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Introduction

Aim. To parameterize a modified chained residue and use a newborn topology for molecular
dynamics simulation. Method. To deal with the problem, a series of ab initio and semi-empir-
ical methods were combined. The RESP (Restrained ElectroStatic Potential) program, which
fits molecular electrostatic potential (MEP) at molecular surfaces using an atom-centered point
charge model. All parameters were quantum mechanically calculated and processed with
R.E.D.II server. Results. The method of molecular dynamics has potential advantages, like its
capability to explore large systems, and disadvantages, like not being feasible to run on fly
without a preliminary prepared topologies for identification of each molecule. In an attempt to
find a balance between both features speed and accuracy and apply the approach in a compu-
tational study, a functional mechanism of prolyl-tRNA synthetase from E.faecalis was investi-
gated. In addition, a well validated protocol of topology preparation for non-canonical structure
was developed. Conclusions. Computational approaches like molecular dynamics simulation
and molecular docking had now become a strong in silico methods to study biological pro-
cesses. The major benefits of this methods are expensiveness and speed. It also a strong com-
petitor of quantum modeling approach. However, there is a need to include new structures that
are not exist in the GROMACS library is associated with the growing use of different types of
modified amino and nucleic acids (DNA derivatives and RNAs) both in fundamental studies in
molecular biology, molecular biophysics, etc., and in applied research related to the search for
new drugs. The obtained data well correlate with the experimental data.
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mental aspect the problems are associated with
the realization of genetic information. In ap-

This paper is focused on detailing some meth-
ods related to the understanding of the editing
mechanism provided by prolyl-tRNA synthe-
tase from E.faecalis and explanation of the
preparation of aminoacyl molecule. In funda-

plied research on the antibiotics and drugs
development, aminoacyl-tRNA synthetases
(aaRSs) and tRNA are actually attractive tar-
gets. It is important to study RNA derivatives,
where it is necessary to solve the problem of
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wrongly included minor bases of nucleic acids,
or at the stage of protein biosynthesis, when
erroneously incorporated amino acids, like
alanine, cause incorrect protein folding [1]. It
is a very tedious work preparation of the mod-
ified residue, especially if a molecule of inter-
est comprises different chemical classes like
aminoacyl, which is represented by ester of
nucleic acid base and amino acid residue.

However, the fundamental research refer-
ring to a certain biological question has given
rise to another problem, which forced us to
figure out how to prepare a non-canonical
residue for in silico modelling. There are many
different methods to carry out a force field
parameterization for molecular dynamics (MD)
simulations, especially for single small mol-
ecules, by means of in-built software like
Ambertools, developed for the library modifi-
cation, or online servers like ProDrug [2] or
ParamChem [3]. It is also known how to deal
with generation of post translational modifica-
tions like acetylation or methylation of protein
residues, the parameters of which can be of-
fered directly by force field developers. It is
evident that the problem of force field content
and its diversification is very important for
modern in silico studies.

However, some difficulty which many re-
searches are faced to is parameterization of
hybrid molecules, implemented into the chain
and possessing non-integer net charge, like
aminoacyl-tRNA 3’-terminal residues. As we
used an Amber99 force field [4] implemented
in Gromacs package [5] we should abide by
the rules of its charge distribution and atom
typing. Due to the capping of terminal nucleo-
tides, chain-terminal nucleotide residues nor-
mally have non-integral charges, but the 5’ and
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3’ charges sum to an integer. The reason for
such force field parameterization is a high
charge density on the phosphate group. Thus,
to obtain a topology, which wouldn’t stand out
of the amber99 parameterization method, a
non-integer charge of the 3’ end should be
preserved taking into account, that amino acid
block should be protonated in accordance to
the N-terminal amino acid type.

The electrostatic potential (ESP) is an im-
portant characteristic of the molecule of inter-
est and a powerful tool for generation of real-
istic charge model [6]. Its more advanced al-
gorithm of charge assignment, called RESP
(Restrained Electrostatic Potential), allows
deriving partial charges, based on the atom-
centered point charge model common for all
members of amber force fields [7].

In the previous paper, we have combined
the experimental biology approach with the
ab-initio quantum methods and molecular dy-
namics simulations to understand the putative
mechanism editing aminoacyl molecule formed
with the incorrect amino acid and 3’-terminal
adenosine of tRNA, whereas this work is aimed
to reveal some details of the modeling process.
Some features of the substrate of the editing
domain (INS domain) of prolyl-tRNA synthe-
tase allowed the performing of a deep study of
the parameterization process, the development
of a validated enough modeling method and
further applying it to other systems.

Materials and Methods

While calculating the aminoacyl-tRNA frag-
ments’ charges we started from the docking
coordinates of alanyl-tRNA bound to the pro-
lyl-tRNA synthetase (PDBID:2J3M) [8]. The
protein structure was prepared and reconstruct-
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ed on the basis of the deposited X-ray (2J3M)
to rebuild a full-length structure without gaps,
using Swiss-model server [9]. The procedure
of ligand-protein and nucleic acid-protein
docking protocol has been already highlighted
in the previous study [10]. A significant atten-
tion was paid to the torsion angle “CT-OS-C”
of the aminoacyl-tRNA molecule, which is not
a part of the AMBER99 force field but plays
an important role in an excessive flexibility of
the molecule during MD.

One of the most distinguishing features of
the alanine-proline aminoacyls, the effect of
which will be described later, is a small size of
amino acid moiety and a low flexibility of the
radical group. At the step of parameterization
it also plays an important role. Following the
mechanism of charge assignment and estimation
of the best one, we prepared two sets of mole-
cules based on terminal adenine block with
either methyl, dimethyl, glycine or acetate
groups bound to O3’ of ribose (modified RA or
RAM), and an amino acid block with either OH,
OMe, or etheric bonded methylethyl, bound to
the carboxyl oxygen of amino acid (or
+NH3CHXCO-Z), where X defines an amino
acid’s radical. M and Z are the formal substi-
tuted groups to be explicitly removed from the
molecule together with a specific non-integer
charge assigned to the group after application
of a charge constraint (inter-molecular charge
constraints and intra-molecular charge con-
straints) with the R.E.D.III algorithm.

All blocks used here were optimized using
the common for amber force fields HF/6-
31G** theory level [11] and Gamess package
[version 7.1.5]. A Rigid-Body Reorientation
Algorithm (RBRA) implemented in R.E.D.
was applied for each block to provide the re-

producibility of the atomic charge values be-
fore the charge fitting step. The molecular
fragments were constructed by setting INTER-
and INTRA-MCC to determine a more realis-
tic charge distribution.

All MD simulations were run using the
Gromacs (ver 4.0.5) program and the amber99
force field [12]. To ensure that tRNA confor-
mation is stable a long MD simulations of 50
ns for ProRS (from E.faecalis) complex with
a correspondent tRNA molecule were carried
out. A positional constraint was also applied
to the group of 3’-CCA atoms and the binding
site residues for the first 20 ns to avoid unreli-
able bends of the tRNA stem. Thus, the com-
plex consisting of the protein and tRNAP was
adjusted by a harmonic function using a force
constant of 500 kcal/mol per A2. In order to
provide a smooth switch from steered MD to
a free MD, the force constant was reduced to
250, 125, 50, 10 and 5 kcal/mol per A? in six
MD simulations each of 250ps. After that, a
free simulation of 5 ns MD was run at 310 K,
using PME (Particle-mesh Ewald) method for
calculation of long-range interactions.
Thermostat v-rescale for temperature coupling
and Parrinello-Rahman coupling algorithm
were used to ensure a harmonization between
temperature and pressure. The Coulomb cutoff
radius of 1.1 nm for electrostatic and the
Lennard-Jones interactions cutoff radius of
1.1 nm were applied.

Results and Discussion

The aminoacylation site of any aaRS is
responsible for the phosphoester bond forma-
tion between phosphate from AMP and car-
bonyl from amino acid. The next step, namely
transfer of amino acid moiety to the 3°’-CCA
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end of tRNA molecule, is called aminoacyla-
tion and takes place in the same place. This
process results in a bond rearrangement and
connection of 2’OH group on ribose of 3’-ter-
minal adenine base to a carbonyl carbon of
amino acid molecule. In ProRS a more precise
editing domain (for example, INS domain of
ProRS) exists and can hydrolyze the incor-
rectly aminoacylated (with alanine residue,
instead of proline) tRNA to avoid the inclusion
of non-cognate amino acid into the proteins.
To compute missing atomic charges for
non-parameterized compound, we used a meth-
od of common for Amber force field. This
procedure required an initial HF/6-31G**
quantum-chemical computation of our hybrid
molecule. The MEP was derived from the
calculations at the HF/6-31G** level with the
Gamess package [14]. To avoid the issue, when
unphysical high charges are generating on
atoms [15], and to demonstrate the importance
of correct charge mapping we created and
validated another protocol for such non-stan-
dard residues using AnteRed from R.E.D.III
server. To solve the problem of the energy
minimum conformation the Rigid Body Re-
orientation Algorithm, which is implemented
in R.E.D. III server options, was applied to the
structure of interest just before the MEP cal-
culation and getting reproducible RESP charg-
es. This step was very important for the sub-
sequent molecular dynamics simulation.

Parameterizing a novel residue

All charges for the aminoacyl-tRNA fragment
were computed using the RESP method from
a single docking output conformation after
implementation of RBRA. To estimate the
quality of the predicted topology a relative
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root-mean-square (RRMS) protocol, imple-
mented into the R.E.D.III server was applied
to compare the ESP derived from the molecule
in the presence and absence of charge con-
straints (INTER-MCC and INTRA-MCC) be-
fore the molecular dynamics run [13].

To meet the amber99 force field require-
ments we used the approach of charge distribu-
tion assignment, when the terminal RA3 frag-
ment is replaced with a RAM and the amino
acid (alanine) is represented as a terminal link
in the chain. At the same time RAM is a single
internal adenosine with a total net charge of
‘-1’, the charge distribution of which is also
undergoing some transformation. During the
charge fitting procedure RAM is represented
as an M-substituted RA3 molecule, where M
is either methyl, dimethyl, glycine or acetate
group bound through the O3’ position of the
ribose. Such construction together with ap-
plication of INTRA-MCC (intra-molecular
charge constraint inside a single molecule)
provides another charge redistribution com-
pared to a standard state of RNA’s adenosine,
which suits our model with aminoacid bound
to tRNA 3’CCA termini. Finally, RAM residue
passed application of INTER-MCC (inter-
molecular charge constraint between different
molecules) charge assignment of ‘-0.6919’ to
the M-group, that tends to perpetuate the
charge of the output RAM residue, after ex-
plicit removal of the M-group, which is still
equal to ‘-1°, but supposes some rearrange-
ments of those partial charges belonging to O3’
and [the] nearest atoms of the source RA3
residue. The procedure resulted in obtaining
the almost unified charge model for the 3’-ter-
minal nucleotide with significant changes re-
garding only the atoms involved in the amino-
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acyl ester formation, especially C2’-O3°,
whereas the general model of charge distribu-
tion and the total charge of the adenine base
were not strongly affected. With regard to ala-
nine (+NH3CHXCO-Z) parameterization it

ProRS (E faecalis) ProRS (E faecalis)

was executed just in the same way with the
general exception that INTRA-MCC charge
value, applied to Z group, was ‘-0.6919’ and
the output charge for the residue became
‘+1.3081°. There is an example of the full net

ProRS (E faecalis)

3'0 bonding without 2'OH group 3'0 bonding with 2'OH group 3'0 bonding
DA3 DAM RA RAM N-ALA MLA

atom atom atom atom atom atom
names  fypes charges | charges names  types charges | charges names  types charges | charges

P P 1.1659| 1.1659 P P 1.1662| 1.1662 N N3 0.1414| -0.5198
olP 02  -0.7761| -0.7761 olp 02 -0.776 | -0.776 HI H 0.1997| 0.3636
O2P 02 -0.7761| -0.7761 o2p 02 -0.776| -0.776 H2 H 0.1997| 0.3636
os5' OS  -0.4954| -0.4954 0s' (ON -0.4989 | -0.4989 H3 H 0.1997| 0.3636
Ccs' CT -0.0069 | -0.0069 Cs' CT 0.0558| 0.0558 CA CT 0.0962| 0.0044
H5'1 H1 0.0754| 0.0754 H5'1  HI 0.0679| 0.0679 HA HP 0.0889| 0.1012
H52  Hl 0.0754| 0.0754 H52 HI 0.0679| 0.0679 CB CT -0.0597| -0.1496
c4' CT 0.1629| 0.1629 Cc4' CT 0.1065| 0.1065 HB1 HC 0.03| 0.0892
H4' HI 0.1176| 0.1176 H4' H1 0.1174| 0.1174 HB2 HC 0.03| 0.0892
o4' OS  -0.3691| -0.3691 o4' (O -0.3548| -0.3548 HB3 HC 0.03| 0.0892
cr CT 0.0431| 0.0431 cr CT 0.0394| 0.0394 C C 0.6163| 1.2004
HI' H2 0.1838| 0.1838 HI' H2 0.2007| 0.2007 O O -0.5722| -0.6868
N9 N*  -0.0268| -0.0268 N9 N* -0.0251| -0.0251

C8 CK 0.1607| 0.1607 C8 CK 0.2006| 0.2006

HS8 H5 0.1877| 0.1877 HS8 HS5 0.1553| 0.1553

N7 NB -0.6175| -0.6175 N7 NB -0.6073| -0.6073

C5 CB 0.0725| 0.0725 Cs CB 0.0515| 0.0515

C6 CA 0.6897| 0.6897 C6 CA 0.7009| 0.7009

N6 N2 -0.9123| -0.9123 N6 N2 -0.9019| -0.9019

H61 H 041671 0.4167 H61 H 04115| 0.4115| Table 1. The table represents origi-
H62 H 0.4167| 0.4167 H62 H 0.4115| 0.4115| nal and changed partial charges for
NI  NC  -0.7624| -0.7624| [Nl ~ NC -0.7615| -0.7615| RNA and DNA types of adenosine
2 CQ  05716| 05716] [C2  CQ 0.5875| 0.5875| and N-Alanine, which were used for
H2 H5 0.0598| 0.0598 H2 H5 0.0473| 0.0473| generation of alanyl-aminoacyl
N3  NC  -0.7417| -0.7417| |N3  NC -0.6997| -0.6997| tRNA molecules with or without
C4 CB 038 038 |[C4 CB 0.3053| 0.3053| 2’OH group, Red font marks those
C3' CT 0.07131 0.0703 C3 CT 02022] 02042| initial charges, affected during
H3' HI1 0.0985| 0.0975 H3' H1 0.06151 0.0622| charge fitting, and blue font corre-
C2  CT  -0.0854| -0.0867| |C2' CT 0.067| 0.0634| sponds to the output partial charges
H2'l HC 00718 00711 |[H21 HI 0.0972| 0.0902| after the procedure of INTRA- and
H22 HC 00718 00711 |02  OH -0.6139| -0.6219| INTER-MCC. Black frame marks
03' OH  -0.6549| -0.5185 HO2 HO 0.4186| 0.4119| the atom which is missing in the out-
H3T | HO | 0.4396 03  0S -0.5246| -0.502| put topology.
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charge scheme for a short tRNA with alanine
added to the last adenosine:

RAS5 + RX + RX + RAM + ‘“+NH3CHXCO’
=-0.3081 + (-1) + (-1) + (-1) + 1.3081 = -2

The subsequent relative RMS error estima-
tion procedures (RRMS) on the server gave
reasonable values of 0.046-0.068, while QM
and derived charges were compared, and high-

A o

er values of 0.08-0.95 were obtained, when the
results were compared against unconstrained
(MCC) RESP calculation. This is a standard
protocol to verify reliability of the output
structures — the lower value, the best result.
However, the most accurate and illustrative
estimation of the model is [an] implementation
of the newborn topology in the MD simulation.

B
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Fig. 1. Graphics and pictures represent an interaction energies (Electrostatic - A and Van der Waals — C) and substrate
geometries (RESP prepared substrate in B and simple concatenation of parameters from amino acid and nucleic topol-
ogy databases in D), which confirm[s] a better compliance of RESP model with experimental data, described in the
paper [10]. It is evident that a decrease of electrostatic interaction energy value during the MD is caused by an incor-
rect turn of alanine radical and loss of its hydrogen bonds and disappearance of water molecules (sterical repulsion),
which are responsible for nucleophilic attack and hydrolysis.
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There was no significant difference between
single-point energy calculation of multi-confor-
mational (or orientations offered with RRBA),
for amino acid part of the aminoacyl. Compact
and non-polar substituents, like 1-methylethyl
ether and OMe, gave the smallest error for
amino acid-based charge fitting. In turn, acetate
and glycine substituted nucleotides showed the
lowest RRMS values and best results in MD.

Application of the method in a funda-
mental study

To study the molecular mechanism of the edit-
ing reaction, the structure of ProRS from
E faecalis in complex with tRNAP™ was re-
modeled and validated in appropriate way [10].
We studied a prolyl-tRNA synthetase (II class)
system, which possess[es] an editing activity
against misactivated alanyl-tRNA via INS do-
main. Along with the RESP charge generation
procedure we used another widely employed
approach, which violates many concepts of the
force field structure, namely simple splicing
of topologies of nucleic and amino acid resi-
dues, without any fittings and corrections. In
both cases a simulation run was started from
the same initial state, obtained from the docked
ligand and preliminary optimized structure.
From the Figure it becomes evident that
RESP charge gives much more accurate and
reliable results, which correlate with the ex-
perimental data [10]. The molecular dynamics
of ProRS system also aimed at investigation of
the 2°0OH group impact and showed the con-
formity between biochemical study and com-
putational calculations (not shown here). Prior
to the QM calculation of deoxynucleotide, a
range of MD simulations predicted the behav-
iour of both natural alanyl-tRNA with 2’OH

group and the modified with 2’H atom (gener-
ated from DA3 residue, which misses a whole
2’0OH). The correct parameterization also al-
lowed the explanation of the influence of K279
residue on the substrate specificity, as Lys279
interacts with the O2 atom of C75 and the 2’0OH
group of C74, fixing the CCA end of the tRNA.
This model was more realistic than those of
Kumar et al. [16], which suggested that CCA-
terminal possessed an extended conformation
and stacking interaction between A76 and C75.
Our model was used for the QM calculations
of all predictable reaction mechanisms. The
approach used allowed us to perform the direct
identification of the transition state of the reac-
tion pathway and to support a new mechanism
of hydrolysis of misacylated Ala-tRNAP [10].

Conclusions

In general the method of charge fitting is accurate
and applicable, however it strongly depends on
some starting point for equilibration. The greatest
advantage is the fact, that topologies with RESP
parameters are ready for straight implementation
in a force field without any other refinements.
However, the best result can be obtained after
comparison of computational and experimental
approaches, like it was done with prolyl-tRNA
and leucyl-tRNA systems [10,17,18], to correct
some inconsistency and set up the system.

The method for preparation of aminoacyl
molecule proposed here can be useful in study-
ing the properties of aminoacyl-tRNA at dif-
ferent stages of the translation process.
Moreover, it is extremely important in cases
where non-proteinogenic amino acids are be-
ing studied. The examples of non-proteinogen-
ic include D—amino acids and other precursors
and products of the genetically encoded protein
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amino acids. A broad range of non-proteino-
genic amino acids can naturally accumulate
under different conditions and their proofread-
ing is essential for normal cell growth [19].
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O0unca0BaJIbHI METOIH AJS MapaMeTpu3aii
cyocrpariB aminoanuia-rPHK-cunTeras
O. B. PaeBcrkmii, M. A. Tykamo

Mera. [TapamerpuzyBati MOnM(IKOBaHUI 3aJIMIIOK B
JIAHITIO31 i BUKOPHUCTATH OTPHUMAaHY TOIIOJOTIIO U MOZe-
JIFOBaHHS METOIOM MOJICKYJIIPHOI ArHamiku. Metomm. st
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BHpIICHHS 1i€] mpoliremu Oyra mpoBeIeHa cepist ab initio
1 HAIMIBEMITIPHYHAX PO3PaXyHKIB 11 OTPUMAaHHS MOJICKY-
JIIpHOTO  ejeKkTpocTatuyHoro mnorenmiany (MEP).
[Mporpama mist po3paxynky RESP (Restrained ElectroStatic
Potential), sika 3acTocoBye orpumanuii posnonit MEP Ha
MOJICKYJISIPHI TIOBEPXHI 13 BUKOPUCTAHHSIM aTOMHO-IICH-
TPOBAHOI MOJIEITi TOYKOBHX 3apsiB. Bei mapamerpu Oy
KBAaHTOBO-MEXaHIYHO PO3paxoBaHi i 00pobieHi cepBepoM
R.E.D.II. Pe3yabraTn. Meroa MONIEKY/ISIpPHOI TUHAMIKH
Ma€ TIOTEHIIIHI TIepeBard, Taki K MOKJIUBICTh BUBYATH
BEJIMKI CHCTEMHM, 1 HEIOJIKH, TaKl K HEMOXKJIMBICTE 3a-
ITyCKy 0€3 IoTepeHbO MMiIr0TOBIEHOT TOMOJIOTIT TS KOXK-
HOI MOJIeKyIi. Y cripo0i 3HalTH OanaHc Mk oOoma Briac-
THUBOCTSIMH METO/TY, IIBUIKICTIO 1 TOYHICTIO, Ta 3aCTOCYBa-
TU MAX1T B OOYHCITIOBAIBHOMY JOCIIIPKCHHI Oyiia BHKO-
pUCTaHa cUCcTeMa ISl BUBYCHHS (DYHKITIOHAJIBHOTO MeXa-
Hizmy nponin-TPHK-cunterasu y E.faecalis. Kpim toro,
OyB po3po0IieHniT 10Ope MepeBipEHHIA TPOTOKOJT ITiITOTOB-
KH TOIIOJIOTIT JUTI HEKAaHOHIYHUX CTPYKTYp. BHCHOBKMH.
OO0umCIIOBAJIbHI IT1IXOIH, TaKl SIK MOJIEIFOBAHHS METOIOM
MOJIEKYJISIPHOT TMHAMIKH, € TIOMITHIM KOHKYPEHTOM KBaH-
TOBOI'O MOJEIIOBaHHs. THM He MEHII, HEOOX1HICTH BKIIIO-
YEHHSI HOBUX CTPYKTYp, fAKi HE BXOIATH y Oi0IOTEKYy
GROMACS, noB’s13aHa 3 HCTOYHICTIO B OIHKCI CTPYKTYp-
HUX mapaMeTpiB. [IpuKiTagom Takoi cUTyarlii € 3pocTaHto-
Ye BUKOPUCTAHHS PI3HUX TUITIB MOTU(IKOBAHUX aMiHOKHC-
J0T Ta HykJeiHoBux kucnot (roxinui JIHK ta PHK).
[IpaBmIbHa mapaMeTpH3allis MOJICKYII Ma€ BHpIIIaIbHE
3HAYCHHS IS (DyHIaMEHTAIBHIUX JOCIIKCHD 3 MOJICKY-
JIsipHOT OioJToTii, MOJIEKY/ISIpHOT 010()i3MKH TOIIO Ta iHTEp-
rpeTarii 00YNCITIOBAIEHUX JOCIIKCHD, TIOB’3aHUX 13
TTOIITYKOM HOBHIX JTIKAPCHKUX 3aC00iB. Y poOOTi OMHCYETH-
Cs1 METOJI TTIITOTOBKU BXIJTHUX JTAHUX Ha MPUKJIAJIi CUCTE-
mu niponii-TPHK-crHTeTa31 Ta € MocHTaHHs Ha MOnepeIHi
poboTH, B SIKUX OTPHUMaHI Pe3ylbTaTH J00pE CITiBBiIHO-
CSITHCSI 13 €KCIIEPUMEHTAIIBEHIMH JIAHUMU.

Kaw4yoBi caosa: ciiose none, RESP, R.E.D.III,
MoJIeKyJIsIpHa uHamika, amiHoauwi-TPHK-cunrerasa

BeruucinTenbHbIe METOAbI AJIsSl IapaMeTPU3alUuA
cyocrparoB amuHoaumna-TPHK-cunTeras

A. B. Paesckuii, M. A. Tykano

Heasb. [TapameTpr3oBaTh MOTUPHUITIPOBAHHBIA OCTaTOK
LIEMU U UCTIOJIb30BaTh MOTYYEHHYIO TOTOJIOTHIO TS MO-

JICIIAPOBAHUSI METOIOM MOJICKYJISIPHOW JUHAMHUKH.
MeTtoapbl. 11 pereHus 3Toi mpooieMbl ObLTa IPOU3Be-
JieHa cepust ab initio U MOTYIMIIUPHYCCKUX PACUCTOB IS
MIOTY9EHHS MOJICKYIISIPHOTO 3JIEKTPOCTaTHIECKOTO TTOTCH-
nuana (MEP). I[Tporpamma mmst pacuera RESP (Restrained
ElectroStatic Potential), koTopast mpuMeHSICT MOTyYCHHOE
pacupeneneane MEP Ha MontekysipHBIC TTIOBEPXHOCTH C
HCIIOJIF30BaHUEM aTOMHO-IIEHTPHUPOBAHHON MOJIENH TO-
YEYHBIX 3apsI0B. Bee mapameTprl ObUTH KBAHTOBO-MEXa-
HUYECKH paccuuTanbl u oopadoransl cepepoM R.E.D.IIL
Pesyabrarbl. MeTon MONEKYIIPHOW NHHAMHUKU MMEET
MOTCHITUAJIBHBIC MPEUMYIIICCTBA, TAKHE KaK BOSMOXKHOCTh
M3y4aTh OOJBIINE CUCTEMBI, M HETOCTATKH, TaKHe KaK
HEBO3MOXXHOCTH 3aITyCcKa 06e3 IpeIBapuTeIIHHO ITOATOTOB-
JICHHOUM TOITOJIOTHH JIJIsI KaXKJIOW MOJICKYJIbL. B mombiTke
HaliTH OallaHCc MeXTy 00OMMH CBOHCTBAMU METO/A, CKO-
POCTBIO ¥ TOYHOCTBIO, ¥ TPUMEHUTH TIOAXO/T B BEIYUCIIH-
TEJILHOM UCCIICIOBaHUM ObLiIa UCIIOIb30BaHA CHCTEMA IS
M3y4deHUsT (PYyHKIIMOHAIIEHOTO MEXaHW3Ma MpOoriI-TP-
HK-cunrerasst y E.faecalis. Kpome Toro, Obi1 pazpadoran
XOPOIIIO MPOBEPEHHBIN POTOKOJ TIOATOTOBKH TOTIOJIOTHH
JIUIsT HEKAaHOHUYECKUX CTPYKTYp. BhIBombl. Brraucim-
TEJIBbHBIC TTOAXO/bI, TAKHE KaK MOJICIHPOBAHUE MOJICKY-
JIIPHOM TUHAMUKH W MOJICKYJISIPHBIN JIOKUHT, IPEBPATH-
JIUCH B MOIIHEIC i1 silico METOIBI U3yYCeHUST OMOIIOTHYe-
CKHX TporieccoB. OCHOBHBIMH MPEUMYIIIECTBAMH 3THX
METOJIOB SIBJISIFOTCSI HU3KHE CHCTEMHBIC TPESOOBaHUS U
ckopocTb. [TogoOHBIE pacCUeThI SBITIOTCS KOHKYPEHTaMHU
JUTsT KBAHTOBOTO MOJETHPOBaHUA. TeM He MeHee, He00-
XOIUMOCTh BKJTFOYATh HOBBIC CTPYKTYPBI, KOTOPBIX HET B
OHOIMOTEKe IPOTPaMM, CBSI3aHA C PACTYIIUM UCTIONB30-
BaHUEM PA3IUYHBIX TUITOB MOTU(PHIIMPOBAHHBIX AMHHO-
KHCJIOT W HYKJICHHOBBIX KUCIOT (rpou3Boaubix JJHK u
PHK) kak B (pyHIaMEHTaIBHBIX UCCIICAOBAHMSIX B 00JIa-
CTH MOJICKYJISIPHOI OMOIIOTHH, MOJIEKYIISIPHON OHOpHU3U-
KH, U T. JI., TaK ¥ B IIPUKJIAJHBIX UCCIICIOBAHUSIX, CBS3aH-
HBIX C TIONCKOM HOBBIX JICKapcTB. B Hamrem cirydae, mo-
JIy4eHHBIE JAHHBIC XOPOIIIO KOPPETUPYIOT C IKCIICPUMEH-
TaJbHBIMU JTAHHBIMHU.

KnwueBnie cJjoBa: cuiosoe roe, RESP, R.E.D.III,
MOJIeKyJIsipHas AuHamuka, amuHoaml-TPHK-cunrerasa
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