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Summary. The mechanisms of the intra- and intermolecular tautomerisation of *XUra bases (X = H, CH,, Br,
C], F) and mispairs involving them and guanine (Gua) or adenine (Ade) have been studied to analyse their impli-
cations for the origin of the induced point mutations using quantum-chemical calculations at the MP2/6-
311++G(3df,2pd)//B3LYP/6-311++G(d,p) level of theory in the free state. For the first time it has been estab-
lished that the substitution of the hydrogen atom at the C5 position of Ura for the halogen (Hal = Br, Cl, F) has
practically no effect on the main physico-chemical characteristics of intramolecular tautomerisation. The life-
time of the mutagenic tautomers of the 5-halogenuracils exceeds typical time of the DNA replication in the cell
(~10%s) by 4-13 orders. The absence of intramolecular H-bonds in the canonical and mutagenic tautomeric forms
of bases determines their high stability. These results confirm the adequacy of classical «rare tautomeric
hypothesis» for substitution mutagenesis originally proposed by Watson and Crick. For the first time the influ-
ence of the halogen derivatives of Ura on replication and incorporation errors in DNA has been studied. It was
shown that Ura halogenization does not induce replication errors, however causes incorporation errors due to the
lowering of the barrier of the Gua®XUra (X = Hal) wobble base pairs tautomerisation into the Gua**XUra base
pairs with Watson-Crick geometry in comparison with Gua‘Thy base pair.

Keywords: 5-halogen derivatives of Ura, mutagenic properties, induced point mutations, quantum-chemical
calculations.

Introduction. 5-bromouracil ("BrUra), 5-chlo- duct of the spontaneous damage of DNA by wa-

rouracil (°ClUra) and 5-fluorouracil (°FUra) are
halogen derivatives of Ura and classical muta-
gens, which mutagenic effect on DNA has been
studied in detail for decades using molecular
biological and genetic methods [1, 2]. Investiga-
tion of the mutagenic properties of the 5-haloge-
nuracils is interesting and important due to the
several reasons. First of all, Ura is the basic pro-
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ter molecules [3, 4]. Moreover, halogen deriva-
tives of Ura — °XUra (X = Br, Cl, F) — are clas-
sical mutagens and molecular mechanisms of
their action have been discussed in the literature
for a long time [5, 6].

On the other hand, non-canonical keto or enol
tautomeric forms of Ura and its halogen deriva-
tives were supposed to be very unstable and
their role in physiological DNA structures was
assumed to be negligible. However, despite the
fact that the amount of rare tautomeric forms is
negligible, an increasing number of data sup-
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ports the importance of non-canonical tau-
tomers in the origin of the mutations and stabi-
lization of certain nucleic acid structures [7, 8].

For the first time the occurrence of sponta-
neous point mutations in DNA was explained by
Watson and Crick [9] and further elaborated by
Topal and Fresco [7] within the framework of the
«rare tautomeric hypothesis» that consists in the
formation of the base pairs involving rare (imino
and enol) tautomers of the DNA bases [10, 11].

At the same time, today there are no physical
concepts to explain the molecular mechanisms
of the mutagenic action of 5-halogenuracils and
to properly substantiate them from the quan-
tum-mechanical point of view without internal
contradictions. This finding may be explained by
the fact, that the mechanisms of the origin of the
spontaneous point mutations in DNA have not
yet been established.

In this paper we have exhaustively explored
the tautomerism of the Ura, Thy and *XUra (X =
Br, Cl, F) bases as the molecular basis for their
mutagenic properties. For this purpose, we have
studied the mechanisms of the intra- and inter-
molecular tautomerisation of the aforemen-
tioned pyrimidine bases in the free state. High-
level quantum-chemical calculations provided a
complete picture of the reactivity of the halogen
derivatives of Ura and gave new insights into
their mutagenicity. Finally, new mechanisms of
the replication and incorporation errors in DNA
induced by *XUra compounds, which are based
on the mechanisms of the spontaneous point
mutations presented in our recent works [12,
13], were proposed.

Methods. All calculations were performed
using Gaussian’09 suite of programs [14]. All
geometries were optimized using the BSLYP/6-
311++G(d,p) method [15, 16]. Local minima
were verified by establishing that the matrix of
second derivatives of the energy (Hessian) has
only one positive eigenvalue and were examined
for the lack of the imaginary frequencies in their
vibrational spectra calculated at the level of the-
ory used for geometry optimization within the
framework of the rigid rotor-harmonic oscillator
approximation. A scaling factor of 0.9668 has
been used in the present work at the B3LYP
level of theory to correct the harmonic frequen-
cies of all the studied structures.

Transition states (TSs) were located by
means of Synchronous Transit-guided Quasi-
Newton (STQN) method [17, 18] using the Berny
algorithm and proved to contain one and only
one imaginary frequency corresponding to the
reaction coordinate.

To consider electronic correlation effects as
accurately as possible, we performed single
point calculations at the MP2/6-311++G(3df,2pd)
level of theory for the B3LYP/6-311++G(d,p)
geometries.

The electronic interaction energies have been
computed at the MP2/6-311++G(2df,pd) level
of theory for the B3LYP/6-311++G(d,p) geo-
metries using BSSE-correction [19].

Rate constants for forward and reverse reac-
tions of tautomerisation were calculated by fol-
lowing equation:

AAG
k =F-—kBTe7 RV
1 [ hv, : . .
where T=l+£ T — Wigner’s tunneling

correction, ky — Boltzman constant, T=298.15 K
— temperature, h — Plank’s constant, AAG —
Gibbs free energy of activation, R — universal
gas constant.

The lifetime T can be estimated using the
expression 7=k The time Ty, necessary to reach
99.9 % of the equilibrium concentration of the
reactant and the product of reversible first-or-

der reaction was estimated by the formula [20]:
. B n10?
99.9% k/ +kr

The population of the formed mispairs and
rare tautomers can be governed by Boltzmann
statistics ‘o

K=e*,

where AG — the Gibbs free energy of tau-
tomerisation.

An analysis of the electron density distribu-
tion was carried out within Bader’s «Atoms in
Molecules» (AIM) approach using wave func-
tions received at the B3LYP/6-311++G(d,p)
level of theory [21]. The AIM analysis has been
performed using the AIM2000 program package
[22] with all default options.

The energy of the non-canonical intermole-
cular CH..O/N H-bonds was estimated using the
Espinosa-Molins-Lecomte empirical topological
formula [23]:

Eys=0.5V(r),
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where V(r) — the value of the local potential
energy density in the (3,-1) bond critical point
(BCP) of hydrogen bond.

The energy of the canonical H-bonds was cal-
culated using the Iogansen’s formula [24]:

E,, =033-Av—40,

where Av — the red-shift of the valence
stretching vibrations of the AH H-bonded group.

Results and their discussion. The obtained
results are presented in Tables 1-3 and Figures
1,2.

1. Intramolecular tautomerisation and stabili-
ty of the mutagenic tautomers of the Thy, Ura
and Ura halogen derivatives.

As we can see, the allocation of the halogens
°XUra (X = Br, Cl, F) at the position C5 of Ura
does not cause any significant changes in the
main physico-chemical characteristics of the
intramolecular tautomerisation comparably to
the unsubstituted system. So, in the transition
state of the "XUra—"XUra* (X = Br, Cl, F) intra-
molecular tautomerisation the lengths of the
N3H and O4H distended chemical bonds vary no
more than for 0.009 and 0.002 A, respectively,
and the angle N3HO4 (formed by the migrating
proton) between them — no more than for 0.2°.
At the same time, the values of the electron den-
sity p and the Laplacian of the electron density
Ap at the BCPs of the N3H and O4H bonds are
located within quite narrow limits in the TS of
the tautomerisation: py;p=0.134+0.137 a.u,
Posr=0.131+0.132 a.u.; Apy;p=-0.093+-0.103 a.u,
APos=-0.023+-0.026 a.u. The absence of intra-
molecular H-bonds in the canonical and muta-
genic tautomeric forms of bases determines
their high stability. These results confirm the
adequacy of classical «rare tautomeric hypothe-
sis» for substitution mutagenesis originally pro-
posed by Watson and Crick [9].

The same situation is observed also for the
orientation and values of the dipole moments of
the bases that change during tautomerisation: in
all cases, except Ura, the values of the dipole
moments increase in the following order — mu-
tagenic tautomer of the base, canonical tauto-
mer of the base, transition state of the intramol-
ecular tautomerisation, while for the Ura base
the order is reverse (Figure 1).

Ura halogenization does not significantly in-
fluence on the energetic and kinetic parameters
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Figure 1. Intramolecular tautomerisation of the
Thy, Ura and Ura halogen derivatives: geometric
(the lengths of the chemical bonds formed by
migrating proton are provided in Angstroms and
valence angles between them are given in degrees)
and electrical (dipole moments are depicted by
arrows and their absolute values are presented in
Debye near them) representations.

of the °XUra—*XUra* (X = Br, Cl, F) intramole-
cular tautomerisation. As a result, both equilib-
rium constant of the "XUra—*XUra* tautomeric
equilibrium and the lifetime of the mutagenic
tautomers are the values of the same order: ~10~
and ~10% s, respectively (Table 1).

So, the results obtained in this paper dispel
the myth of the instability (the short lifetime) of
the mutagenic tautomers of Ura and Thy nuc-
leotide bases and Ura halogen derivatives, circu-
lated in biological literature. Furthermore, our
findings evidence in favor of the Watson and
Crick’s tautomeric hypothesis, since the lifetime
of the mutagenic tautomers exceeds by several
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Table 1

Basic thermodynamic and kinetic characteristics of the intramolecular tautomerisation of Ura and Thy
bases and their halogen derivatives obtained at the MP2 /6-311++G(3df,2pd)/ /B3LYP /6-311++G(d,p)
level of theory (see Figure 1)

Tautomerisation AG K AANG k T T99 99 -1V T
107 10 107
I
DT [N i e e | | e | o
St | o | 30y | o | e
T
5 5 * 10 107" .
M L . .1 T VT P

Notes: AG — the relative Gibbs free energy of the tautomer, kcal /mol; K — the equilibrium constant; AAG —
the activation Gibbs free energy of the tautomerisation (T=298.15 K), kcal /mol; k — rate constant, s*; T —
the lifetime of the mutagenic or canonical tautomer of the base, s; Tyg 44, — the time necessary to reach 99.9 %
of the equilibrium concentration of the canonical and mutagenic tautomer, s; -i'v, — imaginary frequency,

cm’; I' — Wigner’s tunneling correction.

orders the time of the DNA replication in the cell
(~10°s).

2. Do the 5-halogenuracils induce the replica-
tion errors in DNA?

The results are shown in Figure 2A and Table
2. Substitution of the hydrogen atom at the C5
position of Ura doesn’t change the character of
the tautomerisation: similarly to the Ade'Thy
canonical base pair, it occurs through the two
transition states which are the Ade**XUra" ion-
pair-like structures joined by H-bonds. Their
structures are similar to the structure of the
Ade'Thy base pair (Figure 2A). The Ade**XUra
and Ade’XUra* base pairs formed through the
tautomerisation of the Ade"XUra base pairs (X
= Br, Cl, F) are dynamically stable because in all
cases the value of the reverse barrier of tau-
tomerisation exceeds the corresponding zero-
point energies of vibrational modes, which ther-
mal excitation induces these transitions.

It should be especially emphasized that the
time of the thermalization processes (establish-
ment of the thermodynamic equilibrium) of the
Ade'Thy base pair tautomerisation into the
Ade*Thy and AdeThy* base pairs is much
smaller than the time of the elementary act of
the enzymatic incorporation of one nucleotide
during the biosynthesis of DNA (107 s [25]). This
means that in this case the mutagenic effect will
be determined by the occupancy of the wobble
tautomerised Ade**XUra and Ade*XUra* base

pairs (X = Br, Cl, F) base pairs. This conclusion
coincides with the molecular biological experi-
ments indicating that the Ade®XUra base pairs
(X = Br, Cl, F) are not mutagenic and extended
[5]

Obtained by us computational results strong-
ly suggest that Ura halogen derivatives do not
induce DNA replication errors.

Firstly, the population of the tautomerised
base pairs involving Ura halogen derivatives is
less than the corresponding value for the
Ade'Thy Watson-Crick base pair, except
Ade**FUra base pair (9.35-10®%) (Table 2).

Second, the lifetime of these base pairs is
shorter than the time required for the replica-
tion machinery to forcibly dissociate a base pair
into the monomers during DNA replication (10~
s [26]) (Table 2). As a result, the tautomerised
base pairs, figuratively speaking, «escape from
the hands of the replicational machinery» and
can not successfully dissociate into the pair of
the isolated bases, one of which is in the muta-
genic tautomeric form.

3. Mechanism of the incorporational errors
induced by 5-halogenuracils.

For the first time the universal molecular
mechanism of the mutagenic effect of the
Ura halogen derivatives was established and
based on the fact that barrier of the
Gua’XUra—Gua**XUra reaction is lower than
of the Gua'Thy—Gua*Thy reaction, which
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Figure 2. Geometrical structures of the studied base pairs involving °XUra halogen derivatives (X = Br,CL, F)
and transitions states of their appropriate conversions for A — replication errors and B — incorporation

errors. H-bonds are designated as dotted lines.

induces spontaneous transitions (Figure 2B,
Table 3).

We have made for the first time significant
conclusion that the processes of the tautomeri-
sation of the Gua~®*XUra wobble base pairs (X =
Hal) into the Gua**XUra base pairs with Wat-
son-Crick geometry are slower (0.11+5.43 s) than
the process of the incorporation of a nucleotide
by DNA-polymerase (10* s [25]). This means
that the mechanism of incorporation errors is
kinetic, i.e., it is determined by the barrier of the
Gua’XUra—Gua**XUra tautomerisation.

Electronic AE,, and Gibbs free AG;,

int int

energies
of interaction of the bases in the Gua°XUra wob-
ble mispairs containing halogens are almost the
same as in the Gua'Thy mispair (see Table 3). H-
bonds stabilizing these mispairs can be character-
ized in the same way. It means that these mispairs
can be formed with the same probability. The
same conclusions can be reached at the compari-
son of the corresponding characteristics of the
Gua**XUra and Gua*XUra* mispairs with that for
the Gua*Thy and Gua'Thy* mispairs, respectively.

Conclusions. We established that classical
tautomeric hypothesis of Watson and Crick [9]
may be applied for Thy, Ura bases and Ura halo-
gen derivatives.

The mechanisms of the intra- and intermolec-
ular tautomerisation of *XUra bases (X = H, CH3,
Br, C], F) and mispairs involving them and gua-
nine (Gua) or adenine (Ade) have been studied
to analyse their implications for the origin
of the induced point mutations using quan-
tum-mechanical calculations at the MP2/6-
311++G(3df,2pd)//B3LYP/6-311++G(d,p)
level of theory in the free state. For the first time
it has been established that the substitution of
the hydrogen atom at the C5 position of Ura for
the halogen (Hal = Br, Cl, F) has practically no
effect on the main physico-chemical characte-
ristics of intramolecular tautomerisation. The
lifetime of the mutagenic tautomers of the
5-halogenuracils exceeds typical time of the
DNA replication in the cell (~10° s) by 4-13 or-
ders.

The absence of intramolecular H-bonds in
the canonical and mutagenic tautomeric forms
of bases determines their high stability. These
results confirm the adequacy of classical «rare
tautomeric hypothesis» for substitution mutage-
nesis originally proposed by Watson and Crick.
For the first time the influence of the halogen
derivatives of Ura on replication and incorpora-
tion errors in DNA has been studied. It was

www.bioorganica.org.ua
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Table 2

Energetic characteristics (in kcal /mol under standard conditions) of the base pairs involving Ade,
Thy and °XUra (X = Br, Cl, F) and TS's of their mutual tautomeric conversion (see also Figure 2A)

Complexes AG K > By -AEi *ZTEjm % -AGiy T T09.9%
Ade-Thy 0.00 13.03 13.20 98.8 0.30
Ade*-Thy 9.78 6.70-10° 13.80 16.59 83.2 456 3.96:10° | 3.65-107
Ade-Thy* 10.74 | 1.32-10° 10.83 11.75 92.2 0.07 2.67-10° | 2.46-10°
TS pde ThysAde* Thy 17.14 13.17 119.98 11.0 88.84
TS Ade Thver Ade Thy* 20.59 14.83 118.36 12.5 88.06
Ade-’BrUra 0.00 13.43 13.86 96.9 0.42
Ade*-°’BrUra 9.92 5.32-10° 14.21 17.32 82.0 5.32 8.09-10" | 7.45-10”
Ade-"BrUra* 11.87 1.96-10” 11.57 13.71 84.4 1.86 2.75:10° | 2.54-10°
TS Ade-SBiUmcAde*-sBiUm | 1497 12.61 114.02 11.1 100.00
TS Ade-5BrUsAde-sBiUms | 17-65 14.09 112.98 125 99.96
Ade-’ClUra 0.00 13.35 13.85 96.4 0.48
Ade*-°ClUra 9.95 5.07-10° 14.22 17.37 81.9 5.36 8.65-10" | 7.97-10”
Ade-~ClUra* 12.10 | 1.32-10° 11.70 13.77 85.0 1.74 3.16-107 | 2.91-10°
TS Ade-sCIUmOAdesCU | 15:04 12.61 114.49 11.0 100.49
TS Ade-sClUmoAde-sCIUmt | 17-96 14.09 113.34 12.4 100.16
Ade-’FUra 0.00 13.33 13.88 96.1 0.43
Ade*FUra 9.58 9.35-10” 14.33 17.63 81.3 5.63 9.89:-10™ | 9.11-10”
Ade~FUra* 12.04 1.46-10° 11.77 13.95 84.4 2.01 3.77-10° | 3.47-10°
TS Ade-SFUmesAde*-SFUra 14.76 12.56 115.30 10.9 101.14
TS A de-SFUm Ade-SFU* 18.01 14.11 113.85 12.4 100.57

Notes: AG — the relative Gibbs free energy of the base pairs or TSs obtained at the MPZ2/6-
311++G(3df,2pd)/ /B3LYP /6-311++G(d,p) level of theory, kcal /mol; K — the equilibrium constant; XE;
— the total energy of the intermolecular H-bonds, kcal /mol; -AE,,, — the BS.SE-corrected electronic interac-
tion energy obtained at the MP2 /6-311++G(2df,pd) level of theory, kcal /mol; -AG,,, — the Gibbs free ener-
gy of interaction obtained at the MP2 /6-311++G(2df,pd) level of theory, kcal /mol; T — the lifetime of the
mispair containing mutagenic tautomer of the base, s; Ty 4, — the time necessary to reach 99.9 % of the equi-
librium concentration of the base pair with Watson-Crick geometry and mispair containing mutagenic tau-

tomer, s.

shown that Ura halogenization does not induce
replication errors, however causes incorporation
errors due to the lowering of the barrier of the
Gua®XUra (X = Hal) wobble base pairs tauto-
merisation into the Gua*°XUra base pairs with
Watson-Crick geometry in comparison with
Gua'Thy base pair.

So, taking aforementioned results into con-
sideration we can conclude that incorporation
error is the main and the sole mechanism of the
mutations induced by the halogen derivatives.
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Table 3
Energetic characteristics (in kcal /mol under standard conditions) of the base pairs involving Gua, Thy
and *XUra (X = Br, Cl, F) and T'Ss of their mutual tautomeric conversion (see also Figure 2B)

Complexes AG > Eys -AE - ZTEIW v -AGiy 1 T99.99%
Gua-Thy 0.00 1143 15.33 745 3.46

Gua-Thy* -0.22 20.57 32.23 63.8 19.38 1.44 5.43
Gua*-Thy -1.39 17.99 17.94 100.3 5.29

T'S Gua-Thy»GuaThy* 17.45 18.15 132.92 13.7 116.59

Gua-’BrUra 0.00 11.90 15.32 77.6 3.48

Gua-’BrUra* 0.0002 20.65 31.99 64.6 1943 | 27810% | 013
Gua*~°BrUra -0.94 17.46 17.42 100.2 4.65
T'SGua-5BrUrac>Gua-5SBrUa* 15.33 17.31 126.06 13.7 109.85

Gua~’ClUra 0.00 11.57 15.38 75.2 350

Gua-’ClUra* -0.08 20.72 32.09 64.6 1957 | 3.22:10% | 0.14
Gua*~ClUra -0.88 17.10 17.40 98.3 457
T'SGua-5C1Ur—Gua-5CIUra* 15.34 17.36 126.56 13.7 110.35

Gua-’FUra 0.00 11.64 15.65 744 3.79

Gua-FUra* 0.30 20.84 32.36 64.4 19.78 | 1.99-10% | 0.1
Gua*-’FUra -0.55 17.21 17.44 98.7 4.66

TS Gua-5FUroGua-sFUra* 15.43 17.35 127.46 13.6 111.06

Notes: see Table 2.

MyTareHHi BJaCTUBOCTI 5-raJIoreHIOXiHUX ypauily: KBAHTOBO-XIMiUHe JOCJIiKeHHA
0O.0. BpoBapelpb

Binnin monekysnapHoOi Ta kBaHTOBOI Giodhisnkmy,
TacTuTyT MosekynapHOi Oiosorii i renetnkn HAH Yrpainn
ByJ. Axanemika 3abosorHoro, 150, Kuis, 03680, Ykpaina

HayxoBo-HaBuaabHMI IIeHTP «JlepsKkaBHA KJII0YOBa JiabopaTopisa MosekyIapHoi i kIiTnHHOI Giosorii»
ByJ. Axanemika 3abosorHoro, 150, Kuis, 03680, Yrpaina

Kadenpa monexryapnoi 6iosorii, 6ioTexHosorii Ta 6iocisnkmy,
TcTuTyT BUCcOKMX TexHOJOrI KniBchbkoro HanioHaIpHOTO yHiIBepcuTrety iMeHi Tapaca IIleBuenka
npocrt. 'mymkosa, 2r, Kuis, 03022, Ykpaina

Pesiome. BukoprcToByoo4ur KBaHTOBO-XIMiuHI po3paxyHKM Ha piBHiI Teopii MP2/6-311++G(3df,2pd)//B3LYP/6-
311++G(d,p) y BimbHOMY CTaHi, BUBUEHO MeXaHi3MJ BHY TPIIIIHBO- Ta MisKMOJIEKYIAPHOI TayToMepuaanii ocHos *XUra (X
= H, CH,, Br, Cl, F) Ta HenpaBuJIbHNX [Iap 3a iXHBOIO y4acCTIO, a TaKosk ryaHiny (Gua) Ta ageHiny (Ade) 3 meTor0 nocJin-
JKeHHA IPUPOY IHIYKOBaHMX HYMM TOYKOBMX MyTalliil. Briepiire BcTaHOBJIIEHO, 1110 3aMillleHHA aTOMa BOJHIO B ITOJIOXKEHHI
C5 Ura Ha raJores (Hal = Br, F, Cl) maiiyxe He BIJIMBa€ Ha OCHOBHI (pidmko-XiMiUHI XapaKTepUCTUKY BHY TPIIITHBOMOJIEKY -
JApHOI TayToMepu3anii. Hac sKUTTA MyTareHHUX TayTOMepiB 5-rajioreHypauniiis Ha 4-13 NOpAIKIB IIepeBUIly€e XapaK-
TepHuit yac perikanii JHK B kaitusi (~10° cex). Bucoka crabiibHiCTE KAHOHIYHOI Ta MyTareHHOI TayTOMepHUX (hopM
OCHOB 3yMOBJIEHA BiZICYTHICTIO B HUX BHYTPIIIHbOMOJIeKYNApHMX H-3B’aA3kiB. 1li pe3yabTaTi NiATBEPIMKYIOTh aleKBaT-
HICTB KJIACMYHOI «TilloTe3M PiAKiCHMX TayToMepiB», yIepllle 3apornoHoBaHoi Borconom i KpukoMm nJia nosicHeHHA CIIOH-
TaHHMX MyTallill 3aMillleHHA. YIlepllle BUBYEHO BIJIMB rajoreHnoxiguaux Ura Ha 9acTOTY IIOMMJIOK PeIlTiKallii Ta BKJIIO-
4eHHd, sAKi BuHMKaoTh npu curTesi JJHR. ITokasaHno, 1o rajsoreHrizania Ura He iIHAYKY€e IOMMJIOK peIliKallii, mpoTe cupu-
YMHAE IOMWUJIKY BKJIIOUEHHA 32 PAXyHOK 3HIDKEHHA Oap’epy TayToMepusailii BobsiBcbkux map ocHoB Gua®XUra (X =
Hal) y mapu ocHOB i3 BoTCOH-KPUKiBCbKOIO reometpieto Gua*-5X Ura mopiBaAHO i3 mapoio ocHoB Gua-‘Thy.

Kurodogi cioBa: 5-rasorennoxinui Ura, MyTareHHi BJIacTMBOCTI, IHIyKOBaHI TOYKOBI MyTallii, KBaHTOBO-XiMiuHi po3-
PaxyHKIN.
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