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Such  physical properties of canonical 2'-
deoxyribonucleotides (DRN), the DNA structural units, as
solvent influence, structural non-rigidity of DNA-like
conformations and specific non-covalent interactions
responsible for stabilization of energetically most
favorable conformations have been studied. The
following DRN are referred to as ‘canonical’ herein after:
5'-deoxycytidylic acid (SDCA) [1], 5'-thymidylic acid
(5TA) [2], 5'-deoxyadenylic acid (SDAA) [3], 5'-
deoxyguanylic acid (5SDGA) [4].

To investigate the influence of the solvent on the
structure of DRN their energetically most favorable
conformations obtained by DFT geometry optimization in
vacuum [1-4] have been additionally optimized in water
medium using the IEFPCM model. It has been found that
no significant changes were caused by water
environment. Dipole moments of all four molecules have
increased however. In such way it has been concluded
that isolated DRNs are suitable to represent physical
properties of these molecules under real physiological
conditions.

To characterize structural non-rigidity of the DRN
DNA-like conformations the vibrational RMS deviations
and relaxed force constants (RFC) [5] for all their
conformational parameters have been calculated. It has
been found that all DRN are non-rigid molecules since all
their torsion angles’ RFC (except one for torsion y) are
small in comparison with those of ethane or methanol.

Over 1500 intramolecular H-bonds of types OH--O,
OH:**N, NH-+O and CH--O have been revealed in
complete sets of DRN conformers [1-4] by the QTAIM
method. Their energies, E"® have been determined
spectroscopically (using valence bond vibration frequency
shifts) and connected with the electron charge density at
the (3,~1)-type bond critical point, p®, lying on the
corresponding bond path. As a result, universal linear
relationship in the form of E™® [kcal/mole]= g + B:p®
[a.u.] have been found with the coefficient values given in
Table 2. This relationship can be used to estimate the
energy of classical H-bonds with the RMS accuracy better
than 0,6 kcal/mole.
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Bueueno ¢izuuni enacmusocmi xanoniunux 2'-0ezoxcu-
pubonyxneomuoie (IPH) — cmpykmypuux nanox /[HK: énnue
600H020 OMOYEHHA, CMPYKMYPHY Hexcopcmkicmy ixuix JTHK-
nooioHuUx KoHghopmepie, cneyuiuni HeKkoeaneHmHi 83aemo-
Oii, w0 cmabdinizyroms eHepzemuuHO HANGU2OHIWI KOHPOp-
Mmayii'y 6inbHOMY cmaHi.

Kirouosi cioBa — JIHK, 2'-ne3oxcupubonykieorun, pe-
JIAKCOBAaHA CUJIOBA CTaJla, CTPYKTYpHA MiHJIMBICTb, H-3B’s13Kn.

l. BcTtyn

Y poGorax [1-4] KBaHTOBO-MEXaHIYHHM METOIOM
(yHKI[IOHATY TYCTUHHM BUKOHAHO ITOBHUI KOH(oOpMarliii-
Huil aHaiiz kaHoHiyHNX JIPH (ctpykrypHnx nanok JHK) —
Monekyn S'-aesokcururuawiosoi (SAIIK), 5'-tuminnno-
Boi (5TK), 5'-nezoxcuaneninosoi (5/JAK) ta 5'-ne3okcu-
ryaninoBoi (SAT'K) kucnoT i BusBIEHO, BiqmOBiAHO, 613,
660, 726 1 745 ix koHdopmepiB. MeTor0 naHOoi poOOTH €
BUBYEHHS (DI3UYHHMX BJIACTHBOCTEH €HEPreTHYHO HaiBH-
rigaimux Ta Oiomoriuno BaxkiauBux B-JIHK-momiOHmx
KOH(OPMEPIB KOXKHOI 13 IIUX MOJIEKYJI.

Il. BnnuB 0TOYEHHS Ha cTpykTypy OPH

BuxopucroByroun monens IEFPCM reomerpii enepre-
THYHO HaWBHTiAHIIMX KoH(popmepiB Moekyn SALK, STK,
SHAAK i SATK, otpumanux y BaKkyyMHOMY HaOJIWKEHHI,
OyJ0 JOONTHMIi30BaHO KBaHTOBO-MEXaHIYHHUM METOIOM
(YHKIIOHaTTy TYCTUHH i3 BpPaxXyBaHHSIM BOJHOI'O OTOYEHHSI.
Y pe3ynbrari NMOpIBHSHHS KOH(OpPMAUIHHUX IapamMeTpiB
IMX CTPYKTYpP, ONTHMI30BaHHX Y BOIHOMY OTOYEHHI Ta Y
BaKyyMi, ICTOTHHUX CTPYKTYpHUX 3MiH 3 OOKY BOIHOI'O
oroueHHs1 3agikcoBaHo He Oyu10. [Ipu iboMy Oinblire, HiX Ha
15°, 3minmucs e 3Ha4eHHs KyTta & (muB. [1-4]), skuii
Bu3Hauae KoH(opmario ¢ocharHoi rpynu. 3HAYEHHS K
IJTKO3UTHOTO KyTa ), SIKMH BH3HAYa€ OPIE€HTAII0 HYKIIe-
OTHUIHOI OCHOBH, 3MIHWITUCS HE OLbIIe, HiK Ha 2°, a KyTta P
TICEeBI000EPTaHHA (PYPAHO3HOTO KiJIBII — HE OUIBIIE, HiX Ha
5°. Ilpu BpaxyBaHHI BOXHOTO OTOYCHHS JEIIO 30LTBIIMIUCS
JTMITONEHI MOMEHTH JTOCII[DKEHHUX KoH(opMepiB: 3 5,16 D no
7,71 Dy 5ALK, 3 6,42 D 109,74 D y 5TK, 3 5,90 D no 8,14
Dy 5[1AK, 3 10,5 D o 14,7 D y SAT'K. Takum urHOM, i30-
npoBaHi /IPH € penpe3eHTaTHBHUME MOJIEIISAMU JJ1sl BUBUCH-
H (IBUYHMX BJACTUBOCTEH IIMX MOJIEKYl Yy PpEaTbHHX
yYMOBaXx.
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Tabnuys 1

XapakTepuCTHKH CTPYKTYPHOI HEKOPCTKOCTI
B-AHK-nonioHux koHpopMepiB kKaHOHIYHUX 2'-ne30kcupudonykiaeorunis (JIPH)

CepelHbOKBAIPATHHI BiAXUIEeHHs (rpajt) KoH(GOpMALiHHUX napameTpis, 00yMOBIIEHI HOPMAJIbHUMH TEIUIOBUMHU
KonuBaHHsAMH siziep (pu T=298 K)

JAPH Kong-mep Oy op oy [ o, o1 (& Op

SALK 119[1] 15,7 28,5 9,2 21,2 27,3 21,8 29,6 18,8
5TK 41 (2] 18,9 30,3 9,9 20,7 16,2 33,5 23,7 15,7

5JAK 136 [3] 18,6 31,9 9,8 20,7 20,8 33,0 23,7 19,7
SATK 185 [4] 23,1 27,4 9,5 20,6 22,5 29,2 23,1 21,4

PernakcoBaHi CHIIOBI cTarmi (KKa/Mob-paj ) uist KOHQOpPMALIHHUX MapaMeTpiB

'Z[PH KOHq)-Mep K o K B K v K £ K ¥ K 1 K 2 K P

SALK 119 (1] 8,11 2,41 26,2 4,95 2,63 4,68 2,39 5,94
5TK 41 (2] 5,61 2,14 22,2 5,26 7,66 1,83 3,88 8,86

SHAK 136 [3] 5,81 1,92 22,8 5,23 4,62 1,89 3,86 5,36
SATK 185 [4] 3,73 2,62 24,5 5,27 3,93 2,46 4,12 4,45

[II. CTpYyKTYPHOI HEXOPCTKOCTI

CTpyKTypHa HEXODPCTKICTh € XapaKTepHOI 0CO0IH-
BicTIO GionoriuHux Momekyn. Ii mposBoM y Bumaaky B-
JHK-nonionux kongpopmepis [APH (tabm. 1) e sx
CHiBMipHi 3 IIMPUHAMH KJIACHYHHX g, g i trans-CeKTOpiB
3HAYEHHsI CepeHbOKBAPATHYHUX BIIXHIEHb KOH(OpMa-
LIHUX MapaMeTpiB, Tak i MaJi MOPIBHSHO 3 KPYyTHIHLHOIO
xopeTkicTio erany (11 Kkam/Momb-pax’) Ta MeTaHONY
(4,6 KKaT/MOIbpaJ~) 3HAUCHHS PENAKCOBAHMX CHJIOBHX
CTaJIHX, SIKi € XapaKTEPUCTUKAMHU CTPYKTYPHOI HEXKOPCTKOCTI
[5]. BuHATOK CTaHOBUTH KYT Y, SIKMH € HAHXOPCTKILIIAM.

V. BHYTpilLHbOMONEKYNApHI H-3B’3KK

CrienmgivHi HEKOBAJEHTHI BHYTPIIIHHOMOJIEKYIISIPHI
B3a€MOJIi BIAIrparoTh KIIOYOBY pOJIb Y MiATPUMAHHI
MIPOCTOPOBOI  CTpYKTYpu KoHpopmepis JIPH [1-4].
3okpema, H-3B’s3ku O3H:Op, OpH O, Tta C3H-Op
CTa0lIi3yl0Th €HEePreTHYHO HaWBUTIAHINI KOHpOpMepu
SALK i 5TK, a OpH~N; i C3H"N; — SAAK i SAT'K. 3
OISy Ha iX Ba)KJIMBICTh HAMH BHBUYEHO B3a€EMO3B’S30K
MK BHU3HAYEHHMH CIIEKTPOCKOIYHO eHepriasmu E'°
knacuyHux H-3B’s3kiB (tumie OH--O, OH--N, NH:--O i
OH--C) Ta ryctunow p® €NeKTpOHHOro 3apsAay y KpH-
TUYHIH Touni THmy (3,—1) Ha BIANOBIAHUX JiHISAX 3B’S3KY,
BusiBiieHux MerogoM QTAIM. VYV pesynbrari cratuctud-
Horo anamizy nonaj 1500 H-3B’s3KiB B yCiX OTpUMaHHX
kordopmepax SAIK, 5TK, SAAK i S5AT'K oxmepxano
y3arajibHeHy JIiHIHHY anpoKCHUMaIiiHy 3aJ1eXHICTb BULY

E" [kxan/momb]= g+ B:p® [aT.0m.] (1)

3HaveHHs1 Koeilli€HTIB & 1 B HaBeneHo B Tadm. 2.

Tabnuys 2
KoediuienTn anpoxcumaniiinoi 3anexnocri (1)

KoediwieHr Tun H-38’ 3Ky
£ -2,15 1,59 0,87 -0,27
B 214 144 161 278

CepemHbOKBaIpaTHYHA TOXMOKA AampOKCHMAaIlii He
niepesuinye 0,6 Kkaja/MoJb.

BucHoBOK

Ilokazano, mo i3ompoBani JIPH € anekBaTHUMU
MOJIETISIMU ISl BUBYEHHS iX (Di3MYHUX BJIACTHBOCTEH Y
¢izionoriyanx ymoBax. OxapakTepu30BaHO IPYKHI Biac-
tuBocti JIHK-nomi6Hux xoudopmepis JIPH. Otpumano
aNpOKCUMAIIIHY 3aJIeKHICTh UISi PO3PAaxyHKY €Heprii
KJIACHYHHX BHYTPILIIHbOMOJEKYISIpHUX H-3B’sI3KiB.
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