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Pedepar:

1. Inceprauiiina po60Ta IpUCBIY€Ha KOMIIJIEKCHOMY JOCJIIIPKEHHIO QYHKIIOHYBaHHS MOJIEKYJIIPHUX LIAlIEPOHiB /
6inkiB Tennosoro moky HSP70 i HSP90 y 3a6e3nedyeHHi cTabibHOCTI Ta [1JIACTUYHOCTI OHTOTre€He3y pocauH. Ha
IIMPOKOMY €KCIIEPMMEHTAJILHOMY MaTepiajli I0Ka3aHo, WO MifTPMMaHHS IPOTE0CTa3y 3a 3MiHM YMOB CEPELOBUILA
BiZOyBa€eThCs LISIXOM SIKICHUX i KiJIbKICHUX 3MiH KJIITUHHOTO ITyJly IIANepOoHiB 3 110ro 36i/bLIIeHHIM [1py
HaOJIMKEHHI [0 MEX J1ialla3oHy CTiMKOCTi opraHiamy. BusHaueHo cnienuiyHi 115 4ieHiB MyJbTUT€HHUX POJVH
AtHSP70 i AtHSP90 piBHi KOHCTUTYTUBHOI €KCIIpecii Ta AMHAMIKY iIHAYKLil y BiNNOBiAb HA MiIBUILLEHHS
TeMIIepaTypH i BogHUH nediuuT. BussneHo TkaHnHHY crenudivHicTs excripecii okpemux AtHSP70 i AtHSP9O.
JoBeneHo, o iHAyuu6esbHi YIeH! UX POJMH € BXJINBUM iHCTPYMEHTOM Yy 3a0e3Me4YeHHi CTiIKOCTi - 3
nposigHoo posuto HSP70. Ha npuknazi iHIyKOBaHOI Ta IEPEXPECHOI CTIMKOCTI [TI0Ka3aHO, 110 [IOCUJIEHA EKCIIPECid
iHAyLM6eIbHYX IeHiB CYIIPOBOKYETHCS PO3MIKUPEHHSM Jiala3oHy CTiMKOCTi opraHiamy. Briepie BU3Ha4eHO, 110

imyHOocniopigHeHi nuto3osbHi HSP70 y pocsinH pi3HUX TaKCOHIB XapaKTepU3YyIOThCS BUJOBUMU OCOBJIMBOCTSIMU



KiHETUKU CUHTE3y 32 KPUTUYHUX 3MiH €KOJIOTiYHUX (PaKTOPIB, TICHO NMOBSI3aHUMU 3 TPOLIECAMU META00iYHOI,
disiosoriunoi i cTpykTypHOI amanTauii. [TokazaHo yyacte nutozonsaux HSP70 i HSP90 y ctpec-peaxuii i amanrarii
KJIITVH 32 [ii He3BUYHUX JJIs1 POCJIMH YAHHUKIB - TilleprpasiTallii Ta CMUMyJIbOBaHOI MiKpOrpasiTalii
(kniHOCTaTYBaHHS). Briepiie BU3Ha4€eHO, 110 KJIIHOCTATyBaHHS [IPU3BOAUTD 40 BUHUKHEHHS IEPEXPECHOI CTIMKOCTI
[IO BUCOKOI TeMIIEpaTypy 3aBISIKY [IOCUJIEHHIO 30aTHOCTI KJIITUH 4O CTPECOBOI iHAyKLii reHiB uuTo30abHMX HSP70 i
HSP90. Po3po6s1eHO MeTO/, OLiHKYM CTaHy POCJMH 3 BukopuctanHsam HSP70 sk 6iomapkepa. OTpuMaHo JoKas3u
iCHyBaHHS y POCJIMHHUX KJIITUH MeXaHi3My perysanii cunresy HSP ta crifikocti nurosonsHuMu HSP9O0. [Tokazano
3HQYEHHS 3arajlbHOi aKTUBHOCTI KJiTHHHOrO ysry HSP90 g1 crabinisanii pocTy, pO3BUTKY i HOpPMaJIbHOTO
(hopMOTBOPEHHS ITpU MiKpOGIYKTyallisiX BHYTPIlIHbOTO i 30BHIIIHBOIO CEPEIOBHUINA, a TAKOX 32 il reHOo- i
MIPOTEeOTOKCUYHUX (pakTopiB. OTprMaHo HOBI fmaHi gy HSPIO i Bnepiie BctaHosseHo a1t HSP70, mo
(PYHKLiOHYBaHHS OKPEMUX LIUTO30JILHUX i30(pOPM € BKJIMBUM A1 CTabini3alii HopMasbHOrO (POPMOTBOPEHHS i

[JIACTUYHMX PEAKILill OpraHiB pOC/IMH 3a 3MiH CBiTJIa i rpaBiTaliii.

2. The thesis is devoted to the investigation of molecular chaperones / heat shock proteins HSP70 and HSP90 at
molecular, cellular and organism levels in supporting stability and plasticity of forming a plant phenotype, both
under optimal and unfavorable environmental conditions. For the first time, various roles of these chaperones have
been analyzed in a single complex research: their function as a system of non-specific resistance at critical levels
of environmental factors; the ability of cytosolic HSP90s to regulate the HSP expression and, thus, control the
cellular pool of chaperones, as well as the participation of HSP90 and HSP70 in supporting the stability and
plasticity of growth, development and morphogenesis. Particularly, it was shown on the wide experimental
material that supporting cellular proteostasis under changing environmental conditions occurs through qualitative
and quantitative alterations in the cellular pool of chaperones with its increase when approaching the tolerance
limits of the organism. The level of constitutive expression of 12 HSP70s and 9 HSP90s in Arabidopsis thaliana and
dynamics of their induction in response to high temperature and water deficit revealed the specific contribution of
the members with different subcellular localization. Tissue-specificity was determined for AtHSP70-10 and
AtHSP90-2 expression. It was proved that the inducible members of these families are an important tool for
tolerance - with the leading role of HSP70. Obtained data on induced and cross-tolerance showed that enhanced
expression of the inducible HSPs resulted in an expansion of the tolerance range of the organism. It was
determined for the first time that immune-similar cytosolic HSP70s in plants of different taxa with different
adaptive potential - A. thaliana (Brassicaceae), Malva silvestris i M. pulchella (Malvacea), Sium sisaroideum
(Apiaceae) and Trapa natans (Trapaceae) - had species-specific kinetics of synthesis under critical changes of
ecological factors (high temperature, flooding, water deficit), which were closely related to the processes of
metabolic, physiological and structural adaptation. The tolerant species were characterized by higher HSP70 base
level and more intensive and continous synthesis of both constitutive and inducible proteins. It was demonstrated
in the experiment with flooding that the increase in the cellular HSP70 pool is needed to protect protein
homeostasis during the change in the developmental trajectory of plant organisms with different genetically
programmed pathways of anaerobic adaptation - the metabolic and structural adaptation in S. sisaroideum, and
only the metabolic adaptation in A. thaliana. A method for estimating the state of plants in natural populations and
introduced plants using HSP70 as a biomarker was developed. Participation of HSP70 and HSP90 in stress-reaction
and adaptation of plants to unusual for terrestrial organisms factors, such as hypergravity and simulated
microgravity (clinorotation), was revealed. The effects of rotation and position were differentiated in the effect of
clinorotation, indicating that simulated microgravity has a small, but statistically significant effect on the level of
these proteins. It was shown for the first time that clinorotation caused cross-tolerance to high temperature due
to a faster onset and enhancement of cytosolic HSP70 and HSP90 induction. The evidence for negative feedback
autoregulation of HSP synthesis and regulation of plant cell resistance by HSP90 proteins was obtained using
HSP90 inhibition by geldanamycin (GDA). GDA treatment of A. thaliana seedlings induced synthesis of HSP70 and
HSP90 in the absence of stress. For the first time was determined that GDA treatment of seeds resulted in an
increase in the HSP70 and HSP90 basic level in seedlings, as well as an intensification of their stress induction and
cell resistance under the influence of proteotoxic factors (high temperature and ionizing radiation). Three HSP90-



dependent molecular mechanisms, which are important for phenotypic variability of plant populations, were
demonstrated on A. thaliana: 1) buffering stochastic development; 2) supporting plastic responses to external
stimulus; 3) buffering genetic variations, counteracting their phenotypic display. At that, significance of the total
activity of the cellular HSP90 pool, as well as of individual cytosolic family members - constitutive AtHSP90-4 and
inducible AtHSP90-1 was shown. It was first established that HSP70 may also affect the stability of growth
processes and morphogenesis. Differences in the influence of individual HSPs on growth processes are
determined. It was shown that the effect of these chaperones on the morphogenetic program may occur discretely
at the modular level.
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