H30JSThI MOTYT OBITh
UCIIOJIb30BaHbI Ul pa3pabOTKU MpenapaToB, CHOCOOCTBYIOUIMX 3aIMTE CEIbCKOXO03HCTBEHHBIX
pacTeHni OT 3aCyXH.
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Tyiiin

KypFraKIbUIBIKTEIH KYIICI01 KOHE OHBIH TYPAaKThI Kaitanybl KazakcTan PecnyOnuKachIHBIH XKoHE
OYKiI aneMe XallbIKTHIH alaHAayIIbUIBIFBIH TYIBIPAAbl. AYyBUIIIAPYAIIBUTBIK 6CIMIIKTePIHIH TipIITITiH
caKTam KalyAblH OHTAMIIbl MIapachl arpOTEXHUKAIBIK IIapalapMeH >KOHE KYpPFAaKIIBUIBIKKA Te3iMIi
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KYPFaKIIbUIBIKKA TO3IMIUTIKTIH JKOFaphl JeHreHiMeH CHUNATTalIaThiH Kaia ilIiHJe eCeTiH OCIMIIKTepAiH
Ti3iMi skacanapl. KenrereH meneiTTi xepiepae eceTin KycrapaH( KpI3bUITaca) 6CiMAIriHeH 3HA0UTTI
MHUKpOOpraHm3Mjiep OemiHin anbiHABl. BereraTwBTi ToXipubenep capbl KOHE KBI3FBUIT —Caphbl
KoJoHusIapel  6ap Polygonum aviculare sumoduTTepiMeH eHIeIreH 6CiMIIKTEPAe KYPFaKIIbUIBIK
Ke3iHae OuaaiIbIH eMipiieHairi 2,5 ece apTKaHblH KepceTTi. bysl H30JsaTTapabl € CIMAIKTEPAiIH
KYPFaKIIBUIBIKKA TO3IMJAUITIH apTThIpy YIIIH MHUKPOOTBIK MpenapaTrapisl OJaH opi JaMbITyna
KOJIZJaHyFa 00Ja bl
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DROUGHT

doi: 10.53729/MV-AS.2022.01.06

Abstract
The regular recurrence and intensification of droughts are a serious concern for the population in
the Republic of Kazakhstan and around the world. The optimal measure to prevent the death of
agricultural plants, along with agricultural practices and selection of drought-resistant varieties, is the use
of preparations based on endophytic microorganisms that provide nonspecific plant resistance. In this
study, a list of plants growing within the city and characterized by a high degree of drought resistance was
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compiled. Endophytic microorganisms have been isolated from the common knotgrass, which is
ubiquitous in arid habitats. Vegetation experiments showed a 2.5-fold increase in the survival of wheat
during drought simulation in plants treated with Polygonum aviculare endophytes with yellow and orange
colonies. These isolates can be used in the further development of microbial preparations to increase plant
resistance to drought.

Key words: endophytes, drought, non-specific resistance, wheat, Polygonum aviculare

In recent years, drought has become a serious problem in the Republic of Kazakhstan and
around the world due to changing climatic conditions [1-8]. Over the past few decades, a
widespread increase in the average annual and seasonal surface air temperatures has been
observed on the territory of Kazakhstan. On average, in Kazakhstan, every 10 years, the average
annual air temperature rises by 0.27°C [9]. The frequency of severe droughts has increased
rapidly. In the next century, an accelerated expansion of the area of arid lands is predicted [10,
11]. According to a United Nations report, about 130 countries around the world could face
major drought as early as this century, with frequent and severe droughts expected in much of
Africa, Central and South America, Central Asia, southern Australia, southern Europe, Mexico,
and the United States [12]. According to the UN, water shortages and drought will harm
humanity on a scale comparable to the COVID-19 pandemic, with risks increasing as global air
temperatures rise.

Atmospheric droughts cause enormous damage to agriculture, causing the death of
agricultural plants and the loss of livestock, leading to further changes in the economy and social
well-being along the chain. Regular droughts also contribute to further soil degradation [13]. The
need for urgent action to improve drought forecasting, careful planning and implementation of
measures to reduce their detrimental impact and consequences is obvious.

One of the ways to increase plant resistance to drought, along with the creation of drought-
resistant varieties and agricultural practices [14, 15], is the use of preparations with
microorganisms that provide plant resistance to abiotic stresses, including drought [16, 17]. Of
particular interest in this regard are endophytic microorganisms that increase the nonspecific
resistance of plants [18-21]. The influence of microorganisms on plant drought resistance is
multifaceted. It includes the production of bacterial exopolysaccharides that retain moisture [17,
22, 23], osmotic adaptation due to the production of osmoprotective compounds such as proline,
choline, galactinol and an increase in the content of total soluble sugars in plants [17, 24, 25],
synthesis of antioxidant enzymes [26-28], modulation of the levels of phytohormones, in
particular jasmonic and abscisic acids [24, 29-33], increased availability of nutrients [34],
synthesis of the enzyme 1-aminocyclopropane-1-carboxylate deaminase and a decrease in stress-
induced production of ethylene [17], epigenetic regulation of a number of plant genes associated
with abiotic stress and responsible for stomatal closure, synthesis of antioxidant enzymes, etc.
[17, 24, 34, 35-38]. To date, the higher efficiency of endophytes in comparison with rhizospheric
microorganisms in promoting growth and protecting plants has been proven [18, 20, 39-41].

However, the mechanisms of interaction between plants and endophytic microorganisms
have not been fully studied. In addition, for the most effective impact on agricultural and garden
plants, isolation and study of local strains are necessary.

The aim of our study was to isolate endophytic microorganisms associated with native
plants with good drought tolerance and to determine their effect on drought tolerance in
important agricultural crops. At this stage, as an object for the isolation of endophytic
microorganisms, urban flora species capable of growing both in wet and arid conditions were
studied.

Materials and Methods

Plants for the isolation of endophytic microorganisms were selected from wet (irrigated
areas) and arid habitats of the Medeu district of Almaty city. For the selection of plants, closely
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spaced areas with the same soil conditions were chosen, differing only in the degree of moisture:
regularly irrigated and non-irrigated dry areas.

To isolate endophytic microorganisms, the roots and stems with leaves of plants from wet
and dry places were thoroughly washed, rinsed with sterile tap water, cut into pieces about 1 cm
in size, treated with ethanol and sodium hypochlorite solution, and washed in sterile tap water.
Next, pieces of the stem and root were separately ground in a mortar, 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/l: glucose 40, 0; peptone 10.0; agar-agar 20.0). As a control, part of the
treated pieces of the stems and roots were laid out on the surface of the medium in Petri dishes.
The crops were cultivated at 30°C for 48 h. Then, the compositions of the endophytic microflora
of plants in dry and wet habitats were compared, and microorganisms characteristic of plants in
dry soils were isolated.

Vegetation experiments were carried out to determine the effect of selected isolates on the
ability of wheat and barley plants to withstand drought. The soil selected under urban conditions
was dried, weighed in 200 g units, and placed in plastic containers 9 cm in diameter sterilized
with ethyl alcohol. Feed wheat and barley seeds (15 pcs each) were moisten with suspensions of
bacteria for 5 min (1 x 10° CFU/ml) and then laid out on the soil surface. Containers were topped
with 30 g of soil and watered in an amount of 70 ml for seed germination. The inoculations were
left at room temperature 26-28°C. Subsequently, watering was reduced to a single dose of 30 ml
(the first week after germination) to 20 ml. The following irrigation schedule for wheat plants
was adhered to: 7th day - 30 ml, 11th day - 30 ml, 12th day - 20 ml, 16th day - 25 ml, 20th day -
25 ml. Barley was additionally watered on the 15th day in the amount of 25 ml and on the 19th
day in the amount of 20 ml. The moisture was distributed evenly over the soil surface. The
degree of drying and the number of dried and living plants were noted.

Statistical data processing was carried out using Student's t-test.

Results and Discussion

A list of weed drought-resistant (xeromesophytic) plants of Almaty city has been
compiled. 19 names of plants belonging to 11 families have been identified. The most widely
represented family was Compositae - 6 species of plants. The rest of the families consisted
mainly of one or two representatives each (Table 1).

Table 1 - Xeromesophytic plants of the Almaty city

Species, lat. (English) Family, lat. (English)
1 2

Anisantha tectorum (L.) Nevski (Drooping Poaceae (Gramineae)
Brome)
Arctium lappa L. (Greater burdock) Asteraceae (Compositae)
Artemisia absinthium L. (Wormwood) Asteraceae (Compositae)
Artemisia vulgaris L. (Common mugwort) Asteraceae (Compositae)
Asperugo procumbens L. (Madwort) Boraginaceae (Borage)
Cannabis sativa L. (Hemp) Cannabaceae (Hemp family)
Capsella bursa-pastoris (L.) Medikus Brassicaceae (Cabbage family)
(shepherd's purse)
Chenopodium album L. (White goosefoot) Amaranthaceae (Amaranth family)
Cirsium arvense (L.) Scop. (Field thistle) Asteraceae (Compositae)
Euphorbia esula L. (Green spurge) Euphorbiaceae (Spurge family)
Geum urbanum L. (Wood avens) Rosaceae (Rose family)
Lactuca serriola L. (Prickly lettuce) Asteraceae (Compositae)
Lycopsis orientalis L. (Buglosse d'Orient) Boraginaceae (Borage)
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Table 1 continuation

1 2
Plantago lanceolata L. (Ribwort plantain) Plantaginaceae (Plantain family)
Plantago major L. (Broadleaf plantain) Plantaginaceae (Plantain family)
Poa bulbosa L. (Bulbous bluegrass) Poaceae (Gramineae)
Polygonum aviculare L. (Common knotgrass) Polygonaceae (Knotweed family)
Taraxacum officinale F.H. Wigg. (Common Asteraceae (Compositae)
dandelion)
Veronica persica Poir. ex Lam. Scrophulariaceae (Figwort family)
(Birdeye speedwell)

To isolate endophytic microorganisms, we selected the common knotgrass (Polygonum
aviculare L.) as the most widely represented everywhere in different parts of the city. Plants
were selected from areas of varying degrees of moisture.

Knotweed plants of irrigated and arid territories differed significantly in morphology: by
the length and branching of the stem and root, and by the size of the leaves. The average length
of the Knotweed root, selected from arid places, was 2.8+0.3 cm, the stem was 6.9+0.3 cm
(P<0.001). In plants of irrigated areas, the stem length was characterized by a significantly larger
size of 12.242.2 cm, and the average root length reached 16.5+3.5 cm (P<0.05). At the same
time, plants growing under drought conditions had only one shoot without branching and one
main root with very small lateral roots. In regularly irrigated areas, the common knotgrass had 2-
4 long shoots and a significant branching of the root with many small roots.

Endophytic microorganisms were isolated from the selected plants. When comparing the
composition of endophytes of Knotweed, growing in irrigated areas, with endophytes of plants in
constantly drying places, a large number of microorganisms with yellow and orange colonies of
various shades was noted (Figure 1). Such microorganisms were not found among the
endophytes of plants in wet places. Two isolates were isolated, differing significantly in the color
of the colonies. Since there are data on the possibility of the influence of endophytic
microorganisms on plants of different systematic positions [42], vegetation experiments were
carried out on grain crops using isolated microorganisms.

Figure 1 - Endophytes of Polygonum aviculare from arid habitats

Wheat and barley seeds were treated with a suspension of microorganisms, sown,
abundantly watered once for germination, and watering was reduced starting from the second
week after sowing so that the average rainfall did not exceed 5 mm per day (in accordance with
the definition of atmospheric drought [435]). The air temperature did not exceed 25°C for 30
days. The maximum dose of watering (30 ml) corresponded to 4.7 mm of precipitation, while
watering was carried out after a few days. The average amount of water during the 25 days of the
experiment (after seed germination) was 5 ml per day for wheat, which corresponded to 0.64 mm
of precipitation, and for barley 6.8 ml, respectively 0.87 mm. This water regime actually
corresponded to a rainless period, since the average daily amount of moisture did not exceed 1
mm. A single amount of precipitation was less than 5 mm, that is, it was ineffective [44]. All
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plants had a very hard time simulating drought. Plant growth was usually observed only in the
periods immediately after watering (when watering by 4.7 mm). Subsequently, partial chlorosis
and twisting of leaves, and wilting of plants were observed in wheat. With a reduction in one-
time watering to 3.1 mm, growth slowed down significantly, the upper parts of the leaves died
off until the plants completely dried (Figure 2).

Barley proved to be more demanding on watering, probably due to the greater width of the
leaves and their inability to curl in the regular absence of moisture, so it required additional
watering. But, despite this, the plants experienced a severe lack of moisture, frequent lodging of
shoots and persistent chlorosis were noted (data not shown).

During subsequent watering, the undried parts of the wheat leaves continued to grow. At
the same time, a significant protective effect of the use of P. aviculare isolates was observed at
all stages of cultivation. The height of the plants exceeded that in the control, the drying of the
tops of the leaves in the first two weeks of the experiment was much less pronounced.

In the future, after wilting, a significantly larger number of plants rose than in the control.
Already on the 22nd day of the experiment, more than 60% of the control plants died, while the
leaves of viable plants in a significant part dried up by 50—70% of their length. At the same time,
plants treated with both bacterial isolates completely retained their viability. In some cases,
drying of no more than 1 cm of the uppermost part of the leaves was revealed. After 24 days, the
number of plants that survived the drought exceeded the control variant by 2.5 times.

At the end of the experiment, endophytic microorganisms were isolated from the roots and
stems of viable wheat plants. In the variant with orange colony isolate treatment, microorganisms
with orange colonies were not observed during plating. However, in the variant with the
treatment with the —yellow” isolate, yellow-colored colonies were detected in the roots (Figure
3).

11 days 16 days

Note - O - suspension treatment of isolate with orange colonies; XK - suspension treatment of the
isolate with yellow colonies; K - without processing.

Figure 2 - Influence of endophytic microorganisms P. aviculare on wheat growth under conditions of
simulated drought
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The absence of orange-colored colonies when seeding endophytic microflora a month after
cultivation with the isolate may be due to both its inability to penetrate wheat plants and
insufficient cultivation time. However, despite this, suspension treatment of the isolate with
orange colonies contributed to the protection of wheat plants from drought.

No protective effect has been shown for barley. Only the stimulation of plant growth was
noted at the very beginning of the life cycle.

Figure 3 - Endophytic microflora of drought-tolerated wheat plants treated before sowing with a
suspension of microorganisms with yellow colonies

In general, the studies carried out confirmed the -effectiveness of endophytic
microorganisms in protecting plants from abiotic factors. Since the microflora of plants from dry
places differed markedly from that in regularly watered areas by the presence of microorganisms
with yellow-orange pigmentation of colonies, it is the carotenoids of microorganisms that are
most likely to influence plant resistance. It is known that carotenoid pigments have antioxidant
and photoprotective properties [45, 46]. In recent years, it has been shown that volatile
compounds formed as a result of the oxidative breakdown of plant carotenoids act as stress
signals and are involved in epigenetic regulation, causing reprogramming of gene expression
towards activation of cellular defense mechanisms [47, 48]. However, there are still too many
gaps in this area of knowledge [49]. In particular, the presence of a very large number of
different resistance regulators in different plants has not been explained. It is possible that the
differences in the chemical structure of carotenoids of different plants give rise to a variety of
regulators, which may also be the reason for the lack of a protective effect of isolated
microorganisms on barley plants. Therefore, to protect barley from drought, additional screening
of effective endophytes and microorganisms from other plants, including directly from barley,
will be required

Further work in this direction will focus both on the identification of the full range of crops
that are subject to the protective effect, and on the study of the isolates themselves, including
appropriate experiments regarding their safety. In the future, these promising isolates can be used
to develop preparations that can help to protect agricultural plants from drought.
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3.A. JIATBIIIOBA, JI.C. AYBEKEPOBA, III.T. CAPBFAKAHOBA, P.A. KEPUMBAEBA,
E.b. IIAKMFAEB
TOO «Ka3zaxckuii Hay4HO-HCCIIEA0BATENLCKUI BETEPUHAPHBIN HHCTUTYT», Ajmatsl, Kazaxcran

XAPAKTEPUCTHUKA LISTERIA MONOCYTOGENES,
BBIAEJIEHHBIX U3 MSACA PA3ZHBIX BU1OB ) KUBOTHBIX

doi: 10.53729/MV-AS.2022.01.07

AHHOTANUA
HpOBeHeHO HCCJIICA0BAHNUEC BBIJICJICHHBIX KYJIBTYP HI/ICTepI/Iﬁ n3 MsACa )KUBOTHBIX, IPOU3BCIACHHOT'O
B pa3Hbix oOnactsax KazaxcraHa, W3ydeHBl WX KyJIbTYpallbHO-MOP(OIOTHYECKUE, OUOXUMHYECKUE
CBOICTBA M aHTUOMOTKOPE3WCTEHTHOCTh. Bcero mpoanammsupoBano 50 mpob Msica pa3HOrO BHIA
(roBsiauHa, OapaHWHa, CBUHMHA, KOHMHA M KypuIla). B uccieayeMsix mnpobax msca ObUl OOHapYKeH
Hanbojiee 3HAUMMBIA JUIS OOINECTBEHHOrO 3ApaBooxpaHeHus marored Listeria monocytogenes.
TMony4yennsie KynbTyphbl Listeria monocytogenes mpoBepsiii Ha aHTUMHUKPOOHYIO PE3MCTEHTHOCTH K 14
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aHTHOWoTHKaM. BrizeneHHas KynbTypa Listeria monocytogenes mposiBujia yCTOWYMBOCTH K 6
anTuOnoTukaMm: amruumwuinHy (10 Mir/muck), unedampoxcwiny (30 Mir/muck), terpauukiuny (30
MKT/OucK), amokcunwumHy (10 Mir/muck), medukcumy (5 MKT/muck) w monumukcuHy -b (100
MKT/IIUCK).

KawueBble cjaoBa: mwuiieBas 0Oe30macHOCTh, Msco, Listeria monocytogenes, KyabTypanbHO-
MOpQoJIOTHYECKHE, OMOXUMUIECCKHE CBOMCTBA, aHTHONOTHKOPE3UCTCHTHOCTh

B pesynbTare mnosiBieHHS SMEpIKEHTHBIX I[ATOT€HOB 3HAYUTEIHHO BO3POCIU PUCKH
3a00/IeBaHUM, CBS3aHHBIX C YHNOTPEOJECHUEM IMHUIIH, OCOOCHHO Yy JIOACH C OCIa0leHHbIM
UMMYHUTETOM (II€TH, MOXKWIbIE JIFOJH, OHKOOOJIbHBIE U T.1.). OJHON U TaKUX 3MEPKECHTHBIX
uHpekuuit cuntaercs auctepros. Listeria monocytogenes sigisieTcss BO30yIUTENEM JIMCTEPHUO3a
y 4elioBeKa M JKUBOTHBIX. B HacTosmiee Bpems OaHHOE 3a00JieBaHHE CUYHUTACTCS OJHUM U3
HaubOosee 3HAYUMBIX MUINEBbIX HHpeKuuid B wMupe. OCHOBHBIMH (DaKTOpamH Ieperadyu
JUCTEPUO3a SABIIAIOTCS MOJIOKO M MOJIOYHBIE INPOJIYKTHI, MSCO >KMBOTHBIX M NTHI], OBOLIU U
mopenponyktel  [1,2,3,4,5,6]. Listeria monocytogenes MokeT —mepeaaBaThCcs — depes
o0ceMeHEHHbIE MTPOAYKTHI TUTAaHUS Ha JIFOOOM 3Tare UX MOJIy4YeHHs U nepepaloTku. [ naBHYIO
pOJb CpeAM HHUX WIPArOT MOJIOYHBIE MPOIYKTHI, HEMACTePU30BAHHOE WM HEKAYECTBEHHO
[aCTEPU30BaHHOE MOJIOKO, ChIPbI, Macji0 U MOpokeHoe. Takke KOHTAMUHUPYIOTCS JINCTEPUSIMU
MUIIEBbIE MPOIYKTHl XKUBOTHOTO IPOMCXOXKICHHS, OOHApY)KUBAaeTCAd MAaTOreH B BapCHBIX
K0JI0acax M COCHUCKAX, CHIPOBSUICHBIX M CHIPOKOIMYCHBIX MSCOTPOIYKTAaX, B oy(hadpukaTax.

B Pecnybnuke Kaszaxcran nucrepuos momiexxut peructpanuu ¢ 2002 roma, ¢ MOMEHTa
BbIXOJa Mpuka3za MuHucrepcTBa 3/1paBooXpaHeHuss U MUHUCTEPCTBA CEIBCKOro xo3siicTBa Ne
946/326 «O npoduaktuke nuctepruosa B Pecnyonuke Kazaxcrany.

[To nmanapiM MycaeBoit A.K. ¢ coaBropamu [7] B CTamOHapHO HEOIArOMOIYYHBIX IO
JUCTEPUO3y KMUBOTHOBOIYECKUX XO3SUCTBAX AJIMATUHCKOW 00JAacTH, UMEIOMIMX KPYMHBIA U
MEJIKUM pOraThiii CKOT, JIucTepruo3 ooHapyxkuBaetcs y 10-30 % uccienoBaHHBIX KUBOTHBIX. B
KazaxckoM  HayuyHO-HCCIIEIOBaTEIbCKOM  BET€pUHApHOM  uHcTUTyre u3 10 mpod,
IPEIOCTABIEHHBIX U3 X034WcTB ANMaTUHCKOM obmactu, B 2009 rony BblienaeH BO30YIUTENb
JUCTEpHO3a B JIBYX ciy4asx (0T 7 MECSYHOro TeleHKa U 2-xyeTHeill kopoBsl), B 2011 rony — B
JBYX ciydasx (0T 3-xyieTHel KOpoBbI U rojioBajioi oBIbl); B 2014 rony — B Tpex ciydasx (ot 6
MECSIYHOTO TEJIEHKa, OBIIBI M 8 MeCAYHOro sirHeHka); a B 2015 romy — B AByX ciyyasx (OT
KOPOBBI U ObIKa-nipou3BoauTens), a B 2019 roxgy — B 1ecsaTH cinydasx (OT TEJAT, STHAT U CBUHEH).
B pe3ynbrate coOcTBeHHBIX HccaenoBaHui 50 mpob Msica pa3HOTro BHJA KUBOTHBIX (TOBSIMHA,
OapaHuHa, CBMHMHA, KOHMHAa U KypHIla), MPOU3BEICHHOIO B pa3HbIX obmactax Kaszaxcrana
(AnmatuHckasi, 3amagHo-Kaszaxcranckas u CeBepo-Kazaxcranckas ob6mactu) B 8 mpobax (3
npoObl TOBSAMHBI, 4 MpoObl CBUHUHBI W 1 mpoba OapaHuHbI) ObLla OOHapykeHa Listeria
monocytogenes.

[lenpt0 JMaHHOTO HWCCIACMOBaHHMS OBUIO HM3ydeHHE CBOMCTB I1mrammoB  Listeria
monocytogenes, BbIAEICHHBIX U3 MsiCa Pa3HBIX BUJOB )KUBOTHBIX.

MarepuaJjbl 1 METOABI

JmarHoctuueckue mpenaparbl, MUTATENbHbIE CPEIbl U PEAKTUBBI: IUTATEIbHBIE CPEJIbI
(MITb (msco-nenToHHbI OynboH), MIIA (msco-nentoHHslii arap), arap MIIb (msco-
nenToHHbI OynboH), MIIA (Msico-menToHHBIN arap), arap Ais HUIEHTU(GUKALUU JUCTEpUi
Palcam, xpoBsiHO# arap, arap Mrosiepa-XHHTOHa, pacTBOPbI Kpacutenel (okpacka mo I'pamy),
cpensl ['ncca, cTepuibHas IUCTUILTMPOBAaHHAs BO/A, (U3HOJIOTHYECKHI pacTBop.

N3yueHne OMOJIOTMYECKUX CBOMCTB BBIIEIEHHBIX MHKPOOPTraHU3MOB MPOBOJIWIN B
COOTBETCTBUM C IMpaBWJIaMU pabOThl, COTJIACHO YTBEP)KIEHHBIM IMpPUKa3aM M HMHCTPYKLHUSAM K
Habopam.

[Tpumensmuch CIIEyIOIIHe METOJIbI UCCIICJOBAHMSL: 0aKTEepPHOIOTHYECKHH,
OMOXHMUYECKUH.

Bcero mnsa uccnenoBanuii otoopano 50 mpoO Msca pa3HBIX BUIOB KUBOTHBIX (TOBSIMHA,
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OapaHnHa, CBUHWHA, KOHMHA W Kypu1ia). [IpoOb1 Msaca oTOMpainch Ha PIHKAX B COOTBETCTBHH C
I'OCT P 51447-99 (MCO 3100-1-91).

Mukpobuosornueckue uccienoBanus msca npoBogauwian coriacHo 'OCT P 54354-2011
«Msico u MsiCHbIE TPOAYKTHL. OO1IHe TpeOOBaHUS U METOABI MUKPOOHOJIOTHUECKOTO aHATTU3a.

OT16op mpoO OCYyMmIECTBISIN M3 IedbHON TymH B kKonumdectBe 50 1. Jlamee m3 kaxmoun
npoObI Msica U3 TIYOMHBI MBIIIEYHBIX BOJIOKOH OTOMpAIIM KYCOUKH pasmMepoM 1x1 cm. OnbITHBIE
00pa31ibl U3MeNbUail HOKHUIIAMHU U PAaCTUPANIU B CTYIKE JI0 TOMOT€HHOT0 cocTosiHus. HaBecky
Msica ImoMeniaau B MpoOupKy ¢ 3apanee npurorosieHHbIM MIIB u BcrpsixuBanu. [lomydennyro
cycneHn3uio BbiceBaiM Ha yamku [letpu ¢ MIIA. Yamku Iletpu ¢ moceBamu momemiaiyd B
tepmoctar Ha 24 yaca npu Ttemmneparype 37 °C. Ilocine 24 4YacoB KyJbTUBUPOBAHUS U3
BBIPAIIICHHOT'O MaTepHalia Jieiaiu Ma3Ku U okpammBainu no ['pamy. J{is sToro ¢pukcupoBaHHbII
Ma30K OKpaIIMBaId KapOOJIIOBBIM PACTBOPOM I'€HIIMAHOBOTO (PHOJIETOBOTO B T€UEHHE 1-2 MUHYT.
B Teuenne 1 muHyTHl 00pabaThiBanu Ma3oK pacTBOpoM Jlroross, oOeciBeunBaiu CHUPTOM B
teueHue 10-20 cek, mMpombIBaIM BOJOW. 3aTeM OKpalIWBaId Ma30K BOJHBIM PacTBOPOM
dbykcuna [1deiiddepa B Teuenune 1-2 MUHYTHI.

Omnpenenenyue 4yBCTBUTEIBHOCTH MUKPOOPIaHU3MOB K aHTHOMOTHKAM MPOBOMIIN JIUCKO-
mud@dy3HBIM METOJIOM C MPUMEHEHHEeM OYMaXKHBIX JUCKOB C aHTUOMOTUKAMU U METOJO0M
CEepUMHBIX pa3BelCHUN AaHTUOMOTHKA B IJIOTHOM cpene (arap Mromiepa-Xuntona) (MYK4.2
1890-04 M3 P®, 2004). Pe3ynpTaThl MHTEPIPETUPOBAIN COTJIACHO WHCTPYKLIUU K TUCKaM.
UyBCTBUTEIHHOCTh AHTUOMOTHKOB OLEHUBAIM [0 JAMAMETPy 30HBI 3aJepKKH pOCTa, Ha
OCHOBaHUU YEr0 JUCTEPUHU XapaKTEPU30BAIH KaK UyBCTBUTEIbHbBIC, YMEPEHHO YYBCTBUTEIILHbIE
win yctohuussle. [lpenaparbl ais ompesesieHus aHTUOMOTUKOPE3UCTEHTHOCTH BBIOMpAIU C
YYETOM CIIEeKTpa aHTUMUKPOOHOI aKTUBHOCTH MUKPOOPTAHMU3MOB, a TAaKXKE JOCTYMHBIX U 4acTO
UCIIOJIb3YEMBIX B BETEpUHApHON mpakTuke. Takke y4YUTHIBAIM NPUPOIAHYIO YCTOWYMBOCTD
muctepuit k anTHOMOoTHKaAM. [locne mukyOanuu B TedeHune 20 4yacoB M3MEpPsUIA JUAMETpP 30HBI
TOPMOXKEHHS pOCTa MHUKPOOPraHM3Ma U OTHOCWIM BBIIEJICHHbIE MHUKPOOPTraHU3MBI K
YYBCTBUTEIHHBIM, YMEPEHHO UYBCTBUTEIBHBIM WIIM PE3UCTEHTHBIM K aHTUOMOTHUKAM.

Jns  onpeneneHuss YyBCTBUTEIBHOCTHM K AHTHOMOTHKAM HCHOJIb30BAIM CYTOUYHYIO
Oy/lbOHHYIO KYJIbTYpy JIMCTEpUl, HE KOHTaMHUHHMPOBAHHYIO IMOCTOPOHHEH Mukpogiaopoil. B
paboTe MCMONb30BAIM CTaHAApPTHbIE OyMa)kHbIE TUCKM C aHTHUOMOTHKaMu: aMukauuHoMm (30
MKT/IUCK), amnuipuinHoM (10 mir/auck), nedaapokcunom (30 MKr/amuck), HOpGIOKCAIUHOM
(10  mxr/mmck), xIMHAAMUOUHOM (2 MKr/amck), TterpauMkinHoM (30  MKr/guck),
nunpodiaokcaiiHoM (5 MKr/auck), amokcumwuimaoM (10 mkr/amck), tobpamuimom (10
MKTI/IHUCK), JoMedokcaunHoM (10 Mkr/auck), HUTWIUIMHOM (30 MKr/muck), odaokcanuHoM (5
MKT/IHCK), epukcumoM (5 MKr/auck), monuMukcuHoM — b (100 Mkr/nuck).

B crepunbubie wamku Ilerpu auamerpom 100 MM pasznuBanu no 25 ma MITA. Tlepen
noceBoM dyamku Ilerpy ¢ arapom BbIIEpXKUBAIM B TepMocTaTe B TedyeHHe 48 4Yacos.
BakTepHaTbHyIO CYCIIEH3MIO (CYTOUHYIO OyIEOHHYIO KYIbTypy) B KommaecTse 0,1 cM® HaHOCHIH
Ha IOBEPXHOCTh arapa M PaBHOMEPHO PpACHpPENEsIM IINATeIeM, IOCIE YEro CTEPUIbHBIM
NUHIETOM HAaKJIaJIblBaJId JIMCKH, MPONHUTAHHbIE aHTHOMOTHKaMu. B kaxayro uamky [lerpu
noMemmanu 7 nuckoB. [locnme ammumMkanuum AMCKOB damku I[letpu WHKYyOMpoBanu MpHu
temneparype 37 °C B teuenune 18-20 uacos. OUeHKY pe3yJIbTaTOB MPOBOIUIA 10 HATHUYHKIO 30H
3aIep’)KKM pOCTa MHMKPOOPraHM3MOB BOKPYI JIHUCKOB. OTCyTCTBHE pOCTa TECT-OpPraHHM3Ma Ha
paccrosiHuu Oosee 15 MM OT jAuMcKa ¢ aHTUOMOTHMKOM YKa3blBajlO Ha YYBCTBUTEIbHOCTH
KYJIBTYpbl K JaHHOMY aHTHOMOTHKY [8]. Eciu MCHBITyeMbIii MHKPOOpPTaHHW3M pPa3BUBAICS B
HENOCPEJACTBEHHON ONM30CTH OT JIMCKA, TMPOMHUTAHHOTO AaHTUOMOTHUKOM, TO JAaHHBIN
MUKpPOOPTraHU3M OLEHUBAJIN, KaK YCTOMYMBBIN K €ro JeHCTBUIO. JlMaMeTp 30H 3aJ€pKKU pocTa ¢
Y4ETOM JIMaMeTpa caMoro JIMCKa U3MEPSUIH ¢ TOYHOCTHIO 110 1 MMm.

Pe3yabTartsl n 00Ccy:K1eHue
Kynerypansno-mopdomnoruueckue cBoiictsa. Komonuu nucrepuii Ha IIIOTHOM MUTATENbHOM
cpele MeIKHe, C NPUNOAHATBIMM KpasMH, C 3a0CTPECHHBIM WM NPUIOTHATBIM LIEHTPOM,
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Kpasi KOJIOHMH pOBHBIE, IIOBEPXHOCTh LIEPOXOBaTas ¢ OJECTAUM O€IbIM WU rolxyOoBaThIM
oTTeHKOM (S-dopma) (pucynok 1).

Mukpockonus Ma3koB IOJYYEHHOH KYJIbTYphl - MEJIKHE I'PaMIIOI0KUTEIbHbIE AIOUKU C
3aKpYIJIEHHBIM KOHILIAMU, PACIIOJI0KEHHBIE TOTIApPHO (PUCYHOK 2).

Pucynok 1 - Poct L. monocytogenes va MITA Pucynok 2 - L. monocytogenes B ma3ke,
okparieHHoM 1o ['pamy

Yepe3 24 4 mocie MOSBICHUS POCTa KOJOHUM NMPOU3BOJWIN IEPECEB HA CEIEKTHBHYIO
nuarHoctuaeckyro cpeny Palkam. Yepes 24 uaca MHKYyOMpOBaHHMS Ha CEIEKTUBHOW Cpere
Palcam HaOnromanu OOWIBHBIM POCT MENKHX, CEPOBATO-3€ICHBIX MM OJIMBKOBO-3EJICHBIX
KOJIOHHH ¢ 4epHBIM opeosioMm, nuamerpoM 0,5-1,0 mm. Uepe3 48 wacoB xomoHUU TproOpeTanu
3€JICHYI0 OKpAacKy, UMeNH YIiayOlieHue, OKpYKeHHOe uepHbIM opeosioM. IIpu ¢opmupoBanuu
CIUTOITHOTO POCTa MPOU3BOAWIM TEpeceB ITpuxamu Ha 2-3 vamku llerpu ¢ cenmekTuBHOU
T depeHMaIbHO-IMarHOCTUYECKOH  cpefloll Ul IMOJy4eHHs H30JMPOBAHHBIX  KOJOHHM

(pucynox 3).

Pucynok 3 — Poct nuctepuii Ha cenekTuBHOM cpeae Palcam

buoxumudeckue cBOWCTBAa. Y BBIICNCHHBIX IITAMMOB JIMCTEPHA BBIpaKEHHAs Karaiaa3Has
AKTHUBHOCTh (JTUCTEPHHM paCHICIUILIA TEPEKUCh Boaopoaa ¢ obpaszoBanuem O;), MTaMMBbI
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bepMeHTHpOBaIM DIIOKO3y, MajbTO3y, MaHUT. bakrepun He GEPMEHTUPOBAIM JIAKTO3Y,
apabMHO3y, MAYJNbLUT, WHYJIUH, COpPOUT, HE OOPa30BBIBAIM HMHIOJI U CEPOBOIOPOA, HE
pazKuKalu )KeaTHH, He BOCCTaHABIMBAIM HUTPAThl B HUTPUTHI (PUCYHOK 4).

Pucynok 4 - Buoxumudeckue cBoiictBa L. monocytogenes (1 - TecT Ha Katayia3Hyr0 aKTUBHOCT, 2 -
MOCEB CYTOYHBIX KYJbTYp Ha cpeabl ['Mcca: cneBa HanpaBo: | - nakTo3a, 2 - MaHUT, 3 — MallbTO3a,
4 - Tmoko3a)

AHTHOMOTHKOUYBCTBUTEIBHOCTD. V3ydeHa 4yBCTBHTENBFHOCTh K 14 aHTHOAKTEpHAbHBIM
npenaparaM 8 IUTaMMOB JIMCTEpUH, BBIACICHHBIX M3 MsAca. Pe3ynbTaThl HccieI0BaHUN
IIPUBE/IEHBI B Ta0JIULIE.

Tabmuua — UyBCTBUTENBHOCTh K aHTUOMOTHKAM IITAMMOB JIMCTEPUil, BBIICIICHHBIX U3 Msica (TOBSINHA,
CBUHMHA, OapaHH1HA)

AHTHOHOTHK Coneparme B 30Ha 3aepKKH pocTa, MM | YyBCTBUTEIBHOCTD
JIICKE, MKT

Awmukaia AK™ 30 22 Y
Ammumwuime AP 10 - R
Hedaapoxcun CFR™ 30 - R
Hopdiokcarma NX ' 10 23 q
Kimmagamuima CD’ 2 10 NA
Terparukmug TE™ 30 - R
Lunpodnoxcarma CFL’ 5 20 4
Amoxcuipan AX' 10 - R
ToOpamuiiux TOB" 10 11 Yy
Jlomedpnoxcarua LOM'° 10 22 q
Hutusmun NET 30 15 Y4
Oduocaruu OF 5 19 k!
Heduxcum CEM’ 5 - R
Honumukcun —b PB'™ 100 - R

[Ipumeuanue: U-4yBCTBUTENBHBI;
YUY- yMepeHHO 4yBCTBUTEIBHBIN

W3 tabmuuel BuIHO, yTO Bce § mrammoB L. monocytogenes, BbineneHHbIE U3 Msca,
MPOSIBUJIM YYBCTBUTEIHHOCTh K aHTUOMOTHKAM (PTOPXUHOJIOHOBOTO psifa (Hopdmaokcanuuy (10
MKT/1ucK), tomednokcanuny (10 Mkr/auck), odiaokcanuny (5 MKI/IUCK) ¥ aMUHOTJIMKO3UIaM
(amukamuay (30 MKI/IHCK)), YMEPEHHO YYBCTBUTEIBHBI K KIWHIAMUIIMHY (2 MKI/IHCK),
toOpamutuHy (10 mkr/auck), HUTWIIMHY (30 MKI/AucK). 3 KyJabTYpbl JIMCTEPUIl NPOSBUIM
pesucteHTHOCTh K amruuwuinHy (10 wmkr/muck), 1 - medaapokcwny (30 Mkr/muck), 1-
terpanukinny (30 Mkr/auck), 2- amokcunmwunHy (10 Mkr/auck), 1 -nedpukcumy (5 MKr/mIuck) u
1 - momamukcuny (100 MKT/auck).
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3akaodenne. Bee BeieneHHbIe mTaMMbl Listeria o0iagany THIMYHBIME KYJIbTYpalbHO-
MOP(OJIOTHUECKUMH 1 OMOXUMHYECKUMH CBOWCTBAMHU (XapakTep pocTa, MOp(hoIiorus maToreHa,
OMOXMMHUYECKHE CBOMCTBA). YCTAHOBJIEHA PE3UCTEHTHOCTh JHMCTEpUH K 6 aHTHOMOTHKaM:
aMIMLIIUTMHY, 1e(haapoKCHTy, TeTPAUUKINHY, aMOKCULIWIUTHHY, HEe(PUKCUMY, TTOJIUMUKCUHY -
b.

[MpucyrcrBue Listeria B oOpa3max Msica, HaIW4YMe aHTHOMOTHKOPE3UCTEHTHOCTH Y
IITAMMOB CBUJIETEIBCTBYET O BHICOKOM OMACHOCTU MSICHOM NMPOJYKLUU TS 310POBbS JIFOJEH.
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Abstract

A study of the isolated listeria culture obtained from animal meat produced in different regions of
Kazakhstan was conducted, their cultural-morphological, biochemical properties and antibiotic resistance
were studied. In total, 50 samples of meat of various types (beef, lamb, pork, horse meat and chicken)
were analyzed. The pathogen Listeria monocytogenes, the most significant for public health, was found in
the studied meat samples.

The obtained cultures of Listeria monocytogenes were tested for antimicrobial resistance to 14
antibiotics. The isolated culture of Listeria monocytogenes showed resistance to 6 antibiotics: ampicillin
(10 mcg/disc), cefadroxyl (30 mcg/disc), tetracycline (30 mecg/disc), amoxicillin (10 mcg/disc), cefixim (5
mcg/disc) and polymyxin-B (100 mcg/disc).

Key words: food safety, meat, Listeria monocytogenes, cultural-morphological, biochemical
properties, antibiotic resistance.

Because of the appearance of emergent pathogens, the risks of diseases associated with
food consumption have significantly increased, especially in people with weakened immunity
(children, the elderly people, cancer patients, etc.). Listeriosis is considered one of such
emergent infections. Listeria monocytogenes is the causative agent of listeriosis in humans and
animals. Currently, this disease is considered one of the most significant food infections in the
world. The main factors of listeriosis transmission are milk and dairy products, animal and
poultry meat, vegetables and seafood [1, 2, 3, 4, 5, 6]. Listeria monocytogenes can be transmitted
through seeded foods at any stage of their production and processing. Dairy products,
unpasteurized or poorly pasteurized milk, cheese, butter and ice cream play the main role among
them. Food products of animal origin are also could be contaminated with listeria; a pathogen is
found in boiled sausages and sausages, dried and smoked meat products, in semi-finished
products.

In the Republic of Kazakhstan, listeriosis has been subject to registration since 2002, since
the release of the order of the Ministry of Health and the Ministry of Agriculture No. 946/326
&quot;On the prevention of listeriosis in the Republic of Kazakhstan;.

According to Musayeva A.K. and co-authors, listeriosis is found in 10-30% of the animals
studied in livestock farms in Almaty region that are permanently disadvantaged by listeriosis,
having large and small cattle. In the Kazakh Scientific Research Veterinary Institute, from 10
samples provided from farms of the Almaty region of the Republic of Kazakhstan in 2009, the
causative agent of listeriosis was isolated in two cases (from a 7-month-old calf and a 2—year-old
cow), in 2011 - in two cases (from a 3-year-old cow and a one-year-old sheep); in 2014 — in
three cases (from a 6-month-old calf, sheep and 8—month-old lamb); and in 2015 - in two cases
(from a cow and a bull-producer), and in 2019 - in 10 cases (from calves, lambs and pigs). As a
result of our own research, 50 samples of meat of different types of animals (beef, lamb, pork,
horse meat and chicken) produced in different regions of Kazakhstan (Almaty, West Kazakhstan
and North Kazakhstan regions) in 8 samples (3 samples of beef, 4 samples of pork and 1 sample
of lamb) Listeria monocytogenes was detected.

The purpose of this study was to investigation the properties of Listeria monocytogenes
strains isolated from meat of different animal species.

119



Nel (36) 2022

Materials and methods

Diagnostic preparations, nutrient media and reagents: nutrient media (MPB (meat-peptone
broth), MPA (meat-peptone agar), MPB agar (meat-peptone broth), MPA (Meat-peptone agar),
Palcam Listeria Identification Agar, Blood Agar, Muller-Hinton agar, Dye solutions (Gram
staining), Hiss media, sterile distilled water, saline solution.

The study of the biological characteristics of the isolated microorganisms was carried out
in accordance with the rules of operation, according to the approved orders and instructions for
the kits.

The following research methods were used: bacteriological, biochemical.

In total, 50 samples of meat of different animal species (beef, lamb, pork, horse meat and
chicken) were selected for research. Meat samples were taken in the markets in accordance with
GOST R 51447-99 (ISO 3100-1-91).

Microbiological studies of meat were carried out according to GOST R 54354-2011 "Meat
and meat products. General requirements and methods of microbiological analysis".

Sampling was carried out from a whole carcass in the amount of 50 g. Further , pieces of
Ix1 cm in size were taken from each meat sample from the depth of muscle fibers . The
prototypes were crushed with scissors and ground in a mortar to a homogeneous state. The meat
sample was placed in a test tube with pre-prepared BCH and shaken. The resulting suspension
was sown on Petri dishes with MPA. Petri dishes with crops were placed in a thermostat for 24
hours at a temperature of 37 © C. After 24 hours of cultivation, smears were made from the
grown material and colored according to Gram. To do this, a fixed smear was stained with a
carbolic solution of gentian violet for 1-2 minutes. The smear was treated with Lugol solution for
1 minute, discolored with alcohol for 10-20 seconds, washed with water. Then the smear was
stained with an aqueous solution of fuchsin Pfeiffer for 1-2 minutes.

Determination of the sensitivity of microorganisms to antibiotics was carried out by the
disco-diffuse method using paper disks with antibiotics and the method of selective dilution of
an antibiotic in a dense medium (Muller-Hinton agar) (MUK4.2 1890-04 of the Ministry of
Health of the Russian Federation, 2004). The results were interpreted according to the
instructions for the disks. The sensitivity of antibiotics was assessed by the diameter of the
growth retardation zone, on the basis of which listeria was characterized as sensitive, moderately
sensitive or resistant. Preparations for the determination of antibiotic resistance were selected
taking into account the spectrum of antimicrobial activity of microorganisms, as well as
available and frequently used in veterinary practice. The natural resistance of listeria to
antibiotics was also taken into account. After incubation, the diameter of the microbial growth
inhibition zone was measured for 20 hours and the isolated microorganisms were classified as
sensitive, moderately sensitive or resistant to antibiotics.

To determine the sensitivity to antibiotics, a daily broth culture of listeria was used, which
was not contaminated with extraneous microflora. Standard paper discs with antibiotics were
used in the work: amikacin (30 mcg/disc), ampicillin (10 mcg/disc), cefadroxyl (30 mcg/disc),
norfloxacin (10 mcg/disc), clindamycin (2 mcg/disc), tetracycline (30 mcg/disc), ciprofloxacin (5
mcg/disc), amoxicillin (10 mcg/disc), tobramycin (10 mcg/disc), lomefloxacin (10 mcg/disc),
nitillin (30 mcg/disc), ofloxacin (5 mcg/disc), cefixim (5 mcg/disc), polymixin —B (100
mcg/discdisk).

25 ml MPA were poured into sterile Petri dishes with a diameter of 100 mm. Before
sowing, Petri dishes with agar were kept in a thermostat for 48 hours. Bacterial suspension (daily
broth culture) in an amount of 0.1 cm’® was applied to the surface of the agar and evenly
distributed with a spatula, after which disks impregnated with antibiotics were applied with
sterile tweezers.

7 discs were placed in each Petri dish. After applying the discs, Petri dishes were incubated
at a temperature of 37 ° C for 18-20 hours upside down. The results were evaluated based on the
presence of microbial growth retardation zones around the disks. The absence of growth of the
test organism at a distance of more than 15 mm from the disk with the antibiotic indicated the
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sensitivity of the culture to this antibiotic [7, 8]. If the test microorganism developed in the
immediate vicinity of a disk impregnated with an antibiotic, that this microorganism was
evaluated as resistant to its action. The diameter of the growth retardation zones, taking into
account the diameter of the disk itself, was measured with an accuracy of 1 mm.

Results and discussion

Cultural and morphological properties. Listeria colonies on a dense nutrient medium are
small, with raised edges, with a pointed or raised center, the edges of the colonies are smooth,
the surface is rough with a shiny white or bluish tint (S-shape) (Figure 1).

Microscopy of smears of the resulting culture - small gram-positive rods with rounded
ends arranged in pairs. (Figure 2).

Figure 1 - Growth of L.monocytogenes by MPA Figure 2 - L. monocytogenes in a Gram-stained
smear

24 hours after the appearance of colony growth, transplanting was performed on a selective
diagnostic medium Palkam. After 24 hours of incubation on a selective medium of Palcam,
abundant growth of small, grayish-green or olive-green colonies with a black halo, 0.5-1.0 mm
in diameter, was observed. After 48 hours, the colonies acquired a green color, had a recess
surrounded by a black halo. During the formation of continuous growth, strokes were
transplanted into 2-3 Petri dishes with a selective differential diagnostic medium to obtain
isolated colonies (Figure 3).

\ i il
Figure 3 — Listeria growth on selective Palcam medium
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Biochemical properties. The isolated strains of listeria have pronounced catalase activity
(listeria split hydrogen peroxide to form O,), the strains fermented glucose, maltose, manitol.
The bacteria did not ferment lactose, arabinose, dulcite, inulin, sorbitol, did not form indole and
hydrogen sulfide, did not dilute gelatin, did not reduce nitrates to nitrites (Figure 4).

Figure 4 - Biochemical characteristics of L. Ihonocytogenes (1 - test for catalase activity, 2 - sowing of
daily crops on Gis media: from left to right: 1 - lactose, 2 - manitol, 3 - maltose and 4 - glucose)

Antibiotic sensitivity. Sensitivity to 14 antibacterial drugs of 8 strains of listeria isolated
from meat was studied. The results of the studies are shown in the table.

Table — Antibiotic sensitivity of listeria strains isolated from meat (beef, pork, lamb)

Antibiotic The cpntent in the Growth retardation Sensitivity
disk, mcg zone, mm
Amikacin AK™ 30 22 S
Ampicillin AR" 10 - R
Cefadroxyl CFR™ 30 - R
Norfloxacin NX" 10 23 S
Clindamycin CD* 2 10 MS
Tetracycline TE™ 30 - R
Ciprofloxacin CFL’ 5 20 S
Amoxicillin AX" 10 - R
Tobramycin TOB" 10 11 MS
Lomefloxacin LOM" 10 22 S
Nitillin NET" 30 15 MS
Oflosacin OF” 5 19 S
Cefixime CFM’ 5 - R
Polymyxin-B PB'""” 100 - R
Note: S-sensitive;
MS- moderately sensitive;
R - resistant.

The table shows that all 8 strains of L. Monocytogenes isolated from meat showed
sensitivity to fluoroquinolone antibiotics (norfloxacin (10 mcg/disc), lomefloxacin (10
mcg/disc), ofloxacin (5 mcg/disc) and aminoglycosides (amikacin (30 mcg/disc)), moderately
sensitive to clindamycin (2 mcg/disc), tobramycin (10 mcg/disc), nitillin (30 mcg/disc). 3 listeria
cultures showed resistance to ampicillin (10 mcg/disc), 1 - cefadroxyl (30 mcg/disc), 1-
tetracycline (30 mcg/disc), 2- amoxicillin (10 mecg/disc), 1 -cefixim (5 mcg/disc) and 1 -

polymyxin (100 mcg/disk).
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Conclusion. All isolated Listeria strains had typical cultural-morphological and
biochemical properties (growth pattern, pathogen morphology, biochemical properties). Listeria
resistance to 6 antibiotics has been established: ampicillin, cefadroxyl, tetracycline, amoxicillin,
cefixim, polymyxin - B.

The presence of Listeria in meat samples, the presence of antibiotic resistance in strains,
indicates a high risk to human health of meat products sold on the markets.

Financing
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continuous chain "production - consumption".
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AHHOTANUA

W3ydeHo BiHsAHWE IEIUTIOJIONUTHYECKUX OAaKTEpUil Ha BCXOXKECTh W Pa3BUTHE Pa3HBIX COPTOB
JIOHHWKAa ¥ JIIOLEPHBI. YCTAaHOBIIGHO, YTO 00pabOTKa CeMSH IEIUTIONIONUTUYCCKUMH OaKTepUsIMHU
MOBBIIIAET BCXOXKECTh CEMSIH JOHHUKA 10 63,8%, miotepHsl - 10 89% H CTUMYNHPYET POCT U Pa3BUTHE
pactenuil. [1pu sTOoM, 1uTMHA cTEONsI TOHHHUKA yBeInumiach B 1,6-2,8 pasa, kopHs - B 2,1-4,8 paza, nivHa
ctebns mouepHsl - B 1,7-3,7 pasa, kopusa - B 3,1-5,4 pasza. Ilo pesynbraTaMm ncciegoBaHUl OTOOpaHEI
HanOoJIee aKTUBHBIE IITAMMBI: TPH IITaMMa - JIJIS1 JOHHUKA U YETBIPE - JJIS JTIOIIEPHBI.

KiloueBble cjoBa: IMEUTIONONUTHYECKHE OaKTepWH, MOHHUK, JIOIEPHA, CEMEHAa, BCXOXKECTh,
CTUMYJIALIUS pOCTa
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TpanunronHno#t otpacieio ArponpomeiniuieHHoro komiuiekca (AIIK) namedt pecryOnmmuku
SIBJISIETCSL KUBOTHOBOJACTBO. OCHOBHBIM (DaKTOPOM, CACPIKHBAIOIIMM PA3BUTHE JTOM OTpPACIH,
SBJISICTCSI HEJIOCTATOYHOCTh KOpMOBOH 0aswl [1]. B Ka3axcrane ogHUMU M3 OCHOBHBIX KOPMO-
0000BBIX KYIBTYp SBISIOTCS JIOIIEPHA U JOHHUK, KOTOPBIE BO3/ICTBIBAIOTCS HA 36PHO U 3EJICHYIO
maccy. TpaBa JOHHHMKA M JIOLUEPHBI XapaKTEPU3YeTCs BBICOKHM COAEpKaHHEM IPOTEHUHA, B
COCTaB KOTOPOTO BXOJISIT OCHOBHBIC HE3aMECHHMBIC aMHUHOKHCIIOTHI (JIM3HMH, BaJUH, TPUNTO(DAH,
METHOHUH U Jp.). X KonudecTBeHHOE Cojiep)kaHue B Oeske 3TUX KyabTyp B 1,5-3,0 pasa BeIie,
4yeM B Oerke 3epHOBBIX [2]. Takke, KopM0-0000BbI€ KYIBTYPHI CHOCOOHBI aKTUBHO (PUKCHPOBATH
a30T aTrMocdepbl U OCTaBJIATh C MOKHUBHBIMU ocTaTkamu B mouBe a0 40—100 kr/ra a3ora, 4to
npupaBHuBaercs Kk 10-20 1/ra HaBo3a [3]. B Oyaymiem 3Tu KyabTypsl OyAyT 3aHUMATh BEIyIIEe
MECTO B OMOJIOTHUYECKOM 3eMJICICTUH ISl OJICpyKaHus utoaopoaus moys [4,5]. B To xe Bpems
cocTosiTHUE KOpMOBO# 0a3pl Kaszaxcrana mokaswiBaeT, 4TO A0S KOPMO-O0OOOBBIX KYJIBTYp B
ceBoobopoTe cocTaBisieT Bcero 15%, uto B 2 pa3a HUXKE PEKOMEHJOBAHHOIO, U M3-3a HU3KOU
YPOXaWHOCTH KYJbTYP, CYIIECTBYIOMIUX MTOCEBOB HEIOCTATOYHO /JIsi PA3BUTHS ’KUBOTHOBOJICTBA
Kazaxcrana [6,7].

OpHolf M3 NPUYMH HU3KOW YpOXallHOCTH KOpMO-000O0BBIX KYJIBTYp SIBISETCS IIIOXast
BCXOXKECTh CEMSH, YTO CBSI3aHO C OMOJIOTMYECKON OCOOEHHOCThIO MX CTpoeHus. YacTh ceMsH
JIOHHUKA W JIIOLIEPHBI UMEET HEMPOHUIIAEMYIO ISl BOJBI M BO3yXa OOOJIOUKY, M3-32 KOTOPOM
ceMeHa He MOryT IpopacTtaTh cpa3y TIocle IoceBa. ITO CBOMCTBO  Ha3bIBAETCS
TBEPJIOKAMEHHOCTHIO ceMsiH. [loHHuk u monepHa coaepkat 10 30-70% takux cemsan [8]. [pu
MOCeBe M3-3a TBEpPAOW OO0OJOYKM CeMEeHa He MJalT JAPYKHBIX BCXOJOB, UYTO CO3/aeT
Pa3peKEHHOCTH MTOCEBOB 1 3HAUUTENILHO CHIIKAET YPOKANHOCTH 3€JIEHON MAcChl 3TUX KYJIBTYp C
€JIMHUIIBI TUToIaau [9].

J1s1 TOBBINIEHUST BCXOXKECTH CEMSH JIOHHUKA M JIIOIEPHBI Yalle BCEro MCIOJIB3YIOT
ckapuduKalroo, TP KOTOPOH CeMeHa TMPOMYCKAIT uepe3 CHelHalbHble MAaIluHBI-
ckapudukaropsl [10,11]. Tor MeTrox TpedyeT crenuaabHOro 000pyaI0BaHUs, OONBIINX 3aTPaT
SHepruu u Tpynaa. Kpome Toro, MeEXxaHnueckoe BO3JEHCTBUE BbI3bIBAET MMOBPEKACHUE HE TOJIBKO
000JI0YKH, HO U 3apoJbIllla CEMEHH, UYTO TMPUBOJUT K €ro TMOPAKEHUI0 MHUKPOOaMH,
MJIECHEBEHUIO M 3arHUBAaHUIO, B PE3YJIbTATE€ YEro 3HAYUTENbHAas 4YacThb MOCEBHOIO MaTepHalia
nponagaer [12]. Taxxke 3TOT crocod TpedyeT OOJbIIMX MaTEpUaIbHBIX U IHEPreTHUECKUX
3aTpaT, CHenuaIbHOro o0opyaoBaHus. B aToM cBs3u, pa3paboTka 1oCTynmHOrO U 3G(HEKTUBHOTO
croco0a TOBBIMICHUS BCXOXKECTH CEMSIH KOPMO-000OBBIX  KYJIBTYP HMEET BBICOKYIO
aKTYyaJIbHOCTb.

buonornueckuii crnoco0 MOBBIIEHUS BCXOXKECTH CEMSIH, OCHOBAHHBIN Ha MCIOJIb30BAaHUU
MUKpPOOPTaHU3MOB, OTBEYAaeT BCEM O3TUM TpeOoBaHusM. Jlns cosznmanus OUOymoOpeHHs Jist
MOBBINICHUS] BCXOXKECTU CEMSH HaubOojee TMEPCIEeKTUBHO MPHUMEHSTh IEUTIOIOIUTHYECKIE
OakTepuu. ITH OaKTEpPUH CHUHTE3UPYIOT 0coOble (DepMEHTHI - HETI0NAa3bl, KOTOPhIE YaCTUIHO
pa3pylaT LEeUTI003y TBEpJoi 000J0UKH CeMsiH, 00pa3ysl B HEM MHUKPOTPELIMHBI, 000J04YKa
CEeMsIH CTAaHOBHUTCSI MSTKOM M 3apOJIbIlll JIETKO MPOPACTAET uepe3 Hee. DTOT MPOLECC 3aMEHSIET
MpoIleCC MEXaHWYECKOW cKapuukanuu cemMsH. Ha ocHOBe IMEIITIONONUTHYECKUX OakTepuit
BO3MOXKHO CO3[laHUE OMOyA0OpeHus AJisi TOHHUKA U JIIOIEPHBI, KOTOpoe OyAeT dKOIOTUYECKU
YUCTHIM, OTBEUAIOIIMM TPEOOBAHUSIM OXpaHbl OKpYXKalomel cpenpl, HE TpeOyromero
CIEIMAILHOTO 000pyIOBaHUs U OONBIINX MaTEpHUATbHBIX U JHEPreTHYecKux 3arpar. s
pa3pabOTKH Takoro YyAOOpEeHUss HEOOXOAUMO BBIIEIUTh, OTCEIEKIIMOHUPOBATH IITAMMBI
HEJUTIONIONUTHYECKUX OaKkTepuil, M3y4uTh HX BIHSHHE HA BCXOXECTh CEMSIH U OTOOpaTh
Haubosiee akTUBHBIE.

[{enpro MaHHOTO HWICCNEAOBaHUS OBLIIO M3YYEHUE BIUSHUS IITAMMOB IEIITIOIOTUTHUECKUX
OakTepuii Ha BCXOXKECTb CEMSH, POCT W pa3BUTHE JOHHUKA M JIOLEPHBI, OTOOp HambOosee
AKTHUBHBIX IITAMMOB.
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MarepuaJbl 1 MeTO/bI

OObeKTaMH UCCIICIOBAHMS CIYXKHIN ISIUTIONOIUTHYECKUE OaKTepuu, BBIICICHHBIC W3
MOYB M IIEJUTIOJIO30COEPKAITUX CyOCTpaToB, COOpaHHBIX Ha MOJAX AJIMATHHCKON 00JacTh
Kazaxcrana. B kadecTBe 1EIIONI030COAEPKALIUX PACTUTEIBHBIX OCTATKOB HCIOJIb30BAIH
Pa3oKUBIINECS CTEONH, TUCThSI, KOPEIIKH PACTEHUH.

B ombiTax ucnonb3oBamu ABa COpTa JOHHUKA - «Apkacy u <«OKentelii» u aBa coprta
mroriepusl (Medicago satival..) - «CemupeucHckas» u «CeMmupedeHckas HoBast». CopT «Apkac
otHocuTcsi K JoHHuKy Oenomy (Melilotus albusMedik.) u xapakTepusyercs HU3KHM
coJlep’KaHUEM allkalionJla KymapuHa, copT <COKenTwlit» omuocumcs K OOHHUKY JHCEMOMY
(Melilotus officinalis Pall.) u seisemca omauunvim medorHocom. CeMeHa pacTeHHMd OBLTH
npenoctaiedsl TOO «Kazaxckuit HUW 3emnenenust U pacTeHHEBOACTBa» (OTAET KOPMOBBIX,
MaCJIUYHBIX KYJIBTYp W KYKYpPY3bl). DTH COpTa PEKOMEHIOBAaHBI [IJIsi BHIpPAIIMBAHUS B IOTO-
BOCTOYHOM peruoHe Kazaxcrana v mImpoKko HCIONb3yIOTCs pepMepami.

Henmrononutuueckrue 6akTepun OBUIM BBIJICIEHBI HA 3JEKTUBHOHN cpene I'eTunncona. /s
BBbIICJICHHs OakTepuid 15 T mouBsl pa3Boauiau B 90 MiI AUCTHUIUTMPOBAHHOW CTEPUIILHOW BOJIBI U
nepememuBaiy Ha meiikepe npu 180 o6/MuH B TeueHue 2 yacoB. Jlanee MpOBOIMIM CEPUIO
pa3Be[cHUH, TMEepPEeHOCHB | MJI MOJYy4YeHHOW CYCIEH3WMH B NPOOHPKY, coAepxkairyro 9 mi
CTepWIBHOII BOmbl M T.I. A0 pasBeneHus 10°. IToceB MHKpPOOPraHH3MOB IPOBOIMIH H3
pa3BeneHui 10,107, 10°, 107 u10™ B wamku Iletpu ¢ arapuzoBanHoO# cpenoit ['eTunHCOHA, HA
MOBEPXHOCTh KOTOPOIl MOMelanu CTepHiIbHYyI0 (QUIbTpoBaibHYl0 Oymary. OO0beM MOCEBHOTO
Marepuaga CoCTaBIsuT | MJI TIOYBEHHOW cycrneH3uu. l[lpu BbeifeneHnn OakTtepuid U3
[EJUTI0JIO30COICPKAIIMX  CyOCTpaToB Ha (PUIBTpOBaNbHYIO OyMmary TIOMeELad KyCOUKU
cyoctparoB BenmmunHOU 1-2 mm [13]. 3acesHubie yamku [leTpun HHKyOMpOBAIUCH B TEPMOCTATE
npu 28°C B Teuenue 10 gueil. Kaxknoe pasBeneHue BbICEBAIM B MATUKPATHOM NMOBTOPHOCTH.
Yamku [letpu xynsTuBupoBanu npu temneparype 30°C B Teuenne 7 cyTok [14].

KynbTuBupoBaHue LEUTIOIOIUTUYECKUX OaKTepHil MPOBOAMIN Ha >KUIKOW 3JIEKTHBHOM
cpene I'etunHcoHa Ha mieiikepe mpu 180 00/MHH WM Ha TBEPABIX MUTATEIBHBIX cpeAax (cpena
I'etunncona, MITA) npu remneparype 30°C.

JlaGopaTopHble OMBITHl MO M3YYEHHUIO BIUSHUS OAaKTepuUil Ha BCXOXKECTh CEMSIH, POCT U
pa3BUTHE paAcCTEHUN JOHHUKA M JIIOLUEPHBl MPOBOAWIM B KIMMATHUYECKOM KaMmepe pocTa
(ConstantClimateChamber HPP-750, «Memmert», Germany).[Tapamerpsl pexuma KaMepbl
pocTta: cBeTOBO# AeHb - 12 4, Temneparypa 25°C, OCBEHICHHOCTb: XOJOAHbIN Oenblii
ceer - 6500 K, Temmeiii ceer 2700 K; HouHOM pexum - 12 4; Temmeparypa 15°C,
BJIQYKHOCTB - 65%. Jl1i1 00paboTKH CeMsIH UCIIOIb30BalI OaKTepUATbHBIE CYCIIEH3UH C TUTPOM
1x10® xa/mn u3 pacuera 15 mu Ha 100 T cemsiH. Bpems 06paGOTKM CeMsiH IIPH KOMHATHOIL
TeMIiepaType coctaBisuio 2 ydaca. KoHTponem cinyXuid cemMeHa, 3aMOYEHHBIE B CTEPUIHLHOU
BOJIONIpOBOAHON Boje. Jlanee cemeHa BwiceBanu B cocyabl Ha 250 miu ¢ mouBoil. KomnuecTBo
CEeMsIH COCTaBJsIO 7 pacTeHuid Ha cocyd. [muTenbHOCTh oOmbITOB cocTaBisuia 20 THEH.
[ToBTOpHOCTH ONBITOB 3-KpaTHasl.

Craructudeckass o0paboTka pe3yabTaTOB MPOBOAMIACH C HCIOJIH30BAHUEM IaKeTa
nporpamm «STATISTICA 10.0»[15].

Pe3yabTaThl M 00Cy:KIeHHE

B naGopaTopHBIX yCIOBUSX MPOBEICHO W3YYCHHUEBIUSHUCIEIUTIONONIUTHICCKIX OaKTepuid
HAa BCXOXECTh CEMSH U pa3BUTHE pAcTeHWH JOHHMKAa M JouUepHel. B ombITax
ucnoip3oBauiecTs mrammoB Oakrepuii (C-21(18)N, C-2IN2, C-21(2)AS, C-22TN, C-182K,
C-604N), KoTOpbIE XapaKTEPU30BATHCHBHICOKONW AaKTUBHOCTHIO IICJIIIOJIA3HOTO KOMILIEKCA.
OneiTel OpOBOAMIM B cocydax ¢ mouBod. CemeHa JIOUEPHBI U JIOHHUKA IEPE] IIOCEBOM
oOpabaTeiBaJI CyCIleH3MEH OakTepuil B TEUYCHHE JBYX YacOB NMPU KOMHATHOW TEMIIepaType
(pazmen «Matepuaibl M METOIbI»). B KOHTposle ceMeHa 3amMauyuBaId B  CTEPUIIBHOM
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BoJIoNIpoBOAHON Boze. [lociie 3Toro cemsiHa BbICEBaduW B COCYAbl C MOYBOM M TMOMEIIAIU B
KaMmepy pocra.

[TomydeHHBIE JTaHHBIE 1O BIWSHHIO IEJUTIOJIOMTHYSCKUX OaKTepuil Ha BCXOXKECTh CEMSH,
POCT ¥ pa3BUTHE JOHHUKA U JIFOIIEPHBI MIPEACTABICHBI B TAOIHIIE.

Tabmuua - BiusHue HeUIOIOIUTUYECKUX OaKkTepuil Ha BCXOXKECTh CEMSH, POCT M pPa3BHTHE
JIOHHUKA U JIIOLIEPHBI

BapuanTsl Bcexoxects,% | Jnmaa cTebis, | JnmnHa KOpHS, Kon-Bo KommuectBo
OIIBITa cM cM JIMCTHEB, IIT. | KOpHEH, LIT.
JloHHUK, copT «ApKkac»
KonTpons 20,3 1,88+0,1 1,07+0,03 2,33+0,1 1,0+0,04
C-21(18)N 57,1 4,58+0,2 3,7340,2 2,88+0,1 2,7540,1
C-21IN2 63,4 5,4140,3 3,58+0,2 2,79+0,2 1,86+0,1
C-182K 53,5 7,54+0,2 2,73+0,1 2,57+0,1 2,43+0,1
C-21(2)AS 56,8 2,93+0,1 2,25+0,1 2,91+0,1 1,2+0,02
C-22TN 60,6 4,38+0,2 2,59+0,1 2,33+0,1 1,22+0,1
C-604N 57,2 4,94+0,1 3,51+0,2 2,14+0,1 3,30+0,1
Honnuk, copt «Kentbiit»
KonTposns 40,3 2,14+0,1 0,94+0,06 1,86+0,1 1,11+0,06
C-21(§)N 57,2 4,81+0,3 3,36+0,3 2,64+0,2 1,14+0,1
C-21IN2 49,5 4,64+0,2 2,97+0,1 2,91+0,2 1,20+0,04
C-82K 63,8 5,1140,3 2,71+0,2 2,86+0,2 2,36+0,2
C-21(2)AS 48,2 5,65+0,2 3,05+0,2 2,77+0,1 1,92+0,05
C-22TN 53,8 2,98+0,08 4,48+0,3 2,40+0,1 1,40 +0,1
C-604N 57,3 6,84+0,2 3,1540,1 3,11+0,2 3,18+0,2
JIrouepHa, copt «CeMupeyeHCKasi HOBas)
KoHntpoib 61,3 2,01+0,1 1,05+0,06 2,06+0,1 1,2+0,06
C-21(18)N 85,2 4,71+0,2 3,48+0,2 2,42+0,1 1,26+0,04
C-21N2 89,3 4,02+0,3 2,40+0,1 2,39+0,2 1,86+0,1
C-182K 87,3 4,73+0,1 3,54+0,2 2,73+0,1 1,86+0,1
C-21(2)AS 85,5 6,07+0,3 5,48+0,3 2,73+0,2 2,5+0,1
C-22TN 86,8 3,90+0,2 3,08+0,2 2,56+0,1 2,92+0,2
C-604N 77,2 7,14+0,3 5,71+0,3 2,59+0,2 1,9+0,03
JlronepHa, copt «CeMHpedeHCKasD)
KonTpons 40,2 2,12+0,1 1,7740,06 2,33+0,1 1,17+0,08
C-21(18)N 80,8 4,53+0,3 2,63+0,1 2,27+0,1 1,07+0,06
C-21IN2 89,2 2,84+0,2 2,44+0,1 2,4+0,2 1,8+0,04
C-182K 87,3 3,87+0,2 2,97+0,2 2,25+0,1 1,9+0,05
C-21(2)AS 84,6 2,37+0,1 2,91+0,08 2,23+0,2 2,18+0,2
C-22TN 47,3 3,68+0,2 2,29+0,2 2,42+0,1 1,17+0,05
C-604N 79,6 4,19+0,2 2,57+0,2 2,16+0,1 1,68+0,04
[Ipumeuanue - ypoBeHb JOBEpUTEIbHON BeposiTHOCTH p<0,05

W3 naHHBIX, TpPUBEAEHHBIX B TaONHWIlE, CIAEAYET, YTO INTAMMBI IEIUTIOJOTHUTHIYCCKUX
OakTepuil 3HAYUTENLHO TMOBBIIIAIOT BCXOKECTh CEMsIH JOHHHMKA M IOLEPHBI. Tak, BCXOXKECTh
00paboTaHHBIX CEeMsIH JIOHHWKa Bo3pocia 10 63,8%, B KOHTPOJIBHBIX BapHaHTaX BCXOXKECTh
JIOHHUKa copTa «Apkac» coctaBisia Toibko 20,3%, copra «Kentwiit» - 40,3%. ObpaboTka
CEeMSH JIIOIIEPHBI TEJUTFOJIOIUTHYSCKUMHA OaKTepUsiMH, TIOBBIIIATA BCXOXeCcThb 10 89%, B
KOHTpOJIE 3TOT MOKa3arenb y copra mouepHbl «CeMupeyeHckast HoBasi» coctaBisil 61,3%, a 'y
copra «CemupeueHckas» - 40,2%.

YcraHoBieHo, 4TO 00paboTKa CeMSH IEJUIIOJOIUTHYECKUMHU OaKTepUsIMH aKTHBHO
CTUMYJIMPOBaja pa3BUTHE PACTCHHWH OHHWKA W JIoUepHBI. [Ipu aTOoM, ammHa ctebisi TOHHUKA
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copta «Apkacy» yBenuumwiack B 1,6-2,8 pasza, mimuHa kopHsa - B 2,1-3,5 pasza, miouHa ctelms
noHHUKa copta «Kenteiii» - B 1,4-2,6, nmuHa KopHs — B 3,2-4,8 110 CPaBHEHUIO C KOHTPOJIEM.
Jnuna crebneit mronepHbl, 00paboTaHHBIX OakTepusiMu, y copra «CeMupedeHcKas HOBas» U
«CeMupeueHckas» yBenauuwiace B 2,3-3,6 wu 1,7-3,7 pa3a, anuHa KOpHS Yy copra
«Cemupeuenckass HoBasi» U «CemupeueHckas» yBennuwiach B 3,1-54 u 1,3-1,6 pasza no
CPAaBHEHUIO C KOHTPOJIEM (PUCYHOK).

CrieBa - KOHTPOJIb; cripaBa: 1 - 00paboTKa CeMsH JIOHHUKA
mrammoM C-21(18)N; 2 - o6paboTka ceMsiH JronepHsl mrammom C-21N2

PI/IC}’HOK - Bimmsiane OEJIHOJIOIUTUYCCKUX 6aKTepm‘i Ha BCXOXCCTb CEMsIH JOHHUKA U JIFOLICPHBI

[lo pesynbraTam uccienoBaHuil otoOpanbl Tpu mTamma ans goHHuka: C-21(18)N, C-
182K, C-22TN u yetsipe mtamma ais mouepusl: C-21N2, C-182K, C-21(2)AS, C-22TN.

3ak/awuyeHue

TakuM 00pa3oM, W3YYCHO BIHMSHHE IEJUTIOJOJUTHYCCKHX OaKTepUi Ha BCXOXKECTh H
pa3BUTHE PACTEHUU pa3HBIX COPTOB JOHHUKA M JIOLEPHBI. Y CTAHOBIIEHO, YTO MPEATNOCEBHAsS
00paboTKa CceMsH I[MTaMMaMH IEJUTIOJOJUTHYSCKUX OaKTepHid 3HAYUTEIHHO ITOBBIIIACT
BCXOXKECTh JOHHMKAa M JIOUEpHBI. Tak, BCXOXECTh CEMsSIH JOHHMKa Bo3pocia 10 63,8%,
mouepHsl - 110 89%. Takke BbISIBIEHO, 4YTO 00paboTka CeMsH OakTepUsIMH AaKTHBHO
CTUMYJIHPYET POCT M pPa3BUTHE PACTEHUH ATHX KynbTyp. [Ipu sTOoM, mmuHa cTebis ITOHHHKA
yBenuymiach B 1,6-2,8 paza, niuuHa xkopHs - B 2,1-4,8 pa3a, qnuHa cTedis drouepHs! - B 1,7-3,7
pa3a, kopHs - B 3,1-5,4 pa3za. [lo pesynbraram mccienoBaHuil oToOpaHbl HanOoee aKTHBHBIC
IITAMMBI OaKTepHUI: TPHU IITaMMa - JIJIsl IOHHUKA ¥ YeThIPE IMTaMMa - JUIS JIIOICPHBI.

JanbHetiee TectupoBanue 3GPEeKTUBHOCTA OTOOPAHHBIX MITAMMOB HEJLTIOIOTUTHIECKIX
OakTepuil B TIOJEBBIX YCJIOBHSX ITO3BOJUT OTOOpaTh MEPCIEKTUBHBIC IITAMMBI, HAa OCHOBE
KOTOPBIX Oy/IEeT CO31aHO OMOYA0OpEeHHe Ui ATUX KYJIBTYP.
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HccnenoBanue BBITTOIHEHO Mpu (UHAHCOBOM TMoIepkke MUHHUCTEPCTBA 00pa30oBaHUS U
Hayku Pecriybnuku Kazaxcran B pamkax rpantoBoro npoekra AP08855656.
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HNEJUIIOJIOJIMTUKAJIBIK BAKTEPUAJIAPABIH TYKBIMJIAPABIH OCYIHE
’KOHE TYWEXKOHBIIIKA MEH )KOHBIIIKA O©CIMAIKTEPIHIH JAMYBIHA
OCEPI.

Tyiiin
Ty#exOHBIIIKA MEH JKOHBINIKAHBIH OPTYPJi  COPTTAPBIHBIH OHYiHE JKOHE JlaMybIHa
HEIUTFOJIONUTHKANBIK ~ OaKTepHsUIApAbIH ~ dcepi  3epTTeiii. TYKbIMIapAbl — IEIUTIOJOUTHKAIBIK
OaxTepusIapMeH OHCY TYHESKOHBIIIKA TYKBIMIAPBIHBIH OHTIMTITIH 63,8%-Fa, *KOHBIIKAHBIKIH 89%-Fa
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JeiiH apTTeIpraHbl aHbIKTanabl. CoHnai-ak, TYKeIMAApABl OaKTepusUIapMeH oHJeY Oyl JAaKbUIAapAbIH
OCIMJIIKTEPiHIH 6CYy1 MEH NaMybIH BIHTAJIAHIBIPATHIHEI KepceTiunmi. CoHpIMEH Oipre TYHEKOHBIITKAHBIH
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Abstract

The effect of cellulolytic bacteria on the germination and development of different varieties of
sweet clover and alfalfa was studied. It was found that the treatment of seeds with cellulolytic bacteria
increased the germination of seeds of sweet clover up to 63.8%, alfalfa up to 89% and stimulated the
growth and development of plants of these crops. At the same time, the sweet clover of the stem length
increased by 1.6-2.8 times, the root length - by 2.1-4.8 times, the alfalfa of the stem length by 1.7-3.7
times, the root by 3.1-5 times, 4 times. Based on the research results most active strains were selected:
three strains for sweet clover and four for alfalfa as the

Keywords: cellulolytic bacteria, sweet clover, alfalfa, seeds, germination, growth stimulation

The traditional branch of the agro-industrial complex of Kazakhstan is animal husbandry.
The main factor hindering the development of this industry is the lack of food supply [1]. In
Kazakhstan, one of the main forage and legume crops are alfalfa and sweet clover, which are
cultivated for grain and green mass. Sweet clover and alfalfa grass is characterized by a high
protein content, which includes the main essential amino acids (lysine, valine, tryptophan,
methionine, etc.). Their quantitative content in the protein of these crops is 1.5-3.0 times higher
than in the protein of cereals [2]. Also, fodder legumes are able to actively fix atmospheric
nitrogen and leave up to 40—100 kg/ha of nitrogen with crop residues in the soil, which is
equivalent to 10-20 t/ha of manure [3]. In the future, these crops will take a leading place in
biological farming to maintain soil fertility [4,5]. At the same time, the state of the forage base of
Kazakhstan shows that the share of fodder and legumes in the crop rotation is only 15%, which
is 2 times lower than the recommended one, and due to the low yield of crops, the existing crops
are not enough for the development of animal husbandry in Kazakhstan [6,7].

One of the reasons for the low yield of fodder legumes is the poor germination of seeds,
which is associated with the biological features of their structure. Some of the seeds of sweet
clover and alfalfa have a shell that is impermeable to water and air, due to which the seeds
cannot germinate immediately after sowing. This property is called seed hardness. Sweet clover
and alfalfa contain up to 30—70% of such seeds [8]. When sown because of the hard shell, the
seeds do not give friendly shoots, which creates a sparse crop and significantly reduces the yield
of green mass of these crops per unit area [9].

To increase the germination of sweet clover and alfalfa seeds, scarification is most often
used, in which the seeds are passed through special scarifying machines [10,11]. This method
requires special equipment, high energy and labor costs. In addition, mechanical impact causes
damage not only to the shell, but also to the seed embryo, which leads to its damage by
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microbes, mold and decay, as a result of which a significant part of the seed material disappears
[12]. Also, this method requires large material and energy costs, and special equipment. In this
regard, the development of an affordable and effective way to increase the germination of seeds
of fodder legumes is of high relevance.

The biological method of increasing the germination of seeds based on the use of
microorganisms meets all these requirements. To create a biofertilizer to increase germination, it
is most promising to use cellulolytic bacteria. These bacteria synthesize special enzymes -
cellulases, which partially destroy the cellulose of the hard shell of seeds, forming microcracks
in it, the shell of the seeds becomes soft and the embryo easily grows through it. This process
replaces the process of mechanical seed scarification. On the basis of cellulolytic bacteria, it is
possible to create a biofertilizer for sweet clover and alfalfa, which will be environmentally
friendly, meet the requirements of environmental protection, which does not require special
equipment and high material and energy costs. To develop such a fertilizer, it is necessary to
isolate, select strains, study their effect on seed germination, and select the most active ones.

The goal of this study was to study the effect of cellulolytic bacteria strains on seed
germination, growth and development of sweet clover and alfalfa, and selection of the most
active strains.

Materials and methods

The objects of the study were cellulolytic bacteria isolated from soils and cellulose-
containing substrates collected in the fields of the Almaty region of Kazakhstan. Decayed stems,
leaves, and roots of plants were used as cellulose-containing plant residues.

Two varieties of sweet clover "Arkas" and "Yellow" and two varieties of alfalfa (Medicago
sativa L.) "Semirechenskaya" and "Semirechenskaya Novaya" were used in the experiments.
Variety "Arkas" refers to white sweet clover (Melilotus albus Medik.) and is characterized by a
low content of coumarin alkaloid, variety "Yellow" refers to yellow sweet clover (Melilotus
officinalis Pall.) and is an excellent honey plant. Plant seeds were provided by LLP "Kazakh
Research Institute of Agriculture and Plant Growing" (department of fodder, oilseeds and corn).
These varieties are recommended for cultivation in the south-eastern region of Kazakhstan and
are widely used by farmers.

Cellulolytic bacteria were isolated on Hutchinson's elective medium. To isolate bacteria,
15 g of soil was diluted with 90 ml of distilled sterile water and mixed on a shaker at 180 rpm for
2 hours. Next, a series of dilutions was carried out, transferring 1 ml of the resulting suspension
into a test tube containing 9 ml of sterile water, etc. up to a dilution of 10, Microorganisms
were seeded from dilutions of 10'4, 107, 10'6, 107 and 10® in Petri dishes with agarized
Hutchinson's medium, on the surface of which sterile filter paper was placed. The volume of
inoculum was 1 ml of soil suspension. When bacteria were isolated from cellulose-containing
substrates, pieces 1-2 mm in size were placed on filter paper [13]. Seeded cups were incubated
in a thermostat at 28°C for 10 days. Each dilution was seeded in five replicates. The dishes were
cultivated at 30°C for 7 days [14].

Cultivation of cellulolytic bacteria was carried out on liquid elective Hutchinson's medium
on a shaker at 180 rpm and on solid nutrient media (Hutchinson's medium, MPA) at a
temperature of 30°C. Laboratory experiments to study the effect of bacteria on seed germination,
growth and development of sweet clover and alfalfa plants were carried out in a climate growth
chamber (Constant Climate Chamber HPP-750, Memmert, Germany). Growth chamber
parameters: daylight - 12 hours, temperature 25°C, illumination: cold white light - 6500 K, warm
light 2700 K; night mode - 12 hours; temperature 15°C, humidity - 65%. For seed treatment,
bacterial suspensions were used with a titer of 1x10® cells/ml at the rate of 15 ml per 100 g of
seeds. The seed treatment time at room temperature was 2 hours. Seeds soaked in sterile tap
water served as control. Next, the seeds were sown in 250 ml vessels with soil. The number of
seeds was 7 plants per vessel. The duration of the experiments was 20 days. The repetition of
experiments is 3-fold.
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Statistical processing of the results was carried out using the STATISTICA 10.0 software
package [15].

Results and discussion

Under laboratory conditions, the influence of cellulolytic bacteria on the germination of
seeds and the development of sweet clover and alfalfa plants was studied. Six strains of bacteria
(C-21(18)N, C-21IN2, C-21(2)AS, C-22TN, C-182K, C-604N) were used in the experiments,
which were characterized by a high activity of the cellulase complex. Experiments were carried
out in vessels with soil.

Seeds of alfalfa and sweet clover before sowing were treated with a suspension of
bacteria for two hours at room temperature (section "Materials and Methods"). In the control,
the seeds were soaked in sterile tap water. After that, the seeds were sown in pots with soil and
placed in a growth chamber.

The obtained data on the effect of cellulolytic bacteria on seed germination, growth and
development of sweet clover and alfalfa are presented in the table.

Table - Influence on cellulolytic bacteria on seed germination, growth and development of sweet clover
and alfalfa

Variants Germination,% Stem length, Root length, Number of Number of
cm cm leaves, pcs. leaves, pcs..
Sweet clover variety "Arcas"

KoHTpomb 20,3 1,88+0,1 1,07+0,03 2,33+0,1 1,0+0,04
C-21(18)N 57,1 4,58+0,2 3,73+0,2 2,88+0,1 2,75+0,1
C-21N2 63,4 5,41+0,3 3,58+0,2 2,79+0,2 1,86+0,1
C-182K 53,5 7,54+0,2 2,73+0,1 2,57+0,1 2,43+0,1
C-21(2)AS 56,8 2,93+0,1 2,25+40,1 2,91+0,1 1,2+0,02
C-22TN 60,6 4,38+0,2 2,59+0,1 2,33+0,1 1,22+0,1
C-604N 57,2 4,94+0,1 3,51+0,2 2,14+0,1 3,30+0,1

Sweet clover variety "Yellow"

KoHTpoJb 40,3 2,14+0,1 0,94+0,06 1,86+0,1 1,11+0,06
C-21(8)N 57,2 4,81+0,3 3,36+0,3 2,64+0,2 1,14+0,1

C-21N2 49,5 4,64+0,2 2,97+0,1 2,91+0,2 1,20+0,04
C-82K 63,8 5,11+£0,3 2,71+0,2 2,86+0,2 2,36+0,2
C-21(2)AS 48,2 5,65+0,2 3,05+0,2 2,77+0,1 1,92+0,05
C-22TN 53,8 2,98+0,08 4,48+0,3 2,40+0,1 1,40 £0,1
C-604N 57,3 6,84+0,2 3,15+0,1 3,11+0,2 3,18+0,2

Alfalfa variety "Semirechenskaya new"

KoHtposb 61,3 2,01£0,1 1,05+0,06 2,06+0,1 1,2+0,06
C-21(18)N 85,2 4,71+0,2 3,48+0,2 2,42+0,1 1,26+0,04
C-21N2 89,3 4,02+0,3 2,40+0,1 2,39+0,2 1,86+0,1
C-182K 87,3 4,73%0,1 3,54+0,2 2,73+0,1 1,86+0,1
C-21(2)AS 85,5 6,07+0,3 5,48+0,3 2,73+0,2 2,5+0,1
C-22TN 86,8 3,90+0,2 3,08+0,2 2,560, 1 2,92+0,2
C-604N 77,2 7,14+0,3 5,71+0,3 2,59+0,2 1,9+0,03

Alfalfa variety "Semirechenskaya'y»

KoHTpoib 40,2 2,12+0,1 1,77+0,06 2,33+0,1 1,17+0,08
C-21(18)N 80,8 4,53+0,3 2,63+0,1 2,27+0,1 1,07+0,06
C-21N2 89,2 2,84+0,2 2,44+0,1 2,4+0,2 1,84+0,04
C-182K 87,3 3,87+0,2 2,97+0,2 2,25+0,1 1,9+0,05
C-21(2)AS 84,6 2,37+0,1 2,91+0,08 2,23+0,2 2,18+0,2
C-22TN 47,3 3,68+0,2 2,29+0,2 2,42+0,1 1,17+0,05
C-604N 79,6 4,1940,2 2,57+0,2 2,16+0,1 1,68+0,04

Note - confidence level p<0.05
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From the data given in the table, it follows that cellulolytic bacteria strains significantly
increased the germination of sweet clover and alfalfa seeds. Thus, the germination of treated
seeds of sweet clover increased to 63.8%, in the control variants the germination of sweet clover
of the variety «Arkas» was only 20.3%, of the sweet clover variety —¥ellow” - 40.3%. The
treatment of alfalfa seeds with cellulolytic bacteria increased the germination rate to 89%, in the
control this indicator for the alfalfa variety "Semirechenskaya New" was 61.3%, and for the
variety "Semirechenskaya" - 40.2%.

It was established that seed treatment with bacteria actively stimulated the development of
sweet clover and alfalfa plants. At the same time, the length of the stem of the sweet clover
variety "Arkas" increased by 1.6-2.8 times, the length of the root - by 2.1-3.5 times, the length of
the stem of the sweet clover variety "Yellow" - by 1.4-2.6 , root length - 3.2-4.8 compared with
the control. The length of alfalfa stalks treated with bacteria increased by 2.3-3.6 and 1.7-3.7
times in the varieties —Semirechenskaya New” and —Semirechenskaya”, the length of the root in
the varieties —Semirechenskaya New” and —Semirechenskaya” increased by 3.1-5.4 and 1.3-1.6
times compared with the control (figure).

Left - control; right: 1 - seed treatment of sweet clover
strain C-21(18)N; 2 - treatment of alfalfa seeds with strain C-21N2

Figure - Influence of cellulolytic bacteria on the germination of sweet clover and alfalfa seeds

Conclusion

Thus, the effect of cellulolytic bacteria on the germination and development of plants of
different varieties of sweet clover and alfalfa was studied. It was established that presowing
treatment of seeds with strains of cellulolytic bacteria significantly increased the germination of
sweet clover and alfalfa. Thus, the germination of sweet clover seeds increased to 63.8%, alfalfa
- up to 89%. It was also found that seed treatment with bacteria actively stimulated the growth
and development of sweet clover and alfalfa plants. At the same time, the sweet clover stem
length increased by 1.6-2.8 times, the root length - by 2.1-4.8 times, the alfalfa stem length by
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1.7-3.7 times, the root length by 3.1-5.4 times depending on the bacterial strain. According to the
results of the research, the most active strains of bacteria were selected, for sweet clover - three
strains, for alfalfa - four strains.

Further testing of the efficiency of the selected strains of cellulolytic bacteria in the field
will allow the selection of promising strains, on the basis of which a biofertilizer for these crops
will be created.

The study was financially supported by the Ministry of Education and Science of the
Republic of Kazakhstan within the grant project AP08855656.
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INPABUJIA
W3/IaHUS J)KypHaJia
«MHUKPOBHUOJIOI'USA ’KOHE BUPYCOJIOI'US»

Kypnan ny0nukyer cratbi (pyHIaMEHTATIBHOTO U MPUKIAIHOTO XapakTepa. MaTtepuaibl
JOJDKHBI OTpaXKaTb PE3YJIbTAaTbl HAYYHBIX I/ICCJICI[OBaHI/Iﬁ U IPAKTUYCCKUX I[OCTI/DKeHI/Iﬁ B
o0yacTy MUKpOOHUOJIOTHH, BUPYCOJIOTUH, OMOTEXHOJIOTHH U IKOJIOTHH.

[Inara 3a myOnuMKaIuio cTaTeid He B3UMAETCsl.

[IpencraBnennsie A1 OMyOJIMKOBAaHHMS MaTepualibl JOJDKHBI YIOBIETBOPSTH CIIEIYIOLIMM
TpeOOBAHUSM:

Conepxarp pe3yibTaTbl OPUTMHAIBHBIX HAYYHBIX MCCIIENOBAHUN 110 aKTyaJbHBIM
npobsemMaM B 0071aCTH MUKPOOMOJIOTHH, BUPYCOJIOTUH, OMOTEXHOJIOTUU U 3KOJIOTHH, paHee He
OITyOJIMKOBAHHBIE U HE MPEIHA3HAYEHHBIC K MTyOIMKALNH B JPYTUX U3/IaHUSX.

Bce crarbu npuHMMaroTCsS M IMyOJMKYIOTCS OJHOBPEMEHHO Ha JIBYX S3bIKaX (Ka3axCKOM U
AHIIMICKOM, WIIM PYCCKOM M @HIJIUHCKOM).

CraTby NpPUHUMAIOTCS B 3JIEKTPOHHOM BHJE uepe3 Mpo¢uib aBTopa Ha calTe imv-
journal.kz.

IIpu HeBbIMOMHEHUN (POPMATIBHBIX TPEOOBaHUMN, CTAThs K MMyOIMKALMK HE IPUHUMAETCH.

CraTpbu MOCTYNUBIIME B PENAKIMIO JKypHala MOTYT ObITh MHPOBEPEHBI C IOMOIIbIO
cucteMbl AHTuIuiaruar. B ciydae, ecnu pe3ynbTar IPOBEPKH BBIABISAET HEKOPPEKTHO
o(opMIIeHHBIE 3aMMCTBOBAHUS, CTAThsI MOXKET OBITh OTKJIOHEHA.

IIpu BbInOAHEHUHU (OpPMATBHBIX TPEOOBaHMM, CTaThs HAIPABISAETCS HAa PAaCCMOTPEHUE
WiIeHaM PEJKOJUIErHMH, MMEIOIMM Y4YEHYI0 CTENEeHb B HAay4HOM 00JacTH, COOTBETCTBYIOILEH
cojepkaHuoo craTbd. [Ipy 3TOM penakuus omnpenenser COOTBETCTBUE CTAaTbU MHPOGUIIO
KypHasla, TpeOOBaHUAM K odopmieHuto. IIpu cOOTBETCTBHM BbIIIEYKa3aHHBIM TPEOOBAHUAM
HanpaB/IeT €€ Ha pELEH3UPOBAaHHE CTOPOHHEMY CIELHUAIUCTY, O00JIaJarolleMy BBICOKMMHU
pohecCHOHATBHBIMU 3HAaHUSMHU U OMBITOM PAa0OTHI 10 KOHKPETHOMY Hay4HOMY HalpaBJIEHUIO,
UMeoIleMy yueHyro cteneHnb PhD, nokTopa nim kanauaaTa Hayk.

K penien3upoBaHuio He MPUBIEKAIOTCS CIIEIUANNCTHI, padOTaIOLIUE B OJHOM OT/AEIE WU
JienapTaMeHTe YYpEeXXJCHMs, TI/I€ BbINOJHEHa paboTa. PeleH3eHT BBIHOCUT pELIeHUuEe O
BO3MO>KHOCTH OIyOJIMKOBaHUS

OxoHuaTeabHOE  pelIeHHe O  LeJIecOO0pa3HOCTH  MyONMKalmMu  MPUHUMAETCS
PenaknmoHHON KOJIJIETHENW B COOTBETCTBUM C PEKOMEHJALUSIMH PELEH3EHTOB.

ITocne npunsaTus PenakimoHHON KoJulerHel pelleHus o J0MYyCKe CTaThU K MyOIHMKaluu
OTBETCTBEHHBII peAakTop >KypHajda HHQOPMHUpPYET 00 STOM aBTOpa U YKa3bIBaeT CPOKHU
nyOJIMKaIUH.

1. IlpucnanHble MATEPHAJIBI JOJIKHBI CO/IePKATh:

- Martepuansl ctatbu ((haiiiny co ctaThbell IprUcBauBaeTcs UMs Mo paMHUIMU TIEPBOTrO
aBTOpA).

- Ceenenus o0 aBTOpax ((aMmims, uUMs, OTYECTBO, ydeHas CTENEHb, 3BaHUE,
JOJDKHOCTh, MeECTO paloThl, KOHTakTHbIE TeNedOHbl, DJIEKTPOHHbIE ajpeca (e-mail),
uaeHtuduxaonssiii Homep (ORCID).

- OTCKaHMPOBAHHOE CONIPOBOAUTEIBHOE TUCHMO.

- OTCKaHMPOBAHHOE HKCIEPTHOE 3aKII0UYEHHE O BO3MOXKHOCTH ITyOJIMKALUU
MaTepUajoB B OTKPBITON ME€YaTH.

2. CTaThsl J0JIKHA COACPKATD:
- MPHTU -  MexrocyaapCTBeHHBIM  pyOpHUKaTOp  HAyYHO-TEXHHYECKOU
uHpOpMaLIUU
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— damMuIMyd aBTOPOB CTaThbU (MPOMMCHBIMU OyKBaMM, WHUIUANBI CIEAYIOT IMepes
bamunueit);

— Haspanue opranuszanuu, B KOTOpOil Oblia BBIIOJIHEHA paboTa U ToOpoj
(cTpoyHBIMH OYKBaMn);

- Ha3Banue craTeu (IpONMMCHBIMU OYKBaMH TTOJTY>KUPHBIM MIPU(TOM);

- AHHOTanus (B Hayajue cTaTby Nepe;i OCHOBHBIM TEKCTOM);

- Kirouesie cioBa (He 6osee 7);

- BBenenne (6e3 3aroiioBka), B KOTOPOM KpAaTKO H3JIAraeTcsi akTyalbHOCTh U
HOBHM3HA paccCMaTpPUBAEMOI0 BOPOCa;

- OCHOBHOM TEKCT (BKJIFOUAET MaTepUaibl U METOJBI, Pe3yIbTaThl U 00CYKICHUE,
3aKIIIOUEHUE, cofiepkKallee KpaTkoe N3JI0KeHNE OCHOBHBIX Pe3yJIbTaToB padoThl);

- Crmcok mutepatypsl (0hopMIISETCs ¢ yKazaHUueM (GaMUINKA U HHHIIUAJIOB aBTOPA,
MOJIHOTO Ha3BaHMsI KHUTH (CTaTbM), MECTa M3/aHUA, Ha3BaHUS XKypHaia (rojaa, Toma, HOMepa,
CTpaHULIbI).

3. Pasmep oaHOM CTaTbH HE JOJDKEH MPEBBIATH S5-7 MAIIMHOMMUCHBIX CTpaHUL] (CTaTbU
0030pHOTro Xapakrepa — 10 15 cTp.), BKiIIoYas aHHOTALUIO, TAOIMLIbI, PUCYHKH, CITUCOK JIUTEPATYPBI.
B ToM xe daiine ciemyer MpenCTaBIATh pPE3OME HAa TPEX SA3bIKaX (Ka3aXCKOM, PYCCKOM H
AHTJIMICKOM).

4. CtaThs n0/1KHA ObITH HaOpaHa Ha KoMmmbloTepe B penakrope Word 2003, mpudrom
Times New Roman 12 nit, ¢ mpoGenom Mexay CTpok 1 KOMITBIOTEPHBINA HHTEPBA, IOJISI — BEPXHEE U
HIDKHEe 2 cM, JieBoe 3 cm, mpaBoe 1,5 cMm. KonmuecTBo puCyHKOB — He Oojee MmsaTH. AHHOTAIus,
TaOJIULBl, PUCYHKH, CIIUCOK JUTepaTypbl — 11 nT yepe3 1 xommbroTepHbIi MHTEpBal. CChUIKM Ha
JUTepaTypHbIe HCTOYHUKU JAIOTCS IH(paMu B MPSIMBIX CKOOKaxX MO Mepe YIIOMUHAHUS U JOJIKHBI
ObITh MIEHTHYHBIMA Ha JBYX s3bIkax. HeoOXoauMo THIATENBHO CIEIUTh 32 TOYHBIM
COOTBETCTBHEM O00OO3HAYEHHI B TEKCTe W Ha Tabnuuax, pucyHkax u np. Ilpu uznoxeHuu
AKCIEPUMEHTAJIBbHOTO MaTepuaja JO0JDKHA OBbITh MCIOJNb30BaHA MEXAyHApoAHAs CcHUcTeMa
equaut (CH).

5. Ilocse cTaTbu HA AHIVIMIICKOM fI3bIKE TPHUBOJUTCS CIUCOK JINTEPATYphl B POMAHCKOM
andasure (References) ms SCOPUS u npyrux BA3 JIAHHBIX momHOCTBIO OTJIENBHBIM OJIOKOM,
HOBTOPSISI CIIUCOK JIMTEPATyphl K PYCCKOS3BIYHON YacTH, HE3aBUCHMO OT TOTO, UMEIOTCS MJTH HET B
HEM WHOCTPaHHbIE MCTOYHUKH. ECIM B CIHMCKE €CTh CCHUIKM HAa MHOCTPAaHHBIE ITyOJIHKAIMU, OHH
HOJIHOCTBIO TIOBTOPSIFOTCS B CITUCKE, TOTOBSILIIEMCS] B POMaHCKOM anaBuTe (JIATHHULIA).

B References He ucnonb3yrorest pazaenuTenbHbie 3HaKku («//» U «—»). Ha3BaHue ucrounuka
U BBIXOJIHBIE JTAHHBIE OT/IEINISIOTCS OT aBTOPOB THIIOM IIPH(TA, Yallle BCero KypCHBOM, TOUKOH MM
3aIATON.

Ha caiite http://www.translit.ru/ MOXXHO OecIJIaTHO BOCIOJIB30BATHCS IMPOrPaMMOI
TPAHCIIUTEPAIIUN PYCCKOTO TEKCTa B JIATUHUILY, UCTIOJB3Ysl pa3IM4HbIe CUCTeMBI. [Iporpamma
OYEeHb IMPOCTasi, € JIETKO HMCIOJIb30BaTh JUII TOTOBBIX cChUIOK. K mpumepy, BbIOpaB BapuaHT
cucrembl bubmmoreku Konrpecca CIHA (LC), momysaem wuzoOpakeHHe BceX OYKBEHHBIX
cOOTBeTCTBUIl. BeTaisiem B crienimaibHOE M0JI€ BECh TEKCT OMOIMOrpaguu Ha pyCCKOM S3BIKE U
Ha)KMMaeM KHOTIKY «B TPAHCIIHT.

6. Cratbu, He cooTBercTBYMONIME [IpaBuiamM, He MyOIUKYIOTCS M HE BO3BPAIIAIOTCS aBTOPY.
Penmaxmmst ocraBisier 3a 000 MPaBo MPON3BOUTH COKPAIIICHHS M TIPABKH CTaTEH.
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