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Pedepar:

1. B ymoBax >xuBoi kiitTuHUu Mosiekysa JHK npuiimae popmy nozsiiiHoi cripasi, o CKIaaeThCsl 3 IBOX JIQHIIIOTIB
HYKJIEOTU[IiB, 3aKPY4EHUX OLUH HABKOJIO OJHOTO. ['IIpo¢d0o6Hi HYyKJI€iHOBI OCHOBY HYKJIE€OTUiB YyTBOPIOKOTh
KOMILJIEMEHTAPHI Nlapy, 3B'513aHi BOOHEBMMHU 3B'$1I3KaMU BCEPENIMHI MAKPOMOJIEKYJIN, YHUKAIOYM KOHTAKTY 3
MOJIEKyJIaMU BOJU. AfleHiH (A) 38’a3yeTbcs 3 TUMiHOM (T), a ryaniH (G) 3 nurozunom (C). HeraTusHO 3apsiKeHi
¢ocdaTHi rpynu ocToBa NOJBINHOI Cipasi 3HaXOAATHCS 330BHi NOJIBiHOI cnipasi Ta 06epHEHI 10 PO3YUHY.
®ocdatni rpynu JHK HelTpanizyoThCs IO3UTUBHO 3apsiiKeHnMHU ioHamu meTadti (Nao, Ko, Mg?o) abo
MOJIEKYJISIPHUMU ioHamu (nosiaminm). HedTpanisytodi ionn HazuBaloTh NpoTUiioHaMu. [TounHawouu 3 nepmumx
IOCiIXeHb CTPYKTypu Mosiekynn JJHK 6ys1o rokasaHo, 110 iOH-TiipaTHe cepenoBulle CTabiizye CTPYKTypy

BM3HAYaJIbHUM [IJIs ME€XaHi3MiB 6i7IKOBO-HyKJjIeiHOBOrO po3nizHaBaHHs Ta B3aemozii [JHK 3 6iosioriuHo akTHBHUMM



CIIOJIyKaMU. BudHavaspHa poJib ioH-TigpaTHOi 060s10HKU [JHK po6uTs ii oCinsKeHHS KII0YOBUM /1711 PO3YMiHHS
disnYHNX MeXaHi3MiB PYHKLIOHYBaHHS caMoi MakpoMoJieKyu. Ha cborofHi BUBYEHHSI BIaCTUBOCTEH i0H-
rigpaTHoi o60s10HKU JHK € akTyasibHOIO [IPO6JI€MOI0, IIPO 110 CBiYUTh HU3KA PODIT, B SIKUX NOCIIIKYIOTbCS
CTPYKTYPHI Ta IMHAMIYHi BJIaCTUBOCTI iOHIB Ta MOJIEKYJI BOJY HABKOJIO MOABINHOI cripai. OgHUM i3 BaXKJIMBUX
MIATaHb [JIS OIIMCY AMHAMIYHOI XapakTepucTuku cucremu JHK-Bona-ioHu € nocCiiIKeHHsI came KOJIMBAJIbHOI
IVHaMiK1 MOJIEKYJI BOIY Ta IPOTUMOHIB 6isisl CaliTiB 3B'13yBaHHS 3 aToMHKUMU rpyniamu JHK, mo moxke 3aiimaTu
BH3HayYaJIbHE Miclie 17151 6i0JI0riYHuX NpolieciB B cucteMi. HasiBHI ekcriepruMeHTaIbHi METOIM MOXKYTh HaJlaTh
KOJIMBaJIbHI CIIEKTPH, B SIKUX IIPOSIBJISIIOTHCSI MOJY KOJIMBAHb CTPYKTYPHUX ejleMeHTiB cucteM JJTHK-Bopa-ioHu,
aHaJIi3 Ta BUBUYEHHS SIKUX € BOKJIMBUM [1JI51 XapAKT€PUCTUKU iX CTPYKTYPH Ta AMHaMiku. OJIHaK Bce 11 JOBOJIi
CKJIaJIHO BUJIJIUTHU 1 ONKMCATU XapaKTeP MOJ, KOJIMBaHb MOJIEKYJI BOJY Ta IPOTUIOHIB iOH-TiAPaTHOI 060JI0HKU
JHK, mo 6e3nocepenHbO B3a€MOIIIOTh 3 MIOJBIHOIO CHIPaJIJIIO Ta JeXaTh Y HU3bKOUYACTOTHOMY [1ialla30Hi CIIEKTpa
(<400 cmn'). Y pucepraniiiHiil po6oTi 6y7a nociinkeHa KoauBajabHa AUHaMiKa ioH-TigpaTHOi o600HKY [JHK,
BHUKOPHCTOBYIOYM TEOPETUYHUI MiAXiM Ta KOMITIOTEPHI cuMyJisiLii. ByB mpoBeneHui aHali3 115l BUBYEHHS
KOJIMBAJIBHOI JMHAMiK1 MOJIEKYJl BOOY Ta IPOTUMOHIB JIY)KHUX MeTaJliB ioH-TigpaTHoi o60s0HKU [JHK. BusHaueHo
BIUIUB OKPEMUX IPOTUIOHIB Ha AMHAMIKy MOJIEKYJI BOAM TifipaTHOI 060JI0HKM NOABIMHOI cripasi. BusiBjieHO BIIJIMB
XapakTepy rigpararii IpOTUHOHIB i CTPYKTYpHOi opraHizallii MOJIeKyJ BOJH B Pi3HUX 00JIaCTSIX IOIBIMHOI criparti.
2. In a living cell, DNA adopts the form of a double helix, consisting of two chains of nucleotides winding around
each other. The hydrophobic nucleotide bases form complementary hydrogen-bonded pairs inside the
macromolecule, reducing contact with water molecules. Adenine (A) is hydrogen-bonded to thymine (T), and
guanine (G) is hydrogen-bonded to cytosine (C). The negatively charged phosphate groups of the double helix
backbone are located on the outside of the helix, facing the solution. The phosphate groups of DNA are neutralized
by positively charged metal ions (Nao, Ko, Mg?n) or molecular ions (polyamines). These ions are referred to as
counterions. In the early studies of DNA structure, it was shown that the ion-hydration environment stabilizes the
macromolecule’s structure. The dynamics of the DNA double helix and its ion-hydration shell are interrelated,
crucial for protein-nucleic recognition and DNA interaction with biologically active compounds. The critical role of
the ion-hydration shell of DNA makes its study key to understanding the physical mechanisms underlying the
macromolecule's function. The features of the ion-hydration shell are still actively studied from the point of view
of the structural and dynamical properties of ions and water molecules around the double helix. An important
aspect of characterizing the dynamic properties of the DNA-water-ion system is the investigation of the
vibrational dynamics of water molecules and counterions near the DNA surface, which may play a decisive role in
biological processes. Using various experimental methods, it is possible to extract vibrational spectra and thus
sample the vibrational modes of the structural elements of DNA-water-ion systems. However, it is still quite
challenging to distinguish and characterize in detail the intermolecular vibrational modes of water molecules and
counterions in the ion-hydration shell of DNA, which directly interact with the double helix and are observed in
the low-frequency range of the spectrum (< 400 cmn!). In the thesis, the vibrational dynamics of the DNA ion-
hydration shell were investigated using a theoretical approach and computer simulations. An analysis was
conducted to study the vibrational dynamics of water molecules and alkali metal counterions in the DNA ion-
hydration shell. The influence of individual counterions on the dynamics of water molecules of the DNA ion-
hydration shell was identified. The impact of the character of hydration of counterions and the structural
organization of water molecules in different regions of the double helix was elucidated.
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