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MHUKPOBUOTA YEJIOBEKA U BOJIE3HU IUBUJIN3ALIUNA:
B IOUCKAX BBIXOJA

doi:10.53729/MV-AS.2022.03.01
AHHOTALIUSA

PacTymias xummu3anuss W 3arps3HCHHE IUINEBBIX MPOAYKTOB, & TaKkkKe MPUBEPIKCHHOCTh
«3aMajHOMYy» MUTAHUIO ¢ OONBIINM KOJMYECTBOM YKHPOB M HU3KHM COJCPKAHUEM IHIICBBHIX BOJIOKOH
NPUBOIAT K HAPYIIECHHIO COCTaBa KHINEYHOH MHUKPOOMOTHI M MAacIITaOHOMY POCTy 3a00JeBaEMOCTH
TaKUMH OONE3HSIMHM IUBHIM3AIMK, KaK OXUPEHHWe, Auaber, OOJIE3HW Ccepala, pak W CHHXKCHHUC
UMMyHHTETa. B mpeacraBieHHOM 0030pe YENOBEYCCKUI OpraHM3M pacCMaTpHUBaeTCs KaK CIUHBIA
CYINEepPOPTraHu3M, B KOTOPOM Pa3IMYHbIC YaCTH TECHO CBSI3aHBI MKy COOOM M B3aUMHO BJIHSIOT APYT Ha
npyra. B mocneanue Toabl ObLTH pa3paboTaHbl M YIIyOJEHBI KOHIEHIMA OCEH KHIIEYHHK-MO3T,
KHIICYHUK-CEPIE U KUIICUHUK-TICTKUE, CBS3bIBAIOIINE KHIICUHUK M HACEISIOIINE €r0 MUKPOOPTaHU3MBI
C JPYyTMMH OpraHaMd ¥ CHCTEMaMM dYeJOBEYECKOTO OpraHW3Ma, W OOIIMM COCTOSIHHEM 370POBBS
yenioBeka. B HacTosiieM 0030pe 00OOIICHBI MOCISIHNE JTAHHBIE O BO3MOXKHBIX CIOCO0aX BIMSHHS Ha
KUIICYHYI0 MHKpoOuoTy. [lokazaHo, 4To MOTU(HUKAIUSA KUIICYHOH MHKPOOHMOTHI MyTEM H3MCHCHHSI
panuoHa muTaHus sBisieTcss 3(Q(EKTUBHBIM CPEICTBOM OOJErdeHUs: psAaa 3a00JIeBaHHi, MOBBINICHUS
HMMYHUTETA U CONIPOTHUBIACMOCTHU I/IH(beKHI/ISIM. PaCHII/IpeHHOG HCIIOJIb30BAHUEC HATYPAJIbHBIX IIPOAYKTOB
MUTAHUS, COCPKAIIMX MUIICBbIC BOJIOKHA U APYrHe OHOJOrMYECKH aKTUBHBIC PACTUTEIIbHBIC BEIICCTBA,
a TaKKe BKIFOUCHHE B COCTaB 3aKBACOK MPH MPOU3BOJICTBE (DEPMEHTHPOBAHHON MUIHM PA3THYHBIX TPYITIT
MHUKPOOPTraHU3MOB OyJeT CIIOCOOCTBOBATh CTUMYJISIIIMKM WHIUTEHHONH MHKPO(IOPHI M IMOBBIIICHHUIO
3alIUTHBIX CHJI OpraHu3Ma ueioBeka. [Ipu pa3paboTke (EPMEHTUPOBAHHBIX MPOJIYKTOB 0C000€
BHUMAaHHUE CJIEIYeT YJACIUTh YKCYCHOKHCIBIM OaKTepHsiM, MPOIYIUPYIONHUM alleTaT, COJepKaHue
KOTOpPOT'0 JOJIKHO 6BITB MAaKCUMAJIBHBIM CPEAN OCTAJIBHBIX KOPOTKOUECIIOYCYHBIX XKUPHBIX KHCIOT JIA
OJIepPKaHKs 3J0POBOTO META00IM3Ma B KMIIIEUHUKE U BO BCEM OPTaHU3ME.

KnawueBble  cioBa:  MHKpOOMOTa,  NMPOOHOTHK,  TNPEOMOTHK,  JUETa,  HMMYHUTET,
KOPOTKOIIETIOUEHHBIC YKUPHBIC KUCIOThI, YKCYCHAsT KUCIIOTA.

B nmocnennue necsatuneTus sl KOPPEKIMH COCTaBa MPOIYKTOB MOBCEAHEBHOTO CIIpOca U
WX BKYCOBBIX JOCTOMHCTB B HHX BBOJUTCS OOJBIIOE KOJUYECTBO PA3IHUYHBIX, 3a4acTyIO
(bu3MOIOTHYECK HEOOOCHOBAHHBIX, XMMHUYECKHX J00aBok. Kpome Toro, Ha Bcex Jrtamax
MPOU3BOJICTBA M XPAHEHMS] MPOUCXOAUT 3arpsA3HEHHE ChIPbsi U CaMUX MPOJYKTOB MHUTaHUS
MOCTOPOHHUMH MHUKPOOPTAaHM3MaMH U TPOAYKTAaMH HX MeTaboIM3Ma, OKa3bIBAIOIIMX Ha
OpTraHM3M YeJIOBeKa TOKCHUYECKoe Bo3aencTBue. Cumyayuio yxyouaom nocpeuHocmu nUmaHus,
cmpeccyl, UCNONb308AHUE 20PMOHO8 U OpPYeUX NeKAPCMBEHHbIX Npenapamos, TPUBOMAIINX K
«OOIe3HSIM [HUBHIN3ALMNY, 3aMyCKAIOIUM MEXaHU3MOM KOTOPBIX SIBIISIOTCS HAapYIICHHS B
COCTaB€ MUKPOOHMOTHI KEITY0YHO-KHUIIIEYHOTO TPAKTA.

CTpyKTypa U aKTUBHOCTb TPUJUTMOHOB MHUKPOOPTaHHW3MOB MHUKPOOHOTHI (hOpMHUPYETCS B
3aBUCUMOCTH OT JOJTOCPOYHOTO TOTPEOJICHUS TOW WJIM WHOW TUETHI W OTpPa)kaeT paziIudus
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MEXy TPaBOSIAHBIMU W IUIOTOSAHBIMU MiekonuTaromumu [1]. IToMmumo mnepeBapuBanus u
W3BJICUCHHS DHEPTHH W3 TMHUIIH OHA 00ECIIEYMBACT OCYIIECTBICHUE BAKHBIX (DU3HOTOTHUECKUX
byHkuii xo3smHa. OHa MOCTaBiseT OMOJOIMYECKH AKTUBHBIE BEIECTBA, HECHMHTE3HPYEMbIE
OpPraHuU3MOM 4YeJIOBEeKa, IMOJAJCPKHUBAET IIEIOCTHOCTh MPUPOAHOrO Oapbepa, 00pa3oBaHHOTO
CIIM3UCTBIMU  00OJIOYKAMH, TPEMATCTBYET 3aCENIEHUIO0  JKEIYJOYHO-KHUIIEYHOTO0  TpaKTa
MATOTEHHBIMU OAaKTEpUSMU, KOHKYPHPYS ¢ HUMHU 3a MHUTATEIbHBIC BEIIECTBA, MECTAa aJlIe3UH,
MOJIABJIsIsl X POCT CBOMMHU METa0OJIUTaMU, CBA3BIBAS U HEUTpaAIN3ys TOKCHYECKHE BEUIeCTBa, a
TaK)Ke CIOCOOCTBYET CO3pEBaHUI0O MMMYHHOW CHUCTeMbl. MMmyHOMomymupyromas (yHKIUsS
MUKpPOOHOTBHI SABIISETCS CaMbIM Ba)KHBIM aCHEKTOM €€ B3aHMOJCHCTBHUS C MaKpOOPTraHU3MOM,
MOCKOJIbKY OHA OKa3bIBa€T MHOTOTPAHHOE JIEWCTBHE Ha 3J0POBbE KHUILIEYHUKA U BCETO
opranu3ma [2]. OHa MO3BOJIIET MHAYLIHMPOBATH 3alllMTHHIE peakiuu Ha matoreHnl. Korma xe
coctaB M (DYHKIUST MHUKpOOMOMAa HApyIIAFOTCS - BO3HHKAIOT MPEANOCHUIKM K 3a00JIEBaHUSIM.
[Ipy >TOoM HEBO3MOXKHO Ha3BaTh 0OJE€3Hb, KOTOpas HE  CONpPOBOXKAajgach  Obl
MHUKPOIKOJIOTUYCCKIMH ~ HAPYIICHUSMH  JKETYJOYHO-KUIIEYHOTO  TPaKTa, TPEOYIOUUMU
Koppekiuu [3].

Bose3Hu nMBUJIM3aLMU U KHIIEYHAs MUKPOOHOTA

B pesynbrare Bo31ecTBUS psAla HETaTUBHBIX (DAKTOPOB, MIPOUCXOIUT PE3KOE M3MEHEHHE
BUJOBOIO Pa3HOOOpa3usi MUKPOOMOTHI, YTO B CBOK O4YEpe]b NPUBOJUT K 3HAYUTEIBHOMY
U3MEHEHHUIO0 €€ (DYHKIMOHAJIbHOM aKTUBHOCTH, BIUIOTH 1O PAa3BUTHUS HEOOPATHUMBIX IOJIOMOK
roMeocrasa M rudenu opraHuzma xozsiuHa. OCOOEHHO 3TO BBIPAKEHO B CTPaHAX C BBICOKHM
YPOBHEM J0X0J1a, YTO, BO3MOXHO OOBSICHSIET PE3KHIM pOCT B 3TUX PETMOHAX ayTOMMMYHHBIX U
BOCTIJIMUTENbHBIX 3a00JI€BaHUI.

YMeHblIeHHE pa3HOOOpa3ys KUILIEYHBIX MUKPOOPTraHM3MOB y HAaceleHUsl CTpaH c Oojee
BBICOKMM YPOBHEM JKH3HHU CBSA3BIBAIOT, IJIaBHBIM 00pa3oM, C OTVIMYMSAMHU B PALMOHE MUTAHMS,
oOpase )KM3HHU U 3]paBOOXPAHEHUH, KOTOPbIE 3HAYUTEILHO MEHEE 3aTPOHYIIN KUTEIEH CETbCKUX
paiioHoB. IIporpeccupyroiyio MOTepr pazHOOOpa3usi KUILIEYHOM MUKPOOMOTHI y HAcelIeHus
3aMajJHbIX MOMYJSIUI OOBACHSIIOT BBICOKMM COJEpKAaHUEM B JUETE >KUPOB U TPOCTHIX
YIJIIEBOJOB, a TAK)KE€ HEAOCTATOYHBIM HCIOJIB30BAHUEM JOCTYIHBIX YIJIEBOJHBIX KOMIIOHEHTOB,
colepkalluxcsd B KIETYaTKe, YTO NPHUBOJUT K CHIDKEHHUIO KOJMYecTBa OakTepui,
CHUHTE3MPYIOUIMX KOPOTKOLETIOYEYHbIE >KUPHBIE KHCJIOTHI, OCIA0JIAIONMEe BOCHAIUTEIbHBIE
nporiecchl [4].

B Hacrosmiee Bpemsi paclpOCTPaHEHHOCTb OXHMPEHUS, SBISAIOLIErOCS OOHUM U3 IISTH
OCHOBHBIX (aKkTOpOB pHUCKa CMEpPTH, BO3pocia A0 MacmTaboB mNaHAeMuH. Moaudukanuu
NOBEJICHUS 1 IUTAHUS, HAlIPaBJICHHbIE HA CHUKEHHE Beca, 3((EKTUBHBI JIMIIb B KPATKOCPOUHOM
NEepCIEeKTHBE, HEOOXOJUMBbl HOBBIE JMETUYECKUE CTpPATETUH, HAINPaBJICHHbIE Ha MHUKPOOHOTY
kumeyHuka [5]. MccnenyroTcst pasHble CTOPOHBI B3aUMOJEHCTBUS MEXKIY IPENCTaBUTEISIMHU
KHUIIEYHOH MUKpPOOMOTHI M OpPraHM3MOM-XO3SMHOM, JAIOLIMe NPEJICTaBIEHUE O POJIH HX
YHUKAJIbHBIX METAa0OJMTOB B OOECIEUEHMM 3alllUThl MAaKpOOpPTraHW3Ma OT HPOHMKHOBEHHS
NaToreHa, peryjasluu pa3HoOOpasHbIX (PU3MOJOTMYECKUX (QYHKIMH XO35IMHA, BKJIHOYAs
MeTaboaM3M, pa3BUTHE M TOMEOCTa3 HMMMYHUTETa M HEPBHOM CHUCTEMbl WJIM, HalpOTHUB,
CIOCOOCTBYIOIIMX BO3HMKHOBEHHUIO M MPOrPECCUPOBAHUIO IIHPOKOrO CHEKTpa 3a00JIeBaHUM,
TaKUX Kak BOCHAJIMTENbHOE 3a00JIeBaHHE KHUILIEYHUKA, MYJIBTHUCUCTEMHOE ayTOMMMYHHOE
paccTpoONCTBO, OKUPEHUE, KOJOPEKTAIBHBIN paK, a TakK€ HEPBHO-TICUXUYECKOE PACCTPOMCTBO
[6]. IIpeamonaraercs,, 4To Aa)k€ YCTPAHEHHE IOCTOSHHBIX NApPTHEPOB, HANPUMEP, TAKMX Kak
TeJIbMUHTBI, MPUBOJUT K CHH)KEHHIO pa3HOOOpasusi U  YCTOWYUBOCTH MHUKPOOMOTHI,
HEOOXOIUMBIX JUIsl YCTAaHOBJICHUS COAJTaHCHPOBAHHBIX HMMYHHBIX peakiuii [7].

B mocneanue rojapl MpoJEeMOHCTPUpPOBaHA KOPPEJSALUS MEXKIYy COCTaBOM U (YHKIIHEH
KUIIEYHOH MHUKPOOHOTHI W aTepockiiepo3oM [8], merabomuueckumu 3abosieBaHusIMH [9],
amuteprueit [10], actmoit [11], KeayT09HO-KUIIEYHBIMU 3a00JIEBAHMSM, B TOM YHCJIE M PaKOM
tonctoi kumku [12, 13]. Cramo wH3BECTHO, YTO MPUYUHON OOJBIIMHCTBA XPOHMUYECKHX
3aboyieBaHMi, BKIIOYash ocreornopo3 [14], oxupenue [15], cepmeuno-cocymucteie [16] u
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HEeBpoJornueckne 3aboneBanus [17], caxapubiii guaber [18] sBiseTcss XpOHHYECKOE
BOCIIAJICHUE.

OOHapy)XeHa 4eTKas 3aBUCUMOCTb MEXJy PUCKOM DPa3BUTHUS KOJOPEKTAJIBHOI'O paka U
noTpeOIEHUEM ONPEACTICHHBIX BUIOB IMHIIHM, TAKMX KaK KPacHOE MSCO, M HEKOTOPHIE Ipyrue
npoaykTel [19], cmocobcrByrommx aucbakrepuo3y [20], Torma kak MOTpeOJICHHE IHUETHI C
HU3KHUM COJIEpP’)KaHUEM KHPOB MPHUBOAMT K YBEIUYCHHIO (heKaTbHOTO oOmimst OudumodakTepuit
[21].

OCHOBHBIM OTJIMYMEM [IALIUEHTOB C KOJIOPEKTAJIbHBIM PAaKOM OT 3J0POBBIX JIOAEH
ABISICTCA BBICOKAs KOHIEHTpalus B TOJCTOM KHILKE MATOreHHBIX OakTepuid, BKIOYas
Enterococcus faecalis, Bacteroides fragilis, Escherichia coli u Fusobacterium nucleatum [22].

Kumieunsle OakTepun NpPOIYyLUPYIOT COEIMHEHMsI aHAJIOTMYHbIE IOPMOHAM 4YeJIOBEKa,
TaKUM KaK CEpPOTOHMH, TECTOCTEPOH, HOpaJIpeHanuH, nodamuH, rucramuH. [lomagas B
KPOBOTOK, OHM OKa3bIBAalOT BIMSHUE HA MO3T, (GOPMUPYs BKYCOBbIE IIPUCTPACTHS, IPUBBIUKH, U
JlaKe TMOBeNeHUe, MOAU(PHUIUPYS aKTUBHOCTh M (DYHKIIMIO BEreTaTMBHON HEPBHOI CHUCTEMBI U
Heiipoxumuio [17] ® ydacTByeT B NAaTO(QHU3UOIOIMM MHOT'OYHUCIEHHBIX ICHUXHYECKUX U
HEBPOJIOTUYECKHX 3a0oiieBaHui [23], B ToM umncie mm3oppennn [24] u 6one3nu Anblreiimepa
[25].

Kumeuynass MUKpoOMoTa M pecniupaTopHbie HH(PEKIHI

[ToMuMO MOHATHUS OCEH KUIIEYHUK-MO3T U KUIIEYHUK-CEPLE, 0JIPa3yMEeBAIOIIUX TECHYIO
B3aMMOCBS3b ATHUX OPTHAHOB M CHCTEM YEJIOBEYECKOr0 OPraHHU3Ma, OIIOCPEAOBAHHYIO KUIIEYHON
MHUKPOOHOTOH, B IIOCIIEJHEE BPEMsI BBOJUTCS MOHATHE OCH KMILIEUHUK-JIETKOE, YKa3bIBaoLee Ha
3aBUCHUMOCTh pa0OThl OPraHOB [bIXaHUS OT KUIIEYHOM MuKpoOuoTsl [26]. Ilokazano, 4TO
JibIXaTenbHble HHPEKIUH CBA3aHbl C U3MEHEHUEM COCTaBa MUKPOOHOTHI KUIlIeUHUKa [27].

B HOpme MukpoOuOTa Jerkux (OpMUPYETCS HENPEPBHIBHBIMU BOJIHAMHU BTOPXKEHHUS U
U3rHAHUS MUKpPOOPraHW3MOB MpH JbIXaHUU. JOMMHHpPOBAaHUE KaKMX-TO BMJIOB OaKTepHii,
OpPUBOJAIIEE K  YMEHBIIEHUIO BMJOBOrO  pa3HooOpa3usi MUKpPOOHOTHI, CBSI3aHO C
IPOTrPECCUPOBAaHMEM MYKOBUCHMJ03a W/WiIM HMH(EKUMOHHBIX 3aboneBanuit [28]. Ilpm
3a00JIeBaHNH JIETKUX HapyllaeTcs OajlaHCc MEXIy UMMHIpaled U STUMUHALMEN, YTO IPUBOIUT
K npeo0aiaHuio OakTepuil, ITeMOHCTPUPYIOIUX KOHKYPEHTHBIE IpeumyiecTsa [29].

Mopnynauusi coctaBa KHIIEYHOW MHUKPOOMOTBHI Y MBIIIEH pPEerylupyer UMMYHHBIH OTBET
JIBIXaTeNbHBIX MyTeH M M3MEHSeT BOCIPUMMYHMBOCTh K JIErOYyHbIM MH(pekuusMm rpumnmna [30].
[TokazaHo, YyTO MBI, MOJYYaBIINE PAIOH C BBHICOKHM COJIEP)KaHHUEM KJIETYaTKH, UMEOINe
BBICOKHI YPOBEHb KOPOTKOLIETIOUEUHBIX JKUPHBIX KUCIOT B KPOBH, OBUIM 3aIIMIEHBI OT aCTMbI
[31]. C nmpyroil CTOPOHBI, MBIIIH, ACPUIMTHBIE MO COJAEPKAHUIO B KHUILIEYHHKE OaKTepHii,
IPOAYLHPYIOUINX HMX, ObUIM MOABEPKEHbI OOJiee TSKEIOMY TE€UEHHUIO MTHEBMOHHH, BBI3BAaHHOM
Staphylococcus aureus [32]. Jloka3aHo, 4TO MOTpeOJicHHE MPOOMOTHKOB MOXKET 3HAYUTEIHLHO
CHM3HUTh 3a00J€BaeMOCTh HH(EKIHMSIMHM BEPXHHUX JbIXaTeNbHBIX IMyTe€H M TI'PUNNONOJ00HBIE
cumnTomsl [33].

[Toka3aHo, YTO y MOXMIBIX JIIOJEH MeHee pa3HOOOpa3Ha KHILIEYHas MHUKpPOOMOTa W
CHI)KEHO KOJMYECTBO IIOJIE3HBIX MHUKpPOOPIaHM3MOB, TakKMX Kak Oudunodaxrepun [34] u,
COOTBETCTBEHHO, Ocjal0jeH MMMYHHTET Jierkux [35]. M3BecTHO, 4TO MHEBMOHHS — OJHO W3
CaMbBIX CEphe3HBIX KIMHHYeCKHX mposeieHnid Covid-19 — mopaxkaer, TJIaBHBIM 00pa3om,
NOXKUJIBIX JIOAEW DBobllioe KONMMYECTBO JIETANbHBIX HMCXOJOB IMOKMIIBIX IMALMEHTOB €IIE pa3
MOTYEPKUBAET POJIb, KOTOPYIO KHILIEYHAsi MUKPOOHOTA UTPaeT B 3TOM 3a00JIEBaHUU.

Takum 00pa3oM, 3KOCUCTEMBI KUIIEYHUKA U JIETKUX (COCTOSIINE U3 MUKPOOPTraHU3MOB U
KJIETOK-X0351€B) YETKO CBS3BIBAIOT MHUTAHUE, 3I0POBbE OPraHOB AbIXaHMS M MUIIEBAPUTEIBHOMN
CHCTEMBI, a TJaBHOE, UMMYHHYIO 3aIIUTy 4Yepe3 CIOXKHYI0 CHCTEMY B3aUMHOIO OOLICHMSL.
JlokanbHble W oTHa’eHHble A(@exThl OaKTepHalbHBIX COOOIIECTB, BEPOATHO, OYAYT
OTIpPENeNAIONMMI  TIPU  MHOTHX PECIUPATOPHBIX 3a00JI€BaHUAX, BBI3BAHHBIX BUPYCAMH,
ajuIepreHamMu WM reHeTHYecKuM nedumurom [36].
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IlepcnekTUBBI pemieHusi MPOOJIEeMbI

Moaudukanusa MUKPOOHOTHI M MPOAYKIHUSI KOPOTKOLENOYEYHBIX JKUPHBIX KHCJI0T

Hecmotps Ha ycmexu B 00JacTH  HMCCIEJOBaHHUS MHUKPOOHMOTHI, BO3MOXKHOCTb
UCIIOJIb30BAaHUSI €€ B KayeCTBE JAMArHOCTUYECKOTO HWHCTPYMEHTAa HAXOAUTCS BCE €IIE B
3a4aTOYHOM coCTOsiHUM [37]. OmHAaKO NaHHbIE, MOKAa3bIBAIOUIME PEIIAIOIIEEe 3HAYCHHUE s
BO3/ICUCTBUS HA BOCIIAJIMTEIbHbIE MPOIECCH] B KUIIEYHUKE YEJIOBEKa METaOOIUTOB HEKOTOPBIX
IpeJICTaBUTeNIel €ro MUKPOOUOTHI HE BBI3BIBAIOT COMHEHHUSI.

OxHUM W3 MOTEHIHMATBHBIX MOIXOA0B K JOCTH)KEHHUIO 310pOBOW MHKpPOOMOTHI SIBISETCS
HEIMOCPEJICTBEHHOE BBEICHUE TOJE3HbIX OaKTepuil, TO €CTh NPOOHMOTHKOB, OJArONPHUSTHBIN
3 PEeKT KOTOPBIX CBS3aH HE TOJIBKO C YJIYYIIEHHEM MHKpOOHOTro OanaHca kumeyHuka [38, 39],
HO M C MOJYJIMPOBAaHMEM HUMMYHHBIX (QYHKIMHA opraHusma-xo3siuHa. Kak mnpaBuio, 3To
0aKTepuH C MPOTHUBOBOCIAIUTEIBHBIMU /MM C IOJIE3HBIMH METa0OJUYECKUMHU CBOWCTBAMH,
TaKUMH KaK CIIOCOOHOCTh K 00pa30BaHUI0 KOpOTKoLenoueuHsIx xkupHbIX Kuciaot (KIDKK) [40].
KIDKK (90-95% cocTaBisitoT yKCycHasi, IPOIMOHOBAas, U MaciiiHas KHUCIOTbl) — KOHEUYHbBIE
OPOAYKTHl (EepPMEHTALMU TMHUIIEBBIX BOJIOKOH AaHAa’pOOHON KHUIIEYHOM MHKPOOHMOTOM —
OKa3bIBAlOT  MHOXKECTBEHHOE  OJIarONpUsATHOE BIMSHWE HAa  OJHEPreTHYeCKWid  oOMeH
miekonuTamux [41, 42]. MexaHu3Mbl, Jexalipe B OCHOBE 3THUX 3(P(HEKTOB, SBISIOTCS
IIPEIMETOM HMHTEHCHUBHBIX MCCIEIOBAHUNA M OXBAThIBAIOT CJIO)KHOE B3aUMOJCHCTBHE MEXIY
TUETON, KHUIIEYHOW MHKPOOMOTOM U SHepreTuyeckuM oOMeHOM opranu3Ma. OyHKIHIO
MOJABJICHUS] BOCHAIMTENFHBIX PEAKIMid W TIOSBICHUS paka BBIMOJHSIOT, TJIaBHBIM 00pa3oM,
anerar, npornuoHatr u Oytupat [43]. B 0630ope Den Besten ¢ coaBropamu [44] obobmatorcs
JaHHbIE 00 UX POJIA B DHEPTETHUECKOM META0O0IM3ME XO35HHA.

AlleTaT U MpoONMHOHAT SABISAIOTCA Hanboliee MOIIHBIMU akTuBatopamu perentopo KIDKK,
[03TOMY HX KOJMYECTBO B KHUIIEYHUKE OJKHO IOCTOSIHHO IOJAJIEPKUBATHCS Ha BBICOKOM
ypoBHe [45]. HaubGonee wuzoOmnbHON cpenu Bcex kumieunbix KIDKK sBusiercs ykcycHas
KucinoTa, kotopyro mnpousBomaT Bifidobacteria, Lactobacillus, Akkermansia muciniphila,
Prevotella spp., Ruminococcus spp. [46]. Kpome Toro, amerat crmocoOCTByeT
AHTWINIIOJIUTUYECKONW aKTUBHOCTH. J{neTa ¢ BBICOKUM COJIEP)KaHUEM KJIETYATKH (ITPOU3BOISALIAs
00JIb1I10€ KOJIMYECTBO alleTaTa) MoJIaBisieT ajliepruueckue 3a001eBaHus AbIXaTelbHbIX MyTeil 3a
cyeT ycuJjieHUs peryiasTopHbIx T-kierok [47]. Jluera ¢ BBICOKMM COJEp)KaHUEM KJIETYATKU U
MOCIIEAYIOLIEE MPOU3BOACTBO MPOMMOHATA TAKXKE MOTYT 3alllMLIaTh OT AJUIEPIMM JIbIXaTEJbHbIE
MyTH, UTHAYLUPYS TEMON033 IEHAPUTHBIX KJIETOK, KOTOpBIE 3aceystoT jerkue [31].

[Tpu nedunure pepMEeHTUPYEMBIX BOJIOKOH MUKPOOBI MEPEKIIOUAOTCS HAa SHEPreTUUECKU
MeHee OJIaronpusTHblE UCTOYHUKHU JJIsl pOCTa, TaKME€ KaK aMUHOKUCIOTHI W3 MUIIEBBIX WM
HHJIOTEHHBIX OENKOB M MUIIEBbIE >KUPHI, YTO MPUBOJUT K B CHIKEHHOH (epMeHTaTHBHOU
aktTuBHOCTH MUKpoOUOTHI U KI[DKK B KauecTBe BTOPOCTENIEHHBIX KOHEYHBIX TTPOTYKTOB [45].

OCHOBHOW MPOAYKT OpOKEHHsI MOJIOYHOKHUCIBIX OaKTepHil, MOJOYHAs KHCJIOTa, HE
ABJISIETCSI KOPOTKOLIEITOYEYHON JKUPHOM KHCJIOTOM, OJHAKO TOXKE OKa3bIBACT CYIIECTBEHHOE
BJIMSIHME Ha METAaO0JIM3M OpraHU3Ma XO35IMHA, a TAKXKE SBISAETCS MPOMEKYTOUHBIM MPOIYKTOM,
noTpedsasieMblM KuuleyHoil Mukpoduiopoii u mpeBpamjaembiM B KIDKK [45]. Tlomumo
MOJIOYHOKHCIIBIX OaKTepuil K MEPCHEKTUBHBIM MPOOMOTHKAM OTHOCSTCS KUIIEYHBIE OAKTEpPHH,
takue kak Akkermansia muciniphila, cBsi3aHHBIE C TIOBBIIIEHHOH JKCIpPECCHEW TI'eHOB
BPOKJACHHOI'O U aIallTUBHOTO MMMYHHOTO OTBeTa [48].

[TpoGMOTHKH MOTYT CHHU3HMTH IKCIPECCHUI0 MPOBOCHAIUTENbHBIX LUTOKHHOB, YIYUIIUTh
KJIMHUYECKHE CHUMIITOMBI, T'MCTOJIOTUYECKHE HM3MEHEHHUS M BBIPAOOTKY CJIM3M B KHUIIEYHOM
TpakTe. VX mpruMeHeHue npuBeso K pa3paboTke KOHIENINH (YHKIIMOHATBHOTO MMUTAHUSI.

3a 1TociuenHee JIECATUIIETHE  B3aUMOACWCTBHE MEXKIY 370pPOBbEM  4YEIIOBEKA W
MUKpOOMOMOM CTaJlo MpeIMETOM pacTyliero uHrtepeca [49], ocoboe BHUMaHHE MpPH ITOM
yIenseTcsl BbIABICHUIO Ha Hero BiusHus auer [50]. B o63ope Singhvi ¢ coaBropamu [51]
ONMCAHbl TEPANeBTUYECKUE JOCTHXKEHHUS, IMOJIyUEHHBIE NPU HCCIECIOBAaHUM BIMSHUS Tpe- U
NpOoOMOTHKOB ISl BOCCTAHOBJICHHMS MHKPOOHOTO ToOMeocTa3a KHIIeyHHKa. Bmecte ¢ Tem
OTMEUEHO HEMNPEIBUICHHO CII0)KHOE YYacThe KHUIIEYHOTO IeHOMa B IOTEHLHUale 3/I0pOBbs

7



Ne3 (38) 2022

yenoBeka. HekoTopele pe3ynbTaThl CBUACTENBCTBYIOT O TOM, YTO CJIEeAyeT coOI0AaTh 0co0yro
OCTOpPOXKHOCTh TPH BBEICHUHM S3THUX MPENapaToB Ha CTAIUSIX PELUUAMBOB BOCHAIUTEIBHBIX
3a0oneBaHusAx KumieyHuka [52]. HeoOXoauMmo yYUTBIBaTH TakKe, YTO MPOOHOTHYECKUE
3 QEKTH SBIAIOTCSA IITAMM-CHEIM(DUYHBIMU, U OHM HE JCHCTBYIOT Yepe3 OAHM U Te Ke
MeXaHu3MbI [53].

Kak B ceBepoaMepHKaHCKUX, TaK U B €BPOICHCKUX PYKOBOJCTBAaX Hanbosee 3 (HeKTUBHON
JUIsL JiedeHus 3a00JieBaHUM, CBSI3aHHBIX C IKEJIYJAOYHO-KUIIEYHBIM MHKPOOHBIM AHCOHMO30M,
BKJIIIOYAs BOCHAIUTENbHBIC 3a00JeBaHMs KHIICYHUKA, HapylmIeHHs OOMEHa BEIIECTB,
NICUXOHEBPOJOTUYECKHE COCTOSHUS WJIM YHUYTOXKEHUE MYJIbTHUPE3UCTEHTHBIX OaKTepHii
HanOonee HPQPEKTUBHON MpHU3HAHA TpaHCIUIAaHTaUus (QekaabHOW MHUKpoOHOTH. OHAKO,
KOHCEHCYC B OTHOILIEHUU Ba)XKHBIX METOJIOJIOTMUECKUX AacleKTOB ATOW MPOLEAYpPbI, a TaKkKe
JI0Ka3aTeNbHbIE PEKOMEHJAIMU, 33 MHCKIIOUYEHUEM KIMHUYECKHX MCCIEI0BaHUM, IIOKa
OTCYTCTBYIOT [54].

MukpobuoTo-TpancepHas Tepanus Ha TpUMEpe JAeTed, CTPaJarolluX ayTU3MOM,
nokasajga JOJTrOCpOYHy0 Oe3omacHOCTh H  3(PGPEKTUBHOCTh, MOCKOIBKY MOJIOXKUTEIbHBIC
pe3yabTaThl COXPAHSUIMCH B TEUCHHUE JBYX JIET HAOMIOICHUsI, OJJHAKO, B OyylieM HeoOX0AuMO
IPOBEJICHUE IBOMHOTO CIENOro Mmianedo-KOHTPOIUPYEeMOro uccienoBanus [55].

BinsiHue NMUIIEBBIX KOMIIOHEHTOB

OaHUM H3 OCHOBHBIX THIIOB MaKpOHYTPUEHTOB, KOTOPBIH CUYHTAETCS BaXKHBIM JUIS
METa0OJIMUECKOTO 3A0POBBS B IIETIOM, SIBIIsieTCs KieT4arka. CIoKHBIE YIIeBOIbI, JOCTHTAIOIINE
TOJICTOM KUIIKU ¥ (PEPMEHTUPYEMBbIE KUIICYHBIMUA OAKTEPHSIMHU, SIBISIOTCS JIJI1 HUX OCHOBHBIM
HMCTOYHUKOM MHUTAHHUS U UMEIOT OOJIBIIOE BIMSHUE Ha OOIIMI YpOBEHb OAaKTEpHii, COCTaB U €ro
(GYHKIIMOHATIBHYIO aKTUBHOCTB [56].

Kak noka3zaHo Ha MbllIaX, HEJOCTATOK KIJIETYATKH CHHXKAET IJIOTHOCTb MHUKPOOHMOTHI,
3aMeUIsieT mpoiudepanuo YHTEPOLUTOB, YXY/IIAeT CIU3b U U3MEHSET COCTaB MUKPOOUOTHI,
[57]. Hpyroii BBICOKO(GEPMEHTHPYEMBIi MOIMCAXAPH] - HHYJIHMH TaKKE MOXET YBEIHMYHBATH
ypoBuu Akkermansia muciniphilia kak y mblieii, Tak ¥ y JIIO/JICH, 4TO MPEMATCTBYET PA3BUTHIO
nuabera 2-ro THUIA, MOCKOJIBbKY CIIOCOOCTBYET BOCCTAHOBJICHHUIO MTPOYHOCTHU CIU3U U 3aIIUTE OT
BocnaieHus [58].

[IpeOuoTnueckne coeAMHEHMs], TAKUE KaK MUHYJINH, MOJIUAEKCTPO3a, KYKypYy3HOE BOJIOKHO,
Kak OBUIO TMOKa3aHO, YJIYYIIAlOT MMMYHHUTET, pa3HooOpa3ue MHMKPOOUOTHI KHIIEUHUKA
(yBenuuuBaer yucino OupuaoOakTepuil), MUIeBapeHue U T. . OCOOEHHO y MOXKMWJIBIX JIIOAEH
[59]. [Toka3aHo, uTo OoraTas KJIETYaTKOM MeTa MEHSET He TOJbKO MUKPOOUOTY KUIIEYHHUKA, HO
TaK)Ke BJIMSIET HA MHUKPOOMOTY JIETKUX, MOAYIUPYS MUMMYHHUTET [31], 4TO 0COOEHHO Ba)kKHO
YUUTBIBATh B HACTOsIIIEE BpeMs IPU MaHJIEMHH KOPOHABHpYcCa.

VYcraHoBieHO, UTO 1ueTa, OoraTasi moyirM(eHonaMu, 3aMIaeT YeIOBEeKa 0T XPOHUUECKUX
NaToJIOTUH, MOAYIUPYS MHOTOYMCIECHHBIE (DU3MOJOTHYECKUE TPOLECChl, TaKue Kak
OKHCITUTEITbHO-BOCCTAHOBUTENBHBI ~ MMOTEHIIMAN  KJIETOK, (DepMEHTAaTHBHYIO aKTHBHOCTb,
nposrdepannio KICTOK U MyTH Mepeiadyn CuraaioB [60-62].

Ynorpebnenrne npoOUOTUKOB, MPEOMOTHUKOB W TOJU(PEHOJIOB C TMHUIIEH MOJIOKUTEIHHO
BIMSET HAa COCTaB KHIIEYHOM MHUKpoOMOTHI [63]. Tak, KypKyMHH M €ro MeTaOoIuThI
CIIOCOOCTBYIOT BOCCTAHOBJIEHHIO KHUIIEYHOro MHUKpoOumoma. Ilpu sToM OH, Kak U Jpyrue
NOJM(EHOIBI, TOIBEPIKEH OAKTepHATIbHBIM (PEPMEHTATUBHBIM MOIM(UKAIUAM, ¢ 00pa30BaHUEM
dapmakosoruyecku 0osiee akTUBHBIX META0OIUTOB, UeM UCXOAHBIN KypKyMUH [64].

[TonoxurenbHOE BO3JEHCTBHE HA MUKPOOMOTY KHUIIEYHHKA OKAa3bIBAIOT TAK)KE KUTalCKue
TpaBsiHbIE JIeKapcTBa [65], ucnoab3yeMble MpH JieyeHUH auadera 2-To TUIA, YTO OObICHSAETCS
oboramenrem mMukpooOuothl Buaamu Blautia u Faecalibacterium. OtnenbHble pacTUTENbHBIC
9KCTPAaKTHI (BKJIOYasi 6orarbie Mon(eHonaMu 3KCTPaKT KIFOKBBI, BOJHO-3TaHOJIBHBIM IKCTPAKT
3€JICHBIX MUKPOBOJIOPOCIEH, 3€JIeHbIN Yail 1 UMOUPD) MOJT0KUTEIBHO BIUSIOT HA MUKPOOHOTY,
CIOCOOCTBYsl yBenuueHuio uncienHoctd Akkermansia u apyrux MpeacTaBUTENEH IMOJE3HOU
MHUKPOGIIOpEI [66].

OKCTpPaKThl KOpPBI KOPWUIIBI W BHHOTPAJHOH BBDKMMKH BBI3BIBAIOT YMEHBIICHHE
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conepxanus Peptococcus, Desulfovibrio, Lactococcus u ysenunuenue comepskanust Allobaculum
u Roseburia [67], 4To cnocoOCTByeT yMEHBIICHUIO )KUPOBOW MacChl, yMEHBIIICHUIO BOCITAJICHUS
YKUPOBOW TKaHH M YIYUIICHUIO TOJCPAHTHOCTH K IIIIOKO3e. B 11e710M, H3MEHEeHUsT B MUKPOOHOTE
KUIICYHHKA B OTBET Ha BBEJICHHE pACTHUTCIBHBIX OKCTPAKTOB BKJIIOYAIOT YBEIHYCHHE
MHKPOOHOrO  pasHooOpasusi, yMeHbIleHHe cooTHomeHus Firmicutes/Bacteroidetes wu
yBEJIMYCHUE YMCICHHOCTH NMPOTHBOBOCHIANUTENbHBIX Oaktepuit (Bidobacterium, Lactobacillus,
Akkermansia u Faecalibacterium), a Takxe ymMeHbIIIEHHE KOJIMYECTBA TATOreHHbIX OakTepuii (E.
coli u Enterococcus), 4To MOKeT 0CIa0UTh BOCHAJICHUE U YITYUIIUTh NIMKEMHYCCKUNA KOHTPOJIb.

Vaydmienne npoduiass MUKPOOUOTHI KHUIIEYHHUKA 33 CYET WHIMBHIYAIbHOTO IMHUTAHHS U
IHIIEBBIX J00ABOK, YJIYYIIAIOIIAX HMMYHHUTET, MOKET OBITh OJHHM H3 MPOMHIAKTHYECKUAX
CIMOCOOOB, C TOMOINBIO KOTOPBIX BO3JCHCTBHE KOPOHOBHPYCA MOMKET OBITh CBEICHO K
MHHAMYMY Y TIOKWJIBIX JIFOJCH M IMAlHEHTOB C OCIa0JIeHHBIM MMMYyHUTETOM. IIpemiaraercs
HAYMHATH JIOTIOJIHUTENIbHBIC HUCIBITAHUS [UIS MOJydeHus: 3ddekra COBMECTHOrO JACHUCTBHS
HIEPCOHATM3UPOBAHHON (DYHKIIMOHAIBHOMN MHIIH, BKJIIOYas IPEONOTUKH U TPOOHOTHKH, HAPSITY
C COBPEMEHHBIMU METOJIaMH JieueHUs [68].

3akiro4enue

Takum 00pa3om, UHTETPUPOBAHHBIN B3IJISIT HA MUKPOOMOM KHIIEYHUKA YEJIOBEKa U €ro
CBS3b CO 3J0POBBEM YEJIOBEKA OTKPHIBAET IIMPOKUE IIYTH JUIS JOCTHIKCHMS LIEJIEH MEIULIVHBI,
OpPUEHTUPOBAHHBIX Ha pEIICHNE IPOOJIEMBI ITOBBIILIEHUSI UMMYHUTETA Y€JI0BEKa.

B Hacrosimee Bpems, Korja 4elOBEYECTBO OKa3ajJoCh O€33allUTHBIM I€pe]l HOBBIMU
UHQEKIUSAMH, U JICYCHUST KOTOPBIX OTCYTCTBYIOT CKOJBKO-HHUOYAb 3(PQEKTHBHBIE CIOCOOBI
JI€YCHMsI, OCTAeTCs HaJekJa Ha BO3MOYKHOCTh YKPEIUIEHUS HecleU(pHUEcCKOW yCTOMUMBOCTH
OopranusMa, 0OyCIIOBIIEHHOW €ro MPUPOJIHON 3alIUTOMH, 8 UMEHHO HMMYHUTETOM, 00€CIIe4eHHBIM
ONTUMAJILHBIM CUMOMOTHYECKHUM COCYLIECTBOBAaHUEM C HACEJISIOLIMMH €r0 MUKPOOPraHU3MaMHU.

Pacmmpenne crekTtpa €cTeCTBEHHO (PEPMEHTHPOBAHHBIX NPOIYKTOB, COJIEPXKAIIUX B
CBOEM COCTaB€ pa3lUYHble TIPYNIbl MHUKPOOPraHU3MOB U pa3HOOOpa3Hble OoraTble
npeOuOoTHUKaMH TMPOJIYKThl OyAeT CHocOOCTBOBAaTH MOBBIIMICHHUIO 3alUTHBIX CHUJ OpraHU3Ma.
Hapsiny ¢ TpaguIMOHHBIMHM KHCIOMOJIOYHBIMHM MPOAYKTaMU U (pepMEHTUPOBAHHBIMH OBOIIAMH,
M3TOTOBJICHHBIMU C MCIIOJIb30BAaHUEM MOJIOUHOKHUCIBIX OakTepuil, HEOOXOJWMO BBEJIEHUE B
COCTaB MPOM3BOJACTBEHHBIX 3aKBACOK JAPYTHX TPYNI MHKPOOPraHM3MOB, B YaCTHOCTH,
YKCYCHOKHCIBIX Oaktepuil, mpouspoasamux ocHoBHY0 KIDKK - ykcycHyro kuciory, uro Oynaer
CHOCOOCTBOBaTh HOpMalM3aluM (QYHKIHUH JKeTyJOYHO-KUIIEYHOIO TpakTa, CTUMYJISIIHUU
MHJUT€HHOW MUKPOQIIOPHI U MOBBIIIEHUIO 3aIIUTHBIX CUJI OPraHnu3Ma 4yesoBeka [69].
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AJAM MUKPOBHUOTACBI ’)KOHE OPKEHUET AYPYJIAPBI:
HIbITY KOJIbIH I3JIEY

Tyiiin

ABBIK-TYJIIK ©HIMJIEPiHIH XUMHUSIIaHYbl MEH JIACTAHYBIHBIH YKOFapbUIAybl, COHAANH-aK KypaMblH/Ia
Mail Memmepi Ken JKOHE TaraMIIblK TaIIIBIKTAphl a3 «OaTbic» TaMaKTaHYbIH YCTaHy iIIeK
MHUKPOOHOTACHIHBIH KYPaMbIHBIH OY3bUIybIHA XOHE aypyJiapJblH KEH ayKbIMIbl ©Cyi CeMi3ZiK, KaHT
IuabeTi, KYpeK aypybl, KaTepili iCik »KoHe MMMYHHUTETTIH TOMEHJEYl CHAKThl OPKCHUET aypyJapbiHa
HIAJIJBIFYbIHA OKeJNIel.. ¥ ChIHBLIFAH oJIcOM IMIONyJa ajgaM ar3achIHBIH OPTYpJi OesikTepi Oip-OipiMeH
THIFBI3 OalJIaHBICTHI JKoHE Oip-OipiHe acep eTeTiH OIpTYTac CylepopraHu3M pPEeTiHIe KapacThIPbLIAbI.
CoHFBI KbUIIAPHI iIlIEK TTIeH OHJaFbl MEKPOOPTaHU3MJICPIIiH aJaM aF3achIHBIH 0acka MyIleliepiMeH KoHe
JKYyHenepiMeH, KaJIbl JeHCAYIBIKIIEH OalTaHbICTHIPATBIH 1MIEK-MH, IIEK-KYPEK, 1IIeK-OKIe OCi Typabl
TYCIHIKTEp o3ipJieHim, TepeHueTuryae. byn monyaa imexk MUKpOOMOTachlHA 9cep eTYAIH BIKTUMAI
JKOJIIApbl Typajbl COHFBl JAEPEKTEep JXKUHAKTAIFaH. TaMakTaHy pPALMOHBIH ©3repTy apKbUIbl iIleK
MHUKPOOMOTACHIHBIH, ~MOAMGMUKAIMICH ~ OipKartap aypyiaplbl IKCHIUIIETYHiH, WMMYHHUTETTI IKOHE
WHpEKIUsIapra TO3IMAUIIKTI apTTBRIPYABIH IIBIH MOHIHIAE THIMIAI Kypalibl OoibIn TaObutanel. TaOuru
a3BIK-TYJNIK OHIMIEPiH, OHBIH IIIiHAE TaFaM[bIK TaIIBIKTApAsl KEHIHEH KOJJaHy, COHJal-aK
(epMEHTTENTeH TaFaM OHJIIpiCiHe YHBITKBI KYpaMblHa MHUKPOOPTaHU3MJIEPAiH SPTYPJIi TONTAPBIH KOCY
WHJIUTEHI MUKPOQIIOpaHbl BIHTANAHABIPYFa JKOHE aJiaM aF3achlHBbIH KOPFaHBIC KaOleTiH apTThIpyFa
keMekTeceni. DepMeHTTeNreH TaraMJapAbl d3ipiey Ke3iHae IIeKTe »KoHe OYKil JeHene cay
MeTaOOoIM3MII caKTay YIIiH 0acKa KbICKa Ti30€KTi Mail KbIIIKbUIIAPhI apachIHIa €H KOFaphl O0JIYbI KEPEK
areTaT TY3eTiH CIpKEKBIIIKBUIIbI OaKTepHsIapFa epeKIle Ha3ap ayiapy Kepek.

Kint ce3nep: muxpoOuora, mpoOHOTHK, NpeOUOTUK, AWETa, UMMYHHTET, KbICKa Ti30ekTi mai
KBIIIKBUIAAPHI, CIPKE KbIIIKBLIBI.

13


mailto:elena.olejnikova@mail.ru

Ne3 (38) 2022
IRSTI: 34.27.23, 34.39.49, 34.27.39, 34.03.99

M.G. SAUBENOVA®, Ye. A. OLEINIKOVA?, A.V. CHIZHAYEVA',
A.Zh. ALYBAYEVA! A.A. AITZHANIOVA?!, A A. AMANGELDI,
1.Yu. POTOROKO?
'Research and Production Center for Microbiology and Virology, Almaty, Kazakhstan
2South Ural State University, Chelyabinsk, Russia
*e-mail: elena.olejnikova@mail.ru

HUMAN MICROBIOTA AND DISEASES OF CIVILIZATION:
SEARCHING WAY OUT

doi:10.53729/MV-AS.2022.03.01
Abstract

Growing chemicalization and contamination of food, as well as commitment to a “western” diet
with high fat and low dietary fiber content, lead to disturbances in gut microbiota composition and to a
large-scale increase in the incidence of such diseases of civilization as obesity, diabetes, heart disease,
cancer, and reduced immunity. The review considers a human body as a single super organism with
various parts closely interconnected and mutually influencing each other. In recent years, the concepts of
gut-brain, gut-heart and gut-lung axes connecting the intestines and the microorganisms inhabiting it with
other organs and systems of the human body and the general state of human health have been developed
and deepened. In present review, the latest data on the ways of gut microbiota modification are
summarized. It is shown that modification of intestinal microbiota through diet variation is an effective
mean of alleviating a number of diseases, increasing immunity and anti-infectious resistance. The
expanded use of natural food products containing dietary fiber and other biologically active plant
substances, as well as the inclusion of various groups of microorganisms in starter cultures in food
production, will help promote the indigenous microflora and increase the defenses of the human body.
When developing fermented foods, special attention should be paid to acetic acid bacteria producing
acetate, which amount should be the highest among the other short-chain fatty acids in order to maintain
healthy metabolism in the intestines and throughout the body.

Keywords: microbiota, probiotic, prebiotic, diet, immunity, short chain fatty acids, acetic acid.

In recent decades, a large number of different, often physiologically unreasonable,
chemical additives have been introduced into food products to correct their sensory and
technological properties. In addition, the contamination of raw materials and foods by extraneous
microorganisms and their metabolic products, which have a toxic effect on the human body,
occurs at all stages of production and storage. The situation is aggravated by nutritional errors,
stresses, the use of hormones and other drugs, leading to "diseases of civilization", the triggering
mechanism of which are the disturbances in the composition of gastrointestinal microbiota.

The structure and activity of trillions microorganisms of human microbiota is formed
depending on the consumption of a particular diet and reflects the differences between
herbivorous and carnivorous mammals [1]. In addition to the digestion and extraction of energy
from food, they provide the implementation of important physiological functions of the host.
Microorganisms supply biologically active substances that are not synthesized by the human
body, maintain the integrity of the natural barrier formed by the mucous membranes, prevent the
colonization of the gastrointestinal tract by pathogenic bacteria, competing with them for
nutrients, adhesion sites, inhibiting their growth with produced metabolites, binding and
neutralizing toxic substances, and also promoting the immune system function. The
immunomodulatory function of microbiota is the most important aspect of its interaction with a
macroorganism, since it has a multifaceted effect on the health of the intestine and the whole
organism [2]. It allows us to induce protective reactions against pathogens. However, if the
composition and functions of the microbiome are disturbed, prerequisites for diseases arise. It is
impossible to name a disease that would not be accompanied by microecological disorders of the
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gastrointestinal tract requiring correction [3].

Diseases of civilization

The influence of a number of negative factors entails a shift in the species diversity of the
microbiota, which, in turn, leads to a significant change in its functional activity, up to the
development of irreversible damage to homeostasis and the death of the host organism. This is
especially pronounced in high-income countries with “western” diet, which may explain the
sharp increase in autoimmune and inflammatory diseases in these regions. The decrease in the
diversity of intestinal microorganisms in the population of countries with a higher standard of
living is mainly associated with differences in diet, lifestyle and health care, which significantly
less affect the rural residents. The progressive loss of intestinal microbiota diversity in the
population of Western populations is explained by a high dietary fat and simple carbohydrate
content, as well as insufficient use of available carbohydrate components contained in fiber,
which leads to a decrease in the number of bacteria synthesizing short-chain fatty acids that
weaken inflammatory processes [4]. Currently, the prevalence of obesity, which is one of the
five main risk factors for death, has increased to a pandemic scale. Modifications of behavior and
nutrition aimed at weight loss are effective only in the short term [5]. New dietary strategies
aimed at intestinal microbiota are needed. Various aspects of the interactions between
representatives of the intestinal microbiota and the host organism are being studied. These
researches give an idea of the role of microbial unique metabolites in protecting the
macroorganism from pathogen penetration, regulating various physiological host functions,
including metabolism, development and homeostasis of the immune and nervous systems, or,
conversely, contributing to the onset and progression of a wide range of diseases, such as
inflammatory bowel disease, cardiovascular disease, multisystem autoimmune disorder, obesity,
colorectal cancer, and neuropsychiatric disorders [6]. It is suggested that even the elimination of
permanent partners, such as helminths, leads to a decrease in the diversity and stability of
microbiota necessary to establish balanced immune responses [7].

In recent years, a correlation has been demonstrated between the composition and function
of intestinal microbiota and atherosclerosis [8], metabolic diseases [9], allergies [10], asthma
[11], gastrointestinal diseases including colon cancer [12, 13]. It has become recognized that the
cause of the most chronic diseases, such as osteoporosis [14], obesity [15], cardiovascular [16]
and neurological diseases [17], and diabetes mellitus [18], lies in chronic inflammation.

A clear correlation was found between the risk of a colorectal cancer and the consumption
of certain types of food, such as red meat and some other foods [19] that contribute to dysbiosis
[20], while a low-fat diet leads to an increase fecal bifidobacteria abundance [21].

The main difference between colorectal cancer patients and healthy people is the high
concentration of pathogenic bacteria in the colon, including Enterococcus faecalis, Bacteroides
fragilis, Escherichia coli and Fusobacterium nucleatum [22].

Intestinal bacteria produce compounds similar to human hormones, such as serotonin,
testosterone, norepinephrine, dopamine, histamine. Getting into the bloodstream, they affect the
brain, forming taste preferences, habits, and even behavior, modifying the activity and function
of the autonomic nervous system and neurochemistry [17], participate in the pathophysiology of
numerous mental and neurological diseases [23] including schizophrenia [24] and Alzheimer's
disease [25].

Intestinal microbiota and respiratory infections

In addition to the concepts of gut-brain axis and gut-heart axis, which imply a close
relationship between these organs and systems of the human body that is mediated by the
intestinal microbiota, the concept of the gut-lung axis has recently been introduced, implying the
interdependence between intestinal microbiota and respiratory function [26]. Respiratory
infections have been shown to be associated with changes in the composition of the intestinal
microbiota [27].
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Normally, the microbiota of the lungs is formed by continuous waves of invasion and
expulsion of microorganisms during respiration. The dominance of certain types of bacteria,
leading to a decrease in the species diversity of microbiota, is associated with the progression of
cystic fibrosis and/or infectious diseases [28]. In lung disease, the balance between immigration
and elimination is disrupted, leading to a predominance of bacteria that demonstrate competitive
advantages [29].

Modulation of the composition of mice intestinal microbiota regulates the immune
response of respiratory tract and changes the susceptibility to pulmonary influenza infections
[30]. The mice fed a high fiber diet with high levels of short chain fatty acids in the blood were
protected from asthma [31]. On the other hand, mice, deficient in the intestines of the bacteria
producing short chain fatty acids, were susceptible to more severe pneumonia caused by
Staphylococcus aureus [32]. It is demonstrated that consumption of probiotics can significantly
reduce the incidence of upper respiratory infection and flu-like symptoms [33].

The older people were shown to have a less diverse intestinal microbiota and a reduced
number of beneficial microorganisms, such as bifidobacteria [34] and, accordingly, weakened
lung immunity [35]. It is known that pneumonia - one of the most serious clinical manifestations
of Covid-19 — seriously affects mainly the elderly people. A large number of deaths of elderly
patients once again emphasize the role of intestinal microbiota in this disease.

Thus, the intestinal and lung ecosystems (consisting of microorganisms and host cells)
clearly connect nutrition, respiratory and digestive health, and most importantly, the immune
defense, through a complex system of mutual communication. The local and long-term effects of
bacterial communities are likely to be decisive in many respiratory diseases caused by viruses,
allergens, or genetic deficiencies [36].

Prospects for solving the problem

Modification of microbiota and production of short-chain fatty acids

Despite successes in the field of microbiota research, the possibility of using it as a
diagnostic tool is still in its infancy [37]. However, data showing the crucial importance of the
metabolites of some representatives of the intestinal microbiota for influencing inflammatory
processes are not in doubt.

One of the potential approaches to achieving a healthy microbiota is the direct
administration of beneficial bacteria, i.e. probiotics, whose beneficial effect is associated not
only with improving the intestinal microbial balance [38, 39], but also with modulating the
immune functions of the host organism. These are usually bacteria with anti-inflammatory and/or
beneficial metabolic properties, such as the ability to form short-chain fatty acids SCFA [40].
SCFA (90-95% consist of acetic, propionic, and butyric acids) - the final products of the
fermentation of dietary fiber by anaerobic intestinal microbiota. They have a multiple beneficial
effect on the energy metabolism of mammals [41, 42]. The mechanisms underlying these effects
are the subject of intensive research and encompass the complex interaction between diet,
intestinal microbiota and the body’s energy metabolism. The function of suppressing
inflammatory reactions and the appearance of cancer is performed mainly by acetate, propionate
and butyrate [43]. The review by Den Besten et al. [44] summarizes data on their role in the
energy metabolism of the host.

Acetate and propionate are the most potent activators of SCFA receptors, so they must be
constantly maintained at a high level in the gut [45]. The most abundant among all intestinal
SCFAs is acetic acid, which is produced by Bifidobacteria, Lactobacillus, Akkermansia
muciniphila, Prevotella spp., and Ruminococcus spp. [46]. In addition, acetate promotes anti-
lipolytic activity. A high-fiber diet (with high acetate production) suppresses allergic airway
disease by enhancing regulatory T cells [47]. A high-fiber diet and subsequent propionate
production may also protect against airway allergy by inducing hematopoiesis of dendritic cells
that colonize the lungs [31].

When fermentable fibers are deficient, microbes switch to energetically less favorable
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sources for growth, such as amino acids from dietary or endogenous proteins or dietary fats,
resulting in reduced enzymatic activity of the microbiota and SCFAs as secondary end products
[45].

The main fermentation product of lactic acid bacteria, lactic acid, is not a short-chain fatty
acid, but it also has a significant effect on the metabolism of the host organism [45]. In addition
to lactic acid bacteria, promising probiotics include intestinal bacteria such as Akkermansia
muciniphila associated with the increased expression of genes for the innate and adaptive
immune response [48].

Probiotics can improve clinical symptoms, histological indicators and mucus production in
gastrointestinal tract and reduce the expression of pro-inflammatory cytokines. The application
of probiotics has led to the development of the concept of functional nutrition.

Over the past decade, the interaction between human health and the microbiome has
become a subject of growing interest [49] with particular emphasis on identifying the effects of
diets on microbiota [50]. The review by Singhvi et al. [51] describes the therapeutic
achievements obtained by studying the effects of pre- and probiotics for restoration of microbial
intestinal homeostasis. However, an unexpectedly complex involvement of the intestinal genome
in the potential of human health was noted. Some results suggest that particular care should be
taken when administering probiotics at the stages of relapse of inflammatory bowel disease [52].
It must also be taken into account that probiotic effects are strain-specific and they do not act
through the same mechanisms [53].

In both North American and European guidelines, fecal microbiota transplantation is
recognized as the most effective for the treatment of diseases associated with gastrointestinal
microbial dysbiosis, including inflammatory bowel diseases, metabolic disorders,
neuropsychiatric conditions or the destruction of multiresistant bacteria. However, there is still
no consensus on important methodological aspects of this procedure, and evidence-based
recommendations, with the exception of clinical studies, are still absent [54].

Microbiota transfer therapy of autistic children has shown long-term safety and
effectiveness, since positive results persisted for two years of follow-up, however, a double
blind, placebo-controlled study is needed in the future [55].

Impact of dietary components

One of the main types of macronutrients, which is considered important for metabolic
health in general, is fiber. Complex carbohydrates, reaching the colon and fermented by
intestinal bacteria, are their main source of nutrition and have a great influence on the overall
level of bacteria, composition and its functional activity [56].

As shown in mice, the deficiency of fiber reduces microbiota density, slows down the
proliferation of enterocytes, worsens mucus, and alters the composition of the microbiota [57].
Another highly fermentable polysaccharide, inulin, can also increase Akkermansia muciniphilia
levels in both mice and humans, which prevents the development of type 2 diabetes because it
helps restore mucus strength and protects against inflammation [58].

Prebiotic compounds such as inulin, polydextrose, and corn fiber have been shown to
improve immunity, variety of intestinal microbiota (increases the number of bifidobacteria),
digestion, etc., especially in the elderly [59]. A fiber-rich diet has been shown to change not only
the intestinal microbiota, but also the lungs microbiota, modulating the immunity [31], which is
especially important to take into account at present in the case of the coronovirus pandemic.

It has been established that a diet rich in polyphenols protects a person from chronic
pathologies by modulating numerous physiological processes, such as cells redox potential,
enzymatic activity, proliferation and signaling pathways [60-62].

The use of probiotics and prebiotics, including polyphenols, with food has a positive effect
on the composition of the intestinal microbiota [63]. Thus, curcumin and its metabolites
contribute to the restoration of the intestinal microbiome. At the same time, it, like other
polyphenols, is susceptible to bacterial enzymatic modifications with the formation of
pharmacologically more active metabolites than the original curcumin [64].
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Chinese herbal medicines [65] used in the treatment of type 2 diabetes also have a positive
effect on the intestinal microbiota, which is explained by the enrichment of the microbiota with
Blautia and Faecalibacterium species. Certain plant extracts (including polyphenol-rich
cranberry extract, water-ethanol extract of green microalgae, green tea and ginger), which have a
positive effect on microbiota, are used to treat diabetes because they increase the number of
Akkermansia and other beneficial microflora [66].

Extracts of cinnamon bark and grape bagasse cause a decrease in the content of
Peptococcus, Desulfovibrio, and Lactococcus and an increase in the content of Allobaculum and
Roseburia [67], which helps to reduce fat mass, reduce inflammation of adipose tissue and
improve glucose tolerance. In general, changes in the gut microbiota in response to the
administration of plant extracts include an increase in microbial diversity, a decrease in the
Firmicutes/Bacteroidetes ratio and an increase in the abundance of anti-inflammatory bacteria
(Bidobacterium, Lactobacillus, Akkermansia and Faecalibacterium), as well as a decrease in the
number of pathogenic bacteria (E. coli and Enterococcus), which can reduce inflammation and
improve glycemic control.

Improving the intestinal microbiota profile through individual nutrition and nutritional
supplements that improve immunity may be one of the preventive methods by which the effects
of coronovirus can be minimized in the elderly and immunocompromised patients. It is proposed
that additional trials be initiated to produce the combined effects of personalized functional
foods, including prebiotics/probiotics, along with modern treatments [68].

Conclusion

Thus, an integrated view of the human gut microbiome and its relationship with human
health opens up broad avenues for achieving the goals of medicine focused on solving the
problem of increasing human immunity.

At present, when humanity has turned out to be defenseless against new infections, for the
treatment of which there are no effective methods of treatment, there remains hope for the
possibility of strengthening the nonspecific resistance of the body, due to its natural defenses,
namely, immunity, ensured by optimal symbiotic coexistence with the microorganisms
inhabiting it.

Expanding the range of naturally fermented foods containing various groups of
microorganisms and a variety of foods rich in prebiotics will help increase the body's defenses.
Along with traditional fermented milk products and fermented vegetables made using lactic acid
bacteria, it is necessary to introduce other groups of microorganisms into the production starter
cultures, in particular, acetic acid bacteria that produce the main SCFA - acetic acid, which will
help normalize the functions of the gastrointestinal tract, stimulate indigenous microflora and
increase the protective forces of the human body [69].
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AHHOTAIMSA

B 0030pe o0cyxaaercss pojib MOPCKMX MIICKOIHUTAIOIINX B 3BONIOLNH, KOJIOTUH U LUPKYISIHN
BUpycoB rpumma A u B, cBuHOrO Bupyca mangemmudeckoro rpumma A (HIN1) u BeICOKOMAaTOreHHBIX
BapuaHTOB Bupyca rpunmna otun, HSN1 u HS5NS. IlomuepkuBaercs MOJOKEHHE O TOM, YTO MOPCKHE
JIACTOHOTHE MOT'YT CIIY>KMTh OJIHUM U3 pPe3epBYapoB IIMPOKOTO CIEKTpa BUPYCOB, B YaCTHOCTHU Ipunmna B
YCJIOBCKaA. OTMG‘-ICHO, YTO XapakKTCp U HUHTCHCUBHOCTL CBA3BIBAHUA BHPYCOB TI'pHUIIIa Pa3JIMA4YHOTO
NPOUCXOXKICHHUS C KJIETKAMHM OJIUTENUsl PECIUPATOPHBIX OPraHOoB MOPCKHX MJICKONHUTAIOMIHNX —
ONpEACHSAIONINI (PAKTOP HMX BOCIPHUMYUBOCTH K HH(MEKIHMH, a Takke ©€ NPOAYKTUBHOCTH U
ocobeHHOCTeH maToreHe3a. Takke BBIIBHIAETCS 3aKIIOYEHHE O HEOOXOJMMOCTH TPOBEACHUS
KOMIIJIEKCHOTO 3KOJIOTO-BHPYCOJOTHUECKOI0 MOHHUTOPMHIAa BHPYCOB TIPUINA, LHUPKYIUPYIOLIMX B
MONYJISINUAX THOJICHEH B Ka3axCTaHCKOM akBatopuu Kacnuiickoro Mops.

KaroueBble cjoBa: Bupyc TpuUNIa, SHU300THS, CEpPOJIOTHS, JIACTOHOTHE, MOPCKHE
MJICKOITMTAOIINE, KACHUUCKUH TIOJICHbD.

OTtcnexxuBaHuE COCTOSHUSA TMOMYJSIIMA MOPCKMX MIIEKONMUTAIOMIMX — OJHO W3 BaXKHBIX
HAYYHBIX HampaBJeHHH B OKOJOTMU. Hawmbonee B3HAYMMBIMH OCTAlOTCS HCCIEIOBAaHUS
KUBOTHBIX, MMEIOLIUX YacTble M JJUTEIbHBbIE KOHTAKTHI C dYeaoBeKoM. COriacHo JaHHBIM
NOAA's National Marine Fisheries Service [1], B mepuosa ¢ 1991 o 2007 rr. npu4rHO# rudeu
MOPCKHX MJIEKOTIUTAIONIMX SBUINCH: HHpEKIMOHHBIE 3a00eBanust (15%), 6uotokcuunl (29%),
skosorndeckue (akropsr (7%), uenoBeueckue BosneicTBUs (5%) M Opyrue HEW3BECTHBIC
(axropst (44%).

B ycnoBusix 0TCYTCTBHSI OYEBHIHBIX CTPECCOBBIX BO3JIEHCTBUH CYIIECTBEHHOE BIHUSIHUE HA
YHUCICHHOCTh MOMYJISIIIMA MOPCKHX MJICKONUTAIOIIUX OKa3bIBalOT BO30YIUTENN HH(EKIIMOHHBIX
Oose3Heil (BUpYCHI, OaKTepuH), a TaKKe Mapa3uThl, OTHOCAIIUECS MPAKTUYECKH KO BCEM
U3BECTHBIM CEMEIHCTBAM.

BupycHbie 3a005eBaHMsl UTPAIOT BAXHYIO POJb B JMHAMHUKE YUCICHHOCTH MOIYJISIHA
JMKUX KMBOTHBIX, OFPAaHUYMBAs MX MPUPOCT U YCUJIUBAs CEJEKIHIO Ha TEHETMYECKOM YPOBHE.
Bo3znelicTBue BUpycOB CTaHOBUTCS elle 00siee CYIIECTBEHHBIM JUIsl MOMYJISIMNA, HaXOIAIXCs
O] YrpO30il MCUE3HOBEHMS HIU (HparMEHTHPOBAHHBIX B pe3yibTaTe JEsTeIbHOCTH YeIOBEKa.
[TpsiMoe BIUSTHEE HA YUCICHHOCTH )KUBOTHBIX OKA3bIBAOT BUPYCHI TPHIIIA U MOPOUIIITHBHPYCHI.

Bupyc rpunmna criocodeH nepuon4ecky npeoaosieBaTh MEXBUI0BOM Oapbep B pe3ynbTaTe
MyTalli B OJHOM W3 TEHOB, IOBBIMAMOIIECH W3MEHYMBOCTh BO30yauTens. B pesynbrare
BO3HHMKAET 3HAUYUTENIBHO OOJbIIee KOJIWYECTBO €r0 BapUAHTOB, YTO CO3JAET JIyUIIHE YCIOBUS
JUTS a[IafTalliy B OPTraHU3Me PAa3IMYHbIX BUIOB MIICKOTUTAOIIUX U NTHII [2, 3].

Bonpoch! IUpKyIAIUN ¥ B3aUMOCBS3U BO30YAUTENEH IpUINa Y Pa3InYHbIX BUJOB X035€B,
BKITIOYAsl TPEOJI0JICHNE MEXBHIOBOTO Oaphepa, — OCHOBOIIOJIATAIONIEe HANPaBICHUE HAYYHOTO
MIOMCKa, HEOOXOIUMOro JJs TMOHUMaHHUS MEXaHU3MOB BO3HHUKHOBEHMS MAacCOBOW HH(pEKIUH
YeNoBeKa U )KUBOTHBIX.

Pacnpoctpanenue Bupyca rpumnmna A (BI' A) cpeau MOPCKUX MIIEKOIMUTAIONIUX CBSI3aHO C
IKOJIOTHEH ITHX KUBOTHBIX M TECHBIM KOHTAKTOM C ITHYBUM PE3epPBYapOM BO3OYIUTEIIS.
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B mpemraraeMmom 0030pe NpUBOAATCS CBEACHHA 00 OSNM300THUAX CPEId MOPCKHUX
MJIEKOIIMTAIONINX, OOYCIOBICHHBIX BUpycaMu rpumma poaoB A u B, oOGcyxmaercst ponb 3THX
KMBOTHBIX B 9KOJIOTUH U B 3BOJIIOLIMU BO30YAUTENIEH.

Bupyc rpunma A y MOPCKMX MJIEKONTMTAIOIIUX

BI' A u3onupoBaHbl OT LIMPOKOIO Kpyra xo3s€B, BKitoyas 105 BUIOB AUKUX U JOMAIIHUX
OTHUIL, pa3IUYHbIE BUABl  MJICKOMHUTAIOIIUX  (YEIOBEK, CBHUHbS, JIOMIAAb, MOPCKHUE
MJICKOMUTAIONINE, HOpKa, Komka u jap.) [4]. Jukue nTulbl, OTHOCSIIHUECS K OTpsaam
Anseriformes (yrku, rycu, nedeaun) u Charadriiformes (nmpubpekHbie BUABI BMECTE C YaliKaMu),
o0pa3yroT ecTecTBEHHbI pe3epByap BI' A B mpupone, U3 KOTOPOrO MOXKET NPOMCXOAUTH
TPAaHCMUCCHUS K JPYTUM XO3s5i€BaM.

[lepBast mHpOpMaLUs O BO3MOXKHOCTH HMH(UIMpoBaHUs TioneHed BT A momyuena Bo
BpeMs TSDKEJION AMU300THH Ha mooOepexbe HoBoilt AHriauum, B nepuoa ¢ aekadbps 1979 mo
okTsi0pb 1980 1r. B pesynbrare moru6imo okosno 600 MIEKONMHUTAIONMUX, OT OJHOTO M3 HHX
BoiziesieH BI' A /Tronenn/Maccauycerc/1/80 (H7N7) [5]. ['eneTnueckas xapakTepucTUKa BUpyca
nokaszana, yto Bce ydactku PHK Bupyca mmeroT OiM3KO€ CXOJICTBO C TaKOBBIMHU Y NTHUYBUX
mTaMMOB. BTopas smu300THs cpeay TIOJEHEW, MPOTEKaBIlasi ¢ BHIPAKEHHBIMH KIMHHUYECKUMU
IPOSIBJICHUSIMU ITHEBMOHHUH, BO3HUKJIA Ha noodepexxbe HoBoit Anriuu B uroHe 1982-aprycre
1983 rr. u 6su1a accoruuponana ¢ BI' A (H4NS) [6].

[To coobmenuto J.R Geraci u coaBropoB [4] mHGeEKIUsS cpeau TIOJICHEH MpoTeKaia
TSDKEJIO: Y YINUTAHHBIX J>KUBOTHBIX HAONIOAANUCh KOHBIOHKTHUBUTHI, MEHHUCTO-KPOBSIHUCTHIC
UCTEUEHUsI U3 HO3JpeH, caboCTh, MbIIIEYHAs! IpOXKb, HAPYIIEHUE KOOPAMHALUU JIBH)KEHUS U
IbIXaHUsl. Y OOJNBHBIX JKUBOTHBIX OTMEYAIOCh OIyXaHHE IIEH B Pe3ysibTaTe MPOHUKHOBEHUS
BO3Jyxa B (pacIiMM M MBIl U3 JbIXaTeNbHbIX MyTeH. JKHBOTHBIE TEPsUIM CHOCOOHOCTH K
IUTABAHUIO WJIM HBIPSHUIO, YTO MPUBOIIIO K BBIHYXIEHHOMY UX Jpeiidy M0 MOPCKOMY TEUEHUIO
WIM HallpaBJIIEHHWIO BeTpa. Y MAaBIIMX TIOJEHEW HalmroAanach IHEBMOHHUSA, KOTopas
XapaKTepU30BaIach HEKPOTHU3UPOBAHHBIMU OPOHXUTAMHU, OPOHXUOIUTAMHU M TeMOpPParuuyecKuMu
aJIbBEOJIUTAMH.

Co BpeMeHM ONMCaHUS AAHHBIX 3MHU300TUH CHCTEMAaTUYeCKOro 00CiIeIOBaHuUs TIOJIEHEH Ha
BI' A nHa moGepexxbe HoBoit Anrnuu e nmpoBoauiock. C saBaps 1991 nmo ¢espans 1992 r. ot
MJIEKOIIMTAIONIMX, MOrubmux OT NHeBMOHMHM Ha m-oBe Keiin-Kox (mrat Maccauycerc),
BbIJIeTIeHBI NIATh ITaMMOB BI' A, nBa u3 kotopbix uaeHtuguuuposansl kak A (H4N6), tpu — A
(H3N3). Tennt remarrmotunuHa (HA) H3 wusomsroB A/tronens/Maccauycetrc/3911/92 u
A/tronens/Maccauycerc/3984/92  okazanuce Ha  99,7% HMIEHTUYHBIMH MEXIy COOOH.
dunoreHeTHYECKUN aHAN3 MOKa3aJl TECHYIO CBSI3b UX IOCIeNI0oBaTelbHOCTEN ¢ TakoBbIMU HA
H3 niubero Bupyca A/kpsksa/Hpio-Mopk/6874/7, 4To yKa3bIBaeT HA JTUTENBHYIO HUPKYJISIHH
BI' sToro noxarumna B nonynsuusx TIOJIEHEH [7].

K. Ohishi ¢ coaBTopamu [8] mpu uccieoBaHUH CBIBOPOTOK KPOBU KAaCIUNCKUX THOJICHEH,
cobpanHbix B 1993-2000 rr., mnokaszajad, 4YTO MJIEKONUTAMOLME ObUIM HH(YUIKMPOBAHBI
snuaeMuueckuMu A/baHrkok/1/79-nogo6HBIMU BUpycaMy TPUIINA, HUPKYJIUPOBABIIMMU CpeU
monert B 1979-1981 rr. Anturena x Bupycy H3N2 takxke oOHapyKeHBI B CHIBOPOTKAaX KPOBU
Oaiikanbckux — Phoca sibirica u kompuatsix Hepnm — Phoca hispida Kapckoro mops [9]. Tlpu
CEpOJIOTHYECKOM HCCIIEIOBAaHUM CHIBOPOTOK KPOBHU KYPHJIBCKOTO MOJBHAAa OOBIKHOBEHHBIX
tioneneit (Phoca vitulina stejnegeri) Ha o-Be XOKKalI0 BBISBICHBI aHTUT€MAITIIOTHHUHBI K
Bupycam rpumnmna ¢ noarunamu HA H3 u H6, uro ykaspiBaeT Ha cHOCOOHOCTBH IOCIEIHEro
Bapuanta uHQumuposate wiekornuTarommx [10]. IlomydeHsl Tak K€ KOCBEHHBIC
CEepOJIOTHUECKUE JJOKa3aTeabCTBa HUPKYIAuN BT A B momynsnusx MOPCKUX MIIEKOMMUTAIOIINX
(xompuateie Hepmbl, Oenyxu — Delphinapterus leucas) B BapeniieBom Mope (TpeHIIaHICKHE
tiojienn — Phoca groenlandica u xoxmaum — Cystophora cristata) Apkruyeckoii Kanampr,
Ceseproro u bepunroBoro mopeit (tronenn u xkotuku) [11-12]. De Boer ¢ coaBTopamu [13]
BBISIBWIM HAJIMYUE aHTUTEI K BUpycaM ¢ noarunamu reMarrmotuauHoB: H1, H3, H4, H7, u H12
B CBIBOPOTKaX TIOJIEHEH, OTJIOBJICHHBIX B bepuHrosoM mope. B To e Bpems, CBIBOPOTKH KPOBHU
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cuBydeir (Eumetopias jubatus), momoxutenpHbie Ha Tpunm A B HW®DA, okazamuch
orpunatenbHbiMu B PTT'A (peakiust TOpMOXKEHHS T€MarriaOTHHALMKI), YTO MO3BOJIMIIO aBTOpaM
MPENIOJIOKUTh BO3MOYKHOE TMPUCYTCTBUE B CHIBOPOTKAX ATHX >KUBOTHBIX AHTHUTEN K paHee
HEU3BECTHBIM TojaTumaM remarrmoTHHIHOB BIT A. B 2008 1. P. Calle ¢ coaBropamu [14] He
obuapyxkunu antutena k BIT B ceiBopoTkax Mmopckoro 3aiima (Erignathus barbatus) na
noOepexbe AJSCKH, HO YCTAaHOBWJIM UX Hanumuue K remarrmotuHuHy H10 u Helipamunuaasam
N2, N3, N5, N7 B 21% u3 38 uccienoBaHHbIX CBIBOPOTOK KpoBu Mopskeit (Odobenus rosmarus)
[15]. Ilpu MOHUTOpPWHTE 300HO30B MOPCKHX ITO3BOHOYHBIX B MPUOpekHBIX Bomax Cesepo-
3amaiHON ATJIAHTHUKH OT TPEHJIaHACKOTO TIoJieHs ObuT n3oaupoBad BI' A (H3NS) [16].

BI' A (HIN3) uzonuposan /JI.K. JIbBoBbIM ¢ coaBT. [17] oT riaakoro kura (KapJnKOBbII
nojocaTuk — Balaenoptera acutorostrata) B rosxHoit wactu Tuxoro okeana B 1975-1976 rr. Ot
3y0arhix KuTOB (0ObIKHOBeHHAs TpuHIa — Globicephala melas) V. Hinshaw et al. [18] Bbiaenuiu
BI' H13N9 u HI13N2 B reHeTHYECKOM OTHOIIEHUHU Ou3kue K Bupycam H13, mupkyaupoBaBmm
cpeau YaiKoBBIX NTUI. HensBecTHO, BBI3BAIM JHM 3TH BUPYCHl OOJIE3Hb Y KWUTOB, WIH K€
MPOCTYIO OMIOPTYHUCTHUECKYIO HHPeKIuio. /loka3aTenbCTB, YKa3bIBAIOIINX HA TO, YTO BHUPYCHI
¢ satuMm noxrtunom HA mnepenaBanuch OT OAHOrO JKMBOTHOIO K JpyroMy He moiydyeHo. B
pe3yNbTaTe CpaBHEHUS UX MOJTHBIX TEHOMOB C HYKJIEOTHIHBIMHU nocienoBarensHoctsmu Bl H13
OKOJIOBOJIHBIX TTHI[ M BHPYCOB TPHIINIAa MOPCKHX MIICKONHTAIONINX OOHAapy>KeHa penKas
KOHCTEJUJISIMSI TeHOTHUIIOB, MOJYYEHHBIX OT 4aeK, Kpadek W KyiaukoB [19]. Kak moka3siBatoT
(GUIOreHeTUYECKUE HCCIIEOBAHUS, W30JMPOBAHHBIE OT MOPCKUX MJIEKONHUTAIOIIUX BUPYCHI
TPUIINA TPOUCXOMAAT OT MPEANISCTBEHHUKOB aJalTUPOBAHHBIX K I'yce000pa3HbIM. B cBsi3u sTUM
aBTOpHI CUMTAIOT, 4TO mTamMM A/kut/Maiin/328B/1984 — 310 emuucTBeHHBIM BI' waiikoBOoro
MIPOUCXOXKICHUS BbI3BABIINN HHPEKINUIO Y MOPCKUX MJICKOMUTAIOIINX.

B 2010 r. mpu BHPYCOIOrHYECKOM MOHUTOPUHIE CEBEPHBIX MOpPCKUX cioHOB (Mirounga
angustirostris) y xamudopHuiickoro modepexnbsi ObUTH BBISIBICHBI 0c00H, HHpHIUpoBaHHbe BI'
A. HocoBble CMBIBBI JIBYX B3pOCIBIX CaMOK W3 42 HCCIEIOBAaHHBIX YXUBOTHBIX, OKA3aJIUCh
noNokuTenbHbIMU Ha M-ren BI' A B mnommumepasHoil uenHoi peakuuu ¢ oOpaTHOMN
tpanckpunuueit (OT-ITLP) B pexxume peansHoro Bpemenu [20]. B mocnexyromieM BUPYChl ObUTH
BBIJICJIEHBl Ha Pa3BUBAIOIIMXCS KYpUHBIX 3MOpPUOHAX, CEKBEHHPOBAH HX IOJIHBIH Te€HOM, B
peakuuyd TOPMOXKEHHUS TeMarrjfoTUHUPYIONEH aKTUBHOCTH YCTaHOBJIEHA NPHUHAJJIEKHOCTD
mzonsatoB k. BI' A (HINI). B pe3ynbrare CeKkBEHMpPOBAaHUS T€HOMa BHpYyca TIpHIIA,
BBIZICJICHHOTO OT CEBEPHOTO MOPCKOTO CJIOHA, TMOKa3aHa Oosiee yeM 99% romosorusi ero ¢
MPOTOTUITHBIM BUPYCOM TMaHAeMUYeckoro «cBuHoro» rpumnma A/California/04/2009 (HIN1),
KOTOPBIN MUPKYIUPYET cpeau iroaei ¢ 2009 r.

[Mupkynsauus BI' A (HIN1) cpeay MOpCcKHX CIIOHOB KOCBEHHO MOJTBEP:K/IEHA ITPH aHAJIN3E
6omnee 300 cHIBOPOTOK KPOBHM ITHX JKUBOTHBIX. Y CTAHOBJIEHO, YTO B 00pasliax, COOpaHHBIX /10
anpens 2010 r., orcyrcTBoBanu aHTHTena K Bupycy HINI, cepono3utuBHBIE 0cOOM CTamu
00HapyXUBAThCS TOJILKO MOCJE MOSBICHUS B HUPKYISIIIMKA NAaHAEMUUYECKOTO BUPYCa «CBHHOIOY
rpunna [21]. ITo xapakrepy pemnukanuu Bupyca A/Elephant seal/California/1/2010 (HINT1) B
ANUTENUANBHBIX KIIETKAX PECIIUPATOPHBIX ITyTeH uenoBeka OblIO BBICKa3aHO MPEANONIOKEHHE 00
UX aJanTallid K MOPCKUM CIIOHaM. BoBiieueHHME MOpPCKMX MIIEKONHUTAIOLIMX B LUPKYJIALHIO
nanaemuyeckoro Bupyca HINI cBuaeTensCTByeT 0 MEXBHUIOBOM TPAHCMUCCHU ATHIEMUYECKHUX
BapHUaHTOB OT JIIOJIel OOPaTHO K TUKUM >KUBOTHBIM.

Ocensio 2011 r. B HoBo#t Aurnuu (mrat Maccauycerc, CIIIA) 162 TroneHst noru6iu ot
nHeBMOHMM, BbI3BaHHOM BI' H3N8, cxogHeiM ¢ BHpycamMu BOJOIUIABAIOMIMX MTHII,
nupkyaupoBaBmumMu B CeBepHoit Amepuke ¢ 2002 r. Bupyc obGnanan myrauueir B PB2 remne,
XapaKTepHOM BBICOKONATOT€HHOMY s Jironed BapuaHty HSNI, uTto ykaspiBaeT Ha ero
CIOCOOHOCTH K MEKBHJIOBOM TIepeIayue U aJanTaiui K MiaekonuTatomum [21].

Hmeercss psix cooOIIeHUH O BUPYCOJIOIMYECKOM MOHHUTOpUHTE HMpKyasiinuu BIT A B
NONYJISANUSIX MOpCKUX MiekonuTaromux CesepHoit EBpasnun. Tak, B nepuon ¢ 1976 no 1999 rr.
C.C. SImHuKOBa C COaBT. [22] B X016 MOHUTOPHHTA 32 LUpKyJsauuen BI' A B momymsinusx Tukux
ot CeBepHoro Kacrust uccnemnoBanu o0pasisl oT 152 ocobeii kacmuiickoro Tronens (Phoca

25



Ne3 (38) 2022

caspica), HO UM HE yAaBaJlOCh OOHApYXHTh WH(HUIIMPOBAHHBIX JKUBOTHBHIX. [lo3xke,
WCCJICIOBAHMSI CBIBOPOTOK KPOBH KACIIMICKUX TIONEHEH, coOpanHbiX B 1993-2000 rr., mokazanu,
YTO MJIEKOIHUTAIOIINE ObLTH WHOUIMPOBAHBI AmujaeMudeckuMu A/banrkok/1/79-nmomo0HbIMH
BHUpYyCaMU, IMPKYJIUPOBABIIMMHU cpenu aroaen B 1979-1981 rr. [23].

[Tozmuee A.M. Illectomanos ¢ coaBt. [24,25] u 3.K. UyBakoBa ¢ coaBT. [26,27] cooOmman
00 m3omsuu BI' A (H7N7), u3 marepuanoB, COOpaHHBIX OT MaBIIUX KACIUHCKUX TIOJIEHEH BO
BpeMsi uX MaccoBoi rubenu B anpene-utone 2000-2002 rr. OgHako B JIMTEpaType HET KaKHX-
1100 MaHHBIX O (PUIOTEHETHYECKUX WM MATOOMOJIIOTMYECKUX CBOMCTBAX 3MU300THYECKOro BIT
A (H7N7).

B 2002 u 2012 rr. BI' A (H4N6) O6bu11 BBIICTCHBI OT KACHHUICKHUX TIOJICHEH B POCCUHCKUX
Bojax [28. DTOT TIONEHUH WU30JAT ObUI TECHO CBS3aH C BHpPyCaMH MNTHYBETO TpHUIIIA
KJIACCUYECKOU €BPA3UICKON JIMHHH.

B 2002-2010 rr. A.M. IllectonanoB ¢ coaBT. [29] mnpoBeau CepoJIOTHYECKUE
UCCJIC/IOBAaHHS CHIBOPOTOK KpoBU OT 298 kuTooOpa3Hbix (adamuubl - TUrsiops truncatus u
6emyxu) YepHoro u Oxorckoro mopeii Ha Hanuuue anturen kK BI' B PTT'A ¢ ucnons3oBanuem B
kauectBe antureHoB BupycoB (H1, H3, H4, H7 u HI13), xoTopbie paHee BBIACISUIM WU
JTUArHOCTHPOBAIM Y MOPCKHX MIIEKOMUTAIONIMX. AHTUTENA K yKa3aHHBIM mojatunam Bl Hu y
OJTHOTO U3 MCCIIeyeMbIX )KUBOTHBIX HE OBLITM OOHAPYKEHBI.

T. Harkonen c¢ coaBropamu[30] B 2007 r. uccienoBaau 3MU300THIO CPEIU THOJICHEH Ha
JAaTCKOM 0-Be. AHXOJBT M BIOJbh moOepexbs LlIBenuu, rae moruOiaMm HECKOIBKO THICSY
JKUBOTHBIX. Y MOPaKEHHBIX 0coOel HaOmoaanu cnabocTh, onyxaHue, IM(PU3eMaTO3HOCTh 1IEH,
OJIBIILIKY, KpoBOoxapkaHbe. [Ipy BCKpBITHH MaBIIMX TOJIEHEH OOHapy)KeHa MHTEpPCTULIMAIbHAas
ITHEBMOHMSI, HEKPOTHUECKUI TpaxeuT U OPOHXUT. B 3THX e permoHax, OTMEYEH BBIOPOC TYII
MOPCKHUX CBUHEH ¢ IMPH3eMaTO3HBIMU MPOSIBICHUSIMA. VICX011 M3 OTpHUILIATENILHBIX PE3yIbTaTOB
0aKTEpUOIIOrMUECKUX UCCIEAOBaHUN MaTepuaaoB OT maBmmux ocoOeil u I1LIP ananusa, aBTOpbI
[29] cuMTaroT, YTO 3TUOJIOTUYECKUM areHTOM MH(EKIMH TIOJIEHEH U MOPCKUX CBUHEHW MOT OBITh
npyroit Bupycubiii maroreH. V.C. White [31] obcyxnas Bompoc o BO3MOKHOM ydactuu BI' B
snu3ootun 2007 T. cpeau TaCTOHOTMX U KUTOOOpa3HbIX B CKaHAMHABHM, ITPEAIONIAraeT, YTo 3Ta
peakas BCHBIIIKAa MOTJIO MPOM30MTH B pe3ylbTaTe MHTPOJIYKLHMHM HOBOTO BapuaHTa BHpyca B
HOMYJISIIIMIO OJJHOTO U3 3TUX BUJIOB JKUBOTHBIX C MOCIIEAYIONIEH MEKBHI0BOM TPaHCMHCCHEH.

ONU300TUH Y MOPCKUX MIIEKONUTAIOIMX, BbI3BaHHbIe BI' A B Jpyrux dyactsax cBera,
BriepBbie 3apeructpupoBansl B 2014 r. BI' A (H10N7) uzonupoBaH OT NmaBIIUX OOBIKHOBEHHBIX
troneneit (Ph. vitulina) na mo0epexxse CeBepHoro mopst B IlIBenmnu, Jlanuu, ['epmanuu u
Hunepnannax [32-33], rae nmoru6:o ceoimie 1400 )KUBOTHBIX.

B BenukoOputanuu ObUTH 3aperMCTPUPOBAHBI CIOpPaJAUYECKUE clydau BbisBIeHUs Bl y
TiojieHel, Bkiarodas moatumnbl A (H3NS), Beimenenubie ot mojoasix Halichoerus grypus B
Kopnyome B 2017 r. [34], u A (HSNS) ot cepoix Troneneit u aByx Phoca vitulina 8 Hopdomke B
2020 1. [35]. W3-3a OTCYTCTBUSI PYTHHHOTO OSIMAHAI30pa 32 MOMYJISIUSAMH MOPCKHX
miekonuraromux B CoennHeHHOM KoposeBcTBE HEBO3MOXKHO OIPENEIUTb, ciaydaiHblid au BI'
OTHUI] Y 3TUX BUJIOB, JMOO OH MPOSBISET SHAEMHYHOCTb B MOMYJISIUU OPUTAHCKUX TIOJIEHEH
[36].

Beicokonarorennsiii BI' A (H5NS8) 6611 00HapyxeH B oOpasnax jerkux asyx Halichoerus
grypus, BbiOpomeHHbIX Ha Oeper banruiickoro mobepexbs [lompmm B 2016 u 2017 rr.
N3onupoBaHHbIi BUpYyC OBLT OTHECeH K kKiane 2.3.4.4 B, koTopas TECHO CBsi3aHa C NTHYBUM
BaprantoM H5NS, nupkynuposasmuM B To BpeMs B EBpornie [37].

B wurone 2022 r. B Ciy>x0e MHCHEKLIUHU 3/10pPOBbs KUBOTHBIX M pacTeHU MuHHCTEpCcTBa
cenbckoro xossiicrsa CIIA moarBepawin, yTo 00pasiibl YeThIpEX TIOJIEHEH, BEIOPOIIEHHBIX Ha
Oeper B mrTate MpdH, laiy MOJOKUTENbHBIN pe3yabTaT Ha BBICOKOMATOTEHHBIA TPUII MTHUI A
(H5NT1) [38]. BeisBnenne BI' nrun moarumoB H5N1, HSNS y TroneHel CBHIETENBCTBYET O
MOCTOSSHHOM PHCKE BO3HMKHOBEHMSI SIHU300TUU CpEAM TIOJEHEH, CTaJKMUBAIOIIMXCA C
BBICOKOMIATOTEHHBIMUA ~ BapuaHTaMH  BO30yauTeNed  TpUIMIO3HONH HWHQPEKIUH  NTUYBETO
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MIPOUCXOXKICHHUSI Ha IEpEeCEYCHUN MPOJIETHBIX IYTEHM, CE30HHBIX MUIPAlUW JIACTOHOTUX U
YEJI0BEYECKOU IESITENBHOCTH.

B o063opnoii crarbe V.C. White [31] 0600miensr ganHbsie mo Kpyrosopoty BIT B menu
nUTaHus oOuTarenei BoaHOW cpeabl. OCHOBHBIM (PaKTOPOM Mepeaaydl BUPYCOB TPHUIIA, TJ€ OHU
OCTalOTCA JKU3HECTIOCOOHBIMM B TEUYEHHE HECKOJIBbKUX MECSIEeB, CUMTaeTcs Boja. Bupycel
JUINTEIBHOE BPEMS COXPAHSIIOTCS BO JIbJaX BOJOEMOB, a TAK)XKE KOHIEHTPUPYIOTCS B OpraHU3Me
y ¢unsTpyromux 0ecrno3BoHOYHBIX [39,40]. PbIOBI MOT'YT NMUTATHCS JOHHBIMH OTJIOKCHUSMH,
MIOMETOM NTHIl U JETPUTAMH, COAEPKAIIMMHU B OOJIBIIIOM KOJMYECTBE BUPYCHI Tpumma. B cBoio
ouepellb, KOHTaMuHUpoBaHHble BI' ppiObl M OGECHO3BOHOYHBIE CTAHOBUTCS KOPMOM JIJIst
pBIOOSAHBIX NTHLL U TIoNeHe [41]. Ilpu anumMeHTapHOM ITyTH 3apa)KeHHUs BUPYCHI, IOCTYITHBILNE
B KEJIYJOYHO-KHUILIEYHBIM TPAKT IIOTOAHBIX KMBOTHBIX, MOTYT IPOHUKHYTh B I€UYE€Hb 4Y€pe3
NopTalbHYIO BeHy [34,42].

BI' umeet Tosnbko oAHY Ipynmy crenuduyecKux perenTopoB Ha KJIETOUHOM MOBEPXHOCTH.
Hx cTpykTypa 3aBUCUT OT BHJIOBOTO M TKAaHEBOIO IPOMCXOXKJIEHHUS KIETOK, KOTOpbIE
OTIPEIEIIIIOT BO3MOXKHOCTH MEXBHUIOBON TpaHCMHUCCHH BO3Oynutenei rpunma [43]. Paznuunbie
noarunel HA oTianyarotes no crnocoOHOCTH pacno3HaBaHUS U CBA3BIBAHUS CHATIOBOM KUCIIOTHI.
HA BI yenoBeka coequHsIETCS ¢ OCTaTKaMM CHAJIOBOM KHCJIOTHI B MOJIOKeHUH 2'-6" cBsa3u, a HA
nTHubuXx BHpycoB 2'-3' cBs3u. Pemenrtopnas crenuduunocts HA BIT A, M301MpOBaHHBIX OT
MOpPCKHMX  MJICKONHUTAIOIIUX, KOPPEIUpPYIT ¢  cuajooinurocaxapugamu  SAa2,3Gal,
00HApY>KCHHBIMH B MUTENIUSX JIETKUX TIOJICHEH U KUTOB [44]. DTO yKa3bIBaeT Ha BO3MOXXHOCTh
npsiMoil nepenaun BI' nTUIl K MOPCKMM MIIEKONIMTAIOIINM BBIIIEYKa3aHHbBIX OTPSAIAOB. B oTiinune
OT NTHII, y TIOJIEHEHN cuajmoonaurocaxapuanbie perentopbl SAa2,3Gal pacnoyioxKeHsl B JETKUX, a
HE KUIIEYHOM TPaKTe, YTO JesaeT uX 0oJjiee BOCIPUUMYUBBIMU K BO3AYIIHO-KANeIbHOMY MyTH
3apaxkenus. [37,45].

N3yuenue xapakTtepa U MHTEHCUBHOCTU CBs3bIBaHUS BI' pa3nuyHbIX X035€B € KIETKaMHU
SMUTENHS PECITUPATOPHBIX OPTaHOB MOPCKHX MIIEKONHTAIOMIMX — ONPENeNIomuil GpakTop mx
BOCIPUUMYHMBOCTA K MH(EKIUHU, a TaK *Ke€ €€ MPOAYKTUBHOCTH MU OCOOEHHOCTEW MaToreHesa.
[Tpu ructoxummuueckoM ananuze A.J. Ramis ¢ coaBropamu [38] ycranoBumam, uyto u3oisaTel BI'
BOJIOTIJIABAFOIINX IMTHI], CXOAHBIC C SMM300THYECKUMH ITamMmamu jactoHorux (H4NS, H7N7),
YMEPEHHO CBS3BIBAIOTCS C SMHUTENHAIBLHBIME PEIlenTOpaMu Tpaxeu u Oporxos Phoca vitulina u
Halichoerus grypus, a Tak e 4YacTHYHO B3aUMOJCHCTBYIOT C TAaKOBBIMH KHTOOOpa3HBIX
(Mopckasi cBUHBS, adanuHa). B TO ke BpeMsl KJIETKH SIUTENUsl ajbBEOJI BCEX UEThIPEX BUIOB
JKUBOTHBIX ~TPOSIBISUNIM K HHUM TOJNBKO 4YacTuuHyl addunHOCTh. Ha  ocHOBaHuuM
BBIIIEU3JI0’KEHHBIX JAHHBIX, BBICKA3bIBA€TCS MPEAINOIOKEHUE O BOZMOKHOCTH UHQUIIMPOBAHUS
TIOJIeHeH mMpokuM criektpoM BI' nmrury myrem mpsmoil TpancMmuccuu 0e3 NperBapUTENbHOM
aJanTanuu.

B BeimeykazanHoit pabGore [38] mnoka3aHo, YTO B3ATble B JKCIEPUMEHT BHUPYCHI
nangemuyeckoro («cuHoi» rpunn HINI1pdm) u cezonnoro (H3N2) rpunma genoBeka ciabo
CBSI3BIBAJIUCH C KJIETKAMH TPaxeoOpOHXUAIBHOTO MUTENUS KUTOOOPA3HBIX M HE MPUKPEIUISINCH
K TakoBbIM y TrosieHed. [lo MX MHEHHI0, 3TO OOCTOSATENbCTBO CIYXHUT J0Ka3aTebCTBOM
OTCYTCTBUS CIy4aeB BCIIBIIIEK TPUMIO3HBIX UH(EKIUH cpeln TIoJeHeH, BhI3BAHHBIX BUPYCaMHU
YyeloBeka. TeM HE MeHee, B JHTEpaType HMEIOTCS CBEACHHS 00 WHPUIIMPOBAHHOCTH
CBOOOTHOXKHUBYIIMX KaTU()OPHUNCKMX MOPCKUX MaHIEMHYECKUM «CBUHBIM» rpummoM [21], u
ceposioruueckue JaHHble 00 HWHQUUUPOBAHHOCTH Kacmuilckux TroneHedl A/banrkox/1/79
(H3N2)-nogo0HBIMY 3MTUAEMUYECKUMHU BUpycaMu [8].

Ob6napyxenue BI' A HEKOTOPBIX MOATUIIOB B MOMYJSALHUAX TIOJIEHEH M JIPYTUX MOPCKUX
MJIEKONIUTAIOIINX CBUAETEIBCTBYET O TOM, YTO 3TH JKMBOTHBIE MOT'YT Y4acTBOBATh B IPOLIECCAX
TEHETUYECKON peaccopTranuu Mexay Bl pasaM4yHOro mpoHCXOXKIEHHsS, HO OHM HE WIParoT
CYIIECTBEHHOM! POJIM B 3KOJIOTUHU U 3BOJIIOLIUHU BO3OYIUTEIS.

27



Ne3 (38) 2022

Bupyc rpunna B y ToseHei

Jo 1999 r. BI' B cuunrancs HCKIIOUYHTEILHO YEIOBEUECKHMM ImaToreHom. OmHAKO,
OTHOCHUTEIIbHO HEJaBHO OBLJIO JOKa3aHO, 4YTO OOBIKHOBEHHBIE W CEpble TIOJICHH MOTYT
UHOPHUIMPOBATHCS 3TUM BHpycoMm [46]. BI' B, 3apaxaronuii KynbTypy KIETOK IN VIitro mouek
TIOJICHS, BBIIEJICH OT MOJIOJHSKA OOBIKHOBEHHOIO TIOJIEHS C MPU3HAKAMH PECIHUPATOPHOIO
3aboneBanusa. C MOMEHTa yCTaHOBJICHHS MOPCKUX MJICKOIUTAIOIINX B Ka4eCTBE HOBBIX XO35€B
MOSIBUJIMCHh HECKOJIBKO COOOIIeHUH Mo oOHapyxeHuto aHTHTen K BIT B y HEKOTOpBIX BHUIOB
yIIACTBIX W HACTOAUIMX TrojieHe Ha ocHOBaHMM STHUX MJaHHBIX OBUIO  BBIIBUHYTO
MPEOJIOKEHNEe, YTO TIOJIEHM MOTYT CIY)KUTh OJHOM M3 pe3epByapoB Bupyca rpunmna B
yesnoBeka [7, 47].

C uenpro ompeaesieHUss BO3MOXKHOCTH  mupkymsiuuun BT B cpeaum  Tronenei
uccienoBarenbckas rpynna u3 Menununckoro Llentpa Opasmyc (Porrepnam, Hunepnanasr)
npoaHaiu3upoBajia 615 o0pasoB CHIBOPOTOK KPOBH JIACTOHOTHUX (548 OT OOBIKHOBEHHBIX
TIOJICHEH U 67 OT CephIX TIOJICHEH), COOpaHHbIX Ha modepexbe Hunepnanaos, v MOCTYMUBIINX B
HeHTp peabunurauuu TiojeHei B [IurepOropene B 2002-2012 rr. B pe3ynbraTe B 00Opasmax,
coOpanubIx oT TrosieHe# B 2002 — 2009 rr. u mocne 2011 r., cienuduyaeckue anturena k BI' B
He BbIABJICHBI. OJTHAKO B JECATH ChIBOpoTKax, u3 170 coopannbix B 2010-2011 rr., B PTT'A B
BBICOKMX THTpax OOHapyXeHbl aHTHTena K ImTamMmy B/Yamanashi/166/98. B »stux ke
CBIBOPOTKAX B HU3KUX THUTPAX BBISABIEHBl AHTHUTEMAITIIOTUHUHBI K MPOTOTHUIIHOMY BUPYCY
B/Seal/Netherlands/1/99, BeineieHHOMY OT TIOJICHS B HUJICPJIAHICKUX IPUOPEKHBIX Bojax [48].
ABTOpBI CUMTAIOT, YTO TIOJIEHW MHOGUIUPOBAINCH BHPYcOM cXoAHbIM ¢ B/Yamanashi/166/98,
KOTOPBIi B QHTUTEHHOM OTHOWEeHWH otiaudaercs oT B/Seal/Netherlands/1/99. Crnenyer
OTMETHTB, 4TO B 79 CBIBOPOTKAX KPOBH MOPCKHX CBHHEH, coOpaHHBIX B 2003 - 2013 rr. B TeX ke
BoJlax HuuepnaHIoB, 4TO U CEPONMO3UTHBHBIE CHIBOPOTKH OT THOJIEHEH, aHTUTena K BI' B He
oOHapyxeHsl [49].

B nammx uccnenoBanusx WHGUIMPOBaHUE KacMicKuX TioneHed BI' B moareepikmaercs
CEpOJIOTMYECKUMU MeToJlaMu. HauBbICIIMe TUTPHI aHTUTEN BBISBIEHBI IPOTUB IITAMMa TpUIA
B/Anmatei/8/18, oTHOCsIIETOCS K BUpycaM JuHUU B/Victoria, HeCKOIbKO 0o0Jjiee HU3KHUE TUTPHI
antuten BeiABIeHbl K mTamMMy B/Florida/4/2006 nuaun B/Yamagata. AHTHTENa B BBICOKHMX
TUTpax ObLIN OOHapy>KeHbI B 00pa3lax CHIBOPOTKU MOJOJBIX TIOJIEHEH, YTO CBUJIETEIBCTBYET O
HEaBHEM 3apaXCHHH dTUX KUBOTHBIX TPUIIIOM B.

[IpoBeneHHBI aHaNU3 JAHHBIX JIMTEPATYpbl CBHUJETENBCTBYET 00 MH(UUIUPOBAHHOCTH
MOPCKHMX MIIEKOMHUTAIOIINX PAa3NUYHBIMU TMOATHIIAMU BHUpycoB rpunma A. K Hacrosmemy
BPEMEHHU OT JIACTOHOTUX U3o0aupoBanbl BI' A ¢ anturennsimu popmynamu HIN1, H3N3, H3NS,
H4NS5, H4AN6, H5N1, H5N8, H7N7, HI0ON7, ot kutoobpa3usix — HIN3, H13N2, HI3NO. B
€AMHUYHBIX MCCIIEOBAHUAX TOKa3aHa BO3MOKHOCTb LIUPKYJISALUU CPEIU KaCIUNUCKUX THOJIEHEH
BI" A (H3N2), A (H4N6) u B.

B cBs3u ¢ 3TUM, BaXHBIM IIPEACTABISETCS MPOBEACHHE KOMIUIEKCHOIO 3KOJOro-
BUPYCOJIOTUYECKOTO MOHUTOPHHIA BHUPYCOB TPUNINA, LHUPKYIUPYIOIIHUX CPEId KACIHICKUX
TIOJICHEH, SBISIOIUXCS OJTHUM M3 BO3MOXKHBIX PE3€pBYapoOB B MPUPOJE, I/I€ MOKET MPOU30UTH
peaccopranius TeHoB Bl mOTuUIl ¢ TOSBIGHHEM HOBBIX BapHaHTOB  BO30yIUTElNeEH,
aJlanTUPOBAHHBIX K MJIEKOMTUTAIOIINM KUBOTHBIM U YETIOBEKY.

HcTounuk puHaHCHPOBAHUSA

HccnenoBanue ¢punancupyercs Komurerom Haykn MuHHcTepcTBa 00pa30BaHUS M HAYKH
PecniyOonuku Kazaxcran (rpant Ne AP08856073 «MccnenoBaHue BUPYCHOW MeTamoOMyJsLUN
KaCIHMICKOTO TIOJIEHS JJIsl paHHEro oOHapy)KeHUs BO30ynuTeneil HOBBIX M BO3BPAILAOLIMXCS
UHGEKIUN»).
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TEHI3 CYTKOPEKTUIEPIHIAEI'I TYMAY BUPYCTAPDBI

Tyiiin
onynpIk Makanazna TEHI3 CYTKOPEKTiiepi apachlHIa A jxoHe B Tymay BUpycTapel TYFBI3FaH
iHAeTTep >KalbIHAA JepeKTep KenTipiared. by skaHyapiaapAblH TyMay KO3IBIPFRILITAPBIHBIH 3KOJIOTUSICHI
MEH SBOJIONMSCHIHIAFE pouli Tankbuianasl. JJoHe3 TymaybiHbiH A (HIN1) nmanaeMusuiblK BUPYCHIHBIH
JKoHe Kyc TymaybiHbiH HSNI1  xone HSNS 3apmantel HYCKalapbIHBIH aWHAJbBIMBIHA TEHI3
CYTKOPEKTUIEPiHIH KaTbICy JKardaijgapsl CHIATTaIFaH. [ymay BHPYCTAapbIHBIH KEH ayKbIMbI
UTOANBIKTapFa ajjblH-asa OeiliMuenmeii-ak Tikeneil ®yry MYMKIHAIr *aibiHaa mikip adTeurrad. HIsiry
TEri opTYpii TymMay BHUPYCTAPBIHBIH TEHI3 CYTKOPEKTIACPIHIH PECHUPATOPJIbIK ar3a 3MUTEITHHI
TOpIIANapbIMEH OalIaHbBICy CHIAaThl MEH KAapKbIHBI JKaHyapiapAblH HHQEKIusFa OeiliMTanIbIFbIHbIH,
aypy eplllyi MEH 3apJanTaHy epeKLIeNiKTepiHiH menrynn (akropsl ekeHairi aranrad. CoHIai-aK TeHi3
€CKEeKasKThUIaphl B Tymaybl BUPYCHIHBIH TaOHWFaTTarbl KOPHI JIET€H TYXKBIPbIM jkacanraH. Kacrmit
TEHI31HIH Ka3aKCTaHIbIK OeJiriHieri UTOANbIKTap apachlHAAFbl TYMay BHPYCTapbIHBIH aifHaIbIMbIHA
KELICH1 SKOJIOTHSUIBIK-BUPYCOJIOTHSUTBIK MOHUTOPHHT XKYPri3y KaXeTTiIr Typalibl O KOPTBUIFaH.
KiarTi ce3mep: Tymay BUPYCB, MOHHTOPHHT, iHAET, CEPOJIOTHs, HUTOAIBIK, €CKEKasKThUIAp,
KHATTIpI3/LIIep, TeHI3 CYTKOPEKTLIepi, KACITUI HTOAIBIFBL.
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Abstract

The review presents information about epizootic infections among marine mammals induced by A
and B influenza viruses. The role of these animals in the ecology and evolution of the pathogen is
discussed. Cases of involvement of marine mammals in the circulation of swine pandemic influenza A
(H1INZ1) virus and highly pathogenic variants of H5SN1 and H5N8 avian influenza viruses are described. It
is suggested that seals can be infected with a wide range of influenza viruses by direct transmission
without prior adaptation. It was noted that the nature and intensity of binding of influenza viruses of
various origins to the epithelial cells of the respiratory organs of marine mammals is a determining factor
in their susceptibility to infection, as well as its productivity and pathogenesis features. The position that
marine pinnipeds can serve as one of the reservoirs of human influenza B virus in nature is emphasized. It
is concluded that conducting a comprehensive environmental and virological monitoring of influenza
viruses circulating in seal populations in the Kazakhstan waters of the Caspian Sea is necessary.

Keywords: influenza virus, epizootics, serology, seal, pinnipeds, marine mammals, Caspian seal.

Monitoring the condition of marine mammal populations is one of the essential scientific
directions in ecology. Of particular relevance are studies of animals with frequent and prolonged
contact with humans. According to NOAA's National Marine Fisheries Service [1], during the
period from 1991 to 2007, 15% of marine mammals died from infectious diseases, 29% - from
poisoning by biotoxins, 7% - from ecological factors, 5% - from human impact and 44% - from
other unknown factors.

In the absence of direct stressors, a significant impact on the number of marine mammals
has infectious disease agents (viruses, bacteria) and parasites of almost all known families.

Viruses play a significant role in regulating the population dynamics of wildlife
populations, limiting their increase and enhancing selection at the genetic level. The effects of
viruses are even more important for populations endangered or fragmented by human activities.
Influenza viruses and morbilliviruses have a direct impact on animal populations.

The influenza virus (IV) is periodically able to cross the interspecies barrier due to a
mutation in one of the polymerase genes that increases the level of variability of the pathogen.
As a result, a much larger number of its variants emerge, which creates better conditions for
adaptation in the organisms of different species of animals and birds [2, 3].

The circulation and interrelationship of influenza pathogens in different host species,
including overcoming the interspecies barrier, is a fundamental area of scientific inquiry
necessary for understanding the mechanisms of mass infection in humans and animals.

The spread of influenza A viruses (IAV) among marine mammals is related to the ecology
of these animals and close contact with the avian reservoir of the pathogen.

The proposed review provides information about epizootics among marine mammals
caused by influenza A and B viruses. It discusses the role of these animals in the ecology and
evolution of the pathogens.

Influenza A virus in marine mammals

IAV are isolated from a wide range of hosts, including 105 wild and domestic birds and
various mammal species (human, pig, horse, marine mammals, mink, cat, etc.) [4]. Wild birds
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belonging to the Anseriformes (ducks, geese, swans) and Charadriiformes (shorebirds, gulls)
form a natural reservoir of AV in nature, from which transmission to other hosts can occur.

The first information about the possibility of seals being infected with 1AV was obtained
during a severe epizootic on the New England coast between December 1979 and October 1980.
As a result, about 600 mammals died, and the influenza A/seal/Massachusetts/1/80 (H7N7) virus
was isolated from one of them [5]. Genetic characterisation of the virus showed that all its RNA
segments closely resemble those of avian strains. The second epizootic among seals with
pronounced clinical manifestations of pneumonia occurred on the coast of New England from
June 1982-August 1983 and was associated with IAV (H4N5) [6].

J.R Geraci et al. [4] reported that the infection in seals was severe: in well body condition
animals, there was conjunctivitis, frothy-bloody discharge from the nostrils, weakness, muscular
tremors, impaired coordination of movement and breathing. Swelling of the neck as a result of
air infiltration into the fasciae and muscles from the respiratory tract was noted in sick animals.
Animals lost their ability to swim or dive, forcing them to drift along the sea current or wind
direction. Died seals had pneumonia characterised by necrotising bronchitis, bronchiolitis, and
hemorrhagic alveolitis.

No systematic examination of seals for IAV has been conducted on the New England coast
since these epizootics were described. From January 1991 to February 1992, five strains of IAV
was isolated from mammals that died of pneumonia on Cape Cod, Massachusetts, two of which
were identified as A (H4NG6) and three as A (H3N3). The hemagglutinin (HA) genes of H3
isolates of A/seal/Massachusetts/3911/92 and A/seal/Massachusetts/3984/92 were 99.7%
identical. Phylogenetic analysis demonstrated a close association of their sequences with those of
HA H3 of avian virus A/Mallard/New York/6874/7, indicating a long circulation of the IV of
this subtype in seal populations [7].

K. Ohishi et al. [8], in a study of blood sera of Caspian seals collected in 1993-2000,
showed that the mammals were infected with epidemic A/Bangkok/1/79-like 1V circulating
among humans in 1979-1981. Antibodies to the H3N2 virus were also found in the sera of Baikal
(Phoca sibirica) and ringed seals (Phoca hispida) of the Kara Sea [9]. Serological study of the
Kuril subspecies of harbour seals (Phoca vitulina stejnegeri) on Hokkaido Island revealed anti-
HAs to IV with HA subtypes H3 and H6, which indicates the ability of the latter variant to infect
mammals [10]. Indirect serological evidence of IAV circulation in populations of marine
mammals (ringed seals, beluga whales - Delphinapterus leucas) of the Barents Sea (harp seals -
Phoca groenlandica and hooded seals - Cystophora cristata) of Arctic Canada, Northern and
Bering Seas (seals and fur seals) was also obtained [11-12]. De Boer et al. [13] detected the
presence of antibodies to viruses with HA subtypes: H1, H3, H4, H7, and H12 in sera of seals
caught in the Bering Sea. At the same time, sera of sea lions (Eumetopias jubatus) positive for
IAV in NP-ELISA were negative in the hemagglutination inhibition test (HI), which allowed to
assume the possible presence of antibodies to previously unknown subtypes of HAs of influenza
A viruses in the sera of these animals. In 2008 P. Calle et al. [14] found no antibodies to the 1V
in the sera of the bearded seals (Erignathus barbatus) on the coast of Alaska. Still, they detected
their presence against HA H10 and neuraminidases N2, N3, N5, and N7 in 21% of sera from 38
samples of walruses (Odobenus rosmarus) studied [15]. IAV (H3N8) was isolated from harp
seals while monitoring marine vertebrates' zoonoses in the Northwest Atlantic's coastal waters
[16].

IAV (H1IN3) was isolated by D.K. Lvov et al. [17] from a minke whale (Balaenoptera
acutorostrata) in the South Pacific in 1975-1976. From toothed whales (pilot whale -
Globicephala melas), V. Hinshaw et al. [18] isolated 1V H13N9 and H13N2 genetically similar
to the H13 viruses circulating among gulls. It is unknown whether these viruses caused disease
in the whales or common opportunistic infection. Evidence indicating that viruses with this HA
subtype were transmitted from one animal to another has not been obtained. A comparison of
their complete genomes with the nucleotide sequences of influenza H13 viruses from water birds
and influenza viruses from marine mammals revealed a rare constellation of genotypes from
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gulls, terns, and waders [19]. As phylogenetic studies show, 1V isolated from marine mammals
originated from precursors adapted to Anseriformes. In this regard, the authors believe that strain
Alwhale/Main/328B/1984 is the only gull influenza virus that causes infection in marine
mammals.

In 2010, virological monitoring of northern elephant seals (Mirounga angustirostris) on the
coast of California revealed individuals infected with IAV. Nasal swabs of two adult females out
of 42 animals were positive for the IAV M gene by real-time reverse transcription-polymerase
chain reaction (RT-PCR) [20]. Subsequently, the viruses were isolated from developing chicken
embryos, their complete genome was sequenced, and the isolates were determined to be 1AV
(H1N1) by the hemagglutination inhibition test (HI). Genome sequencing of an influenza virus
isolated from a northern elephant seal showed more than 99% homology with the pandemic
swine influenza virus prototype A/California/04/2009 (H1N1), which had been circulating
among humans since 2009.

The circulation of IAV (H1N1) among elephant seals was additionally confirmed by
analysis of more than 300 sera of these animals. In samples collected before April 2010, there
were no antibodies to the HIN1 virus; seropositive individuals were detected only after the
appearance of the pandemic «swine» IV in circulation [21]. The nature of replication of the
AJ/Elephant seal/California/1/2010 (H1N1) virus in human respiratory epithelial cells suggested
their adaptation to marine elephants. The involvement of marine mammals in the circulation of
the pandemic H1N1 virus suggests cross-species transmission of epidemic variants from humans
back to wildlife.

In autumn 2011, 162 seals in New England (Massachusetts, USA) died of pneumonia
caused by IV H3N8, similar to the waterfowl viruses circulating in North America since 2002.
The virus had a mutation in the PB2 gene characteristic of the highly pathogenic human variant
H5N1, indicating its ability to transmit interspecies and adapt to mammals [21].

There are several reports on virological monitoring of IAV circulation in marine mammal
populations of coastal waters of Northern Eurasia. Therefore, between 1976 and 1999. S.
Yamnikova et al. [22], while monitoring the circulation of 1AV in wild bird populations of the
Northern Caspian Sea, examined samples from 152 individuals of Caspian seal (Pusa caspica).
Still, they were unable to find infected animals. Later, examination of blood sera of Caspian
seals collected in 1993-2000 showed that the mammals were infected with epidemic
A/Bangkok/1/79-like viruses circulating among humans in 1979-1981. [23].

Later, A. Shestopalov et al. [24,25] and Z. Chuvakova et al. [26, 27] reported the isolation
of IAV (H7N7) from materials collected from affected Caspian seals during morbillivirus
epizootics in April-June 2000-2002. However, in the references, there are no data on the
phylogenetic or pathobiological properties of the epizootic strain of IAV (H7N7).

In 2002 and 2012, IAV (H4N6) were isolated from Caspian seals in Russian waters [28].
This seal isolate was closely related to avian IV of the classical Eurasian lineage.

From 2002-2010. A. Shestopalov et al. [29] conducted serological studies of sera from 298
cetaceans (Tursiops truncatus and beluga whales) of the Black Sea and Sea of Okhotsk on the
presence of antibodies to 1V in HI test using as antigens viruses (H1, H2, H4, H7 and H13) that
had been isolated or diagnosed in marine mammals previously. Antibodies to these IV subtypes
were not detected in any of the animals tested.

T. Harkonen et al. [30] 2007 investigated the epizootic among seals on the Danish islands.
Anholt and along the coast of Sweden, where several thousand animals died. Weakness,
swelling, emphysematous neck, difficulties in breathing and coughing up blood were observed in
the affected individuals. Autopsy of dead seals revealed interstitial pneumonia, necrotising
tracheitis and bronchitis. The stranded harbor porpoise carcasses with emphysematous
manifestation were noted in the same regions. Based on the negative results of bacteriological
tests of materials from the corpses and PCR analysis, the authors [29] believe that another viral
pathogen could be the etiological agent of infection in seals and harbor porpoises. V.C. White
[31], discussing the possible involvement of the 1V in the 2007 epizootic among pinnipeds and
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cetaceans in Scandinavia, suggests that this rare outbreak could have resulted from the
introduction of a new virus variant into the population of one of these species with the
subsequent interspecies transmission.

Marine mammal epizootics induced by IAV were registered in European waters in 2014.
IAV (H10N7) was isolated from dead harbor seals (Phoca vitulina) on the North Sea coast in
Sweden, Denmark, Germany and the Netherlands [32-33], where over 1400 animals died.

In the United Kingdom, sporadic cases of IAV have been reported in seals, including
subtypes A (H3NS8) isolated from juvenile grey seals (Halichoerus grypus) in Cornwall in 2017
[34], and A (H5N8) from grey seals and two common seals (Phoca vitulina) in Norfolk in 2020
[35]. Due to the lack of routine surveillance of marine mammal populations in the UK
impossible to determine whether these are random IV or endemic to the British seal population
[36].

Highly pathogenic IAV (H5N8) was detected in lung samples of two gray seals stranded
on the Baltic coast of Poland in 2016 and 2017. The isolated virus was assigned to clade 2.3.4.4
B, which is closely related to the avian variant HSN8 circulating in Europe at the time [37].

In July 2022, the U.S. Department of Agriculture's Animal and Plant Health Inspection
Service confirmed that samples from four seals washed ashore in Maine tested positive for
highly pathogenic avian 1AV (H5N1) [38]. The detection of avian influenza virus subtypes and
H5N1, and H5N8 in seals indicates an ongoing risk of epizootic disease in seals encountering
highly pathogenic variants of avian influenza pathogens at crossings of flyways, seasonal
pinniped migrations and human activities.

A review article by V.C. White [31] summarizes the data on the IV cycle in the food chain
of habitants of aquatic environments. It is known that water is the main transmission factor of
IV, where they remain viable for several months. Viruses persist for a long time in the ice of
water bodies and are also concentrated in filtering invertebrates [39, 40]. Fish can feed on bottom
sediments, bird droppings, and detritus that contain large amounts of IV. In turn, fish and
invertebrates contaminated with 1V become food for fish-eating birds and seals [41]. In the
alimentary route of infection, viruses entering the gastrointestinal tract of carnivores can enter
the liver through the portal vein [34, 42].

IV has only one cluster of specific receptors on the cell surface. Their structure depends on
the species and tissue origin, which determine the possibilities of interspecies transmission of
influenza pathogens [43]. Different HA subtypes differ in their ability to recognize and bind
sialic acid, which is coupled to galactose in the cell membrane oligosaccharide. The HA of
human IV binds to sialic acid residues at the 2'— 6" bond position, while the HA of avian viruses
binds to 2'— 3’ bonds. The receptor specificity of HAs of influenza A viruses isolated from
marine mammals with the sialaoligosaccharides SAa2,3Gal found in the lung epithelium of seals
and whales [44]. This indicates the possibility of direct transmission of avian IV to marine
mammals. In contrast to birds, seals have sialoligosaccharide receptors SAa2,3Gal located in the
lungs rather than the intestinal tract, which makes them more vulnerable to the airborne route of
infection. [37, 45]

The study of the nature and intensity of binding of IV of different hosts to the cells of the
respiratory organ epithelium of marine mammals is a determinant of their susceptibility to
infection, as well as its productivity and pathogenesis features. In a histochemical analysis, A.J.
Ramis et al. [38] found that waterfowl IV isolates similar to epizootic strains of pinnipeds
(H4N5, H7N7) moderately bound to the receptors of the tracheal and bronchial epithelium of
harbor and grey seals and partially interact with those of cetaceans (porpoise - Phocoena
phocoena, Bottlenose dolphin). At the same time, alveolar epithelial cells of all four animal
species showed only partial affinity to them. Based on the above data, it is suggested that a wide
variety of avian 1V can infect seals by direct transmission without prior adaptation.

In the previous work [38], it was shown that human pandemic (H1N1pdm) and seasonal
(H3N2) IV taken in experiments weakly bound to the cells of the cetacean tracheobronchial
epithelium and did not attach to such in seals. In their opinion, this fact proves the absence of
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outbreaks of influenza infections in seals caused by human viruses. Nevertheless, in the
literature, there are data on the disease of free-living Californian elephant seals with pandemic
"swine" influenza (HIN1pdm) [21], and serological data on the infection of Caspian seals with
A/Bangkok/1/79 (H3N2)-like epidemic viruses [8].

The detection of some subtypes of 1AV in seal populations indicates that these animals are
able to participate in the processes of genetic reassortment between IV of different origins, but
they do not play a significant role in the ecology and evolution of the pathogen.

Influenza B virus in seals

Until 1999, the influenza B virus (IBV) was considered an exclusively human pathogen.
However, more recently, it has been shown that harbor seals and harbor seals can be infected
with this virus [46]. IBV was isolated from juvenile harbor seals with signs of respiratory disease
and infected in vitro seal kidney cell culture. Since the establishment of marine mammals as new
hosts, there have been several reports of detection of antibodies to IBV in some species of Otarid
and Phocid seals. Based on these findings, it has been hypothesized that seals could serve as one
of the reservoirs of the human influenza B virus [7, 47].

In order to determine whether IBV can circulate among seals a research group from
Erasmus Medical Center (Rotterdam, The Netherlands) has analyzed 615 serum samples from
pinnipeds (548 from harbor seals and 67 from grey seals) collected from the coast of the
Netherlands and taken to the Seal Rehabilitation Center in Peterburen in 2002-2012. As a result,
no specific antibodies to IBV were detected in samples collected from seals between 2002 and
2009 and after 2011. However, ten of the 170 sera collected in 2010-2011 showed antibodies to
B/Yamanashi/166/98 in high titers by HI. In the same sera, anti-HAs to the prototype virus
B/Seal/Netherlands/1/99 isolated from seals in Dutch coastal waters were detected in low titers
[48]. The authors believe that the seals were infected with a virus similar to
B/Yamanashi/166/98, which is antigenically different from B/Seal/Netherlands/1/99. It should be
noted that no antibodies to IBV were detected in 79 porpoise sera collected between 2003 and
2013 in the same Dutch waters as seropositive sera from seals [49].

In our studies, the infection of Caspian seals with IBV was confirmed by serological
analysis. The highest antibody titers were detected against the influenza B/Almaty/8/18 strain of
B/Victoria viruses; somewhat lower antibody titers were detected against the B/Florida/4/2006
strain of B/Yamagata-like viruses. Antibodies in high titers were detected in serum samples of
subadult seals, indicating the most recent infection of these animals with influenza B.

The analysis of literature data indicates that marine mammals are infected with various
subtypes of influenza A virus. IAV with the antigenic formulas HIN1, H3N3, H3N8, H4ND5,
H4N6, H5N1, H5N8, H7N7, H10N7 have been isolated from pinnipeds to date and H1N3,
H13N2, H13N9 from cetaceans. Single studies have shown possible circulation of 1AV (H3N2),
A (H4NG6) and IBV among Caspian seals.

In this connection, it seems important to conduct complex ecological and virological
monitoring of IV circulating among the Caspian seals being one of the possible reservoirs in
nature where reassortation of avian IV’ genes with the appearance of new variants of pathogens
adapted to mammals and people can take place.
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Tyiiin

Kazipri yakpiTTa X0Fapsl 0a3uausibl caHpIpayKyJIaKTap KYHIbI TaMakK ©HIMi peTiHAe FaHa eMec,
COHBIMEH KaTap OHKOCTATHUKAaJbIK, AHTUBUPYCTHIK, HWMMYHOMOIYJSIUSUIBIK, aHTH-CKIEPOTHKANIBIK,
TOHMKAJIBIK JKOHE Oacka Ja TaOuru (PapMaKOJIOTHUSIIBIK 3aTTapibl alyJblH MaHBI3AbI K31 peTiHze
KapacTeIpbuiafipl. KemnTereH caHpIpayKyJIakTapAblH OHWOJOTHAIBIK OelceHaiunri kebiHece Kemipcyrap
TaOWFATBIHBIH KOCBUIBICTAPHIMEH AHBIKTANA/IbI, OJIAPABIH KOIIIIIri TOoIHCcaXapuATepAeH TYPaJbl.
CaHpIpayKyJiaK IMOJIMCAXapUATEPl OHKOT'CHE3MIH aJiJIblH alyFa BIKIAA eTelli, SpPTYpJli auIOreHl >KOHE
CUHTCH/I 1CIKTepre Kapchl alKbIH ICIKKE KapChl OCJICCHIIIIKKE Ue KOHE METacTa3AapAblH JIaMyblHa JKOJ
oepmeiini. Ocbl Makanaga O0asUAMSIBI CaHBIpAYKYJIaKTapAslH 17 TypiHiH 20 mTamMMbiHA K30 - JKOHE
SHIOTONMCAXAPUATEPAIH OHOCHHTE3re KaOUeTTUTITiHe CalbICTRIPMAalbl CHUIIATTAMAachl KYPri3iii.
3epTTeyiep HOTHKECIHIE FHA0NOIUCaxXapuATepAiH eH Kom Meepi Ganoderma TYbICBIHBIH OKIJIIEPIHIE
CUHTE3/IeNTeHi aHpIKTanael (ojapaeiH  Memmepi 4,4% - man 8% - Fa JeiliH  ayBITKBIIB).
DHonoarcaxapuaTepaiy eH skorapbl maibizel Ganoderma lucidum 1900 GuomaccacwiHma GOJIIBI.
DK30MmoarcaxapuaTepain eH ko Memmrepin (2,2 r/m) Trametes versicolor 353 mrrammer cunaTe3meni. Exi
IITaMM JIa MTOJIMCaXapUITEPIiH MePCIEKTUBAIIBI TPOAYIEHTTEP] O0JIBIN TaObLIA b

KinrTi ce3nep: 6a3unnomuiieTTep, SHIO0MOINCAXaPUIITED, IK30TOIHCAXapUATED, TEPEH O6Cipy

Kazipri yakbITTa ar3aHblH opTYpIi QYHKIUSIIAPBIH TOMEOCTa3 OCH IEHCAYINIBIKTHI CaKTayFra
OeJICeH 1l KAaThICAThIH JUETANBIK (hakTopiap Oackapa aJaThIHIBIFBI TYpalibl KONTEreH JoJICNIED
O0ap. TamakTany MeH JEHCaylbIK/aypy apachlHIarbl MYMKIH OaillaHbIC Typaibl HUAEsIapFa
cyiieHe OTBIpHI, "(QYyHKIMOHAIAB TaMaKTaHy' TYKBIpbIMIAMachl Taiga OoJabl, OHBIH
napagurMachl-TaraMIbl 19pi peTiHae TYciHy. FruibIMaarbl OChl OAaFBITTHIH HETi3r1 MakcaTTaphbl
JICHCAYIIBIKTBI CaKTay, TOMEOCTa3 bl KAJBIIKA KENTIPYy JKOHE aJaMHBIH TaMaKTaHYBIH OaKbLIay
apKpUIBI  aypyMeH Kypecy VIIiH Kargail jkacay. byn MeaunuHa MeH QapMarieBTHKa
MIHJIETTepiHEeH TyOereini epeKmieneHei — aypyasl emjaey Hemece 6ackapy [1].

Byn canagarel 3epTreynep Oip »KaFblHaH aj1aM JeHCayJIbIFbIHA OENTiIl TaFaM eHIMIepiHiH
pONIH TOJBIK 3€pTTEyre, aj eKIHII KaFblHAaH J>KaHa eMJIK TaMaKTaHy Ke3lIepiH I13/eyre
OarpiTTananbl. COHFBI yaKbITTa aJlaM aF3achIHIAFbl (PU3UOJIOTUSIIBIK (DYHKIUSIAPIBl PETTEY
YIIiH KOJIJIlaHyFa OOJIaTBIH TaraMBIK KOocHallap MEH eMIIK-TPO(HIAKTHKAIBIK MperapaTTapIbl
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Kacayra Kem KeHUIT OemiHmai. by OaFpITTarbl MEPCHEKTUBANIBI HBICAHAAP >KOFapbl Oa3uIUsIIbI
caHpIpayKyJ1aKTap OOJbIN TaObLUIAAbI, OUTKEHI OJIAapABIH KYpaMbIHIA aJaM aF3achl YIIIH MaHbI3bI
Oap KaXeTTl OMOJOTUSIIBIK OeJICeH Il 3aTTapAblH epeKile KemeHi 0ap [2-5]. Aram aiTKaHaa, ojap
ICIKKE KapChl JKOHE HMMMYHOMOMYJISIMSUIBIK KacueTTepi Oap kKaHa MOTUCaXapUATEpHAiH Ke3i
Oonbin TaObLIaABl [6, 7]. by caHpIpayKyJIakTapAblH >KEMICTI JIEHECI OJIEMHIH KONTEereH
eNJIepiH/Ie OHEPKACINTIK ayKbIMAA OCIpisie/li )KOHE €Kl MbBIH KbUIaH acTaM yaKbIT OOWBI KbITall
MeJMIMHACBIHAA KeHiHeH Konnaneuiansl [8]. Emaik kKacuerrepi Oap Keyre »kapamjbl
canplpaykyakrapra Lentinus, Auricularia, Hericium, Grifola, Flammulina, Pleurotus, Tremella
*KoHe T.0 TyBICTApBIHBIH TYpJiepi karaael. CaHbIpayKYJIaKTapIblH JJPLUTIK KAaCHETTEPiHIH KEeH
CIIEKTPI OJIApABIH KYpaMbIH/1a OMOJIOTHSIIBIK OCJICeH Il KOMITIOHEHTTEP IIH OO0JTybIHA OaiJIaHBICTHI
[9-15]. OnapabiH apachiHlla aHTHOKCHIAQHTTHI, aHTHKAHIIEPOTCH Il JKOHE MMMYHOMOJICINbACYIII
ocepi Oap OipkaTtap IOpUTIK XKoHE eMIIK-MPOPUIAKTUKAIBIK IMpenaparTapiblH Heri3i OobI
TaOBUIATHIH JKOFAPhl MOJIEKYJIAIBIK KOMIpCyJap MEH MEJIaHUH €pPEKIIIe PO aTKapasbl.

Kemnteren caHpIpayKyJTakTapAblH OHOJOTHSUIBIK — OelCeHauniri keOiHece  Kypambl
caHbIpayKyJIaKTapIblH Kyprak OmomMaccachlHbIH 60% - Ha KeTeTiH Kemipcylap TaOWUFaTHIHBIH
KOCBUIBICTapbIMEH aHbIKTanaabl [16]. Omap Goc »oHe OallIaHBICKAH KAaHTTApMEH, COHJaii-aK
MOJICaxapuATEPMEH YCBIHBUIFaH. Bysl 3arTtap pe3epBTIK, OCMOPETYISIIUSIBIK, PETTEYII KOHE
MPOTEKTOPIBIK PYHKIMSIAPIBI OPBIHAANIBI.

OTtken faceipAblH /0-mmi KBUIIAPBIHBIH OachlHAA SKalOHIBIK FalbIMIap TOOBI KeHOip
0a3uausUIbl  CaHBIPAyKYJIaKTapAblH JKeMICTI JEHECIHEH OKIIayJdaHFaH IOoJucaxapuATepiH
OHKOCTATHKAJIBIK 9CEPiH aHBIKTAIl, OCHI KOCBUIBICTAPAbI OCJICEH Ii 3epTTeyTre, COHAii-aK OJIap IbIH
MPOIYLEHTTEPIH 131ecTipyre koHin oemnui [17].

[Tonucaxapuarep — TabWraTTa KEH TapalifaH, KYpPBUIBIMBI OPTYPil OHOJOTHSIIBIK
MakpoMoJieKynanapablH ToObl. Omap Oip-OipiMeH TIMKO3UATIK OailaHbICTIeH Ti30eKTenreH
MOHOCAaXapUATEPIiH KaIABIKTapbIMEH KaWTalaHaThIH KYPBUIBIMIBIK OipTIKTepACH TYpajbl.
[Tonucaxapuarep axKybI3gap MEH HYKIEHH KBIIIKbUIIAPHIMEH CabICThIpFaHAa OHOIOTHSIIBIK
aKmapaTtTsl Oepyre KaOieTTi, OiTKeHi oMap KypbUIBIMIBIK ©3TeprillTIKTIH YIKEH MOTEHINATbBIHA
ue. CaHplpayKyiaK TMOJHCaxXapuATepl OHKOTEHE3AIH aiJblH alyFa BbIKOAT eTell, SpTypii
AJUIOTeH/II YKOHE CHHTEHJII ICIKTEpre Kapchl alKbIH OCJICEHIUIIKKE We JKOHE MeTacTas3lapibiH
naMmyblHa >xon Oepmeiini. Ilonmcaxapuarep pak KieTKajlapblHa Tikesled acep ermeipi, Oipak
OpraHu3MET1 OpTYPJll UMMYHJBIK peakMsiapbl OenceHipe.

Op TYpJl iCIKKe Kapchl MONIUCcaxapuaATepiH KepiHici T jxkacyianapbIHbIH MIPeKypcopiapsl
MeH MakpodarrapblH ICIK KacyllajJapblH HaKTbl TaHYAAaH KeWIH JUMQOLUTTEp IIbIFapaThiH
[IUTOKUHJIEPTE PEaKIMSICHIHBIH apTYBIHBIH HOTHXKecl OO0JbIN TaObuIagpl. MOJIeKyIanblK Maccachl
TOMEH EKIHII PETTIK MEeTabOJIUTTEp amornTo3, aHTHMOTeHe3, MeTacTa3fap/lblH JaMybl, JKacylla
[UKIIIH PEeTTey KOHE JKacyIIaJarbl CUTHANl KacKaJATapBIHBIH Oepinyi CHSKTHI MPOIECTEPre acep
ereni [18].

Kazipri yakpiTTa GapiblK caHblpayKyitak npenapartapblH 70% -80% jxeMicTi JeHeCiHeH,
20% -30% - caHpIpayKyWIaK MHIICTUHIHIH CHIFBIHIBUIAPHI MEH JAKBUIIBIK CYWBIKTBIKTAH ajlaibl
[19]. ConFbl Ke3aepi 3epTTeylLIliep TeK KEMICTI JIEHECIHEH FaHa eMec, COHbIMEH Karap TepeH
MUIIETUI MEH JTaKbUIIBIK CYHBIKTBIKTAH ajlbIHFAH TOJHMCaXapuaTepre Hazap ayaapyna, anaiia
onap ami ae a3 3eprrenred [20, 21]. CoHbIMEH KaTap KYpbUIBIMBI MEH KacueTTepi OOMBIHIIA oJlap
KEMICTI JICHECIHIH TOJHCaXapuaTEPiHEH a3 epeKIeNieHenl aen aiTyra Heriz O0ap. CoHBIMEH
Oipre TepeH MUIEIUNAICH JKacyllaJaH ThIC TOJUCAXapUATEP MEH SHIOMONIHUCaXapUuaTepIi
aTyJIbIH TEXHOJOTUSIIBIK ChI30aChl 0JIap bl JKEMICT1 JICHECIHEH allyFa KaparaH/aa dJiJieKaia oHai
[21]. Ocewiran GaitaHBICTBI 3€PTTEY/IH HETI3r1 MaKCaThl JHJO - JKOHE SK30IOJUCAXapUATEPiH
CUHTE3JCYII IpUTK OasuAMsIIbI CaHBIPAyKYJIAKTAPBIHBIH - MPOAYLEHTTEp]l IITaMMIapbIHBIH
CKPUHUHT1 OOJIBIN TaOBLIA B,
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Marepuanaaap MeH daicrep.

3eprrey HbicaHbl periHae YkpanmHa ¥FA H.I'. Xonogueli aTeiHAarbl OOTaHUKA
MHCTUTYTHIHBIH KAJMAKThl CaHbIpayKyJIaKTap KoJuleKIuscbiHaH 17 TypiHeH 20 mTamMM ajbIHIbL:
Ganoderma applanatum 1899, G. carnosum 2502, G. lucidum 1900, G. lucidum 1904, G.
oregonense 2560, G. resinaceum 2477, G. sinense 2516, G. tsugae 1848, G. tsugae 2024, G.
tsugae 2566, Pholiota nameko 2153, P. adiposa 22, P. subochracea 2535, P. limonella 2335, P.
alnicola 2406, P. squarrosa 2010, P. aurivella 2605, Lentinus tigrinus 2478 , Trametes
versicolor 353, Pleurotus osreatus 548.

OHIONOIUCAXapUATEP JKOFapbla KENTIPUINeH INTaMMIApAbl >KapThUIaHCHUHTETHKAIIBIK
rioko3a-nentoH-ambITKe! (I'TIA) opraceinaa, r/im: rimoko3a — 30,0; nenton — 3,0; KH,PO4 — 1,0;
KoHPO, — 1,0; MgSO,4 X 7H,0 — 0.25; ameiTkbl 9kcTpakTi — 3,0, TepeH Aakpuiiay odaiciMeH
ecipy apKbUTBI MUIICITUHIHEH OOTIHIN aJTbIH/IbI.

Toxipubenep 3eprxanaiblK maikareimrapra (180 aitn/mun) 50 M cyibIK opTacekl 6ap
250 mn Dpnenmeiiep koibanapsiHa KOWBUIBIN, KapaHFblga 14 KyH imiHzae Xyprizuigi. Ocipy
temneparypacel 25-27°C 6onasl. MHOKynyM konbanapiaarbl opTaHblH kaimbl kenemiHiH 10%
MOJIIIEPiH/IE CTEPUIIbIl OpTaFa SHT 1311

WNuokynym keneci xoiameH anbiHabl: ['TIA-HBIH 2% arapu3zaunusiaaHfaH OpTachlHIA
ecipuireH 7 KYHIK JaKbUI TOMOTCHH3AIMSIAH/IBI KOHE CTEPUIIb/I OpTaFa eHTi3unal (KeJeMHiH
10%). UnokymnroMai 3epTxaHanblK miaiikarbimrapaa (180 aita./mun.) 50 mur oprace! 6ap 250 mu
Oprenmeiiep KoOachblHAa JKETKUTIKTI YCaK JUCIIEPCTI CYCHEH3Hs TY3UITCHIIEe ocipiiai KoHe
WHOKYJISIIUS YIIIH TOKIpuOHMenik komdamap konmaunsuimsl. G. applanatum 1899, G. lucidum
1900, G. lucidum 1904 mramMmIapbIHBIH MHLEIMHAIHEH WHOKYIYMBIH any yiuiH 4 Toyiik; G.
tsugae 1848, G. tsugae 2024, G. tsugae 2566, G. carnosum 2502, G. resinaceum 2477, T.
versicolor 353, Pleurotus osreatus 548 mrammuapsr — 5 Toymik; G. oregonense 2560, G. sinense
mrammaapsl 2516, Lentinus tigrinus 2478 — 7 Toynik; Pholiota nameko 2153 P. subochracea
2535, P. limonella 2335, P. squarrosa 2010, P. aurivella 1527 mrammaapsr — 9 Toymik; P.
adiposa 22, P. alnicola 2406 mrrammaapsr — 10 Toystik ecipini.

OcipyleH KellH MULEINH HEeHJIOH MaTachl apKbUIbl JAaKbUIIBIK CYWBIKTHIKTaH O6JIiHiM,
OipHere pet kanuii-pocdar 6ypepimen (pH 6,6) xybutaasl )koHE TYPaKThI canMakka jaeiin 60°C
Temmneparypajga KenTipiaenl. AJbIHFaH KeNTipuireH Oumomacca Oeime TeMIeparypachlHaa
KapaHfbl JKepJe, CHJIMKareiabal HkaOblK KoHTedHepnepne 10 KyHHEH — achlpbUIMai
9H/IOTIOIMCAXAPUATEP AJIBIHFAHFA JICHIH caKkTaypl. TepeH MHULEIUNAICH YHIOTONIMcaXapuaTepai
ajlly YLIH OJ TOMOreHu3aropaa Oy3puiabl. by3puiran muuenuiire canmarbl OoiibiHmma 1:10
KaTBIHACBIH/IA JIUCTENJICHTeH CY KYHBUIBIM, Cy MOHIIAChIHAA 18 caraT KalWHATBUIIBL. DKCTPAKIIHS
KENTENreH THIFbIHJIAPbI Oap LIBIHBI TYTIKTEpAe Kypriziunai. LluromnazManblk KypamIbl ajblil
tactay 15 munyt iminzae 30009 ke3inae neHTpudyraiayMeH JUCTWIIACHTEH Cyla *KOWbUIFaH
MUILEINil OipHele peT CyCHeH3Msulay apKbUIbl JKy3ere achlpsuinbl. JKyy mporenypacst
CYNEpPHATAHTTBIH ONTHUKAJIBIK ThIFbI3ABIFEl 280 HM-1e 0,1-eH acnaraH Ke3/ie FaHa TOKTaThUIAbI
[22].

ATBIHFaH CBIFBIHABUIAD POTOPJBI OyNaHIBIPFBIIITA OacTankel KeJieMHIH 1/3  neliiH
KOHIIEHTPJICH . AJIBIHFAH KOHIIEHTpAT KesieMi OolbiHIIa 1:1 KaThiHACKIHAA 96° 3TUI CIUPTIMEH
OHJIEN/I1 JKOHE AHAOIoNUcaxapuarepl 6ap (pakuusanap TONBIFBIMEH TYHIbIpbUIFanFa Aeilin 4°C
Temreparypaga Kaaablpbuiabl. TyckeH TyHOa 3000 g pexuminie uneHTpudyranay apksuibl 20
MUHYT imiHAe OemiHai. TyHIBIpY apKbUIbl alblHFAaH KypaMbIHJA SHAONOJIUCaxapuarepl Oap
(dpakuus TOMEH MOJIEKYJIajabl KOCBUIBICTAp KOCHAChIHAH JUCTHIACHICH CyFa KapChl JUATM3/IH
KeMeriMeH 3 Toymik OOMbl TazapThUAbl. TazapTynaH KeHiH KypamblHIa SHIOMOIHCAXapUaTep
Oap dpakuus kenemi OolbIHIIA 1:2 KaThIHACBIHIA YT CIUPTIMEH OHIEINI, HOTHKECIHE Maiiia
6onran TyHOa 3000 g pexxuminge 20 MUHYT LIEHTpUQYTranay apKbUIbl O6T1HA].

AJNBIHFAH TPEUUIUTATTBl 3TaHod, 3Qup, aumeroHMeH xysin, 37°C  Temmeparypana
KenTipuial.  DHpononucaxapuATiy romoreHautiri  G-200 cedanekcinae renbQrIbTpanus
KOMETIMEH TEKCepUI, SIIOEHTTErl MOJMCAaXapuIATI aHbIKTAay (EHOJI-KYKIPT KBIIIKBLIBI dici
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apKBUIBI XKYPri3uial. DHAONONMCAXapUATEPAIH KypaMbl TOJIBIFBIMEH KypFrak 6romMacca (a.c.M.) %
- OeH ecenreni.

DK30MoaMCcCaxapuaTep >KOFapblga aTalfaH I[ITaMMAApAbl ecipy OapbIChIHAA aJbIHFAH
KYJIBTYPAIIBIK CYHBIKTBIKTaH SHAOIMOJIMCAXAPUATEPAIH KYPaMbIH 3€pTTEy VIIIH KOJJaHBLIFaH
COJI KypaMJIarbl apThllail CHHTETHKANBIK ITI0K03a-MenToH-ambITKel opTackiH (I'TIJ]) Konnana
OTBIPBIT, TEPEH OcCipy oMiCiMEeH OONiHINM aNbIHABL. 3epPTTENTeH IITaMMIAPIbIH MUIEITHHIH
eciprenHen keiin 20 muuyt imHae 3000 g kesinae LeHTpudyragay apKbUIbl JaKbUIIBIK
CYMBIKTBIKTAH OemiHal. JlaKpUIABIK CYWBIKTHIKTAH JK30IMOJMCAXapUATEp/i alblll TacTamac
OyYpbIH, 0J1 OacTanKbl KOJIEMHIH YIITEH OipiHe JeliH OylmaHabIpblIAbl. bynanasipy mpomenypacsl
aitHanmanel  Oynmanaeipreiira  50°C  Temmeparypana okyprizuini. bymanraH — 1akbUIIBIK
CYMBIKTBIKTAH 3K30I0JIMCAXapUATEPl TYHABIPY YIIiH o 1:2 KarbiHAackiHAA 96° 3THI CrIUpTIMEH
apaiachelr, 3K3o0mMoyiucaxapuarepi Oap ¢pakuusuiap TOJNBIFBIMEH TYHIBIpbUIFaHFa neifin 4°C
TeMIepaTypaja KaaAbIlPbUI/IbL.

Tyn6a 3000 g pexxuminae nentpudyrainay apkbuibl 20 MuHyT iminae 6eminai. TyHabIpy
apKBUIBI  QJBIHFAH KypaMbIHIA JK30MoJucaxapuarep Oap ¢pakius TOMEH MOJCKYJIaIbl
KOCBUIBICTAD KOCIAChIHAH TUCTHIICHIEH CyFa Kapchl AUAIU3IiH KeMeriMeH 3 ToyliK Ooiibl
Ta3apThUIABL. AJIBIHFAaH TIPELUIHUTAT JTAHOJIMEH, S3(UPMEH, aleToHMEH Kybuibim, 37°C
Temmeparypajga KenTipinai. Ox3ononucaxapuiarin romorenainiri  G-200  cedanekcinmge
rebrIbTpaus KOMEriMeH TEKCEPIl, IFOSHTTET! AK30IM0JIMCaXapUuATepAl aHBIKTay (EeHOI-
KYKIPT KBIIIKBUIBI 9JiCi apKBUIBI JKYPri3immi. DK30mMojucaxapuaTepaiH KypaMbl JaKbUIIBIK
OpTaHBIH O1p JUTPIHE SCETTEIII.

HoTunxenep :koHe 0J1apAbl TATKbBLIAY.

bazunusiiel  caHbIpayKyJIaKTapblH KONTEreH OWOJOTHSUIBIK OeJICEH/II 3aTTapibl, COHBIH
e YK30MOINCAXapUATEPl CHHTE3Iey KabineTi 6ap, COHABIKTaH OPTaHU3MAEPAiH OCBl TOOBI
OMOTEXHOJIOTHSUIBIK 3€PTTEYJIep YIUIiH MepCHEKTUBTI OOJIBIN TaObLIA IBI.

YCBIHBUIFAaH OKCIIEPUMEHTTIK JKYMBICTA OSKOJIOTHSACHI OOWBIHIIA aFam  [IipiTeTiH
canpoTpoThl CaHBIPAYKYJIAKTAPABIH 5 TYBICHIHA KATaThIH Oa3UAMSIIBI CAaHBIPAYKYJIaKTapAbiH 17
TypiHiH 20 mramMmbl 3eprrenl. CaHplpayKyJakKTapablH Oyl TOObI KeINTereH OHOJOTHSIIBIK
OenceHi 3aTTap/blH, COHBIH ILIIHJE SHJONOJIMCAXapUATEpIiH OoyblHa OaillaHBICTBI 3€pTTEY
KBI3BIFYIIBUIBIFBIH TYABIpaabl. JKEMICTI JeHECIHEH, MUIIEIMIIEH HEMeCe OChl CaHbIpAyKYJIaKTap
TOOBIHBIH CIIOpajapblHAH OKIIAyJIaHFaH dHAOMOIUCAXaPUATEPAIH KONTEreH AJPLIIK KacueTTepi
Oap eKeHIT TIKIpUOe KY31HIE TEACH]I].

bapnbik chiHanFaH MmMTaMMAAp DHAOMOIUCAXAPUATED CHHTE3IHIH THIMAUIIr OOHBIHIIA
YJIKeH reTeporeHaitikTi kepcerti (1-kecte). Byn kocwuibicTap/piH eH ken canbl Ganoderma
TYBICBIHBIH OKUIJIEpiH/Ie CHHTE3EIN I KoHe oiapablH Kypambl 4,4% - nan 8% - Fa neitin e3repi.
DHonmoMUCaxXapuATEPIiH eH koFapbl maibibl (8%) G. Lucidum 1900 6uomaccachinma OOJIIB.
Ocbl TybICTBIH 4 TYpiHiH TepT mramMbiaaa G. lucidum 1904, G. oregonence 2560, G. sinense
2516 xone G. tsugae 2024 Gipmama a3 MeJiepe dHomnoaucaxapuarep comnasi (7,0-7,7%).

Ganoderma TekTec CaHBIPAYKYJIAKTapIblH MHIEIANRIHACTT MOJMCAXapuATEpIiH CH a3
moepi G. tsugae 2566 xone G. resinaceum 2477 mrramaapbinaa 00iasl — coiikecinme 5,1%
xoue 4,4%.

Ocpunaiimia, 6i3 Ganoderma lucidum 1900 mTaMMbIH 3HIONOMHCAXAPUATEPIIH OHIIPYIITiC
perinae Tanaaabik. ConbiMeH, Oyrinri Tapaa G. lucidum skemicTi AeHeCiHEH XKoHE MUIICIHIAICH
OKIIIAYJaHFAaH JKOHE MOJICKYJAIBIK  CaJIMarbl 4x10°-ten  1x10° JanpTOHFa  JEHiHTI
srononucaxapuarepaid 200-qeH actaM Typi aHBIKTaJIFaH, OJapAblH KOIIIUIirT aHTUTyMOPJIBIK
KaCHETTEpiH  KopceTKeH.  KypeUIBIMABIK  Tajamay — KepceTkeHaed,  G. lucidum
HHJIOTIONIMCAXapUITepl HETI3IHEH J>KOFapbl MOJEKYJIaJbIK CcaJlMarbl Oap TeTepornoIuMepiep
00JIBITT TaOBLIA B, OJIAPABIH HET13T1 KOMIOHEHTI TUIFOK03a, ajl MeJIepAe - KCUiIo3a, MaHHO3a,
rajiaktosa xoHe (ppyko3sa.

G. lucidum-man okxuiayjgaHFaH TOJUCAXAPUATEPAIH OPTYpPIl TypJiiepi MOJIEKYIaHbIH
TapMakTaly Jdpekeci OOMBIHINA ©3TeprilliTIKKe He MXKOHE OPTYpJi KyIl IE€H CHUIATTaFbl
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UMMYHIBIK ~ peakuusuiapabl  Tyaslpybl  MyMmkiH. G, lucidum-man  okmiaymanraH
JUTIONOJIUCAXAPUATEp MEH TaHOAEpPaHAAp CHSIKTHI MYKOMOJIMCAXapHATEPIeH TYPAThIH KypAeli
KOCBUIBICTAp Ja ICIKKe Kapchl OeiceHainikTi kepcererdi. bipkarap seprreynepae G. lucidum
NOJMCaxapuATepl UMMYHIBIK (DYHKIHSIIAP/IbI )KaKCAPTAThIHBI KOPCETUITEH.

Kecte 1 — Aram mripiTeTiH 0a3uausiIbl CaHBIPAyKYIAKTAPABIH OPTYPIL TYPJEPIHIH 3epTTenTeH
IITAMM/IAPBIHBIH MUIICTUHIHJIET] TOJIMCAXapUATEPIiH MOJIIIEpi
[Iramm DHpononucaxapuarep, % a.c.M.
Ganoderma applanatum 1899 6,3+0,2
G. carnosum 2502 6,603
G. lucidum 1900 8,0+0,2
G. lucidum 1904 7,5+0,3
G. oregonense 2560 7,7+0,3
G. resinaceum 2477 4,4+0.2
G. sinense 2516 7,0+0,3
G. tsugae 1848 6,2+0,3
G. tsugae 2024 7,8+0,2
G. tsugae 2566 5,1+04
Pholiota nameko 2153 1,64+0,04
P. adiposa 22 1,45+0,16
P. subochracea 2535 1,44+0,10
P. limonella 2335 1,51+0,09
P. alnicola 2406 1,57+0,13
P. squarrosa 2010 1,61+0,09
P. aurivella 1527 1,68+0,10
Lentinus tigrinus 2478 1,55+0,21
Trametes versicolor 353 1,74+0,17
Pleurotus osreatus 548 1,61+0,09

OmapnplH ~ MMMYHIBIK ~ JKYHEHIH  JKacyllalapblHaH  IMTOKHH  CEKPEIHSICHIH
BIHTAJIAH/ABIPATBIHBl  QJENACH A, Oyl jkacyma OeJCeHIUIINiHIH apTyblHa OKeNlell MKoHe
Makpodarrap MeH JUM(OLUUTTEPAIH OMIp CYPYIHE BIKIIAI €Tel.

ConpiMen katap, G. lucidum mommcaxapunrepi MelnaHOMa  IKacyllalapbIHBIH
CBI3BIFBIHJAFbl HETI3T1 THCTOCOMKECTIK KEUIEHIHIH KOpIHICIH apTThIpaabl, Oy aHTUTE€HHIH
MYMKIHIIUTITH JKaKcapTaabl, OCbUIAWIIA ICIKKE Kapchl JKOHE BHUPYCKa KapChl HMMYHJIBIK
peaKkUUsHbI bIHTaTaHabIpaabl [23].

Bazunusnbl  caHplpayKyJakTapAblH JaKbUIIBIK OpTaFa CHHTE3JENTeH OHOJIOTHSIIBIK
OenceH/l 3aTTapAblH KeIl MeJIIIepiH, COHBIH IMIHJE 3K30Mojucaxapuarepiai 0eiy Kabuieri
OpraHu3MIepAiH OChl TOOBIH OMOTEXHOJOTHSUIBIK 3epTTeyep YILIIH mepcrnekTuBaibl eredi. On
YIIiH JaKbUIABIK CYWBIKTBHIFBIH KOHIICHTpALUsUIAy, TYHIBIPY, HEHTpUdyranay >KOHE IUAIN3
CBIHBI 9JIICTEpPiH KAMTUTBIH OipHeIIe Ke3eKTi OHICYAEeH OTKI3I1.

DK30MONMHCaxXapuaTep/IeH TYPAThIH peTeHTaT 96° 3TUil cupTiMeH, d3QUPMEH, alleTOHMEH
OHJIEINIII JKOHE aNbIHFaH Mpeuunurar kenrtipimin, 37°C TeMmeparypana cakTalabl. 2-KecTene
9K30MONIMCAXAPUATEPIIH  KypaMbl  OOMBIHIIA  KOPCETKIIITEPAl KaMTHUTBIH O KYpPri3UIreH
SKCHEPUMEHTTEPIIH HoTwxkKenepi OepinreH. JKorapplga KeNTIpUITeH MOTIMETTEpAeH Kepil
OTBIPFAaHBIMBI3/Ial, SK30TOJIMCAXapUATEP/IiH eH Kon Memiepi (2,2 r/i) Trametes versicolor 353
mTaMMbl, al oaaH canm a3 Lentinus tigrinus 2478 sxome P. squarrosa 2010 mramMmmaaps
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CUHTE3IE].

Kecre 2 — Aram mripiTeTiH O0a3uausiIbl CaHBIPAYKYIAKTAPIABIH OPTYPHL TYPJIEPIHIH 3epTTenTeH

MITaMMIAPBIHBIH MALICTUHIHACTI ITOMHCaXapuATePAiH MOJIIIIepi

[tamMmm DK30IOICaxapuaTep, I/

Ganoderma applanatum 1899 0,71 £0,05
G. carnosum 2502 0,67 = 0,09
G. lucidum 1900 0,88 +£0,09
G. lucidum 1904 0,81 +£0,08
G. oregonense 2560 0,84+ 0,06
G. resinaceum 2477 0,91+ 0,08
G. sinense 2516 0,62 + 0,08
G. tsugae 1848 0,74 +£ 0,08
G. tsugae 2024 0,82 + 0,09
G. tsugae 2566 0,80+ 0,07
Pholiota nameko 2153 1,01 +0,13
P. adiposa 22 1,31+0,11
P. subochracea 2535 0,69 + 0,08
P. limonella 2335 1,55+0,16
P. alnicola 2406 0,99+0,11
P. squarrosa 2010 1,75+0,15
P. aurivella 1527 1,07+ 0,09
Lentinus tigrinus 2478 1,83 +0,14
Trametes versicolor 353 2,24+ 0,17
Pleurotus osreatus 548 1,33+ 0,11

KopsbIThiHABI. 3epTTey OapbIChIHIA 3HJO0 - JKOHE SK30IMOJIMCaXapUATEpAIH €H Kol
MOJIIIIEPIH CUHTE3/Iey KalOuteTi 0ap KyHABI JOPUIK CaHbIPAyKYJIaKTapAblH KOJIEKIIHSIIBIK
JaKblIIapbIHAH MITaMMAAP/IbI ipikTey OoiibIHIIA OipKaTap SIKCIEPUMEHTTED >KYPri3ii.

Kyprizinren 3eprreynep HOTIKECIHIE HHIOMOJIUCAXapUuaTepaiH OeNCceH Il MPOTyIeHTI
periage - Ganoderma lucidum 1900, an sk3omonucaxapuATepAiH OeJIceH i TPOIYIICHTI peTiHe
- Trametes versicolor 353 TIEPCIICKTUBAJIBI OHMOTEXHOJIOTUSIIIBIK ImTaMMJapbl TaHAAJIbIN AJIBIHABI.
biznin 3eprreynepimiz G. lucidum, T. versicolor canpipaykysiakTapbl 9pTYpJIi Jopifik KacuerTepi
Oap monucaxapuaTepaiH OeJIceH 1 MPOIYLEHT] €KEeHIH TSN IeI1.

Kap:kbL1anabIpy TypaJibl aKknapar
3eprrey Kazakcran PecniyOnukace! biniM skoHe FBUIBIM MUHHUCTPIIT] FhUIBIM KOMUTETIHIH
Kap KbUIBIK KOJIJIaybIMEH KYy3ere achlpbulasl (TpanT Ne AP09258296).
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CKPUHHUHI' ITAMMOB JIEKAPCTBEHHBIX BASU/IUOMUIETOB C
BBICOKUM COAEPKAHUEM IIOJIMCAXAPHUIOB

AHHOTAIUA

B Hacrosimee Bpemsi BbIcHIMe Oa3umuaibHBIE TPUOBI PacCMATPUBAIOTCS HE TOJBKO KaK IIEHHBIN
MUILIEBON MPOAYKT, HO M KaK Ba)KHBIH MCTOYHUK TONYyYSHHS MPUPOAHBIX (PapMaKOIOTHIECKUX BEIICCTB
OHKOCTaTUYHOT'0, aHTUBHPYCHOT'O, UMMYHOMOICJTUPYIOIIET0, aHTUCKICPOTHYECKOTO, TOHU3UPYIOIIETO U
Ip. neWcTBusl. brojaorndeckyro akTUBHOCTH OOJBIIMHCTBA TPHOOB BO MHOTOM OIPEIEIISIOT COCTMHEHHS
VIJIEBOJHOW TPHUPOJIBI, OOJbIIAas YacTh KOTOPHIX IMpeJCTaBieHa IMojucaxapuuamMu. [ puOHbIe
NOJIMCaxapuabl  CIHOCOOCTBYIOT — TPENOTBPAICHHIO  OHKOreHe3a,  O0JajaloT  BBIPAKCHHOMN
IPOTHBOOIYXOJICBOIl aKTUBHOCTHIO B OTHOIICHHWH PA3JIMYHBIX AJUIOTCHHBIX M CHHI'€HHBIX OMYyXOJeH U
NPEeIOTBPAIIAIOT Pa3BUTHE METAacTa30B. B HacTosImIeH cTaThe MpoBeaeHa CPAaBHUTEIbHAS XapaKTePUCTHKA
20 mramMoB 17 BuAoB OasuaMaibHBIX TpUOOB Ha CHOCOOHOCTH K OHOCHHTE3y OJK30- U
SHJIOTNIOJINCAXapHUIOB. B pe3ynprare NPOBENCHHBIX HCCIEIOBAHUI YCTAaHOBJIECHO, YTO HaMOOJbIIee
KOJIMYECTBO 9JHJOMOJKCAXapUAOB CHHTE3MPOBAIOCh Yy TpeicTaButeneid poxa Ganoderma  (ux
coaepxanue BapbupoBayio ot 4,4% no 8,0%). HauBbicmii IpoLIeHT 3HIOMOIUCAXAPUIOB COACPIKAICS B
ouomacce G. lucidum 1900. HauGosnpliee jxe KOJMYECTBO IK30MOIHUCAXapHIOB (2,2 T/11) CHHTE3UpOBa
mrtamm  Trametes versicolor 353. O6a mitamMma SIBISIOTCS HEPCHEKTHBHBIMH — HPOAYLCHTAMH
HOJIMCAaxapHIOB.

KaroueBble  cioBa:  Oasuauomuiietsl, Ganoderma,  Trametes,  sHIomOJIHMCAXapHIb,

9K30II0JINCaxapulibl, FJ'IY6I/IHHOC KYJIbTUBHUPOBAHHC
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Abstract

At present, higher basidiomycetes are considered not only as a valuable food product, but also as an
important source of natural pharmacological substances with oncostatic, antiviral, immunomodulating,
antisclerotic, tonic, and other effects. The biological activity of most fungi is largely determined by
carbohydrate compounds, most of which are represented by polysaccharides. Mushroom polysaccharides
contribute to the prevention of oncogenesis, have a pronounced antitumor activity against various
allogeneic and syngeneic tumors, and prevent the development of metastases. In this article, a
comparative characteristic of 20 strains of 17 species of basidiomycetes for the ability to biosynthesis of
exo- and endopolysaccharides was carried out. As a result, it was found that the largest amount of
endopolysaccharides was synthesized by Ganoderma fungi (their content varied from 4.4% to 8.0%). The
highest yield of endopolysaccharides was determined in the biomass of G. lucidum 1900. The highest
yield of exopolysaccharides (2.2 g/l) was synthesized by Trametes versicolor 353. Thus, both strains are
considered as promising polysaccharides producers.

Key words: basidiomycetes, Ganoderma, Trametes, endopolysaccharides, exopolysaccharides,
submerged cultivation.

Various bodily functions can be controlled by dietary factors that are actively involved in
maintaining homeostasis and health. Based on ideas about the possible relationship between
nutrition and health/disease, the concept of “functional nutrition” was born, the paradigm of
which is the understanding of food as medicine. The main goals of this brunch of science are
maintaining good health, normalizing homeostasis and creating conditions to prevent disease by
controlling human nutrition. This is fundamentally different from the tasks of medicine and
pharmaceuticals - the cure or management of the disease [1].

Research in this area is aimed, on the one hand, at a more detailed study of the role of
known food products in human health, and, on the other, at finding new sources of therapeutic
nutrition. Recently, there has been increased attention to the development of food additives and
therapeutic and prophylactic drugs that can be used to regulate physiological functions in the
human body. Higher basidiomycetes are promising objects of biotechnology since they contain a
unique complex of biologically active substances vital for the human body [2-5]. In particular,
they are a source of new polysaccharides with antitumor and immunomodulatory properties [6,
7]. The fruiting bodies of these mushrooms are grown on an industrial scale in many countries of
the world and have been widely used in Chinese medicine for more than two millennia [8].

Edible mushrooms with medicinal properties include species of the genera Lentinus,
Auricularia. Hericium, Grifola, Flammulina, Pleurotus, Tremella, etc. A wide range of
medicinal properties of mushrooms is due to the presence of biologically active components in
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their composition [9-15]. A special role belongs to high molecular weight carbohydrates and
melanins, which are the basis of a number of medicinal, therapeutic and prophylactic drugs with
antioxidant, anticarcinogenic and immunomodulating effects.

The biological activity of most fungi is largely determined by carbohydrate compounds,
which reaches 60% of the dry fungal biomass [16]. They are represented by free and bound
sugars, as well as by polysaccharides. These substances perform reserve, osmoregulatory,
regulatory and protective functions. In the early 70s of the last century, a group of Japanese
scientists established the oncostatic effect of polysaccharides isolated from the fruit bodies of
some basidial fungi, which led to an active study of these compounds, as well as the search for
their producers [17].

Polysaccharides are a structurally diverse group of biological macromolecules widely
distributed in nature. They consist of repeating structural units - monosaccharide residues
interconnected by glycosidic bonds. Compared to proteins and nucleic acids, polysaccharides
have a higher ability to carry biological information, as they have the greatest potential for
structural variability. Mushroom polysaccharides contribute to the prevention of oncogenesis,
have a pronounced antitumor activity against various allogeneic and syngeneic tumors, and
prevent the development of metastases. Polysaccharides do not directly affect cancer cells, but
activate various immune responses in the body. The diverse antitumor effects of polysaccharides
is the result of an increase in the response of T-cell precursors and macrophages to cytokines
produced by lymphocytes after specific recognition of tumor cells. Secondary metabolites with
low molecular weight affect such processes as apoptosis, angiogenesis, development of
metastases, regulation of the cell cycle, and transmission of signaling cascades in the cell [18].

Currently, 70%-80% of all fungal preparations are obtained from fruiting bodies and 20%-—
30% from mycelium extracts and culture fluid [19]. Recently, the attention of researchers has
been attracted in polysaccharides obtained not only from fruiting bodies, but also from deep
mycelium and culture fluid; however, they still remain poorly understood [20, 21]. At the same
time, there is a reason to believe that in their structure and properties they will not differ from the
polysaccharides of fruit bodies. Moreover, the technological scheme for obtaining extracellular
polysaccharides and endopolysaccharides from deep mycelium is much simpler compared to
obtaining from fruiting bodies [21]. In this regard, the main goal of this study was the screening
of strains of medicinal basidiomycetes - producers of endo- and exopolysaccharides.

Materials and methods

The object of research was 20 strains of 17 species of basidiomycetes from the collection
of cap mushroom cultures of the N.G. Kholodny Institute of Botany of the National Academy of
Sciences of Ukraine (IBK): Ganoderma applanatum 1899, G. carnosum 2502, G. lucidum 1900,
G. lucidum 1904, G. oregonense 2560, G. resinaceum 2477, G. sinense 2516, G. tsugae 1848, G.
tsugae 2024, G. tsugae 2566, Pholiota nameko 2153, P. adiposa 22, P. subochracea 2535, P.
limonella 2335, P. alnicola 2406, P. squarrosa 2010, P. aurivella 2605, Lentinus tigrinus 2478 ,
Trametes versicolor 353, Pleurotus osreatus.

Endopolysaccharides were isolated from the fungal mycelium grown by submerged
cultivation on a glucose-peptone-yeast medium (GPA) of the following composition g/L: glucose
- 30.0; peptone - 3.0; KH,PO4 - 1.0; KoHPO, - 1.0; MgSO,4 x 7H,0 — 0.25; yeast extract - 3.0.

The experiments were carried out on laboratory shakers (180 rpm) in 250 mL Erlenmeyer
flasks with 50 mL of the medium for 14 days in the dark. The cultivation temperature was 25-
27°C. The inoculum was introduced into a sterile medium in an amount of 10% of the total
volume of the medium in the flasks.

The inoculum was obtained in the following way: 7-day old culture grown on 2% GPA
agar medium was homogenized and added into a sterile medium (10% by volume). The
inoculum was grown on laboratory shakers (180 rpm) in 250 ml Erlenmeyer flasks with 50 ml of
medium for the time necessary to form a fine suspension of mycelium, which was used to
inoculate the experimental flasks. To obtain an inoculum, the mycelium of strains G. applanatum
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1899, G. lucidum 1900, G. lucidum 1904 was cultivated for 4 days; strains G. tsugae 1848, G.
tsugae 2024, G. tsugae 2566, G. carnosum 2502, G. resinaceum 2477, T. versicolor 353,
Pleurotus osreatus 548 — 5 days; strains G. oregonense 2560, G. sinense 2516, Lentinus tigrinus
2478 — 7 days; strains Pholiota nameko 2153 P. subochracea 2535, P. limonella 2335, P.
squarrosa 2010, P. aurivella 1527 — 9 days; strains P. adiposa 22, P. alnicola 2406 - 10 days.

After cultivation, the mycelium was separated from the culture liquid through a nylon
cloth, washed with potassium phosphate buffer (pH 6.6), and dried at 60°C to constant weight.
The resulting dried biomass was stored at room temperature in the dark in closed containers with
silica gel for 10 days until the extraction of endopolysaccharides.

To extract endopolysaccharides from deep mycelium, it was destroyed in a homogenizer.
The destroyed mycelium was poured with distilled water in a ratio of 1:10 according to weight
and boiled in a water bath for 18 hours. Extraction was carried out in glass tubes with ground
stoppers. Removal of cytoplasmic content was carried out by repeated suspension of the
destroyed mycelium in distilled water with centrifugation at 3000g for 15 minutes. The washing
procedure was stopped only when the optical density of the supernatant at 280 nm did not exceed
0.1[22].

The obtained extracts were concentrated on a rotary evaporator to 1/3 of the original
volume. The resulting concentrate was treated with 96° ethyl alcohol in a ratio of 1:1 by volume
and left at a temperature of 4°C until the complete precipitation of fractions containing
endopolysaccharides. The precipitate that formed was separated by centrifugation at 3000g for
20 min. The fraction obtained by precipitation, containing endopolysaccharides, was purified
from impurities of low molecular weight compounds by dialysis against distilled water for 3
days. After purification, the fraction containing endopolysaccharides was treated with ethyl
alcohol in a ratio of 1:2 by volume, the precipitate was separated by centrifugation at 3000g for
20 minutes. The precipitate obtained was successively washed with ethanol, ether, acetone and
dried at 37°C. The homogeneity of the endopolysaccharide was checked by gel filtration on
Sephadex G-200, the detection of the polysaccharide in the eluent was carried out using the
phenol-sulfuric acid method. The content of endopolysaccharides was calculated as percent of
absolutely dry biomass (a.d.m.).

Exopolysaccharides were isolated from the culture liquid obtained during the cultivation of
the studied strains by deep cultivation on a glucose-peptone-yeast medium (GPA) of the same
composition and under the same conditions that were used to study the content of
endopolysaccharides. After cultivation, fungal mycelium was separated from the culture liquid
by centrifugation at 3000 g for 20 min. Before extracting exopolysaccharides from the culture
liquid, it was evaporated to 1/3 of the original volume. The evaporation procedure was carried
out in a rotary evaporator at 50°C. To precipitate exopolysaccharides from cultural liquid, it was
mixed with 96° ethyl alcohol in a ratio of 1:2 by volume and left 4°C until complete precipitation
of fractions containing exopolysaccharides.

The precipitate was separated by centrifugation at 3000g for 20 minutes. The fraction
obtained by precipitation, containing exopolysaccharides, was purified from impurities of low
molecular weight compounds by dialysis against distilled water for 3 days. The precipitate
obtained was successively washed with ethanol, ether, acetone and dried at 37°C. The
homogeneity of the exopolysaccharide was checked by gel filtration on Sephadex G-200. The
determination of exopolysaccharides in the eluent was carried out using the phenol-sulfuric acid
method. The content of exopolysaccharides was calculated in terms of one liter of culture
medium.

Results and discussion

The ability of basidial fungi synthesize a large number of biologically active substances,
including exopolysaccharides, makes this group of organisms promising for biotechnological
research.
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In presented experimental work, 20 strains of 17 species of basidiomycetes fungi were
studied, which by their ecology belong to 5 genera of wood-destroying saprotrophic fungi. This
group of fungi is of research interest due to the presence of a large number of biologically active
substances, including endopolysaccharides. It has been experimentally proven that
endopolysaccharides isolated from the fruiting bodies, mycelium or spores of this group of fungi
have numerous medicinal properties.

All tested strains showed great heterogeneity in the efficiency of endopolysaccharide
synthesis (Table 1). The greatest amount of these compounds was synthesized in representatives
of the genus Ganoderma and their content varied from 4.4% to 8%. The highest percentage of
endopolysaccharides (8%) was contained in the biomass of G. lucidum 1900. G. lucidum 1904,
G. oregonense 2560, G. sinense 2516 and G. tsugae 2024 contained a lower amount of
endopolysaccharides (7.0 -7.7%). G. tsugae 2566 and G. resinaceum 2477 strains had the least
amount of polysaccharides in the mycelium of the Ganoderma genus — 5.1% and 4.4%,
respectively.

Thus, according to Table 1 G. lucidum 1900 is a promising producer of
endopolysaccharides. Thus, more than 200 different types of endopolysaccharides with a
molecular weight from 4 x 10° to 1 x 10° Dalton have been isolated and identified from the
fruiting bodies and mycelium of G. lucidum, most of which exhibited antitumor properties.
Structural analysis showed that G. lucidum endopolysaccharides are mainly high molecular
weight heteropolymers, the main component of which is glucose, and the minor ones are xylose,
mannose, galactose, and fucose. Different types of polysaccharides isolated from G. lucidum
have variability in the degree of branching of the molecule and can induce immune reactions of
different strength and nature.

Table 1 — Endopolysaccharides content in mycelia of different strains of basidiomycetes fungi

Strain Endopolysaccharides, % a.s.m.
1 2
Ganoderma applanatum 1899 6,3+0,2
G. carnosum 2502 6,6+0,3
G. lucidum 1900 8,0+ 0,2
G. lucidum 1904 7,5+0,3
G. oregonense 2560 7,7+0,3
G. resinaceum 2477 4,4+0,2
G. sinense 2516 7,0£0,3
G. tsugae 1848 6,2+0,3
G. tsugae 2024 7,8+0,2
G. tsugae 2566 5,1+04
Pholiota nameko 2153 1,64+0,04
P. adiposa 22 1,45+0,16
P. subochracea 2535 1,44+0,10
P. limonella 2335 1,51+0,09
P. alnicola 2406 1,57+0,13
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Table 1 continuation

1 2
P. squarrosa 2010 1,61+0,09
P. aurivella 1527 1,68+0,10
Lentinus tigrinus 2478 1,55+0,21
Trametes versicolor 353 1,74+0,17
Pleurotus osreatus 548 1,61+0,09

Complex compounds containing endopolysaccharides such as glycopolysaccharides and
ganoderans isolated from G. lucidum also exhibit antitumor activity. G. lucidum polysaccharides
have been shown in a number of studies to improve immune functions. It has been proven that
they stimulate the secretion of cytokines from cells of the immune system, which leads to an
increase in cellular activity and promotes the survival of macrophages and lymphocytes. In
addition, polysaccharides from G. lucidum increase the expression of the major
histocompatibility complex in a melanoma cell line, which improves antigen presentation,
thereby stimulating antitumor and antiviral immune responses [23].

The ability of basidial fungi to release into the culture medium a large amount of
biologically active substances, including exopolysaccharides, makes this group of organisms
promising for biotechnological research. The culture fluid was subjected to a series of successive
treatments, including various methods of concentration, precipitation, centrifugation and dialysis.
The resulting retentive exopolysaccharides was treated with 96° ethyl alcohol, ether, acetone, and
the resulting precipitate was dried and stored at 37°C. Table 2 presents the results of the
experiments, including data on the content of exopolysaccharides. As can be seen from the
presented data, the largest amount of exopolysaccharides (2.2 g/l) was synthesized by the strain
Trametes versicolor 353. In Lentinus tigrinus 2478 and P. squarrosa 2010 the amount of
exopolysaccharides was 1, 83 = 0,14 and 1,75 + 0,15 g/1, respectively.

Table 2 - Exopolysaccharides content in mycelia of different strains of basidiomycetes fungi

Strain Exopolysaccharides, % a.s.m.
1 2
Ganoderma applanatum 1899 0,71 £ 0,05
G. carnosum 2502 0,67 + 0,09
G. lucidum 1900 0,88 £ 0,09
G. lucidum 1904 0,81 +0,08
G. oregonense 2560 0,84+ 0,06
G. resinaceum 2477 0,91+ 0,08
G. sinense 2516 0,62 + 0,08
G. tsugae 1848 0,74 £ 0,08
G. tsugae 2024 0,82+ 0,09
G. tsugae 2566 0,80+ 0,07
Pholiota nameko 2153 1,01+0,13
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Table 2 continuation

1 2
P. adiposa 22 1,31+0,11
P. subochracea 2535 0,69 +0,08
P. limonella 2335 155+0,16
P. alnicola 2406 0,99 +0,11
P. squarrosa 2010 1,75+ 0,15
P. aurivella 1527 1,07+ 0,09
Lentinus tigrinus 2478 1,83 +0,14
Trametes versicolor 353 2,24+ 0,17
Pleurotus osreatus 548 1,33+ 0,11
Conclusion

In the present work, a series of experiments were carried out to select strains from fungal
cultures of valuable medicinal mushrooms that have the ability to synthesize the largest amount
of endo- and exopolysaccharides. As a result, biotechnologically promising strains of
Ganoderma lucidum 1900 were selected as the best producer of endopolysaccharides and
Trametes versicolor 353 as the best producer of exopolysaccharides. Our studies have confirmed
the fact that G. lucidum and T. versicolor fungi are active producers of polysaccharides with
various medicinal properties.
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AHHOTALUA
IlpoBeneno paitonupoBanue tepputopun PK Ha B30HBI MO CTENEHH PacIpOCTPaHEHUS
nactepenié3Hol nHpeknun cpenu kpynHoro poraroro ckota (KPC) 3a 2012-2021 roger. K 30He c
BBICOKOHM CTETEHBIO paclpoCTpaHEeHUs NacTtepeiié3a oTHeceHsl - 3anaaHo-Kazaxcranckas u Boctouno-
Kazaxcranckas obmactu. K 30He co cpefHel CTeneHbI0 pacIpOCTpaHeHUs - AThIpaycKasi, AKTIOOWHCKas,
Anmarunckas, Kaparanmunckas, JXXamoObuickas, Kocranaiickas obmactu. K 30He ¢ HHM3KOW CTENEHBIO
pacmpocTpaHeHuss OTHeceHbl - Kbi3putopmuHckas, AxmonuHckas wu [laBiogapckas oOnacTu.
CBoOogubIMU (OaromonydHbIME) ABISIOTCS Manrucrayckas, CeBepo-Kazaxcranckas u Typkecranckas
obnmactu. Bcero ycranoBmeno 11 oOmacteit pecrmyOnMKHM ¢ pa3HOW CTENEHBIO PACIIPOCTPaHEHUS
nacrepesi€3HoN HH(EKIUH Cper KPYITHOTO pOraToro CKOTa.
Kurouessle cioBa: nacrepemés KPC, 30HupoBanue, pacnpocTpaHeHUE, SMU300TOJIOT UL

OnHOI U3 MUPOKO PacCHPOCTPAHEHHBIX HHPEKIIMOHHBIX 00JIe3HEH )KUBOTHBIX, HAHOCSIIUX
00JbIION SKOHOMHUYECKUH yHiepO >KMBOTHOBOACTBY M HMEIOLIMX OIPENEICHHOE COLUAIbHOE
3HaYeHue, ABJSAETCS NacTepesuiés.

[Macrepennés (Pasteurellosis) - remopparudeckasi cenTuiemMus - HHPEKIHOHHAs 0OJIC3Hb
MHOTMX BHUJOB CEJIbCKOXO3SHCTBEHHBIX M JIMKUX MJIEKONUTAIOMINX, a TaKkkKe NTHIL,
XapaKTepU3ylolascss MpU OCTPOM TEUYEHWH CHUMIITOMAMM CENTULEMUH, HPU TMOAOCTPOM U
XPOHUYECKOM - IPEUMYILIECTBEHHBIM [TOPAKEHUEM JIETKHX.

[To coBpeMeHHOU SNUAEMHOJIOTMYECKON Kilaccu(UKalUK TMPEACTaBUTENEH MacTeperu
OTHOCAT K BO30yauTensM 300aHTponoHo30B. Hocutensmu Pasteurella multocida sieistrorest
KPC, nomamu, Menkuii porarbiii CKOT, OyWBOJIbI, KO3bI, CBUHBbH, T'PBI3YHBI, KOIIKH, COOAaKH,
JMKUE >KUBOTHBIE, JOMAIIHWE W JUKUe NTUIBL [Ipu GnaronmpuaTHBIX YCIOBUAX MacTeperié3
pa3BHUBaeTCA U PACIIPOCTPAHSIETCS CPEAN OJIaronoIyqHOro NOroj0Bbs )KUBOTHBIX.

Ha teppuropun Kazaxcrana, cormacHO JaHHBIM BETEPUHAPHONW OTUETHOCTHU U JINTEPATYPHI,
€XKEroJIH0 OTMEYaeTCs] SH300THUECKHUE BCHBIIKU MacTepessié3a cpeau CelbCKOXO03HCTBEHHBIX
JKUBOTHBIX, TPEUMYIIIECTBEHHO MOJIOAHsKa [ 1, 2].

bonesnp  compoBoxmaercss  Beicokoi (M0 100%)  neTambHOCTBIO, CHUXEHUEM
OPOAYKTUBHOCTH, JJIUTEIbHBIM HOCHTEIBCTBOM MATOreHHBIX (GopMm Mukpoba. Kpome Toro,
MaCTEPEINIOHOCUTENBCTBO Y 3TUX KUBOTHBIX MOKET 00YCJIOBIMBAThH MOSBIEHUE OOJIE3HU CPEIU
JPYTMX BHUIOB MIJEKONMTAIOIMUX M BO3HMKHOBEHHME HOBBIX JSMHM300THUYECKMX oOuaros. B
JUTEepaType UMEIOTCS yKa3aHHs O HEOOXOAMMOCTH KOHTPOJS 3a MacTepesui€é30M KUBOTHBIX U
yesoBeka [3 - 5].

Takum 00pa3zom, MpUBEIEHHBIE JaHHBIE CBHUJIETENBCTBYIOT O LUPKYISIUU BO30YIUTEINS
nactepesuié3a Ha TEPPUTOPUU PECITYOJIMKH CPEH )KUBOTHBIX U HEOOXOAUMOCTH MOHUTOPHHTA 32
naHHoW uH@ekuuei. [Ipy 3TOM BakHO 30HUPOBATH TEPPUTOPUIO CTPAHBI B 3aBUCUMOCTU OT
CTETIEHU PACHpPOCTPaHEHUsI OOJE3HM B OOJIACTSX, palloHaX M T.JA. U JaJbHEHIIero aHaauza u
INPUHATUS KOPPEKTUPYIOUINX JeHCTBUN (0TOOp MpoO [UIsi AMArHOCTUYECKUX HCCIEAOBAHUMI,
BaKLMHAINA, YITYUIICHHE COJePKAHUS U KOPMIICHHSI )KUBOTHBIX U TIP.).
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[lenp paHHOrO MCCIENOBaHMSA — NPOBECTH 30HUPOBaHHE Teppuropun PecnyOnuku
Kazaxcran mo cremeHH pacnpocTpaHEHUs 3a00JIeBaHUS MACTEPEIUIE30OM CPEAU KPYIHOIO
poraToro CKora.

Marepuansl 1 Meroasl. M3ydeHne 3NM300TOJIOTMYECKON XapaKTEPUCTUKUA TEPPUTOPUU
ctpanbl no mnacrepemi€sy KPC ocymiecTBisinmm myreM aHaiM3a JaHHBIX BETEPUHAPHOU
oruérHoctn KBKH MCX PK 3a 2012-2021 rr. ns rpadu4eckoro oToOpaKeHUs BBIYUCISIEMbIX

BEJIMYMH UCIOJIb30BaHa porpamma Microsoft Paint 2010.

Pe3yabTarsl u 00Cy:KIeHHeE.
ONHU300TOJIOTMYECKM MOHMTOPUHI B OTHOUIEHMM ©IacTepesié3a KpYIHOI'O poraToro

CKOTa, OCYIIECTBIISIEMbIi HAMH B 3MHM300TOJOTHYECKUX €AMHHUIAX XO3SHCTBYIOIIUX CyOBEKTax
PecnyOonmuku Kazaxcran, 3a mepuon ¢ 2012-2022  rr. mo3BOJMJI BBIIBUTH OCOOEHHOCTH
BO3HHMKHOBEHUS, Pa3BUTHUS U HPOSBIICHUS OOJIE3HH, YCTAHOBUTH CTEIEHB €€ paclpOCTPaHEHHs U

COCTaBHUTb KapTy 30HUpOBaHUs Tepputopun odmnacteii PK (pucynoxk 1).

Artupaycxas- ' 8

Kocrauaiickas-2

Kaparanauuckas-6
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Pucynok 1 — KaprorpadupoBanue (patiornpoBanne) Teppuropuu PK Ha 30HBI 110 cTeneHn
pacnpocTpaHenus nactepesésnoi napexuuu cpeau KPC 3a 2012-2021 rozst

Kak mnoka3zano Ha pucyHke 1, 3a aHanu3UpyeMmblil MEpPUOJ K 30HE BBICOKON CTENEHH
pacnpoctpaneHus mnacrepemiésa KPC orthecensl 3anmagHo-Ka3zaxcranckas u  BocTtouHo-

Kazaxcranckasa o61acTu.
K 30He cpenneil ctenenu pacnpocTpaHeHus - ATbIpayckas, AKTIOOWHCKas, ATMaTHHCKaS,

Kaparannunckas, XKamosiinckas, Kocranaiickas obmactu.
K 30He HU3KOI cTeneHu pacnpocTpaHeHUsi OoTHeceHbl KbI3bUlopAMHCKAsA, AKMOJIMHCKAs

[TaBnogapckast obmacTu.
CBoOonubiMu (OmarononyyHsiMu) sBIsIIOTCS Manrucrayckas, Cesepo-Kazaxcranckas,

Typkectanckas o0jacTH.
Jletanu3anus JaHHBIX 3MHU300TUYECKON KapThl BU3yaU3aI[MH SMTU300THUECKOTO Mpolecca

nacrepeiésa KpymHoro poratoro ckora 3a nepuos ¢ 2012 mo 2021 roasr Ha mpuMmepe 3armaaHo-
Kazaxcranckoit u Bocrouno-Kazaxcranckoit oOmacreidf, kak HamOojee HeOIaromolydyHbIX

PErHOHOB, MIPEACTABICHBI HA PUCYHKaX 2 U 3.
Ha Teppuropun 3ananno-Kaszaxcranckoit oGmactu 3a mepuon ¢ 2012 mo 2021 ronsl

3aperucTPUPOBaHO 37 04aroB MmacTepeui€3HOoN HHDEKIIIH.
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Pucynoxk 2 — Kaptorpadupoanue (pailonuposanue) Tepputopun 3anagHo-Kasaxcranckoit
00JIacTH Ha 30HBI 110 CTENICHN pacpOCTpaHEeHUs macTepeuié3noi nadekumuu cpenu KPC
3a 2012-2021 roasl

Kak BuaHO U3 pucynka 3, o6yiacTe yCIOBHO ObUIa pa3jiefieHa Ha BBICOKYIO, OT 5 U BBIIIIE,
0YaroB, CpegHIO - oT | 1m0 5 owaroB u Onaromoiy4dHble palioHBL. BbICOKas CTeneHb
3apaxEHHOCTH MacTepesyié30M B 00JIaCTH HE BBISBIICHA.

K cpenneit cremenm oTHeceHBl - AKaukckuii, baitepexkckuit, bokeiiopauHckuii,
Bypnunckuii, Xanranunckuii, KaparoOunckuii, Tackanunckuii, TepekTUHCKHI pailoHBI U T.
VYpansck, rae 3a nocaeanue 10 et 3aperucTpupoBaHo oT 1 10 4 3MHU300TUUECKUX 0YaroB.

Ocranbuble 4 paifoHa - Kazranosckuil. JKannGekckuii, Ceipsimckuil, IsiHrupnayckuit
SIBIISTIOTCSI OJIarONOTyYHBIMH.

Ha teppuropun Boctouno-Kazaxcranckoit obmactu 3a mepuon ¢ 2012 mo 2021 romsr
3aperucTpUpPOBaHO 36 ovara macTepesi€3HoM HHPEKIIUHU.

Pucynok 3 — Kaprorpagupoanue (paiionnpoBanue) Tepputopun Bocrouno-Kaszaxcranckoit
00JIaCTH Ha 30HBI 110 CTENIEHU paclpoCTpaHeHus nacTepeuié3noi nadexunu cpenu KPC
32 2012-2021 roxasl

Kax Buano u3 pucynka 3, Bocrouno-Ka3zaxcranckas 00yactb yciaoBHO OblTa pa3zelieHa Ha

BBICOKYHO, OT S5u BBIIIC, OYaroB, CpCAHIOI0 - OT 1 JI0 5 oyaroB u 6J'Ial“OHOJIy‘IHLIe paﬁOHBI.
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K BBICOKOI CTENEHH 3apaK€HHOCTH MACTEpPeIE30M OTHECEHBI JBa pailoHa — AAT03CKHUI,
/1€ 3apETUCTPUPOBAHO 15 AMU300THYECKUX 04aroB U Y puxapckuii - 10 ouaros.

K cpenneit crenenu otHecennl Koknektunckuii, Kypuymckuii, beckaparaiickuii, Antai u
ropoxa Cemeit, rie 3a 10 et 3apeructpupoBano 1o 1 ciyyaro.

Ocranpubie 11 pailoHOB  SIBISAIOTCA ~ OJAromnosydHbIMH -  BOPOXYJTUXUHCKHM,
I'my6oxoBckuii, XXapmunckuii, 3aiicanckuii, Karon-Kaparaiickuii, Tapbararaiickuii, Y 1aHCKHIA,
[IlemonanxuHCKuii paitonsl U ropoja Pumnep, Kypuaros, ¥Ycrb-Kamenoropcek.

[IpuBeneHHbIE NaHHBIC SIBIAIOTCS KOJMYECTBEHHBIMHM TOKA3aTENSIMU SIHU300TUYECKOTO
npoiecca.

3akiroueHue

Beero ycranoeneno 11 obGmacteil pecnyOiaMKH C pa3HOM CTEMEHBIO PACIPOCTPAHCHHS
nacrepesiésnod uHpeknuu cpenu KPC. M3 Hux 2 00sacTd OTHECEHBI K 30HE C BBICOKOM
CTENEHbIO PACHpPOCTpaHeHus, 6 - co cpeaHed W 3 - ¢ HU3KOW CTENEHbIO PACHpPOCTPAHEHUS
nacteperiésa. 3 006JIacTH SIBISIOTCS 0Jaronoay4yHbIMU MO JAHHOMY 3a00JI€BaHHIO.

Croutr n00aBHUTH, UYTO XapakTepHOM 0coOCHHOCThIO mactepemiésa B PK sBisercs
CTAllMOHAPHOCTh  JMH300THYECKHX  oudaroB.  CTallMOHAPHOCTH  JAaHHOM  HH(EKIUH
HOJJIEPKUBAETCS U 3a CUET MPUCYTCTBUS B IypPTax >KMBOTHBIX-IaCTEPEINIOHOCUTEIEH.

[Ipu pe3kux mnepemnagax TeMIEpaTypbl BO3AyXa, CMEHBl IPYIMX MOTOIHBIX YCIOBHI,
YXYALIEHUS COJEp’KaHUS W IUIOXOr0 KOPMIIEHHS U T.A. Y KUBOTHBIX-IIACTEPEINIOHOCUTENIEH
CHI)KAETCS PE3UCTEHTHOCTh OpraHu3Ma HM Ha OSTOM (OHE MPOUCXOIUT  AKTHBAIMUS
NEPCUCTUPYIOLUIMX B OpraHu3Me€ I[acTepesll, 4YTO BEAET K BO3HUKHOBEHHIO BTOPHUYHOIO
nactepeiiésa, COMPOBOXKIAIOIIETOCS CHOPAAUYECKUMHU CIYYasiMH, DSIHU300THSIMH M JIaXKe
AMU300TUICCKUMU BCIIBIIITKAMHU.

W3ydyeHrne naHHBIX O MacTepesié3e KPYMHOTO poraroro ckora 3a mnociueanue 10 et
MO3BOJIAET YTBEPKAaTh, YTO 3Ta OOJE3Hb MONY4YMJIA LIUPOKOE PACIpOCTPAHEHHE U SBISAETCS
CEpbE3HBIM MPEMATCTBUEM PA3BUTHUS CKOTOBOJICTBA.

DuHAHCHPOBaHUE

Pabora Brimonnena B pamkax I MCX PK (2021-2023 rr.) mo npoekty «/3ydnutsb
SMU300TOJIOTMUECKYI0 XapaKTEPUCTHKY TEppUTOpuM cTpaHbl 1o mnactepemiésy KPC n
pa3paboTaTh BETEpUHAPHO-CAHUTAPHBIE MEPOIPUATHS 10 MOBBIMIEHUIO UX 3P (HEKTUBHOCTI .
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IPI KAPA MAJI APACBIHJIA TACTEPEJIIE3 AYPYBIHBIH TAPAJIYBI
JIOPEJKECI BOMBIHIIA KABAKCTAH PECITYBJINKACBIHBIH AYMAFBIH
AHUMAKTAPFA BOJIY

Tyiiin

2012-2021 sxbpapsl IKM apackinga mactepeiie3 HH(EKUUSACHIHBIH Tapally Jopekeci OOHbIHIIA
Kazakcran PecnyOnukachIHbIH ayMarbIH aiiMakTapra Oeny skyprisingi. [lactepennesain xorapsl Tapaity
artmarpiHa bateic Kazakcran sxome Iwsirpic KazakcTan oOnbICTaphl, aj opraiia Tapaimy IopexeciHe —
ATteipay, Axrtebe, Amnmartbl, Kaparangpi, XKamOwi1, Kocranait obGmbictapsl kipemi. TemeH Tapamy
aiimarsiHa Ke3butopaa, Axkmona sxoHe IlaBmonmap oOmabicTapbl KaTKbI3pUIFaH. MaHreicTay, CONTYCTIK
Kazakcran, TypkicraHn oOmbICTapel epKiH (aypy TipkenMereH) aiiMakrap OOJNBIT TaOBLIAJIBL.
PecrryOnmmkambiznbie 11 oOmbicer Goiipiama ipi kapa man (IKM) apaceiHma Tapamy mopexkeci opTypii
nacrepesie3 HHQEKIUIChl aHbIKTAIFaH.

Kiar ce3xep: ipi kapa May nactepeiniesi, aiiMakTapra 0eity, Tapaiybl, SITU300TOJIOTHS.
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ZONING THE TERRITORY OF THE REPUBLIC OF KAZAKHSTAN
ACCORDING TO THE DEGREE OF THE DISTRIBUTION OF PASTEURELLOSIS
DISEASE AMONG CATTLE

doi:10.53729/MV-AS.2022.03.04

Abstract

The zoning of the territory of the Republic of Kazakhstan into zones was carried out according to
the degree of spread of pasteurellosis infection among cattle for 2012-2021. The zone with a high spread
of pasteurellosis includes the West Kazakhstan and East Kazakhstan regions. To the average degree of
distribution - Atyrau, Aktobe, Almaty, Karaganda, Zhambyl, Kostanay regions. The Kyzylorda, Akmola
and Pavlodar regions are assigned to the zone of low distribution. Free (prosperous) are Mangystau,
North-Kazakhstan, Turkestan regions. In total, 11 regions of the republic were identified with varying
degrees of spread of pasteurellosis infection among cattle (cattle).

Key words: cattle pasteurellosis, zoning, distribution, epizootology.

One of the widespread infectious animal diseases that cause great economic damage to
animal husbandry and have a certain social significance is pasteurellosis.

Pasteurellosis (Pasteurellosis) - hemorrhagic septicemia - an infectious disease of many
species of agricultural and wild mammals, as well as birds, characterized in acute by symptoms
of septicemia, in subacute and chronic - a predominant lesion of the lungs.

According to the modern epidemiological classification, representatives of Pasteurella are
classified as pathogens of zooanthroponoses. Carriers of Pasteurella multocida are cattle, horses,
small cattle, buffaloes, goats, pigs, rodents, cats, dogs, wild animals, domestic and wild birds.
Under favorable conditions, pasteurellosis develops and spreads among prosperous livestock.
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On the territory of Kazakhstan, according to the data of veterinary reporting and literature,
enzootic outbreaks of pasteurellosis are observed annually among farm animals, mainly young
animals [1, 2].

The disease is accompanied by high (up to 100%) lethality, reduced productivity, and long-
term carriage of pathogenic forms of the microbe. In addition, Pasteurellosis in these animals can
cause the appearance of the disease among other mammalian species and the emergence of new
epizootic foci. There are indications in the literature about the need to control pasteurellosis in
animals and humans [3 - 5].

Thus, the above data indicate the circulation of the causative agent of pasteurellosis in the
territory of the republic among animals and the need to monitor this infection. At the same time,
it is important to zone the country's territory depending on the degree of spread of the disease in
regions, districts, etc. for further analysis and taking corrective actions (sampling for diagnostic
studies, vaccination, improvement of animal welfare and feeding, etc.).

The purpose of this study is to conduct zoning of the territory of the Republic of
Kazakhstan on the spread of pasteurellosis diseases among cattle.

Materials and methods

The study of the epizootological characteristics of the country's territory in terms of cattle
pasteurellosis of a consistent analysis of data from veterinary reporting by the KVKN of the
Ministry of Agriculture of the Republic of Kazakhstan for 2012-2021. Microsoft Paint 2010 was
used to graphically display the calculated values.

Results and discussion

Epizootological monitoring in relation to pasteurellosis of cattle, carried out by us in
epizootological units of economic entities of the Republic of Kazakhstan, for the period from
2012-2022. made it possible to identify the features of the occurrence, development and
manifestation of the disease, to establish the degree of its spread and to draw up a map of the
zoning of the territory of the regions of the Republic of Kazakhstan. Picture 1.

e

Kocrauaiickas-2

ATtuipaycxas- 8

2
x
g
=
£
=
<

Anmaryncxan-l 2

OATHECTEO HCGAATOMATYHWX Y HETDS
braronoayu:ias soua 0
|
6

3ot1a HIBKDA CTENSHK
3ona cpeaieii creneny
3oi12 sucokoit ctenemt |21 u Scaee

Figure 1 - Mapping (zoning) of the territory of the Republic of Kazakhstan into zones according to
the degree of spread of pasteurellosis infection among cattle for 2012-2021

As shown in Figure 1, for the analyzed period, the West Kazakhstan and East Kazakhstan
regions were assigned to the zone of high prevalence of cattle pasteurellosis.
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To the zone of medium distribution - Atyrau, Aktobe, Almaty, Karaganda, Zhambyl,
Kostanay regions.

The Kyzylorda, Akmola and Pavlodar regions are assigned to the zone of low distribution.

Free (prosperous) are Mangystau, North-Kazakhstan, Turkestan regions.

Detailed data of the epizootic visualization map of the epizootic process of pasteurellosis
in cattle for the period from 2012 to 2021 on the example of the West Kazakhstan and East
Kazakhstan regions, as the most disadvantaged regions, are presented in Figures 2 and 3.

On the territory of the West Kazakhstan region for the period from 2012 to 2021, 37 foci of
pasteurellosis infection were registered.
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Figure 2 - Mapping (zoning) of the territory of the West Kazakhstan region into zones according to
the degree of spread of pasteurellosis infection among cattle for 2012-2021

As can be seen from Figure 3, the region was conditionally divided into high areas with 5
or more outbreaks, medium areas with 1 to 5 outbreaks, and prosperous areas. A high degree of
infection with pasteurellosis in the region has not been identified.

The Akzhaik, Baiterek, Bokeyordinsky, Burlinsky, Zhangalinsky, Karatobinsky,
Taskalinsky, Terektinsky districts and the city of Uralsk are classified as medium, where from 1
to 4 epizootic foci have been registered over the past 10 years.

The remaining 4 districts are Kaztalovsky. Zhanibek, Syrym, Shyngyrlau are prosperous.

On the territory of the East Kazakhstan region for the period from 2012 to 2021, 36 foci of
pasteurellosis infection were registered.
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Figure 3 - Mapping (zoning) of the territory of the East Kazakhstan region into zones according to
the degree of spread of pasteurellosis infection among cattle for 2012-2021

As can be seen from Figure 3, the East Kazakhstan region was conditionally divided into
high from 5 and above foci, medium from 1 to 5 foci and prosperous areas.

A high degree of pasteurellosis infection includes two districts Ayagoz where 15 epizootic
foci and Urdzhar 10 foci are registered.

Kokpektinsky, Kurchumsky, Beskaragaisky, Altai and the city of Semey are assigned to
the average degree, where 1 case has been registered in 10 years.

The remaining 11 districts are prosperous - Borodulikha, Glubokovsky, Zharminsky,
Zaisansky, Katon-Karagaysky, Tarbagataisky, Ulansky, Shemonakhinsky districts and the cities
of Ridder, Kurchatov, Ust-Kamenogorsk.

The given data are quantitative indicators of the epizootic process.

Conclusion

In total, 11 regions of the republic were identified with varying degrees of spread of
pasteurellosis infection among cattle. Of these, 2 regions are classified as a zone with a high
degree of spread, 6 with an average and 3 with a low degree of spread of pasteurellosis. 3 regions
are safe for this disease.

It should be added that a characteristic feature of pasteurellosis in the Republic of
Kazakhstan is the stationarity of epizootic foci. The stationarity of this infection is also
maintained due to the presence of pasteurell-carrying animals in herds.

With sudden changes in air temperature, changes in other weather conditions, deterioration
of maintenance and poor feeding, etc. in pasteurell-carrying animals, the body's resistance
decreases and, against this background, pasteurella persisting in the body is activated, which
leads to the emergence of secondary pasteurellosis, accompanied by sporadic cases, epizootics
and even epizootic outbreaks.

The study of data on cattle pasteurellosis over the past 10 years suggests that this disease
has become widespread and is a serious obstacle to the development of cattle breeding.

Funding

The work was carried out within the framework of the PTF of the Ministry of Agriculture
of the Republic of Kazakhstan (2021-2023) under the project "To study the epizootological
characteristics of the country's territory for cattle pasteurellosis and develop veterinary and
sanitary measures to improve their effectiveness”
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AHHOTAMA

B crartbe ommcaHel ucclenoBaHUS BHpyca rematuta E, oOHapyXEHHOTO B NTHIEBOAYECKOM
x03s1iicTBe puropoa r.Anmarel (Kasaxcran), BoO BpeMsi BCHBIIIKY 3a00I€BaHKs HEU3BECTHOW ATHOIOTHH
y UBIUIAT MECSIYHOTO Bo3pacTa. B mapeHXwMe medeHW M TOYeK BBISBICHBI 3epHUCTAs AUCTPOGUS U
HEKPOTHYECKHE W3MEHEHUs, Pe3Koe YBEIHMYEHHE pa3Mepa Cele3eHKH u JUMQpouaHbx (ommukyn. Ilpu
OT-IILP k koHCepBaTHBHOMY (pparMeHTy reHa XelIHKa3bl BUpyca renatuta E B ueTbipex uccie 0BaHHbIX
obpasmax odHapyxena PHK Bupyca, moarBepskmaromias Hamnaue Bo30yIUTEIS.

KuroueBble cioBa: nruua, Bupyc renatura E, OT-IILP, rucronoruueckue uccaeaoBaHusl.

Bupychsriii renatut E (BI'E) — 310 uH(pekunonHoe 3a0oieBaHue MTHII, MICKOMHUTAIOIINX
JKMBOTHBIX U 4elloBeka, Bbi3biBaeMoe PHK-comepikamum Bupycom cemeiictBa Hepeviridae. Y
JOMalHuX Kyp renatut E 3apeructpupoBad BO MHOTHX cTpaHax mupa ¢ 80-X rogoB Mpouuioro
cronetusi — B Apctpanuu, CIIA, Mcnanuu, Poccun, Benrpuu, Utanuu, Kurae [1, 2, 3, 4, 5, 6,
7], Kopee, Uexuu, Aurnuu, Y kpaune, [lonbmie, M3paunne [8] no cerogHsAmHuA 1€Hb.

Briepsrie 60se3Hb OblIa OTMEUEHA Y HBIIUIAT ¢ CHHAPOMOM OOJIBIION TIEUYSHH B CEIC3CHKH
(Big liver and spleen — BLS) B8 Ascrpanuu [9]. B CIIIA u Kanane takxke 3aperucTpupoOBaHO
3a00JIeBaHNEe, WU3BECTHOE KaK CHHJPOM TeNaTo-CIJIEHOMeraauu 0e3 KaKuX-1M00 H3BECTHBIX
BO30yauTeNneil W mpoBouUpyrOmUX (aKTopoB. MoIeKynsapHO-TEHETHUECKHE HCCIeI0BaHUS
nokaszanu, 4to Bo3Oymutenun BLS B ABcrpammu u remaro-cruieHomeranuu B CLHA sBisrorcs
paznuuHbiMi BapuaHTaMu BI'E mouTu MaeHTUYHBIMU MO HYKJIEOTHUIHOM MOCIEI0BATEIbHOCTH.
Ha ocHOBe 3HAUMTENBHOTO CXOJACTBA MX T'€HOMOB ¢ TakoBbiMH BI'E wyenoBeka u apyrux
KUBOTHBIX BO30OynuTenb BLS o6o3HaueH ornenbHo kKak BI'E mrwi.

3apa)keHue JAOMAIHUX MTHI] renaTUTOM E mpoucxoauT alluMEeHTapHO, BO3MOYKEH TakKkKe
TpaHCOBapHaJbHbIM MyTh mepenaun Bupyca [10]. 3aboneBanue y Kyp pas3BuBaercs c 24-
HEJENBPHOTO BO3pacTa, M Yy OONBIIMHCTBA KIMHUYECKH He TposBiseTcs. CHIKAOTCS
IPOAYKTUBHOCTh U SHIIEHOCKOCTh MOT0JIOBbS, Y HEKOTOPHIX HAOJIOJAETCsl COHHOE COCTOSIHUE,
IIPOUCXOAUT MAacCOBBIM Naaek 340poBod ¢ Buay nrtuubl [11]. Yacto BupycHsii rematut E
COTIPOBOXIACTCS JKEATOYHBIM TEPUTOHUTOM. JMarHOCTHPOBATh HWH(MPEKIHUIO MOXKHO IO
MaTOJIOT0-MOP(OTOTHIECKHM HM3MEHEHHSIM C O00s3aTeNbHBIM TMOATBEPKJACHUEM C TOMOIIBIO
NDA wmm TI11P.

[leqpr0 MAaHHOTO MCCIENOBAaHMS SIBUIOCH ONpENENICeHUE BO3MOXHOW poau BI'E B
CMEPTHOCTH W CHIDKCHHMH TPOJYKTUBHOCTH y Kyp C CHHJIPOMOM Te€MaTo-CIUICHOMETAIUH B
INTULIEBOTUYECKUX X03s1HcTBax PK.

Marepunajbl M1 METOABI HCCJICAOBAHUS

21.]'[5[ BUPYCOJOTHUYCCKUX, THCTOJIOTMYCCKHX MW TEMATOJOTHMYCCKHUX I/ICCHeJIOBaHI/Iﬁ oT
OOJIBHBIX M MAaBIIMX NTHULl COOPaHBI KJIOAKAJIbHBIE, TPaxXealbHble CMBIBBI, KYCOUKH BHYTPEHHUX
OpraHoB U 00pas3Ibl KPOBH.
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CMBIBBI COOMpany CTEpUIbHBIMH BAaTHBIMH TaMIIOHAMH, MOMeHald BO (DJIAaKOHBI CO
cpenoit 199, coneprkareit koMmrieke aHTHONOTHKOB (reHUIuTMH 2000 ex/mi1, CTpenTOMUIIUH 2
Mmr/mi, reHTamMuniiH 50 Mkr/mi, HuctatuH 50 en/mi) u OBIYMET CHIBOPOTOYHBIA aIbOYMUH
(0,5%/m1). st momeTa U KII0aKaJbHBIX CMBIBOB KOHIIEHTPALIMIO aHTUOMOTHKOB YBEIIMYMBAIH B
nATh pas. [IpoObl 10 BUPYCOTOTHUECKUX UCCIAEAOBAaHUN XpaHUIU B KUAKOM a30Te (-196°C).

JIJIst THCTOJTIOTUYECKUX M TTATOJIOTOAHATOMUYECKHUX MCCIICIOBAHUN TYIIKU BCKPBIBAIH, TIPU
BHEIIHEM OCMOTpPE YUUTBHIBAIU pa3Mephl Teja, BEC, YIIUTAHHOCTb, COCTOSIHUE KOXH, CIU3UCTBIX
obOosiouek. M3 maBmuX WBIUIIAT MOMYyYeHBI KYCOYKHM BHYTPEHHUX OpraHoB (II€YCHb, IMOYKA,
Celie3eHKa, Jierkhe, KumieuyHuk). Tkanu ¢ukcupoBaiiu B 10% HeWTpallbHOM pacTBOpe
¢dopmanuHa, mociae MPOMBIBKM B BOJE HPOBOJIMIN OOE3BOKMBAHHE B CHHPTaX BOCXOJSIIEH
KpPENoCTH, MPONUTHIBAIA NapaduHoM. 3aTeM TOTOBWJIM THUCTOCPE3bl TONIIUHOW 3—5  MKH,
OKpAacKy Cpe30B MPOBOAMIM T'€MAaTOKCHIMHOM W 303MHOM 10 BaH—IM30HY, OKpammBaiu MO
obmenpuHaTon Meroauke [12], MukpodoTo mpenaparoB CHUMAIHM MPU MOMOIIM MHKPOCKONA
mapku «Leicay EVOS XL Core, (Thermo Fisher Scientific). Ma3ku KpoBu OT OOJIBHBIX IBITLIST
¢bukcupoBanu B 96% cnupre U okpammBanu mo PomanoBckomy [13]. s monexymnsipHO-
TeHETUYECKUX MCCIIEeIOBAaHUN MTPOOBI OPraHOB M TKaHEH TOMOTEHH3UPOBAIN B KPHOIIPOOUPKAX €
TPAHCIIOPTUPOBOYHOW Cpefod TMpU TMOMOIINM HEPXKABEIOMIMX CTAJbHBIX IIAPUKOB B
ABTOMAaTHUYECKOM BBICOKOCKOPOCTHOM T'OMOTCHHM3aTope 3akpbiToro tuma TissueLyzer |l
(QIAGEN). Boigenenne PHK u3 roMoreHaToB opraHoB IPOBOIMIM C MCIIOJb30BaHHEM Habopa
QlAamp Viral RNA Mini kit (Qiagen GmbH, Hilden) B cooTBeTcTBHH € peKOMEHIALUSME
npousBogutens. PHK skcrparupoBann u3 140 MK KIMHUYECKUX OOpa3lloB M SIIOMPOBAIH B
OKOHYaTEJIIbHOM 00beMe 60 MKJI J€MOHU3UPOBAHHOMN BOJIBI.

Bupycocnenuduueckne PHK BoisiBasiim B Ouompobe B OJHOLIATOBOM  0OpaTHOM
TPAHCKPHITIIUN-TIOTUMEPA3HON TISTTHON peakiuu ¢ nmpuMeHeHrneM Habopa Access One-Step RT-
PCR Kit (Promega) coriacHO HHCTPYKIIMU C KCIIOJIb30BAHHEM MPAiMEPOB K KOHCEPBATHBHOMY
¢parmenty rena xenmukassl BTE AHEV F: 5°- TGT TAT TCAC CCAC CAA GAAC GTCTG -
3’; Helic R: 5°- CCTCAGTGGACCGTATATCGACCC, oxpatsiBaroiemMy GparMeHt B 452 map
OCHOBaHHH.

Peakuuro mpoBoaunu B Tepmorukiepe Eppendorf Gradient mpu crnenyromux napamerpax:
oOpatHast TpaHckpunuus npu 48°C 45 MuH, HadanpHas 2 MuH JeHartypauus npu 95°C u
ammumndukanus B 40 nMKIOB, BKIOYaromas aeHatypamuio (94°C, 60 cek), OT>KUT TMpaiiMepoB
(42°C, 60 cex) u yanunenue uenu (72°C, 60 cex) ¢ nocieayooiieil OKOH4aTeIbHOW 3JIOHTaluel
npu 72°C, 10 MuH.

Pe3yabTaTsl H 00Cy:KICHUE

Jlerom 2014 1. B OIHOM W3 NTULEXO3AUCTB NpHUTropoja T.AiMarel OOHAPYKEHO
3a00JIeBaHHE€ HEW3BECTHOW DJTHUOJIOTMH, COMPOBOXKABIIEECS THOETBI0 IBIUISAT MECSYHOTO
Bo3pacta. Y OONBHBIX MTHUIl OTMEYald oOlee YrHeTeHUe, IOCTENEeHHOe ocaablieHne ¢
JIETabHBIM UCXOJIOM.

[Ipy BCKpBITUM TpPYNOB YCTAaHOBJIEHBI: 3HAUWTENbHOE yBelIMueHue odobeMa (B 4—6 pa3)
MEYCHU, TECTOBATOCTh KOHCUCTEHIINH, TIOJIKAIICYIbHbIE KpOBOM3NUsHUS B Heil. Cene3eHka Oblia
yBenudeHa B 3—4 pasa, U Ha pa3pe3e HaXOAWINCh MOTYIPO3pavyHble 3epHa. Y TITHUIl HAOTIOJAINCh
CTYCTKHU KPOBH, CEPO3HASI KUAKOCTh B 00JIACTH IPYAHOMN MOJIOCTH.

B Ma3kax KpoBW HaXOIMJIN MHOKECTBO 3epHHUCTHIX JICHKOIIUTOB U OTMEUAIH YMEHBIIICHHE
KOJIMYECTBO JUM(OIUTOB. B mapeHxruMe MeueHu U MOYeK BBISBICHBI 3epHUCTast AUCTPO(Us 1
HEKPOTHUYECKUE M3MEHEHUs. MHOTHE KPOBEHOCHBIE COCYIbI ObUIM CHABJICHHBIMH M ITYCTBHIMH,
0ao4HOEe CTpPOEHHUE MEYCHH MOBCEMECTHO OBLJIO HApYIIEHO, B MPOCTPAaHCTBaX HaOIIOANOChH
OTJIOKEHUE aMWIOUAa. B MEXIOJbKOBOH COCTUHUTEILHON TKAaHW TICUCHW HAXOJMIIA OdYarh
KJIETOYHOW WH(PUIBTpALMU, COCTOSIIHUE W3 JTUMGOIUTOB U DSO3WHO(PHUIOB C TPUMECHIO
TTa3MaTHYECKHUX KICTOK (PHCYHOK 1); BBISBIICHBI THE3/IHBIC CKOIIJICHUS KJIETOYHBIX SJICMEHTOB B
ME3CHXUME, TakKe€ OTMEYEHO pEe3KOe YBEIMUEHUE pa3Mepa CeNne3éHKH U JUMQPOUTHBIX
b oKy
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Pucynoxk 1 — Ileuens naBiero 1pIruieHKa. J(uckoMIuIekcanus 0aaoK U HEKPO3bl TeNaTOIUTOB.,
T'emartoxcumma-303uH. M %10

[TaTosmornyeckue M TUCTOJIOIMYECKHE HM3MEHEHHS C NPEUMYILIECTBEHHBIM ITOPAKEHUEM
IICUYCHHN M CEeJIEe3EHKH, MAaCCOBOCTh 3a00JICBaHUS YKA3bIBAJIM HA BO3MOXKHOCTH MOPAXKEHUS TTHIL
BUPYCHOH MH(eKIMel XapakTepu3yIoIIencs renaToIMeHaIbHBIM CHHIPOMOM.

C nenpio ycTaHOBJICHUSI BO3MOXKHOTO HH(pumpoBanus usiuisaT BI'E nTun npoBogmmm OT-
IIIIP k xoHcepBaTUBHOMY (parMeHTy reHa xenukassl BI'E. B uerbipex wuccienoBaHHBIX
obOpasiax obHapyxena PHK Bupyca, oxBareiBaromias ¢parmMeHT B 452 mapbl OCHOBaHUI

(pucyHok 2).

4C SC 6C 1A 2A 4A 2A1 3Al 4A1 SA1 6A 7A BA M

[Mpumeuanue — M wmonekynspubiii Mapkep, 2C mo 6C mpobsr ntun, 1A mo 8A mpoObl U3
nrunedpadbpuku Nel, 2Al, 3Al, 4Al, 5Al mpo6s! nTutedadprkn Ne2

Pucynok 2 — ¢pparment PHK Bupyca, oxBaTpiBatomuii 452 napbl OCHOBaHUH

B npob6ax nrunedadbpuxu Ne2. — 2Al, 3Al, 4Al, 5Al obnapyxena PHK BI'E, B ocranbHbIX
npob6ax PHK manHoro Bupyca orcyrcTBoBaa.

3aki0ueHue

Bupyc renatura E cBsi3an ¢ cunzapomom Oosbmioi meueHu u cene3énku (BLS), Taxxe
Ha3bIBAEMbIM CHHAPOMOM IenaTo-cljIeHoMeranuu. Briepseie oH oOHapykeH y Kyp B ABCTpaiuu
B 1980-x rr. [1], B EBporne 3apeructpuposan B Utanuu u Benrpuu 8 2004-2005 rr. [14, 15]. B
[Tonpmie BeTepuHapb! HaOMIOMAMH Cirydan 3a0oneBanus BLS B 2007 1., XOTs mepBbie YaCTUYHBIC
MOCTIeI0BATEIbHOCTH IT'€HOB MOJbCckUX M30M8TOB BI'E onucans! u npencrasnensl B GenBank B
2010 . [16].

ITo manubsim X. J Meng, H L Shivoprosad [17] ot cyoknuandeckux ¢popm nrudbero BI'E
CTpaJaroT MPEUMYIIECTBEHHO B3pOCIIbIE HECYIIKH, Opoiliepsl M pabOTHUKH (epM, IIPH ITOM
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MPOU3BOACTBO vl CHIkaercss A0 20% B Hemeno, a CMEPTHOCTh yBenuuuBaeTcs A0 1%,
BO30yIUTEINb TAKXKE BBIACISICTCS OT 3I0pOBBIX Kyp [18].

[Tomumo npyrux ¢akTopoB (Hampumep, HUMMYHHOIO CTaryca ITHUI), T€HETHYECKHE
paznunuust Mexny uzoisraMu BI'E MoryT ObITh IPHUMHON Pa3TUYHON CTENEHN UX MATOTC€HHOCTH
1 UH(OEKITMOHHOM 10361 [19].

OOHapyXeHHbIE B HAIlleM HCCIEJOBAaHMM YBEIWYCHHBIC TIEUYEHb M  CeJe3EHKa,
cyOKarcyJspHble KPOBOU3IHMSIHUS B IEYEHU U KPOBSHUCTAS )KUJIKOCTh B BUCLEPATIbHOM MOJIOCTH
SBIISIOTCS TUIMWYHBIMUA TATOJIOTUYECKUMU ToBpexaeHusmu 1npu BI'E. Takum o0pazom,
ONMCAHHbIE BBIIIE NATOJOINOAHATOMUYECKHE M THCTOJIOTMYECKHE W3MEHEHUs, a TaKke
pesynbratel [IIP ananu3a opraHoB OOJIHBIX HBITUIAT CBUACTENHCTBYIOT 0 Haymuuu BI'E nrui B
xo03sicTBax Ha Tepputopuu PK.

DOUHAHCUPOBAHME
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Abstract
The article describes the study of hepatitis E virus detected in a poultry farm in the suburbs of
Almaty (Kazakhstan), during an outbreak of a disease of unknown etiology in 30-day old chickens. In the
parenchyma of the liver and kidneys, granular dystrophy and necrotic changes, a sharp increase in the size
of the spleen and lymphoid follicles were revealed. Viral RNA were revealed In reverse transcription
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polymerase chain reaction with primers directed to the conservative fragment of the hepatitis E virus
helicase gene in four samples, confirming with the presence of the pathogen.
Keywords: poultry, hepatitis E virus, RT-PCR, histological studies

Hepatitis E virus (HEV) is an infectious disease of birds, mammals and humans caused by
RNA-containing virus of the family Hepeviridae. In domestic chickens, hepatitis E has been
registered in many countries of the world - in Australia, USA, Spain, Russia, Hungary, Italy,
China[1, 2, 3, 4, 5, 6, 7], Korea, Czech Republic, England, Ukraine, Poland, Israel [8].

The disease was first reported in chickens with Big liver and spleen syndrome (BLYS) in
Australia [9]. A disease known as hepatosplenomegaly syndrome has also been reported in the
United States and Canada without any known causative agents or provoking factors. Molecular
genetic studies have shown that the causative agents of BLS in Australia and hepato-
splenomegaly in the United States are different variants of HEV with almost identical nucleotide
sequences. Based on the significant similarity of their genomes to those of human and other
animal HEVs, the causative agent of BLS is designated separately as avian HEV.

Infection of poultry with hepatitis E occurs in the alimentary way, transovarian route of
virus transmission is also possible [10]. The disease in chickens develops from 24 weeks of age,
and most chickens have no clinical manifestations.The productivity and egg production of the
livestock are reduced, some have a sleepy state, there is a mass death of a healthy-looking bird
[11]. Often viral hepatitis E is accompanied by yolk peritonitis. The infection can be diagnosed
by pathological and morphological changes with mandatory confirmation by ELISA or PCR.

The purpose of this study was to determine the possible role of HEV in mortality and loss
of productivity in chickens with hepatosplenomegaly syndrome in poultry farms of Kazakhstan.

Materials and research methods

Cloacal and tracheal wipes, pieces of internal organs and blood samples were collected
from sick and dead birds for virological, histological and hematological studies.

Washouts were collected with sterile cotton swabs, placed into vials with medium 199
containing a complex of antibiotics (penicillin 2000 U/ml, streptomycin 2 mg/ml, gentamicin 50
ug/ml, nystatin 50 U/ml) and bovine serum albumin (0.5% /I). For litter and cloacal washings,
the concentration of antibiotics was increased five times. Samples were stored in liquid nitrogen
(-196°C) before virological studies.

For histological and pathoanatomical studies, the carcasses were dissected; during an
external examination, the body size, weight, fatness, condition of the skin, mucous membranes
were taken into account. Pieces of internal organs (liver, kidney, spleen, lungs, intestines) were
obtained from dead chickens. The tissues were fixed in a 10% neutral formalin solution, after
washing in water, they were dehydrated in alcohols of increasing strength, and soaked in
paraffin. Then, histosections 3-5 pum thick were prepared, the sections were stained with
hematoxylin and eosin according to Van Gieson, stained according to the generally accepted
method [12], microphotograph preparations were taken using a Leica EVOS XL Core
microscope (Thermo Fisher Scientific). Blood smears from sick chickens were fixed in 96%
alcohol and stained according to Romanovsky [13]. For molecular genetic studies, samples of
organs and tissues were homogenized in cryovials with a transport medium using stainless steel
balls in an automatic high-speed homogenizer of a closed type TissueLyzer 1l (QIAGEN). RNA
isolation from organ homogenates was performed using the QIAamp Viral RNA Mini Kit
(Qiagen GmbH, Hilden) according to the manufacturer's recommendations. RNA was extracted
from 140 pl of clinical samples and eluted in a final volume of 60 pl of deionized water.

Virus-specific RNA was detected in a bioassay in a one-step reverse transcription-
polymerase chain reaction using the Access One-Step RT-PCR Kit (Promega) according to
instructions using primers to the conserved fragment of the AHEV AHEV chelicase gene: 5'-
TGT TAT TCAC CCAC CAA GAAC GTCTG -3 Helic R: 5-
CCTCAGTGGACCGTATCATGACCC, spanning a 452 base pair fragment.
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The reaction was performed in an Eppendorf Gradient thermocycler under the following
parameters: reverse transcription at 48°C 45 min, initial 2 min denaturation at 95°C, and
amplification in 40 cycles including denaturation (94°C, 60 sec), primer annealing (42°C, 60 sec)
and chain extension (72°C, 60 sec) followed by final elongation at 72°C, 10 min.

Results and discussion

In the summer of 2014, a disease of unknown etiology, accompanied by the death of one-
month-old chickens, was found in one of the poultry farms in the suburbs of Almaty. The sick
birds showed general depression, gradual weakening with lethal outcome.

At autopsy, the following were established: a significant increase in the volume (4-6 times)
of the liver, testiness of the consistency, subcapsular hemorrhages in it. The spleen was enlarged
3-4 times, and translucent grains were found on the section. Blood clots and serous fluid in the
thoracic cavity were observed in the birds.

In blood smears, many granular leukocytes were found and a decrease in the number of
lymphocytes was noted. In the parenchyma of the liver and kidneys, granular dystrophy and
necrotic changes were revealed. Many blood vessels were compressed and empty, hepatic bar
structure was disturbed everywhere, amyloid deposition was observed in spaces between them.
In the interlobular connective tissue of the liver, foci of cell infiltration were found, consisting of
lymphocytes and eosinophils with an admixture of plasma cells (Figure 1); nested accumulations
of cellular elements in the mesenchyme were revealed, and a sharp increase in the spleen and
lymphoid follicles was also noted.

[ ¥ (Y % Y :‘ A : I ...‘ . “.. '._:
fi{ wind "-"-«7:'.‘: 2 i)-ﬁ" :§ ?v‘-._" e sy ™ 7
Figure 1 - Liver of a fallen chicken. Discomplexation of bars and necrosis of hepatocytes.

Hematoxylin-eosin. M x10

Pathological and histological changes with a predominant lesion of the liver and spleen, the
mass nature of the disease indicated the possibility of birds being affected by a viral infection
characterized by hepatolienal syndrome.

In order to determine the possible infection of chickens with avian hepatitis E viruses, PCR
was performed to identify the pathogen. During RT-PCR to a conservative fragment of the HEV
helicase gene revealed viral RNA covering a fragment of 452 base pairs in the four samples
examined (Figure 2).

70



MHUKPOBHOJIOI'US )KOHE BUPYCOJIOI'Us1 ISSN 2304-585X www. imv-journal.kz

2C 3C 4C SC 6C 1A 2A 4A 2A1 3Al 4A1 SA1L 6A 7A BA M
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Note - M molecular marker, 2C to 6C bird samples, 1A to 8A samples from poultry farm #1, 2Al,
3Al, 4Al, 5Al samples from poultry farm #2

Figure 2 — RNA fragment of the virus covering 452 base pairs

In the samples of poultry farm No. 2. — 2Al, 3Al, 4Al, 5Al HEV RNA was detected, in
other samples RNA of this virus was absent.

Conclusion

Hepatitis E virus is associated with large liver and spleen syndrome (BLS), also called
hepato-splenomegaly syndrome. It was first discovered in chickens in Australia in the 1980s. [1],
in Europe it was registered in Italy and Hungary in 2004-2005. [14, 15]. In Poland, veterinarians
observed cases of BLS in 2007, although the first partial gene sequences of Polish HEV isolates
were described and presented in GenBank in 2010 [16].

According to X. J. Meng, H. L. Shivoprosad [17], subclinical forms of avian HEV
predominantly affect adult layers, broilers and farm workers, with egg production decreasing to
20% per week and mortality increasing to 1%; the pathogen is also isolated from healthy hens
[18].

In addition to other factors (e.g., the immune status of birds), genetic differences between
HEV isolates may account for their varying degrees of pathogenicity and infective dose [19].

Enlarged liver and spleen, subcapsular hemorrhages in the liver, and bloody fluid in the
visceral cavity found in our study are typical pathological lesions in HEV. Thus, the
pathoanatomical and histological changes described above, as well as the results of PCR analysis
of the organs of sick chickens, indicate the presence of avian HEV in farms in the territory of the
Republic of Kazakhstan.
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CKPUHUHI MUKPOMMUMLIETA POJA ASPERGILLUS ITO CITOCOBHOCTH K
BUOCHUHTE3Y HEJJIIOJIA3bI

doi:10.53729/MV-AS.2022.03.06

AHHOTAIIUSA

B cratne IMPUBEACHBI PE3YyJIbTAaTbl MCCJICAOBAHHUA CKPUHHUHIA BBICOKOAKTHBHOI'O IITaMMa
Aspergillus niger 355 s ganpHEHIIIET0 HCIIOIb30BAHUS B KOPMOIIPOM3BOACTBE. KyIbTypy BhIpaniuBaim
B TeueHne 45 CyTok npu Temmeparype 26-28'C Ha ONTHMH3MPOBAHHON paHee MUTATENBHON Cpee.
YcranoBneHo, 4To mocie 6-9 CyTOK KyJIbTHBHpPOBaHUS HaOmofaercsl crabuin3anus OMOCHHTE3a
¢depmenTta. Hanbomnbimas nemirona3Has akTHBHOCTh HaOmoanach Ha 9, 18 u 45 cyTku KyIbTUBUPOBAHUS.
AKTHBHOCTb [IEJUTIONA3kI BapbupoBana ot 1,63 mo 3.5 ex/mur.

[lpu nepuoauyeckom sxe KyibruBupoBanuu Aspergillus niger 355 makcumym oOpazoBaHust
¢depmenTa HabmrOAANCS Ha 3 CyTKH U cocTaBmi 1.63 en/MIT ¢ TOCTIeAyIONHM MmajeHneM (hepMeHTaTUBHOM
AKTUBHOCTH.

KaueBblie ciioBa: KoMOMKOpM, miesutionasa, Aspergillus, cemexrus, 6nocunTe3

OcHOBY KOMOHMKOPMOB JUIsl NTHUIIBI COCTaBJISIOT CE€MEHa 3€pPHOBBIX M 3€pHOO0OOBBIX
KYJBTYp, SBISIONIMECS OCHOBHBIMM MCTOYHUKAMM TIHMTATENbHBIX BeIIECTB M dHepruu [1].
OpHako 3epHOBBIE KOpMa, Hapsly C TNHUTAT€IbHBIMU M OMOJOTMYECKH AKTHBHBIMHU
COCJMHEHUSIMHU, COJIEep’KaT AHTUIMTATENIbHBIE BEIIECTBA: HEKPAXMAaJUCTbIe IOJIMCaXapHIbl,
¢uTaThl, HHIMOUTOPHI MUIIEBAPUTENIBHBIX (EPMEHTOB, TJIMKO3U/IbI, AJIKAJIOU]Ibl, TAHUHBI U JIp.
OTu BenlecTBa yXyALIAI0T IEPEBAPUBAEMOCTb KOPMa, CHUKAIOT €70 KOHBEPCHUIO.

B kenyao4yHO-KMIIEYHOM TPAKTE CEJIbCKOXO3SHCTBEHHBIX JKUBOTHBIX OTCYTCTBYIOT
(bepMeHThbI, KaTaJU3UpPYyIOIIUe JAErpajallio KJIEeTYaTKH — OCHOBHOIO HEKPaxMalluCTOro
noJiucaxapuja BXOJAIIEro B COCTaB KOpMa U SIBISIOLIErOCS aHTUNMTATENbHBIM (akTopoMm. B
KAIIEYHUKE  pacTBOpUMAas  KJeT4aTKa MOXET  OOpa3oBbIBaTh  BBICOKOBSI3KHME  T€IH,
yBEJIMYUBAIOIME O0BEM M MacCcy XHMMyca U 3aMEISIONIME CKOPOCTh €ro MpOXO0XKJIEHU,
IPOHUKHOBEHHE ()EPMEHTOB U IEpEeBAPHBAHME, YTO NPUBOJUT K 3aTPYIHEHHIO IPOLECCOB
BCaChIBAHUS MMUTATEIbHBIX BEIIECTB, [2-4].

Haubonee s¢ddexkTuBHBIM perieHneM MpoOsieMbl AErpafallid  TPYIHOTHIPOIU3YEMbIX
pacTUTENIbHBIX  OCTAaTKOB, TMOJIHATUS  INEPEBAPUBAEMOCTH U OOOrameHuss KOpPMOB
JIETKOYCBOSIEMBIMHM UCTOYHHKAMHM YTJIepoJa sIBIIETCS IPUMEHEHNE B KauecTBe J00ABOK K KOPMY
HK30T€HHBIX (PEPMEHTOB MUKPOOHOTO MPOMCXOXKIEHHUS, KOTOPHIE CIIOCOOCTBYIOT pa3pyLICHHUIO
KJIETOYHBIX CTEHOK pAacTeHUH, THAPOIM3Yys KPYIHBIE MOJIEKYJIbl  HEKpaXxMaJHCTBhIX
MOJINCAXapUA0B, YTO, B KOHEYHOM cuYeTe, OO0ecleyuBaeT YIydllleHue IepeBapuMOCTH
MIUTATEJIbHBIX BEIIECTB.

Haubonee mnepcnekTUBHBIMU MPOIYLEHTAMHU IEJUTI0I030pa3pylalomux  (EepMEHTOB
SIBJISIFOTCSL MULICITUANIBHBIE TPUOBI Aspergillus, Penicillium u Trichoderma [5-7]. Jlonroe Bpems
pPOCT TPOU3BOJCTBA (PEPMEHTHBIX MPENapaToB CAEPKHUBAJICA H3-3a OTCYTCTBUS aKTHUBHBIX
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IITAMMOB MHKPOOPTaHW3MOB. [l09TOMy 3amada TOJy4EHHs BBHICOKOAKTHBHBIX IITAMMOB
IPOIYIICHTOB (DEPMEHTOB SIBJISIETCS TEPBOOYEPETHON U aKTyaTbHOM.

[lenpt0 JaHHOTO WCCIIEOBaHMs OBLIO CEJNEKIMOHHOE YIyYlieHHe (EepMEHTATHBHBIX
CBOMCTB MHKpOcKonudeckoro rpuda Aspergillus niger 355 — npoayiieHTa mesuioassl.

O0BbeKThI 1 MEeTOAbI HCCIIeJ0BAHUS

O0ObexkToM wmccienoBanuii ciyxkuin mramm A. niger 355 u3 komnekiun TOO «HIII]
MUKpOOMOJIOTUM W BHUpPyCOJOruu». B paboTe  HCHOIB30BATUCH  OOIICTIPHHSITHIC
MUKpPOOHOJIOTUYECKHE M OHOXMMHUYECKHE METOJbl HccleoBaHul. VcXoaHylo KyIabTypy
BBIpAIlMBAIA Ha ONTHMHU3UPOBAHHOW paHee MUTaTelnbHOU cpene Yameka, comepikauntyto (B r/m):
caxaposy — 10; (NH4),HPO4 (0,15%) — 9; KCI — 0,5; MgSO, — 0,5; KH,PO,4 — 1; FeSO, — 0,001;
nektud — 1 r/100 mur.

Jlns BBISBIEHUS AKTUBHOTO BapHaHTa, CHOPMHUPOBAHHOIO Ha MOJJIOKKE, MPOBOAUIU
0TOOp HM30JIATOB B pa3Hble MEPHOIBl JUIUTEIBHOTO KYJIBTUBUPOBAHHS, AT YEero OTOMpanu
uzomsITel Ha |, |l U mocnexyromux sTanax KyJlbTUBHPOBAHUS, CBSI3aHHBIX C MEPUOIMYHOCTHIO
CHSITUSI MUIIENIUS C MOJUI0KKU. [IpoObl 0TOMpaIy myTeM BBIIUIIBIBAHUS MULIEIHS C TIOBEPXHOCTHU
U U3 MIYOMHBI MMMOOHWIIM30BaHHOM CTPYKTYphl. ['OTOBMIIM CyCIIEH3HIO KJIIETOK B KOHLIEHTPALIUU
170 000 konmamii B 1 M Ui pacceBa Ha arapu3OBaHHYIO MHUTATENbHYIO cpeny. IlomydeHnyro
B3BECh — OOpBIBKM MHULENHS, OIWMHOYHBIC KJIETKH U KIETKH, COOpaHHblE B IICTOYKH,
GmIbTpOBAIM Yepe3 CTEKISAHHBIA (DUIBTP C MHOTOCIOWHON CTEpHIBbHON (UIBTPOBATBEHON
OyMaroi B CTEpUIIbHYIO MPOOUPKY. PUIBTPOBAHHYIO B3BECh PA3BOJIMIIN CTEPHIIBLHON BOJIOH 10
HY)KHOU KOHIeHTpaluu B cootHomenuu 1:1000, 1:10000, 1:100000, 1:1000000 u BbiceBanu Ha
arapu3oBaHHyl0 cpeny B yamku [lerpu. B kaxnayro wamky BHocuiu mo 0,1 mi pasBeneHHOI
B3BECH, KOTOPYIO PacCTHpaIM Ha MOBEPXHOCTH arapu30BaHHOMN Cpeibl C OMOUIbIO CTEPUIIHLHOIO
mrarens. 3acesHHble YallKd WHKYyOupoBaiu B TedeHue 3-6 cyrok mpu 28-30°C. Ilocne
MHKYOalMM MPOBOJAMIM MOJCYET BBIPOCIIMX Ha dvamikax KosioHuil. IloiyueHHble BapHaHTBI
BBIICTSUIM B YHCTYIO KYJIBTYPY, KOTOpBIE 3aT€M BBIPAIIMBAIMA B MEPUOJUYECKUX YCIOBUAX B
TedeHue 3-4 CyTOK B JKUIKOM MUTaTeNnbHOM cpene. B moiydeHHON KynbTypalbHOM KHAKOCTH
OIPEACIISAIN AKTUBHOCTD LIEJIII0JIa3bL.

Omnpenenenne akTUBHOCTH LeJUTI0030paspymatomux pepmentos nposoguiu no 'OCTy
31662-2012 [8]. Meron OCHOBaH Ha KOJMYECTBEHHOM OIPEJEICHUH BOCCTAHABIUBAIOIINX
caxapoB, OOpa3ylolIUXCsl NpHU JAEUCTBUU (PEPMEHTOB IEJITIOJIOIMTHUECKOTO KOMIUIEKCa Ha
HaTpueBylo coib KapOokcumerminemtonaosdsl (Na-KMII). Coaepikanue BOCCTaHaBIMBAIOLIMX
caxapoB, oOpasyloomuxcs B  pe3yibTaTe  (PEpPMEHTATUBHON  peakIuu,  OINpeAeIisun
CHEKTPO(POTOMETPUUECKMM METOJIOM C PEAKTUBOM JieHUuTpocanuumioBoi kuciaotel (IAHC).
Pacuer (¢epmeHTaTHBHON aKTHMBHOCTM MPOBOJWJIM IO TPaAyUpOBOYHOMY TIpaduky,
IIOCTPOEHHOMY JJIS TJIFOKO3BI.

PeaktuB JluautpocanummioBas kwuciota (JAHC) c maccoBoit nomeit 1% roToBmwim
cnenyromuM oopasom: B crakan BMecTuMocThi0 1000 ma BHocunu 10,0 r JIHC, no6asnsu 400
MJT JUCTUJUTMPOBAHHOW BOJIbI U MEpeMEIINBalIi HA MarHUTHOM Memlalike B TeueHue 25-30 MuH,
IpY KOMHATHOM TeMIeparype. 3aTeéM IOCTENEHHO, IpU IOCTOSHHOM IE€pEMEIINBAHNH,
nobasmsiin 150 M pactBopa ruzapookucu Hatpust (10,7%-it NaOH). Ilpu stom okpacka
pacTBOpa MEHsUIach OT CBETJIO-XKENTOH 10 sApKo-3eaeHOW. CTakaH C MOIY4YEHHBIM PAacTBOPOM
MOMEIIAJIA B BOJIIHYIO OaHI0 ¢ Temmepatypoi 47+1°C u mocteneHHo, HeOOJbITUMHU TTOPIUSIMU
no6asysmn 300 © BUHHOKHCIIOrO Kanusg-HaTpus. IlepememmBanue MpoaoiKald 0 IOJHOTO
pacTBopeHusl peakTuBa. PacTBOp oxyiakaaM XOJIOJHOM BOAOW JO KOMHATHOM TeMmIepaTypbl U
noo 006eM 10 1000 M1 AUCTUITHPOBAHHON BOJIOM.

AHanu3 TMNpoBOIWIM B JIBYX NapajulelbHBIX onpeneneHusx. Jlns ompeneneHus
EJUTIOJIA3HOM aKTUBHOCTH OJTHOTO BapHaHTa MCIOIb30BAIM TPHU MPOOUPKH (2 ONBITHBIE U OAHY
KOHTPOJIbHYIO), B KOTOpble BHOCHIHU 1O 1 mi cybctparta u tepmocratupoBanu npu 50+1°C B
TedeHWe S5 MuHYT. B 7Be ombITHble MpoOMpKM BHOCWIM TOo 1 Mi pabGoyero pacTtBopa
depmenTHoro npenapara. CoxepkuMoe MPOOUPOK TIIATEIBHO MEPEMENIMBAIINA U BBIIEPKUBAIH
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npu temreparype 50+1°C B teuenune 10 munyt. [locne nmpoBeaeHust ruiposin3a B ABE OMBITHBIC
npobupku BHocuiu 1o 3 mi peaktusa JJHC, B TpeTbio mpoOUpKy (KOHTPOJIbHYIO) 100aBiIsu 3
ma peaktmBa JIHC m 1 ™a pabouero pacTBopa mpemapara. 3aTeM CMECH TIIATEIbHO
NepeMEIIMBAIN U TIOMEINAIN B KHUIIALIYIO BOISHYIO OaHIO HA 5 MUH, IIOCJIE YETO OXJIAXKAAIH 10
KOMHATHOU TeMmrieparypbl. ONTHYECKHE IUIOTHOCTH OIBITHBIX M KOHTPOJIbHBIX NMPOO HU3MEpsIIH
Ha cniektpodoromerpe PD-303 UV (dupmer Apel, SAnonus) npu amune BonHbl 540 HM MPOTUB
KOHTPOJIbHOH TpoObl Ha peakTuBbl. llemmononuTudyeckyro aktuBHOCTH KMIIA, en/r, B
(dbepMeHTHOM Tpenapare BRIYUCISUIN 10 (opMyIie:

Co + Ck
KMIJA = —
rne Co — MomsgpHas KOHILIEHTpPAIUs TJIOKO3bl B ONBITHOH mpo0Oe, HaiijieHHas 10
IpagyupoOBOYHOMY IpaduKy, MKMOJIB/CM®;
Ck - MouisipHas KOHLEHTpalusi TIJIIOKO3bl B KOHTPOJBHOW Ipo0e, HaiilieHHas IIo

rpagyupoBOYHOMY rpaduky, MKMOJIB/CM®;

t — mpooIKUTENBHOCTD rUuApoIin3a, MuH (10 Mun);

C — MaccoBasi KOHIIEHTpalus jepMEeHTHOTO MpernapaTa B peaklIuOHHOW CMecH, r/em’,

CrarucTudeckyo o0paboTKy pe3ysIbTaToOB MCCISAOBAHUN MTPOBOIAMIN 110 OOMICTIPUHSATHIM
KPUTEPUAM BapHUAlMOHHO-CTATUCTUYECKOTO aHallM3a C BBIUMCICHHEM CpeAHHX BenuduH (M),
omuOKK cpenHed apudmerndeckoi (m) ¢ IMOMOIIBI0 IMAKeTa KOMITBIOTEPHBIX MPOTPaMM
Microsoft Excel, 2010. OreHKy CTaTUCTHYECKOW 3HAYMMOCTH Pa3IUYUil CPEIHUX BEIUYUH
MPOBOJMIM MO CTaHAapTHOM wmeroauke, onucanHod C. [manmom [9]. Cratuctudecku
3HaYUMBIMU cuuTaIu paznuuus ¢ p<0,05.

Pe3yabTaTsl H 00Cy:KICHUE

C nenpio u3yueHus GpepmeHTooOpasyroieii cmocoornoctu A. niger 355 Ha pa3HbIX dTanax
JUTUTEIBHOTO KYyJbTHBUPOBAHUS MPOJIYIICHT BBIPAIIMBAIN B T€YCHUE 45 CYTOK IpH TeMIlepaType
26-28°C Ha ONTHMU3HPOBAHHON paHee MATATENBHOI cpene (prcyHOK 1).

4
E 35
3 35 3.2 A 314
a 2,5
: 25 iy N w S
& i —
IS]
<
1,5 /’;3‘/
1 ’ \
1 0 / h:
s ‘\
05 / \
] V X
O hd T T T T T T T 1
0 2 3 6 9 18 27 36 45
Cytku
—— JIATCIIBHOC = nepno;mqecxoe

PI/ICYHOK 1 — AKTUBHOCTH LSIUTIOJIa3bI IIPHU JJIMTEJIBHOM U IEPUOANYCCKOM KYJIbTUBUPOBAHUN

Aspergillus niger 355

NmmoOmm3anust KyabTypbl Ha TOAJIOXKKE CO3/AeT YCIOBHUS JJIsl HENPEpPhIBHOTO H
JUIUTEILHOTO, Ha MPOTSLKEHUU 45 CyTOK, moiydyeHus 1eneBbix (epmentoB. [Ipu nposenenuu
JUINTEIBHOTO KYJbTUBUPOBAHUSA YCTaHOBJIEHO, YTO TMocie 6-9 CyToK KyJIbTUBHUPOBAaHUS
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HaOmomaeTcss  crabunu3anuss B oOpasoBaHuu  ¢epmeHToB. Hambonpmmii  OuMocHHTE3
[EJUTI0N030pa3pymarmmx (GepMeHToB HabmogaeTess Ha 9, 18 u 45 CyTKM KyTbTUBHUPOBAHUA.
AKTUBHOCTb LI€JUTIOJIA3bI BapbupoBaia ot 1,63 no 3,5 en/mi (pucynok 1). Ilpu nepuognyeckom
K€ KYIbTHBHPOBAHUU TIOJIYyUICHHOM accolMallid MaKCHMyM o00pa3oBaHus (EPMEHTOB
HaOmogaeTcs Ha 3 cytku (1,63 en/mi) ¢ mocnenyomuM NajeHUeM aKTUBHOCTH K 5-6 CyTKam
KYJIbTUBUPOBAHUS.

[Ipu nnuTEeNnbHOM BBIPAIIMBAHMM MMMOOMJIM30BaHHBIX MUKPOOPTaHW3MOB Ha IMOJIOKKE
dbopMupyeTcss MHOXKECTBO pPa3IMYHBIX BApUAHTOB, CpeAW KOTOPBIX oOpasyercs W
BBICOKOAKTUBHBIN. [lpeamoceuikoit ansg  (GopMuUpoBaHMsS aKTUBHOTO BapUaHTa  SIBIISIOTCS
CTpecChl, KOTOpPbIE MCHBITHIBAECT KYJIbTypa B IPOLIECCE IMTEIBHOIO KYJIbTUBUPOBAHHUSA. DTO
MEXaHMYECKOe MOBPEKIeHHEe Tud MpU yJaJeHUU CKAIUIMBAIOMIETOCS MULEIHS C TOJJIOKKH,
YCIIOBHSI CMEHBI MUTATEIBHOM Cpelbl — C OOCAHEHHOM Ha MOJIHOIEHHYIO, U caM Ipolecc
JUIUTETILHOTO KyNbTUBHpPOBaHUS. C pOCTOM MNPOAYKTUBHOCTH HMMOOWMIIM30BAHHOM KYJIbTYpPBI
MOSIBJISIETCST  BO3MOJKHOCTH  BBIJICTICHHUSI AKTHUBHBIX BApUAHTOB, OOJAAIONINX TTOBBIIICHHON
(bepMEeHTaTUBHOM aKTUBHOCTBIO.

Jlnis BeISIBIICHUST aKTHBHOTO BapuanTa A. niger 355 mpoOsl uccienoBanuch Ha I aramne (6
cytkn), Il stame (18 cytku) u lll stame (45 cyTku) nmuTenabHOro KylnbTHBHUpOBaHUsS. [IpoObl
OTOMPATUCH IYTEM BBIIIUIIBIBAHUS KJIETOK ¢ MMMOOMJIM30BAaHHOM Ha TOJIOXKKE KYJIbTYPBHI.
Bcero otobpano 14 uzonaros: Ha | sTame qiuTenbHOro KyJIbTUBHpPOBaHHS oToOpaHo 5, Ha II
stane — 4 u Ha lll atane — 5 nzonsaToB. depMeHTaTUBHAS AKTUBHOCTH U30JISITOB, BBIJICJICHHBIX HA
I srane qurenbHOro KynbTUBUpOBaHUA cocTaBmia 2,9+0,7 - 3,3+1,2 en/mn. depmeHTaTuBHAs
AKTUBHOCTh M30JIATOB, BBIFCJIICHHBIX Ha Il aTame nauTenbHOro KyabTUBHUPOBAHMS COCTaBHIIA
3,4+0,9 - 3,7£1,1 en/mn u Ha Il atame - 2,2+0,5 - 2,84+0,6 en/mu (Tabauma 1).

Tabnua 1 — depMeHTaTHBHAS aKTHBHOCTH H30JITOB, MOJYYCHHBIX Ha PA3HbIX dTaax IUTEIBHOTO
KyabTuBHpoBanus A. niger 355

HPD (en/mm)
W30msathI

1-1 3,1+1,2

1-2 2,9+0,7

I sTan 1-3 3,0+0,6
1-4 3,3+1,2

1-5 3,1+0,7

2-6 3,4+0,9

2-7 3,7+1,1

II sran 2.8 3.650.6
2-9 3,5+1,1

5-10 2,6+1,0

5-11 2,8+0,6

III sTan 5-12 2,7+0,8
5-13 2,24+0,5

5-14 2,0£0,7

Camyro BBICOKYIO (DEPMEHTATHBHYIO aKTHBHOCTh OOHapyxwuia usonsat A. niger 355 2-7,
BBIJICJICHHBI BO BTOPOM 3Talle JUTMUTEIHHOTO KYJIbTHBUPOBAHHS, ()epMEHTATHBHAS aKTHBHOCTH
KoToporo coctaBmia 3,7+1,1 ex/mi.

Takum oOpa3zom, B xoae cenekuuu mrtamma A. niger 355 monydeH akTHUBHBIA H30JAT A.
niger 355 2-7, uemttona3Has aKTUBHOCTh KOTOPOTO BBIIIE MCXOMHOW KynbTypsl B 10,9 pa3. B
IIEJIOM, XOUYEeTCSI OTMETHTD, YTO TIPUMEHEHHBI B JAHHOH paboTe MeTO]l NMMOOWIM3AINU TTPOCT
u poctyned. [lpu ero peanuzanuu OTCYTCTBYIOT (DaKTOPBI, MOBPEKIAOIINE MUKPOOHBIE KIETKH
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U UHTHOUpYyOIMKEe (PEepMEHTAaTHBHYIO AaKTHBHOCTb, HE 3aTpyAHseTcss maccooOmeH. OH maér
BO3MOXHOCTh Pa3pabOOTKH HENPEPHIBHBIX OMOKATATUTHUECKUX TEeXHOIOrui. MmMmoOmm3anus
KJICTOK MHTEPECHa €lIe W TeM, YTO MHUKPOOPTaHH3Mbl BO3BPAIIAIOTCS B CBOE E€CTECTBEHHOE
MPUKPEIJICHHOE COCTOSIHUE, W3YYCHHE KOTOPOTO TIO3BOJISIET MPUOIU3UTHCA K IOHUMAHHIO
IPOIIECCOB, MTPOUCXOIAIINX B MPUPOJIE.
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Tyiiin

Makasana xeM eHIipiciHae omaH opi maimanany yuria Aspergillus niger 355 sxorapsr Gesceni
IITAMMBIHBIH CKPMHMHTI GOMBIHINIA 3epTTey HOTIKenepi OepinreH. Jakpuiasl 45 kyH Goiibl 26-28 C
Temreparypana OypblH OHTaHIaHABIPBUIFAH KOPEKTIK OpTaja ecipii. OcipreHHeH KediH 6-9 KyHHEH
KeWiH QepMeHTTEepAiH TY3UTyiHIH TYpakTaHybl OalKamaThIHBI aHBIKTANBL. [lemrono3ansl bIABIPATATHIH
(hepMmeHTTEPIIH €H YIKeH OmocuHTe3l ecipymiH 9, 18 xoHe 45-mi kyHaepinae Oaiikamansl. Llemmonasza
oencenauiri 1,63-ten 3,5 U/mi-re neitin esrepi.

Aspergillus niger 355-ti ke3eHi Type ocipy ke3iHae GepMEHTTIH MaKCUMAJIIBI TY31Tyi 3-1mi KyHi
Oaiikanae! xoHe 1,63 Y/MI Kypasl, colaH KeiiH OeNCeHAUTIKTIH ToMeHIey1 OaiKanabl.

KinrTi ce3nep: kypama xem, riemmonosa, Aspergillus, cemexitusi, 6nocunTe3
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Abstract

The article presents the results of a study on the screening of a highly active strain of Aspergillus
niger 355 for further application in feed production. The culture was grown for 45 days at a temperature
of 26-28°C on a previously optimized nutrient medium. It was found that after 6-9 days of cultivation,
stabilization in enzymes biosynthesis was observed. The highest cellulase activity has been observed on
the 9", 18" and 45" days of fungal cultivation. Enzymatic activity varied from 1.63 to 3.5 U/ml.

In periodic cultivation of Aspergillus niger 355, the maximum enzymatic activity was observed on
the 3rd day and was 1.63 U/ml, followed by a decrease in activity.

Key words: feed, cellulase, Aspergillus, selection, biosynthesis

The basis of feed for poultry is the seeds of grain and leguminous crops, which are the
main sources of nutrients and energy [1]. However, grain feeds, along with nutritious and
biologically active compounds, contain anti-nutritional substances: non-starchy polysaccharides,
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phytates, inhibitors of digestive enzymes, glycosides, alkaloids, tannins, etc. These substances
impair feed digestibility and reduce its conversion.

In the gastrointestinal tract of farm animals there are no enzymes that catalyze the
degradation of fiber - the main non-starchy polysaccharide that is part of the feed and is an anti-
nutritional factor. In the intestine, soluble fiber can form highly viscous gels that increase the
volume and mass of chyme and slow down the rate of its passage, the penetration of enzymes
and digestion, which leads to difficulty in the absorption of nutrients [2-4].

The most effective solution of the problem of degradation of plant residues that are
difficult to hydrolyze and increasing digestibility and enriching feed with easily digestible
carbon sources is the use of exogenous microbial enzymes. This contributes to the destruction of
plant cell walls by hydrolyzing large molecules of non-starchy polysaccharides, which ultimately
provides improving the digestibility of nutrients.

The most promising producers of cellulose-degrading enzymes are filamentous fungi
Aspergillus, Penicillium and Trichoderma [5-7]. For a long time, the growth in the production of
enzyme preparations was held back due to the lack of active strains of microorganisms.
Therefore, the task of obtaining highly active strains of enzyme producers is a very important
problem.

The aim of this study was to improve the enzymatic activity of microscopic fungus
Aspergillus niger 355 - cellulase producer.

Materials and methods

The objects of research were the A. niger 355 strain from the collection of Research and
Production Center for Microbiology and Virology. The work used standard microbiological and
biochemical research methods. The initial culture was grown on an optimized Czapek medium
containing (in g/l): sucrose — 10; (NH,)2, HPO, (0,15%) — 9; KCI - 0,5; MgSQO,4 — 0,5; KH,PO, —
1; FeSO, — 0,001; pectin - 1g / 100ml.

To identify the active variant formed on the substrate, isolates were selected at different
periods of long-term cultivation, for which isolates were selected at stages I, 11, and subsequent
stages of cultivation associated with the frequency of removal of the mycelium from the
substrate. Samples were taken by plucking mycelium from the surface and from the depth of the
immobilized structure.

A cell suspension was prepared at a concentration of 170,000 conidia per 1ml for seeding
on agar nutrient medium. The resulting suspension - fragments of mycelium, single cells and
cells collected in chains, was filtered through a glass filter with multilayer sterile filter paper into
a sterile test tube. The filtered suspension was diluted with sterile water to the required
concentration in the ratio of 1:1000, 1:10000, 1:100000, 1:1000000 and sown on the agar
medium in Petri dishes. 0.1 ml of a diluted suspension was added to each dish, which was
triturated on the surface of the agar medium using a sterile spatula. Seeded cups were incubated
for 3-6 days at 28-30°C. After incubation, the colonies grown on the plates were counted. The
resulting variants were isolated in pure culture, which were then grown under periodic conditions
for 3-4 days in a liquid nutrient medium. Cellulase activity was determined in the obtained
culture liquid.

Determination of the activity of cellulose-degrading enzymes was carried out according to
GOST 31662-2012 [8]. The method is based on the quantitative determination of reducing
sugars formed by the action of enzymes of the cellulolytic complex on the sodium salt of
carboxymethyl cellulose (Na-CMC). The content of reducing sugars formed as a result of the
enzymatic reaction was determined by the spectrophotometric method with the dinitrosalicylic
acid (DNS) reagent. Calculation of enzymatic activity was carried out according to the
calibration curve constructed for glucose.

The DNS reagent with a mass fraction of 1% was prepared as follows: 10.0g of DNS was
added to a beaker with a capacity of 1000 ml, 400 ml of distilled water was added and stirred on
a magnetic stirrer for 25-30 min at room temperature. Then gradually, with constant stirring, 150
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ml of sodium hydroxide solution (10.7% NaOH) was added. The color of the solution changes
from light yellow to bright green. A beaker with the resulting solution was placed in a water bath
at a temperature of 47+1°C and gradually, in small portions, 300 g of potassium sodium tartrate
was added. Stirring was continued until complete dissolution of the reagent. The solution was
cooled with cold water to room temperature and made up to 1000 ml with distilled water.

The analysis was carried out in two parallel determinations. To determine the cellulase
activity of one variant, three test tubes (2 experimental and one control) were taken, 1 ml of the
substrate was added and thermostated at 50+1°C for 5 minutes. Two test tubes were filled with 1
ml of the working solution of the enzyme preparation. The contents of the tubes were thoroughly
mixed and all three tubes were kept at a temperature of 50 + 1°C for 10 minutes. After
hydrolysis, 3 ml of the DNS reagent were added to two test tubes, and 3 ml of the DNS reagent
and 1 ml of the working solution of the preparation were added to the third test tube (control).
The mixtures were then thoroughly mixed and placed in a boiling water bath for 5 min, after
which they were cooled to room temperature. Optical densities of experimental and control
samples were measured on a PD-303 UV spectrophotometer (Apel, Japan) at a wavelength of
540 nm against a control sample for reagents. The cellulolytic activity in the enzyme preparation
was calculated by the formula:

Co +C
CMCIA = 2L~ K

where Cy - is the molar concentration of glucose in the test sample, found from the
calibration curve, umol/cm3;

Ck - is the molar concentration of glucose in the control sample, found from the calibration
curve, pmol/cm3;

T - is the duration of hydrolysis, min (10 min);

¢ - is the mass concentration of the enzyme preparation in the reaction mixture, g/cm®.

Statistical analysis was carried out according to the generally accepted criteria of variance-
statistical analysis with the calculation of mean values (M), arithmetic mean error (m) using the
Microsoft Excel, 2010 software package. The statistical significance of differences in mean
values was assessed according to the standard method described by Glants [9]. Differences with
p<0.05 were considered statistically significant.

Results and discussion

In order to study the enzyme production ability of A. niger 355 at different stages of long-
term cultivation, the producer was grown for 45 days at a temperature of 26-28'C on a previously
optimized nutrient medium (Figure 1).
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Figure 1 - Cellulase activity during long-term and periodic cultivation of Aspergillus niger 355

Immobilization of the culture on a substrate creates conditions for multiple production of
target enzymes. During long-term cultivation, it was found that after 6-9 days stabilization in the
enzyme biosynthesis was observed. The greatest enzymatic activity was observed on the 9th,
18th and 45th days of cultivation. Cellulase activity varied from 1.63 to 3.5 Units/ml (Figure 1).
However, in periodic conditions, the maximum of enzyme biosynthesis was observed on the 3d
day (1.63 U/ml), followed by a decrease in activity.

During long-term cultivation of immobilized microorganisms, many different variants are
formed, among which a highly active one is formed. A prerequisite for the active variant
formation is the stress experienced by the culture during long-term cultivation. These are
mechanical damage to hyphae when the accumulating mycelium is removed from the substrate,
the conditions for changing the nutrient medium. With an increase in the productivity of the
immobilized culture, it becomes possible to select active variants with increased enzymatic
activity.

To identify the active variant of A. niger 355, samples were taken at stage | (day 6), stage
Il (day 18) and stage Il (day 45) of long-term cultivation. All samples were taken by plucking
cells from a culture immobilized on a substrate. A total of 14 isolates were selected: 5 isolates
were selected at the 1st stage of long-term cultivation, 4 at the 2nd stage, and 5 isolates at the 3rd
stage. The enzymatic activity of the isolates isolated at the 1st stage of long-term cultivation was
2.9+0.7 - 3.3£1.2 U/ml. The enzymatic activity of isolates isolated at stage I of long-term
cultivation was 3.4+0.9 - 3.7£1.1 U/ml, and at stage III cellulase activity was 2.2+0.5 - 2.8+0, 6
Units/ml (Table).

Table 1 - Enzymatic activity of isolates obtained at different stages of long-term cultivation of A. niger
355

Isolates Cellulase (U/ml)
1 2
1-1 3,1£1,2
1-2 2,9+0,7
I stage 1-3 3,0+0,6
1-4 3,3+1,2
1-5 3,1+0,7
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Table 1 continuation

1 2
2-6 3,4+0,9
2-7 3,7+1,1
1 stage 28 3.620.6
2-9 3,5+1,1
5-10 2,6£1.,0
5-11 2,8+0,6
111 stage 5-12 2,7+0,8
5-13 2,240.5
5-14 2,0+£0,7

The highest enzymatic activity was found by the A. niger 355 2-7 isolate, selected in the
second stage of long-term cultivation 3.7+1.1 U/ml.

Thus, during the selection of the strain A. niger 355, an active isolate of A. niger 355 2-7
was obtained. The cellulase activity of obtained isolate was 10.9 times higher than the parental
culture. In fact, immobilization method presented in this work is simple and affordable. During
its implementation, there are no factors that damage microbial cells and inhibit enzymatic
activity, mass transfer is not hindered. It enables the development of continuous biocatalytic
technologies. Immobilization of cells is also interesting in that microorganisms return to their
natural attached state, the study of which allows one to get closer to understanding the processes
occurring in nature.

References:

1N.V. Feoktistova, A.M. Mardanova, M.T. Lutfullin, L.M. Bogomolnaya, M.R. Sharipova
Biopreparaty mikrobnogo proiskhozhdeniya v pticzevodstve. Uchenye zapiski kazanskogo universiteta,
2018, 160: 395-418 (https://cyberleninka.ru/article/n/biopreparaty-mikrobnogo-proishozhdeniya-v-
ptitsevodstve).

2 Knudsen K.E. Fiber and nonstarch polysaccharide content and variation in common crops used in
broiler diets. Poultry Science, 2014, 93(9): 2380-2393 (doi.org/10.3382/ps.2014-03902).

3 Ravindran V., Son J.-H. Feed enzyme technology: Present status and future developments.
Recent Patents on Food, Nutrition & Agriculture, 2011, 3(2): P. 102-109
(doi: 10.2174/2212798411103020102).

4 Adeola O., Cowieson A.J. Board-invited review: Opportunities and challenges in using
exogenous enzymes to improve non-ruminant animal production. Journal of Animal Sciences, 2011,
89(10): P. 3189-3218 (doi: 10.2527/jas.2010-3715).

5Manish P., Sonali M., Pradeep K., Hrudayanath T., Microbial cellulases — An update towards its
surface chemistry, genetic engineering and recovery for its biotechnological potential. Bioresource
Technology, 2021, 340: 125710 (doi.org/10.1016/j.biortech.2021.125710).

6 Vaishnav N., Singh A., Adsul M., Dixit P. Penicillium: The next emerging champion for cellulase
production. Bioresource Technology Reports, 2018, 2: P. 131-140 (doi.org/10.1016/j.biteb.2018.04.003).

7 Kubicek C., Messner R., Gruber F. The Trichoderma cellulase regulatory puzzle: From the
interior life of a secretory fungus. Enzyme and Microbial Technology, 1993, 15(2): 90-99
(doi.org/10.1016/0141-0229(93)90030-6).

8 GOST 32662-2012. Metody opredeleniya fermentnoj aktivnosti czellyulazy. Vved. 2014-01-
01. M.: Mezhgos. sovet po standartizaczii, metrologii i sertifikaczii. 1, 9s.

9 Glancz S. Mediko-biologicheskaya statistika. M., 1998.

82


https://cyberleninka.ru/article/n/biopreparaty-mikrobnogo-proishozhdeniya-v-ptitsevodstve
https://cyberleninka.ru/article/n/biopreparaty-mikrobnogo-proishozhdeniya-v-ptitsevodstve
https://doi.org/10.3382/ps.2014-03902
https://doi.org/10.2174/2212798411103020102
https://doi.org/10.2527/jas.2010-3715

MHUKPOBHOJIOI'US )KOHE BUPYCOJIOI'Us1 ISSN 2304-585X www. imv-journal.kz

IMPABUJIA
U3JIaHus )KypHaa
«MHUKPOBHOJIOI'USA ’KOHE BUPYCOJOI'US»

Kypnan ny0nukyer cratbu pyHIaMEHTAIBHOTO U MPUKIIAIHOTO XapakTepa. MaTtepuabl
JOJDKHBI  OTpaXKaTh pe3yibTaThl HAYYHBIX HCCIEAOBAHMA M TPAKTHUYECKUX JOCTH)KCHUH B
o0nacTy MUKpOOUOJIOTHH, BUPYCOJIOTUH, OMOTEXHOJIOTMH U YKOJIOTHH.

[Inara 3a myOIMKaIMIO CTaTe HE B3UMAETCSI.

[IpencraBnennble Ui OMyOJMKOBAaHHS MaTepHalibl JOJDKHBI YIOBIETBOPATH CIETYIOLIHM
TpeOOBAHUSIM:

Conepxarb pe3yibTaTbl OPUTMHAIBHBIX HAYYHBIX MCCIICIOBAHUN 10 aKTyalbHBIM
npobiemaM B 007aCTH MUKPOOHMOJIOTUHU, BUPYCOJIOTUH, OMOTEXHOJIOTMU M 3KOJIOTHH, paHee He
OIyOJIMKOBaHHBIC U HE NIPEAHAa3HAuYEHHbIE K MYOJIMKAlMU B APYTUX U3TAHUSX.

Bce crarby mpuHUMAKOTCS M MyOJHMKYIOTCS OJHOBPEMEHHO Ha JIBYX SI3bIKAaX (Ka3axXxCKOM U
AHTJIMHACKOM, WJIM PYCCKOM U aHTJIMHACKOM).

CraThy NMPUHUMAIOTCS B 3jeKTpoHHOM BHAe (B (opmate .doc, .docx mubo .rtf) gepes
npoduib aBTOpa Ha caiite imv-journal.kz.

[Tpu HeBbIMOMTHEHNN (HOPMATTBHBIX TPEOOBAHUHN, CTAThsI K ITyOJIMKAIIMNA HE TPHHUMACTCH.
CraThu MOCTYNUBIINE B PENAKIHIO KYpHalla MOTYT OBITh MPOBEPEHBI C MOMOIIBIO CHCTEMBI
AHTHIUIarHAT. B ciydae, ecnu pe3ynbTaT MPOBEPKH BBISBISIET HEKOPPEKTHO O(POPMIICHHBIE
3aMMCTBOBAHUS, CTaThsS MOKET OBITh OTKIIOHEHA.

[Tpu BeIMOTHEHNMU (HOPMATBHBIX TPEOOBAHMIA, CTaThs HAIPABISETCS HA PACCMOTPEHHE
YJieHaM PEIKOJUICIMH, WMEIOIUM Y4YeHYI0 CTENEeHb B HAay4HOH 00JacTH, COOTBETCTBYIOIIEH
colepKaHuio cTaThd. [Ipw 3TOM penakuus OmpenensieT COOTBETCTBUE CTAaTbU MPOGHUIIIO
KypHasa, TpeOoBaHUAM K odopmieHuto. [Ipu COOTBETCTBHM BbINIEYKa3aHHBIM TPEOOBAHUAM
HaNpaBisieT €€ Ha PELEH3WPOBAHHE CTOPOHHEMY CIICIHUAIUCTY, O0JIaJaroIieMy BBICOKHMU
npoecCHOHANBHBIMU 3HAHUSMU U OTMBITOM PAaOOTHI M0 KOHKPETHOMY HayYHOMY HAIpPaBIIECHUIO,
UMerolIeMy ydeHyro crernedb PhD, mokTopa wii KaHauaara Hayk.

K pereH3npoBaHuio He MPUBIEKAIOTCS CHELHUATNCTHI, padOTAIONIME B OJJHOM OTJEle WIH
JeTlapTaMeHTe YYpPEKICHHsI, TJ/Ie BBHIMONHEHa paboTa. PemeH3eHT BBIHOCHUT pEIICHHE O
BO3MOXHOCTH OIMYOJIMKOBAHHUS
OKoHUaTeIbHOE PEIICHUE O 1eTeCO00PaA3HOCTH MyOIMKAIIMK PUHUMAETCS PeTakiinoHHoM
KOJIJIETUEH B COOTBETCTBUU C PEKOMEH/IALIUSIMH PELIEH3EHTOB.

[Tocne npunaTusa PegakimoHHON KoJuleruel perieHus o I0MyCcKe CTaThbu K MyOJIMKaluu
OTBETCTBEHHBIM pENakTop >KypHaja HH(POPMHUpPYET 00 3TOM aBTOpa M YKa3bIBaeT CPOKH
nyOIMKauy.

1. IlpucnanHble MaTepUabl JOJKHBI COAEPKATD:

— Marepuansl crathi ((aiiny co cTaTbell NMpHcBaWBaeTCss UMs M0 (aMHIUH HEpBOTO
aBTOpA).

— CBenenust 00 aBTopax (haMuius, UMs, OTYECTBO, YUCHAs CTETICHb, 3BaHHE, JIOJDKHOCTD,
MecTO paboThl, KOHTaKTHbIE Tesle(OHBI, ANEKTPOHHBIE aapeca (e-mail), uaeHTu(UKAIMOHHBIN
Homep (ORCID).

- OTCKaHI/IpOBaHHOG COIMPOBOAUTECIILHOC IMUCHMO.

2. Ctarbs JOJKHA CO/IEPIKATh:

— MPHTMU — mexrocynapcTBeHHbIH pyOpUKATOp HAyYHO-TEXHUUECKON HH(OpMaAIIUU

— GaMuiauy  aBTOPOB CTaThbM (IPONUCHBIMU OyKBaMHU, HWHUIUAIBI CIEIYIOT Mepes
bamunuei);

— HasBanue opraHu3zaimu, B KOTOpOW Obla BHIMONHEHA pabora M ropoj (CTpOUHBIMU
OykBamu);
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— HasBanue cratbu (MpOMHUCHBIME OYKBaMH TIOJTYKUPHBIM IPUPTOM);

— AnHoTanus (B Ha4aJie CTaThU MepPe] OCHOBHBIM TEKCTOM);

— Kirouessie ciioBa (He 6oiiee 7);

— BBenenne (0e3 3aroioBka), B KOTOPOM KpPAaTKO H3JIaracTcs akTyadbHOCTh M HOBHU3HA
paccMaTprBaeMoro BOIpoCa;

— OCHOBHOI TeKCT (BKJIIOYAET MaTephalibl MU METOAbI, Pe3ylbTaTbl U 00CYXKIEHUE,
3aKIII0OUEHUE, cofiepKalliee KpaTkoe N3JI0KeHNE OCHOBHBIX Pe3yJIbTaToB padoThl);

— Crnmcok nutepatypbl (odopmisieTcs ¢ ykazaHueM (paMuiMM ¥ HMHUIUAJIOB aBTOpa,
MOJIHOTO HA3BaHUsl KHUTHU (CTAaTbM), MECTa W3JaHMs, Ha3BaHUA KypHana (roja, TomMa, HOMEpa,
CTPaHHIIBI).

3. Pa3mep omHOI cTaThM HE JOJDKEH IMPEBBINATh S5-7 MAIIMHOMKMCHBIX CTpPaHUI] (CTaThU
0030pHOTO XapakTepa — A0 15 cTp.), BKIFoUas aHHOTAIWIO, TAOJHIIBI, PUCYHKH, CIIUCOK JIUTEPATYPHI.
B tom ke d(aiinie ciemyeT NpeACTaBIATh PE3OME Ha TpeX s3bIKax (Ka3axCKOM, PYCCKOM H
AHTJIMICKOM).

4. Crares JoDKHa ObITh HabOpaHa Ha KowmmbioTepe B pemaktope MS Office Word,
mpudrom Times New Roman 12 nit, ¢ mpobenom Mexay cTpok | KOMIBIOTEPHBII HHTEPBA, OJIS —
BEpXHEE U HIKHEe 2 cM, jeBoe 3 cM, npasoe 1,5 cm. KoinuectBo pucyHkoB — He Oonee IATH.
AHHOTaIWs1, TaOJIHIIBI, PUCYHKH, CITUCOK JIUTEpaTypbl — 11 Ot yepe3 | KOMIBIOTEPHBII MHTEPBAL.
CchUIKM Ha TUTEpaTypHbIE HCTOYHUKH JAIOTCS I(PaMH B TIPSIMBIX CKOOKAX 110 Mepe YITOMHHAHHS
Y JIOJDKHBI OBITh MACGHTHYHBIMH Ha JIBYX si3bIkax. HeoOXOQMMO TIIATENbHO CIEOUTH 33 TOYHBIM
COOTBETCTBHEM OOO3HAYCHHMH B TEKCT€ M Ha Tabmumax, pucyHKax u np. lIpum wm3noxeHun
9KCIIEPUMEHTAIBHOTO MaTepHaja JOJDKHA OBITh HCIIONb30BaHA MEKAYHAPOAHAs CHUCTEMa
equnun (CH).

5. Ilocne cratby Ha AHIIIMHACKOM SI3bIKE MPUBOAUTCS CIIUCOK JMTEPATYpbl B POMAaHCKOM
andasute (References) s SCOPUS u npyrux BA3 JIAHHBIX nonHocThiO OTAEIBHBIM OJIOKOM,
MOBTOPSISI CIIMCOK JINTEPATYPhl K PYCCKOSA3BIYHON YacTH, HE3aBUCUMO OT TOTO, UIMEIOTCSI WJIM HET B
HEM HMHOCTpaHHbIE MCTOYHHUKH. ECM B CIMCKe €CcTh CChUIKM Ha WHOCTpPAaHHbIE IMyONMKalud, OHU
MOJTHOCTBIO MOBTOPSIOTCS B CIIUCKE, TOTOBSIIEMCS] B pPOMaHCKOM ajipaBuTe (JIAaTUHUIA).

B References He ucnonb3yrorest pazaenurenbHble 3HaKkH («/» U «—»). Ha3Banue ncrounuka
Y BBIXOJIHBIE JIaHHBIE OT/IENISIOTCSI OT aBTOPOB TUIIOM IIpHU(TA, Yallle BCETO KypCUBOM, TOUKON MIIN
3aIIATOM.

Ha caiite http://www.translit.ru/ mMoxxHO OecraTHO BOCHOJB30BaTHCS MPOTPAMMOM
TPAHCIUTEPALUN PYCCKOIO TEKCTAa B JATHHMILY, MCIIONb3Yys pa3iauuHble cucremsl. IIporpamma
OUYeHb IPOCTasi, €€ JErko MCIOJb30BaTh AJIsi TOTOBBIX CcChUIOK. K mpumepy, BbIOpaB BapuaHT
cucrembl bubmmuorexkn Konrpecca CIIA (LC), nonysaem unzobpakeHHEe BceX OYKBEHHBIX
COOTBETCTBUI. BeTasnsieMm B crienaibHOE MOJIe BECh TEKCT OMOIrorpaduu Ha pycCKOM s3bIKE U
Ha)KMMAeM KHOIIKY «B TPaHCIUT.

6. Crarbu, He cooTBeTcTBYIOIIME [IpaBuiam, He MyOIMKYIOTCS U HE BO3BPAIIAIOTCS aBTOPY.
Penaxmust ocrapmisie 3a co00# MpaBo MPOU3BOAUTE COKPAILIEHHS U TIPABKU CTaTeH.
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