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V ¢om vidite uplatnenie
vysledkov projektu:

Ziskané poznatky sa uplatnia pri racionalnom dizajne terapeutik zaloZzenych na
inhibicii enzymov ako i pri vyvoji novych polymérnych materialov. Poznatky o
Strukturnej organizacii polyalaninovych retazcov umoznuju hlbSie porozumiet
mechanizmu skladania integralnych membranovych bielkovin. Vysledky pre
biopolyméry enkapsulované v dutine modeluju jednak vSeobecne vplyv
vnutrobunecného zahustenia (crowding), ale aj rézne polymérne kapsule
pouzivané v biotechnol6gii a biomedicine.
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Preskumali sme moznost’ aplikacie nedavno vyvinutej metody metadynamiky na Studium pohybu
domén v enzymoch. Ako prvy krok sme testovali metodynamiku na vypocCet volnej energie konformérov
kruhu substratov enzymov - kyseliny sialovej a glukozy. VSetky tieto vysledky naznadili, ze skimana metoda
metadynamiky bude méct byt pouZitd na Studium pohybov domén v nativnom enzyme iv komplexoch
substrat-enzym. Charakterizovali sme katalyticky mechanizmus galaktozyltransferazy-l pouzitim kombinacie
metdd kvantovej a molekulovej mechaniky. Ziskané vysledky pridavaju dalSie argumenty v prospech Sy2
typu mechanizmu pouzivaného invertujucimi glykozyltransferazami. Katalyticky mechanizmus tohto enzymu
zahriiuje zmenu konformacie slucky, ktorou sa vytvara vazobné miesto pre akceptor. KedZe tento pohyb je
z pohladu klasickej dynamiky velmi pomaly, Studovali sme ho pomocou metadynamiky. Tieto vysledky
pomahaju pochopit’ ulohu pohybu enzymovych domén na katalyticky mechanizmus tychto enzymov.

Zakonitosti skladania (folding) proteinov sme skumali pomocou MD simulacii polyalaninovych (PA)
retazcov. Zistili sme silnu tendenciu PA peptidov na vytvaranie skladanych Struktir v nepolarnom prostredi.
Stabilita skladanych Struktur PA bola vysvetlena ako désledok dominancie pritazlivych vdW interakcii
medzi antiparalelnymi zavitnicami nad entropickym prispevkom z neusporiadanych slugiek. Dalej sme
pomocou simulacii skumali vplyv priestorového obmedzenia na Strukturu biopolymérov. Vypoditali sme
zmeny Strukturnych a dimenzionalnych vlastnosti retazcov v désledku ich uvaznenia v gufovitej dutine.
Preukazali sme, Ze pri zvySovani tuhosti biomakromolekul dochadza u nich k prechodu od neusporiadane;j
(kvazi-globularnej) Struktury k toroidnej Strukture.

Suhrn vysledkov rieSenia projektu a naplnenia cielfov projektu (max. 20 riadkov) - anglicky:

A possibility to apply an recently emerged metadynamics methods on a mobility of domains in enzymes has
been investigated. As a first step in this direction, we have studied free energy of ring conformers of the
enzymes substrates - glucopyranose and sialic acid. The obtained results suggested that metadynamics can
be used for studying mobility of domain in native enzymes and in their complexes with substrates. We have
characterized the catalytic mechanism of galactosyltransferase | using a hybrid QM/MM method. The results
provide information supporting Sy2 mechanism utilized by inverting glycosyltransferases. Catalytic
mechanism of this enzyme contains conformational change of the loop, which generate a binding site for the
acceptor. Since this motion is slow from the point of view of classical mechanics, we have employed
metadynamics method. The obtained results shed some light on understanding the role of domain motion on
the catalytic mechanism of these enzymes.

The protein folding was explored by MD simulations of long polyalanine (PA) chains. A strong
tendency of PA chains to form the folded structures was found in nonpolar media. The stability of folded
hairpin structures was rationalized by a domination of vdW interactions over the entropic factors due to
disordered loops. Furthermore, the effect of confinement on the biopolymer structure was explored by
simulations. The change of structural and dimensional properties of biopolymer due to their encasing in a
cavity was calculated. It was shown that an increase in chain stiffness brings in their transition from the
disordered (quasi-globular) structure into the toroidal one.
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