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CastunmiioBasi KMCJIOTA U €€ POJIb B MHAYIIMPOBAHHON YCTOMYMBOCTU PACTEHUN K
OmoTHMYeCKOMY CTpeccy

Awnnoramus: CajuinuiioBasi KUCJIOTa SIBJISIETCS] IPUPOIHON CUTHAJBHON MOJIEKYJIONW, KOTOpast
UTPaeT KJII0YEBYIO POJIb B YCTAHOBJICHUU U TIepeatie CUI'HAJIOB 3aIlUThl PACTEHU OT (PUTOIATOT€HOB.
CanunuioBasi KHCJIOTa, MOJYIUPYsl 9SKCIPECCUI0 3alllUTHBIX TE€HOB W U3MEHsISI AKTHBHOCTH
AHTUOKCUJAHTHBIX (DEPMEHTOB, MOYKET PEeryJIupOBaTh OKUCIUTE/IbHBIE IMPOIECCHI, CBsSI3aHHBIE C
3AIUTHBIMU PEAKIUSIMU pacTeHuit. B 310t 0030pHOIL cTaThe PACCMOTPEHBI UCCAEIOBAHUS, TAKIIIE
npejicTaBjieHue 0 (PYHKIIMOHUPOBAHUN CAJIUIMIIOBOI KUCJIOTHI B MMMYHUTETE PACTEHMUIA.

KnroueBble ciioBa: caJuIUIOBasi KHCJIOTA, PE3UCTEHTHOCTDL, THIEPIyBCTBUTEILHBLIN OTBET,
CHCTEeMHAas MPUOOPETEeHHAsT PE3UCTEHTHOCTD, aHTHOKCHIAHTHBIE (DEPMEHTDI, METHICAAIIIIAT.

DOI: https://doi.org/10.32523/2616-7034-2020-131-2-8-14

Bupycel pacreHmii NPUHOCAT KOJOCCAJIBHBIE IOTEPH CEJIBLCKOMY XO3SHCTBY, TEM CAMBIM
SBJISISICH  [IPErpaJioii Ha IyTW K pocrTy ¥ pasBuThio pacrenuit.  OgHum u3 GHOIOTMYECKUX
MEXaHM3MOB B aJalTallii K I[IATOr€HAM SBJISIeTCs AKTHBAIUS DPE3UCTEHTHLIX OTBETOB HA
uHdeKnuo. B Te IbHBIX KOIBOJIOIMOHHBIX IIPOIECCaX B3aNMOEHCTBUS ¢ IATOreHAMU PACTEHHS
copMyIIpoBaIN pa3InUHble MEXaHU3Mbl YCTOHIMBOCTU K 3a00I€BAHUSIM.

Pacrennsi pearmpyior Ha OHOTHYECKHI CTpECC, AKTUBHUPYsS CJIOXKHBIH BallUTHBIA MEXaHHU3M,
KOTODBIIT MOKeT JeiicTBoBarh Kak JokaabHO (Local Acquired Resistance), tak u cucremno (Sys-
temic Acquired Resistance) [1,2]. B kadecTBe JIOKAJIBHOTO IPOTUBOJIEHCTBUSI HA BTOPIKEHHE
[aToreHa BBICTYIIACT MHIEPIYBCTBATEIBHBI 0TBeT. OH XapaKTepu3yeTcst pa3sBUTHEM HEKPOTHIECKIX
HOpazkeHUil  (CBEPXYIyBCTBUTEILHOCTE) B TKAaHSX PACTEHHH, KOTOPBIE OTPAHHYMBAIOT DPOCT 1
JaJIbHeiIee PacpoCTpaHeHne MUKPOOPTaHM3MOB, TAKUX KaK BUPYCHI, OAKTEpUH U IPUOHI.

PaBBI/ITI/Ie 3alllUTHBIX MEXaHHU3MOB CBA3aHO C aKTI/IBaHHeﬁ Pa3/INIHbIX T'€HOB. HpO;LyKTbI
9TUX TEHOB UIr'paioT BazXHYIO DPOJIb B HIPEJOTBPAIl€HUU DPa3BUTUA CbI/ITOHaTOFeHOB KOCBEHHO,
OMOTasi yYKPEIUTh 3alllUTHBI Oapbep KJIETOYHOW CTEHKHU, JIHOO BhIpAOATBHIBAs OIPEICICHHDbIE
dbepmenTsl u BrOopuuHble MerTabosuThl [3].  Bo BpeMsi runepayBCTBUTENBHOIO OTBETA TaKKe
VHJYIUPYIOTCsl naTored-acconuuposantble 6Gesku (PR-6esku) [4].  Boubmmucrso PR-6eskos
00J1aJIAT0T  [IPOTHBOIATOTEHHON AKTHBHOCTBIO i1 Vitro, TeM CAMBIM IIOBBIMIAs yCTOHIMBOCTh
pacTeHuii K OGOJIE3HSIM IIPH CBEPXIKCIIPECCHU Yy TpaHcreHHbix pacrenuit [5].  Kpome sroro,
FI/IHepLIyBCTBI/ITeJIbeIfI OTBET TaKXKe CBA3aH C yBe/JIMYeHUEM aKTHUBHBIX (1)OpM KHCJIOPOJa, KOTOPbIE
MOT'YT IPUBOJUTH K KJIETOYHOMY aronrtosy [6].

Cucremuasi npruoOpeTeHHasi PE3MCTEHTHOCTL MPOSIBJISIETCS B TEUEHUH HECKOJIbKUX 9acoB UJII
JIHEl [0C/Ie IEPBUYHOIO 3apaskeHns X03siHa pacTeHus. JlaHHAs yCTONYMBOCTD MMEET JUIUTEe/IbHbIH
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H.H. Ukcar, /I. TokamieBa, M.K. BeticekoBa, Y.VI. AmanbaeBa, 2K.B. TineykymnoBa

3 derT u jeiicTByeT Kak NpUOOPETEHHBIE UMMYHUTET IMPOTUB TE€X WM UHBIX MHKPOOPTAHU3MOB.
SAR sBisiercst mectieruduIHbIM Tporieccom [7].

C pasBuTHEM MOJIEKYJISIDHBIX U OHOXUMUYIECKUX METOJMOB, ObLIN BBISCHEHbI CUTHAJILHBIE IIyTU W
UX KJIIOUeBble KOMIIOHEHTBI, BEJIyIINEe B AKTUBAIIUU 3aIUTHBIX [IPOIECCAX PACTEHUIA.

OjiHa u3 TIVIABHBIX COCTABJISIONIMX CHTHAJBHOTO IIyTH, YYABCTBYIONAd B WHUIMAIUUA U
[IOJIJIEPYKAHUN 3AIUTHONO OTBETA PACTEHUIT SBJISIETCS CAJIUIIMIIOBAs KUCJIOTa. B BBICIINX pacTeHUSX
CAJINIIWIIOBAs KUCJIOTa WUIPAET OJHYy M3 BaXKHBIX POJiell B HHJYIMPOBAHHONW YCTOHYUBOCTUA K
buoTudeckuM crpeccaM. CaJuIumaIoBas KHCI0Ta, B YaCTHOCTH O0Opasyercss 3 OeH30WHON KUCIOTHI
y HEKOTODBIX BUJIOB pacTenuit (tabak, puc, ropox) [8,9,10|, a apyrue BubI pacTeHHU CHHTE3UPYIOT
casnunuioByto Kucjaory no O-xymaparaomy myTu [11,12].

B macrosmmii MOMEHT M3BECTHBI JaHHBIE O BJIUSHUU CAJIMIIMIOBON KUCJIOTHI HA IIOBBIIIEHUE
CUTHAJIBHBIX 3AIUTHBIX MEXaHM3MOB PACTEHUl, TAKUX KaK aKKyMYJISIUs acKOPOUHOBOI KUCJIOTHI
[13], akrtuBaiuu ADK-dbepmenror [14] u yBesuueHHH SKCIPECCUH  CTPECC-ACCOIMUPOBAHHBIX
kiacrepHbix reHoB [15]. Ilepsble nanuble, onmchbiBaonpe (HYHKIMIO CATUIMIOBON KUCIOTHl KaK
YCTONYINBO-UHIYIIUPOBAHHAsI, ObLIN IOJIYIeHbI IIPU UCC/IEI0BAaHNN 3a00JI€BAHNI BUPYCOM TabaTHOM
moszauku [16]. ITocse nepBuvHOro 3aparkeHusi BUpycoM TabadHOil MO3anKH, B TabaKe yBeJNInBAeTCS
KOHIIEHTPpAaI A Ca.HI/H_[I/IJIOBOfI KHCJIOTBI B MECTE€ 3apaK€HUud C ITOC/IECAYIOINUM €€ HE3HAIUTEJIbHbIM
POCTOM B HeI/IH(l)I/H_[I/IpOBaHHbIX CUCTEMHBIX TKAaHAX. B Ta6aKe Hap#aay C IOBBIINIEHUEM YPOBHA
CaJII/IHI/I.HOBOI';I KHCJIOTBI IPOUCXOAUT aKTHUBaIldA TPaHCKPUIIIIUN PR—FeHOB KaK B MHOKYJ/JIMPOBaHHBIX,
TaK ¥ B HE3aPaKeHHBIX JINCTbsX [17].

Jlanuble  Sarowar 1mokasbiBaroT, urTo Herpancigupyemasi MPHK — PR-6enkoB  moxker
KOHBEPTUPOBATHCS B TPAHCJIUPYEMOE TIIOJIOXKEHHe Yepe3 BHECEHUsl SK30TeHHON CAJIMIMIOBOMI
KUCIOTBl B Tabak [18].  BbLIO BBISIBJIEHO, YTO YPOBEHb SHJIOIEHHOI CAJUIUIOBON KUCJIOTHI
yBesimanBasics B 20-30 pa3 B mepBuuHO3apakeHHBIX ¥ B 10 pa3 B HEMHPUIMPOBAHHBIX JTUCTbSIX
rabaka copra Xanthi nc [19]. Takxke npum pobaBIeHHH SK30I€HHON CAJMIUIOBOIl KUCJIOTHI B
pacTeHusi aKTUBUPYIOTCSL Te ¥Ke JIEBATh TeHOoB, uro u npu uHdexknuun ¢ TMV [20]. Anasoruunbie
[IOKa3aTe/In YBEJIMIEHUsT CAJIUIMIIOBOI KUCIOTHI B IIPOBOJSINEN TKAHU, & UMEHHO BO (bJjioame ObLIn
BBISIBJICHBI [IPH 3apaxkenuu orypia [21] u Bupycom nekposa tabaka (TNV) [22], u 6akrepueii Col-
letorichum lagenarium [23]. Yro kacaercss rpuboB, TO MO JAHHBIM IUTOJOTHIECKUX UCCIICOBAHMIA
OHHM HE UMEIOT CIIOCOOHOCTH IPOHUKATH B KJETKH PACTEHUN M IMPOBOJIUTH PEHPOJYKITUIO B CBI3HU C
TeM, YTO UJET aKTUBAIUS CUIHAJIBHBIX IyTell ¢ MOC/Ie/yIoMeil SKcnpeccueii 3alUTHbIX TeHOB |24].

PesynbraTer nccienoBanmii Tong Li 1 coaBTOPOB MTOKA3BIBAIOT, UTO CAJIAIUIOBAs KUCJIOTA MOYKET
3 dEKTUBHO PEryJnpoOBaTh HAKOILJIEHHE ACKOPOMHOBOW KHCJIOTHI, OCOOEHHO B ToMaTax copra “Jin-
peng — 17 [25]. Jlamnble Tak)Ke MOKA3BIBAIOT, 4TO IIOCTAEe WHOKyJsiiuu pacrernit supycom TYLCV
YBEJIMYUBAJIACH AKTUBHOCTD aCKOPOAT MePOKCHIA3bl U MEPOKCUIA3DI O] JEHCTBUEM aKKYMYJISIUN
caymnuiIoBoil kucjaorel. HampoTus, ak THBHOCTD CyTHEPKOCHIIUCMYTa3bl CHU3UIACH B TOMATaX COPTa
“Jinpeng — 1” u yBesimuuBasiach B ‘Zhefen — 702”7 coorBercrBemnto

[Tepokcumasnr Kiacc OGeJKOB, KOTOPbIE KATAJMU3UPYIOT CHHTE3 JIMIHUHA, TEM CaMbIM MOI'YT
OBITH HEIOCPEJICTBEHHO CBA3AaHBI C MOBBIIMIEHHON CIOCOOHOCTHIO CHCTEMHO 3allUINaTh TKAHU
myTeM JINMTHUpUKAINA Upu OmoTmdecmx crpeccax. llepokcmmasa MmUpPOKO pacmpocTpaHeHa B
BBICIIUX PaCTEHUAX W 3IallUIa€T PaCTUTEJIbHbIC KJIETKH OT Pa3pyIUTEIbHOIO BO3JI€I71CTBI/I${
Hy O4, karanusupysi ero pasioxkenue [26, 27|. BuusHue cajnnuioBoii KUCJIOTH HA aKTUBHOCTH
[MEPOKCUIA3BI, MOJU(EHOJOKCHIA3bl U HAKOIJIEHHEe IEPEeKHCH BOJIOPOJA OBLIO HM3YUEeHO TaK¥Ke
Ha apaxwuce. llpm Bcex obpaboTkax HabJOIaI0CE O0Iee yeaumderue akrtusHocTH POD 1o
CPaBHEHUIO ¢ KOHTPOJbHLIME pacTeHusMu. V3 mux 1% KoHIeHTpamusi mokasaja 6ojee BBICOKYIO
AKTUBHOCTBH IIO HCHBbITATEJIBbHOMY II€EpUOALY, Y€M JPpYyTU€ KOHICHTPaIlUuU CaﬂI/IL[I/IJIOBOﬁ KUCJIOTHI.
Couepzkanne 6eJIKa B JIMCTbSX pacTeHUi, 00pabOTAHHBIX CAJIUIINIOBOI KUCIOTO, ObLIO 3HAYUTEILHO
BLIIIE, 4YeM B HeoOpabOTaHHLIX KOHTPOJbHLIX rpymmnax npu 0,14% konmenTpamuu depes 72
gaca mnocje uHOKyssAnuu [28].  CuibHasi, HO HOJIOKUTEJbHAS KOppeJsiys Oblia OOHApY’KeHa
MEXK/Iy OKHMCJINTETbHBIM COCTOSTHUEM DPACTEHUSI XO3sIMHA U YCTONYIUBOCTBIO K PA3JUIHBIM CTPECCAM
[29]. BYMV-undurnuposattbie JIMCThsl MOKA3AJN AKTHBHOCThH, UHJLYIIMPOBAHHYIO IIE€POKCHIA30i,
KaTajaazoi, ackopbaT MepoKCUIA30# U CyIepOKCHIIUCMYTa30M, TOrIa Kak 00paboTKa CAJMIIIOBOI
KHCJIOTOW WHIrHOMPOBaJa aKTUBHOCTH HEPOKCHUIA3bI, KaTajasbl, HO HWHIYIUPOBAaJIa aKTUBHOCTH
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CYTIEpOKCHINCMYTa3bl.  JIpyrue sKCIepruMeHThI TTOKA3aJ 1, YTO AKTUBHOCTD KATAJIa3bl 3HATUTEIBHO
YBEJIMYUBAJIACH IIOCJIE €XKEHEJICJBHOIO KOMOWMHUPOBAHHOIO ITPUMEHEHUS CAJUIUIOBON KHCJIOTHI
u Gensorunagmazona [30]. AxruBHOCTH epMmeHTa, CKOpee BCEro, 3aBUCETa OT KOHIEHTPAIUN
CAJIUTIMJIOBOM KUCJIOTBI.  DKCIHEPUMEHTHI 110 aHAJIN3Y AKTHBHOCTU AHTHOKCUIAHTHBIX (PEPMEHTOB
B OTBET Ha KOMOMHHPOBAHHOE BO3IEHCTBHE CAJUIIMIOBON KHCJIOTHI C YKACMOHOBOM KHCJIOTON 1
naoky s CMV B Tomare (Solanum lycopercicum) mokasain, 9To CaJIHUIIIOBAs KUCIOTA CHUKAJIA
akTuBHocTb CAT 10 6 OHS mOCIE MHOKYJISALNNM, a 3aTeM yBejandnpaJa akruBHocTh CAT g0 15 maust
rocsie nHOKYJIsiiuu. Camasi BbIcoKast akTupHOCTH POD Habmomasack Ipu 00pabOTKe CAJIUIMIOBOIT
KHCJIOTHI € >KACMOHOBOM KHCJIOTOM, a camast BbicoKass akTuBHOCTH SOD m PAL Obuta cBsizana ¢
obpaborkoit CK+2KK+CMV [31]. Drtu gannsle nokasssator, uro kombunamus CK ¢ ZKK moxer
KOHTpoJInpoBaTh akkKymyssanuio CMV B Tomarax.

Bricokne wommentparmyu Ho Qo ObLmm ycTaHOBIEHBI B 3apaykKeHHBIX BUPYCOM JIUCTBIAX, IO
CpaBHEHHMIO C KOHTPOJIEM, B TO BpeMs Kak 0OpabOTKa CAIUIIUIOBON KUCJIOTOW C IOCJIEIyIONIei
MHOKYJIsIIUell BUpyca, BbI3bIBAJIa YMEHbIIeHUe yiepba OT IIePeKUCHOIO OKUCJIeHUs JIUIUI0B [32].

NsBecTHO, dYTO 3SK30T€HHasl CAJUIMJIOBAasl KHUCJIOTa B KOHIeHTpamun 2 MM wuHIymupyer
PE3UCTEHTHOCTh TOMATOB KaK OTBET Ha BUPYCHYIO IOCTUHOKYJISIHUIO. PacreHnusi, ob6paboTaHHbBIE
CAJTUITUIOBON KUCJIOTOH, M€/ HOPMaJIbHBIH pocToBoit denoTuil. JlanHbie pe3yabTaThbl yKa3bIBAIOT
HA TO, 9YTO SK30I€HHOE IIPUMEHEHHe CAJIMIMIOBON KHCJIOTHI U ee (PYHKIMOHAJIBHBIX AHAJIOTOB
OTHOCHUTEJIbHO TOHMXKaeT akkyMmyssinnto Bupyca TYLCV u stor adderr miurcs okonmo 10 mHeit
[33].

YcuieHne B pacTeHUSX PE3UCTEHTHOCTU Yepe3 WHJIYIUPOBAHNE ODUOJIOTUIECKUMU ¥ XUMUIECKUMUI
dakTopaMmu 3TO OJUH U3 CAMBIX 3(M@PEKTUBHBIX IIyTeill O KOHTPOJIO 3aD0J/IeBaHUIl pACTEHWUIA.
CaymunuioBasi KHUCJIOTa — XUMHUYECKW HWHIYIUPYIOMW (akTOp, W OHA SIBJIAETCS KJIFOYEBOM
curnasbHoil Mostekyioit B CIIP (SAR) curnanbnoit TpancyKImn.

s orpeieieHust JIOKATU3AINN CATUITUIOBON KUCJIOTHI IPU OMOTUYIECKOM CTPECCE UCIIOIH30BaJIN
PaJIMOAKTUBHBIE METKHA. B 3THX ombiTaX OBLJIO YCTAHOBJIEHO, UTO OCHOBHAS YaCTb CAJIMIMIIATA
TPAHCIOPTUPOBAJIACH U3 MEPBUYHOIO MECTa 3apaXKEHUsi B BEPXHUE HE WHOKYJIUPOBAHHBIE JIUCThS
pactenusi. TpaHcreHHble pacTeHus Tabaka u apadbuyoncuca ¢ uHCePTHbBIM TeHoM Nah(G, KOTOpHIit
KoJupyeT ((bepMeHT CaTUIUIATTUIPOKCIIIA3Y, KATAJU3UPYIONINN [PEBpAIlCHAE CAJUIMIOBOT
KUCJIOTHI B KATEXOJI, HE HAKAIJIUBAJIHU CAJHUIUIOBbIE KUCJIOTHI U HE IPOSBJISIIU PE3UCTEHTHOCTH K
dburonarenam pu MexaHHIECKOM 3apakeHun [34].

s oObsicHeHUsT TPUPOJBI BIUSHUS CAJUAIMIJIOBOM KHCJOTHI W €€ POJIU B PE3UCTEHTHOCTU
pacrenuit K Mukpoopranu3zmam Greenberg u Jpyrue HCIOJB30BAJU JIBE TI'PYIINIBI MyTAaHTOB
pacrennit apabugoncuca [35|. B mepBoii rpymme ObLIM TpAHCTEHHBIE PACTEHHs, KOTOPBIE Ha
IIOCTOSIHHOM OCHOBE 3KCIIpeccUpyioT renbl PR-0esIKoB, nMesn CBEPXKOHIIEHTPAIMIO CAJIHITIIOBOMI
KHCJIOTBI, TO €CTh BCErja MPOSIBISAIN CHCTEMHYIO IpuobpereHnyto ycroitamsocth (acd 2, lsd,
cpr). Ko Bropoii rpymme OoTHOCHIINCH MyTaHTBI, He crocobHble mposiBasaTh SAR B orBer Ha
00pabOTKy 9K30Te€HHON caiuiuioBoit Kucaoroit (eds, ndr 1, npr 1, nim 1). Tem cambim
OBLIO TIPEJIIOIOKEHO, YTO CUCTEMHYIO HPUOOPETEHHYIO YCTONYMBOCTH HHJYIUPYET CAJIMIIIOBAS
KHUCJIOTa, 00pa3yIoascsd IPU HEKPOTUUYECKUX ITOPAXKEHUSX IPU [IEPBUYHOM 3aPaKEHUH PACTEHUIA.
Bo usbexkaHWsi TOKCHYHOCTU, BBISBAHHOW BBICOKUMU KOHIIEHTPAIUSIMUA CAJIUITUIOBON KHUCJIOTHI,
pacTeHusi BbIpabOTAIN CHCTEMBI MPeoOpa30BaHUS CAJIUIUIOBOM KHUCJIOTHI B €ro IPOU3BOJIHBIE,
TaKMe KakK MeTHJICAJIUIMIAT, aMUHOKUCJIOTHbIe KOHbIorarbl u jpyrue [36]. Meruicanumuinar
SIBJISIETCsT JIETYYUM BeIecTBOM. [loMuUMO ero pojin B Iepejade CUTHAJIOB IO BO3JYXY MEXKILY
pacrerusimu (37|, OBbLIO BBIIABUHYTO, YTO METHJICAJIUIUIIAT SIBJISIETCS] KPUTHYECKUM MOOUJIBHBIM
uHaykropom SAR [38]. Ilo nmamupim Park w napyrux npu wuHrubupoBanHuu (epMEHTOB
MEeTHJICATUITUIATICTEPA3bI U METHITPaHC(hepas3bl CAJUIMIIOBOIl KUCIOTHI, KOTOPhIE KATAJTM3UPYIOT
KPYTOBBIE TIPEBPAIIEHUsT METUJICAJIUIIIATA B CAJTUIIMIOBY IO KUCJIOTY, sijierre SAR He BBISIBIISIIOCH
[39]. IIpm obpaborke MeTMIICATIMIMIATOM JIMCTbEB Tabaka pas3BUTHE CUCTEMHON HPUOOPETEHHOM
YCTOWYMBOCTH HaOJIIOIAJIOCh U B BEPXHUX JIUCTbAX STOTO KE pacTeHusl. HCTb jaHHBIE, €TO
npu uHbuimporanun tabaka TMV B MHOKYJIUPOBAHHBIX HUXKHEIO, & TAKXKE 3JI0POBBIX BEPXHETO
psifia JINCTHEB HAKAILIMBAJICS Ta3000pasublit meruscaiunmiar. Omaako B Arabidopsis thaliana
koppesisitu Mexkry SAR u merusicanumuiarom obrapyzkeno He 6b110 [40].
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Takum 06pa3oM, MOJIYUEHHBIE MaHHBIE MOTYT CJIY»KUTh OCHOBOH mjisi co3fanun 3(pPeKTUBHON
CTPATErnd, KOTOpasi MAKCHUMU3UPYeT MOoTeHNua bHbie SAR-MHIyIMpoBaHHbIE KOMITOHEHTBHI JIJIst
KOHTDOJIsi 3abosieBanunii. JleraysbHbIil aHaAN3 OHOXUMUYIECKUX U MOJIEKYJISPHBIX HCCJIEIOBAHUI
TPeOYIOTCS JIJIE CO3J]aHUsl HOBBIX IMOJXOJOB B pa3pabOTKe TEXHOJIOTHil IS yBeJIUIeHUs
[IPOJIYKTUBHOCTHU PACTEHUI U aJallTalludl K CTPECCcaM.
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Canmmuuil KbIIIKbLIBI XKOHE OHBIH, OMOTHUKAJIBIK CTPECKE ©CiMAiKTepPAiH MHAYINPJIEHI€H TYPaKThLIbIFbIHIAFbI
peui

Annoranusi. Canuuut KbIIKbUIBL (PUTOMATOreHepre KapChl OCIMIIKTEP/IiH KOPFAHBIII CUTHAJIIAPBIHGIH Maiiga 60ybl MeH
TaChIMAJIAYbIH/Ia MAaHbBI3/Ibl POJI ATKAPATHIH TAOUFU CUTHAJIABI MOJIEKYJIa 60Jibin Tabbuiaabl. Cauiuil KbIIKbLIB KOPFAHBIIIL
PEeHJIEPAIH SKCIPECCUSICHIH MOAYJISANMSIAY »KOHE COHBIH apKACBIHIA AHTHOKCUIAHTTHIK (bepMEHTTepAiH OGesIceHIiIirin e3repre
OTBIPBII, OCIMIIKTEPIIH KOPFAHBIII PEAKIUsIapbIMEH OallJIaHBICTBI TOTBIFY IIPOILECTEPIH perTeil ajajbl. DBy Mmakasaajga
OCIMIIKTEP/IIH, IMMYHHUTETIH/IE CAJIMIIUJI KBIIIKBIILIHBIH KBI3METI TypaJibl MoJIIMET OepeTiH 3epTTeysiep KapacThbIPbLIFaH.
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AHTUOKCUJAHTTHIK (PEPMEHTTED, METUIICAJIUIINIIAT.

N.N. Iksat, D. Tokasheva, M.K. Beissekova, U.I. Amanbayeva, Zh.B., Tleukulova, A.Zh. Akbassova,
S.B Zhangazin, R.T. Omarov

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Salicylic acid and its role in induced plant resistance to biotic stress

Annotation. Salicylic acid is a natural signaling molecule that plays a key role in establishing and transmitting plant
protection signals from phytopathogens. Salicylic acid, by modulating the expression of protective genes and changing the
activity of antioxidant enzymes, can regulate oxidative processes associated with plant protective reactions. This review article
reviews studies that provide insight into the functioning of salicylic acid in plant immunity.

Keywords. salicylic acid, resistance, hypersensitive response, systemic acquired resistance, antioxidant enzymes, methyl
salicylate.

12



H.H. Ukcar, /I. TokamieBa, M.K. BeticekoBa, Y.VI. AmanbaeBa, 2K.B. TineykymnoBa

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

References

Ross, A.F. Localized acquired resistance to plant virus infection in hypersensitive hosts, Virology 14.- 1961. -P.
329-339.

Ross A.F. Systemic acquired resistance induced by localized virus infections in plants, Virology 14.- P. 1961.-
340-358.

Radwan D.E.M., Fayez K.A., Mahmoud S.Y., Lu G. Modifications of antioxidant activity and protein composition
of bean leaf due to Bean yellow mosaic virus infection and salicylic acid treatments, Acta Physiol Plant 32.- 2010.
— P. 891-904.

Antoniw, J.F., White, R.F. Changes with time in the distribution of virus and PR protein around single local
lesions of TMYV infected tobacco, Plant Molecular Biology 6.- 1986.- P.145-149.

Ohshima M., Itoh H., Matsuoka M., Murakami T., Ohashi Y. Analysis of stress-induced or salicylic acid-induced
expression of the pathogenesis-related la protein gene in transgenic tobacco, The plant cell 2.- 1990.- P. 95-106.
Baxter, A., Mittler, R., Suzuki, N. ROS as key players in plant stress signaling, J. Exp. Bot. 65.- 2014.- P.
1229-1240.

Anand A., Uppalapati S., Ryu Ch.-M., Allen S.A., Kang L., Tang Y., and Mysore K.S. Salicylic Acid and Systemic
Acquired Resistance Play a Role in Attenuating Crown Gall Disease Caused by Agrobacterium tumefaciens, Plant
Physiol. 146(2).- 2010.- P. 703-715. doi: 10.1104/pp.107.111302.

Klambt H.D. Conversion in plants of benzoic acid to salicylic acid and its 8 — D — glucoside, Nature 196.- 1967.
-P. 491.

Yalpani N., Leon J, Lawton M.A., Raskin I. Pathway of salicylic acid biosynthesis in healthy and virus-inoculated
tobacco, Plant Physiol. 103.- 1993.- P. 315— 321.

Sticher L., Mauch-Mani B., Miitraux J.P. Systemic acquired resistance, Annu. Rev. Phytopathol. 35.- 1997.- P.
235— 270.

Silverman P.; Seskar M., Kanter D., Schweizer P., Metraux J.P., Raskin I. Salicylic acid in rice: biosynthesis,
conjugation and possible role, Plant Physiol. 108.- 1995.- P. 633— 639.

Leon J., Shulaev V., Yalpani N., Lawton M.A., Raskin I. Benzoic acid 2-hydroxylase, a soluble oxygenase from
tobacco, catalyzes salicylic acid biosynthesis, Proc. Natl. Acad. Sci. USA 92.- 1995.- P. 10413— 10417.

Popova L., Ananieva E., Hristova V., Christov K., Georgieva K., Alexieva V., Stoinova Zh.. Salicylic acid and
methyl jasmonate-induced protection on photosynthesis to paraquat oxidative stress, Bulg J Plant Physiol.- 2003.-
P. 133-152.

Mittler R. Oxidative stress, antioxidants and stress tolerance, Trends Plant Sci 7(9).- 2002.- P.405-410.

Mittler R., Vanderauwera S., Gollery M., Van Breusegem F. Reactive oxygen gene network of plants, Trends Plant
Sci 9(10).- 2004.- P. 490-498.

White R.F. Acetylsalicylic (aspirin) induces resistance to tobacco mosaic virus in tobacco, Virology 99.- 1979.- P.
410-412.

Katoch. Induction of pathogenesis-related protein in pea after treatment with inducers or inoculation with Erysiphe
polygoni, J Veg Sci 12(3).- 2007.- P. 15-25.

Sarowar S., Kim Y.J., Kim E.N., Kim K.D., Hwang B.K., Islam R., Shin J.S. Overexpression of a pepper basic
pathogenesis-related protein 1 gene in tobacco plants enhances resistance to heavy metal and pathogen stresses,
Plant Cell Rep 24.- 2005.- P. 216-224.

Maiami J., Carlut J., Klessig D., Raskin I. Science 250 (4983).- 1990.- P. 1002-1004.

Chivasa S., Murphy A. M., Naylor M., Car J. P. Salicylic Acid Interferes with Tobacco Mosaic Virus Replication
via a Novel Salicylhydroxamic Acid-Sensitive Mechanism, Plant Cell. 9(4).- 1997.- P.547-557.

Metraux, J.P., Signer, H., Ryals, J., Ward, E., Wyss-Benz, M., Gaudin, J., Rassdorf, K., Schmid, E, Blum, W.,
Inverdi, B. Increase in salicylic Acid at the onset of systemic acquired resistance in cucumber, Science 250.- 1990.-
P. 1004-1006.

Molders W., Buchala A., Metraux J. P. Transport of Salicylic Acid in Tobacco Necrosis Virus-Infected Cucumber
Plants, Plant Physiol. 112(2).- 1996.- P. 787-792.

Prell H., Day P. () Plant-Fungal Pathogen Interaction: A Classical and Molecular View. Springer -Verlag Berlin
Heidelberg New York — 2001.- 187 p.

Milavec M., Ravnikar M., Kovac M. Peroxidases and photosynthetic pigments in susceptible potato infected with
potato virus YNTN, Plant Physiol Biochem 39.- 2001.- P. 891-898.

Li T., Huang Y., Xu Zh-Sh., Wang F., Xiong A-Sh. Salicylic acid-induced differential resistance to the Tomato
yellow leaf curl virus among resistant and susceptible tomato cultivars, BMC Plant Biology 19.- 2019.- P.173.
Lin, C.L., Kao C.H. Osmotic stress induced changes in cell wall peroxidase activity and hydrogen peroxide level
in roots of rice seedlings, J. Plant Growth. Regul., 37.- 2002.- P. 177-184.

Fernandes, C.F., Moraes V.C.P., Vasconcelos L.M., Silveira J.A.G., Oliveira J.T.A. Induction of an anionic per-
oxidase in cowpea leaves by exogenous salicylic acid. J. Plant Physiol., 163.- 2006.- P.1040-1048.

War AR., Lingathurai Sh., Paulraj M.G., War M.Y., Ignacimuthu S. Oxidative Response of Groundnut (Arachis
hypogaea) Plants to Salicylic Acid, Neem Oil Formulation and Acalypha fruticose Leaf Extract, American Journal
of Plant Physiology 6 (4).- 2011.- P. 209-219.

13



ISSN 2616-7034 Bulletin of the L.N. Gumilyov Eurasian National University. BIOSCIENCE Series, 2020, 2(131)

29 Zhao, L.Y., J.L. Chen, D.F. Cheng, J.R. Sun, Y. Liu and Z. Tian, Biochemical and molecular characterizations of
Sitobion avenae—induced wheat defense responses, Crop Protect., 28.- 2009.- P. 435-442.

30 Tariq Rana M.Sabir, Akhtar Khalid P., Hameed Amjad, Ullah Najeeb, Saleem Muhammad Y., Imran ul Hagq.
Determination of the role of salicylic acid and Benzothiadiazole on physico-chemical alterations caused by Cucumber
mosaic virus in tomato, European Journal of Plant Pathology 150.- 2018.-P. 911-922.

31 Gholi - Tolouie, S., M. Davari, N. Sokhandan - Bashir u M. Sedghi. Influence of salicylic and jasmonic acids on the
antioxidant systems of tomato (Solanum lycopersicum cv. Superchief) plants under biotic stresses, Iranian journal
of Plant physiology 8(2).-2018.- P. 2345-2351. doi:10.22034/1JPP.2018.539110

32 Rani, P.U. and Y. Jyothsna. Biochemical and enzymatic changes in rice plants as a mechanism of defense, Acta
Physiol. Planta., 32.- 2010.-P. 695-701.

33 Li T, Huang Y, Xu ZS, Wang F, Xiong AS. Salicylic acid-induced differential resistance to the Tomato yellow
leaf curl virus among resistant and susceptible tomato cultivars, BMC Plant Biol. 2;19(1).-2019.- P.173. doi:
10.1186/s12870-019-1784-0

34 Cao, H., Bowling, S.A., Gordon, A.S., Dong, X. Characterization of an Arabidopsis mutant that is nonresponsive
to inducers of systemic acquired resistance, Plant Cell 6.- 1994.- P.1583-1592.

35 Debra N. Rate, Jean T. Greenberg. The Arabidopsis aberrant growth and death2 mutant shows resistance to
Pseudomonas syringae and reveals a role for NPR1 in suppressing hypersensitive cell death, The Plant Journal 27
(3).-2001.-P.201.

36 Vlot AC, Dempsey DA, Klessig DF. Salicylic acid, a multifaceted hormone to combat disease, Ann. Rev. Phy-
topathol. 47.-2009.-P. 177— 206.

37 Lee HI, Leyn J, Raskin I. Biosynthesis and metabolism of salicylic acid, Proc. Natl. Acad. Sci. USA 92.- 1995.- P.
4076— 4079.

38 Park SW, Kaimoyo E, Kumar D, Mosher S, Klessig DF. Methyl salicylate is a critical mobile signal for plant
systemic acquired resistance, Science 318.- 2007.-P. 113—- 116.

39 Eneyedi, A.J., Yalpani, N., Silverman, P., Raskin, I. Localization, conjugation and function of salicylic acid in
tobacco during the hypersensitive reaction to tobacco mosaic virus, Proc. Natl. Acad. Sci. USA 89.- 1992.- P.
2480-2484.

40 Chen F., Dauria J.C., Tholl D., Ross J.R., Gershenzon J., Noll J.P. An Arabidopsis thaliana gene for methylsal-
icylate biosynthesis, identified by a biochemical genomics approach, has a role in defense, Plant J. 36 (5)/-2003.-
P. 577-588.

CBegeHust o6 aBTOpax:

HUxcam H.H. — PhD crynent, EBpasuiickuii HanpoHaabubIi yausepcuteT uMmenu JI.H. I'ymuiesa, Hyp-Cynran, Kazaxcran.

Toxawesa /. - PhD crynent, EBpasuiickuit Hanmonaabuberii yausepcurer nMmenu JI.H. I'ymunesa, Hyp-Cynran, Kasaxcran.

Beticexosa M.K. - PhD crynent, EBpasuiicknii HanmonaibHbli yausepcurer umenu JI.H. 'ymuinesa, Hyp-Cynran, Kazaxcran.

Awmanbaesa Y. H. - PhD crynent, EBpasuiickuit Harmonasnbusiii yausepcurer umenu JI.H. I'ymunesa, Hyp-Cynran, Kazaxcram.

Treykynosa XK.B. - PhD crynenr, Eppaswuiickuit nanumonanbubiii yHusepcurer umenu JIL.H. T'ymunesa, Hyp-Cyuran,
Kazaxcram.

Axbacosa A.2K. — PhD, n.o. nonenra, Espasuiickuii nanmonanbusiii yuusepcurer umenu JI.H. I'ymunesa, Hyp-Cynran,
Kazaxcran.

2Kaneasun C.B. — PhD, n.0. nonenra, EBpasuiickuii Hanumonanbubiii yuusepcurer umenu JI.H. I'ymunesa, Hyp-Cysran,
Kazaxcran.

Owmapos P.T. — PhD, npodeccop, 3aBemyromuii Kadeapbl GHOTEXHOJIOMMU U MUKpobuosiornu, EBpasuiicknii HanuoHaIbHBIN
yuusepcurer umenu JI.H. I'ymunesa, Hyp-Cynran, Kazaxcram.

Iksat N.N. — PhD student, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Tokasheva D. - PhD student, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Beissekova M.K. - PhD student, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Amanbayeva U.I. - PhD student, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Tleukulova Zh.B. - PhD student, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Akbassova A.Zh. — PhD, acting assistant professor, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Zhangazin S.B. — PhD, acting assistant professor, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Omarov R.T. — PhD, professor, head of department, L.N. Gumilyov Eurasian national university, Nur-Sultan, Kazakhstan.

Iocmynuana 6 pedaryuro 28.04.2020

14



MPHTU 34.23.02.

M.A. CangsokacoBa, B.O. O3imxanoBa, A.A. ApumnoBa, A.FO. Aknaposa,
P."1. Bepcumbaii

J.H.lymunes amvmndaeov. Eypasusa yammok ynusepcumems, Hyp-Cyaman, Kazaxcman
(E-mail: mika94s@mail.ru)

OKmeHiH cO3bLIMAaJIbI OOCTPYKTUBTI aypPybIHBIH I'eHETUKAJIBIK, >KOHE 3MUTEeHEeTUKAJIBIK,
reTeporeHmiri

Apnarna:  Okueniy co3buiMaibl o6cTpykTusTi aypybl (OCOA) — rThiHBIC ajy XKyieciHiy
KahaHIbIK CO3BLIMAJIBI aypybl.  OKIlee MaTOJOTUSIIBIK, ©3repicTepiH KAJIbIITacybl, OipiHIIi
Ke3eKTe, TeMeKl TYTiHIHIH 3UdH/bl areHTTEp/IiH, TBIHBIC aJy KOJIIapblHA THTI3€TiH dcepiMeH
baitmanpicTel. ©COA-HBIH Herisri mnporeccrep/in OejiceHIpyiHeH 06acKa, aypy/blH JaMybIHA
FEHETUKAJIBIK, JIETEPMUHAHTTAD MEH STUTCHETUKAJIBIK PEryJIANUsIChIHBIH Oy3bLIybl, COHBIMEH KOCA.
JHK metunnenyinin e3repyi, THCTOHIAPIBIH MoanduKanusichl xkoune MukpoPHK-HBIH 3KcIIpeccusich
MaHBI3IbI peJi arkapaabl. Makasaga O COA-HbIH reHeTHKAJIBIK YKOHE SIUIeHEeTHKAJIBIK aCleKTiaepi
KypJesii naroreresi 6ap 6ipTeKTi eMec aypy peTiHjie KapacThIPbLIAIbI.

Tyiiin ce3aep: oKIeHiH CO3BLIMAILI OOCTPYKTUBTI aypybl, TeHETUKAJIBIK, KayilTiH (pakTopIapsl,
JHK mermamenyi, xpomarunnin, Moaudukannsackl, MukpoPHK.

DOI: https://doi.org/10.32523/2616-7034-2020-131-2-15-22

Kipicne. Okuenin cosbuimabl 06cTpykTusTi aypybl (OCOA) eiMre oKell COKTHIPY/IbIH KU1
2KOFaphl aJAMHBIH KEH TapaJifaH aypyJapbIHbIH KaTapblHa KaTaubl. JIYHHEKY3ITIK IeHCAYJIBIK
cakray yitbiMmbl COOA-man aypyrapiaan 60/1aTbiH €IM-KiTiM KypbibiM yiieci 2030 XKblara Kapait
TOPTIHIN HO3UIMSIAH YIIHII TO3UIUSIFA aybICY BIKTUMAJILIFBI TYpaJsbl Xxabapaaiasr [1].

OCOA-kopmaran oprta GakTOpJapbl MeH TYKbIM KyaJalThbiH OeHiMIUNK MaHBI3IbI PO
arkapaTbiH Mysbrudakropuanasl aypy [2|. Temeki TyTini, Kocibu 3USHIBLIBIK, ATMOCHEPAIIBIK,
[OJUTIOTAHTTAD,  PECHUPATOPJIbIK, — TpakTiaiH uHekmusuiapel OCOA  cusgkTbl  OacTamarbl
dakTopJIAp/IbIH Y3aK, 9Cepl CO3BIIMAJIBI THIHBIC AJIy YKETKIJIKCI3IriHIH yieMesi KyObLIbICTapbIMEH
KAMTBIMCBI3 OPOHXHUAJIIBI OOCTPYKIUSHBIH, JaMyblHa OKeJedil. OKiHilke opail, Kasipri yakbITTa
OCOA emjiey crapmapTTapbl aypyjabl TYPJIEHIIPETIH TEpaIUsiHbl YChIHOANIBI, >KOHE OCBHIFaH
opail NeHETUKAJIBIK 2KOHE NATO(MU3NOJIOTUSIIBIK, MEXaHU3MJIEP/l TEPEeH TYCIHYy 2KaHa TePaIeBTiK
apajacyjaap MeH aJJbIH ay CTpaTerusuiapblH o3ipseyre biknasa ereii [3]. Ocbl mosy rbuIbBIMEI
3epTTEYEeP/IiH COHFBI HoTUKeMepine Herizmene oTeipbin, OCOA reHeTHKachl MEH SMUTEHETUKACHIH
3epTTey/Ieri KeTiCTIKTepiH OasHIayra apHaIFaH.

OCOA mnarorenesi. Kazipri yakprrra OCOA marorenesinin Herisri OybHmapsl Gerisi, amaitia
aypy [JaMybIHBIH KOITEreH aciekTijepi Tycimikcis. ToTeiry crpecc, mpoTeas3abl-aHTHIIPOTEA3 bl
aucbasiaie, XKacyIlaJblK eJiM MeH KabbiHyFa kayan 6epy OCOA maroreHesiHiH aca MaHBI3IbI POJI
aTKAPATBIH Heri3ri mporecrep GOJIbIT TabbLIaIbI[4].

CoIpTKBI maTOreH i (pakToOp/Iapra rKayall PeTiHe IILIPHIIITH Oe3IepIiH, KeJeMi MeH MOJIIIepiH
YJIFAIOBI, INBIPLIIITHl KAaOBIKTBIH KaObIHYbI, 3Mdu3eMaHblH, [aiija OoJybl, ajJbBEeOJJIbIH YCak
TBIHBIC aJIy JKOJIIAPBIMEH KOCBLIYBIHBIH OY3bLIybl, TBIHBIC aJIy 2KOJIIaPLIHBIH CAHBLIAYBIHIA
KaObIHY SKCCymaThl TypiHae maiimga OoJsiaThlH OpPOHX-OKIIE allllapaTbIHBIH eJIeysi e3repicrepi
baitkamaapl.  CoHJaii-aK MyKOIUIHAPJIBIK, JKETICHEYIIIK JTaMUJIbl, AHTHOKCHUIAHTTBHIK KOHE
MHEKINAFTa, KapChl KOPFAHBIC TOMEHJIEHTi, OPOHXTA CO3BLIMAJIbI, ME3TiI-MEe3Tijl aCKbIHATHIH
KYKIIAJIBL YIEPiCTiH maMyblHa bIKNal eredi. Kabbiny peakiusicbina HeiiTpoduiiuep, Makpodartap
xkoue T-nmumdonurrep, ocipece CD84--xkacymrangap 6apiiblK UMMYHJIBIK, YKACYIIAJIBIK, 3JIEMEHTTED
bachIMIBIKIIEH KaTbicaabl. Co3bLIMABl KAOBIHY OPOHXTAp MEH OKIIE MapeHXMMAChIHBIH KaNTHIMCHI3
[IATOJIOTUSIIBIK, ©3TePiCTePiHe AJIBIIT KEJIETIH JOHEKEP-TOKIIAIbI MATPUKC TYTACTHIFBIHBIH, OY3bIIYbIHA
bIKIaJ eres [5).

Tykemm Kyasaittein Oeitimainik OCOA mamy Kaymiaig Herisri imki (akTopbl OOJIBIT TaOBLIAIBI
JKOoHE HWMMYHOJIOTHUSIIBIK PEAKTUBTLIIK, OKIEeHIH ©cyl MeH JlaMy epeKIeJiKTepIMeH ThIFbI3
GaitianbicTsl [6).
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OCOA renerukacol. ©OCOA remerukajblk Herizgepi Kem KbLaZap OOHbI OYKLI oaJemie
KEH ayKbIMJbl 3epTTeyaepiH o0beKTici 0okl TadbLIaiabl.  Kemreren MyabTH(aKTOPHUAIIIBI
aypynap cuakTel OCOA Kesimgeri reHeTHKaIBIK GefiMIITIK (haKTOPIAPBIH KoHE TTATOT€HETUKAIBIK,
MeXaHU3MIEPl aHbIKTay Oenriai Oip KublHIBIKTapra me. KebiHece, aypy CHIIATBIHBIH, TYypJIiriHe
OailTaHBICTBI.  OpTYpJl (eHoTHHTIK Oesriep Kypaedl KHBLILICATHIH HeMeCe KHUBbLIBICIANTHIH
PEHETUKAJIBIK, JKeJIiJIepMEeH rKaHamMa OOJIybl MYMKIH. Kazipri 3amManfrbl JIUarHOCTHKAJIBIK
TEXHOJIOTUSIIAPAbI, MBICAJbI, KOMIIBIOTEPJIK TOMOTpadUsIHbI KOJIaHa OTBIPBIN, JKeKeJereH
deHOTUNTIK KOpiHicTepai 9/ eJIIey TeHOTHI-(DEHOTUNITIK KOPPEJANUsIapabl HAKTHI aHBIKTayTa
MyMKiHaiK Gepesi [7].

Epte remerukasbik Tociire ©COA orbachblHIa Ke3IeCYiHIH, epeKINe/JiKTepiH 3epTTey, eri3mik
JKOHE cerperanusiyibik 3eprreyiep Kipai. OCOA epii-zaifibinThLIapra KaparaHa aTa-aHajgap MeH
bajagap HeMece ara-iHijiep MeH ama-KapbIHIAaCTap apachblHIaFbl AHBIK KOPPEISIUIHBI KOPCeTETIHIIr
aHBIKTAJIbI. Eri3mik 3eprreysep MeH cerperanusiyibik Taagay OCOA-ra reHeTUKAJIBIK, Ce3IMTAIBIK,
asmaraH ocepi 6ap KenTereH reHIepPMeEH, COHIaii-akK aypyra ejeyii yjeci 6ap OipHerne reraepMen
GaitlaHbICThL Jen GoJpKayFa MyMKiHaiK Gepai [8].

Tipkecin Tangayra kocbiMia orbacbiHga OCOA reHjyepiHiH MOIUMOPMTH HYCKAJIAPBIHBIH,
ACCONMAIUSITIAPBIH 3epPTTey KeH TapajifaH. OKIIeHIH CO3bLIMaJbl OOCTPYKTHBTI aypyJiapbIHbIH,
KayliH apTTHIPATHIH aJFaIlKbl MyTanusap/sH 0ipi anbda-l-anturpuncuag (AAT) komraiiTeiH
SERPINA1 reninge ambikraaran [9]. AAT- Gayblpia cuHTe3jueseTiH akybi3, depMeHTTep/i
MHAKTUBAIUIAyFa KaTbICAIbI. OnbiH  Herisrl QyHKIUICH KaObIHyFa >KOHE 3aKbIMJIaHYFa
JKayar periiie HeHATpopUIIep apKbUIbl CHHTE3Je/reH 3J1acTa3alaH OKIeHI Kopray OOoJIbIil
TaObLIAAbI.  DJacTasa- IPOTEOJUTHAKAJIBIK, OeJICeH iIiri 6ap depMeHTTep TOOBI, OKIIEeHe KOl
MOJIIIIEep/Ie Ke3/IeCeTIH CepIMJIl TAJIIBIKTAD TY3€TiH JoHEKep TiHIHer (hpUuOPUISPIbl aKybI3IapIbl
rugposmszaeiini[10]. AAT-uin xkericneyminiri 6alikaaran Kargaiia, 3/1acTa3aHbIH KOHIEHTPAIUSACH
apThIIl, OKIIe TIHJEPIH KOWbLIybiHa dMbuzeMara okemin coragpl. AAT snacraszanan 6acka, 3 (PR3)
[IPOTEeNHA3aCHIH 2koHe G KaTelICUHIH; KaJIMKPEHHIEeP.Ii, MAaTPUIITA3aHbl, Kacla3aubl-3 xkone ADAM-
17 koca 6acka cepuH nporenHa3aIapbiH Texkeiai [11].

AAT TanmnbUIbIFbl AJILBE0JI MEH YCaK, ThIHBIC ajly »KOJIIAPLIHBIH, yAeMel OY3bLIybIH TYbIHIATAIbI
xone OCOA kesiHje JaMUTBIH TPOTEA3/Ibl/aHTHIIPOTEA3 (bl TEHIePIMCI3IKTIH Heri3ri KOMIIOHEHT]
6opim TabbLIaAbI.  Ochbltaiiiia, reHeTUKaIbIK MyTanusaan ceberm Gomysl mymkin AAT xyitemik
TAIIBLIBITLI OaybIp KbI3METIHIH Oy3bLIybIHa KOHE OKIIe JeCTPYKINAChIMEH Oipre »KYpeTiH OKIIeHIH
CO3BLIMAJIBI aypyJiapbina okesesi [12].

OCOA-HBIH KAHIUJIATTHIK TEHJEPiHIH OaCTAamKbl 3epTTeyiaepi Kem yMIT KyTTipeTin 6osca
Ja, KOITereH HOTHXKeJIep Kejeci Tajgaynapia Kadramanbaapl. COHBIMEH KaTap, aHbIKTAJraH
acconuanusiiap 6ap/blK remoM - p < 5 X 10-8 yIIiH cTaTUCTUKAILIK, MaHbI3bLIBIK, JIeHTelliHe cupek
KOJT 2KeTKi3Ji, COHJaii-ak KeITereH ojeyeTTi TeHJep MeTa-Tajaaysapia 3eprreysepal OipikTipy
Ke3iHIe MaHbI3/IbI 0018 aaMaabl. Kamanmar-renaep/ai 3epTrey Ke3iHae STHUKAJIbIK THICTLTIKTI ecernke
AJIYIBIH MAHBI3IbLIBIFLI aTAll OTLIel, OTKeHI KOIITereH HOTUXKejep TeK Oip STHUKAJIBIK TOIKA FAHA
tueciai [13].

Kacranbmu »xene onbiy, spinrecrepi 2009 »xpuira jeitin OCOA-1a Ke3aeceTin KaHauIaT IeHiaep
acCONMAIlUsIHbIH, 3epTTeyjiepine MeTa-Tajmay »kKyprizmi. Ousap 3 Hemece ofaH Jia KeIl TOyeJici3
MONYJIATMSAIAP/Ia 3epTTe/reH 27 HYCKAHbI aHBIKTA/IBl. DyJI 3epTTey/ie CTATUCTUKAJIBIK MOHJIIIIK
riyraTuoH-S-rparcdepasbl 1(GSTM1) rewninin, icik mekpossl dbakropsiabiy redinig (TNF), Gera-1
ocyiniy esrepmesti dakropbiabie (TGFB1) reninin »koHe 3 cynepokcuymemyrasa (SOD3) reniniy
HYCKaJIaphl YIIH aHbIKTaIbl. CesiMTaablkThl OarajiaranHan keifin Tek GSTMI Jjiokychl ojeyerTi
ACCOMMAIUSIIAH TYPAKThl KaJibl. Byt 3eprrey OCOA TypiHJie TeHETHKAJIBIK, HYCKAJAP/IBI aHBIKTAY
GaphICBIH A YMITKED TeHJIep/il TaJIay/IblH MyMKIH/Ur [eKTeysi ekenirin kepcerei [14].

"Bakpuiay->kargaii"  3epTreyiepi  KeKeJereH —IeHJEp/iH —aypyAblH — IaTO(MU3NOJIOrMSICHIHA,
KATBICYBIH aHbIKTayFa MYMKIiHIIK ©Oepeji, aj OYKiJl TeHOMHBIH acCOMATUBTI 3epTTeysiepi
(GWAS) 1mosiuron sl aypysap/blH, TeHeTUKAJIBIK, HYCKAIAPBIHBIH, OAPJIbIK, TeHOMJIbIK YKUBIHTHIFbIH
coiikectengipeni. KoroprThl 3epTTeysepie accoruanusiapiblH, €/19yip KOl CaHbl T'€HEeTUKAJIbIK
HyCcKajiap MeH oKIle (DYHKIUSICHIHBIH CIMPOMETPHUSIBIK, KOPCETKIIITEP] apachlHia TaObLIFaH.
OCOA-rb1 en manpabl reagep CHRNA3/5 (anbda 3/5 xoauHEprusiiblk, HUKOTHH PEIENnTOPbI),
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IREB2 (2 remip-cesimran 3smementti Gaitmanbicreiparsin akyb3), HHIP (Hedgehog-nien eszapa
opekerreceTin akybi3), FAM13A (13-a mymieci cuskrbl orbacer) kone AGER (perenropiapra
TOH epeKIle MNIMKO3UJIEY/IiH KeHeHTireH perentopsl) 6osbin tabbuiaasl (1-cyper). Osap/siy ox
KaybIM/JIACTBIFBl OipHeIle MOmyJsiusiaapia TaObUraH, ajaiiga Oyl reHuepiiH OyHKIMOHAJIBIK,
MaHBI3/IbUIBIFBIH AHBIKTAY YIIIH KOCBIMIIA 3epTTeysep Kyprizy Kaxer. Ouiapibl JUATHOCTUKAJIBIK,
6uomaprepJiep nemece OCOA emiey HbIcaHATApbI peTiHje maiigatany kesaemaesai [15].

B
SERPINAL

HHIP TINF

L&R TGFB1
G5TO2 MMFPZ

500 MMP?

HTR4

CvyPET 1 — OKmeHiH cO3bLIMaJIBI OGCTPYKTUBTI aypybl >KOHE HUKOTHHIE TOyeJi, COHJAl-aK eKi narosjorusia
Gaitnanbicta Gosiran Herisri rengep [16].

GWAS szeprreynepi OCOA kaynine oacep ererin 15q25 CHRNA3, CHRNAS5 xoune IREB2 10-12.,
reHjIep/ii XpOMOCOMaJia aHbIKTayFa MYMKIHAIK Oepzi. HUKOTHH aneTwixosnH pernenTopsl (aFbLIIiIL.
nach-receptor) IeTUIXOJMHMEH HEMece HUKOTHHMEH GeJICeH/ IIPLITeH Ke3/ie CHHAIICTap apKbLIbl HEPB
AMITYJIbCIH Oepy/i KaMTaMachl3 eTeTiH IUCTEeWH iJreKTepi Oap JUraHI-Toyesal HOHJILIK apHaJIap
TOOBIHBIH, MyTIeci OOJIbIT TabblIaAbl. Nachrs HUKOTHHHIH MiHE3-KyJIBbIK ocepin perreiini (1-cyper).
Mpercamnst, nachr - CHRNAS (rs16969968) reminiy MyTaHTTHI ajulesliHe We TeMeKi MIEryIIiIep OChI
aJITeNTl YKOK TeMeKi TeryIIijiepre

KaparaHaa »Kui TeMeki meremi. 2Kui TeMexi miereTiH agammapra TeMeKi TYTiHI KApPKBIHILI 9Cep
€Tyl HOTUIKECIHJIe THIHBIC aJIy YKOJIAPbIHBIH SMUTEN KabaThl (DyHKIUSICHIHBIH Oy3bLIybIHA YKOHE
OCOA namy Kaymin Tyabpasl (2-cyper). ToJbIK MeHOMJIBI aCCOIMATHBTI 3epTTeyiep, COHIAl-aK,
CHRNA3/CHRNAS Jiokychl eKIile 00bIpbIMEH KoHe Gacka Jia aypy/lapMeH GailslaHbIChl 6ap eKeHJIir
aHbIKTALIBL [17].

* =
=B

ToTesTep-
oA np“'rl?&:ra

& Huxoruu f& Hefponae NAChR .‘n‘ Bynuwsakerti nAChR

5 Bune snmmenaansg

- [EEHTPanBAL) TErMEHTANbE B
T —— MA Mawsin maTian aapo VA il

CypPET 2 — HukoTuH ToyesaijiriHe >koHe OKIEHIH CO3BLIMaJIbl OOCTPYKTUBTI aypyjapblHA HUKOTUH
XOJIMHEPTUSJIBIK, PELENTOPJIapAbIH KOC KATBICYbl TypaJibl YCbIHbIC [18].

©COA-ra cesimrasplk  Jokycbl 15 (15g25.1)  xpomocomajia opHasackan koHe MPHK

OallIaHBICTBIPY KOJIBIMEH TeMip MeTabo/M3MiH peTTeyre KarbicaTblH IRP2 - akybI3abl KoaTaiThIH

ireb2 reniHen TypaJbl. Temip roMeoCTa3bIHBIH KaTThl pPEeTTeNyl KAaJbIIThl >KACYIIAJBIK,

GyHKIMsIApAbl KOJIJAay VIIIH FaHa €MeC, COHBIMEH KATap TOTLIFY CTPECC »KoHEe OHBIH, >KOFapbl

KOHIICHTPAIIUSACHl TybIHIAFaH 3aKbIMIAHyIapabl OOabIpMay VIMH Je memyir monre me.  Cay
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Temeki meryrsiep mMen ©OCOA nuarfosbl KOWLLIFAH TEMEKi IIeryIiijepaiH oKIeciHae TeMipil
0oc aToMIaphbl YKUHAJIAIBI, COJI CUSIKTBHI 9ye IMOJLIIOTAaHTTAPBIHLIH, 9CepiHe YIIbIparaH aJaMIapIaH
na Oalikasmanapl. bBoc Temip arommapbl apThIK OoJiFaHia, OTTEriHiH OejceHai opMaiapbiMeH
GailJIaHBICHII, OJT OKIIe JKacyllaJapbl MEH TiHAEPiHiH 3aKbIMaaHybIHa ceber Gomast [19).

ToJIbIK reHOMIBIK ACCOLMATHBTI 3epTTeysep HoTmKecinae 4 xpomocoMaza opHajdackan OCOA-
Fa JKorapbl Ce3IMTaJJIbIK JIOKYCTapbIH aHbIKTayra MyMKIHTK Oepmi: 4Q22 (FAM13) xome 4Q31
(HHIP). COOA-ma FAMI3A reninge 6ip nykseoruarik mosumopdusmi (SNP) en »xorapst
accormanusiubl  kepcerti [20].  Byus rennin dyHKImsicbl o1 TOJBIK 3epTTesaMereH 0Oosica [,
faml3a runokcusra Kayall PeTiHJE KACyIIAJBbIK, CHTHAJIBI Oepyre KATBICAJIbI JIe OOJIZKaHaIbl.
EH craTtucTuKasbIK MaHbBI3ABI Oip HyKJjeoTuaTik mnoauMopdusmumepi Rho GTPase Gescenmipyiii
akybi3 (RhoGAP) momeniniy Temenri afimarbinja MHTPOHIBI Geiringe opHasackau|[21]. ©COA
Kaymi 0ap HaykacrapasiH ekieciage FAMI13A reni »Korapbl JeHrefige sKCIpeccusiaHaapl. Tasiyaa
JKapbIKKa MIBIKKaH Maka/jaga FAMI3A Hesmik ThINKAHAAPIAH KaparaHIa-TYTiHHEH TYbBIHIaraH
co3blMaJIbl dMbuzeMara Te3imMil GoJbI  KeseTini alTburan|22). Coubimen karap, faml3a
2A mnporenndocdaTazacbIMEH €3apa 9PEKeTTECY >KOJBIMEH KATEHWH >KOJIBIH Kypailjabl KoHe [ -
KaTeHWHHIH, JIerpeallusiChiHa OKeJIeTIH TJIMKOTeHCUHTA3WHKWHAa3a 3 0 OeJICeHIJIINH peTrTey YIMiH
2A mporenndocdarazacblH TOJBIKTBIpaAbl. by mHormxkenep faml3a [-Karennn curHasimgpik
JKOJIJIAPBIH TEXKeH OTHIPHII, SM(MU3EMAHBIH, JaMybIHA TiHIEP/IiH Ce3IMTAIbIFBIH APTTHIPA AJIATHIHBIH
kepcereai. Our kacymaJjiap MeH »Kacyllajaapiabid, jauddepeHnnailaiyblH KoHe KaCyIaiapIblH
nposndepanusichid mekreiiai. FAMI13A Gonmaran kesjie [ -KaTeHUH YKOJIbI KaJllblHa, KeJITipiie/,
OyJ1 TeMeKi TYTiHIHIH ocepiHeH KeiliH OKIIeHiH aJibBEeOJISIPJIbl SIMUTEIUAIbI XKaCyIIAJaPbIHIA OKIIe
pelnapalsiCbIHbIH THiM/II GariapiaMachbiHa okeaes [23).

OCOA snureHeTuKaJIbIK epeKIeJiKTepi. duurenernkajbik peryisiius OCOA narorenesine
KaTbICAThIH TeHIEpAiH OeJICeHIIrNHIH e3repyinge MaHbI3Abl peJl aTKapalbl. Kasipri yakbiTTa
AHBIKTAJIFAH SIUTeHEeTHKAIbIK Mexanmsmaep JIHK MermnmeHnyiH, IMCTOHIAPABIH, METHIACHYIH
JKoHe alleTWIAeHyiH, coHnaii-ak MukpoPHK skcmpeccusicblH  KaMTHIDI. OUUreHEeTUKAJIBIK
Mmomudukanusiap JAHK wmermigenyiH, ruCTOH akKybI3AapbIHBIH, KOBAJEHTTI MOIMMPUKAIUSICHIH,
MukpoPHK wmen MPHK apacoimmarbl  e3apa opekeTTecylli KOCATHIH  KOBAJEHTTI  eMec
GaitmaHplcTapIblH Iaiina 6oaybiH KamMTuabl. Ogerre, CPG amHyKIeoTmaTepiHaeri MATO3UHHIH 5’
JKaraaibIHIaFbl KeMmipreri MmetuiaeHyre ymbipaitasl. JHK Mermnmenyi XpoMaTuHHIH, KYPBLIGIMBIH
©3TepTill, OHBIH arperalusiCbiHa KJIacTepjepre KoHe TPaHCKPUIIUSIJIBIK, Oe/ICeHILIKTIH KOFaIybIHa
OKeIT COKTBIPYBI MyMKiH. KapKbIHIbI TEMEKI IIery THIHBIC ajly *KOJIAAPHI KaCyIaChIHIAFbl KOITEreH
reHJIep/IiH, 0acKka J1a SMUTEeHEeTHKAJbIK ©3repicTepiMeH KOppessIusIaHaIbl. DByl MeTwameHyMeH,
Tingeri penapanusubH, ToMmenneyi ConbiMen Katap, 6ya esrepicrep ©COA  aybIpabIFbIMeH
GaitslaHbICThl GOJATBIHFBIH KOpceTTi [24].

H3 xome H4 rucron 6eMOKTapAblH VINTAPLIHIAAFBI  AMUHKBIITKBLIIB  KAJIBIKTAPBIHBIH
IMOCTTPAHCK PUIITAOH THI MOIM(PUKAITASICHI XPOMATUHHIH OpTYPJIi KOAKTUBATOPJIAP
HeMece KOopelpeccopjiap VIIH  KOJRKETIMIUINH — aHbIKTaWIbI. lNucronnpr  amermiigey
rucronaneruiarpancdepasanbiy,  (HAT) xome rucronmeanermnasanbiy  (HDAC)  nenreitiepi
MeH OeJICeHIiTiKTepIMEeH peTTese/Ii. HAT OGencenmiiriniy, apTybl THCTOHIADIAFBI JIH3UH
KAJJIBIKTAPbIHBIH,  alleTUIJeHYiH >KOHe TeHIEp/iH TPaHCKPUIIIUSCHIH apTThipajbl, aj HDAC
OeJICeHIJIIMHIH apTybl MeHJIEP/iH TPAHCKPUIIUSICBIH Tepic perreiiai. Bosmkam Goiibiaima, HDAC2
Gesicenmitirinin maruOUpaeyi ©OCOA KesiHge OaKbLIATHIH INIIOKOKOPTHKOUIATAPFA TO3IMILIIKKE
okeneni. by ©OCOA HaykacTapblHaH aJIbIHFAH OKIIE >KoHE MaKpodartap/blH OHOITATaAJIaAPBIHIIA
HDAC2 6esiceniniriniy Temeneyi »koune rucronmapabis H2A, H2B, H3 xone H4 anerunneyinin,
JKOFapbLIaybl aHBIKTAJIBL | 25).

Herizinen care/mTTi OYJIIBIKET KacyIaaapbiHbiH, auddepeHmpoBKackiH bacy apkbiibl JTHK
METHUJIJIeHyIMeH KaHKa OyJIbIKeT TiHiHIH asaloblH OaiinanbicTbipajbl. OCOA HayKacTapbIHIAFbI
JIHK meruinenyin 3eprrey auddepernuariasl MeTuwigeny s jokycrapel CHRM1, GLT1D1 xone
C10 memece f11-me oxkmaymanranbia kepcerti, ajgx erep GWAS 3eprreysiepinin p-MoHiHE OalIAHBICTHI
kapacteipcak, FRMD4A, THSD4 xkxone C10 memece fl11 joKycrapbl €H MaHBI3IbI €KEHIH KOPCETE/I].
Conpaii-ak, 6ysmbikerrepid gamybiaga MukpoPHK (miR) Maubizap1 pest arkapasibl, osiapibis, Kebi
TiH-crenuduKaJIbIK, 60JIbII TadbLIa bl beriiai 6osrammait, miR-1, miR-133 xone miR-206 kamka
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Oyimblk, errepinge xkui kesmeceni. MiR-133 6ymmbikerrepai HDAC4-ke wiknas erexmi, an miR-
133 mMumobJstacTapIbiH, TpoandePasIChbiH BIHTAJIAHIBIPLIN YKOHE OChLIAMIIa MUOTYOY/IIBIH TY3LIyiH
Gocenjierin capbicyra kayan akTopbin unrubupiieiigi. JIHK-nosmvepasanb- o perreiitin MiR-
206 muoryOysanbH, P180 cy6bipsiri apkpuibl Ty3inyine bikmana eremi. MiR-206 »xone miR-486
MuOOIacTapabIH I dEepeHIMPOBKACBIHA BIKIAA eTei »koHe ockl MUKpoPHK skcmpeccusichbiabin
MHTUOUPJIEHY1 XKacyIma apAabid 1nddepeHIMpOBKACEIH YCTall aJaThIHIBIFBIH KopceTTi. 2Korapbiga
KOPCETLJINeH SMHUTeHEeTUKAJBIK, e3repicrep Oy/IMbIKeT AuchYHKIUICHIHBIH Herisri (pakTopiapblHa
skone OCOA HayKacTapbIHIAFbl OYJIIIBIKET MACCACBIHBIH JKOFATyblHA 9Cep eTyl MyMKiH [26].

Jlanr mIeH OHBIH opinTecTepi oKIle TiHaepiniy yariciameri miR-145-5p sKcnpeccusCbIHbIH, JeHTeiiH,
COHJIafi-aK ajlaM KaJIbIIThl OPOHXBIHBIH 3nuTesmasipl Kacymanapbiaiarsl (HBECs) anonrossiabiy,
perreyim pesiH KoHe TeMeki TyTiHiHiH cbrbHbIckl (CSE) ocepinen keifin 60aThiH KaOBIHYIBI
geprreai. TeMeki mekneilTin agamiapiaH Kaparamjga Temeki mmererin ©OCOA muarnosel 6ap
HeMece KOK aJaMIapIblH eKIle TiHaepinme airapiabikTail miR-145-5p skcmpeccusicbl TOMeHIereHl
AHBIKTAJbl. AJIBIHFAH HOTHU:KeJep/iH Herizinge apropsiap CSE Herisinme TyblHIaraH TBHIHBIC aJjLy
2KOJIIAPBIHBIH STUTETHAJIBI 2KACYIIaIapIblH KAOBIHYbI MEH aIrlonTo3 mporieci bapbichiaga miR-145-
S5p KOpFaHbIC POJiH arkKapalbl xkoHe Kebirnece, NF-kB curna/iapik *KOJbIH peTTeyai mgen 0oJKa bl
[27].

Kao xone onbig opinrecrepi OCOA HayKacTapbIHBIH, IEPUQEPUIIBIK, KAHBIHAH OOTIHIT aJIbIHFaH
miR-~183, miR-200b :xome miR-200c sKcmpeccusiCbIHBIH, >KOFaphbl JeHreiin OaiikaraH, Oipak
O©COA aybIpJIBIFBIHBIH, 9PTYPJIL JI9perKesiepl apachbiHIa eJIeyil aliblpMaIIbLILIKTAP/Ibl DaiiKaMaraH.
Oumnapapin 3eprreyi ©OCOA HaykacTapbiblH HepudepusiiblK KaHbHIarbl miR-183 skcupeccust
JIeHPelliHiH »Korapbl GOJIybl, ©3 Ke3eriHje aypy/biH aybipsbirbia caubicTbipyinbl BKCa 81 (Ca2+-
activated K-+ channel) skcrpeccusiCbIHbIH peTTesiyine KaTbiCybl MyMKiH ekeHiH kepcerti. Ocbiran
opait, BKCa 1 xome miR-183 COOA-pIH KJIMHUKAJBIK [IUAIHOCTUKAJAY JKOHE €eMJIey VIIH
HepCIeKTUBTI GHoMapKepJsiep perinje jen canayra 6oaip [28].

Mouinna-ITunesno xoHe OHBIH, opinTecTepiMeH Kapusiianral 3eprreyie op Typiai MukpoPHK (66
mukpoPHK) npoduibiep sxcnpeccusicbin coiikecTenipren )oHe tankan. miR-132 kone miR-212
OCOA naykacrapbifia OeJICEH IIPIITeH N H KOPCETTI; ajiaii/ia TeMeKi 1mery crarychl MeH MUKpoPHK
9KCIPECCUSICHIHBIH CHIIAThl apachlHIa ailKblH KOPpeJslngd aHbIKTaaraH kokK. Ocblgan 6acka,
aBropiap MPHK anbdal-anturpuncun men miR-132-212 kiracTepiHiy, 9KCIPECCUSCHI apaChbIHIA
Tepic Koppessnus TanTbl. Ockl MosimMerTepre coiikec ajbdal-anturpuricus MPHK miR-132-212
KJIacTepi YIIIH HBICAH PEeTiHIEe YCHLIHBLIFaH, aj OHBIH TanmbLibirbl OCOA maMybiMeH OaillaHBICThHI
[29].

KopbITBIH/IBI. OCOA-1aMybIHA KOTTETeH TEHJIEpP MeH SIUNeHETUKAJBIK (PaKTopJIap
KATBICATBIH KeIIeHIl aypy. AJIIBIHFBI 3€pTTeyjep SIUIeHeTHKAJbIK, MeXaHU3MIEPIiH OJIapIblH,
OPTYpPJIi TeHIEPIIH SKCIIPECCUICHIH MOMLY/sIusIay Kabiterine Gaitnanpicrel OCOA marorenesinme
MaHBI3Ibl POJI aTKapaThliHbIH KyosiaHabipaisl. OCOA kesinge JHK mermimey marrepHaaphbl,
xXpoMaTuHI pemojesaey Koue MuUKpoPHK skcrmpeccusiChIHbIH, 2KoHe HayKaCTapIbIH TOIIAIAPBIHIA
o3 epekiesikrepi O6ap. Temeki TyTiHiHiH Hemece Oacka Ja aya JIACTAFBIIMITAP/IBIH CO3BLIMAJIBI
9cepi SMUTeHEeTUKAJIBIK, MOINMDUKAIUSIIAPIBIH, aiia 00IybIH, OKIle TIHIHIH »KAaCyIIajbIK, COyIeTiHIH
©3repyiH »KoHe SMUTEeNUHIH JUChYHKIUICHH TyblHAaTybl MyMKiH. ©OCOA HaykacTapbIHIAFbI
OKIIe TIHIHIErl SMUTeHEeTHKAJIBIK OY3bLILICTAPABLI OJAH 9Pi COHKECTEeHMIPY 2KOHE OChI JIepeKTep/Ii
HayKacTapAbl CcTpaTudUKaIusiay VINH apHaiibl OMOMapKep/ep/i aHbIKTay KOHE TePAIUsSHbIH
2KaHA TOCUIIEPIiH 93ipJey MaKCATBIHIA ayPYAbIH TaTO(MU3UOJIOTUICHIH er2Kel-TerKeii TaaaayMeH
CAJIBICTBIPY KA2KeTTLIiri 6ap.
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M.A.CanBokacoBa, B.A.A3zumxanoBa, A.A.ApumnoBa, A.FO.Aknaposa, P.1.Bepcumbaii
Espasutickuti Hayuoraabhwill yrusepcumem um.JI. H. lymunesa, Hyp-Cyaman, Kasaxcman

T'eHeTnyeckasi U AMUreHETUYECKAST reTeporeHHoCTb XpOHI/I‘-IeCKOﬁ OGCprKTPIBHOﬁ 60JIe3HU JIETKUX

AnHoranus. Xponudeckas o6cTpyKTuBHas 60s1e3ub jerknx (XOBJI) — rinobanbHoe XpoHHIeCKoe 3a60/I€BAHNE ABIXATEIBHOM
cucrempl. PopMupoBaHIe IATOJIOIMYECKUX U3MEHEHNI B JIEFKUX B IIEPBYIO OYEPE/b CBSI3aHO C BO3JENCTBUEM BPEIHBIX areHTOB
TabavHOro ObIMa Ha SIUTEIUN AbIXaTeabHbIX myTeil. Kpome akrmBaruu kiodueBbix npoueccoB XOBJI, B pasButum 6os1e3HI
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BazKHas POJIb OTBOAUTCA TI'€HETUYECKHUM JeTepMHHaHTaM W HapyIIeHUIO SNUT€HETUYIECKON peryndanuy, BKJ/IIOYad HU3MEHEHUdA

merunuposanus JIHK, momudukarun rucronoB m sxcmnpeccun MuKpoPHK. B crarpe paccmarpuBaroTcsi reHeTHYeCKHE M

snurenerndeckue acrnekTbl XOBJI kak HEOIHOPOIHOrO 3a60JIEBAHNUS CO CJIOXKHBIM IIATOTEHE30M.

KutroueBbie cjioBa. XpoHHUecKasl 06CTpYKTUBHAsI GOJIE3Hb JIETKUX, TeHEeTHIeCKHe (paKTOphl pucKa, Mermaunposanue JTHK,

momudukanua xpomaruna, MukpoPHK.

M.A.Sadvokasova, B.A.Azimkhanova, A.A. Aripova, A.Yu. Akparova, R.I.Bersimbaev
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Genetic and epigenetic heterogeneity of chronic obstructive pulmonary disease

Abstract. Chronic obstructive pulmonary disease (COPD) is a global chronic disease of the respiratory system. The

formation of pathological changes in the lungs is primarily associated with the impact of harmful chemicals of the tobacco
smoke on the epithelium of the respiratory tract. In addition to the activation of key COPD processes, an important role in the
development of the disease played by genetic determinants and disruption of epigenetic regulation, including changes in DNA
methylation, histone modification, and microRNA expression. The article discusses the genetic and epigenetic aspects of COPD
as a heterogeneous disease with a complex pathogenesis.

Keywords. chronic obstructive pulmonary disease, genetic risk factors, DNA methylation, chromatin modification, mi-

croRNA.
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The structure of the populations of Crambe tataria Sebedk in the Aktobe Region

Abstract: Crambe tataria Sebedk is one from four species of genus Crambe, which grow on the
territory of Kazakhstan. This species is listed in Red Data Book of Kazakhstan as rare endangered
species, and its natural habitats are chalk areas of west part of the country. The structure of seven
populations of Crambe tataria was studied in the Aktobe Region. The optimum habitat conditions
for this species are northern and northeast slopes of chalk uplands, chestnut and light-chestnut
soils. In unfavorable conditions of summits and southern slopes of lime uplands, C. tataria can form
invasive-regressive populations with the prevalence of virgin plants. The variation of the structure
of the populations does not lead to a decrease in their resistance, which highlights high plasticity of
the species within chalk uplands.

Keywords: Crambe tataria, rare endangered species, population, Aktobe Region, population
structure, population resistance.

DOI: https://doi.org/10.32523/2616-7034-2020-131-2-23-30

Introduction. Crambe tataria Sebedk is a rare South European Mediterranean species that
grows in the south of Russia, Austria, Chech Republic, Slovakia, Hungary, Romania, Bulgaria, and
Turkey. In Russia, it grows in the steppe area, south Pre-Urals, submountain region of the Caucasus,
and the Crimea. In the northern part of the areal, the species does not spread northward beyond the
southern part of the forest-steppe zone. On the east, the spreading is limited by the Ural Mountains
range, on the south - by the Caucasus Mountains [1-6]. In the southwest part of Europe, the species
grows in the Ukraine, Moldova, Hungary, and south of Austria. As a stranger species, it can be
sporadically found in the south of Western Siberia [7], Chelyabinsk Oblast [8] and Omsk [9] Oblast.
There is evidence of it being found in Moscow Oblast [10] and south of Italy, where it appeared in
9th-10th centuries during the Huns invasion [11]. In Kazakhstan, it primarily spreads on chalk areas
of west Kazakhstan [12-15] (Figure 1).

C. tataria is a rare, endangered species that is included in the Directive on Plant Protection [16].
It is a species included in the Red List of the endangered species of the International Union for
Conservation of Nature and Natural Resources and Red List of Kazakhstan [17].

The flora of chalk areas in west Kazakhstan is unique and well researched. It includes a lot of
rare species [18, 19]. Five types of species are listed in the Red List of Kazakhstan [17]|. Presently,
there is an increased interest in researching the population structure of rare plants growing on chalk
areas [20].

The age-related structure is one of the significant features of the population because it provides
the population system capacity for self-maintenance and determines its stability [21].

The study of the age-related (ontogenetic) structure of the populations of rare species is necessary
for evaluation of the plants status and development of protective measures. Despite the actual rarity
of C. tataria, its population structure is understudied.

The research was aimed to study the population structure of a rare and endangered species Crambe
tataria Sebedk under the conditions of Aktobe Region. The main task of the study was to identify
the population structure of the species.
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Pucvhok 1 — Figure 1. C. tataria on a chalk slope

Materials and Methods. The study was performed on the territory of the Aktobe Region. The
floristic description was made on the areas with a high density of Crambe tataria. In total, seven
populations (P) of C. tataria were studied.

P-1: 20 km westwards of Akrab Village, 220 m above the sea level, 50° 51836’ N, 54 ° 93359’
W of the chalk bald peak. The soils are not fully developed, lack humus horizon, and are covered
with a layer of small chalk lumps. The area of the population is 1000 m?; total projective cover
(TPC) is 10%, TPC of C. tataria is 1%. The population includes 22 species. The most widespread
species in the canopy are Anabasis truncata (Schrenk) Bunge, Anthemis trotzkiana Claus ex Bunge,
Krascheninnikovia ceratoides (L.) Gueldenst., Matthiola superba Conti, Poa bulbosa L., and Seseli
eriocephalum (Pall. ex Spreng.) Schischk.

P-2: 20 km westwards of Akrab Village, 226 m above the sea level, 50 ° 51792’ N, 54 ° 32769’ W,
southeastern slopes of chalk peaks with a slope of 20 °. The soils are not fully developed, lack humus
horizon, and are covered with a layer of small chalk lumps. The area of the population is 300 m ?,
TPC is 15%, TPC of C. tataria is 1%, the population includes only 20 species. The most widespread
species in the canopy are Anabasis truncata (Schrenk) Bunge, Anthemis trotzkiana Claus ex Bunge,
Centaurea sibirica L., Echinops meyeri (DC.) Iljin, Nanophyton erinaceum (Pall.) Bunge, Rindera
tetraspis Pall., and Rhammatophyllum pachyrhizum (Kar. & Kir.) O.E.Schulz.

P-3: 40 km to Wil Village, bald peaks of Akshatau, 160 m above the sea level, 49° 93420’ N,
54°51433" W, eastern slope of chalk bald peaks, valley, 20° slope. The soils are fully developed,
light chestnut, mellow loamy with inclusions of lumps of pure chalks. The area of the population
is 1000 m 2, TPC is 30%, TPC of C. tataria is 5%. The population includes 38 species. The most
widespread species in the canopy are Allium decipiens Fisch. ex Schult. & Schult. f., Alyssum
tortuosum Waldst. et Kit. ex Willd., Anthemis trotzkiana Claus ex Bunge, Artemisia aralensis
Krasch., A.salsaloides Willd., Astragalus aktubiensis Knjasev, A. varius S.G. Gmel, Ferula caspica
M.Bieb., Limonium caspium (Willd.) Gams, and Tarazacum turgaicum Schischk.

P-4: 40 km to Wil Village, bald peaks of Akshatau, 143 above the sea level, 49° 33529’ N,
54 ° 50869’ W, valley occupied by brushwood along the shores of temporary water flow. The soils
are chestnut, fully developed, loamy. The area of the population is 1000 m 2, TPC is 100%, TPC of
C. tataria is 5%. The population includes 33 species. The most widespread species in the canopy
are Achillea nobilis L., Agropyron cristatum (L.) Beauv., Camphorosma monspeliaca L., Centaurea
kasakorum Iljin, Echinops meyeri L., Ephedra distachya L., Euphorbia microcarpa Prokh., Ranun-
culus polyrhizos Steph., Rhinopetalum karelinii Fisch. ex Alexander, Scorzonera tuberosa Pall.,

24



A.N. Kuprijanov, B.A. Turalin, N.V. Kurbatova, M.S. Kurmanbayeva, K.T. Abidkulova,...

Tanacetum santolina C.Winkl., Tragopogon ruber S.G.Gmel., and Tulipa biebersteiniana Schult. &
Schult. f.

P-5: 15 km northeastwards of Akshatau Village, 126 m above the sea level, 49°33475" N,
54°51334° W, northern slopes of chalk bald peaks. The soils are light chestnut, fully developed
with numerous chalk inclusions. The area of the population is 2500 m 2, TPC is 30%, TPC of
C. tataria is 3%. The area of the population includes 32 species. The most widespread species in
the canopy are Achillea micrantha Willd., A. millefolium L., Adonis wolgensis Steven, Artemisia
marschalliana Spreng., Bromopsis inermis (Leyss.) Holub, Chaerophyllum prescottii DC., Cho-
rispora tenella (Pall.) DC., and Galatella villosa (L.) Rchb. f.

P-6: 15 km northeastward of Akshatau Village, Mukashtau mountains (a complex of chalk small
Akshatau mountains), 192 m above the sea level, 49 © 43102’ N, 54 °© 59277" W, the southwestern slope
of chalk bold peaks. The soils are chestnut, not fully developed with numerous chalk inclusions.
The area of the population is 200 m?, TPC is 20%, TPC of C. tataria is 3%. The area of the
population includes 29 species. The most widespread species in the canopy are Allium inderiense
Fisch. ex Bunge, Anthemis trotzkiana Claus ex Bunge, Artemisia lerchiana Weber, Echinops meyeri,
Ephedra lomatolepis Schrenk, Glycyrrhiza korshinskyi, Onosma simplicissima L., Rhammatophyllum
pachyrhizum (Kar. & Kir.) O.E.Schulz, Scorzonera pubescens DC., Seseli eriocephalum (Pall. ex
Spreng.) Schischk, and Zygophyllum pinnatum Cham.

P-7: 15 km northeastward of Akshatau Village, Mukashtau mountains (complex of chalk small
Akshatau mountains), 125 m above the sea level, 49°42394’ N, 54 ° 58876" W, steep norther slope
of 30° on chalk bald peaks. The soils are chestnut, fully developed, loamy, and loose with numerous
chalk lumps inclusions. The area of the population is 3000 m?, TPC is 35%, TPC of C. tataria is
5%. The area of the population includes 26 species. The most widespread species in the canopy
are Agropyron cristatum (L.) Beauv., Astragalus testiculatus Pall., Caragana laeta Kom., Centaurea
kasakorum Iljin, Goldbachia laevigata (M. Bieb.) DC., Nepeta cataria L., Serratula gmelinii Tausch.,
and Verbascum phoeniceum L.

The borders of the population were defined by generally accepted methods [21]. The area of the
population was identified using JPS system. Floristic descriptions were performed by a standard
method in the area of 100 m?. The authors evaluated the species composition, and general and
individual projecting cover of each species. Twenty model plots (1 m 2 ) were set inside the population
area. A C. tataria species of any age was used as a counting unit. Age-related conditions of
plants were defined according to the methodical recommendations [21-23]. The authors studied
the structures of the population according to the Program and method of observation of plant
populations [24]. A type of population was identified by Rabotnov’s method [22] and the classification
of "delta-omega" [25].

The index of age population (A ) was calculated by the formula:

where Y K; is the sum of plants in all age-related conditions, m; is the age-related condition of
species [23|. Efficiency index (w ) was calculated by the formula:

w = Zpieia

where p; = n;/n is the share of plants of i'® condition in the specified population, n; is the
absolute number of plants of i" condition, n = Y n; is the total amount of plants, e; - energetic
effectiveness [25].

Population recovery index (I) is calculated by the formula:

I:Zj—H)/Zglﬁg?:,

where Y j — v is the sum of plants in all age-related conditions of the pre-generative period,
> gl — g3 is the sum of plants in all age-related conditions of the generative period [26].

Results and Discussion. By environmental condition, C. tataria’s habitats can be divided into
favorable and unfavorable ones. Favorable habitat conditions are observed in the populations P-3,
25
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P-4, P-5, P-7. As a rule, they are located on the northeast and north slopes or in the valley and
have fully developed loose soil. Unfavorable habitat conditions are observed in the populations P-1,
P-2 and P-6. These habitats are located on the peaks, south, or southwest slopes and have not fully
developed soils with high water permeability, which are primarily alkaline.

The best total projective cover (TPC) was observed in the valley along the shores of the water
flow (100%). For C. tataria, this is an uncommon place for the habitat. Its species spread in narrow
lines along the swarded areas of steppe vegetation. Its share in the projective cover is 5%. In the
rest of habitats, TPC varies from 10% to 35%. The biggest share of C. tataria in TPC was observed
in P-3 (17%) and P-7 (14%). In the rest population, it occupies 6%-10% (Table 1).

The spread of the species on chalk uplands is uneven. The largest populations occupy 2500 - 3000
m? and are found on north and northeast slopes that are more protected from direct solar isolation
and have more developed soil horizon. Single species that did not form populations were found on
chalk uplands in the area of diluvial outwash. The highest density of species (more than 100 pcs/100
m ? ) was observed in the populations located in more favorable environmental conditions (P-3 and
P-4), except for P-1, due to a higher number of plants in a virgin condition.

Table 1 - Features of C. tataria populations

Parameter P-1|P2| P3| P4]| Pb|P6| P-T7
Projective cover,% 10 15 30 | 100 | 30 20 35
Projective cover, C. tataria % 1 1 ) ) 3 3 )
Population area, m? 1000 | 300 | 1000 | 1000 | 2500 | 200 | 3000

Species density, pcs/100 m? 140 | 10 | 150 | 115 98 40 50

Number  of  reproductive | 530 0 200 | 300 | 1650 | 20 | 1800
species in the population, pcs
Age index in the population | 0.18 | 0.15| 0.11 | 0.16 | 0.31 | 0.13 | 0.15
(a)
Efficiency index (w) 0.50 | 0.47 | 0.34 | 0.46 | 0.70 | 0.42 | 0.55
Population recovery index (I) | 1.64 | 0 | 6.50 | 2.83 | 0.48 | 3.00 | 0.11

Population-demographic studies focus on the spectrum of age-related (ontogenetic) conditions that
represents the intra-population distribution of species depending on the environmental conditions
[27]. A certain ratio of the age-related groups provides a precise understanding of a general condition
of a population, its capability of self-maintenance, and prospectives of its development.

Age-related spectra of the studied populations are presented in Figure 2. None of the populations
included species that could be classified as senile or obsolescent. The types of age-related spectra
are primarily left-sided, except for P-5 and P-7 that are right-sided. P-2 has a bimodal distribution
with its maximum values in immature and young generative species.

C. tataria, studied by the age-related spectra, are classified as normal because they are capable
of self-maintaining by the seed pathway and do not depend on stranger seeds. Nearly all the pop-
ulations, except for P-7, are invasive because they have pre-generative species prevailing. Usually,
such populations are characterized as young and expanding ones [28]. But in case of the population
of C. tataria, this is associated with unfavorable development conditions. Probably, it is explained
by the fact that plants that grow on the peaks, south and southwest slopes start to wither in vir-
gin and even immature conditions not reaching the generative stage. Those populations are called
invasive-regressive [29]. They can exist for a long time provided a population receives stranger seeds
from outside. Taking into account that C. tataria has a tumbleweed lifeform, seeds can be obtained
from other populations.
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Pucvnok 2 — Figure 2. Age-related structure of C. tataria populations

According to the classification of "delta-omega", nearly all the (P) populations are young, except
for P-5 that is young and close to maturing according to the Zhivotovsky’s classification [25| (Figure
2). Efficiency index (w) is <0.6 as in young populations. Only in P-7, it is equal to 0.7, which
makes it closer to a transition type. The index of population recovery (I) is normally >1, except for
P-2, P-5 and P-7, where it is <1, and in P-2, it is 0 because generative species were not revealed
(Table 1).

Conclusion.The analysis of the age-related structure of C. tataria population showed that the
interpretation of a certain ontogenetic spectrum should be performed with the account and under-
standing of the environment of C. tataria habitat. The studies showed that the optimum habitat
for this species is chestnut and light chestnut soil that are fully developed and have chalk inclusions.
On the other hand, C. tataria can form invasive-regressive populations in extreme soil and ecological
conditions on the peaks and south slopes of chalk uplands. The variance of the population structure
does not lead to a decrease in the resistance of the population resistance. It highlights high plasticity
of the species that grow on chalk uplands.
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A.H. Kynpusinos ! , B.A. Typanun 2, H.B. Kyp6arosa ?, M.C. Kypman6aesa 2 , K.T. A6uakysosa 2,

A.A. Bazaprajiuesa 3

1 Kys6accrut 6omanuveckuts cad Pedeparvrozo uccaedosamenscrozo yenmpa yeas u yeaexumuy CO PAH Kemeposo, Poccus
2 Kaszazxcrkuti nayuonaiviodl yrusepcumem um. arv-Dapabu, Aamamo, Kazaxcman
3 Axmiobuncrul peeuorasvrull 2ocydapemeennuil yrusepcumem umenu K. XKybanosa, Axmobe, Kasaxcmar

Crpykrypa nonyiasimuii Crambe tataria Sebeék B AkTiOGMHCKOI obsiacTu

AnsoTauus. Grambe tataria Sebeok - onuH 3 yerbipex BuoB poja Crambe, npouspacratonmx Ha Teppuropun Kazaxcrana.
ror Buj 3anecen B Kpacuyio kaury Kazaxcrana Kak peikuii 1 HAXOAAIMNACS [0, yIPO30H NCIE3HOBEHUS, & €r0 €CTECTBEHHOM
cpesioii obUTaHMsI SIBJISIFOTCSI MEJIOBbIE PAMOHBI 3alaJIHOW YacTu CTpaHbl. B AKTIOOMHCKON 00JIaCTH U3ydeHa CTPYKTypa CeMU
momyJiAnuil peaKoro, ucdesaromero suga Grambe tataria Sebeok. OnTuUMAJbHBIMU MECTOOOUTAHUAMU SABJISAIOTCA CEBEPHBIE,
CEBEPO-BOCTOYHBIE CKJIOHBI MEJIOBBIX BO3BBIIIEHHOCTEH, KAIlITAHOBBIE W CBETJIO-KAIITAHOBBIE IOYBBL. B HeOJIAronpusiTHBIX
YCJIOBUSAX BEPIIUH U I0XKHBIX CKJIOHOB MEJIOBBIX BO3BBIIIEHHOCTEH G. tataria cnocoben 06pa30BbIBATH NHBA3UOHHO-PETPECCUBHBIE
MOMYJSAIUA C TpeobsajlaHneM Oco0eil BUPIMHUJIBHOIO COCTOSIHHs. BapbUpOBaHME CTPYKTYDbI HOIYJISIMA HE TPUBOIUAT K
CHMKEHHUIO UX YCTOUYIMUBOCTH, UTO IOJTUEPKUBAECT BBICOKYIO INIACTUYHOCTDH BUIa BHYTPU MEJIOBBIX BO3BBIIIIEHHOCTEMH.

KuaroueBsbie cioBa. Grambe tataria, penkuil, HaXONANUNACS TOJ[ YIPO30H HUCYE3HOBEHUS BUJ, MOMYJIANMS, AKTIOOMHCKAs
06/1aCTh, CTPYKTYPa MOMYJISANMI, YCTONIUBOCTD IO ISALIMIA.
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A.H. Kynpusinos ! , B.A. Typanun 2>, H.B. Kyp6arosa 2>, M.C. Kypman6aepa 2 , K.T. A6uakysiosa 2 ,

A.A. Bazapraymesa 3
1 Kysbacc 6omanuranv 6azv. Dedepanvdi 3epmmey opmanvies, KOMIP dHcore KOMIp Tumuacs, cibip 6eaim, PAH, Kemeposo,
Peceti
2 oa-Dapabu amwumdaes Kasax yammo yrusepcumemi, Aamamo, Kasaxcman
3 K. XKybanos amuindaz, Axmebe onipaix memaexemmirx yrusepcumemi, Axmebe, Kasaxcman
AxTebe obabicbiHgarel Crambe tataria Sebedk momynsAusiCbIHBIH, KYPBLIBIMbI
Angnarna. Kaszsakcran aymarsmna ecerin Crambe tataria Sebedk, Crambe, TybichiHbIH TOpT Typimin 6ipi. By Typ,
Kazakcranubiy KpI3bul KiTabbIHIa CHUPEK Ke3/EeCETiH >KoHe KOWBLIBIN KeTy Kaylll TOHIMeH TYpJep/iH TidiMiHe eHrisijirex,
ajl OHBIH TaOWFU MEKEHJIey OpTachl eJiaiH 6aThiC aliMarblHBIH, Bopibl aymanmapbl Oosbin TabbuLiaabl. AkKrebe OOJIBICBIHIA
2KeTi MOIYJIANUSHBIH KYPbUIBIMBL 3epTTesal. Akrebe obabichinga Crambe tataria Sebedk cupexk KesjeceTiH, »KOWBLIBII Hapa
2KaTKaH TYPHiH 2KeTi MOIIyJISIUsSCHIHGIE KYPBUIBIMBI 3€pPTTeani. Bop KbIpaTBIHBIH, COJTYCTIK, COJITYCTIK-IILIFBIC OeTKeisepi,
KaIllTaH >K9HE AlllbIK-KAaIllTaH TOIbIPAKTapbl KOJIAWIbI ©CETIH 2KepJjiep OOoJIbIn TabbLIaabl. Buik 60p IIBIHIAPBIHBIH OHTYCTIK
Oerkeiinepi KomaiceId xarpaiinapga. C. tataric BUpruHesnl »Karmailbl WHBA3USILIK, PECPECCUBTI MOIYISLUSAIAD SapPaKTapPbIH
Kypyra kabimerrti. [lonmynsnusiiap KypbUIBIMBIHBIH, ©3T€pyi OJIap/blH TYPaKThLIBIFBIHBIH TOMEH/IEYiHEe aJIblll KeJIMen i, OyJ1 6op
TebemiKTepiHAeri TypiepAiy »Korapbl HKEMITINH KopceTei.
Tyitin cespep: Crambe tataria, cupex, >KOWBLIBINT KeTy Kayilli TOHTeH TYp, MONMyJsAnus, AKrebe OOJIbICHI, OIS
KYPBUIBIMBI, [TOIMYJISIUSHBIH TYPAKTBLIBIFbL.
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Buosornueckue cpoiicTBa 4epHO3éMa OOBLIKHOBEHHOI'O U YPOXKANWHOCTDL JIbHA
MAacCJMYHOrO MPU BHECEHUH IIperapara « ArpobHMoHOB» U MHUHEPAJbHbBIX YI00peHuit

Anvoramua: K uunciay OCHOBHBIX IIPOIECCOB  JAErPaallid  IIOYB OTHOCHUTCS HUCTOIIEHUE
OPraHUYecKOTro yrjepona B modBe.  lloBbllieHnMe ILJIOMOPOAUS IMOYBBI MOXKET CHU3UTH PUCKU
Jerpajlaliui MOYBLI U YJIYUIINTh COCTOSTHAE OKPY2KAIOMIEH CPEeIb.

B nanmoit crarbe HTpPUBOIATCS PE3YJIbTATHI HCCACIOBAHUS OMOJOTMYECKUX CBOWCTB {YepHO3EMa
OOBIKHOBEHHOI'O ¥ yPOXKAHHOCTH JIbHA MACJMYHOIO IIPU BHECEHUHU Ipernapara <«ArpoOHOHOB» U
MUHEPAJIbHBIX YI0OpeHmii.

ITosieBbie  ONBITHI  TPOBOAUJINCH HA  OIBITHOM I0Jie Y 9eOHO-HAYIHO-IIPOU3BOJICTBEHHOTO
neHTpa «duury Kokimerayckoro rocygapcTBeHHOro yHuBepcurera wumenu 1. Yanmxanosa.
MukpobmoJIorutieckyo aKTHBHOCTH IIOYBBI OINPENEJAIN METOJIOM AIJTUKAIIMN JILHOIIOJIOTHA,
MHUKPOMJIOPY YUUTHIBAJIN IyTEM BLICEBA MOYBEHHON CYCIEH3UU Ha TBEPJbIE MUTATEJbHBIE CPEJIbI.
YcraHOBUIM BAUSIHUE Iperapara «ArpoOUOHOB» B COYETAHUU C MHUHEPAJbHBIMEU VJIODPEHUSIMUA HA
cocTaB MEKPOMJIOPBI, MUKPOOUOJIOTHIECKYIO AKTHBHOCTh Y€PHO3eMa OOBIKHOBEHOI'O U YPOXKANHOCTH
CEMHH JIbHA MAC/JIUIHOTO.

[Ipenapar «Arpo6HOHOB» B COYETAHUM C MUHEPATBHBIMHU YIOOPEHUSIMU OKA3aJ MOJIOXKUTETHHOE
BO3/IElICTBYE HA YHUCJIEHHOCTH AarpPOHOMUYECKHU IEHHBIX TPYII MUKPOOPTaHU3MOB U HA YPOXKANHOCTH
JIbHA MACJIMIHOTO.

KimrouyeBbie cJjioBa: 4YepHO3EM OOBIKHOBEHHBIN, JIEH MaC/IMIHBIN, Ipenapara «ArpoOMOHOB»
MUKPOQJIOpa, MUKPOOUOJIOITIECKasT AaKTUBHOCTD, YPOXKANHOCTS.
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OpHUM U3 OCHOBHBIX (PAKTOPOB IKOJOTUUECKUX IIPOIECCOB SIBJISETCS ILJIOMOPONE IMOYBBI_H
[O9TOMY OTHOCUTCSI K IPUOPUTETHBIM SKOJIOTHIeCKUM uccseoBarusiM [1|. Beicrpoe npombiiiernoe
Pa3BUTHE U YeJIOBEYECKAasl JICATEILHOCTD IPUBEJIH K YXY/IIECHUIO KAIECTBA MOYBBI U €€ IIJIOJIOPOIHS.
Pactér uarepec K BOCCTAHOBJIEHUIO IIOYBEHHOT'O ILJIOAOPO/INS JJIs IOy YeHUS BBICOKUX U YCTONIUBBIX
ypoxaes. Biochar, yriiepoiucTsiit MaTepuast, Mpou3BeIEHHBIN U3 OMOMACCHI, MMTUPOKO UCIOIL3YETCs
B Ka4yecTBe YJIOOPeHWS, JJis YJIYUIIEHUS ILJIOJOPOJUs IOYBLI IIyTEM COXPAHEHUs ITUTATETHHBIX
BEIEeCTB U, IOBbINIeHNs] GUOJOCTYIIHOCTH TUTATEJIbHBIX JIEMEHTOB pacTeHusiM. [2].

VTunuzaius 30JI0I1JIaKa BbI3BIBAET 3HAYUTEIbHBIE SKOHOMUYECKNE U SKOJOTMIECKUE MPOOJIEMBI.
3oJonuIaK 3arpA3HseT OKPY2KAIOIIEI0 CPEJly, B TO YKe BPEMsl OH HABJISETCH BAXKHBIM ChIPDbEM JIJIs
[PUMEHEHHsI €ro B CeJIbCKOM X03stiicTe [3].  30J0IIaK sIBJISIETCST MEJIUOPATUBHBIM IIPEIIAPATOM,
KOTODBIA yirydinaer Qusnydeckue, XUMUYECKHe U OHOJIOrnYecKue CBOICTBa IMPOOJEMHBIX II0YB
U SBJISIETCH WMCTOYHUKOM JIEIKOJOCTYIIHBIX DPACTUTEIHHBIX MAaKPOJIEMEHTOB U MUKPOIJIEMEHTOB
[4]. TIpumenenue 3osonuIaka B HEGOJBINIUX J103aX B IOYBE HOBBIMIAET COJEPXKAHUE HTATEIbLHBIX
MHKDPO3JIEMEHTOB, MUKPOOHYIO aKTHBHOCTb M yPOXKaiHOCTD [5].

[IpumeHeHE OPTAaHIIECKOTO YAOOPEHMST MOXKET ellé OOJIbIe YCUIUTh CBSI3M MEXKJIy PACTEHUSIMU
U MUKpPOGAMU U TOBBICUTH ypoxkaiiHoCTh [6]. BHeceHmne HaBo3a siBiIsieTCsl HAJIEXKHOI cTpaTerueii Jjist
PeryJupoBaHUst yPOKANHOCTH CeJTbCKOXO3SIHCTBEHHBIX KYJIBTYD, Oyraroaapsi yiIydiieHuo [OYBEHHOTO
wiogopoaust |7]. Mcciemyemblii Hamu nperapar B HEKOTOPOI CTEIeHH SIBJISIeTCsl AaHAJIOIOM HABO3a B
[JIaHE COJIEPXKAHUS B CBOEM COCTABE MAKPO- U MUKPOIJIEMEHTOB, B TOM HUHCJIE U YTJIEPOJIA.

A.A. CapcenoBa Takyke yKa3bIBaeT, 9TO 1KI BHECEHHOT'O Mperapara SkBuBajieHTHO 100K epersost.
[Tpenapar « ArpoGHOHOB» SIBJISIETCSI KATAJIN3aTOPOM MUKPOOHOJIOIMYIECKUX POIeccos (8.

esip marHOl cTaTBU — JATH arpOKOJIOTUIECKYIO OIEHKY IIPUMEHEHUs penaparta « ArpoOroHOB»
B COYETAHUU C MUHEPAJbHBIMU VJIOOPEHUsIMA [0 OHOJIOTMYECKUM CBOHCTBAM YepHO3eMa
OOBIKHOBEHHOI'O U YPOXKAWHOCTH JIbHA MACIUIHOTO.
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Beutn  mocTaBiieHbl  clemyIONMMe 3aJadud:  YCTAHOBUTL BJHsIHEE Tpernaparta «ATpoOHOHOB»
B COYETAaHWHM C MUHEPAJbLHLIMUA YIOOPEHUSAMH Ha COCTaB MHUKPOQJIOPHI, MUKPOOHOJIOITIECKYIO
aKTUBHOCTb YepHO3eMa OOBIKHOBEHOT'O U YPOXKANHOCTD CEMSIH JIbHA MaCIUIHOIO.

B ycmoBusix Ceseprnoro Kazaxcrana ycTaHOBJIEHO IOJIOKATEIbHOE BJIMSHUE IIpelapara B
COYETAHNH C MUHEPAJbHBIMU yIOOPEHUSIMHI Ha MHUKPOMJIOPY, MHUKPOOMOJOTMIECKYIO aKTUBHOCTD
qepHO3EMa OOBIKHOBEHHOI'O U yPOXKANHOCTD JIbHA MaCAUIHOTO.

OO0BeKThI, YCJIOBUsSI U METOAMKA MpoBejieHusi uccjiaegoBaHusa. OObEKT HUCC/IEIOBAHUS:
JepHO3EM OOBLIKHOBEHHBI U JieH Macau4Hblii. [Ipenmer mcciemoBanusi: mnpemapaT ArpoOHOHOB,
B IOPOIIIKOBOM BHJE, B COCTAaB KOTOPOIO BXOJNT HU3KOKAJLIIMEBAsl 30J1a YHOCA KAMEHHBIX YTJIei
DKubACTY3CKOr0 MPOUCXOXKIEHNS, TEXHUIECKUN yraepon. XUMHUYECKHI COCTaB 30JIbI YHOCA yIJIei
kubacrysckoro mecropoxkgenns: SiOo 62,9%, Feo O3 6,35%, Alo O3 26,35%, CaO 1,9%
MgO 0,9%, SO3 1,2%, NasO 0,23%. Makpo- u MUKDPO3JEMEHTHBINH COCTAB 30JIbI IPEICTABIICH
CIEYIOIUME dJIeMeHTaMu 1Mo yosiBanutoo: K > Fe > Al > Mg > Ca > Mn > Sr > Pb > Co
> 7Zn > Cu > Sn > As > Ni > Cd > Hg. Ymiepox TexHUIeCKUI COCTOUT U3 yryiepoja GoJiee
gem na 99% (Capcenosa A.A. 2013).

HOHeBbIe uccjieJioBanud MIPOBOJAUINCH Ha OIIBITHOM IIOJIE y‘{e6HO—Hay“IHO—HpOI/ISBO,Z[‘CTBeHHOFO
1eHTpa «ymT» Kokierayckoro rocygapcrBeHHOro yaupepcurera uMmenn 1. Yaimxanosa.

[TouBa ombITHOrO ydYacTka — ¢YEPHO3EM OOLIKHOBEHHBIN, CpPEIHEMOIIHBIH, MAaJIOryMyCHBIH,
TSDKEJIOCYTVIMHUCTBI €O CJIEAYIONIUMU  ITOKA3aTEJISIMHU: comepxkanue  rymyca  3,8%,
Jierkoruiposmsyemoro azora 46,0 mr/kr, nogsuxkuaoro gocdopa 17,0 Mr/Kr u 06MEHHOro KaJjiusi
582 mr/kr. Peaknus mousennoro pacrsopa ciabomenounas (pH — 7,6) . Ha ocnHoBanuu maHHBIX
OBLIM PACCIYNUTAHBI TO3bI MUHEPAJBHBIX YI00peHuil 1ot JieH Macaudubiii. [losiHas pacaéraast j103a
cocrasusa 100 kr/ra geiicryromero semectsa P o O 5

Oupbir «OuTrMu3aIUs MUHEPAJIBLHOTO [MHUTAHUS IIYTEM BHECEHUs IMpernapara U3 30JI0MLIAKOB U
HaHOYTJIEPOJIA MIOJT TIOCEBHI JIBHA MACIUIHOTO» 3AJI02KEH B 4-X KPaTHOH MOBTOPHOCTH TIO CJIEYIOIIET
cxeMe: KOHTDOJIb - 0e3 IpuMeHeHuil yjo6peHusi; mojiHas pacyérHas no3a; npenapar 100 kr/ra -+
1/2 pacuernasi nosa; npemapar 100 xr/ra + 1/5 pacuernas mosa; npenapar 100 kr/ra + 1/10
pacuerHasi 7103a; npenapar 100 Kr/ra moj npejnoceBHyo 06paborky noussl. Iliomaab nenstaku 125
M 2 ; yaérnas maomaab 100m 2,

B omblTax mpoBeneHBI CleAyIONIe HAOJIOAEHUs: YHUCAEHHOCTh IMOYBEHHBIX MHKPOOPraHM3MOB
VUATBIBAJIN IIyTEM BbICEBA ITOYBEHHON CYCIIEH3WM Ha TBEPJbIE MHUTATENbHbIE CpEeIbl; OaKTepuii,
YTHJIN3UPYIOIHE OpTaHWYecKhe COeJMHEeHHsl a30Ta Ha  Msico-mentonoM arape (MITA);
MHUKPOOPTaHU3MbI, IOTPEO/IAONNe MHUHEPAJbHBIH a30T Ha KpaxMajJbHO-aMMUATHOM arape;
omuroHUTPpodUIbl B cpeme MurmyctrHoit; OakTepuii, MOOMJIM3yONe MUHEpaabHble (ochaTbl B
cpese MypowmiieBa — ['eppercena; mesio1030pa3pyIiaoie MUKPOOPraHu3Mbl B cpesie [eTauHcona;
HAUTPUQPUKATOPHI - B BOLHOM arape ¢ JobaBIeHIeM IBOHON aMMOHIITHO-MAarHueBoit conn dochopHOit
KHCJIOTBI; JJist TPHOOB B cpee Jareka, MOAKUCACHHAS MOJIOIHON KuciaoToil (Apucrosckas T.B.,
Buagumupekass M.E., Tomnepbax M.M. u ap., 1962). Mukpobuosiorndeckasi aKTUBHOCTD
[OYBBI — METOJIOM JIbHSIHBIX mojoreH 110 E.H. Mumycruny (1979). Vuér ypoxkasi - CIUIONIHBIM
MeTOIOM. Y poxKaifHble JaHHBIE oOpabaTbiBaan mo Meroaunke Pumepa B msioxkenmu Jlocmexosa.
Craructudeckast 06paboTKa pe3yJIbTaToB IIPOBOIUIACE ITpH oMol mporpaMybl Microsoft Excel.

PesynbpraTrbl m ux obcyxxkgaenme. llpesicraBiieHHBIE HaHHBIE CBUIETEIBCTBYIOT O TOM, UTO
0b111ee KOJIMIECTBO MUKPOOPTaHU3MOB B YepHO3éMe OOBIKHOBEHHOM Ha BapuanTe npenapar 100kr/ra
+ 1/10 pacuernass nosa cocrasuyio 3127 mun. KOE/r, uro sbime konrposst Ha 182%; wqucio
bakTepuii, YTUIU3UPYIONINE OPraHUYIeCKNe COEIMHEHUs a30Ta COCTABUIN HA KOHTpPoJie 24,0 MIH.
KOE/r, a Ha yaoOpeHHBIX BapuaHTax WX KojumdecTBo Bbime Ha 22,1-22/9 myn. KOE/r; uuncio
MUKPOOPTaHU3MOB, MOTPEOJISIONIMX MUHEPaJbHbIH a3or cocrasuio 42,1-50,2 muan. KOE/r, Ha
konrpoJie 18,6 mya. KOE /r; unciio osmuronurpoduios cocrasuio va koarposie 76,5 mian. KOE/r, a
Ha yjobpennbix Bapuantax 106,2 — 1154 mun. KOE/r, uro sbime kortposist Ha 139% u 151%;
HanOOJIbIIIee KOMUIECTBO (HOCHOPOMOOUINIUPYIONINX MUKPOOPTAHU3MOB OTMEUYEHO Ha BapHAHTE
npenapat 100kr/ra + 1/10 pacuernas go3a — 109,8 muin. KOE /1, uro npesbiiaer, ypoBeHb KOHTPOJIst
B 2 pasa (puc.l).
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PucvHok 1 — Baunsinne npenapara « ArpoGMOHOB» B COYETAHUM C MUHEPAJBHBIMU yJIOOPEHUSIMU HA COCTAB U
YKMCJIEHHOCTh MUKPOOPraHU3MOB B YepHO3EMe OOBIKHOBEHHOM, cpeaHee 3a 2018-2019 rr.

Wcxonst u3 MOIyYeHHBIX JaHHLIX CJIeAYeT 3aK/II0UNTh, 9TO Ipenapar «ArpobHOHOB» B COUYETAHUI
C MUHEPAJbHBIMEU YIOOPEHUSIMHU ITOJIOXKUTEIHHO BJINAET Ha KOJUIECTBO arPOHOMHYECKHUIN ITEHHBIX
MUKPOOPraHU3MOB. AHAa/IM3 IOKA3BIBAET, YTO UHUC/IO LEJIII0I03Pa3PyIIAOIINX MIKPOOOB BapbUPYeT
B npezaenax 99,9-114,9 teic. KOE/r; wmciaennocrts nurpudukaropos Bospocia Ha 164,5-167,7%,
HaMOOJIbIIIee KOJIMIECTBO IPubOB OTMedanoch Ha Bapuante npernapar 100 kr/ra +1/10 pacuernas
no3a - 76,6 reic. KOE /1, na kourpouie 33,9 toic. KOE /1, azora HuTparos Beie kouTposs Ha 133,3%
u 152,6% (rabauma 1).

Tabsmna 1 — Bausinue npenapara « ArpoGHMOHOB» ¥ MUHEPAJIBHBIX yJA0OpEeHUiI HA Ha cOCTaB MUKPOQJIOPHI B

YepHo3eMe OOBIKHOBEHHOM

Ne| Cocras KonTpomas Tlonmas [Tpenapar 100
MUKPOOPraHH{3MOB pPacUYéTHadA J1034 Kr/Ta +1/10
pacueTHas 103a
TOJIBI cpex. | romper cpen. | rompl cpe.
2018 2019 2018 | 2019 2018 | 2019
1 | Hemmomnos | 161,2 68,6 114,9 | 1125 | 87,3 99,9 130,8 | 76,8 103,8
paspyarorme
TBIC.
KOE/r
2 | Hurpuduxatops, 0,02 0,31 1,0 0,02 0,51 0,5 0,02 0,52
TBIC.
KOE/r
3 | I'pubmr, 44 .4 23,3 33,9 65,0 73,4 69,2 78,3 74,8 76,6
ThIC.
KOE/r
4 | Asor 0,3 0,83 0,57 0,8 0,93 0,87 10,8 0,71 0,76
HUTPATOB,
TBIC.
KOE/r

HI.b. Amubekosa, T.JI. Jlxanankyzo, A.T. CelirmMenOeToBa OTMEYAOT, YTO PA3BUTHE
MuKpoduiopel B mouBax CepepHoro Kazaxcrana 3aBUCHT OT HU3MEHEHHUsI IIOCTYILIEHUS B
[MOYBY OPTaHWMIECKUX COeTMHEHMUIA. OkynbTypuBaHUe II0OYB PE3KO W3MEHsIeT YUCIEHHOCTh
MHUKpooprann3moB. Haubosiee 6oraro npejcrapiennl bakrepun pacryime Ha MITA u akTmHOMUIIETHI
pacrymme Ha KAA. I'pubnl 311ech comepzKarcst B HeO6OIbIIOM KOJIUYecTBE. B pasjioxKeHnn KIeT4aTKu
[JIaBHAsI POJIb NPUHAJJIEKUT aKTUHOMHUIETaM U rpubam. B 1ejom, Murpoduiopa B depHO3EMaxX
HAXOJIUTCsI B AKTUBHOM COCTOSTHUM. DTO AKTUBHOCTH BBIPAYKAETCSI B UNCJIEHHOCTH AMMOHI(DUKATOPOB
U AaKTUHOMUIIETOB, PA3JIOXKEHUI KJIeTIaTKM, 1 XOPOoIel akTuBHOCTH (pepMeHTa nporeassl [9).
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PesysnbraThl HaImmx uHCCAeIOBAHUI ITOKA3ajd, 9YTO B CPEIHEM 3a J[Ba Toja HaOJI0IaI0Ch
adpdekTuBHOE HeiicTBre Ipenapara «ATrpoOHOHOB» B COYETAHHH C MHUHEPAJbHBIM YIOOpEHHeM Ha
MHUKPOOHOJIOTMIECKYI0 aKTHBHOCTD OYBBI.

J.T". 3BsarunIes mpeioXKua CAeAYIONIYIO IIKaay OIEHKH OMOJIOTMIEeCKON aKTHBHOCTHU ITOYB IIO
MHTEHCUBHOCTH pa3pylieHust KieTdaTku (% pasioyKUBIIErocst MOJIOTHA 38 BEreTAIMOHHBIN CE30H):
ouenb caabaa < 10, cmabas 10-30, cpemmss 30-50, cmmbmas 50-80, odenb cwiabHas > 80
[10]. B Becennumii nepuoj; aKTHBHOCTb MUKPOOPIaHM3MOB HAXOJMJIOCHh, HA BBICOKOM yDOBHE. TO
00BbSICHAETCsT, C WHTEHCUBHLIM IIPOIPEBAHMEM IIOYUBBI, PAa3jIOyKeHWEe JIbHA ITOJIOTHA OIEHUBAETCS
kKak cwibHas 55,3-62,5% (ma komrTposie cpemnsisi 49,4%). B serHuii nepuoj, 3a CUET BBICOKOI
TEeMIIEPATyPbl U JIOXKJIMBOCTU, ITPOIEHT PA3JI0KEHUs JHHIHOTO IMOJOTHA COXPAHSJICS, OYEBHIHOE
BJIMsTHEE TpernapaTra «ATrpoOUOHOB» B COYETAHUN C MUHEPAJBHBIM yIOOpEHHEM OIEHUBAETCS KaK
cpennss (37,2-50,8%) ma xonrpose caabas 30,0%, uro Bblme konTposst Ha 167,1%. B ocennmit
[IepPHO/I, PA3JIOYKEHNE JIbHA [IOJIOTHA OIEHMBAETCSI — OT CpejiHed J10 cuibHoil 44,1-52,2% (na KoHTpOIIe
cpennss mkamna 31,1%). Heobxomumo orMeruThb, 4ro HaMOOJIbINAS CTEIEHb PA3JIOKEHUs JIbHIHOIO
[TOJIOTHA YCTaHOBJIEHa Ha BapHaHTaxX C IPUMEHEHHeM Ipernapara «ArpoOHOHOB» B COYETAHUU C
MUHepaJbHBIM yJ00perueM (puc.2).
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Kontpoas | Pacuernam | Ilpemapat IIpemapat | IIpemapat Ipenapat
no3a P100 100 kr/ra + 100 kr/ra 100 kr/ra+ 100 kr/ra
1/2 P50 +1/5P20 1/10 P10
1Becna 49,4 55,3 59,5 62,5 59,2 61,3
2 JIeTo 30,4 37,2 40,8 43 45,6 50,8
3 Ocensn 311 44,1 52,2 S1,1 48,1 47,1

R‘IHK[}OﬁHOJIOFHI]]ECKﬂH AKTHBHOCTB II0YBBI

PucvhHok 2 — Buausinme npenapara «Arpo6MOHOB» M MUHEPAaJIbHBIX yJOOpEeHMII Ha MUKPOOMOJIOrMYecKyIo
aKTUBHOCTb 4YepHO3eMa OGbIKHOBeHHOro, % (2018-2019rr.)

[Tonydennble pe3yabTaThl HOITBEPXKJIAIOTCH U JPYTUMH HCCJIEIOBATEISAMU 3apyOEKHBIX CTPAH.
Tax, Dominika Katarzyna Szponder, Kazimierz Trybalski (2011) yTBepknator, 4ro, mpex/ie Bcero,
30JI0MIJIAK UCIOJIB3YETCS B KAYECTBE MUHEPAJILHOIO yI00pEHUs, KOTOPOe YJIydIiaeT OHOIorniecKue
CBOWMCTBA TIOYBBI U yPOXKaHHOCTL KyibTyp [11].

ITo namnniv Badimanosa A.E., Kenennbaes B.III. aias oboraleHnsi OYBBI OPraHUYeCKUM
BEIIECTBOM, COXPAHEHUsI U IOBBINIEHUS €€ ILJIOJ0POANs HEOOXOANMO MPUMEHSTH IIPEII0KEeHHDbIE
arpoOTeXHOJIOTUU U €XKErOJHO B TedeHuu 3-4 JIeT BHOCUTL COBMECTHO C 3aHIKEHHBIMU HOPMaMU
MUHepaJIbHBIX yI00peHHi BBICOKHE HOPMBI OpraHuveckux yjobpenuii mopsiika 20-40 T/ra [12]. B
HaIlleM OIIbITe BMECTO OPraHMIEeCKUX YI0OPEHUII UCIOJIB30BaJICs Ipenapar « ArpoOrOHOB.

Uccnenopanust C.H. Huxwruna, C.A. 3BaxapoBa mokasaji, d9YTO COBMECTHOE BHECEHUE
OuompenaparoB  Ha  (QOHE  MUHEPAJbHBIX  YIOOpEHHil  CYIIECTBEHHO  WHTEHCUDUIUDPYET
MHUKPOOMOJIOTUYECKYIO AKTUBHOCTD ITIOYBBLI, YTO OTPAaXKAETCAd B YCUJIEHUU IIPOINECCa Pa3JI0KEHUU
[EeJUTIONO3BI. B pesysibrare MHUKpPOOMOJOrMYecKas aKTHBHOCTH ypeamumaach nHa 0,6-3,1% 1o
OTHOITNIEHUIO K HeyIoOpeHHOMY (OHY. Y POXKAWHOCTH SPOBOHM NIMEHUIBI HAXOIUTCI B IMPIMOMN
3aBUCUMOCTH OT MUKPOOHOJIOTUIECKON AKTUBHOCTU YepHO3EMa BbIleioueHHoro [13]. Anasorndnbie
Pe3y/IbTAThLI 10 arpOOMOHOBY IOJIyYI€HbI U Y HaC.
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Tak, B HalmeM ONbITEe VIydIleHHe OMOJOIMYEeCKUX CBOWCTB CIIOCOOCTBOBAJIO IOBBIIIECHUIO
ypoxKaiiHoCcTH JbHa MacaudHoro. Ilpmdaém, ycraHOBJI€HA OYEHb TECHAasl KOPPEJSIINOHHASA CBSI3b
MEXKJY YPOXKANHOCTBIO JIbHA MACJUIHOTO M MUKPOOHOJIOIMYECKOI aKTUBHOCTBIO 1mo4Bkl (1 =0,87).

Crenyer OTMETHTb, UTO JeficTBHE Ipernapara <«ArpoOHOHOB» B COYETAHHHM C MHUHEPAJIbHBIMU
YIAOOPEHUSIME TTOJIOKUTEIHHO CKA3AJINCH Ha MPOJLYKTUBHOCTHU JIbHA MACIUTIHOTO 38 CUET YJIYIIIeHU
OMOJIOTUYIECKAX CBONCTB dYepHO3eMa OOBIKHOBEHHOI'O W MHWHEPaJIbHOTO NuTaHusi pacrteHuii. Ha
doHe BHECEHUS IIOJ, JIEH MAC/JUYHBIA Ipenapara «ArpoOGHOHOB» B COYETAHUN C MUHEPAJbHBIMUI
yA0OpEeHUsAMI O0ECIIETMIN MOBBIINIEHNE ypoyKaiHoCTH JbHa Macamauoro na 0,14-0,27 t/ra, wmm
na 22,0-41,0%. CoBmMmecTHOe BHeCeHme IperapaTa «ArpoOHOHOB» € MHHEPAJBHBIM YI00pEHUEeM
(mpenapar 100 kr/ra + 1/5 pacdernas j03a) obecrieansio HanbobIIy 0 IpubaBKy ypoxkas na 41,0%,
a BHECEeHNe ITOJIHOM pacueTHOM I03bI HE JajI0 CTOJb BBICOKON 3 deKT (pHc.S).
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onbITa, % *

Pucvhok 3 — Baunsinue MPIKpOﬁI/IOJ'IOI‘I(I‘leCKOﬁ AKTUBHOCTH IIOYBbI Ha ypO}KaﬁHOCTB JIbHa MacCJIUYIHOIO

*1-KoHTpOJIb - 6e3 mpuMeHeHuil yo6penust; 2-mojiHast pacaéTHas 103a; 3-npenapar 100 kr/ra +
1/2 pacuernas no3a; 4- npenapar 100 kr/ra + 1/5 pacuernas jgo3a; 5- npemapar 100 kr/ra + 1/10
pacuerHas no3a; 6-npemapar 100 kr/ra

3akutodenue. [Ipemapar «ArpobmMoOHOB» B COUYETAHNN C MUHEPAJBHBIMU YIOODEHUSIMU OKa3aJl
MOJIOXKUTELHOE BO3MEHCTBAE HA MHUKPOOMOJOTHIECKYI0 AKTHBHOCTH, OOIIYIO0 UHCI€HHOCTD, B
TOM YHCJIe ArPOHOMUYECKN TEHHBIX TPYII MHKPOOPTAHM3MOB B YE€pHO3eMe OOBIKHOBEHHOM W HA
YPOKAINHOCTD JTHHA MACTHIHOTO.
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«ArpoGuoHOB» IIperapaTrbiH >X9HEe MUHEePaJIAbl ThIHAUTKBINITAPALI €Hri3y Ke3inaeri koaiMri kapa TONbIPaKThIH,
OMOJIOTUSJIBIK, KACUETTEPI MEH MalJibl 3bIFBIPABLIH, OHIMAiJTiri

Angarna. Tonbipak JerpajanusaChbiHbIH, HEri3ri MPOIECTEPiHiH KaTapblHa TOIBIPAKTAFbl OPraHUKAJIbIK, KOMIPTEKTIH
CapKbUIybl >KaTaJbl. ToNbIpak KyHapJIBLIBIFBIHBIH apTYbl TOMBIPAKTHIH, JerpalalusijiaHy KayIlliH TOMEHIETYl >KoHe KOpIIaraH
OPTaHbIH >KarJailblH 2KAKCAPTYbl MYMKIH.

Byn makanaga « ArpoGuoHOB» mpenapaThl MEH MUHEDAJIIbI THIHANTKBIIITAP/IbI €HI13Yy 6apbICHIHIa KO/IIMI1 Kapa TOIBIPAKTHIH
OUOJIOTUSJIBIK, KACUETTEP] YKOHE MAMJIbl 3bIFBIP OHIM/IJIINHIH, HOTHKEJIEPl KeJITipijreH.

Hananeik Toxxipubenep III. VYonuxano arTbiHgarbl Kekineray MeMJIEKETTIK YHUBEPCUTETIHIH «DJIUT» OKY-FHLIBIMU-
OHIPICTIK OPTAJIBIFBIHBIH, TOXKipube ajaHblHIa 0TKi31aai. TonbipakThiH MUKPOOUOJIOTUAJIBIK, OEJICEH 1IN 3bIFBIP TOCEMIIEIEPIiH
anJInKanusijiay 9/1iCiMeH aHBIKTAJIIbI, MUKPOMJIOPAHbI TONBIPAK, CYCIIEH3USICHIH KATTHI KOPEKTIK OpTaFa ce0y *KOJIbIMEH eCeITeJIi.
«ArpobrOHOB» IIpernapaTbIHbIH MUHEPAJIBIK ThIHARTKBIIITAPMEH YilJIeCiMIiIiri KaaiMri Kapa TONbIPAKThIH MUKPOOUOJIOTASLIIBIK,
GesiceHIiiriHe, MUKPOMJIOPAHBIH, KYPAMbIHA, YKOHE MAaiJIbl 3bIFBIP TYKBIMIAPBIHBIH OHIM/IIIIriHE 9cepi aHBIKTAJIIbI.

«ArpobuOHOB» TpenapaTbl MUHEPAJAbl THIHANTKBIIITAPDMEH YHIECKEHE ArPDOHOMUSIIBIK, KYHIbI MUKPOOPTaHU3MIEDP/IH
TONTAPBIHBIH CAHBIHA »KOHE MailjIbl 3bIFBIP OHIM/IIJIINIHE OH 9CEp eTTi.

Tyitin ce3nep. KO/IMI Kapa TONBIPAK, MAaMIbl 3BIFBIP, MHUKPOMJIOpa <«ArpoObHOHOB» INpernaparbl, OHIMIIIIK,
MUKPOOHOJIOTUSIJIBIK, OEJICeHTITIK.

A.T. Khusainov, G.T. Kyzdarbekova
Kokshetau State University named after Sh. Ualikhanova, Kokshetau, Kazakhstan

Biological properties of ordinary chernozem and productivity of oilseed flax when applying the preparation
«Agrobions» and mineral fertilizers

Annotation. Among the main processes of soil degradation is the depletion of organic carbon in the soil. Increasing soil
fertility can reduce the risks of soil degradation and improve the environment.

This article presents the results of a study of the biological properties of ordinary Chernozem and the yield of oilseed flax
when applying the preparation «Agrobions» and mineral fertilizers.

Field experiments were conducted on the experimental field Of the training and research and production center «Elite» of the
Kokshetau state University named after sh.Ualikhanov. The microbiological activity of the soil was determined by the method
of flax seed applicationand the microflora was taken into account by seeding the soil suspension on solid nutrient media. The
effect of the preparation «Agrobions» in combination with mineral fertilizers on the composition of microflora, microbiological
activity of common black soil and the yield of oilseed flax seeds was established.

The preparation of «Agrobionovs in combination with mineral fertilizers had a positive effect on the number of agronomically
valuable groups of microorganisms and on the yield of oilseed flax.

Keywords. ordinary chernozem, flax, preparation of «Agrobionovas microflora, productivity, microbiological activity.
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New Insights into the Activation Mechanisms of AMPK

Abstract: The AMP-activated protein kinase (AMPK) is a sensor of energy status in the cell.
Upon activation in response to metabolic stresses, AMPK maintains cellular energy balance by
promoting energy generating catabolic pathways and suppressing ATP-consuming anabolic pro-
cesses.Historically, AMP, ADP-induced allosteric change accompanied by Thr !7? at a subunit con-
sidered as the major mechanism of AMPK activation. In the last decade, our understanding of the
mechanism of AMPK activation has significantly advanced. Recently several studies have showed
that, glucose starvation — major type of energetic stress activates AMPK independently of AMP or
ADP levels in the cell and regardless of phosphorylation status of Thr "2 at a subunit. More in-
terestingly, small AMPK pools in the cellular compartments are regulated differently and distinctly
targets downstream effectors.
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AMPK (5-AMP-activated Protein Kinase) is a highly conserved key energy sensor which regu-
lates metabolic homeostasis at cellular and whole-body level [1]. AMPK is activated by increased
levels of AMP and ADP during conditions of low cellular energy caused by glucose or nutrient
deprivation, exercise, or hypoxia [2]. Functional AMPK is a heterotrimeric complex composed of
one catalytic « subunit (a serine/threonine kinase), one scaffolding [ subunit, and one regulatory
g— subunit. Vertebrates contain multiple a(al,2),3(51,2), and (vl — 3) subunits and thus ex-
press twelve potential AM PKafy complexes whose distinct functions remain poorly defined |[3,
4]. Upon activation, AM PK phosphorylates a diverse set of targets that help cells to restore the
balance of energy generation and consumption in two ways. On the one hand, activated AMPK
attenuates AT P -consuming anabolic pathways (such as ribosome biogenesis, fatty acid, lipid, and
protein synthesis, gluconeogenesis, and cell growth and proliferation) in order to restore normal
energy balance [1, 5|. For example, mTORC1 (Mechanistic Target of Rapamycin Complex 1) is
one of the best characterized downstream targets of AM PK which regulates protein synthesis |6,
7]. During energy insufficiency, AMPK transiently inhibits mTORC1 and shuts off one of the
most energy-intensive processes— protein synthesis machinery [8]. On the other hand, AM PK redi-
rects cell metabolism towards AT P -generating pathways (such as fatty acid oxidation, autophagy,
glucose utilization, glucose uptake, and mitochondrial biogenesis) [1, 5|. One of the best examples
for this is the ACC?2 (acetyl-CoA carboxylase-2). ACC2 increases the local pool of malonyl-CoA
which inhibits fatty acid transporter carnitine and prevents fatty acids from entering the mitochon-
dria [9]. AMPK phosphorylates and inactivates mitochondrial isoform of ACC?2, thus acutely
increase the uptake of fatty acids into mitochondria and promote fatty-acid oxidation to generate
ATP [10]. Dysregulation of AMPK signaling has been implicated in many metabolic disorders and
cancer. AMPK is a double-edged sword in cancer biology, itplays cancer promoting and/or tumor
suppressing roles depending on the context [5]. AMPK activation during exercise or in response
to pharmacologic agonists decrease blood glucose level by suppressing gluconeogenesis in the liver
and facilitating cellular glucose uptake [11]. Therefore, AMPK agonist metformin (GlucoPhage)
is the most widely prescribed oral medicine for Type 2 diabetes.

Canonical activation of AMPK by AMP and ADP. AMP and ADP -mediated activa-
tion of AM PK has long been considered to be the major mechanism, as it was named. It is the best
studied and most appreciated mechanism.Upon energetic demand, AT P is hydrolyzed to ADP and
AMP | thus increasing the intracellular AMP : ATP or ADP : ATP ratio. AMP and ADP
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activate AMPK by several mechanisms. First, direct binding of ADP or AMP to the three nu-
cleotide binding sites on -y -subunit facilitates «-subunit phosphorylation at the activation loop site
(Thr'72) by LK B1 (considered as a constitutively active kinase) or CaM KK [12, 13]. Second,
binding of AMP but not ADP to the g— subunit, causes an allosteric conformational change that
activates AMPK which contains an a— subunit already phosphorylated at Thr !72 [14]. Third,
binding of either ADP or AMP to the ~-subunit protects «-subunit from de-phosphorylation
at Thr 172, thus maintains active state of AMPK [15]. It is important to note that, for AMPK
activation, AMP : ATP or ADP : ATP ratio is more important than AMP or ADP concen-
tration in the cell. Because AT P antagonize the binding and allosteric activation of AMPK by
AMP and ADP. Some of the pharmacologic agonists of AMPK act on AMPK by mimicking AM P
and/or ADP . For example, potent and the most commonly used drug AICAR (5aminoimidazole4
carboxamide ribonucleotide) is converted toAICAR 5-monophosphate( ZM P )e in the cell which
mimics AM P and allosterically activates AMPK [16]. Cordycepin — an adenosine analog derived
from Cordyceps militaris, recently shown to activate AMPK by mimicking AMP [17].

Canonical activation of AMPK by AMP or ADP binding and new insights into the non-
canonical activation of AM PK will be discussed below.

Non-canonical activation of AMPK . Almost all cellular stimuli which increase cytosolic
Ca®*t concentration such as ER stress activate AMPK through CaMKKpJ (Ca?** /calmodulin-
dependent kinase) by phosphorylating at AMPK Thr 172 [18]. Intracellular Ca?* forms a complex
with CaM and binds to CaMKKb to activate it in a not well-defined mechanism. A recent
study revealed that replication stress elevates intracellular Ca?t pool and activates AMPK in the
nucleus via CaM KKb during DN A replication and safeguards chromosome stability [19].

Crystallographic structure of AMPK and biochemical methods have helped finding the new
approaches to activate AM PK . Anarray of small molecule pharmacologic agents can allosterically
activate AMPK dependently or independently of AMPK Thr'™? phosphorylation. The four
v -sites on y-subunit in which three of them are binding sites for adenylate nucleotide, §-CBM
(carbohydrate-binding module) on [ -subunits, and ADaM (Allosteric Drug and Metabolite) site
on intact AMPKaf~ complex are attractive targets for small molecule AMPK-activators |20, 21].
One example of §—CBM -mediated agonist is aspirin active metabolite salicylate. Salicylate binds
to the interface of 3 — CBM and kinase domain of «-subunit and prevents AMPKoa Thr!™
from dephosphorylation [22]. Researchers found that some of the metabolic benefits of aspirin such
as increased fatty acid oxidation, lowered cholesterol are mediated by salicylate-induced activation
of AMPK [22]. AT769662, another recently discovered drug mimics both effects of AMP to
allosterically activates AMPK and prevents it from Thr'™ dephosphorylation [23].

One of the most exciting findings of AM PK activation is that glucose starvation can activate
lysosomal AMPK in a nucleotide-independent mechanism in parallel to the nucleotide-dependent
activation. Increased intracellular level of ADP and AMP during glucose starvation have been
considered as the mechanism of glucose starvation-induced AMPK activation. But, recently, several
studies revealed that AM PK activity is regulated by the translocation of upstream kinase to the
subcellular pool of AM PK in response to glucose starvation without any associated change of the
intracellular AMP : ATP or ADP : ATP ratios [24]. In mammalian cells, nucleotide-independent
activation of AMPK occurs exclusively on lysosomal membrane where Ragulator complex (com-
prising p18, pl4, MP1, C7orf59 and HBXIP) serves as a docking site for co-localization of LKB1
with AMPK [25, 26]. A pool of AMPK permanently resides on lysosomal membrane mediated
by the myristoylation on [ -subunit [20]. Glucose starvation first activates aldolase and converts
FBP (fructose- 1,6-bisphosphate) into triose phosphates. Triose phosphates bind to v — AT Pase
(Vacuolar AT Pase ) complex on the lysosomes and undergoes conformational change which enables
v — AT Pase to interact with cytosolic AXIN/LKB1 complex and Ragulator complex. This way
LKB1 and AMPK co-localize where constitutively active LK B1 phosphorylates AM PKThi!1™
and activates it [26]. This novel mechanism was a paradigm shifting in our understanding of
AMPK activation. This study also advanced our understanding of AM P K -mediated inhibition of
mIT ORC1 occurs on lysosomes during glucose starvation. It was known that mTORC1 is recruited
to lysosomal membrane via binding to Ragulator and activated by binding of GTP-bound Rheb [25].
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Activation of AMPK on lysosome partially explains AM PK -mediated inhibition of mTORC1
in two ways. First, upon glucose depletion, AM PK is activated on lysosomes and phosphorylates
Raptor at inhibitory Ser™? site. Second, AMPK also phosphorylates and activates T.SC' complex
which inactivates Rheb |7, 26, 27].

Newly emerging data shows that distinct pools of AM PK within a cell are differently activated
and regulates distinct cellular processes |5, 27]. The detailed mechanism and function of differential
regulation of AMPK at subcellular compartments (lysosomes, mitochondria, nuclei, ER etc.), as
well as the distinct AMPK complexes remain to be elucidated and it might help us for better
understanding of the fine-tuning role of AM PK in cellular and organismal metabolic homeostasis
as a response for energy and nutrient availability. It also shed lights on the conflicting functions of
AMPK in cancer biology as its tumor-suppressive and tumor-promoting roles responding to the
distinct environmental cues in distinct cell types and different stages of the cancer.

Ca®/ Small Energy  Glucose
Cam molecule stress  starvation
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Ficure 1 — AMPK Signaling. In response to diverse extracellular and intracellular cues, AMPK is acti-
vated by canonical and non-canonical mechanisms. Upon activation, AMPK promotes catabolic pathways
and suppresses anabolic processes by direct or indirect regulation of downstream effector pathways.
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Munuean yrusepcumeminir, Meduyuna mexmebi, Ann-Apbop, Muwuean, AKIII

AMPEK 6GenceHaipy MexaHU3M/EpPi TypaJibl »KaHallla TYCiHik

Anparna. AM P -6escenpipinren nporenskunasza (AMPK) — 6y »KacyllaHblH, SHEPreTUKAJIbIK KYHIHIH CEHCOpBI.
Metrabosukasblk, Kyiizesicrepre »kayan perinie 6encenaipinren kesue, AMPK xarabosMKaJbIK, »KOJIJapMEH SHEPIusl OHAIPYAl
BIHTAJIAHBIPY 2KoHEe aHabosuKaiblk npouecrepiai AT P TyTbHATBIH IpoIecTepai 6acy apKbLIbl YKACYIIAJBIK SHEPLUs Tele-
renytirin caxraiiapl. Tapuxu Typreigan kaparasga, AMP, ADP - ungyknustanran, Thrl7? o cy66ipairimen 6ipre »xyperin,
AMPK akTUBTEHIpY/iH HETI3T1 MEXaHU3MI PeTiH/e KapaCThIPBLIATHIH aJJIOCTEPUIIBIK o3repic. CoHFbl OHXKBLIABIKTa AM PK
-HBI iCKe KOCy TypaJIbl TycCiHirimimia afftapibikTail anra »KeUDKbIALL. 2KakbeiHga OipHelre 3epTreyaep KOPCeTKEeHAeH, IIIOKO3aHbIH
AIIBIFYBI - SHEPTETUKAJIBIK, CTPECCTIH Herisri Typi-kacymanarsl AM P uemece ADP nenreiiine kapamacras xone Thri’2 o
cy66ipairiaig docdopiany mepexecine kapamactan AM PK -uwb1 6encengipeni. Bip KbI3bIFbI, KacyIra KOMIAPTMEHTTEPIHIET]
KimkenTait AM PK 6GacceliHaepi oapTypJl »KOJIMEH peTTesieli KoHe ToMeHTi addekTopaapra HAKThl OaFbITTAJFAH.

Tvyiiin cesnep: AMPK , AMP, LKB1, CaMKKpB, AXIN, mTOR.

. Kasviken

Kagedpa xaemournoti 6uosozuu u 6uosozuu padsumus, Meduyunckas wrona Muvuzanckoeo yrusepcumema, Ann-Apbop,
Munuean, CLIA

Hosoe nonnmMmanue mexannsMoB akTuBanuu AMPK

Annoranusa. AM P -akruBupoBanHas nporenaknHasza (AMPK) sBisercss JaTYUKOM SHEPreTHIECKOTO CTATyCa KJIETKH.
IIpu akTuBanuu B oTBeT Ha MeTabosmdeckue crpeccbl AM PK moaiepKuBaeT KJIETOUHBIH SHEPIEeTUIECKIH GaJIaHC, CTUMYJIUDYST
BBIPA0OTKY SHEPruH KaTaboIMYeCKUMH IyTsiMu u nojabiss AT P -norpebussitommme anabosmueckue mnpoueccsl. Vcropudaeckn
CJIOKHUIIOCH TaK, 910 AMP , ADP -uHIyIupOBaHHOE AJUIOCTEPHYECKOE M3MEHEHHe, CONPOBOXKIaeMoe cyOobemnunuuei T hrl72
Q, pacCMaTPUBAJIOCH KaK OCHOBHOM MexanusM aktuBanuu AMPK . B nmocienmee mecstuiierwe Hallle IOHUMAHNAE MEXAHA3Ma
akTuBaiuu AMPK 3HaYMTENbHO NPOABUHYJIOCH BIiepel. HemaBHO HECKOIBKO MCCIEIOBAHUN IIOKA3aJHM, YTO TIJIIOKO3HOE
roJIOfAHNE - OCHOBHOM THII 9HEPIeTUIeCKOro crpecca - aktusupyer AM PK wmezasucumo ot yposas AMP umu ADP B KjaeTke
U HE3aBUCHMO OT craryca docdopunuposanus cybbeaununp Thrl7? o . Bonee unrepecno, uro neGombmme myast AMPK B
KJIETOYUHBIX KOMIIAPTMEHTAX PEryJIUPYIOTCS IO-PA3HOMY U OTUETJVIMBO HAIIEJICHBI Ha HUXKECTOSIIHE 3(PEPEKTOPHL.

Kurouessrie ciioBa: AMPK , AMP, LKB1, CaMKKB, AXIN, mTOR.
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Biansinne moHoobMeHHBIX COPOEHTOB 1 30JIbI-yHOCA HA MOBBIMIEHNE yCTOMYNBOCTHI
pacrenwnii siamenst (Hordeum vulgare L.) B ycaoBusix coJIeBOro crpecca

Ansorarmus:  CrocoOHOCTH COPOEHTOB CBSI3BIBATH pAa3/IMIHBIE BENIECTBA CTaJla OIHOW U3
IPUIUH UX aKTUBHOIO IMPUMEHEHUS B IPOMBIILICHHOCTU st PUIBTPAINA U OYUCTKU TEXHUIECKUX
xkunkocreii. B macrosmieir pabore ¢ HUCIOJIB30BAHUEM MOJIEILHON CHCTEMbI SPOBOTO  SUMEHS
MU3yUeH MPOTEKTOPHBIN 3PpdeKT cOpOEHTOB s yIaaaeHusT W30bITKA TOKCUYHBIX COJIeH U3 CPEIIb.
B ycnoBusix 3aconenus: B npucyrctsuu copoenTos pacrenus Hordeum vulgare L. nemoncrpupoBasu
HOPMAJIbHBI POCT U Pa3BUTHE, a TAKXKE YMEPEHHYIO aKTUBHOCTDL AJIbJIETHJIOKCUIA3bI, KaTaJIa3bl
U CYIEPOKCUIUCMYTa3bl. Brino mnpenmosiozkeno, €UTO MOHOOOMEHHBIE COPOEHTHI OJIOKUDPYIOT
nocrymienre Na ™ B KJIeTKy, 3a cueT HOLJIONEeHHs HOHOB TOKCUYHLIX COJIell 13 CPe/ibl C BblIeIeHueM
9KBHUBAJIEHTHOIO YHCJIa O€30MacHBIX Jijid pacTenuilt noHoB. JIaHHBI MeXaHU3M OOYCJ/IaBJIMBAET
OTCYTCTBHE I'HIIEPIYBCTBUTEILHOTO OTBETA Y OIBITHBIX 00PA3II0B U CJ1a00€e PA3BUTHE OKUCIUTETEHOTO
crpecca.  3oJia-yHOCa ObLa HCIOJb30BaHA B KadeCTBE MEJIHOPAHTA B YCJOBUSX 3aCOJICHUS.
OrnbiTHBIE 0OPA3IIBI TAK 2KE JIEMOHCTPUPOBAJI MUHUMAJILHOE YTHETEHNE B HAKOILJIEHUU CYXOi MACCHI.
Bruto ycranoB/ieHO, UTO 30/1a-YHOCA MOXKET BBICTYIIATH B KAYECTBE MEPCIHEKTUBHOIO MEJIMOPAHTA,
VLY 9IIAIOIIEr0 ODUOJIOTHYIECKOE U XUMUYIECKOE COCTOSTHUE TTOUBBI JerPaUPOBAHHBIX 3€MEJIb.

KimroueBbie cijioBa: CcOpOEHTHI, MOHOOOMEHHBIE CMOJIBI, COJIEBOM CTPECC, COJIEYCTOMIUBOCTD,
aJIbIETUIOKCHIa3a, Karajasa, cynepokcuaucmyTasa, Hordeum vulgare L.

DOI: https://doi.org/10.32523 /2616-7034-2020-131-2-42-52

BBenenme. B apuaHbIX U HOJyapUIHBIX PErmoHaxX 3€MHOIO IMapa IIHPOKO PaCIpOCTPaHEHbI
IIATHAMHI COJIOHIIBI M cojioH4Yaku. B Pecnybsmmke Kazaxcran, Haxomdielicss B 30HE PHUCKOBOIO
semuteiennst, 6osee 41% zemens (111,55 MutH. Ta) 3aCOJEHBI M HE MPUTOJHBI JJIsi BO3JIEJIBIBAHMS
[1, 33 crp.]. M36bITOYHAST 3aCOJEHHOCTD TIOYBbI, Ha sy C APYTUMHU abHOTHIECKUMU (PAKTOPAMHU,
BBI3BIBAET VIIAJI0K IPOIYKTHUBHOCTH arpo-, OMOIEHO30B M yPOXKAHHOCTH CeJIbCKOXO3sIHCTBEHHBIX
KyJIbTyp: norepu cocrapiasiior 33% upu ciaabom 3acosenun, 83% - NpU CHJIBHOM, U JIO
100% upu oduenn cuibHOM 3acoienuu [2|.  OcobeHHO 3acojieHEe yrHETaeT POCT U DPa3BUTHE
IJINKO(PUTOB, K KOTOPBIM OTHOCHTCA OOJIbIIAas YaCTh CEeJIbCKOXO3dMCTBEHHBIX KyabTyp. Kak
[PaBUJIO, 3aCOJIEHHE COMPOBOXKIACTCS KACKAJIOM CTPECCOBBIX PEakImit: 1) OCMOTHYECKWii cTpecc:
HOHMKEHNEe aCCUMUISINN, TpaHcnuparmn; “dboroxumudeckoe ramenne” [3|. 2) noHHbli jucbaganc:
JIeTIOIAPHU3aINs IIa3MaaeMMbl TpHBOIHT K yTeuke K T depes KOR-kKaHaIbI 1 KOHKYPEHITH MYy
monamu K+ u Na™ 3a mornomenme MeMODAaHHBIMH TPaHCIIOPTHPOBIIHKAME.  AKKYMyJIsSIHa
Nat BbI3BIBaeT BBIXOA BOALI W3 IUTOIIA3MBI PHU30JEPMBI B CpeLy, W3 JHCTLEB B AallOIIACT
[4,430 crp.]. 3) okumcaurenbHblii crpecc. BogopacrBopumble cosn, Kak xsopug zHarpus (NaCl),
B BBICOKHMX KOHIEHTpalusx cruMyupyior cuare3 Axkruabix Popm Kucsopoma (ADPK) [5],
CII0COOHBIX BBI3BIBATH OKHUCJIMTEIBHOE TIOBPEXK IeHIe MHOTUX KJIETOUYHBIX KOMIIOHEHTOB: MEPEKUCHOE
okucjenne (HpochounuIoB, CHUXKEHNE CeJIeKTUBHOCTA MEMOPAHbI, HapyIIeHNEe CTPYKTYPbI OEJIKOB,
HYKJIEMHOBBIX KHCJIOT, Jerpajarnmio xjuopoduiia [6].  CoseBoil crpecc okasblBaeT yIrHETAOIEe
BO3/efiCTBE HA BereTaTUBHBIE IIApAMETPBI POCTa PACTEHHUil: CyXyH MacCy, BBICOTY pacTeHUil
¥ IJIONMIAJb JINCTHbEB. DBIJIO yCTAHOBJIEHO, YTO OOJILITMHCTBO pacTeHuit 60jiee UyBCTBUTEIHHDI
K [POIECCAM 3aCOJIEHUs] BO BpeMsl DaHHHX STallaX [IPOpacTaHusl ¥ IOsiBJIEHUs BCXoioB |7, 159
crp|. mmrenbHoe BoO3jeiicTBHE COJIEBOrO CTpecca NPHUBOJAUT K rubein pacrenust [8, 76 crp.|.
Ha naHHBIE MOMEHT pereHue NpOOJIEMbI 3aCOJIEHHOCTH DA3JEJIAeTCsl HA J[BA HAIPABJICHUS: 1)
[POBEJICHUE MEJIMOPAIMUA U IIPOMBIBHOIO TOJIMBa Ha (oHe rybOKOro phiXJjieHusl (JIaHHBIH MeToI
OCJIO’KHEH DPa3BUTUEM CHUJIbHO3ACOJIEHHBIX 10YB U cojIoHIOB B 2Kambbuickoit obsactu) [9]; ii)
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CEJIeKITUST COJIEYCTOWYMBBIX PACTEHUIT - KpaifHe CJI0KHOE HAIPABIECHUEM WCCJIECIOBAHMI, TaK KakK
[PU3HAK COJIEYCTONYNBOCTH JIETEPMUHUPOBAH MHOXKECTBOM TeHOB (okoso 8% Bcex TeHOB), a
sKcupeccusi Oosiee 25% BceX TEHOB, BBI3LIBAIOIIUN HecneruUIHbIA KOMILJIEKCHBIH OTBET Ha
3aCOJIeHHe, 3aBUCHT OT KOHIeHTparmu cojieir (4,444 crp.]. CnocoGHOCTH COPOGEHTOB CBSI3bIBATH
pa3JIMYHbIE BEIECTBA CTaJa OJHON W3 NPUYMH WX AKTUBHOI'O IPUMEHEHUS B IPOMBINLJIEHHOCTH
st PUIBTpAIMM U OYMCTKH TexHmdecknx kujrocreir [10].  CopbeHTbl — TBepible Teja WH
JKUJIKOCTH, M30MPATEIbHO TOIVIOMIAIONINE U3 OKPY2KAIOIIe Cpelibl onpejesennbie BemecTBa. [lo
XapakTepy copOIN OoIpa3aessioTcs Ha: 1) abcopbenTsl; 2) agcopOeHThl (pa3BeTBICHHAS TIOPUCTAsT
[OBEPXHOCTL 00eCIeYrBaeT MOIVIONIEHNe BelecTB Ha pasjese TBepiol u kujakoil dasz) [11]; 3)
noHoobmenuble cMouibl (MOHUTEL; IXR) - copbupyioT MOHBI OJHOTO THIIA C BBIJEICHHEM B PACTBOD
SKBUBAJEHTHOTO UHCIa MOHOB Apyroro tuma. (Ocobblit WHTEpec BBI3BIBACT JIEMUHEPATU3AIIHT
MOPCKOil BOibl ¢ upumeHenune uonutoB (¢ 3ameniennem uonoB NaCl ma Ca(OH)o )[12], a
TaKyKe T'PaHys]l aKTHBUPOBAHHOrO yris s yiasienust Cl- u opranmdeckux sarpsisuuteseit [13].
B psge wucciemoBaHmii ObLJIO YCTAHOBJIEHO, 9YTO aJCOPOIMOHHBIMU CBOMCTBA aKTHBUPOBAHHOTO
YL IPUCYIIE 30Je-yHOCa, TAe CojeprKaHms yriepoma jgocturaer g0 60% or obmeil macchl
[14]. IIomumo sTOrO, 30sIa-yHOCA CIOCOOHA BBICTYIIATH B KAdeCTBE MEJHODAHTA JIJIsl YJIYUIIEHHs
CBOMICTB JerpajMpoBaHHbIX 104YB.  JlobaBjieHWsT 30/IbI-yHOCA IIOBBIIIAET BO033JI€PKUBAIOILY O
CIIOCOOHOCTBH IOYBBI, YJIy4IIaeT ee TEeKCTyDY, HOPMau3yeT KUCJIOTHOCTb cpejibl [15]. EcrecrBennoe
BhIIIe/IavrBaHe 30JIbI-YHOCa CHU2KaeT KOHIICHTPAaIIUIO B Hell PaCTBOPUMBIX coJieit n HpHMeCGﬁ JJISA
IOCJIE/IYIOIEro ee IPUMEHEHHsI B CeJIbCKOM xo3stiicrBe [16]. OjHako nepcrekTnBa HPUMEHEHMUsI
CBOICTB COp6eHTOB JJId TIOIVIOIIIEeHUA M3 ITOYBLBI HU3KOMOJIEKYJ/IAPHBIX COG,ZLI/IHGHI/IIU/I, KaK HOHOB
BOJIOPACTBOPUMBIX TOKCUYHBIX COJiefl, u3ydeHa cjaba. Bo3MOXXHOCTD TPUMEHEHUS WOHUTOB U
aJICOPOEHTOB JIJIsT CHYXKEHUsI 3aCOJIEHHOCTU TIPeXKJie He PACCMATPUBAJIACH B CEJIbCKOXO3SICTBEHHON
OTpAaC/IN, UYTO WHUITUUPYET [POBEJEHNE UCCIeI0BAHUS B JIAHHOM HAIIPABJICHUMN.

Marepuajibl 1 MEeTObI

Uccnenosanue mpoBOMIOCh HA ceMeHaX sipoBoro stamensi (Hordeum vulgare L.) copra Jleow.

Ovucmra uoOHO0OMEHHDIT COPOEHTNOE

B kauectBe copbupytoriero obbekTa ObLIM HUCIOJb30BAHBI JIBA BUJA COPOEHTOB-MOHUTOB:
cunrernyeckuii  opranmdeckuit Macro-Prep DEAE  [17], weoprannveckuii I'mapokcunanarur
[Cas (PO4)3(OH)2| [18, 19]|. IToxroroBka copbeHTOB BKJOYasa ouniienne or oydepa. Macro-
Prep DEAE ounmmagcss or aHTuMUKpoOHOro arenTta - sranona, Bio-Gel HT T'mapokcmamaTut
ountascs ot 6ydepa 10 mM docdara narpust, conepxkaiero B cebe 0.02% NaN 3.

Cmepusudayua ceman

CeMena NHOABEPIIIM IIOBEPXHOCTHONW CTEPWIN3AIAN C HEKOTOpbIMH Momudukamuayvu B 20%
pacrBope nepmanranara kaaus (KMnO 4 ).

Memod npopawsusanus ceman. Cemena npopamusaanchk B Jamkax [lerpu (20 cemsn ma gamky
[Terpn) Ha CMOYEHHON JMCTUJLUIMPOBAHHON BOJOH (UIBTpOBaIbHON Oymare. B Kaykayio dariky
[lerpu mobGasisiiu 1o 5 M cycriensun copbenToB. CemeHa IpopalldBajd B TepMoKaMmepe mnpu 23
+ 2°C. IIpopociue cemeHa moAcIUTHIBAINCH Kazkable 10 gacoB. CeMsl CIMTAIOCH ITPOPOCIINM,
ecau koperok (radicle) mocruran 1.5 mm (Come, 1970). DKcrepuMeHT HPOIOJIZKAIICS JI0 [OSIBIEHHSI
BCXOJI0B B Teuenwue 14 mueit. [l co3manus ycjaoBuUil XJIOpUIHO-HATPUEBOTO 3aCOJIEHUST ObLT BHIOPAH
pacrsop 150 mM NaCl.

Onpedeaenue axmuerocmu Gepmenmos 6 HedeHamypupyrowur ycrosuaxr. s BepTUKaILHOTO
9s1eKTpohopesa B IOJMAKDPUJIAMUJHOM Iejle B HEJIEeHATYPUDPYIONIUX YCJIOBUSIX (HATUBHBINA Iejlb-
971eKTPOodOpeE3) roMoreHusaIys 0OPA3IOB IIPOBOJUIACH Ha Jibjiy B Oydepe sl SKCTPaKIWH,
coJieprKaHle U MaccoBOe COOTHOIIeHne KoToporo Ha 20 myr: 250 MM caxapossr 1,712 r, 9JITA 70 mr,
L-mmcrenna 12 mr, 1 M Tpuc-HCl pH=8,5, 0,1 M1 pactBopa mosiubaesa, 12 Mr 1,4-TuTHOTPEnTOIIA,
40 Mkt nericraruna, 40 mxa A nporennuHa. Jjist mosrydeHust 3KkcTpakTa IpoObUpKY OBLIN IEPEeHECEeHbI
B nearpudyry. Ocaxjienne npoussoauiocs npu remueparype 4 ° C; 25 munyT npu 10 000 06 /muH.
CymnepHaTaHT OBLT IepeHECEH B HOBbIE MPOOUPKHU, 00pa3iibl XpaHWIuch npu Temieparype -20° C.
Bbul nposejieH HATUBHBIN Tejib 3jeKTpodope3 6eKoB (B HeJeHATYPHUPYIOMUX ycaoBusx). 7,5%
PA3NEJISIIONNI U KOHIIEHTPUPYIOIIUI Iejii TOTOBWJIMCH W3 CTOKOBBIX PACTBOPOB. Heobxomumbrit
pH noBomumiicst KucjoraMmu, MpUCYTCTBYIOIUME B cocTaBe Oydepa. BeprukasbHblit asiekTpodopes
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MPOBOIMIICS B KaMepe mpoussojcTsa kKommannu BioRad momenn Mini-PROTEAN System. ITlepen
BHeceHneM 00pa3loB B JIVHKU OBLJ MPOBEJECH MPEIBAPUTEIbHBIN 3JIEKTPOdOPE3 B TEIAX VIAJICHUS
ocraTkoB [ICA.

Onpedenenue pepmenmamusroti axkmusnocmu arvdezudoxcudasdoi. 1lociie okOHIaHUS HATUBHOTO
ITAAT — snekTpodopesa st onpeeenns hbepMEeHTATUBHON aKTHBHOCTH AJIbIETHIOKCH 3Bl Tellb
[IPOMBIBAJICS B JTUCTUJINPOBAHHON BO/IE, 3aTeM NHKYyOUpoBaJics B cybcTpate ripu Temiieparype 37 ° C
B Teuenue 40 munyrt. 25 mur pactBopa cybcrpata couepxkan 2,5 mu 50MM TPUC-HCl pH=74;
10 mr wmEoOM-3-anmbaeruga, 6 MI THA30JMJIOBOIO CHHEro TeTpasonnit Opommma mw 1 mMr depasnn
MeTocCyIbdara.

Onpedeaenue depmernmamusroti axmusHocmy Kamaaado,. Jlas oupenemenus dpepMeHTATHBHOM
AKTUBHOCTH KaTaJIa3bl TOTOBUINCH CyOCTPATHI B JIByX €MKOCTSIX, BKJIIOUAOmux 2% Xjaopuia xKejesa
n 2% deppunuanuga Kajausi COOTBETCTBEHHO. le/Ib IPOMBIBAJICA B JIMCTHLIMPOBAHHON BOJE,
HHKYOUPOBAJICST B PACTBOPE, COAEPIKAIIEM IIEPEKHUCh BOAOPO/Ia U B JJAHHBIX CyOCTpaTax JIO BBIIETEHUSI
OECIIBETHLIX I10JIOC.

Onpedenenue gepmenmamusnots axmuehocmu cynepokcuducmymaso.  Ins onpemenenus in gel
AKTUBHOCTHU CYIIEPOKCUIACMYTA3bl UCIIOJIb30BAJICS CIIEN(PUIHBIN JIJIsT JTAHHOTO (pepMeHTa CyOCcTpaT
B cocTraBe KoToporo comepzxkaJcs 0,1% pacTsop HuTpocunero Terpasoss. Jlasee reib nHKyOUpOBaICs
B 0,1M marpuii-docdarnom 6ydepe (pH 7,0) ¢ comepxkannem 28 mM pubodiasuna u 28 mM
TEME/I-a B Teuenne 15 MuHyT. AKTHBHOCTb U3MEPSLIACH 10 WHIHOUPOBAHUIO (DOTOXMMHUIECKOTO
BoccranoBsienust NBT.

Small-scale field trials € Large-scale field trials (Manromacwmabnoe u xpynmomacuumabHvie
NOAELEHIE UCTILIMAHUA)

B small-scale- & large-scale field trials mccinemopasu mnosiiaenust Bexogos: 50 ceMsH BbICEBaJIA
B yHuBepcaybhbiil rpyHT (a3or (NH 4 +NO3), docdop (P20O5), xammii (Ko O), maccoBas mosist
Baaru He 6osiee 65%, pH 6,5) wa rybuny 0.5-1 ¢M B [JIACTUKOBBIE JIOTKH, IIOKPBITHIE TPO3PATHOI
oI TUIEHOBO 11eHKo#. Kaxkibie 3-4 nust pacrenust opomasiu 150 mM, 250 mM pacreopamu NaCl
B Teuenne 14 jueit. OUH JOTOK CUUTAJICS 3a OJIHY HOBTOPHOCTH. DBBLIO MPOBEJIEHO 5 TOBTOPHOCTH
nast Kaxkaoro suma field trials.

Cmamucmuveckuli anaau3 0aHHoLr . Cratuctuvueckuii aHajau3 JAHHBIX TPOBOJUJICA B
nporpammuoM obecrievennn JMP  (from SAS) u Microsoft Excel.  IcnosnbzoBanmbie MeTozbt
onerkn rumore3bl: Oneway ANOVA. Tlonydennbie pe3yibTaThl MpeICTaBICHB Ha PUCYHKAX B BUJIE
cpenneit apudMeTHIeCKOl co cTaHmapTHOH ommubkoit. JIjas cpaBHEHWS HE3aBHCHMBIX BBIOOPOK,
[OJIYUHSATONINXCS 3aKOHY HOPMAJIBHOTO PACIpEJIeIeHNsI, UCIOJb30BaJIM [TapAMETPUIECKIE TECThI:
Student’s t-test, Dunnett test with Control. 3madenus t-kpurepusa CrbooaenTa Haxomumu misa 95%
yposust 3HaduMocTH (p < 0.05).

PesynbraThl 1 ux obcyxkaeHue

Bausnue 150 NaCl u uonumos wa pocm apocoz2o aumens. VIHTEHCUBHOE XJIOPUIHOE 3aCOJICHHE
(150 mM NaCl) mofaBisao pocT U pa3BUTHE STIMEHsI BO BPEMs IPOPACTAHIE U MOSIBIICHIE BCXOJIOB.
BexoKecTh ceMsIH IpOBOTO STUMEHsI B YCJIOBHUSIX 3aCOJIEHHsI yMeHbImaach Ha 51% 1o cpasHeHuio ¢
kouTposieM (puc.1l). O6pasipl, obpaboranusie Macro-Prep DEAE (MP) u I'mapokcuanarurom (HA),
JIEeMOHCTPUPOBAJIU BexoxkecTb 85 u 95% oT KoHTpOoJIsL.

XJIOpUIHOE 3acOoJIEHWE OKa3bIBajl0 HETaTUBHBIN 3(P@EeKT Ha CKOPOCTH ITPOPACTAHUS CEMSIH.
Ha6:ro1a10cb TOpMOXKEHIE PpOCTa 3acoJIeHHbIX 00pasiios Ha 50% 110 cpaBHEHUIO ¢ KOHTpoJieM (puc.2).
BacoJieHne OKa3bIBAJI0 MUHUMAJIBHBIN 3¢ ]heKkT Ha CKOpOCTh IpopacTanusi obpaboranabix MP u HA
00pasIoB, MOKa3aTeIn HESHAYUTETBHO OTJINIAIOTCST OT KOHTPOJISI.

BbuIo ycTaHOBIEHO yrHETEHHE POCTa sIUMEHs B YCJIOBHSIX COJIEBOIO crpecca (puc. 3,4).

Pocrosble nmokasaTesn yMeHbIIMIUCL Ha 35% jia moberos u Ha 25% /i KOPHEil 110 CpaBHEHHIO
¢ kourposieM. Copbenrsl (MP; HA) 3ameTHO CHHMKa/M CTelleHb UWHIUOUPOBAHUSI POCTA PACTEHUIA
(puc.5,6). Tak, poct cTebiisi MOJHOCTHIO BOCCTAHABIMBAJICA KO BTOPOI Hemesu, coctaniss: 98% or
kourposist it MP, 85% st HA (puc. 6). Camu MP u HA Hecko/ibKO HHIHOMPOBaJIM CKOPOCTH
npopactaHusi ceMsiH (puc.2), a TakKe JJIMHY KOpHeil u 1mo6eros 14-IHEBHBIX MPOPOCTKOB (puc.6),
YTO TPEJIIOJIOKUTEIFHO CBI3aHO C PE3KUM M3MEHEHUEM BOJIHOI'O TOTEHINAJIA CPEIbI.
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Pucvhok 1 — Baunsuaune nouuroB MP, HA u 150mM NaCl Ha o01yr0 BCXO>KE€CTh CEMsH sYMEHs B TedyeHue 7
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Pucvynok 2 — Bausinue nonuros MP, HA u 150 mM NaCl Ha cKkopoCcTh IPOPACTAHUS CEMSH SIPOBOTO STIMEHST
B COOTBETCTBYIOILINI I€Hb B TedeHue 7 nHeil HabGJIroaeHust

Pucynok 3 — Bausinue nounuroB n 150 mM NaCl Ha gauHy KOopHeil sipOBOTO siIMEHS
1 KourpoJs

2 HA

3 MP

4 HA-+NaCl

5 MP+NaCl

NaCl

Bausnue 150 NaCl u wonumos wa axmusHocmd aavde2udokcudadv, U  UHMEHCUBHOCTD
OKUCAUMENOHO20 — CMpPecca. Anbperngokeugasza - MOJaMOmo-Kee30-daBoEepMeHT,
KaTAJIM3UPYIONINH OKHUCJICHNE albJernioB B Kapbokcuibable Kucsiorbl [20]. Pepment yuacrByer
B OHocHHTe3e abCIu30BOl KUCJOTHI B pactenusx [21].  Asbnernmjokcuaza npejcrasisier coboi
UTO30JIBHBII (bepMmeHT ¢ Mostekyssipaoii maccoit 300 x/la. AQ HemocpejcTBEHHO yYacTByeT B
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PucyHok 5 — Bunsiune nonuros MP, HA u 150mM NaCl na aiuny no6eros(a) u kopHeii(6) sipoBoro siamenst
nocJse 14-nueBHoro 3acosienusi (n—=600, Dunnett Test; p < 0.001)
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Pucvaok 6 — Bausinue nonutro MP, HA u 150mM NaCl Ha aiuHy KOpHEl u 1oGeroB sipOBOro siYMEHSs

nocJsie 14 nuel 3acosieHus

cuHTe3e (PUTOrOPMOHOB. PaHee M3y4asioch ydacTHe aJibJIerHJIOKCHIa3bl B aallTallid PacTeHul K
abuoruyeckum crpeccoBbiM dakropam [22, 23] u B npoussogcree H202 B pacrenusix [24]. Bbum
obuapy:xkenbl anTnokcumanTHble (epmenTtel KAT, COJ u AO B pesymbrare resb-siaekTpodopesa
SKCTPAKTOB KopHeii stamens (Puc. 9,10,11).

B ychoBusix cojeBoro crpecca HaOJIOIAETCsS CYIIECTBEHHOE IOBBINIEHHE (DEePMEHTATUBHON
akrusnoctn AQ. Hamnporus, akruBaocrs AQO B pacreHusix, 0OpPabOTAHHBIX COPOEHTAMH, He
JIEMOHCTPHPYET 3HAUNTEJBHOIO OTBeTa B ycjoBusx cosesoro crpecca (Puc. 9). Karanasa
SIBJISIETCST OJTHAM U3 aHTHOKCHUJIAHTHBIX (DEPMEHTOB M PEryJUpYyeT COJiep:KaHue MEPEKUCH BOJI0POJIA.
AKTHUBHOCTB mM3Mepsijiach in gel — 3jieKTpodopes B HeJAeHATYPUPYIOIIUX YCIOBHUSIX. B pacrenum,
obpaborannom 150 mM NaCl, npoucxoguT 3HAYUTEILHOE yBEJIMYEHHE AKTUBHOCTU KaTaJIas3bl.
IIpomemoncTpupoBana ymepenHasi akTuBHOCTH depmenta COJl, HO Tak»Ke CTOUT OTMETUTH

HE3HaYUTE/JIbHOE IMOHN2KEHUE aKTUBHOCTU B PAaCTCHUAX, O6pa6OTaHHbIX PaCcTBOPOM NaCl.
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1 2 3 4 5 6

AO B KOpHSIX APOBOrO TYMEHS
Kourpoan
T'uapokcuanarur
Macro-Prep (ion exchange media)
T'uapoxkcuanarur +NaCl
Macro-Prep +NaCl
150 mM NaCl

Puc.9. ®epmenraTruBHast aKTUBHOCTD

1 2 3 4 5 6

aktuBHOCTb CO/l B KOPHSIX SIPOBOrO sIMEHS

Puc.10. ®epmenrarusHas

1 2 3 4 S 6

akTuBHOCTH AO B KOPHAX APOBOTI'0 AYMEHA

Puc.11. ®epmenrarusHas

NouuThl criocoOHBI MPOU3BOANTE MOHHOOOMEHHBIE PeaKInd Kak ¢ OOJIBIIMMU, TaK U C MAJbIMKI
MOJIEKYJIAME TIOCPEJICTBOM TOLJIOMIEHUSI W IOPUCTOH CTPYKTyphl.  VoHOOOMEHHBIE COPOEHTHI
6a0KkupytoT mocryiienne Na ¥ B KJIeTKy 3a cueT MOIVIOIIEHHs MOHOB TOKCHYHBIX COJIeil U3 Cpesbl
C BBIJEJIEHNEM SKBUBAJIEHTHOI'O dYHUC/Ia OE30MACHBIX JIJI PACTEHWIT MOHOB. BBUIYy OTCYyTCTBHUS
msbprTounoctn monos Nat B KjeTke, HabIoqanach yMepeHHAs AKTHBHOCTH AHTHOKCHIAHTHLIX
dEepMEHTOB 1 ajIbIeruI0KCHIa3bl B OIBITHLIX 00pa3Iax.

Small-scale field trials (Manromacwmabnve nosesovie ucnvmarus)
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Bosa-yHoca — Jierkas (QpakIUu YrOJIbHOH 30JIbI, MPEJCTABIAET CO0OIl TOHKOAWUCIEPCHBII
MaTepHaJl, COCTOANININ, KaK IIPaBUJIO, U3 YacTHIeK pasMepoM oT noJieil mukpona g0 0,14 mm. 3oma-
yHOCa O4YeHb OIM3Ka 10 (PU3MUECKIM CBOUCTBAM M XUMHYECKOMY COCTaBY K BYJIKAHHYIECKOMY IEILLY,
9TO JIeJIAeT ee YHUKAIbHBIM YI00PEHHeM JIIs JerPajupOBaHHbIX 0YB [25].

JlJ1e1 OIeHKN BIIMAHNSA 30/IBI-yHOCA Ha IPOPOCIINE CeMEHa B YCIOBUAX 3aCOJICHUSA, TPUOIIKEHHDBIX
K IOJIEBBIM, OBLIN MPOBEJIEHBI MajioMacirabubie onbiThl (small-scale field trials) B pasmenennbix
sIYeedHBIX JIOTKAX Ha II0YBEHHOM cyOcTpare. MOHHUTOPHHI IIOC/IELYIOMIEr0 POCTa SIPOBOIO sIIMEHS
BKJIIOYAJI MCCJIeIOBaHNE OOIIEro COCTOSIHUS PACTEHUil M IOKa3aTessl Cyxoil Macchl. KoHrenrTparus
XJIOPUJHOTO 3acosieHust Oblta npubimkena K Mmakcumymy (250 mM NaCl).

=_ o
20,14 : L
0 H i +— . _
g 4 ) .
b | -%- . vy T / @
c . 1 . e Q:j
[=] g i -— 1 e =
P . [ (B o O
u_ t L] .
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E
3 o
i
[
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0 Control FA FA+150 NaCl FA+250 NaCl 250 NaCl
Average Dry mass (gm) 0071 0073 0,059 0,049 0013

Treatments

Puc.12. Biusauue 3omb1-yHoca u 250
mM NaCl ma HaKoIIeHHE APOBOro AuMeHs mocye 15 nueit o6paborku (n=1060, Dunnett test; Students T-test; p < 0.001)

Unrencusnoe xyopugaoe 3acosenne (250 mM NaCl) meraTwBHO BiIHsIeT Ha HAKOILIEHHE CYXOIi
MACCHI OIBITHBIX O0Pa3IoB: CyXas Macca 3aCOJeHHOro obpasla CHH3WIACh Ha 82% 10 cpaBHEHUIO
¢ kourposieM (puc. 12). Bbuio o6HApYKEHO, UTO IPUMEHEHHE 30JIbI-YHOCA B YCJIOBHUIAX COJIEBOI'O
cTpecca CrocobCTBYeT HAKOIICHHTO CyXoit Macchl. C mob6aBIeHIeM 30JIbI-YHOCA TIOKA3aTe T 00PA3IoB
B orcyrcrsue 3acosenus (FA), u B ycnosusix saconenns (FA+4150 NaCl; FA+4250 NaCl) cocrasistior
98%, 83% u 70% OT KOHTPOJISI COOTBETCTBEHHO. DBBLIO yCTAHOBJIEHO, YTO 30JIa-yHOCA OKA3bIBAET
[OJIOXKUTEJILHOE BJIMsIHUE Ha POCT 110ceBOB siuMeHst (+6% mamubl, +2% cyxoil Maccel) B yCJIOBUSIX
orcyrcrBust 3acosienns (FA). Ba cuer HU3KOIO yJIeJbHOTO Beca 30JIbI-YHOCA CyXasl IJIOTHOCTD [TOYBBI
yMenbInuiack Ha 15-20%.

Large-scale field trials (Kpynnomacwmabroe noiesvie ucnoimanus)

Boutu npoBejieHbI KpyIHOMACIITAOHBIE TI0JIEBBIE HUCIBITAHUS C YBeJudeHueM o0beMa BbIOOPKHU
(Large-scale field trials) st BbIsSIBIICHUS JIOLIOJIHUTEIBHBIX CTATUCTUYECKH 3HAYUMBIX PA3JIMYIMii.
Bropoe wucciaenoBanme mpoBOAMIOCh B KPYIHBIX MacIITabax M M3ydajo BO3MOYKHBIE CIIOCOOBI
00pabOTKH CeMsiH SPOBOIO STYMEHs 30JI0#-YHOCa JJjIsi UCIIOJIb30BaHUsI B IIPOMBIIIJIEHHBIX YCIOBUSX.
Bsseck 30s1b1-yHOCA Maccoii 15 r cMemmBaiach ¢ MOYBOI KAXKIOTO JIOTKA MEPE]] TIOCEBOM.
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[IpeiBapuTesibHO TIEPE T, IPOPAITUBAHIEM CEMEHA 3aMaIMBAJINCH B IUCTUJIMPOBAHHON BOJIE, 3aTEM
OBLIM ITOMEIEHBI B TEMHOE Terjioe MecTo Ha 3-4 1yaca. [lociie Habyxanusi cemeHa ObLIN TIepEeHEeCEeHbI
Ha YBJIAXKHEHHYIO MOYBY JIJIsI IPOpAaIUBaHus B JIOTOK obbemom 800 mii. Pacrenusi BeIpaluBauch
B Temmie B ycjaoBusx l16-vacoBoro doromepuoma (16 4. - nHeBHOW/ 8 4. — HOYHON) Upu
OTHOCHUTEILHOI BiazkHoCcTH Bosmyxa 75-80%. Cpennssa temmneparypa aaeM — 25 7, Houblo - 227, s
OCBEIEHNsT TEIJINITLI UCIoIb30Baanch jJamibl Econ 4200K, 230V. [Ixg momgepKamnst OMUHAKOBBIX
YCJIOBUI OCBEINEHUsI PACTEHUsI IePECTABJISIIIUCH MECTAMY KaXKJible 3 JTHS.

[Tpu 3aconennn 250 mM NaCl cyxas macca GbLia cHuzkeHa Ha 65% 1O CPABHEHUIO ¢ KOHTPOJIEM
(puc. 13). Bosa-ynoca npu 150 mM NaCl nana naubosiee ycremHblii pe3yibrar M0 HAKOILIEHUIO
CyXOil Macchl M POCTa B BBICOTYy: yBeamdenune Ha 8% B CpaBHEHHH ¢ KOHTpoJeM. llokazarenn
Konrposnst u 150 NaCl+FA crarucrudeckn HesHauuresabHO orymuatorcst (puc. 13). Sosa-yHoca
npu 250 mM NaCl npusesa K yBenudeHUo cyxoir Maccel B 1.5 pa3 no cpasaernnto ¢ 250 mM NaCl.
CKOpOCTB TIPOpPACTAHUS CEMSH U JIJIMHA KOPHEil Oblta yBeamdena Ha 5% COOTBETCTBEHHO.

14
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¢ Control FA#150 NaCl Fis250 NaCl 250 NaCl

Average Dry mass (gm) 0,57 062 0,43 0.26
Treatments
Puc.13. Bauanawue 3ombr-yaoca n 250
mM NaCl na HaKoIIEHHE CyXOl MacChl IpOBOrO suMeHst nocse 15 aueit o6paborku (n=3180, Dunnett test; Students T-test; p
< 0.001)

BakiaroueHue. Bbuia BblsiBiieHa ClIOCOGHOCTH MOHOOOMeHHBIX copbenToB (Macro-Prep DEAE;
Hydroxyapatite) cBsi3bIBATH HOHBI TOKCUYIHBIX BOJIOPACTBOPUMBIX COJIEH, BJIOKUPYs UX HOCTYIIJICHIE
B kiierKy pacrenuit. Ilpum 3acosenun B 150 mM NaCl nHab/r0maa0Cch CHUXKEHHE CKOPOCTH
popacTanusi, OOIell BCXOXKECTH, JJIUHBI KOPHEil W 100eroB BCXO0B. BererarupBHbIe mapameTpbl
pocTa 0bpaboTaHHBIX 00PA3IIOB CTATUCTUICCKHI HE OTJIUIAIOTCST OT KOHTPOJISI, ITO CBUIETETBCTBYET O
HOPMAJILHOM POCTE U Pa3BUTHHU PACTEHUsI B IPUCYTCTBUU HOHUTOB. Small-scaleu large-scale field tri-
als JleMOHCTPUPOBAJIN TOJIOKUTEILHO BiusiHue 30/ibl-yHoca mpu 250 mM NaCl #a Hakorienne cyxoit

50



Myxamepm>kanosa [I.C., AkcenoBa H.B., Hiabsicoa B.B., Omapos P.T.

MaCCbhbl fApPOBOTO AYMEHA. O6pa6OTaHHbIe 06pa3m>1 CTATUCTUYIECKU HE OTJINYaIOTCA OT KOHTPOJIA.
Ha6JIIO,ZLaJIOCb yjaydaienue OUOJIOTMYECKOT0 U XUMUYECKOI'O COCTOSHUS IIOYBLI B YCJIOBHAX 3aCOJICHUA.
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Hon anmacyibl copGeHTTEPAiH *KoHe KeMip KyJiHiyg apna ecimaikrepinin (Hordeum vulgare L.) Ty3 Kyiisedaici
>KarJaiapbeIHAarepl Te3iMmaisirine acepi

Amnnoranusi.  Copbenrrepfin opkeski 3arrapabl 6ip-6ipime kocy Kabismeri osapmel enepkocimreri duabrpanus KomHe
TEXHUKAJIBIK, CYHBIKTBIKTAPAbl Ta3aJjiay YpAiCTepiHjie KapKbIH/Ibl KOJIIAHBLIYBIHBIH cebebi Gosbin Tabblnaabl. Kaszipri makra,
KOKTEMT1 apra ecipy MoIesabal »Kyheci KOJITaHbLIa OTBIPBLILIN, COPOEHTTEPAIH OpTaJaH apTLIK 3USHIALI TY34apAbl 2KOI0, SIFHH,
KopraHbIiC 3ddekTici 3eprresi KoHe jaiiesgenai. Tyspanaran oprajga copbeHTrep/il, KarbicybiMen, Hordeum vulgare L.
eciMairi KaJbIOTBI ©Cyl MEH JIaMyblH, aJjbJeruOKCHIa3a, KaTajla3a KOHE CyINEePOKCHIUCMYTAa3aHbIH IaMaJjbl OeJICeHIiIirin
KepcerTi. MoH ajmMacyibl copbeHTTep 3UsAH TY3/1ap/blH MOHIAPBIH CiHIpill FaHa KoiMail, eciMIiKTepre CiHipiJIreH MOHIAPIbIH
caHbIMeH OGipjeil MeJimepie ocCiMIiKTepre 3WMsSHCBHI3 HMOHAApP 6oy apKbuibl Na T -ToiH »xacymanapra eTyiH GOIABIPMAiIbI
Jered 6ospkKaM KaJIblllTackKaH eai. By mexaHusm ToxKipubesi yJrijiep/ieH KaTThl Ce3IMTaJl KayallThlH 2KOK, OOJIybIH KOHE
TOTBIFY Kyi3esicimiyg osiciz Gomysin Tycingipeni. Kewmip kymai Tysmamy »kargaiiiapblHia MEIHOPAHT PETIHAE KOJIIAHBLIFAH.
Toxipubesi yirisiep Kyprak cajMak KUHAyJaH MUHUMAJIbl KHUBIHIIBLIBIK, KopceTTi. Kemip KyJii Jerpajarusira yiublparan
2KePJIEPiH TOIBIPAFbIHBIH OHOJIOTHSIJIBIK, YKOHE XUMUSJIBIK KaFIaflblH YKaKCcapTa ajliaTblH, [IEPCIEKTUBAJIbI MEJIHOPAHT PETiHJe
00J1a aJIaThIHIBIFbI KOPBITHIH/bIIAHIbI.

Tyitin ce3gep: copbeHTTEp, MOH ajMaCyIIbl MIAibBIp, Ty3 Kyii3esici, Ty3ra Te3IMAITK, aJIbIerHIOKCHIA3a, KaTajIasa,
cynepokcuucmyTasa, Hordeum vulagre L.
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Effect of ion-exchange sorbents and fly ash on increasing the tolerance of barley (Hordeum vulgare L.) under
salt stress

Abstract. The sorbents’ ability to bind other substances has become one of the reasons for their active use for filtration and
purification of industrial liquids. In this paper, using a model system of barley, the protective effect of sorbents for removing
excess toxic salts from the medium was studied. Under saline conditions in the presence of sorbents, plants of Hordeum vulgare
L. showed normal growth and development, as well as moderate activity of aldehydeoxidase, catalase and superoxidismutase.
It was assumed that ion-exchange sorbents block the flow of Na T into the cell by absorbing the ions of toxic salts from the
medium with the release of an equivalent number of plant-safe ions. This mechanism causes the absence of a hypersensitive
response in experimental samples and weak development of oxidative stress. Fly ash was used as ameliorant in saline conditions.
Emerged barley samples also showed minimal inhibition in the accumulation of dry mass. It was found that fly ash can act as
a promising ameliorant that improves the biological and chemical state of the degraded soils.

Keywords: sorbents, ion exchange resins, salt stress, salt stability, aldehyde oxidase, catalase, superoxide dismutase,
Hordeum vulgare L.
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57



MakaJjiaHbI paciMaey YJrici
IRSTI 27.25.19
G.S. Mukiyanova ', A.Zh. Akbassova'!, J. Maria Pozo?, R.T. Omarov !

L L.N.Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
2 Estacion Experimental del Zaidon (CSIC), Granada, Spain
(E-mail: gmukiyanova@gmail.com, a.j.alua@gmail.com, mjpozo@eez.csic.es, romarov@gmail.com,)

Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Keywords: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.
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Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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Solanum lycopersicum ecimjiringe pe3ucTeHTTIIIK >kayanThIH tomato bushy stunt
virus (tbsv) BupyceiabIH p4]l KancuATiK aKybI3bIMEH GeJsiceHaipinyi

Anvoraums.  Tomato bushy stunt virus (TBSV) Bupyceimen kograsarein P19 axybIsbl
PHK wnaTepdepennusaubiy, KyaTThl CyHIpeccopbl O0JIbII TabbLaaabl koHe Nicotiana benthami-
ana eCIMIIKTepiHiH BHUPYCIEeH KYKTBIPLLIYBIHIA MaHBI3IbI peJl aTkapaibl. P19 akybI3bIHbIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMIaHybl aflkKblH KepiHnic Oepemi e, ©CIMIIKTIH TOJBIK, KOJIJIAIICHIHA
okesin cokThipasbl. CoHbIMEH Karap cympeccopsblk P19 akybiser Nicotiana tabacum ecimairiame
TUTIEPCe3IMTANIBIK, PEAKITUSICHIH Oesicenaipyre xKayanTtol. Bupycroin P41 kancuaTik akybI3bl BUPUOH
KYPBLIBIMBIH KAJIBIITACTBIPBII, OCIMIIK OOMBIMEH TapaJiayblH KAMTaMAChI3 eTejli. AJIBIHFaH 3epTTey
uormkesiepi TBSV Bupycbinbiy xabaiibl Tuninin nadeknuscer Solanum lycopersicum (Money maker
CypbIOBI) KbI3aHAK OCIMJITIH/E BUPYCKAa KApPChl TO3IMJIK KayaOblH TY/bIPATHIHBIH AHBIKTA/IHI.
OCIMIIKTIH TaMbIp »KoHE KallbIpak yJmacbinga P19 aKybI3bIHBIH YKUHAKTAJIYbIHA KapaMacTaH
BUPYCIIEH 3aKbIMJIAJIYIbIH CBHIPTKbI KepiHici Hamap Oaiikaymbl.  Agaiiga, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramacel BUpycIieH 3akbIMJIaIFaH OCIMIKTEP/IE KACY ANk
MeTabOJIM3MIHIH ©3repyiH aHBbIKTaJbl. AJI BUPYCTBIH, KAICHJATIK aKybI3bl 3KCIPECCUATAHOANTHIH
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MyTaHTIEH UHMEKIUS TYAbIPFaHIa, KbI3aHAK OCIMIIKTEepl KOFaphl Ce3IMTaJIIbIK, KOPCETil, KyHemik
HEKPO3Fa YIIbIPa/Ibl. 3epTTey HoTHkKeIepi KbizanakThlH Money maker cypeiobiaa TBSV Bupycbina
KapChl KOPFaHbIC MEXaHU3MIEPI BUPYCTHIK, KAIICUITIK aKybl3 P41-ai Tamy apKbLIbl OeIceHaipiieTinin
KOpceTeIi.

Tyiiin ce3mep: Tomato bushy stunt virus (TBSV), Bupyc, kamncuarik akybsr3, BUpuoH, Solanum
lycopersicum, pesucrentrinik, PHK-unrepdepentus.

I.C. MykusinoBa !, A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !

! Bepasutickuti navyuonarvions ynueepcumem umeny JI. H. Dymunesa, Hyp-Cyaman, Kasaxcman.
2 Henanckuti mayuonaivonsi ucciedosamenvexud yenwmp, I'panada, Uenanus

Kanicugusriii 6e1ok p41 Bupyca tomato bushy stunt virus (tbsv) akrTuBupyer
PE3UCTEHTHOCTh Y pacTeHwuii Buja solanum lycopersicum

Awnnoranus. Kogupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 siBisiercs
MotabiM cytipeccopom PHK wHTepdepenninn u urpaer BaXKHYIO POJib HMPU WHMEKITUH PACTEHUIT
Nicotiana benthamiana, Koropasi xapakTepusyercsi SpKO BBIPAYKEHHBIMU CHMITOMAME 3200/ I€BaAHUS
U CHCTeMHBIM KoJutanicoM. Kpowme Toro, 6eok P19 siBiisiercss /ucuTOpOM THIIEPIYBCTBUTEIHEHOTO
orBeta y Nicotiana tabacum. Kamcumasriit 6esiok Bupyca P41 ¢popMupyer BUPHOHBI U CIIOCOOCTBYET
pasBUTHIO cUcTeMHOI uHpeknuu. llogydeHHble HaAMU JaHHBIE [TOKA3AJIU, YTO TPU UHQMEKITUH
nukuM tuiom TBSV y pacrennit Buja Solanum lycopersicum (copr Money maker) akruBupyercst
pe3UCTEHTHBIN oTBeT. HecMoTpsi HA CHCTEMHYIO aKKyMyJsIuioo Oefika cymnpeccopa P19 B smcrbsix
U KODHSIX, Y PACTEHHI HEe IPOSBJSIOTCS BUIUMBIE CUMIITOMBI 3abosieBanust. OJHAKO aHAIU3
Chlorophyll Fluorescence Imaging system (Chl-FI) mokasas, uro B uHDUINPOBAHHBIX BHPYCOM
pPACTEHUSIX TTPOUCXOIAT 3HAINTETbHbIE U3MeHeHnsT MeTabom3Ma. Bojtee Toro, mabeKust pacTeHmit
myrantoMm TBSV mo kancugaomy OejKy HIPUBOJAUT K CHCTEMHOMY HEKPO3y TI'ubejin pacTeHHil.
[Tonyuernbre JaHHBIE YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3AIUTHBIE MEXAHU3MBI B OTBET
Ha 9KcIpeccuio kKarcugaoro obesika P41 supyca TBSV.

KuroueBbie cioBa: Tomato bushy stunt virus (TBSV), kancuambrit 6emok, BupnoH, Solanum
lycopersicum, pesucrentnoctsb, PHK-unTepdepenms.
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