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V. BimomocTi npo guceprauiio
Mosga guceprarii:
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1. EIEKTPO®I3IOJIOTTYHI BJACTMBOCTI KATIOHHMX KAHAJIIB BEJIMKOI I[TPOBITHOCTI TA IHO3UTOJI-1,4,5-
TPUPOCPATHUX PELIEIITOPIB JEPHOI MEMBPAHU KAPIIOMIOLIMTIB

2. Electrophysiological properties of large conductance cation channels and inositol-1,4,5-trisphosphate receptors
of the cardiomyocyte nuclear membrane

Pedepar:

1. Cepe[ CIOHTAHHO aKTMBHUX i0HHUX KaHaJliB BHYTPIIIHbOI siI€PHOI MeMOPaHU KapAioMioLUTIiB, HaltvacTile
peectpyBanu cTpyM 4epe3 LCC-kaHanu 3 nposigHicTio 209 + 13 nCMm. Lli kKaHanm XapakTepu3yoThCs
MOTEeHIIiaI3a/1e>XKHiCTIO, BUGIPKOBOIO TPOHUKHICTIO OIHOBaJIeHTHUX KaTioHiB K+ Ta Na+ i HempoHukHicTio Clra Ca2+.
[MocnigoBHicTb eeKTUBHOCTI iHribyBanHsa LCC-kaHaiB saepHOi MeMOpaHy KapAioMiOLMTIiB arOHiCTamMu Ta
iHribiTopamu H-XOJIiIHOPeLenTopiB i 3MiiHMMHK ToKcMHaMu Burisigae Tak: DhoE > d-ty6okypapuH = Hikotus > NT I >
dFBr > gutuiin = aTpakypiym = ninexkypoHito 6pomif;, > pokypoHito 6pomizn > 0-CTX. He BIiMBaloTh Ha AOCIIiIKyBaHi
KaHaJIU: TeKCaMeTOHil, 0-KOHOTOKCUH PelA, MLA, PNU 282987 i kap6axoJiiH. Po IP3-penentopis BHyTPilIHbOI
sepHOi MeMOpaHH KapAioMiOIIUTIB € OTEeHI[iaI3aJIesKHOI0, 3pOCTaE 3i 30iypIeHHsIM KOHIeHTpaljii [P3 (Makcnmym
3a 10 mxmozb /11 IP3 y cepenosuii). IP3-penentopu TakoX XapakTepU3yOThCs Pi3HOIO Yy TIUBIiCcTIO o Ca2+: niis



YaCTMHY IIPUTAMaHHA KJIACUYHA [3BOHOIOiOHA 3aJI€5KHICTD Bill IOr0 KOHLIEHTPALii (3 TOBHUM iHribyBaHHsIM 3a 1
MKMoOJIb /71 Ca2+), Toni sIK AJ1s iHImoi yactuHu rpadik 3anesxxHocti Po Bif koHueHTpauii Ca2+ 3MimeHuil npaBopyy i
iHrioyBaHHs nnourHaeTbcs 3a 10 MkMosib /a1 Ca2+ . OTXKe, y siepHil MeMOpaHi KapAioMiOLMTiB HasiBHI [1Ba IiATUNN
IP3-penenTopis, KOTpi Bigpi3HAI0TbCS 32 4yTauBicTio Ca2+ Ta LCC-KkaHanu, KOTpi 3 pi3HOI0 €(PEeKTUBHICTIO

iHribyI0ThCS aroHicTamu i iHribiTopamu H-XOJIiHOPELLENTOPIB.

2. For the first time, several types of spontaneously active channels with different conductance (from 10-340 pS)
have been detected in the inner nuclear membrane of cardiomyocytes. Among them, LCC-channels with
conductance 209 + 13 pS are the most expressed. These channels have relatively slow kinetics; at positive
potentials (+40 mV) they remain in the open state most of the time (NPo = 3.11), whereas at negative potentials (-40
mV) their activity decreases (NPo = 0.72). K+ ions permeate well through LCCchannels, to a lesser extent Na+, and
LCC-channels are impermeable to Cland divalent Ca2+ cations. Relatively high density combined with high
conductance of LCC-channels in the nuclear membrane indicates their important physiological role in regulating
nuclear functions. Purified neurotoxin II at a concentration of 25 pM reduces amplitude of the current through
these channels by 13 %. After applying 1-2 mM of o-cobratoxin, a slight channel flickering is observed. The effects of
all tested substances are reversed - after washing with the working solution, current through the LCC-channels
returns to the control values. Under the influence of d-tubocurarine (200 uM), the amplitude of the current
through the nuclear membrane's LCC-channels in cardiomyocytes decreases by 45 %. Under the influence of 25
uM DhaE, a 40 % decrease in current through the channel is observed. At high concentrations of atracurium and
dithylinum, Po decreases and channel flickering is observed, indicating physical blockade of the channel pore in its
open state. However, there is no complete blocking even at 2 mM blocker concentration. Nondepolarizing
neuromuscular relaxant rocuronium bromide dose-dependently reduces current amplitude through the channels,
inhibits them by half at concentration of 2 mM and reduces probability of them being in an open state by half. A
similar effect on LCC-channels functional activity is induced by pipecuronium bromide. Other investigated n-
cholinoinhibitors — hexamethonium, MLA, o-conotoxin PelA were proved ineffective. In the following series of
experiments, the effects of ncholinoreceptor agonists are tested. In particular, nicotine at a concentration of 10 to
200 uM dose-dependently decreases current amplitude through LCC-channels. After dFBr 23 application at a
concentration of 200 uM, the amplitude of the current through the channel decreases by 21 % and channel
flickering is observed. Whereas, other investigated ncholinoreceptor agonists — PNU 282987 and carbachol did not
cause statistically significant changes in LCC-channels functioning. The most effective among tested n-
cholinoreceptor agonists and inhibitors and also snake toxins are: DhoE > d-tubocurarine = nicotine > NT II > dFBr >
dithylinum = atacurium = pipecuronium bromide > rocuronium bromide > o0-CTX. In the nuclear membrane of
cardiomyocytes, a channel that is activated by IP3 (0.2- 20 uM) and inhibited by 2-APB (50 uM) was detected. On
this basis, we concluded that the channel is IP3Rs. It's known from the literature that the most expressed IP3Rs in
cardiomyocytes are type II and we have confirmed that via immunohistochemical analysis. Probability of IP3Rs
being in open state (Po) is potential-dependent, with higher activity of IP3Rs observed at positive potential values
(+40 mV Po = 0.043, +60 mV Po = 0.125), while at negative values their activity decreases (-40 mV Po = 0.025, -60
mV Po = 0.005). The probability of an open state of investigated receptors increases with increasing IP3
concentration and peaks at a concentration of 10 uM IP3 in the solution (NPo = 0.292). In the following series of
experiments, we investigate the effect of Ca2+ ions in different concentrations on IP3Rs activity. In particular, we
were able to detect two subtypes of IP3Rs, one of which is inhibited by high concentrations of Ca2+, which
corresponds to the classical pattern of bell-shaped activity dependent on Ca2+ concentration. This is also
confirmed by literature, according to which high Ca2+ concentrations inactivate purified cardiac IP3Rs. The other
type of IP3Rs has a significantly right-shifted activity dependence, their inhibition starts at 10 uM Ca2+, but a few
single-channel openings remain at 1 mM of Ca2+ in the solution. The properties of IP3Rs in the nuclear membrane
of cardiomyocytes differ sharply from both neuronal IP3Rs type I receptors and heterologously expressed IP3Rs
type II. This may be explained by the influence of post-translational modifications and the molecular environment.
Such heterogeneity contributes significantly to temporal and spatial propagation of the intracellular calcium signal
in the nucleus. The results demonstrate two subtypes of IP3 receptors in the nuclear membrane of cardiomyocytes



that differ in sensitivity to IP3, Ca2+ and LCC-channels, which are inhibited by agonists and inhibitors of n-
cholinoreceptors with different effectiveness.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLiHOI AiSJIBHOCTI:
ITiZCyMKH JOCiI>KEHHS:

Iyo6sikarrii:

HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
Conia;ibHO-eKOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBaakeHHs pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTAHTA)

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. KotnsspoBa AHHa Masnroxkarta bopuciBHa

2. Kotlyarova Anna Borysivna

KBasigikamis: k. 6. 1., 03.00.13
InenTudikarop ORCID ID: He 3acrocosyetses
JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHS:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BinomocTi npo odiniliHuX OIIOHEHTIB Ta PEl€H3E€HTIiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. ManbKo Bosogumup BacunboBud

2. Manko Volodymyr V

KBasigikamis: 1. 6. 1., 03.00.13



InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHAUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoAKeHHS:

dopma By1acHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kosioc Onekcanpp BikropoBuy
2. Zholos Oleksandr V.

KBasmigikamis: . 6. 1., 03.00.02
ImenTudikarop ORCID ID: He zacrocoyerbcs
JoparkoBa iHdpopmamist:

TloBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. HIatypcekuit Oser SIpociaBoBrUY

2. Shaturskiyy Oleg

KBasigikamis: 1. 6. 1., 03.00.02
InenTudikarop ORCID ID: He 3acrocosyetses
JonmaTkoBa iHdopmais:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg, 3a €IPITIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

PeuenseHTu



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

Kpumrans Ozner OsnekcanapoBuy

Caray Bagum Qenoposud

FOpuenko T.A.



