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2. Modeling vibrational dynamics of the ion-hydration shell of DNA double helix

Pedepar:

1. B ymoBax >xuBoi kiitTnau moJsiekyna JHK npuiimae popmy rozgsiiiHoi cripasi, o ck1afaeTsesl 3 ABOX JIAHIIIOTIB
HYKJIEOTHU[IiB, 3aKPY4E€HUX OJIMH HAaBKOJIO OHOTO. ['inpodobHi HyKJI€iHOBi OCHOBY HYKJIEOTHU]IiB YTBOPIOIOTh
KOMILJIEMEHTAPHI Iapy, 3B’13aHi BOJHEBUMMU 3B’s13KaMU BCEPEAVHI MaKPOMOJIEKYJIM, YHUKAIOUM KOHTAKTY 3
MOJIEKyJIaMU BoOM. AfleHiH (A) 3B’a3yeTbcst 3 TUMiHOM (T), a ryanin (G) 3 nuto3unom (C). HeraTuBHO 3apsKeHi
docdartHi rpynu ocTosa NOABIMHOI cripasi 3Hax0AThCSI 330BHI IOJIBIMHOI cripasi Ta 06epHeHi 0 pO3YuHY.
®ocdarni rpynu JHK HelTpasnis3yloTbcs O3UTUBHO 3apsii>)keHuMu ioHamu meTadnis (Nao, Ko, Mg2n) abo

MOJIEKYJISIPHUMU ioHamu (nosiaminm). HedTpamnisytodi ioHn Ha3MBalOTh NPOTUHOHAMU. [ToUMHAIOUN 3 IEpPIINAX



IOCIiIXeHb CTPYKTypu Mosiekynn JJHK 6ys1o rokasaHo, 1o iOH-TiipaTHe cepenoBulle CTabilizye CTPYKTypy
BU3HAYaJIbHUM [1JIs ME€XaHi3MiB 6i7IKOBO-HyKJIeiHOBOrO po3nizHaBaHHs Ta B3aemozii [JHK 3 6iosioriuHo akTMBHUMM
CIIOJIyKaMU. BuzHauasbpHa posib ioH-TigpaTHOi 06010HKM [JHK po6uTs ii JOCiIKEeHHS KII0YOBUM [1J1 PO3yMiHHS
($isnyHNX MeXaHi3MiB (PYHKI[iOHyBaHHS cCaMOi MaKpOMOJIeKyIn. Ha cbOro/iHi BUBUEHHS BJIAaCTUBOCTEN i0H-
rinpaTHoi o60s10HKU JHK € akTyasibHOIO [IpO6JIeMO!I0, IIPO 10 CBiTYUTh HU3KA PODIT, B SIKUX OCIIIKYIOThCS
CTPYKTYPHI Ta IMHAMI4YHi BJIaCTUBOCTI iOHIB Ta MOJIEKYJI BOJY HABKOJIO MOABIMHOI cripasi. OZHUM i3 BaXKJIMBUX
IIUTaHb IJ1 ONUCY JUHAMIUYHOI XapakTepucTuku cucremu JHK-Boga-ioHu € JOCiIKeHHS caMe KOJIMBaJIbHOI
IVHaMiKU MOJIEKYJI BOIY Ta ITPOTUMOHIB 6iJisl CalTiB 3B'13yBaHHS 3 aToMHUMU rpyniamu JHK, mo Moxke 3aiimaTu
BM3HayYaJIbHE Miclie 17151 6i0JI0riYHUX IpolieciB B cucteMi. HasiBHI ekcriepruMeHTaIbHi METOIM MOXKYTh HaJlaTH
KOJIMBAJIbHI CIIEKTPH, B SIKUX IIPOSIBJISIIOTHCS. MOJIY KOJIMBAHb CTPYKTYPHUX eJleMeHTiB cucteM JJTHK-Bopa-ioHy,
aHaJli3 Ta BUBYEHHS SIKUX € BAXKJIMBUM [1J1 XapaKTEPUCTUKMU iX CTPYKTYpU Ta grHamiky. OIHaK BCe Lie AOBOJI
CKJIaJIHO BUJIJIUTHU I ONIKMCATU XapaKTep MOJ, KOJIMBaHb MOJIEKYJI BOJY Ta IPOTUIOHIB iOH-TiApaTHOI 060JI0HKU
JHK, mo 6e3nocepenHbO B3a€MOIIIOTh 3 IIOJBIIHOIO CHIpasIio Ta JeXaTb y HU3bKOYACTOTHOMY [1ialla3oHi CIIeKTpa
(< 400 cmn'). V nuceprauiiiziil po6oTi 6yJa focigKeHa KoauBalbHa AUHaMiKa ioH-TigpaTHoi o60sm0uku JHK,
BHMKOPHCTOBYIOYM TEOPETUYHUI MiAXiM Ta KOMITIOTepHI cuMyJisLii. ByB mpoBeneHni aHai3 115l BUBYEHHS
KOJIMBaJIbHOI IMHaMiK1 MOJIEKYJl BOIU Ta IPOTUIMOHIB JIY)KHUX MeTaJliB ioH-TizpaTHOoi o6osmoHKU [JHK. Busnaueno
BILJIMB OKPEMUX ITPOTUIOHIB HA AMHAMIKy MOJIEKYJI BOAMU TipaTHOI 060JI0HKU NOBIIHO] cripasi. BusiBieHO BIIIMB
XapakTepy rigparatlii IpOTUIOHIB i CTPYKTYPHOI OpraHizalii MoJIeKyJ BOAU B Pi3HUX 06J1aCTSIX MOABINAHO] cripaJIi.
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?m) 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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