O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0821U102296
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamuii: 14-09-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. HIknsapeBcpkuil MakcumM AHATOJIINOBUY

2. Shkliarevskyi Maksym Anatoliiovych
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HaykoBOi crieniaIbHOCTI: 091

Ha3zBa HayKoOBOIi CcIleniaJbHOCTI: Biosoris. Biosoris

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 07-09-2021

CneniasbHICTB 32 OCBITOIO: JlicoBe roCrosapcTBo

Micue po60oTH 34,00yBaya: XapkiBcbKuil Hal[iOHAJIBHMI arpapHuii yHiBepeuter im. B. B. Jlokydyaesa

Kopg 3a €IPIIOY: 00493764

Micuesnaxo;pxeum:: /B “[lJoky4aeBcbKe - 2”, cMT. Poranb, XapKiBCbKUH p-H., XapKiBCcbka 00J1., 62483,

Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CleNiagai30BaHOi BY€HOI pagu):. 1d 26.211.007

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [ncTuTyT 60TaHiKM iM. M. T. Xonoanoro HaujoHanbHOI

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417199

Micuesnaxo,zm(emm: ByJI. TepelenkKiBChbKa, oyz. 2, M. Kuis, 01601, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10

BUKOHaHO JHUCEPTALil0
IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: XapKiBCbKMil HALIOHAJILHUIA arpapHuii yHiBepcuTeT im. B. B.
Joky4aeBa

Kopg 3a €IPIIOY: 00493764

Micuesnaxo;pxeum:: /B “[lJoky4aeBcbKe - 27, cMT. Poranb, XapKiBCbKUH p-H., XapKiBCcbka 0671., 62483,
Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHX PYOPHK: 34.31

Tema gucepranii:
1. dyHKUiOHANBHA B3a€MOJIisl PITOrOPMOHIB i ra30TpaHCMITEpiB IIPU afamTallil pOCIUH [0 abiOTUYHUX CTPECOpIB

2. Functional interaction of phytohormones and gasotransmitters during adaptation of plants to abiotic stressors

Pedepar:

1. Inceprauiiina po60Ta NpUCBSYEHA BUBUYEHHIO €(eKTiB QyHKILiIOHANbHOI B3a€MOJi KJII0YOBUX ra30TpaHCMITEPiB
(NO, H2S, CO) mixk co06010, 3 iHIIMMU CUTHAJILHUMU I1I0CEPEIHUKaMU Ta OKDEMUMU KOMIIOHEHTaMU TOPMOHAaJIbHOI
CHACTEMU POCJIMH Yy 3B'43Ky 3 iX afianTaliielo 1o rineprepmii i cosmposoro crpecy. IIpu nociigpkeHHi BIIUBY
€K30T€HHOT'O0 MOHOOKCHIY BYIJIELIO Ha TEIJIOCTIMKICTh BCTAHOBJIEHO, 10 06PO6Ka IPOPOCTKIB MIIEHULi JOHOPOM
CO reMmiHOM iHyKyBajia pO3BUTOK iX TEIIOCTIMKOCTI. BcTtanoBneHO, mo noHop CO nigsuiysaB akTUBHICTE CO/JI,
KaTaja3u Ta IBasikoJINEPOKCUIA3U Y KOPEHSX NPOPOCTKiB nuieHuui. EQekty inayKyBaHHsS 0OpOOKOI0 reMiHOM
TEIJIOCTIKOCTi IPOPOCTKIB Ta MiIBULLIEHHS B HUX aKTUBHOCTI aHTUOKCHUJAHTHUX (PEPMEHTIB YCYyBAJIACS
aHTaronicramu KanbLito (EI'TA i HeoMilMHOM) Ta CKaBeHIKepoM nepokcuay BogHio IMTC. Takox cripu4nHIOBaHe

noHopoM CO niiBUIEHHS BIXKUBAHOCTI IIPOPOCTKIB IICJISI TETJIOBOTO CTPECy ycyBanocs ckaBeHmkepom NO PTIO.



[TocuneHnHs yTBOpEeHHS MEPOKCUY BOIHIO B KOPEHSX IIPOPOCTKIB MIIEHUL] 3a [ii reMiHy Maslo TPaH3UTOPHUA
xapakrep. FIoro MakCuMyMm CIOCTEPiraBcs Micis ONePeHbOTO Ti[BULIEHHS aKTUBHOCTI MO3aK/IiTUHHOI
nepokcunasu. 3pocranus Bmicty H202, cnpuunHioBase goHopoM CO, ycyBasocs iHri6iTopom nepokcuasu
asunoM Hatpito. [ligBuIeHHS aKTMBHOCTI [IEPOKCHUAA3HY i BMICTY IEPOKCULY BOIHIO, iHAYKOBaHE Ai€lo reMiny, He
[IPOSABJIAJIOCA Y IIPUCYTHOCTI aHTaroHicTiB KasbLiio i NO. lle BKadye Ha poJib KaJbliilo 1 OKCUAY a30Ty B IIOCUJIEHHI
YTBOPEHHS [IEPOKCUY BOLHIO IIEPOKCUA3010 3a Aii foHopa CO Ha KIJIITUHY KOPEHIB IPOPOCTKIB MIIEHULi. BMicT
NO 3a 06po6Ky KOPEHIB NPOPOCTKIB MIIEHNULli FeMiHOM TaKOXX TPaH3UTOPHO 3pocTaB. Lleit eeKT ycyBascs
iHribiropom HiTpaTpenykTasu BoabGpaMaToOM HATPIlO, [0 CBiAYUTb ITPO POJIb HITPATPELYKTA3!U SIK OCHOBHOTO
depmenTtatusHoro mrepesa NO, sike akTUBYEThCS 32 [ii reMiHy Ha KJIITUHU KOPEHiB IPOPOCTKIB MIIeHULT.
BonHoyac npouec yrBopeHHs NO, akTuBoBaHUH JOHOPpOM CO, BUSIBUBCS 3aJI€KHUM BiJl KajIbl[ieBOrO TOMEOCTA3Y,
OCKIiJIbKYM YCYBaBCsl JIi€l0 aHTaroHicTiB KasbLiio EI'TA i HeominuHy. 3 iHIIOro 60Ky, iHIyKOBaHE JOHOPOM
MOHOOKCHUY BYTIJIELO MiIBULIEHHS aKTUBHOCTI HiTpaTpeyKrasu i 3poctaHHsa BMiCTy NO B KOPEHAX IIPOPOCTKIB
MIIEHUL] He yCyBasocst aHTHOKcuganToM JJMTC. 1le cBimUnTD PO Te, IO Y CUTHAJIILHOMY JIQHLIOTY, aKTUBOBAHOMY
MOHOOKCHJIOM Byrjewto, NO po3TalloBaHUi BULIE Bifl IEPOKCULy BOAHIO. BcTaHOB/IEHO, 110 06pOOKa IPOPOCTKIB
CK a6o NaHS Buknvkana nigBUIeHHs iX CTIMKOCTI 10 YIIKOIPKYI0Uoro nporpisy. [1pu usomy, nig srmmsom CK
BifOyBasiocs: TpaH3UTOPHE 301/IbIIEHHS BMICTY CIDKOBOJIHIO Y KOPEHSIX 3 MaKCUMaJIbHUM edeKToM depes 2-3
TOAVHY TiciIst ToyaTKy o6pooku. O6podka kopeHiB CK BukinKasa nifgBuileHHs B HUX akTuBHoCTi CO/I, kaTanasy i
IBasIKOJIIIEPOKCUIA3U. IHTibGITOPY CUHTE3Y CiPKOBOLHIO IiIPOKCUJIaMIiH Ta MipyBaT KaJjlilo YaCTKOBO yCyBaIu
BuksMKaHi CK epexTu nigBullieHHsI akTUBHOCTI aHTUOKCUAAHTHUAX (PEPMEHTIB i PO3BUTKY TEIJIOCTIMKOCTI
IIPOPOCTKIB. Y TOM e yac KombiHoBaHa 06pobka CK i NaHS crpusisia 1onaTKOBOMY 30i/blI€HHIO aKTUBHOCTI
AHTUOKCUJAHTHUX (EPMEHTIB i MiJIBUILIIEHHIO BMDKUBAHOCTI IPOPOCTKIB MileHUL] nicss nporpisy. Kom6iHoBaHa
06po6ka 24-EBJI i HITH B onTHManpHUX KOHLIEHTPALisIX BUKJIMKaJA OL/IbII iCTOTHY 3aXUCHY [il0 Y IOPiBHSIHHI 3
00pOOKOI0 KOSKHOIO CIIOJIYKOI0 OKpeMO. Y TOI Xe Yac CIibHA [Iis BUCOKMX KOHLIEHTPaLliil 3HIDKyBaJla
TEIJIOCTIMKiCTh NPOPOCTKiB. OTXe, cTpec-nIpoTekTopHa ist dpitoropmonis CK i BC moxke 6yTu nifgcusiena ix
3aCTOCYBaHHSM Y IIO€HAHHI 3 JOHOpAaMU ra30TPaHCMITEPIB — CIpDKOBOJHIO i OKCUAY a30Ty, BiANoBinHO. JloHOpH
ra30TpaHCMITEePiB YMHUIIN CXOKUI TO3UTUBHUI BIJIMB HA COJIECTIHKICTh POCJNH apabifonCcUCy JUKOTO TUILY, 0
BUSBJISLIIOCS Y BHVDKEHHI I1i7, iX BIIJIMBOM BOJHOIO Ae(dillUTy JIMCTKIB, BMEHIIEHHI OKLCHIOBAJIbHUX MIOLIKO/I>KEHD,
crabisnizallii NpOHUKHOCTI MeMbpaH i BMicTy xaopoginy 3a nii NaCl. [TonnepenHst o6pobka MyTaHTIB apabiforncucy
coil i jinl gonopamu NO, H2S i CO He 3ano6irana cnpudnHioBaHoMY Aieto NaCl nocuneHHIo NepoKCUIHOTO
OKMCHEHHS JIiMifiB, He CIIpHsJia 3MEHIIEeHHIO IPOHMKHOCTI MeMOPaH i 36epekeHHI0 MyJy XxJI0podisiB B CTPECOBUX
ymoBax. OTpuMaHi pe3yJibTaTu BKa3yloTh Ha 3aJly4Y€HHs KOMIIOHEHTIB )KaCMOHATHOTO cUrHasiHry (6inkis COIl i
JIN1/MYC2) B peanizallilo CTpeCc-IIPOTEKTOPHOI [Iii CIpPKOBOLHIO, OKCULy @30Ty Ta MOHOOCKHUY BYIJIEIIO Ha
pociuHY apabifocucy Ipu CobOBOMY cTpeci. [lucepraniiiHe JOCTiIKeHHS iCTOTHO JOTIOBHIOE PyHIIAMEHTAaJIbHI
3HAHHS [IPO MeXaHi3MM PYHKLiIOHAJIbHOI B3aEMOii MK CUTHaJIbHUMU TIocepeJHMKaMu-TrazoTpaHcmitepamu (CO,
NO, H2S) ta okpemyumu cTpecoBUMHU PiTOropMmoHaMu (3kaCMOHOBOIO i CasilUI0BOIO KUCJIOTaMu Ta
6pacuHocrepoigamu). OTpUMaHi pe3yJIbTaT MOKYTb CTaTU TEOPETUYHUM MiAIPYHTSM 7151 PO3POOKM HOBUX
METO/B MiJIBUIIEHHS CTIUKOCTi pOCJINH NIIEHUL 10 HECTIPUATINBUX YMHHUKIB HABKOJIMIIHLOTO CEPENOBUIIA,

30KpeMa, BUCOKUX TEMIIEPATyp i 3aCOJI€HHS.

2. PhD thesis is devoted to the study of the effects of functional interaction of key gas transmitters (NO, H2S, CO)
with each other, with other signaling mediators and individual components of the hormonal system of plants in
connection with their adaptation to hyperthermia and salt stress. In the study of the effect of exogenous carbon
monoxide on heat resistance, it was found that treatment of wheat seedlings with CO donor hemin induced the
development of their heat resistance. It was found that the CO donor increased the activity of SOD, catalase, and
guaiacol peroxidase in the roots of wheat seedlings. The effects of inducing heat resistance of seedlings by hemin
treatment and increasing the activity of antioxidant enzymes in them were eliminated by calcium antagonists
(EGTA and neomycin) and hydrogen peroxide scavenger DMTU. The CO donor-induced increase in seedlings'
survival after heat stress was also eliminated by the NO scavenger PTIO. Increased formation of hydrogen peroxide

in roots of wheat seedlings under the action of hemin was transient. Its maximum was observed after a previous



increase in extracellular peroxidase activity. The increase in H202 caused by the CO donor was eliminated by the
peroxidase inhibitor sodium azide. The increase in peroxidase activity and hydrogen peroxide content induced by
the action of hemin was not manifested in the presence of antagonists of calcium and NO. This shows the role of
calcium and nitric oxide in enhancing the formation of hydrogen peroxide by peroxidase under the action of the
CO donor on wheat seedlings root cells. The NO content during treatment of wheat seedling roots with hemin also
increased transiently. This effect was eliminated by nitrate reductase inhibitor sodium tungstate that shows the
role of nitrate reductase as the main enzymatic source of NO, which is activated by the action of hemin on root
cells of wheat seedlings. At the same time, the process of NO formation activated by the CO donor turned out to
be dependent on calcium homeostasis, as it was eliminated by the action of calcium antagonists EGTA and
neomycin. On the other hand, the carbon monoxide donor-induced increase in nitrate reductase activity and
increase in NO content in wheat seedling roots was not eliminated by the antioxidant DMTU. This shows that in
the signal chain activated by carbon monoxide, NO is located above hydrogen peroxide. It was found that the
treatment of seedlings with SA or NaHS caused an increase in their resistance to damaging heating. At the same
time, under the influence of SA, there was a transient increase in the hydrogen sulfide content in roots with the
maximum effect in 2-3 hours after the start of treatment. Treatment of roots with SA caused an increase in the
activity of SOD, catalase, and guaiacol peroxidase. Hydrogen sulfide synthesis inhibitors hydroxylamine and
potassium pyruvate partially eliminated the SA-induced effects of increasing the activity of antioxidant enzymes
and the development of heat resistance of seedlings. At the same time, the combined treatment with SA and NaHS
contributed to an additional increase in the activity of antioxidant enzymes and increase the survival of wheat
seedlings after heating. The combined treatment of 24-EBL and SNP in optimal concentrations caused a more
significant protective effect compared to the treatment of each compound separately. At the same time, the
combined effect of high concentrations reduced the heat resistance of seedlings. Therefore, the stress-protective
effect of phytohormones SA and BS can be enhanced by their use in combination with donors of gasotransmitters -
hydrogen sulfide and nitric oxide, respectively. Donors of gasotransmitters had a similar positive effect on the salt
resistance of wild-type Arabidopsis plants, which was manifested in the reduction under their influence of water
deficiency of leaves, reduction of oxidative damage, stabilization of membrane permeability, and chlorophyll
content during the influence of NaCl. Pre-treatment of coil and jinl Arabidopsis mutants with NO, H2S, and CO
donors did not prevent NaCl-induced enhancement of lipid peroxidation, did not reduce membrane permeability,
and preserve the chlorophyll pool under stress. The obtained results indicate the involvement of jasmonate
signaling components (COIl and JIN1/MYC2 proteins) in implementing the stress-protective effect of hydrogen
sulfide, nitric oxide, and carbon monoxide on Arabidopsis plants under salt stress. The dissertation research
significantly complements the fundamental knowledge about the mechanisms of functional interaction between
signaling mediators-gasotransmitters (CO, NO, H2S) and separate stress phytohormones (jasmonic and salicylic
acids and brassinosteroids). The obtained results can become a theoretical basis for the development of new
methods to increase the resistance of wheat plants to adverse environmental factors, in particular, high
temperatures and salinity.
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