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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Poznanie molekularnych mechanizmov véapnikovej signalizacie pri vizbe excitacie s kontrakciou srdcovych svalovych
buniek si vyziadalo vyvoj novych pristupov umoziujicich ich stadium in situ. Metodicky rozvoj bol z velkej Casti
originalny a vyustil do 3 metodickych publikécii a vytvorenia 3 softvérovych rieSeni, ktoré st volne pristupne SirSej
odbornej verejnosti. Hlavné vedecké vysledky riesenia projektu boli zatial publikované v 10 pracach in extenso
a zahfnaju vSetky zlozky podielajuce sa na vézbe excitacie s kontrakciou. VyrieSili sme mechanizmus aktivacie
srdcovych RyR kanalov a vytvorili vratkovaci model RyR s kompeticiou iénov véapnika a horc¢ika determinujucich
pravdepodobnost’ otvorenia RyR kanalov. Objasnili sme mechanizmus interakcie kardiotoxickych latok, farmak,
s receptorovou Struktirou DHPR kandlov s dopadom na spolahlivost’ vézby excitacie s kontrakciou. Vyriesili sme
reakcno-difuzny problém vapnikovej signalizacie v tubuloretikularnom spojeni srdcovych myocytov v troch rozmeroch.
Ukazali sme, ze koncentracia vapnika v diadickej Strbine pocas aktivacie uvolnenia vapnika je nehomogénna a je
urcujicim prvkom uvolfiovania vapnika. Podali sme prvy mechanisticky opis vzniku a ¢asového priebehu lokalnych
vapnikovych signalov v srdcovych myocytoch. Opis zahfiia stochastické vratkovanie DHPR a RyR kanalov aich
aktivaciu membranovym napétim a vapnikovymi iéonmi. Odhalili sme distribuciu a variabilitu vapnikovych signalov pri
excitacii myocytov a ich zmeny po experimentdlnom infarkte myokardu. Objasnili sme molekularny mechanizmus
gradacie intenzity kontrakcie myocytov riadenym uvolfiovanim vapnika a mechanizmus riadenia gradacie na urovni
DHPR a RyR kanalov. Vytvorili sme koncepciu architektiry svalovych buniek, definovali sme jej merateI'né atributy
a vyuzili ich pri kvantifikacii ultrastruktary srdcovych myocytov. Charakterizovali sme organelovu Struktiru myocytov
a kvantitativne sme analyzovali jej determinanty. Vytvorili sme origindlny softvérovy systém na tvorbu geometrickych
modelov svalovych buniek, ktoré mozu slizit’ na verifikaciu strukturalnych hypotéz ohl'adne bunkovej architektiry a na
priestorové testovanie experimentov.

Suhrn vysledkov rieSenia projektu a naplnenia ciel’ov projektu (max. 20 riadkov) - anglicky:

Understanding of molecular mechanisms of calcium signalling during excitation-contraction coupling in cardiac muscle
cells required development of new approaches for their study in situ. Methodological progress was by a large part
original and ended up in 3 methodological publications and 3 software solutions that are freely available to general
public. The main scientific results were published till now in 10 in extenso papers and include all components
participating in excitation-contraction coupling. We have solved the mechanism of activation of cardiac RyR channels
and created the gating model of RyR involving calcium—magnesium competition that determines the probability of RyR
channel opening. We have elucidated mechanism of interaction of cardiotoxic compounds, drugs, with the receptor
structure of DHPR channels with consequences on reliability of excitation-contraction coupling. We have solved the
reaction-diffusion problem of calcium signalling in the tubulo-reticular junction in cardiac myocytes in three
dimensions. We have shown that concentration of calcium ions in the dyadic junction during activation of calcium
release is not homogenous and represents a crucial point of calcium release. We have provided the first mechanistic
description of the origin and the time course of calcium signals in cardiac myocytes. Its description involves stochastic
gating of DHPR and RyR channels and their activation by membrane voltage and calcium ions. We have disclosed
distribution and variability of calcium signals upon excitation of myocytes and their changes after experimental
myocardial infarction. We have elucidated the molecular mechanism of gradation of contractile intensity by controlled
release of calcium and the controlling mechanism at the level of DHPRs and RyRs. We have developed the concept of
architecture of muscle cells, defined its measurable attributes and employed them for quantification of the ultrastructure
of cardiac myocytes. We have characterized the organellar structure of myocytes and analyzed its determinants. We
have created an original software system for generation of geometrical models of muscle cells that may serve for
verification of structural hypotheses involving cell architecture as well as for spatial verification of experiments.
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