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OcTaHHIMH pOKaMu 3HayHa YyBara MPUAUIAETbCS 3’SCYBaHHIO (DYHKIIIMA
ra30TpaHCMITepiB (CHUTHAJIBHUX Ta30MoAi0HMX MOJIEKYJ) Y pociauH. OCHOBHUMH
razoTpaHcMmiTepamMu BBaxkaroThcsi okcun aszotry (NO), cipkoBogenb (H2S) 1
MoHookcu i Byriento (CO). OcoOauBO BaXJIMBI BOHU JUIS Tepeaadi B TeHETHIHHUI
amapatr KIITUHM CTpecoBHX curHaimiB. IIpote posb (GyHKIIOHATBLHUX 3B S3KIB
ra3oTpaHCMITEPIB MiXK CO0OI Ta 3 IHIIUMH CUTHAIBHUMHU TOCEPEAHUKAMH 1
CTpEeCOBHMH (HITOTOPMOHAMH y PETYJISAIIT aJaNTUBHUX IMPOIIECIB Y POCIUH JOTENEp
MaJIOOCIIIKEHA.

HMucepraiiiina po0OoTa NpPUCBAYEHA BHUBYEHHIO €(EKTIB (PYHKI[IOHAIBHOI
B3aemoii kimouoBux razorpaHcmitepiB (NO, H,S, CO) wmix coboro, 3 1HIIMMH
CUTHaJbHUMH TIOCEPETHUKAMH Ta OKPEMUMHU KOMITIOHEHTaMU TOPMOHAIILHOI CHCTEMU
POCIIMH y 3B 53Ky 3 iX ajamnTalli€o 0 TinepTepmii i coaboBoro crpecy. OCHOBHUMU
3aBIaHHSAMHU POOOTH OYJI0 IOCHIIUTH BIUIMB JOHOpPAa MOHOOKCHJY BYTJICLIO T'e€MIHY
Ha TEIUIOCTIMKICTh MPOPOCTKIB MIIEHUIN Ta (PYHKIIIOHYBAaHHS iX aHTHOKCHJAHTHOL
CUCTEMHU 1 BCTAHOBHUTH Y4YacCTh aKTHBHUX ()OPM KHCHIO, 10HIB KaJbI[II0 Ta OKCHUIY
azory y peanizaiii ctpec-nporektopHoi aii CO; moBecTH y4yacTh CIPKOBOJHIO Y
peanizaiii cTpec-mpOTEKTOPHOI JIii CamiIUIOBOi KUCIOTH HA TMPOPOCTKHU MIICHUIT 3a

YMOB TimepTepmii; AOCTIAUTA MOXJIHMBICTH MOAU(IKAIl BILTUBY OpacHHOCTEPOiLy
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24-eniOpacUHOMIy HA CTIMKICTh MPOPOCTKIB MILIEHHUII O TIMepTepMii JI€r0 JTIOHOpa
OKCHJIy a30Ty; 3 BHKOPHUCTAaHHSIM MYTaHTHHX JIiHIH apaOimorcucy COil Ta jinl
BCTAHOBUTU POJIb KOMIIOHEHTIB »AaCMOHATHOTO CHUTHAJIIHTY B peaii3allii crpec-
MPOTEKTOPHUX €(EeKTIB Tra30TpaHCMITEpiB 3a Jii Ha POCIMHU apadlgorcucy
COJILOBOTO CTPECY.

VY JoCHiKEHHSX BUKOPUCTOBYBAJIM POCIWMHU TMIHICHUII O3UMOI  M’SIKOT
(Triticum aestivum L.) copty [dockonana i apabinorcucy (Arabidopsis thaliana L.)
aukoro tumy (Col-0) Ta myranTHEX JiHiHM COil 1 jinl, nedexkTHUX 3a )KaCMOHATHUM
CUTHAJIIHTOM.

Yo1upuaoOoBi €TIONbOBaHI MNPOPOCTKM MIICHHIII BUKOPHCTOBYBAIW IS
JOCIIJKEHHSI BIUIMBY JOHOPIB Ta30TPAHCMITEPIB Ta CTPECOBUX (DITOTOPMOHIB Ha
TEIUIOCTIMKICTh 1 (YHKIIOHYBaHHS CTpec-MPOTEKTOpHUX cucteM. Sk monop CO
BUKOPUCTOBYBAJIM TIE€MIH y KIHIEBUX KOHIEHTpauiax aianazony 0,05-50 MxM,
JIOHOPOM CIPKOBOJIHIO clyryBaB rigpocynbdin Hatpiro — NaHS (0,025-1 MmM), a
noropoMm NO — witponpycua Hatpiro (HITH — 0,1-5 MM). Bkazani crionyku BHOCHIH
y cepefioBHIIe 1HKyOaIlii MPOPOCTKIB 1 BUTPUMYBAIH 3pa3Kd HA HHOMY MPOTAToM 24
ro/I.

[Tpu nocmimxeHHi aii crpecoBux (itoropMoHiB 24-enidpacunoniny (24-EBJI —
5-200 M) Ta camimwioBoi kucimotu (CK — 0,1-50 MxkM) Ha TEmJIOCTIHKICTD
MPOPOCTKIB MIIEHUIl Ta iX OI10XIMIYHI MOKAa3HUWKH BKa3aHl (PITOrOPMOHU TaKOX
BHOCHWJIM Y CEPEIOBHUIIE 1HKYOAIli 1 BUTPUMYBAJIH 3pa3ku 24 rog.

JIist OIHKK ydYacTi CUTHAIBHUX TIOCEPEIHUKIB y peamizamii (¢i310J0TIYHUX
e(deKTIB AOCHIHKYBAaHMX Ta30TPAHCMITTEPIB 1 (PITOTOPMOHIB BUKOPUCTOBYBAIIU
ckaBenpkep CO remorno6in (10 mxM), ckasenmxepu NO PTIO (0,1 MM) i
MetuneHoBudt  cuHit (10 MKM), CKaBEH/DKEP  IEPOKCUIY  BOJHIO
numetuntioceyoBuny (JAMTC, 150 MkM), 1Hri6iTOp MEpOKCHUAA3W a3u] HATPIIO
(NaN3;, 1 MM), inrioitop HAJI®H-okcnaasu imigazon (10 MkM), XemaTop KabIlito
EI'TA (500 mxM), inribitop ytBOpeHHs 1HO3uTOJI-1,4,5-pochaty Heominuu (200
MKM), 1HTI0iTOp HITpaTpenykTa3u Boib(pamar HaTpito (2 MM) Ta iuribirop NO-

CHMHTa3u 1 JiaMiHOKcuaa3u amiHoryaniguH (1 mMM). Takox B ekcmepuMeHTax
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BUKOpHUCTOBYBaM aHTaroHictu HoS (inriditopu L-tmcteinaecynsbriapasu) 0,3 MM
riagpokcuiamid i 0,3 MM mipyBaT Kaiito.

[Ticist 06poOKHU JOCHIIKYBAaHUMU CITOJIyKaMH ab0 iX KOMOIHAIISIMH TTPOPOCTKH
NIICHUI TAJaBaIM  YIIKOJKYBaJbHOMY TMPOTPIBY y BOJSHOMY TEpMOCTaTi 3a
temneparypu 45°C npotsrom 10 xB. Uepe3 3 m0o0u micisi mporpiBy BHU3HAYAIH iX
BUYKUBAHICTD.

[Tig yac iHKyOalii MPOPOCTKIB MIIEHUII HA PO3YMHAX JOCTIKYBaHUX CIIONYK,
a B OKPEMHUX EKCIEpHMEHTaxX 1 MICIS CTPECOBOrO BIUIUBY BHCOKOI TeMIEpaTypu
BU3HAYAJIM O10XIMIYHI MMOKA3HUKH: BMICT Y KOPEHAX MPOPOCTKIB MEPOKCUIY BOJIHIO,
OKCHUJly a30TY, CIPKOBOJIHIO, MaJIOHOBOTO Aianbaeriny (MJIA), akTuBHICTh PEepMEHTIB
—  cynepokcuagucmytazu  (COJl), karanma3u, BHYTPIIUHBOKIITUHHOI  Ta
NO3aKIITUHHHOI IEPOKCUa3H, HITpAaTpEeyKTa3u.

[Ipu pocaimpkeHH] podal KOMIIOHEHTIB )KaCMOHATHOIO CUTHAIIIHTY Yy peani3aiii
cTpec-poTekTopHux edektiB razorpancMmitrepiB (HoS, NO, CO) 3a aii conboBoro
CTpeCy BUKOPUCTOBYBAJIM 4-TH)KHEBI pOCIMHU apadinoncucy nukoro tuiry (Col-0) Ta
JiHiT, 7eQeKTHI 32 KACMOHATHUM CHTHAJIIHIOM — COIl (MyTaHT 3a F€HOM, IO KOAY€E
outok COIl, sxuit 6epe ydacTb y BHUAQICHHI OLIKIB-PENPECOpPiB TPAHCKPHUMIIITHUX
(GakTOpiB KACMOHATHOTO CUTHAJIMHTY) i Jinl (mytanT 3a renom JINI1, mo komye
o110k Tpanckpuniauii pakrop JINI/MYC2, HeoOXiqHui A1 TPAaHCAYKINT CUTHAITY
KaCMOHOBOI KHUCJIOTH). JlocmipKyBaHi CHOJYyKHM — JOHOpP cipkoBoaHio NaHS (50
MKM), nonop NO HIIH (500 mxM) Ta nmonop CO remin (2 MkM) — BHOCWIH Y
MOKMBHE CEpEOBUILE BIAMOBIIHUX BapiaHTIB Ta 1HKyOyBajJud Ha HbOMY POCIHHHU
npotsiroM 24 rogauH. Ilicast bOro pOCTMHYM MEPEHOCHIA Ha TOKHWBHE CEPEIOBHIIES
0e3 TOHOPIB Ta30TPaHCMITTEPIB, ane 3 qoaaBaHHaM 150 a6o 175 MM NaCl. ITicus 24-
TOJIMHHO1 1HKYOAI[li pOCIWH B MPUCYTHOCTI XJIOPUAY HATPIIO CEPEAOBHIINE 3MIHIOBAIN
Ha 3BUYAMHE.

VY 3pumx pO3eTKOBUX JHMCTKAaxX apalifoNCUCy TiJ Yac EKCIEpUMEHTY
BHU3HAYAJIM IUTICHICT MEMOpaH (32 BUXOJIOM €JICKTPOJIITIB), BOJIHUM 1e(iIuT, BMICT
MJA, BMmicT xJ10po@iaiB 1 KapOTUHOIAIB, KITBKICTh OCMOJIITIB — MPOJIHY 1 I[yKpIB,

aKTUBHICTh aHTHOKcHIAHTHUX (hepmeHTiB — CO/l, kaTanas3u i rBasKOIMNEPOKCUAAZH.



[Ipu pgocnipkeHHI BIUIMBY  €K30T'€HHOIO  MOHOOKCHIY — BYTJIEII0O Ha
TEIIOCTIMKICTh BCTAHOBJICHO, IO OOpoOKa TPOPOCTKiB mimeHuIll goHopom CO
reMIHOM 1HJIyKyBajga PO3BUTOK iX TemnocTiiikocTi. OJHI€I0 3 MPUYUH CTpec-
npotekTopHoi nii goHopa CO Ha MpOpOCTKM TIIEHUIN, WMOBIPHO, € aKTHBAIlisd
dbepMeHTaTUBHOT aHTHOKCUAAHTHOI cuctemu. BcranoBmeno, mo pgonop CO
nigBuiryBaB aktuBHICTE COJl, KkaTasiasu Ta TBasKOJNEPOKCUIA3H Y KOPEHSX
MPOPOCTKIB MIIEHUIII.

VIMOBIipHEMH TIOCEpPEIHMKAMH y peanizalii CTpec-TIPOTEKTOPHOTO BIUIHBY
noHopa CO nHa mnpopoctku mmeHuilli € ioHu kKaibliro, APK 1 NO. Edextu
1HAYKyBaHHsI 0OpOOKOIO '€éMIHOM TEIUIOCTIMKOCTI TPOPOCTKIB Ta MiJABUIICHHS B HUX
AKTUBHOCTI AHTUOKCHUJAHTHUX (EPMEHTIB yCyBaJHCS AaHTArOHICTAMHU KaJbIlIO
(ETTA 1 HeoMinlMHOM) Ta CcKaBeH/KepoMm mnepokcuay BoaHio JMTC. Takox
cnpuunHioBane jgoHopoM CO TiABUINIEHHS BWKUBAHOCTI MPOPOCTKIB MMICIIA
TeIIOBOTO cTpecy ycyBanocs ckaBeHxepom NO PTIO.

[TocunenHst yTBOPEHHS MEPOKCHUTY BOJIHIO B KOPEHSAX MPOPOCTKIB MIICHHUIII 32
nii reMiHy Mano TpaH3MTOpHHII XapakTep. MOro MakCHMyM CIOCTEpiraBcs Iicis
MOTEPETHHOTO TIABUIIEHHS AKTHUBHOCTI IMO3aKIITUHHOI MEPOKCUIA3H. 3POCTaHHS
Bmicty HyO,, cpuumntoBane nonopom CO, ycyBamocs iHTIOITOPOM MEPOKCHIA3H
asuaoM Hatpiro. [IiABUIIEHHS aKTUBHOCTI MEPOKCUAA3H 1 BMICTY IMEPOKCUIY BOJHIO,
1HIYKOBaHE JI€I0 T€MiHY, HE MPOSBIIOCS Y MPUCYTHOCTI AHTAroHICTIB KaJbI[IIO
(EI'TA 1 neominuuy) i NO (PTIO i Bombdpamary Hatpiro). Lle Bkazye Ha poJib
KaJIBII}0 1 OKCUAY a30Ty B IMOCUJICHHI YTBOPEHHS MEPOKCUAY BOJHIO MEPOKCHIA3010
3a 111 joHopa CO Ha KJIITUHU KOPEHIB MPOPOCTKIB MIIICHUII].

Bmict NO 3a 00poOku KOpeHIB TPOPOCTKIB TMIIEHUI[l TEMIHOM TaKOX
TpaH3UTOpHO 3pocTtaB. lleit edexT ycyBaBcs 1HTIOITOPOM HITpPATPEIyKTa3H
BOJIb()paMaTOM HATPitO, IO CBIAYUTH MPO POJib HITPATPEAYKTa3H SIK OCHOBHOIO
depmentatuBHoro mxepena NO, sike akTUBYeThCS 3a i reMiHy Ha KJIITUHU KOPEHIB
npopocTkiB nienuii. Bognoudac nponec yrBopennst NO, aktuBoBanuii qonopom CO,
BUSIBUBCS 3aJIC’KHUM BiJ KaJlbI[IEBOTO TOMEOCTa3y, OCKUIBKH YyCYBaBCS JI€IO

anTaroHicTiB kKanbiito EI'TA 1 HeominuHy. 3 1HIIOTO OOKY, 1HIYKOBaHE JIOHOPOM
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MOHOOKCH/TY BYTJICIIIO MIABUIIIEHHS aKTUBHOCTI HITPATPEAYKTa3H 1 3pOCTaHHS BMICTY
NO B KOpeHsSX MpPOPOCTKIB MIIEHUII He ycyBasnocs antuokcuaantom JIMTC. lle
CBIIYUTH MPO TE, IO Y CHUTHAIBHOMY JIAHIIOTY, AKTUBOBAHOMY MOHOOKCHIOM
Byrieito, NO po3ranioBaHuil BUIIE Bijl IEPOKCUTY BOJIHIO.

B misomy WMOBiIpHUI PO3BUTOK CUTHAJBHUX MO y KIITHHAX MPOPOCTKIB
HIIeHuI y npucytHocTi JoHopa CO remMiHy MokHa MpeacTaBUTH Tak: BB CO —
nigsuimenns [Ca?*]y, — axtuBauis HP — nigsumenns smicty NO — axTuBanis
MO3aKJIITHHHOI TEepOoKcHaa3u — migBumieHHs BMmicty H»O, —  akTuBamis
AHTUOKCUIAHTHOI Ta IHIIUX MPOTEKTOPHUX CUCTEM —> PO3BUTOK TEILJIOCTIMKOCTI.

OpgnuMm 13 3aBHaHb poOOTH  OyJiO  JOCHIKEHHS  MOXJIMBOI  pOJi
ra3oTpaHcMiTepa CIPKOBOJHIO K TOCEpEHUKA B peaiizailii MpOTEKTOPHOTO BILUIUBY
camiiioBoi kuciotd (CK) Ha mpopoCTKM MIIEHUIl 32 YMOB TEIUIOBOIO CTPECY.
Bcranosneno, mo o6pobka npopoctkiB CK a6o NaHS Bukinkana migBUILIEHHS iX
CTIHKOCTI J0 YIIKOJKyto4doro nporpiBy. IIpu npomy, mia BrmmBom CK BinOyBanocs
TPaH3UTOPHE 301IBIICHHS BMICTY CIPKOBOJIHIO Y KOPEHSX 3 MAaKCUMaJIbHUM €()EeKTOM
yepe3 2-3 romauHM micis modatky o0poOku. OOpobka kopeniB CK Buximkama
nigBuiieHHss B HUX akTuBHOCTI COJI, kaTtamasu 1 rBaskomepokcuaasu. [HrioiTopu
CUHTE3Y CIPKOBOJHIO TAPOKCHIIAMIH Ta MiPyBaT KaJlll0 YACTKOBO YCYBaJl BUKJIMKaHI
CK edextr miaBUIIEHHS AKTMBHOCTI AHTHOKCHUIAHTHUX (EPMEHTIB 1 PO3BUTKY
TEMJIOCTIMKOCTI MPOPOCTKIB. Y TOM ke 4Yac koMOiHOBaHa oOpoOka CK 1 NaHS
Cripusijia JOJAAaTKOBOMY 30UIBIICHHIO AKTUBHOCTI AHTHUOKCHUIAHTHUX (DEpMEHTIB 1
MIBUIIEHHIO BIYKHBAHOCTI MPOPOCTKIB MIIICHUIT TICIIS TIPOTPIBY.

JInst 1oCiAKEeHHsI MOKIIMBOCTI MOCUIIEHHSI cTpec-TipoTekTopHoi Aii 24-EBJI Ha
MIPOPOCTKY MINCHHUIIl 32 YMOB TinepTepMii OIIHIOBAIN BIUIMB KOMOIHOBAaHOT 00OpOOKHU
npopocTkiB 24-EBJI 1 monopa NO mwitponpycuny natpiro (HITH) B pisHux
koHieHTparisix. KomOiHoBana o00pob6ka 24-EBJI 1 HIIH B onTumanbHux
KOHIICHTPAIlISX BHUKJIMKaIa OLIBIN ICTOTHY 3aXHCHY JiI0 y TIOPIBHSHHI 3 00pOOKOIO
KOXHOIO CIOJYKOK OKpeMo. Y TOW e 4ac CHijbHa Jisi BUCOKMX KOHIIEHTpaIii
3HIDKYBaJIla TEIJIOCTIMKICTh mpopocTtkiB. [lim BmamBom 24-EBJI 1 HIIH y

KOHIICHTpAIlIAX, M0 YWHWIA 3aXMCHUW BIUIMB, a TaKOX iXx KOMOiHaIiH,
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nigsuinyBaacs aktuBHICTE COJl y xopensx. Ilicis mporpiBy HaWBHIII 3HAYEHHS
aktuBHOCTI COJl 30epiramucst y BapiaHTi 3 KOMOIHOBaHOIO OOpOOKOIO MPOPOCTKIB
nmenuni 24-EbJI 1 HITH y HU3bkux KOHIIEHTpaIIisX.

Otxe, ctpec-iporekropHa Ais ¢itoropmoniB CK 1 BC Moxe OyTu miacuieHa
iX 3aCTOCYBaHHSAM Y TO€JHAHHI 3 JIOHOPAMH Ta30TPAHCMITEPIB — CIPKOBOJHIO 1
OKCHJy a30Ty, BiamoBigHo. lIpm I1bOMy IOHOPH Ta30TPaHCMITEPIiB y HHU3BKHUX
KOHIIEHTpAIIAX pa3oM 3 (PITOrOPMOHAMHU TMOCHIIIOBAJIM BIUIMB OCTAaHHIX HAa OJHY 3
KJIFOUOBHX 3aXHCHHUX CHCTEM KJIITHH — aHTHOKCUIAHTHY. [le poOUTh MepCreKTHBHOO
JUISL TIPAKTUYHOTO 3aCTOCYBaHHS OOpOOKY pOCIUMH KOMOIHAIIEI0 CTPECOBUX
(p1TOrOPMOHIB 1 JOHOPIB Ta30TPAHCMITEPIB.

st 3’sicyBaHHSL ydacTi KIIFOUOBHX OUIKOBHUX KOMIIOHEHTIB >KaCMOHATHOTO
curHaiminry (peuenrtopa »acmoHaty COIl 1 TpanckpummiiiHoro Qakropa
JINI/MYC2) y peamizamii cTpec-IpOTEKTOPHUX €(QEKTIB Tra30TPaHCMITEPiB
MOPIBHIOBAJIM PEakilii Ha COJIbOBHM CcTpec pociauH apadigoncucy aukoro tumy (Col-
0) 1 neeKTHUX 3a KACMOHATHUM CUTHAJIIHTOM MyTaHTiB COil i jinl mpwu ix oOpooOi
nonopamu razorpancmitepis — HITH (NO), NaHS (H2S) i reminom (CO).

Honopu NO 1 H3S ymHUIN CXOXHMIl TO3UTHBHUM BIUIMB Ha COJICCTIMKICTH
POCIIMH JHUKOTO THITy, IO BHUSABISUIOCS Y 3HWKCHHI MM X BIUIMBOM BOJHOTO
nediuTy JIMCTKIB, 3MCHIICHHI OKHCHIOBAJIbHUX IIOIIKO/DKEHb, CTaOimizarmii
MIPOHUKHOCTI MeMOpaH 1 BMicTy xJyopodury 3a aii 175 MM NaCl. Takox mia
BiuiuBoM 00poOku NaHS 1 HITH npu 3aconenni y pociaun Col-0 migBuiryBaiacs
AKTUBHICTh CYMEPOKCHUTUCMYTA3M 1 KaTalla3u, ajie 3SMEHIITYBaJIOCS CTPEC-1HIyKOBaHEe
Hakomu4eHHs npodiHy. [lomepenns o6pobka mytantiB COIl i jinl monopamu NO i
H,S ne 3amobirama crpuumHioBaHoMy Ji€0 NaCl MOCHICHHIO TEePOKCHIHOTO
OKMCHEHHS JIIIJIB, HE CIpHsJIa 3MEHIIICHHIO MPOHUKHOCTI MeMOpaH 1 30epeKeHHIO0
nyJ1y XJa0podiiaiB B cTpecoBuX ymMoBax. Takoxk B 000X MyTaHTIB, 00pobsennx NaHS
a6o HIIH, me Bim3Havamocs miguineHHsS akTuBHOCTI COJl 1 xatamasu 3a mii coui.
O6podka nonopamu NO 1 H,S He ymHUIA BIUIMBY HAa BEJIMUUHY BOJAHOTO JE€(IIUTY 1
BMICT MPOJIiHY B JINCTKaX MyTaHTa [iNl, Xoda nemio 3MeHIyBajia MPOSB JaHUX

MOKa3HKKIB y MyTaHTa COIil.
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O6poOka pocnuH apabigornicucy 2 MKM rTemMiHOM moM’sKiryBaja egeKT
COJILOBOTO CTpPECY y TCHOTHIYy IUKOTO THIy, aie He y COil i jinl. Takox mix
BIiuBoM JoHopa CO Big3Havaymacs craOumizamiss BMICTY  (POTOCHHTETHUHUX
INICMEHTIB B YMOBax coJiboBoro crtpecy y pociuH Col-0, ane He MyTaHTIB 3a
’KACMOHATHUM CHUTHAJIHIOM. Y POCIUH apaliJorcucy IUKOTrO THILy, 0OpoOIeHHX
IF€MIHOM, y BIANOBIJb Ha A0 XJOPUIY HATPilO0 HAKOMUYyBaslacs OUIbIIA KIJIBKICTh
MPOJIIHY 1 IYKPIB MOPIBHIHO 3 POCIMHAMHU T'eHOTHUMIB COIl i jinl. O6poOka reMiHoM
cTabuI3yBala aKTUBHICTh KaTajla3H 1 MiJBUILYyBaja aKTUBHICTh IBAaIKOJIIEPOKCUIA3U
B CTPECOBHUX YMOBAX y POCIUH JUKOTO THITY.

OtpumaHi pe3yiabTaTH BKA3ylOTh Ha 3ady4eHHS KOMITOHEHTIB YKaCMOHATHOTO
curHaiminry (6inkie COIl i JINI/MYC2) B peainizaiito CTpec-NMPOTEKTOPHOI il
CIPKOBOJIHIO, OKCHJTy @30Ty Ta MOHOOCKH]IY BYTJICLIO HAa POCIMHH apaliOTICUCy MpU
COJIbOBOMY cTpeci. BogHouac MexaHI3MM iX y4dacTi y MHpoOLEcax CHUTHAIIHTY
ra3oTpaHCMITEPIB MOTPEOYIOTh CHEIIATbHUX JOCIIIKEHb.

JucepraitiiiHe TOCHII)KEHHS 1CTOTHO JOTOBHIOE (D)YHIAMEHTAJIbHI 3HAHHS TIPO
MEXaHI3MH  (QYHKI[IOHATBHOI B3a€EMOAIT MIK CUTHJIBHHUMH TIOCEPETHUKAMHU-
razorpancmitepamu (CO, NO, H,S) Ta okpemMumu cTpecoBHMMH (HiTOrOPMOHAMH
(>KaCMOHOBOIO 1 CaNIIWJIOBOIO KHUCJIOTaMuU Ta OpacuHocTepoigamu). OTpumani
pPE3yIbTaTH MOXYTh CTATH TEOPETUYHUM MIAIPYHTSAM JIJIsi PO3POOKH HOBUX METOJIIB
MIJBUIICHHS  CTIMKOCTI  POCIMH  TIIEHUIl JO HECHPUSTIMBUX  YHWHHHKIB
HaBKOJIMIITHROTO CEPEIOBHUIIA, 30KpeMa, BUCOKHX TEMIIEPATyp 1 3aCOJICHHSI.

KirouoBi cioBa: ra3oTpaHcMiTepu, MOHOOKCHJ BYIJICLIO, OKCHJl a30Ty,
CIDKOBOJICHb, aKTHUBHI (POpPMHM KHCHIO, Kajblliii, (ITOTOPMOHHU, AHTUOKCHIAHTHA

CHCTEMa, TEIUIOCTIMKICTh, CONECTIHKICTR, Triticum aestivum, Arabidopsis thaliana

SUMMARY

Shkliarevskyi M.A. Functional interaction of phytohormones and

gasotransmitters during adaptation of plants to abiotic stressors. — Qualifying

scientific work as manuscript.
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In recent years, much attention has been paid to elucidating the functions of
gasotransmitters (signal gaseous molecules) in plants. Ehe main gasotransmitters are
nitric oxide (NO), hydrogen sulfide (H,S), and carbon monoxide (CO). They are
especially important for the transmission of stress signals to a cell's genetic apparatus.
However, the role of functional connections of gasotransmitters with each other and
with other signaling mediators and stress phytohormones in regulating adaptive
processes in plants has been poorly understood.

PhD thesis is devoted to the study of the effects of functional interaction of key
gas transmitters (NO, H,S, 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. The main objectives of the work were to
study the effect of carbon monoxide donor hemin on the heat resistance of wheat
seedlings and the functioning of their antioxidant system and to establish the
participation of reactive oxygen species, calcium ions, and nitric oxide in
implementing stress-protective action of CO; to prove the participation of hydrogen
sulfide in implementing the stress-protective effect of salicylic acid on wheat
seedlings under conditions of hyperthermia; to study the possibility of modifying the
effect of brassinosteroid 24-epibrasinolide on the resistance of wheat seedlings to
hyperthermia by the action of nitric oxide donor; using the mutant lines of
Arabidopsis coil and jinl, to establish the role of jasmonate signaling components in
implementing stress-protective effects of gasotransmitters under the action of salt
stress on Arabidopsis plants.

The studies used wheat plants (Triticum aestivum L.) of the Doskonala variety,
and wild-type Arabidopsis (Arabidopsis thaliana L.) (Col-0), and mutant lines coil

and jinl, defective in jasmonate signaling.
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Four-day etiolated wheat seedlings were used to study the effect of donors of
gasotransmitters and stress phytohormones on heat resistance and the functioning of
stress-protective systems. Hemin was used as a CO donor in final concentrations in
the range of 0,05-50 uM, sodium hydrosulfide - NaHS (0,025-1 mM) served as a
hydrogen sulfide donor, and sodium nitroprusside (SNP — 0,1-5 mM) served as a NO
donor. These compounds were added to the incubation medium of seedlings, and the
incubation term was 24 hours.

In the effect's study of stress phytohormones 24-epibrasinolide (24-EBL — 5-
200 nM) and salicylic acid (SC — 0,1-50 pum) on the heat resistance of wheat
seedlings and their biochemical parameters, these phytohormones were also added to
the incubation medium and kept samples for 24h.

To assess the participation of signaling mediators in implementing
physiological effects of the studied gasotransmitters and phytohormones used
scavenger CO hemoglobin (10 um), NO scavengers PTIO (0,1 um) and methylene
blue (10 um), scavenger of hydrogen peroxide dimethylthiourea (DMTU, 150 pum),
peroxidase inhibitor sodium azide (NaNs;, 1 mm), NADPH oxidase inhibitor
imidazole (10 pM), calcium chelator EGTA (500 uM), an inhibitor of inositol-1,4,5-
phosphate production neomycin (200 pM), nitrate reductase inhibitor sodium
tungstate (2 mm), NO-synthase and diamine oxidase inhibitor aminoguanidine (1
mm). H,S antagonists (L-cysteine disulfide inhibitors) 0,3 mm hydroxylamine and
0,3 mm potassium pyruvate were also used in the experiments.

After treatment with the studied compounds or their combinations, wheat
seedlings were subjected to damaging heating in a water thermostat at a temperature
of 45°C for 10 minutes. Their survival was determined 3 days after heating.

During incubation of wheat seedlings in solutions of studied compounds, and
In some experiments after stress exposure to high temperatures, determined
biochemical parameters: the content in seedlings' roots of hydrogen peroxide, nitric
oxide, hydrogen sulfide, malonic dialdehyde (MDA), enzymes activity — superoxide

dismutase, catalase, intracellular and extracellular peroxidase, nitrate reductase.



11

In the study of the role of jasmonate signaling components in implementing
stress-protective effects of gasotransmitters (H,S, NO, CO) under the action of salt
stress used 4-week-old wild-type plants of arabidopsis (Col-0) and lines defective in
jasmonate signaling — coil (mutant by gene, encoding the protein COI1, which is
involved in the removal of repressor proteins of jasmonate signaling transcription
factors) and jinl (mutant in the gene JIN1, encoding the protein transcription factor
JIN1/MYC2, required for transduction of jasmonic acid signal). Studied compounds
— hydrogen sulfide donor NaHS (50 uM), NO donor SNP (500 uM), and CO donor
hemin (2 uM) - were introduced into the nutrient medium of the respective variants
and the plants were incubated on it for 24 hours. After that, the plants were
transferred to a nutrient medium without gasotransmitters donors, but with the
addition of 150 or 175 mm NaCl. After 24 hours of incubation of plants in the
presence of sodium chloride, the medium was changed to normal.

During the experiment in mature rosette leaves of arabidopsis determined the
integrity of membranes (electrolyte vyield), water deficiency, MDA content,
chlorophylls and carotenoids content, amount of osmolites — proline and sugars, the
activity of antioxidant enzymes — SOD, catalase, and guaiacol peroxidase.

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. One reason for the stress-protective effect of the
CO donor on wheat seedlings is probably the activation of the enzymatic antioxidant
system. It was found that the CO donor increased the activity of SOD, catalase, and
guaiacol peroxidase in the roots of wheat seedlings.

Probable mediators in implementing the stress-protective effect of the CO
donor on wheat seedlings are calcium ions, ROS, and NO. 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.
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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 H,O, 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 (EGTA and neomycin) and NO
(PTIO and sodium tungstate). 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.

In general, the probable development of signaling events in wheat seedling
cells in the presence of a CO donor hemin can be represented as follows: CO effect
— increase in [Ca?*]c — NR activation — increase in NO content — activation of
extracellular peroxidase — increase in H,O, content — activation of anti-oxidative
and other protective systems — development of heat resistance.

One of the tasks of the work was to study the possible role of the hydrogen
sulfide gasotransmitter as a mediator in implementing the protective effect of
salicylic acid (SA) on wheat seedlings under heat stress. 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
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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.

To study the possibility of enhancing the stress-protective effect of 24-EBL on
wheat seedlings under conditions of hyperthermia, the effect of combined treatment
of seedlings with 24-EBL and NO donor sodium nitroprusside (SNP) in different
concentrations was evaluated. 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. Under the influence of
24-EBL and SNP in concentrations that had a protective effect, as well as their
combinations, the activity of SOD in roots increased. After heating, the highest
values of SOD activity were maintained in the variant with the combined treatment of
wheat seedlings with 24-EBL and SNP in low concentrations.

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. At the same time, donors of gasotransmitters in
low concentrations together with phytohormones increased the influence of the latter
on one of the key protective systems of cells - antioxidant. This makes the treatment
of plants with a combination of stress phytohormones and gasotransmitter donors
promising for practical use.

In order to study the participation of key protein components of jasmonate
signaling (COI1 jasmonate receptor and JIN1/MYC2 transcription factor) in
implementing stress-protective effects of gasotransmitters, reactions to salt stress of

wild-type Arabidopsis plants (Col-0), coil and jinl mutants under the treatment with
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donors of gasotransmitters - SNP (NO), NaHS (H,S) and hemin (CO), were
compared.

NO, and H,S donors had a similar positive effect on the salt resistance of wild-
type 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 175 mm NaCl. Also
under the influence of NaHS and SNP treatment during salinization in Col-0 plants,
the activity of superoxide dismutase and catalase increased, but the stress-induced
accumulation of proline decreased. Pre-treatment of coil and jinl mutants with NO
and H,S donors did not prevent NaCl-induced enhancement of lipid peroxidation, did
not reduce membrane permeability, and preserve the chlorophyll pool under stress.
Also in both mutants treated with NaHS or SNP, there was no increase in the activity
of SOD and catalase under the action of salt. Treatment with NO and H,S donors did
not affect the amount of water deficiency and the content of proline in leaves of jinl
mutant, although it somewhat reduced the manifestation of these indicators in coil
mutant.

The treatment of Arabidopsis plants with 2 uM hemin reduced the effect of salt
stress in wild-type genotype, but not in coil and jinl. Also under the influence of the
CO donor, there was a stabilization of the content of photosynthetic pigments under
salt stress in Col-0 plants, but not in mutants by jasmonate signaling. Hemin-treated
wild-type Arabidopsis plants accumulated more proline and sugars in response to
sodium chloride than coil and jinl genotype plants. Hemin treatment stabilized
catalase activity and increased guaiacol peroxidase activity under stress conditions in
wild-type plants.

The obtained results indicate the involvement of jasmonate signaling
components (COI1 and JIN1/MYC2 proteins) in implementing the stress-protective
effect of hydrogen sulfide, nitric oxide, and carbon monoxide on Arabidopsis plants
under salt stress. At the same time, the mechanisms of their participation in the

signaling processes of gasotransmitters require special studies.
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The dissertation research significantly complements the fundamental
knowledge about the mechanisms of functional interaction between signaling
mediators-gasotransmitters (CO, NO, H,S) and separate stress phytohormones
(Jjasmonic 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.

Keywords: gasotransmitters, carbon monoxide, nitric oxide, hydrogen sulfide,
reactive oxygen species, calcium, phytohormones, antioxidant system, heat

resistance, salt resistance, Triticum aestivum, Arabidopsis thaliana
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