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2. Stress-protective effect of polyamines on plants and its functional relationship with signaling mediators



Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA BCTAHOBJIEHHIO POJIi KJIIOUOBUX CUTHAJIBHUX IIOCEPENHUKIB, 30kpema, ADK,
OKCHUJZY a30Ty, CIPKOBOJHIO Ta i0HIB KaJIblIil0 y peaisalii CTpec-IIpOTEKTOPHOI Aii Ai- i TeTpaaMiHiB Ha POCJIMHU 32
rineprepmii Ta 3HeBogHEHHS. OCHOBHUMU ii 3aBIaHHSIMU 0YyJIO [OCIiI>)KEHHS BIUIMBY €K30T€HHUX I10JiaMiHiB Ha
CTIMKiCTb POCTIMH [0 rinepTepMmii Ta HecTadi BOJIOTH y 3B’13KY 3 MoAuQiKallielo aKTUBHOCTI aHTUOKCUIAHTHUX
depMeHTIB i BMiCTy HU3bKOMOJIEKYJISIPHUX MOJIiQYHKIIOHATBHUX TPOTEKTOPHUX CIIOJIYK; BCTAHOBJIEHHS YYaCTi
ADK, okcuay a3ory, CipKOBOJHIO Ta i0HIB KaJblLlilo B peasisallii 3axucHoi Aii nosiamiHiB Ha NPOPOCTKY MIIEHHUL 33
YMOB TineprepMii; JoCigpKeHHs BIIMBY [iaMiHiB Ha aKTMBHICTb [iaMiHOKCUA3Y i HITpaTpEeAyKTa3u K MOKJINBUX
(depmenTiB cuHTe3y NO Ta BCTaHOBJIEHHS! (PYHKLIOHAIBHUX 3B'$13KiB MiJK OKCUJIOM a30Ty i IEPOKCUIOM BOJHIO [1pU
peasizatlii cTpec-npoTeKTOpHUX eeKTiB IyTPeCLUHY i KaJjlaBeprHy; BU3HAUYEHHSI [1ii eK30TreHHUX I10J1iaMiHiB Ha
(YHKLiOHYBaHHS IPOAMXOBOTO alapaTy POCJIMH Ta AOCJIiIPKEHHS Y4aCTi iOHiB KaJIblil0 i KOMIIOHEHTIB JIilliAHOTO
CUTHAJIHTY B peasisauii ix eexTis. BcTaHOB/IEHO, 0 NOCIiIKyBaHi oJiaMiHy (yTPeCLMH, KaJaBepyH i criepMiH)
CIIPUYMHSIIN MiJBULIEHHS TEMJIOCTIMKOCTI IPOPOCTKIB NIeHUIi. MiHiMasnbHa KOHIEHTpAllisl yTPECMHY, SIKa
BUKJIMKaJla BipOTiiHE MiJiBUIIIEHHS BUKUBAHOCTI NPOPOCTKiB, craHoBUA 0,25 MM. HaliBumuit 3axucHuil epexr Bei
IoJliaMiHY BUSIBJISITIM B KOHLeHTpauii 1 MM. [1py npoMy 3axucHa [is criepMiHy Oysia BUpaKeHa Jemo Oisblie, HiXX
edexTu yTpecLuHy i KagaBepuHy. BogHovyac cTpec-mpoTeKTOPHA Jisl IBOX JiaMiHiB B fiana3oHi KOHLeHTpauiii 0,5-
2,5 MM maibke He BifpisHsiacs. OTpUMaHi pe3yJibTaTu TaKoXK BKa3ylOTh Ha Y4acTb [10JiaMiHIB y peryssuii ctany
npoauxiB y pocsauH. [TokasaHo, 1o iHKy6alis enigepmicy JUCTKIB ropoxy B CEpeloBUIIi 3 JOJIaBaHHIM IIyTPECLAHY
abo criepMiHy CIIPUYMHSIA 3MEHIIEHHS BeJIMYMHY TPOJUXO0BOI anepTypu. Briiue nosiamMiniB Ha PyHKIiOHYBaHHS
IIPOIMXOBOTO allapaTy € KaJjblLii3aaeKHUM. Y IIPUCYTHOCTI 6J10KaTopa KasiblieBux KaHasiB LaCl3 BouB
TyTpeciHy i criepMiHy Ha CTaH TPOJIUXiB BUSBJIABCS €/1a60. Ix €eKTH YaCTKOBO HiBEJIOBAIMCS XEIaTOPOM
[IO3aKJIITUHHOrO Kanblio EI'TA, mpoTe NOBHICTIO ycyBanucs iHribiropom ¢ocdoninasu C HeoMigmHOM. OTPUMaHO
JlaHi, 0 BKa3yTh TaKOXK HAa IPUYETHICTh KOMIIOHEHTIB JIMiIHOTO CUTHAJIHTY [0 PETYIATOPHOTO BILIMBY
Ios1iaMiHiB Ha CTaH MPOJUXIB. BIJIMB yTpeCcUUHY i ClIEpMiHy Ha BEJIMYUHY allePTYPU NIPOAVIXiB HE BUSIBJISIBCS Y
IIPUCYTHOCTI H-0yTaHOJ1y — iHTi6iTOPY 3ayexXHOro Bif, ¢pocdouinasu D yrBopeHHs pocdaTUAHOI KUCIOTH, ajle He
110r0 HEAKTMBHOTO i30Mepy O0yTaHosy-2. TaKuM YMHOM, OTPMMAaHI Pe3yJIbTaTH BKa3yIOTh HA MOXKJIMBY POJIb
HAJXOIKEHHS KaJIbLLil0 B IUTO30JIb 3 BHYTPIIIHbOKJIITUHHMX KOMIIADTMEHTIB Ta 3HAYE€HHS CUTHAJIbHUX
iHTepMepiaTiB, 1110 YTBOPIOIOThCS 3a yuyacTio ¢pocdoainas C i D, B peanizauii npoguxoBrx ePeKTiB M0J1iaMiHiB.
JuceprauiliHe TOCIiIKEHHS NOIJIAOIIIOE YSIBIEHHS PO MEXaHi3MU CTPEC-TIPOTEKTOPHOI [Iii osriamiHiB Ha
POCJIMHY, NTOB'SI3aHi 3 iX 3a7ly4€HHSM B IPOL,ECH KJIIITUHHOTO CUTHAIHTY. lle CTBOpIOE MifgIPyHTS 1151 BKIIOYEHHS
I10JliaMiHiB B IPyIy IPaKTU4HO 3HAaYMMUX (Pi3i0JI0riYHO aKTUBHUX PEUOBKH 3i CTPEC-IIPOTEKTOPHUMU e(PEeKTaMU.
BcTaHoBIE€HMI y I'PYHTOBIH KYJIbTYPi 32 YMOB IIOCYXHU, HAOJIMXEHUX [0 NPUPOJHUX, CTPEC-TIPOTEKTOPHUN BILJIMB
domniapHOi 06pOOKY MYyTPECUMHOM i ClIEpMiHOM Ha iHTaKTHI 3€JIeHi POCIMHY NIIEHUL 103BOJISE PO3IJISAATY LieH

IIPUIOM $SIK IEPCIIEKTUBHUI 117151 MiJBUILIEHHS IIOCYXOCTiKOCTi POCJIVH Yy [10JIbOBUX YMOBAX.

2. PhD thesis is devoted to study the role of key signaling mediators, in particular, ROS, nitric oxide, hydrogen
sulfide and calcium ions in the implementation of the stress-protective effect of di- and tetraamines on plants
during hyperthermia and dehydration. The main objectives were to exemine the effect of exogenous polyamines
on plants resistance to hyperthermia and lack of moisture due to the modification of antioxidant enzymes activity
and the content of low molecular weight polyfunctional protective compounds; establishing the participation of
ROS, nitric oxide, hydrogen sulfide and calcium ions in the implementation of the protective effect of polyamines
on wheat seedlings under conditions of hyperthermia; establishing the effect of diamines on the activity of diamine
oxidase (DAO) and nitrate reductase as possible enzymes of NO synthesis and the establishment of functional
relationships between nitric oxide and hydrogen peroxide in the implementation of the stress-protective effects of
putrescine and cadaverine; determining the effect of exogenous polyamines on the functioning of plant stomatal
system and the study of the participation of calcium ions and lipid signaling components in the implementation of
their effects. It was found that the studied polyamines (putrescine, cadaverine and spirmine) caused an increase in
heat resistance of wheat seedlings. The minimum concentration of putrescine, which caused a probable increase



in seedling survival, was 0.25 mM. The highest protective effect of all polyamines was found at a concentration of 1
mM. The protective effect of spermine was expressed slightly more than the effects of putrescine and cadaverine.
At the same time, the stress-protective effect of the two diamines in the concentration range of 0.5 - 2.5 mM
almost did not differ. The obtained results also indicate the participation of polyamines in the regulation of the
condition of the stomata in plants. It has been shown that incubation of pea leaf epidermis in medium with the
addition of putrescine or spermine caused a decrease in the size of the respiratory aperture. The effect of
polyamines on the functioning of the respiratory system is calcium-dependent. In the presence of a calcium
channel blocker LaCl3, the effect of putrescine and spermine on the condition of the stomata was weak. Their
effects were partially offset by the extracellular calcium chelator EGTA, but completely eliminated by the
phospholipase C inhibitor neomycin. Data were obtained that also indicate on the involvement of LPO in the
regulatory effect of polyamines on the condition of the stomata. The effect of putrescine and spermine on the
value of the aperture of the stomata was not detected in presence of n-butanol - an inhibitor of phospholipase D-
dependent formation of phosphatidic acid, but not its inactive isomer of butanol-2. Thus, the results indicate the
possible role of calcium in the cytosol from intracellular compartments and the importance of signaling
intermediates formed by phospholipases C and D in the implementation of the respiratory effects of polyamines.
Thus, the dissertation research deepens the understanding of the mechanisms of stress-protective action of
polyamines on plants associated with their involvement in cellular signaling processes. This creates a basis for the
inclusion of polyamines in the group of practically significant physiologically active substances with stress-
protective effects. Established in soil culture under drought conditions close to natural, the stress-protective
effect of foliar treatment with putrescine and spermine on intact green wheat plants allows us to consider this
technique as promising for increasing drought resistance of plants in the field.
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