ISSN 1068-1620, Russian Journal of Bioorganic Chemistry, 2021, Vol. 47, No. 6, pp. 1231—1240. © The Author(s), 2021. This article is an open access publication.
Russian Text © The Author(s), 2021, published in Bioorganicheskaya Khimiya, 2021, Vol. 47, No. 6, pp. 795—805.

Molecular Dynamics Study of Escherichia coli Thymidine
Phosphorylase in a Complex with 3'-Azidothymidine Inhibitor
and Phosphate

V. I. Timofeev* *1, N. E. Zhukhlistova“, and 1. P. Kuranova® ®

@ Shubnikov Institute of Crystallography, Federal Scientific Research Centre, Crystallography and Photonics, Russian Academy

of Sciences, Moscow, 119333 Russia
b National Research Centre, Kurchatov Institute, Moscow, 123098 Russia
Received December 30, 2020; revised January 20, 2021; accepted January 26, 2021

Abstract—Using a molecular dynamics method, the state of the dimeric thymidine phosphorylase molecule
from Escherichia coli in a complex with noncompetitive enzyme inhibitor 3'-azidothymidine and phosphate
ion was studied on a trajectory of 50 ns. Previously obtained atomic coordinates of a complex of thymidine
phosphorylase with azidothymidine and sulfate at a resolution of 1.52 A were used as a starting model. It was
demonstrated that both subunits of a dimeric enzyme molecule function asynchronously in a given time
interval; moreover, each subunit maintains an open conformation. It was found that the nature of ligand at
the nucleoside center affects the binding strength of phosphate in the phosphate center. In a complex with an
inhibitor, both ligands over the entire time interval remain bound to the enzyme, while the release of phos-
phate from the active center is observed when simulating the behavior of thymidine phosphorylase in the
presence of phosphate and thymidine substrate. The stabilizing effect of azidothymidine on phosphate bind-
ing is consistent with the behavior of azidothymidine as a noncompetitive inhibitor of thymidine phosphor-

ylase.
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INTRODUCTION

Thymidine phosphorylase (TP), related to the
family of nucleoside phosphorylase II [1], catalyzes a
reversible phosphorolysis of purine and pyrimidine
nucleosides and plays a central role in their metabo-
lism, participating in reserve pathways of the synthesis
of natural nucleosides [2, 3]. An interest in studying
the structure and properties of nucleoside phosphory-
lases is associated with their involvement in metabo-
lism of anticancer and antiviral agents (nucleoside
analogs). Among thymidine phosphorylase inhibitors,
analogs of natural nucleosides containing substituents
in the carbohydrate component occupy a special
place; some of them are used directly as anticancer
and antiviral agents [4—6]. For example, 3'-azidothy-
midine (nucleoside analog) containing an azido group
in a ribose ring is used as a drug for the treatment of
human immunodeficiency syndrome [7].

The reaction catalyzed by the enzyme proceeds by
nucleophilic attack by phosphate ion located in the
phosphate-binding center of the enzyme of the C1

Abbreviations: AZT, 3'-azidothymidine;
dynamics; TP, thymidine phosphorylase.
! Corresponding author: e-mail: tostars@mail.ru.

MD, molecular

carbon atom of the nucleoside ribose ring located in
the nucleoside center. Spatial structures of a number
of nucleoside phosphorylases were established by
X-ray diffraction analysis [§—11]. The spatial structure
of Escherichia coli thymidine phosphorylase was
established for apoenzyme, as well as complexes with
substrates and inhibitors [12—14]. Thymidine phos-
phorylase molecule is a dimer out of identical sub-
units, each of which has a two-domain structure and
consists of small o-helical domain and large o/p-
domain (Fig. 1). The active center is located in a cavity
between the two domains and includes nucleoside-
and phosphate-binding sites. At the same time, the
nucleoside site mainly consists of amino acid residues
of the small domain, while the phosphate site is
located near the C-terminal region of the main B-layer
of the o,/B-domain and includes amino acid residues
of the large domain. The distance between bound sub-
strates (phosphate ion and nucleoside) in the estab-
lished structures is large enough. The convergence of
substrates (required for the reaction) occurs through
the movement of domains and is accompanied by the
transition of the enzyme from an open conformation
to a closed one. The nature of this transition has been
insufficiently studied.
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Fig. 1. Spatial structure of dimeric thymidine phosphorylase molecule. Designations of the elements of secondary structure are

given for one of the subunits.

Previously, we studied the kinetic parameters of
thymidine phosphorolysis by E. coli thymidine phos-
phorylase in the presence of 3'-azidothymidine
(AZT); it was demonstrated that AZT used as a drug in
the treatment of human immunodeficiency syndrome
is a noncompetitive enzyme inhibitor [15]. The spatial
structure of crystalline complex of thymidine phos-
phorylase with AZT and sulfate was established at a
resolution 1.52 A [15]. Binding of AZT in the nucleo-
side center was accompanied by conformational
changes, as a result of which the 3'-azido group was
immersed in a hydrophobic pocket generated by
amino acid residues of both subunit domains. Such
type of inhibition was detected for the first time in
nucleoside phosphorylases. The position of AZT par-
tially overlapped with the position of the substrate
(thymidine), but at the same time, the inhibitor was
rotated relative to thymidine by 180° around the axis
passing through the 3rd and 6th nitrogen and carbon
atoms of the pyrimidine ring. The changed position of
the attacked carbon atom of ribose relative to key
amino acid residues of the active site for catalysis
explains the inhibitory effect of AZT.

In the crystal structure of the complex of thymidine
phosphorylase with AZT and sulfate, both subunits
are in open conformation; however, open conforma-
tion can be caused by the presence of intermolecular
contacts in the crystal lattice. The aim of this work was
to study changes in the conformation of subunits of the
dimeric thymidine phosphorylase molecule in a com-
plex with phosphate and 3'-azidothymidine in the
absence of intermolecular contacts. For this, the
behavior of TP molecule and ligands bound in a com-
plex was studied using a molecular dynamics method
on a time trajectory 50 ns.
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RESULTS AND DISCUSSION

When analyzing the spatial structure of the crystal
complex of F. coli thymidine phosphorylase with AZT
inhibitor and phosphate, it was demonstrated that the
complex formation is accompanied by conformational
changes and formation of a hydrophobic pocket (in
the formation of which the amino acid residues of both
domains of the subunits are involved) around the
azido group of the inhibitor. At the same time, the
open conformation of both subunits is maintained
(Fig. 1). However, the open conformation of subunits
in a complex TP/AZT/phosphate in the crystal lattice
can be stabilized by intermolecular contacts. The
analysis of crystal packing of the complex indicates
that hydrogen bonds, in which amino acid residues of
large domain loops are involved, are formed between
the subunits linked by the symmetry operationy + 1/2,
x—1/2, z— 1/4. Several amino acid residues of one of
them (mobile loop 367—381) close the cavity of the
active site in a closed conformation. Amino acid resi-
dues Glu20, Asp65 of small domain and His76, Asn78
of the domain-binding loop are also involved in the
formation of intermolecular bonds (symmetry opera-
tions —x, —y, —z + 1/2).

The study using a molecular dynamics (MD)
method on a time trajectory 50 ns makes it possible to
trace how the conformation of subunits of the dimeric
enzyme molecule (Fig. 1) changes in a complex with
phosphate and AZT in the absence of intermolecular
contacts arising in the crystalline complex and to
explain the peculiarities of the enzyme inhibition by
3'-azidothymidine.

An MD study of the enzyme dimer demonstrated
that RMSD values at the beginning of the experiment
tend to increase but starting from the moment of time
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Fig. 2. Graph of dependence of root-mean-square deviation (RMSD) of Ca-atoms of thymidine phosphorylase dimer on time

in a complex with 3'-azidothymidine and phosphate.
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Fig. 3. Superposition of thymidine phosphorylase dimer models in a complex with 3'-azidothymidine and phosphate obtained by
a molecular dynamics method on MD time trajectory 50 ns with the interval 0.5 ns (100 frames).

~16 ns (Fig. 2), some stabilization of conformational
states of the dimer occurs (RMSD values fluctuate in
the range ~1.3 A). By the end of the simulation pro-
cess, RMSD values begin to decrease (Fig. 2).

Changes in the conformation of subunits in the
molecule of TP complex with MD study can be deter-
mined by the results of superpositions of coordinates
of Co-atoms of the initial molecule and coordinates at
the selected point of the time trajectory of MD 0—50
ns. Superposition of the models of the TF dimer in a
complex with AZT and phosphate obtained by the
molecular dynamics method on the time trajectory of
MD 50 ns with an interval 0.5 ns (100 frames) is
demonstrated in Fig. 3. The MD data indicate that in
general both the spatial structure of dimer subunits
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and the positions of ligands (Fig. 3) do not change sig-
nificantly.

The comparison of spatial structures of the subunit
A of the TP molecule at different moments of the MD
experiment (11 points on the time trajectory with an
interval 5 ns) with the structure obtained as a result of
an X-ray diffraction experiment (PDB_ID: 4LHM)
did not reveal any fundamental differences; RMSD
values did not exceed 1.3 A. It can be assumed that
throughout the 50-ns simulation, the dimer subunit
(as well as in the crystal structure) maintains an open
conformation (Fig. 3). When combining molecules by
Co-atoms of two subunits, RMSD is ~3.0 A at the ini-
tial and end points of the simulation time, which can
indicate (taking into account a small RMSD value
when comparing A subunits) that there is no synchro-
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Fig. 4. Values of root-mean-square fluctuations of Coi-atoms (RMSF) of thymidine phosphorylase dimer subunits.

nization of changes in the conformations of the dimer
subunits.

The values of rms fluctuations of Co-atoms
(RMSF) of the dimer subunits (Fig. 4), indicating an
instability of the spatial structure of subunits, change
within ~2 A; moreover, the values and nature of fluc-
tuations are different in different dimer subunits.
When analyzing the rms fluctuation of Co-atoms of
amino acid residues in the process of M D, it was found
that the largest fluctuations are observed in the loops
or o-helices and P-ribbons adjacent to them. The
loops 66—71, 155—160, and 194—197 (connecting
large and small domains) experience significant fluc-
tuations. The loops of the large domain (264—270,
305—334, 365—390, 393—399), amino acid residues of
which are involved in intermolecular hydrogen bonds
observed in the crystal structure (PDB_ID: 4LHM),
also significantly change their position as compared
with initial ones, while amino acid residues of these
loops change its conformation.

A change in the value of distance between amino
acid residues located in different domains can be con-
sidered as a criterion of displacement of domains rela-
tive to each other. These values were tracked on the
simulated trajectory characterizing a change in dis-
tances between Co-atoms of amino acid residues
Ile173—Ala373, Asp178—Phe210, Leull7—Argl71 and
were used to estimate the conformational state of sub-
units in a complex TP/AZT/phosphate on simulated
trajectories. According to data of Pugmire et al. [8],
shorter distances between the pairs of amino acid res-
idues Phe210—Aspl178 and Ala373—Ilel173 (5.14 and
6.64 A, PDB_ID: IBRW) confirm the closed confor-
mation; the distances 9.42 and 14.04 A observed in the
crystal structure [15] (PDB_ID: 4LHM) for Phe210—
Aspl78 and Ala373—Ilel173, respectively, confirm the
open conformation. The nature of convergence of
Leull7 and Argl71residues belonging to different
domains of the TP subunit can be traced by a change
in the distance Co_Leull7—Co_Argl71 (Fig. 5) on
the MD trajectory for the structure of TP complex
with AZT and the phosphate ion.
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Judging by the graph (Fig. 5), the distances
between Ca-atoms of Leull7, Argl71 residues in the
subunits A and B of the TP complex with AZT and the
phosphate ion differ significantly at the beginning of
the simulation, but the differences decrease over the
simulation time ~16—33 ns (the distance value fluctu-
ates mainly within 13—16 A), and then increase again.
Periodic convergences of a pair of Coi-atoms of Leu117
and Argl71 residues to 13 % (and even to 12 A in the
subunit A at ~15 ns) can be noted in both subunits; the
distance between the appropriate atoms observed in
the crystal complex of TP with AZT and the phos-
phate ion (that is, in open conformation) is 14.2 A.
According to the given graph (Fig. 5), no synchroniza-
tion in changing these distances in enzyme subunits is
observed.

The graphs allowing us to estimate the nature of
changes in the distances between Co-atoms of Asp178
(small domain) and Phe210 (large domain) residues
are presented in Fig. 6. Periodic convergences of a pair
of Co-atoms in both subunits occur asynchronously,
and the processes of domain convergence in the sub-
units are clearly not consistent, although the nature of
periodic convergence of residues becomes almost the
same by the end of the process of simulation. The clos-
est distance between Co-atoms is >7 A. The distance
between homologous residues Phe207 and Asp175 in
the crystal structure of pyrimidine nucleoside phos-
phorylase from the Bacillus stearothermophilus [8]
(PDB_ID: 1BRW), where the closed enzyme confor-
mation is observed, is 5.14 A.

Measuring distances between Co-atoms of Ile173
and Ala373 amino acids located in different domains
of the subunit A at different times of simulation with
the interval 5 ns (by which it is possible to judge the
degree of convergence of domains during the MD
experiment) demonstrated that these distances change
within 11.0—14.1 A. These data also confirm that the
conformation of the subunit A is open (Table 1).

In the structure of TP/AZT/phosphate complex
[15] (PDB_ID: 4LHM), the phosphate ion localized
in o/B-domain of the enzyme subunit is directly
bound by hydrogen bonds to amino acid residues
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Fig. 5. Change in distance between Coi-atoms of Leul17 and Argl71 residues during 50-ns simulation for a complex of thymidine
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Fig. 6. Change in distance between Coi-atoms of Asp178 and Phe210 residues during 50-ns simulation for a complex of thymidine

phosphorylase with phosphate ion and 3'-azidothymidine.

Ser86, Ser95, Serll3, Thrl23, and Lys84, while
through water molecules to His85, Lys191, and Asp92.
During the MD experiment, the phosphate ion
remains in the phosphate binding site, periodically
changing its orientation. At the same time, the number
of hydrogen bonds changes due to a change in the con-
formation of some amino acid residues from the coor-
dination sphere of the phosphate ion (Table 2). Sulfate
ions at times 0 and 15 ns (time of the closest conver-
gence of domains) and amino acid residues coordinat-
ing them are presented in Fig. 7.
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As demonstrated by Pugmire et al. [13], phosphate
ion binding in the active center of pyrimidine nucleo-
side phosphorylases leads to the formation of a hydro-
gen bond between His119 and Gly208 residues of the
large domain. At the same time, the formation of a
hydrogen bond between His119 and Gly208 residues is
associated with shifts in the large domain. A trend to
periodic convergence of His119 and Gly208 residues
to distances corresponding to the hydrogen bond
NE2_Hisl19—0_Gly208 is observed on the graph of
dependence between the experiment time and
No. 6
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Table 1. Change in distance between Co-atoms of some residues of thymidine phosphorylase subunit A during 50-ns sim-
ulation for thymidine phosphorylase complex with phosphate ion and 3'-azidothymidine

Distance, A
Time, ns
Ile173—Ala373 Asp178—Phe210 Leull7—Argl71
14.1 8.6 13.9
5 12.8 8.1 16.4
10 11.2 8.5 13.8
15 11.0 7.9 13.3
20 11.6 10.0 15.0
25 13.8 9.0 14.5
30 12.1 9.1 14.7
35 11.6 8.0 14.3
40 11.1 8.7 14.1
45 13.3 8.7 15.1
50 12.0 7.6 14.2
PDB_ID: 4LHM 14.04 9.42 14.2

Table 2. Hydrogen bonds formed by the phosphate ion of thymidine phosphorylase subunit A at the time interval 50 ns at

fixed time intervals with an interval 5 ns and lengths of NE2

H119—0_Gly208 bonds observed in these time intervals

Distance, A
Time, ns
NZ_Lys84 N_Ser86 | OG _Ser95 | OG._Serll3 | OGI_Thrl23 [NE2_Hisl19—0_Gly208
2.8 (04) 2.9 (04) 2.6 (01) 2.7 (03) 2.6 (01) 2.8
5 2.8 (04) _ 3.0 (03) _ _ 3.6
10 2.7 (02) _ 2.7 (04) _ 2.9 (04) 35
3.1(01) 3.2(02)
15 2.7 (02) 2.7 (02) 2.5 (04) _ 2.6 (04) 3.0
20 3.2 (03) _ 2.7 (03) _ 2.8 (02) 2.8
2.8 (04) 3.1(01) 2.8 (03)
25 2.7 (04) _ _ _ 2.7 (01) 2.8
30 2.8 (03) _ 2.7 (04) _ 2.5 (02) 2.8
35 2.8 (O1) _ 2.7 (04) _ 2.7 (04) 28
40 _ _ 2.5 (04) _ 2.7 (04) 2.9
3.2(01) 3.1 (03)
45 2.8 (O1) _ 2.6 (03) _ 2.6 (02) 2.7
50 2.9 (02) . 2.7 (04) _ 2.8 (04) 3.0
2.9 (01) 3.3 (03)

The oxygen atom of the phosphate ion, which forms a hydrogen bond with the appropriate residues, is indicated in brackets. A dash

means the absence of a hydrogen bond between the atoms.

NE2_His119—0_Gly208 distance in a complex of TP
with AZT and phosphate (Fig. 8) for both subunits
throughout the MD experiment. In the subunit A, a
change in NE2_His119—0O_Gly208 distances occurs
from a hydrogen bond length of 2.8 to 5 A from the
beginning of simulation to ~14 ns. In the subunit B,
these amino acid residues frequently form hydrogen
bonds up to ~25 ns, and then NE2 Hisl19—
O_Gly208 distances periodically begin to change sig-
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nificantly, frequently increasing from the value corre-
sponding to the H-bond to 4.5 A and more (Fig. 8). In
the subunit A at 5 and 10 ns (where, according to
Ile173—Ala373 and Asp178—Phe210 distances, there is
some convergence of domains), the number of hydro-
gen bonds formed by the phosphate ion decreases
(Table 2), while NE2_ His119—0O_Gly208 distances
slightly increase (Table 2). At the next time interval,
hydrogen bonds NE2 His119—O_Gly208 are pre-
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Fig. 7. Phosphate ion from thymidine phosphorylase subunit A at the moments of time 0 ns (gray color) and 15 ns (black color)

surrounded by coordinating amino acid residues.

served despite the different number of polar contacts
formed by the phosphate ion.

In a complex with the inhibitor (TP/AZT/phos-
phate), the hydrogen bond between Hisl19 and
Gly208 residues, which confirms the presence of the
ion in the phosphate-binding center, is preserved for a
longer time over the entire time interval, which distin-
guishes it from the complex with the substrate [16].
The comparison of simulated trajectories in the com-
plex of TP with an inhibitor and in the complex of TP
with a substrate [16] demonstrates that the complex
with inhibitor and phosphate is stable over the entire
time interval, while the release of phosphate from the
binding center was observed in the complex with sub-
strate and phosphate.

The AZT molecule, located in nucleoside-binding
site, in the crystal complex TP/AZT /phosphate inter-
acts with amino acid residues from both domains. The
nucleoside-binding pocket is limited by amino acid
residues of 161—172 (Tyr168 and Argl71) and 179—193
(Ile183, Serl86, and Lys190) helixes that are located
on the surface of the at-domain facing the interdomain
gap and by residues of 213—231 (Leu220) helix and the
[B-ribbon 82—86 (His85) of the ¢/f domain. The N3
atom of the pyrimidine ring of the AZT molecule
forms a hydrogen bond with OY Serl186 of the o-
domain. O2 and O4 atoms of the pyrimidine ring form

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 47

hydrogen bonds with guanidine group Argl71 and
NZ_Lys190, respectively.

The MD experiment demonstrated that the pyrim-
idine fragment of the AZT molecule maintains con-
tacts with coordinating amino acid residues through-
out the experiment (Table 3). However, the conforma-
tion of the AZT molecule during the MD-experiment
changes; the orientation of the O5' hydroxyl group rel-
ative to the ribose cycle (characterized by C3'-C4'-
C5'-05' torsion angle) remains different during the
50-ns simulation. At 15 ns, some convergence of pairs
of residues from different domains (Ile173-Ala373,
Aspl78-Phe210, Leull7-Argl71) to the distances 11.0,
7.9, and 13.3 A, respectively, is observed. At the same
time, there is a convergence of O Leull7 and
0O5' AZT atoms to 4.9 A. It should be noted that the
side radical of the Leull7 residue from a flexible loop
of a large domain of the TP subunit can change its
position and orientation during the simulation pro-
cess, shifting periodically towards the nucleoside,
unlike Argl71, which coordinates the pyrimidine frag-
ments of AZT and barely changes its conformation.

When analyzing the spatial structure of the E. coli
TP/AZT/phosphate crystal complex [15], it was
demonstrated that the complex formation is accompa-
nied by conformational changes and formation of a
hydrophobic pocket around the azido group of inhib-
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phorylase with phosphate ion and 3'-azidothymidine.

itor, in the formation of which the amino acid residues
of both subunit domains are involved: Leu220 (213—
231 helix), Phe210 and Met211 (204—214 loop) of the
0/B domain and Vall77, 1le183, and 1le187 (179—193
helix of ai-domain), Leull7 (1120—122 loop of large
domain). Most of these residues are invariant in
pyrimidine family Il nucleoside phosphorylases. It
was demonstrated [15] that the hydrophobic pocket is
formed only after AZT binding. At the same time,
both subunits are in open conformation.

The azido group of the AZT molecule during the
MD experiment occupies a hydrophobic pocket, shift-
ing in its cavity. Hydrophobic residues surrounding

this group mostly little change their conformation.
The location of the azido group, which is almost
maintained during 50-ns simulation, in the hydropho-
bic pocket (located between large and small domains)
can prevent the convergence of reaction centers,
which explains the properties of AZT as a noncompet-
itive inhibitor.

EXPERIMENTAL

The coordinates of spatial structure of E. coli thy-
midine phosphorylase dimer in a complex with AZT
and sulfate solved by a molecular substitution method

Table 3. Values (A) of contacts of the pyrimidine fragment of 3'-azidothymidine molecule with coordinating amino acid

residues during 50-ns simulation

Distance, A

Time, ns N3_AZT— 04 AZT- 02 AZT- 02 AZT-

OG_Serl86 NZ_Lys190 NHI1_Argl71 NH2_Argl71
0 2.8 2.9 2.7 3.1
5 2.8 2.9 2.9 3.1
10 2.9 3.2 2.7 3.1
15 3.0 2.7 2.8 2.7
20 2.8 2.9 2.8 2.9
25 2.9 2.9 2.9 2.9
30 2.6 3.0 2.9 3.0
35 2.9 2.8 2.9 2.7
40 2.9 3.1 2.9 3.1
45 3.0 2.8 2.9 3.2
50 2.9 2.9 2.8 3.1
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with a resolution of 1.52 A (PDB_ID: 4LHM) were a
starting model for the TP complex with phosphate and
AZT [15]. The sulfate was substituted with phosphate
using a Coot program [17]. Molecular modeling was
carried out using a GROMACS 2020.2 software com-
plex [18]. The field amber99sb-idIn was used as a force
field [19]. The modeling area was a rectangular paral-
lelepiped with a size 134.955 x 134.955 X 136 A. The
protein was placed in the cell center, the entire volume
of the cell was filled with water; a triatomic model of
water (TIP3P) was used. Parametrization of AZT was
carried out using an antechamber program [20]. At the
first stage, a preliminary energy minimization of the
system with AZT and phosphate was performed. After
energy minimization, the procedures of system tem-
perature and pressure stabilization were carried out.
The temperature value selected was 310 K; pressure
value, 1 atm. The following algorithms for maintain-
ing temperature and pressure were used: V-rescale
thermostat [21] and Parrinello-Rahman barostat [22],
respectively. The systems were modeled on a time
interval with a total duration of 50 ns with a step of 2 fs.

The analysis of the TP structure at certain points of
the simulated trajectory was carried out using a com-
bination of structural protein models at these points
with the dimer structure at the initial point of the sim-
ulation process and using a combination of structural
protein models in these points with the crystal struc-
ture of the protein (PDB_ID:4LHM). When combin-
ing the structures, a PyMol program was used [23].

CONCLUSIONS

In this work, the state of the dimeric thymidine
phosphorylase molecule from Escherichia coli in a
complex with noncompetitive enzyme inhibitor 3'-azi-
dothymidine and phosphate ion was studied using a
molecular dynamics method on a 50-ns trajectory.
Previously obtained atomic coordinates of the thymi-
dine phosphorylase complex with azidothymidine and
sulfate with a resolution 1.52 A was used as a starting
model.

The comparison of spatial structures of the enzyme
subunit A at different time points of the MD experi-
ment with the structure obtained in the X-ray diffrac-
tion experiment revealed no significant differences;
therefore, it can be assumed that both dimer subunits
maintain an open conformation throughout the 50-ns
simulation. The great stability of the TP complex with
AZT and phosphate as compared with the TP complex
with thymidine and phosphate was demonstrated [16].
The location of the azido group between two domains
of the molecules prevents the convergence of domains
required for the transition to closed conformation,
which explains the noncompetitive nature of inhibi-
tion with 3'-azidothymidine.
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Data obtained explain some features of the TP
function and may be used to develop antitumor and
antiviral agents.
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