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1. BuaHayeHHs1 OCHOBHUX M€XaHi3MiB IIepETBOPEHHS 6i0J0TIUHO-BKJINBUX MTAp OCHOB € I7100a71bHO-BaXXINBAM
3aBJAHHSM [1JIs1 BCTAHOBJIEHHSI MEXaHI3My Ta NPUPOAY TOYKOBUX MyTaLii. [leponpriyrnHO0 BUHUKHEHHS
CIIOHTAaHHUX TOYKOBUX MyTallill € YTBOPEHHS HelpaBUibHUX nap ocHOB [IHK y kuieni BrisHaBanus JJHK-
nosimepasu. TpuBanuil yac icHyBasa AyMKa, 110 MyTallii B OpraHi3mi JII0AUHU BilOYBAIOThCS TiJIbKA BHACIITOK
30BHILIHIX YMHHUKIB, TaKuX K YO-BUNIPOMiHIOBaHHS, iOHi3a1lisl, pafioaKTUBHI BIIJIMBU TOWIO. AJie TOCTiI>KeHHS
npupoau ctpykrypu JHK nokaszaso, mo BceperHi MOJIeKyJIM BiiOyBalOTbCS CaMOCTilHI IIepeTBOPEHHSI, 3yMOBJIEHI
IIlepeHeCeHHsIM IIPOTOHY Yepe3 BoHEBi 3B s13ku. OfiHi€l0 3 Teopili BAHMKHEHHS MyTallill € TayTOMepHa Teopis,
3aIpoIoHoOBaHa 1e y 1963 poui JIboBAiHMM. Moro MIPUIYILIEHHS BUTIKAJIO 3i 30aTHOCTiI OCHOB HYKJIEOTULIB 10
TayTOMEpHU3allii, a came epexony nap OCHOB Y IPOTOHOBaHU cTaH G*-C* (3ipOYKoI0 NO3HAYAETHCS IPOTOHOBAHA

ocHOBa. [Tapa MpOTOHOBAaHMX OCHOB Ha3MBA€ETHCS JIbOBIIIHIBCHKOIO). 3a HIOro Teopieto, IPOTOHOBAHA OCHOBA



[IPU3BOAUTE 4O YTBOPEHHS MiHOPHOI [apyu OCHOB MiJ, Yac pertikauii. Taka rirnoresa gaja nomToBX JOCTIiIKEHHAM
icHyBaHHSI MiHOpHMX3 TayTOMepHUX (POpM Iap OCHOB. Ha cbOro/iHi BXXe II0Ka3aHO BEJIMKY KiJIbKIiCTh He
BoTcoHKpHUKiBCBKMX ME€XaHi3MiB CITapIOBaHHS OCHOB iHCTPYMEHTAaJIbHUMU MeTogamu. Hapasi BBaxkaeTbcs, 0
MyTareHHu e(eKT BIACTUBUM JIULIE [JIs1 TUX 1ap OCHOB, 4acC KUTTS SIKUX BiJ[IOBilae IPOMDKKY 4acy Mix
perutikanisMu, o cTaHoBUTh 6;113bK0 10-10 ¢. BudHaveHo, mo A-T 1apy OCHOB AMCOL{IOI0TH PaHilie, HiXX
[TOYMHAETHCS HACTYITHUM npoLec perikaiii, a G-C napu 0CHOB 37aTHi IepeTBOPIOBATUCH Y JIbOBAiHIBCHKI i
IIPU3BOJUTHU A0 MIHODHMX I1ap OCHOB IIiJi 4aCc HaCTyIIHOTrO LMKJIy pemnikalii. BctaHoBUTH (aKT nepeHeceHHs
[IPOTOHY B OJIHi¥ KOHKPETHI Napi OCHOB, 10 BXOAUTH A0 CKJIaAy HYKJIEIHOBOI KUCJIOTY EMIIIPUYHMMU METOLAMU
Iy>xe BaXXKo. ToMy 11711 MOJle/IIOBaHHS IMIMOMHHUX MEXaHi3MiB TayTOMEPHUX ME€PEXO/iB INMPOKO 3aCTOCOBYIOTh
HeeMIipuuHi (ab initio) kBaHTOBO-XiMi4Hi po3paxyHKoBi MeTonu. Ll nuceprauiiiHa poboTa Mae Ha METi LOCHITUTH
MEXaHi3MM TayTOMEPHOI i KOH(POPMaLIMHOI MiHIMBOCTI KAHOHIYHUX N1ap ocHOB G-C 3a LONIOMOrO0
KBAaHTOBOXIMIYHMX PO3PaxXyHKiB Ta BCTAHOBUTU HOBi TayTOMEPHI CTPYKTYypH nap ocHOoB G-C. 3a JOIIOMOror0
KBaHTOBO-XIMiYHUX MigXoxiB 6yJI0 3MOJ€/IbOBAHO NOoHaT 50 MexaHi3MiB TayTOMEpHUX i KOHPOopMaLiTHUX
IIepexo/iiB 1ap OCHOB, BUSBJIEHO NIEPEXiiHI CTaHU iX B3a€MHOTO NIEPETBOPEHHS], & TAKOK BCTAHOBJIEHO NOHAT, 80
HOBUX TayTOMEPHUX i KOHPOpMaLiliHuX Bapianii napu ocHOB G-C. Yci po3IVIsiHYTi MEXaHi3MU CJIiJl pO3TJISIIATH SIK
mpolecy, 1o BinbyBaloThcs y rigpodo6Hill kaHi nosimepasu. 'eomeTpii Beix mocinkenux nap ocHos JHK Ta
IepexiiHUX CTaHiB OyJiM ONTUMI30BaHi 3a mornomorolo nakera Gaussian’09. 3a OOMOro0 KBaHTOBO-XiMiUYHUX
PO3paxyHKiB 0y/IM IOCIiI>KeHi pisHOMaHiTHI popmu nap ocHoB G-C Ta mIgxu ix neperBopeHHs. O6'eKTu
IOCJliIpKeHHs OyJin ONTUMi30BaHi 3a gornomoroto Teopii pyHkuionany rycrunu (DFT) 3a HopmanbHuX yMOB (0=1,
T=298,15 K), Ha piBHi Teopii B3LYP /6-311++G(d,p). BpaxyBaHHS KOpeJsiLiiHUX ePeKTiB IIPOBOJUIINCS
pO3paxyHKaMU €Hepriil B 0fHi Toulli, Ha piBHI Teopii MP2 /6- 311++G(2df,pd). BinbHa enepris I'i66ca peakuii G
PO3paxoByBaIacs Ha PiBHI Teopii, Ha IKOMY BifioyBasyiacsg ontumisauis. s ycix gOCTiIKeHUX CTPYKTYP, HA PiBHI
teopii B3LYP 6yB 3acTocoBanuii koediuieHT koperyBanHs 0,9668, a Ha piBHi MP2 - 0,9531. [TepexinHi cTranu
TayTOMEPHUX I1IepeTBOpeHb ap ocHOB G-C ineHTudikyBaiu METOJOM CUHXPOHHOTO KBa3iHbIOTOHIBCbKOTO
HanpasjieHoro nepeHeceHHs STQN (Synchronous Transit-guided Quasi-Newton). BinnoBifHicTb cTalioHapHUX
TOYOK nepexigHomy crany (TS) Ha rinepnioBepxHi noreHuianbsHOI eHeprii (PES) BcTaHOBIIOBAIM 32 HAasSIBHOCTI
YSIBHUX 4acToT (Oi) y iX KosMBasbHUX criekTpax. lnsax nepebiry peakuii Tayromepusalii BU3Havanu, po3paxoByiouu
3MiHM CHCTEMH Bif IEPEXiJHOrO CTaHy y IPSIMOMY Ta 3BOPOTHOMY HaIlpsSIMKaXx B3[I0BXX BHYTPIIIHbOI KOOPAMHATH
peaxuii (IRC) 3a interpauiinum anropurmom HPC (Hessianbased predictor-corrector integration algorithm).
Eneprito B3aemogii (Eint) B mapax 0CHOB BU3HAUaJIH SIK PI3HULII0 MK €Hepri€elo 1ruMepa OCHOB Ta €HepriH,
PO3paxoBaHUX OKPEMO [JIs1 KOJKHOI OCHOBHU. JIJ1g aHali3y po3Noiny €JIEKTPOHHOI I'YCTUHU 3aCTOCOBAHO KBAaHTOBY
teopito bernepa «ATomMiB y mosiekyax» (QTAIM), BukopucroByouu naket AIMAIL [13] 3 BpaxyBaHHSM XBUJIbOBUX
(dyHKLiN, OTpUMaHUX Ha piBHi Teopii MP2 /6-311++G(2df,pd) / /B3LYP /6-311++G(d,p). [ls11 ouiHKu 6ap'epiB akTuBalii
Ta 3BOPOTHUX 6ap’epiB peakliil TayToMepusallii 3acTOCOBYBaIN CTAaHIAPTHY TEOPIl0 IIepexifHUX CTaHiB.
Hykneotunni napu ocHoB G-C 6yJu fOCiIPKEH] 3a y4acTi MOHOMEPIB Y PiJIKiCHUX, 4aCTKOBO MyTareHHUX,
TayToMepHUX popmax. Yci HOBi TayToMepHi TpaHcdopmaliii (Bo6sizallist ab0 3CyB OCHOB y 1apax) 3yMOBJIEHi
BHyTpiHiMu BractuBocTsiMu G-C HyKJI€OTUAHUX I1ap OCHOB, yCi KOH(OpMaLiliHi IepedysoBy MOB'sI3aHi 3

06epTaHHSIM I1ap OCHOB BiTHOCHO OJjHAa OAHOI 6e3 IIepeHeCeHHsI TPOTOHY.

2. Determining the main mechanisms of transformation of biologically important base pairs is a globally important
task for establishing the mechanism and nature of point mutations. The primary cause of spontaneous point
mutations is the formation of irregular pairs of DNA bases in the recognition pocket of DNA polymerase. For a long
time it was thought that mutations in the human body occur only due to external factors such as UV-radiation,
ionization, radioactive influences and so on. But a study of the structure of DNA nature has shown that self-
transformations occur inside the molecule due to the transfer of a proton through hydrogen bonds. One of the
theories of mutations is the tautomeric theory proposed in 1963 by Lowdin. His assumption stemmed from the
ability of nucleotide bases to tautomerize, namely the transition of base pairs to the protonated state G*-C* (an
asterisk indicates a protonated base. A pair of protonated bases is called Lowdin base pairs). According to his
theory, the protonated base leads to the formation of a minor pair of bases during replication. This hypothesis gave



impact to the study of the existence of minor tautomeric forms of base pairs. To date, a large number of non-
Watson-Crick bases pairing mechanisms by empirical methods have been shown. It is currently believed that the
mutagenic effect is characteristic only of those base pairs whose lifetime corresponds to the time interval between
replications, which is about 10-10s. It is determined that the A*-T* base pairs dissociate before the next replication
process begins , and the G-C base pairs are able to transform into Lowdin conformation and lead to minor base
pairs during the next replication cycle. It is very difficult to establish the fact of proton transfer in one base pair,
which is a part of nucleic acid, by empirical methods. Therefore, non-empirical (ab initio) quantum-chemical
calculation methods are widely used to model the deep mechanisms of tautomeric transitions. This dissertation
aims to investigate the mechanisms of tautomeric and conformational variability of canonical G-C base pairs using
quantum chemical calculations and to establish new tautomeric structures of G-C base pair. More than 50
mechanisms of tautomeric and conformational transitions of base pairs were modeled with the quantum-chemical
approaches, transient states of their mutual transformation were revealed, and more than 80 new tautomeric and8
conformational variations of the G-C base pair were established. All the considered mechanisms should be
considered as processes occurring in the hydrophobic pocket of the polymerase. Geometries of all investigated
DNA base pairs and transition states were optimized using the Gaussian’09. With the help of quantum chemical
calculations, various forms of G-C base pairs and ways of their transformation were investigated. The objects of the
study were optimized using the density functional theory under normal conditions (o=1, T=298.15 K), at the level of
the theory B3LYP /6-311++G (d,p). Correlation effects were taken into account by calculating energies at one point,
at the level of the theory MP2 /6~ 311++G(2df,pd). The free Gibbs energy of the reaction G was calculated at the
level of the theory at which the optimization took place. For all studied structures, at the level of B3LYP theory, a
correction factor of 0.9668 was applied, and at the level of MP2 - 0.9531. Transition states of tautomeric
transformations of G-C base pairs were identified by the method of synchronous quasi-Newtonian directional
transfer STQN. The correspondence of stationary points to the transition state on the potential energy
hypersurface (PES) was established in the presence of imaginary frequencies (ni) in their vibrational spectra. The
path of the tautomerization reaction was determined by calculating the system changes from the transition state
in the forward and reverse directions along the internal reaction coordinate (IRC) according to the HPC
integration algorithm (Hessian-based predictor-corrector integration algorithm). The interaction energy (Eint) in
base pairs was defined as the difference between the base dimer energy and the energies calculated separately for
each base. The quantum theory of Bader's "Atoms in Molecules" (QTAIM) was used to analyze the electron density
distribution, using the AIMAIIl package taking into account the wave functions obtained at the level of theory

MP2 /6-311++G(2df,pd) / /B3LYP /6-311++G(d,p). The standard theory of transition states was used to estimate the
activation barriers and reverse barriers of tautomerization reactions. All new tautomeric transformations
(approaching or shifting bases in pairs) are due to the intrinsic properties of G-C nucleotide base pairs, all
conformational rearrangements involve the rotation of base pairs relative to each other without proton transfer.
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