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1. Ancop6uiriHi komriekcu N-aneTuiIHeipamMiHOBOI KMCJIOTY 3 MOHO- i IFicaxapuaMy Ta BUCOKOAUCIIEPCHUM

KpEMHE3eMOM

2. Adsorption complexes of N-acetylneuraminic acid with mono- and disaccharides and ultrafine silica

Pedepar:

1. TIpoBeneHa apcop6uis N-auerunHeiipaminoBoi (NANA) KMCJIOTH Ha IOBEPXHi BUCOKOJUCIIEPCHOTO KPEMHE3EMY
(BIK) meTo[ioM IOCJIiIOBHOTO 3aKpillJIeHHs Ta aficopoOlii i3 6iHapHOro po34uHy. 3rifHO [1epuIoro — B3aeMOoJist
BifiOyBaeThCs Ha NonepenHbO MOAUGIKOBAHIN caXapo300 UM JIaKTO3010 [10BEPXHI ripokcuaboBaHoro BIIK.
OTpuMaHi faHi BKa3yloTh, 110 afcopolis i3 6iHapHOro po3urHy NANA 3 nucaxapyuyoMm Mae 6inbiry e(eKTUBHICTb.
MeTonom TeMrepaTypHO-IIpOrpaMOBaHOi 1eCcOpPOLiiiHOI Mac-CIIeKTPOMETPIi JOBeIeHO YTBOPEHHSI afiCOPOLIiNHNIX
kom1iekciB NANA sk Ha rinpokcunboBaHili noBepxHi BIIK, Tak i Ha MmoaudikoBaHiil caxapo3010 Ta JJAKTO3010.
PesynbTaTt KBAaHTOBOXIMIYHMX po3paxyHKiB Mmetogom DFT (B3LYP, 6-31 G (d, p) eHeprii yTBOpeHHS aAcOpOLitHMX
KOMIIJIEKCiB MOHOCAaXapUAiB (IJII0KO3U Ta (PPYKTO3M) Ha IIOBEPXHI IiPOKCUIIbOBAHOTO KDEMHE3EMY 3 YPAXyBaHHSIM

BIVINBY PO34YMHHNKA B CYIIEPMOJIEKYJIIDHOMY Ta KOHTHHYaJIbHOMY HaOJIMKEHHSX CBiIL‘-IaTb Ipo HEMOKJIUBICTb



ixHbOI azicop6Lii. AHAJIOriYHI PO3paxyHKM [J1s1 UCaxapuiB (caxaposa, JIaKTo3a) AaloTh 3HaueHHs Eads 33,0 ta 24,5
KIIK /MOJIb, BiITIOBiAHO, 110 CBiUNATh IIPO CAMOYUHHICTS Ipolecy ancopouii. yist NANA agcop6iiist 3 BogHOro
PO34YMHY Ha riipoKcuiboBaHiil nosepxHi BIK HeMOXIMBa, OCKiIbKM po3paxoBaHa BesinunHa Eads mae maiike
HYJIbOBE 3HAYEHHA i He 3aJIEXXUTH Bifl po3Mmipy rigparyrodoro kinacrepa. Kiodosi cioBa: N-aleTuaHepaMiHOBa
KUCJIOTa, MOHOCaxapyuay, AMcaxapuay, IOBepxHs KpeMHeseMmy, agcop6uis, TI1I MC, kiactep Boau, MeTOH, Teopii
(dyHKLiOHATY T'yCTHHHU.

2. The N-acetylneuraminic acid (NANA) molecule plays an important role in intercellular interactions and in cell
interactions with drugs. Therefore, when developing drugs where ultrafine silica (UFS) is the carrier, it is important
to fix NANA on its surface. But this sialic acid is not adsorbed on the hydroxylated of UFS surface from aqueous
solution. Thus it is important to find such UFS surface modifiers which, on the one hand, should ensure the
fixation of NANA on the UFS surface, and on the other be biocompatible with the plasma membrane of the cell.
Such requirements are met by saccharides but as it is known from literature, monosaccharides are not adsorbed
on the surface of UFS, while the adsorption of disaccharides occurs from aqueous solution. Therefore, the first
part of the work demonstrates the modification of the UFS surface by adsorption of sucrose and lactose from
aqueous solution. It was established that the filling of the surface with adsorbate molecules goes with their
placement of molecules in a chain variant. The obtained adsorption isotherm, according to Giles' classification,
belongs to class S2. The results of temperature-programmable desorption mass spectrometry found that during
thermal decomposition of sucrose samples in both condensed and adsorption states on the UFS surface, the
corresponding spectra contain lines inherent in both states (m / z 17, 28, 44, 97). This demonstrates the adsorption
of carbohydrate on the surface of silica. A similar conclusion holds for lactose. It was found that the thermal
decomposition of NANA samples in the condensed state and the state adsorbed on the modified UFS surface has
three stages. The first of them begins at 90, the second - at 230, and the third - 350 oC. The calculation results in
the approximation of DFT (B3LYP, 6-31 G (d, p) energy of dimerization and formation of adsorption complexes with
silica monosaccharides (glucose and fructose) and NANA for gas phase conditions indicate the interaction of
substances in a mixture of NANA with monosaccharides compared to interaction of individual substances.
Molecules of disaccharides, N-acetylneuraminic acid and silica form triple complexes due to intermolecular
hydrogen bonds between polar functional (mainly ~-OH groups) molecules of the studied substances. Sucrose is
better adsorbed on the surface of silica (AEads = —-211.7 kJ /mol) compared to the adsorption of lactose ( 154.9

kJ /mol). The most energy is released (245.2 kJ /mol) when interacting with a silica cluster of the intermolecular
complex of N-acetylneuraminic acid and sucrose where silica and the sucrose molecule are in direct contact. The
quantum chemical calculations of the equilibrium spatial structure and energy of formation of disaccharides
adsorption complexes with the influence of solvent in supermolecular and continuum approximations taken into
account, showed that their adsorption is thermodynamically possible and does not depend on the size of the
hydrating cluster. Thus Eads for sucrose and lactose is -33.0 and -24.5 kJ /mol, respectively. The adsorption
energy from the aqueous phase for glucose and fructose has positive values (+9.8 and + 2.7 kJ /mol). For N-
acetylneuraminic acid molecule, taking into account the effect of the solvent for Eads is -1.3 and 0.9 kJ /mol for the
reaction with five and eight molecules of water, respectively. It was found that in the aqueous solution in the
presence of sucrose on the surface of silica, the hydration energy decreases (i.e. it is easier to replace the N
acetylneuraminic acid molecule with a cluster of water from the surface of the modified adsorbent) thereby
contributing to NANA adsorption on the silica surface. I.e. here we can see the mutual influence of substances in
the mixture of NANA with carbohydrates on the interaction with silica in comparison with the interaction of
substances with silica separately. Key words: N-acetylneuraminic acid, monosaccharides, disaccharides, silica
surface, adsorption, TPD MS, water cluster, method of density functional theory
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