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Recent studies on Escherichia coli bacteria cultivation, in which DNA thymine was replaced with
5-chlorouracil have refreshed the problem of understanding the changes to physical properties of DNA mono-
mers resultant from chemical modifications. These studies have shown that the replacement did not affect
the normal activities and division of the bacteria, but has significantly reduced its life span. In this paper a
comparative analysis was carried out by the methods of computational experiment of a set of 687 possible
conformers of natural monomeric DNA unit (2'-deoxyribonucleotide thymidine monophosphate) and 660 con-
formers of 5-chloro-2'-deoxyuridine monophosphate — a similar molecules in which the natural nitrogenous
base thymine is substituted with 5-chlorouracil. Structures of stable conformers of the modified deoxyribo-
nucleotide have been obtained and physical factors, which determine their variation from the conformers of
the unmodified molecule have been analyzed. A comparative analysis of the elastic properties of conformers
of investigated molecules and non-covalent interactions present in them was conducted. The results can be
used for planning experiments on synthesis of artificial DNA suitable for incorporation into living organisms.
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cherichia coli.

ternational group of scientists working in xe-

nobiology, a new brunch of life sciences, has
succeeded in creating Escherichia coli bacteria, in
which DNA thymine was substituted with 5-chloro-
uracil of synthetic origin — a substance which is toxic
to other organisms. Having successfully replaced
the natural nucleotide base, the scientists began to
test the vital functions of the modified organisms.
They observed that such substitution did not affect
the normal vital functioning of the bacteria and its
ability to divide normally, but it was found that these
investigated organisms were not capable to transfer
the modified fragments of DNA to the bacteria with
natural DNA (containing thymine), in other words
they cannot change the normal organisms' genomes.
Moreover, these mutated bacteria could not live even
for one day without "toxic" environment, because
5-chlorouracil which is vital for them is not found in
vivo. It was also revealed that even in environments
where 5-chlorouracil is available in sufficient quanti-
ties, the lifetime of the new bacteria is several times
lower than for similar bacteria with natural DNA.

I n a recent paper [1] it was reported that an in-
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A reason for the reduced viability of bacte-
ria with modified DNA can be modification of the
AT pair donor-acceptor code in the DNA structure
caused by the replacement of the methyl group of
thymine with a chlorine atom. However, there is
another possible mechanism for the effect of chlo-
rination: changes in the conformational properties
of nucleotides.

Thus, the objective of our study is to find out
what kind of changes in conformational and elastic
properties of the monomers of this bacteria have
been caused by the substitution of thymine with
5-chlorouracil. In addition to the potential useful-
ness to explain the peculiarities of life of the bacteria
with modified DNA, solution of this problem has in-
dependent significance, because it allows tracing the
relationship of the chemical structure and physical
properties of biomolecules.

Materials and Methods

According to the main task of the work a
detailed quantum-mechanical conformational
analysis of molecules of 5'-thymidylic acid (5TA)

141



EKCITEPUMEHTAJIBHI POBOTU

and 5-chloro-2’-deoxyuridine monophosphate
(5CDUMP), deoxyribonucleotides of DNA with nat-
ural bases (thymine) and the base substituted with
5-chlorouracil, was carried out.

In all the molecules under study the phosphate
group was electroneutral: the negative charge of the
oxygen atoms was neutralized by a proton. Works
[2-9] show that this model of the phosphate group
works well in the quantum-mechanical studies of the
conformational properties of DNA units.

It is known [10] that the conformation of the
DNA strand units can be described by seven torsion
angles, six of which determine the conformation of
the sugar-phosphate skeleton and the seventh angle y
characterizes the orientation of the nitrogenous base
relative to the sugar. Fig. 1 shows the numbering sys-
tem of atoms and designations of torsion angles for
nucleotides.

The structures of possible conformers of the
molecule 5TA were taken from [2], in which the
quantum-mechanical conformational analysis of this
molecule has been reported.

To get a full set of 5CDUMP conformers, the
methyl group in each of the 660 unique structures
of 5TA molecule was replaced by a chlorine atom.
Next, the geometry of 660 nucleotide conformers
with substituted base obtained in this way were
optimized in package Gaussian 03 [11] by DFT
B3LYP/6-31G(d, p) method with a tightened conver-
gence criterion and high accuracy integration grid
(opt = tight and int = ultrafine options).

Having 660 conformations of these two nu-
cleotides — with a natural base (thymine) and with
the bases substituted with 5-chlorouracil — we con-
ducted a comparison of the conformational param-
eters, namely the torsion angles a, B, v, €, %, C;, C,, P.
We calculated the difference between torsion angles
of the initial conformers with the natural bases and
that of conformers with the modified base, each time
selecting a pair of conformers whose conformation
was most similar to each other.

Summarizing the absolute values of changes of
each angle o, B, v, €, ¥, C, C,, P, it was found that
the total change of angles 5, lies between 1° and
353°, and it was observed that "small" value 8 c-
curs much more frequently than "large" ones. Thus
it was necessary to find out what kind of magnitude
of these changes should be considered as significant.

In order to establish such a "threshold" value
for the sum of differences of the angles 5 . (below
we assume that the conformer had changed insig-
nificantly after the base replacement ifits §__is less
than this "threshold" value), statistical dlstrlbutlon
of the number of the conformers on 89 was built
(Fig. 2). For this purpose, 8, . Vvalues were used for

the horizontal axis while the values of the vertical

axis show _AV__ frequency with which the con-

gen.

formers with such sum of angles differences occur,
that is the values on the vertical axis show the num-
ber of conformers in which the angle difference lies
within §

. and 69% + Aégen. (here the step ASgen‘ was

JH3

Fig. 1. The designation of the torsion angles and atoms of the molecule of 5'-thymidylic acid with natural base
thymine (a) and with the nucleotide base substituted with 5-chlorouracil (b)
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taken equal to 5° which is close to the accuracy of
the modeling methods used). We can say that the ob-

tained dependence AN

of 5, has a sense similar

Aé’cn
to the distribution function density in the probability
theory.
It was found that the resulting distribution

has a pronounced maximum in the area of
gen.

the "small" 8, . The width of this peak was taken
to be equal to the coordinate of the first minimum
following the highest peak on the curve. It is this
width equal to 30° which was taken as the threshold,
and all the conformers with 6, below this threshold
were regarded as having changed just slightly after
the bases modification.

Then with the help of a special program de-
veloped by us to compare the conformations of the
molecules, it was found that only 193 (of 660 in to-
tal) conformations of the 5TA molecule cannot be
considered as having a "similar" (i.e., with the sum
of differences of angles less than 30°) conformers
of 5CDUMP. At the same time, the number of
5CDUMP conformers which have no "close" con-
formers among the conformers of 5TA equals 166. It
was found that this discrepancy is due to the fact that
in addition to 660 conformers of 5TA molecule with
natural bases there are others that have not been pre-
viously identified in [2]. For those of 193 - 166 = 27
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structures of the 5SCDUMP which were "missing",
a chlorine atom was replaced by a methyl group
and the obtained structures were optimized. It was
found that during the geometry optimization their
conformation changed insignificantly (the sum of
the conformational parameters change did not ex-
ceed 30°), so that it was concluded that additional
27 conformers of 5TA exist and, moreover, each of
them has a “close” conformer of 5CDUMP. These
27 conformers of 5TA are those that have changed
slightly upon the chlorination, and hence their de-
tailed study is not needed.

Thus, we have identified 166 conformers with
significant changes of conformational parameters
caused by the replacement of thymine for the 5-chlo-
rouracil. Further attention is focused on the exami-
nation of these 166 conformers only.

For all investigated conformers the spatial
distribution of the electron charge density was de-
termined at the same level of the theory, which
geometry optimization was performed, and has
been used for the non-covalent interactions analy-
sis using R. Bader theory of atoms in molecules
(QTAIM) [12]. The analysis was performed using
the software package AimAll (version 8.11.29) [13].

In addition, for all conformers vibrational spec-
tra were calculated and were used to determine the
relaxed force constants, which characterize elastic
properties of molecules [5, 14-16].
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Fig. 2. The distribution of all conformers by the sum of differences of torsion angles caused by the replace-
ment of the natural bases (thymine) to 5-chlorouracil in 5'-thymidylic acid. To construct the distribution the

step 49, = 5°was used
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Fig. 3. The structure of the pairs of a conformers 136 of molecules of 5'-thymidylic acid (a) and 5-chloro-2'-
deoxyuridine monophosphate (b) where the change of the torsion angles as a result of the modification is the
largest among all

Results and Discussion where a non-covalent bond (typically a hydrogen
Fig. 3 shows conformer 136, in which the bond) involving a phosphate group appeared or

change of the torsion angles caused by the modifica- disappeared as a result of base chlorination. Tr_le

tion is the largest among all: Aa’ =70,7°, Ap = 82,6° second group hosted the rest of 45 conformers in

Ay = 18.1° Ac = 1,8°, Ay=28 30 A)C _ g5 Which the phosphate group is not involved in the

AL = 54 50 AP = 43.7° Such ChaI,lge’S of the torsion _formation of non-covalent bonds regardless of the
2 2 b 2 .

angles are significant and require a more detailed nucleotide bases type. Typically, the restructuring of

study of the underlying reason. non-covalent bonds, in which the atoms of the phos-
To understand the causes of changes in confor-  Phate group were involved, led to a change in its
mation of 5TA due to the nitrogenous base chlorina- ~ Orientation, and the appropriate changes of torsion

tion the above mentioned 166 conformers in which ~ angles gave a decisive contribution (see below) to
the most significant changes were observed, were the total change of torsion angles caused by the nu-
divided into two groups. The first group, which cleotide bases chlorination. However, 98 conformers

contained 121 structures, collected the conformers have also been found (they have been identified as a

Table 1. The conformer numbers and their torsion angles (deg.) for the selected conformers of thymidine
monophosphate

No. o B v € ‘ % ‘ g, g, P
6 -116 76 51 65 -111 -66 134 123
42 169 165 47 174 -137 -180 108 159

136 21 85 35 70 -177 -68 133 38

Table 2. The conformer numbers and their torsion angles (deg.) for the selected conformers of 5-chloro-2'-
deoxyuridine monophosphate

No. o i} v € ‘ X ‘ g, g, P
6 -106 70 50 65 -111 -71 138 119

42 173 158 49 176 -152 -103 178 169

136 -50 168 53 68 -166 -153 79 9
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Fig. 4. The structure of the pairs of a conformers 42 of 5'-thymidylic acid (a) and 5-chloro-2'-deoxyuridine
monophosphate (b) molecules where the cause of conformational parameters changes is turning of the phos-
phate group due to the formation and / or rupture of C,-H, O and O -H_--Cl bonds

separate group, which partly crossed with the first or
the second group), in which neither the twist of phos-
phate group, nor the turn of nucleotide bases around
the C,— N, glycoside bond or change of the sugar
conformation were not the cause which significantly
influenced the change of the conformational parame-
ters of the molecule.

The example of the conformers of the first
group, which cause changes of conformational pa-
rameters, turning the phosphate group due to a rup-
ture of non-covalent bond C_-H_---O _in the mole-
cule with natural nucleotide bases (Uthymme) and
formation of the Opl—HPl-"Cl bond in a modified
molecule are shown in Fig. 4.

After analyzing the differences of angles o', 3,
Y, € % G G, P, caused by the base chlorination in
all conformers of the first group, it was found that a
significant contribution to the sum of differences of
all angles was made by the o, B, {, C, angles which,
in turn, are responsible for the phosphate group rota-
tion. The quantitative characterization of the contri-
bution of the phosphate group rotation to the overall
change of the molecule conformation was done by a
process analogous to the process used for data analy-
sis in Fig. 2. Namely, the distribution of the conform-
ers by the ratio of SQ,BClCZ/Sgen_ of the total change Sa,m 5
of angles o, B, {, C, to the sum of differences of ail
angles 5 was built (Fig. 5). The resulting distribu-
tion has a distinct maximum, which covers a range
of 8_.,.,/9,., from 75 to 94%, and within which the

a'BE1C2" “gen.
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angles o', B, C, C, give the main contribution to 6
The area under the main peak gives the number of
conformers (equal to 57), in which the phosphate
group rotation makes a major contribution to 899{1.
Thus, in this range of the 8, .,/8,, ratio there are
57 conformers for which, therefore the main cause
of changes of the conformational parameters can be
considered to be the phosphate group rotation. As
the conformers of the first group were analyzed, we
conclude that the mentioned rotation of the phos-
phate group is caused by the formation or rupture of
hydrogen bonds involving its atoms.

Now let us consider the second group of 45
conformers that have no bonds involving a phos-
phate group. For these conformers we also built the
distribution of their number by the ratio Sxp/Sgen‘ of
the total change 6 of y and P angles to the sum of
differences of all angles 9. But it was found that
the resulting distribution has a distinct maximum at
low ratios of 6,/8  indicating that in the majority
of the conformers the angles x and P have changed
slightly due to the base chlorination. However, there
are also those conformers where 8 /8 is more than
75% (the threshold of 75% was taken by analogy
with the previous case). The area under the curve
in the region from 75 to 96% (maximum of §_/ 2 gen)
gave 11 conformers for which angles y and P make
the main contribution to 6 __

Thus, we can conclude that the main reason
for the change of conformational parameters of the
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Fig. 5. The distribution of the conformers of the first group by_ a total contribution x = 5(1,%1&/ 0 gon. of change of
the angles o', p, ¢, ¢, 10 the total changes of all the conformational parameters, expressed as a percentage. To
construct the distribution the step Ax = 2% was used

found conformers is the rotation of the base around
the C, - N, bond (angle %) and the change of the
sugar conformation (angle P).

Thus, the analysis of the obtained distributions
made it possible to distinguish the conformers from
the first and second groups, in which the change of
the angles caused by chlorination comes from the
phosphate group rotation or the nucleotide bases ro-
tation and the concomitant changes in the conforma-
tion of the sugar ring. However, except for the men-
tioned conformers in the first group, as well as in
the second, other conformers exist, which can not be
said to have the change of the conformation "locali-
zed" in a particular fragment of the molecule. Such
conformers were collected to the third group, and
their total number was equal to 98.

Analyzing the conformers of the third group,
which includes 64 conformers from the first group
and 34 conformers from the second group, we have
identified 17 in which none of the non-covalent
bonds has changed as a result of chlorination of the
molecule (see an example in Fig. 6).

These structures are of great interest for fur-
ther research: for both checking the exhaustiveness
of non-covalent interactions detection by QTAIM
method, and finding the physical factors different
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from non-covalent bonds but responsible for deter-
mination the conformation of biomolecules.

DNA-like conformers. Let us focus on the
DNA-like conformers of 5TA and the impact of the
nucleotide bases chlorination on their conformation.

Among all the 5TA conformers 14 DNA-like
ones were found, and 9 DNA-like conformers were
found among the conformers of 5CDUMP. The
values of torsion angles of these conformers are
shown in Tables 3 and 4.

It was found that not all DNA-like conformers
of 5TA have remained DNA-like after the nucleo-
tide base chlorination. For example, the angles in the
conformers number 21, 27, 38, 42, 71 (see Table 3
and 4) of 5STA molecule were changed after modifi-
cation so that they were no longer close to the angels
of DNA-like conformers.

Consequently, the number of DNA-like con-
formers of 5CDUMP is less due to the fact that
two BI-DNA-like conformers (27 and 42) and three
Al-DNA-like conformers (21, 38, 71) of 5TA af-
ter modification were no longer close to DNA-like
ones. This fact may indicate the need of greater (as
compared to 5TA) consumption of free energy for
changing the conformation of the 5SCDUMP nucleo-
tides for their "embedding"” into the DNA during its

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 2
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Fig. 6. The structure of the conformer 6, which has no change in non-covalent bonds due to the substitution of
the thymine base (a) with 5-chlorouracil (b). The differences of the torsion angles are: Ao’ = 10.0°, A = 6.5°,
Ay =1.1° e = 0.1°, Ay = 0.4°, AL, = 5.3 A, = 4.4°, AP =4.3° (total change of angles is 32.1°)

Table 3. The torsion angles (deg.) of DNA-like conformers of 5'-thymidylic acid

No. f The f B c c p
ormo o €
conformer DNA v 1 1 2

10 Bl 69 -173 55 176 -127 -123 154 158
15 BI 45 170 49 174 -136 -105 161 159
17 BI 69 166 58 173 -169 51 150 184
22 BI -162 169 56 175 -122 -167 104 158
27 BI 42 164 49 173 -175 -127 -54 188
42 BI 169 165 47 174 -137 -180 108 159
58 BI 66 -172 58 177 -123 -138 -62 157
21 Al 44 168 51 -170 -165 -102 162 14
30 Al -172 169 56 -168 -152 -103 175 21
38 Al 62 -169 58 -167 -160 -113 158 18
41 Al -176 177 56 -172 -156 -171 103 18
70 Al 60 165 52 -166 -177 41 152 357
71 Al 58 -176 58 -166 -153 -133 -60 22
135 All -55 -164 -180 -173 -174 -158 104 358

biosynthesis, because the probability of 5SCDUMP to
adopt the DNA-like conformation is smaller than in
the case of 5TA.

The total difference of the torsion angles o/, B,
Y, € %, G, G,, P for nine DNA-like conformations ac-
quired quite different values in comparison with the
threshold of 30°: the smallest difference in torsion
angles, which is 34° was observed in conformer 41,
and the largest one of 222° in conformer 22. All nine

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 2

pairs of nucleotide conformers with the natural and
modified bases are shown in Figs. 7-15.

The values of torsion angles in the 5TA and
5CDUMP molecules were averaged over all DNA-
like conformers and their mean-square deviation
(using the formulae taken from [2] which take the
periodicity of angular variables into account) were
calculated. The obtained values were compared with
the averaged experimental values [17-23] for crystal-
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(b)

(b)

Fig. 9. The B-DNA-like conformer 17 with the thymine base (a) and with the base substituted by 5-chlorouracil
(b)
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Fig. 10. The B-DNA-like conformer 22 with the thymine base (a) and with the base substituted by 5-chloro-
uracil (b)

Fig. 11. The A-DNA-like conformer 30 with the thymine base (a) and with the base substituted by 5-chloro-
uracil (b)

Fig. 12. The A-DNA-like conformer 41 with the thymine base (a) and with the base substituted by 5-chloro-
uracil (b)

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 2 149
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Fig. 13. The B-DNA-like conformer 58 with the thymine base (a) and with the base substituted by 5-chloro-
uracil (b)

) J

Fig. 14. The A-DNA-like conformer 70 with the thymine base (a) and with the base substituted by 5-chloro-
uracil (b)

Fig. 15. The All-DNA-like conformer 135 with the thymine base (a) and with the base substituted by 5-chlo-
rouracil (b)
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Table 4. The torsion angles (deg.) of DNA-like conformers of 5-chloro-2"-deoxyuridine monophosphate

No. f The f B ¢ ¢ p
ormo o €
conformer DNA v x 1 2
10 Bl 58 -165 54 177 -132 -116 160 159
15 Bl 45 152 47 176 -147 -106 170 153
17 BI 63 -170 57 178 -130 65 150 167
22 BI 174 158 49 176 -152 -103 178 169
58 BI 45 172 52 177 -143 -122 -76 170
30 Al 175 176 53 -165 -160 -102 173 19
41 Al 174 -178 53 -170 -161 -166 107 18
70 Al 51 -171 55 -161 -166 53 153 8
135 All -60 -140 -179 -172 -175 -153 110 360

line DNA (see Table 5). The comparison showed that
the average conformational parameters (except for
the angle () of the obtained conformers are consis-
tent with the experimental values in the case of 5TA
conformers equally well as in the case of SCDUMP.
In our study the angle {, which in the DNA
chain characterize the orientation of the O,, atom
of the previous nucleotide relative to the phosphate
group of the current nucleotide, was defined as the
torsion angle O,PO_H, and therefore defined the
orientation of the hydrogen atom in a phosphate
group. The latter, of course, cannot serve as a good
model of neighboring nucleotides, so it should not
be expected for this angle to be consistent with the
experimental value of  in the crystalline DNA.

Thus, it was found that the averaged value of
conformational parameters of obtained conformer
of 5TA and 5CDUMP is close to the experimental
values for crystalline DNA. At the same time, the
fact that 5SCDUMP has fewer DNA-like conformers
as compared to 5TA indicates that the chlorination of
the nucleotide bases affects the "depth™ (and possibly
the "form") of the minima at the nucleotide poten-
tial energy hypersurface rather than their location
in space of the conformation parameters. Therefore,
the question of how chlorination changes the force
constant of the identified DNA-like conformers of
both molecules is worth investigating.

Analyzing the data in the Table 6 and 7, we
can conclude that due to the replacement of thy-

Table 5. The averaged angles (deg.) of Al- and BI-DNA-like conformers of 5'-thymidylic acid and 5-chlo-
ro-2'-deoxyuridine monophosphate in comparison with the averaged experimental values [17-23] for the crys-

talline DNA
Ao | B Y : y ; P
Al form of DNA
Experiment  -69 + 14 175 £ 15 57 +£ 10 -155+ 14 -161 £ 11 -713+9 18 + 18
5TK -66 + 17 176 £ 9 55+£3 -168 £ 2 -160 £ 9 -168 + 57 15+£8
5CDUMP 72 £10 -178 £5 54+1 -165+4 -162+3 -145 £ 56 15+£5
BI form of DNA
Experiment  -62 + 14 168 £ 25 51+16 -173 £ 20 -108 £23 -98 +£23 162 + 18
5TK -63 £ 15 173 £ 19 53+4 175+ 1 -141 £ 20 -170 £ 58 166 + 13
5CDUMP 71+£9 173 £ 17 52+4 177+ 1 -141 +9 -161 £ 54 164 +7
Note: Root-mean-square deviation are given after the sign «£»
ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 2 151
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Table 6.Therelaxed force constant (kcal-mol*-rad?) conformational parameters of the DNA-like conformers
of thymidine monophosphate

No. f The f B C ¢ p
orm o o €
conformer DNA v X 1 2

10 BI 5.8 3.4 26.5 6.4 8.9 18 3.6 10.3
15 BI 6.0 6.0 26.3 6.4 6.2 3.0 4.5 95
17 BI 13.8 8.8 34.9 6.4 18.5 7.5 5.9 75
22 BI 3.6 3.3 29.5 6.5 10.5 11 4.7 8.8
27 BI 55 8.8 27.9 6.4 15.3 0.4 4.8 3.4
42 BI 9.8 71 27.1 6.5 6.5 31 5.7 9.6
58 BI 75 21 28.6 6,4 9.6 31 3.7 9.9
21 Al 2.3 3.6 17.3 4.6 12.9 29 4.0 95
38 Al 6.2 3.2 23.4 4.0 12,1 2.3 4.5 1.2
41 Al 8.6 5.0 24.0 4.9 9,2 15 5.3 124
30 Al 9.1 3.4 24.6 4,5 5,6 5.7 2.2 10.0
70 Al 9.6 6.8 30.7 4.6 21,2 6.4 5.9 7.1
71 Al 7.7 2.0 237 4.0 5,3 21 3.4 9.3
135 All 6.1 4.4 217 5.3 24,3 4.8 21 5.0

Table 7. Therelaxedforce constant (kcal-mol*-rad?) conformational parameters of the DNA-like conformers

of 5-chloro-2’-deoxyuridine monophosphate

No. f The f ; . : o
ormo o €
conformer DNA v X 1 2

10 BI 3.8 14 217 6.2 6.0 2.0 3.6 9.1
15 BI 2.8 77 22.3 6.4 2.4 3.0 3.6 7.7
17 BI 13.8 349 8.8 6.4 18.5 75 5.9 75
22 BI 97 136 20.6 6.2 14 8.7 2.0 4.2
58 BI 6.2 8.0 26.7 6.2 11 1.0 31 7.6
30 Al 2.8 2.6 8,3 41 6.9 5.6 14 7.8
41 Al 71 4.8 20.8 47 12.5 15 49 9.1
70 Al 10.0 3.2 26.4 3.6 145 49 55 12.9
135 All 6.3 14.6 27.8 5.2 24.6 6.3 17 6.2

mine with 5-chlorouracil the value of the force con-
stant has changed insignificantly. In particular, the
total difference of the force constant is less than
28 kcal-mol*-rad. The following features have been
identified: in all B-DNA-like conformers (10, 15, 58
in Table 7) the force constant of the y angle decrea-
ses 9 times as compared to the natural nucleotide
and the force constant of the angle o’ is somewhat
reduced .

152

Meanwhile, for the A-DNA-like conformers
this is not observed since the chlorination signifi-
cantly changed only the constant of the conformer
30, again reducing the constant for angle o' and, even
more surprisingly — also for such a "hard" angle as .

After analyzing the change of hydrogen bonds
in DNA-like conformers of molecules 5TA and
S5CDUMP, it has been observed that the C,H---O,
bond remains in the conformers number 30, 41, 70,

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 2
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58, 10, but it is lost in the conformer number 15 upon
replacement of the natural base with its synthetic an-
alogue. The C,H---O,, bond remains in conformers
number 41, 70 and 135.

After modification of the base the bond
C,H:-0, remains in the conformers 10, 15 and 135,
but it has disappeared in the conformer number 70,
while the bond C,H--O,, remains in the conform-
er number 58. In the conformers 30, 41 the bond
C,H:--O, has disappeared, and bond C.H---O, has
disappeared in the conformers number 10, 58, 135,
as well as the C,H---O_, bond has disappeared in the
conformers 15, 70.

The bond C H--O, in conformer 10 has not
been changed, but in conformers 58 and 15 it has
disappeared after the chlorination of the molecule.
The bond C,H--- O_, in conformer 135 has not been
changed, but the bond C H--- O, has appeared in the
conformer 15.

As a result of replacing the natural base with
5-chlorouracil in conformers number 30, 41 the van
der Waals contact CI---Op has appeared, the bond
Cl---O,, has appeared in the conformer 135, and
bond Cl-- O, has appeared in the conformer 15. The
bond OpZH---CI has appeared in conformer 58, while
the bond Ole---CI has appeared in the conformer
70, but the bond O H---C, has disappeared in this
conformer upon chlorination.

In conclusion, we conducted a comparative
analysis of a set of 687 possible conformers of natu-
ral monomeric DNA unit (2’-deoxyribonucleotide
thymidine monophosphate) and 660 conformers of
5-chloro-2'-deoxyuridine monophosphate — a similar
molecule in which the natural nitrogenous base thy-
mine is substituted with the 5-chlorouracil.

It was found that the modification of the nitro-
genous base led to the significant changes in the con-
formation (the sum of difference of torsion angles
higher than 30°) in 166 (25% of the total) conformers
of the studied 2'-deoxyribonucleotides.

As many as 121 conformers have been iden-
tified in which the hydrogen bond(s) involving the
phosphate group atoms appeared or disappeared af-
ter chlorination, and 57 conformers — in which the
change of the conformation has been caused mainly
by the change in the conformation of the phosphate
group (angles a, B, ¢, C,). However, for 11 confor-
mers the chlorination of the nitrogenous base led to
its rotation around the glycoside bond (accompanied
by the change in y angle) and changes the sugar con-
formation (the P angle).
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Among conformers of the 2'-deoxy-
ribonucleotide thymidine monophosphate the 4 A-
and 5 B-DNA-like conformers were found, which
are slightly less than in thymidine monophosphate
(7 and 7 respectively). It was found that 2'-deoxy-
ribonucleotide with the natural base has more con-
formers which are suitable for incorporation into the
DNA without significant geometry distortion.

In all DNA-like conformers the non-covalent
bonds (hydrogen or van der Waals) between chlorine
atom (5-chloro-2"-deoxyuridine monophosphate) or
methyl group (thymidine monophosphate) and the
phosphate group atoms were found. In the natural
2'-deoxyribonucleotide the methyl group acted as a
proton donor and in the modified 2'-deoxyribonuc-
leotide the chlorine atom was a proton acceptor. In
the latter case the formation of non-covalent bonds
is energetically more favorable and it leads to the
rotation of the phosphate group and changes in con-
formational parameters a, B, G, C,.

In 57 (35%) of 166 conformers having their
structure sensitive to the substitution of the thymine
with 5-chlorouracil, the main contribution to the
total change of the conformational parameters was
made by a, B, {, C, parameters. We can conclude
that the main reason for the change of these 57 con-
formers lies in the formation of non-covalent bonds
involving chlorine atom, which lead to the rotation
of the phosphate group and changing the a, B, ¢, C,
angles.

We have found the examples of conformers (98
in total), in which the mechanism of the effect of
bases chlorination on conformational changes is not
limited to the formation or destruction of the intra-
molecular non-covalent bonds, and hence can be the
subject of further research.

BILIUB XJIOPYBAHHS
HYKJEOTHJHOI OCHOBHU HA
KOH®OPMAIIMHI BJACTUBOCTI
TUMIJAUHMOHO®OCDHATY

T. M. Myxina, T. IO. Hixonacnxo

KwuiBcbkuil HalliOHATBHUN YHIBEPCUTET
imeni Tapaca llleBuenka, Ykpaina;
e-mail: MukhinaTanyaM@gmail.com;
tim_mail@ukr.net

HemonaBHi  JOCHIUKEHHS 3  BUBEACHHS
6axtepii Escherichia coli, 8 JIHK sikoi Tumin O6yB
3aMiHEHUH S5-XJIOpYypaIuioM, 10 Maike He BILIH-
HYJI0 Ha HOPMaJIbHY XKUTTEISIIBHICTS Ta HA O
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EKCITEPUMEHTAJIBHI POBOTU

OakTepii, ajyie MPU3BEJIO JI0 3HAYHOTO CKOPOUYCHHS
qacy 1 KUTTS, aKTyaai3yBaiu IpodIeMy po3yMiHHS
3MiH y (Qi3MYHHX BIAcCTUBOCTAX MoHOMepiB JIHK
y pasi ix ximiunoi monudikamii. ¥ poboTti npose-
JICHO TIOPIBHSUIBHUI aHalli3 HaOOpiB i3 687 MOX-
JUBUX KOHPOPMEpiB MPUPOAHOI MOHOMEPHOI
nanku JTHK (2'-ne30xkcuprOOHyKICOTH Y THMIIUH-
MoHodochary) Ta 660 koHpopmepiB S-xyop-2'-
JIe30KClypuuHMOHOpochaTy — aHaJOriyHOl MO-
JIEKYJH, B SIKi PUPOIIHY A30TUCTY OCHOBY THMiH
3aMilieHo Ha S-xjopypauui. Onep aHo CTPYKTY-
pH CTIMKUX KOHQOPMEpPiB MOIU(IKOBAHOTO JE30K-
CUPUOOHYKJICOTHUIY Ta IpoaHajizoBaHO (i3uuHI
YUHHUKHU, 110 OOYMOBJIFOIOTh X BIJMIHHICTH BiJ
koH(popMmepiB HeMonn(piKOBaHOT MOJIEKYIH. 3po0-
JICHO TIOpiBHSJIBHUM aHaji3 NpyXHHUX BJIACTHUBO-
cTell KoH(OPMEPIB JOCIIIKEHUX MOJICKYJI Ta He-
KOBaJICHTHUX B3a€MOJIiii B HUX. Pe3ynbraru pobotu
MOXYTh OyTH BUKOpPHCTaHI MiJ 4Yac MJIaHyBaHHS
eKcrepuMeHTiB 13 cuHTedy mryynux JHK, mpu-
JATHUX IS TX BKJTFOUCHHS B KUBI OPraHi3MHu.

Knmouoi cmosa:/IHK, xonpopmamiitauii
aHaJi3, HyKJICOTUIHA OCHOBA, IE30KCHPUOOHYKIICO-
i, S-xnopypauwui, Escherichia coli.

BJIUSAHUE XJIOPUBOBAHUA
HYKJVIIEOTUAHOI'O OCHOBAHMU S HA
KOH®OPMAIIMOHHBIE CBOMCTBA
TUMUIUHMOHODOCPATA

T. M. Myxuna, T. IO. Huxonaenxo

KueBckuii HamOHaIbHBIM YHUBEPCUTET
nmenu Tapaca llleBuenko, YkpaunHa;
e-mail: MukhinaTanyaM@gmail.com;
tim_mail@ukr.net

HenaBuue uccineaoBaHus M0 BLIBEACHUIO Oak-
tepun Escherichia coli, 8 JTHK xotopoii TumuH
OBLIT 3aMEIICH 5-XJIOPYPAIUIIOM, YTO TTIOYTH HE TO-
BIIUSIJIO Ha HOPMAJIBHYIO JKH3HEACSATEIBHOCTh U
Ha JielieHre OaKkTepuil, HO MPUBENIO K 3HAYHTEIb-
HOMY COKpAaIICHHIO BPEMEHH €€ JKU3HHU, aKTya-
JIN3UPOBAJIU TPOOJIeMy TOHMMaHHUS W3MEHECHUI
B (u3nueckux cpoiictBax MoHoMmepoB JIHK mpu
WX XHMHYECKOW Moaudukanuu. B pabore mpo-
BEJICH CPAaBHUTENIbHBIN aHaiu3 HaOopoB u3 687
BO3MOXXHBIX KOH(OPMEPOB TPUPOJHOTO MOHO-
mepHoro 3eHa JIHK (2'-me3oxcupubonyxieorn-
na TuMmuanHMoHOdochara) u 660 koHbopMepoB
S-xyop-2'-ne3okcuypuauaMonopocdara — aHa-
JIOTUYHOW MOJIEKYIIbI, B KOTOPOI IPUPOAHOE a30-
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THCTOE OCHOBaHWE THMHH 3aMeIeHO Ha S5-XJIOp-
yparui.  [lomydeHBl CTPYKTYpbl  YCTOMUMBBIX
KOH(QOPMEPOB MOAU(DUIIMPOBAHHOI'O JIE30KCHPH-
OOHYKJICOTHAa ¥ MNpOaHAJIU3HPOBAaHBI (U3NYe-
ckue (HhakTophl, 00YCIOBIMBAIOIINE UX OTIHYUE OT
KOH(OPMEPOB HEMOJU(PHIIMPOBAHHONW MOJIEKYJIBI.
CnenaH cpaBHUTENBHBIN aHAIU3 YIPYTUX CBOMCTB
KOH(OpPMEPOB HCCIIEIOBAHHBIX MOJIEKYJI M HEKO-
BAJIEHTHBIX B3aUMOJACHCTBUN B HUX. Pe3ysbrarsl
paboThl MOTYT OBITH MCIIOJIB30BAHbBI IPH ILIAHUPO-
BaHHUH HKCIIEPUMEHTOB 10 CHHTE3Y UCKYCCTBEHHBIX
JAHK, mpurogHsIx 15 UX BKJIIOYECHHS B )KUBEIE OP-
TaHU3MBI.

Knmouespie cmopa: JJHK, xondopmaru-
OHHBIW aHAIIW3, HYKJIEOTHUHOE OCHOBaHHE, JIE€30K-
cupuboHyKiIeoTua, S-xjmopypauui, Escherichia
coli.
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