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V ¢om vidite uplatnenie
vysledkov tohto projektu:

Prispelo sa k objasneniu molekulovych mechanizmov, ktoré podmienuji unikatne funkcie
makromolekiil v biologickych systémoch ako je enzymaticka aktivita, elasticka deformacia,
¢i transport cez membrany.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Projekt bol zamerany na rozvoj a aplikiciu prediktivnych postupov v oblasti biofyzikilnej chémie na ziklade
molekulového modelovania. V sulade s cielmi projektu sa skumali subeZne viaceré fundamentalne vlastnosti
biomakromolekul s vyuZitim roznych metéd pocitacového modelovania, podl’a zloZitosti modelového systému.
Metodami molekulového modelovania (DFT a QM(DFT)/MM) sme objasnili katalyticky mechanizmus
vybranych glykozyltransferaz. Ur¢ili sme Struktiru aktivovaného komplexu pre dané reakcie a na jej zaklade
sme navrhli novy typ inhibitorov glykozyltransferaz, analégov aktivovaného komplexu, s potencidlnym
terapeutickym vyuZzitim pri lieCeni civiliza¢nych chordob. Na zaklade homolégneho modelovanie sme vyriesili
vel’'mi aktualny problém - trojrozmernu Struktiru neuraminidazy chripkového virusu H5N1 a charakterizovali
jej vdzobné vlastnosti voci si¢asnym proti chripkovym liekom Relenza a Tamiflu.

Pri modelovani membranového transportu makromolekiil sme vypo¢itali odrazovy koeficient pri ultrafiltracii a
koeficient brzdenej diflizie v membrane ako funkcie koncentricie polyméru. Skumali sme aj pripad
prevlieckania makromolekil cez tuzke hrdlo medzi dvomi prepojenymi dutinami ako model viacerych
biologickych procesov. Konformaény prechod makromolekuly k méstikovej forme prepajajicej dutiny sme
vysvetlili ako sithru geometrického obmedzenia, koncentracie a tuhosti makromolekulového ret’azca.

Kriticky sme zhodnotili zauZivané postupy na vypocet persistenénej dizky biomakromolekil. Pomocou
molekulovych simulacii sme v ramci ¢ervovitého modelu preskimali klicové ¢rty elasticity polotuhych a tuhych
biologickych makromolekiil. Zistené krivky sila - prediZenie st vyuZitePné pri interpreticii AFM merani. Dalej
sme vyratali krivky napiitie-prediZenie pre siete a gély vytvorené z poloohybnych biomakromolekul.

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

The main goal of the project was to develop and apply predictive approaches in the field of biophysical
chemistry using molecular modeling. A variety of fundamental properties of biomacromolecules were explored
by molecular modeling methods selected to match the complexity of model systems.

Methods of molecular modeling (DFT and QM(DFT)/MM) were used to characterize the catalytic mechanism of
selected glycosyltransferases. A new scaffold for glycosyltransferase inhibitors - transition state analogues was
design based on the determined structure of the transition state of the catalytic reaction as potential therapeutics
in the treatment of civilizational diseases. Three-dimensional structure of neuraminidase from the avian
influenza virus H5N1, as a very current concern, has been developed using the homology modeling method. The
binding properties of N1 neuraminidase against two antiviral agents, Relenza and Tamiflu were characterized.
In modeling of the membrane transport of macromolecules the reflection coefficient in ultrafiltration and the
coefficient of hindered diffusion were calculated as a function of polymer concentration. A polymer
translocation through a narrow opening between two interconnected cavities was explored as a model of
numerous biological processes. A transition of a chain to the bridge conformation linking two cavities was
rationalized as interplay of the confinement, concentration and chain stiffness. Established procedures to
compute the persistence length of macromolecules have been critically appraised. The key characteristics of
elasticity of semiflexible and stiff chains have been examined by molecular simulation using the wormlike chain
model. The computed force-length curves can be used to rationalize the AFM measurements. Furthermore, the
stress-strain functions for networks and gels of semiflexible polymers were evaluated.
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