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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTuyHHUX pyOpHK: 31.15.37.05

Tema gucepranii:
1. MopenoBaHHS B3aeMO/lii KpEMHE3€EMY 3 IesIKUMU KOMIIOHEHTaMu 6i0JIoriYHuX MeMOpPaH

2. Simulation of interaction between silica surface and some components of biological membranes

Pedepar:

1. Inceprariiio NprucBsYeHO TEOPETUIHOMY LOCIIIKEHHIO OyA0BY afCcOPOLiiHUX KOMILJIEKCIB IeSIKUX 6i0MOJIeKYJI
IJ1a3MaTUYHOI MEMOPAHN 3 TIOBEPXHEI0 KPEMHE3EMY B ra3oBill (asi Ta 3 ypaxyBaHHSIM BOJHOTO CE€PEJOBUIIA.
MeTogamu KBaHTOBO] XiMii BCTAHOBJIEHO PiBHOB&)KHI CTPYKTYPH aACOPOLiMTHMX KOMILJIEKCIB 6i0MOJIEKYJIa-TBEPe
TiJI0, OLIiIHEHO iX IPOCTOPOBY Ta €JIEKTPOHHY OYIOBY, NOCIIIPKEHO OCOOIMBOCTI B3aeMozii 6ioMoeKys 3
rigpodinbHUMU Ta rifpopOOHUMU IOBEPXHSIMU. 3alIPOIIOHOBAHO CXEMY Ta OOIPYHTOBAaHO MeXaHi3M B3aeMOJii
6ioMoJIeKyJIa-IIOBEPXHS TBEPIOTro Tisla. Ha 0CHOBI 3alIpONIOHOBaHUX MOJieJIel Ta KBAHTOBOXIMIUHUX PO3PaxyHKiB

IIOSICHEHO OCOOJIMBOCTI KOHTAKTHOI B3a€MO[Iii 6i0MOJIEKYJI 3 TIOBEPXHEIO KDEMHE3EMY.

2. The thesis is devoted to the study on the characteristics of the interaction of biomolecules, main components of
cell membranes, with the surface of silica adsorbents. This interaction is assessed by means of state-of-the-art
quantum-chemical methods. The silica surface is simulated by multi-sized clusters resembling the structure of the
<111> face of b-cristobalite. The adsorption of dimers of carboxylic acids (formic and acetic) on silica surface was
studied theoretically. It was found that silanol groups or surface water disrupt the hydrogen bonds of the dimer



and transform the octatomic structure of the dimers into a decatomic one. The existence of such adsorbed
structures was proved by a correlation between calculated and experimentally obtained vibration spectra of the
dimers. Hydrated complexes of methylphosphonic acid were also studied as a model of the phosphatidic acids of
plasmatic membrane. Their electronic structure and geometry were determined. Tetra-, penta-, and hexahydrate
molecular structures were found to coexist with their ion-pair associates. The interconversion between the two
forms seems to involve the simultaneous transfer of two protons, a process with a low energy barrier. A special
focus is put on the calculation of the equilibrium structures and the energies of formation of adsorption complexes
and surface compounds of silica supported carbohydrates (lactose, saccharose), N-acetylneuraminic acid. It was
found that the key role in the formation of this surface compounds is played by the formation of hydrogen bonds
between the adsorbates and the electron donating silanol groups of silica. The results of calculations show that
disaccharides (i.e. saccharose and lactose) can act as mediators of sorption of N-acetylneuraminic acid on silica.
Disaccharides have high affinity to silica surface and tend to form complexes with N acetylneuraminic acid. These
complexes exhibit higher adsorption heats than that of the acid alone . Finally, the interaction between
hydroxylated silica particles and erythrocytes was studied. Both the silica surface and the molecule had negative
surface charges due to electrolytic dissociation of surface functional groups. A probable interaction mechanism
was suggested and subsequently verified by quantum-chemical calculations. The erythrocyte was represented by a
lipid fragment of plasmatic membrane. It was found that at large distances between these negatively charged
clusters the derived hydrated cations get between the clusters and promote their interaction. When the distance
between objects reaches a critical value the localized negative charges of the silica anion and the lipid complex get
saturated with protons from the hydrated cations. The resulting neutral components of the disperse system
interact in such a way that water molecules get involved as intermediates of a network of hydrogen bonds.
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