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Introduction

Aim. To investigate the structural bases for the amino acid selectivity of the Thermus thermophilus leucyl-
tRNA synthetase (LeuRSTT) aminoacylation site and to disclose the binding pattern of pre-transfer editing
substrates. Methods. Eight amino acids proposed as semi-cognate substrates for aminoacylation and eight
aminoacyl-adenylates (formed from AMP and eight amino acids) were prepared in zwitterions form. The
protein structure with a co-crystallized substrate in the aminoacylation site [PDBID: 10BH] was taken from
RCSB. Docking settings and evaluation of substrate efficiency were followed by twofold docking function
analysis for each conformation with Gold CCDC. The molecular dynamics simulation was performed using
Gromacs. The procedures of relaxation and binding study were separated in two different subsequent simula-
tions for 50ns and Sns. Results. The evaluation of substrate efficiency for 8 amino acids by twofold docking
function analysis, based on score values,has shown that the ligands of LeuRSTT can be positioned in the fol-
lowing order: Leu>Nva>Hcy>Nle>Met>Cys>Ile >Val. MD simulation has revealed lower electrostatic inter-
actions of isoleucine with the active site of the enzyme compared with those for norvaline and leucine. In the
case of aminoacyl-adenylates no significant differences were found based on score values for both GoldScore
and Asp functions. Molecular dynamics of leucyl-, isoleucyl- and norvalyl-adenylates showed that the most
stable and conformationally favorable is leucine, then follow norvaline and isoleucine. It has been also found
that the TYR43 of the active site covers carboxyl group of leucine and norvaline like a shield and deflected
towards isoleucine, allowing water molecules to come closer. Conclusions. In this study we revealed some
structural basis for screening unfavorable substrates by shape, size and flexibility of a radical. The results ob-
tained for different amino acids by molecular docking and MD studies correlate with the experimental data on
the first stage of aminoacylation. MD study of the aminoacyl-adenylates revealed that difficulty of some
amino acids activation can be caused by two reasons: excessive flexibility due to the size or structure and quick
hydrolysis of intermediate substrate with nucleophilic attack by water molecules.
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accurate translation of the genetic code [1]. In gen-
eral, aaRS provides 2-3 stages with formation of an

An aminoacyl-tRNA synthetase (aaRS) is an en-
zyme, which binds three substrates (amino acid,
ATP, tRNA) and catalyzes a transfer and attachment
of an appropriate amino acid to its tRNA. The sub-
strate specificity of these enzymes is crucial for the

intermediate compound - aminoacyl-adenylate,
transferring an amino acid from the intermediate to
tRNA and generation of aminoacyl-tRNA and, in
some cases, elimination of misactivated or mis-
charged substrates (“editing”). There are two distinct
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classes of aaRS(class I and class I1) which were dis-
tinguished by the structural differences of the cata-
lytic domain [2, 3]. At the same time, within each
class, there exist subclasses a, b and ¢ according to
their sequence and structural features. Ten of all
aaRS families are unable to distinguish accurately
enough the cognate from the non-cognate amino ac-
ids in the synthetic reactions and therefore possess
additional editing activities for hydrolysis of the mi-
sactivated amino acids (pre-transfer editing) and mi-
sacylated tRNAs(post-transfer editing) [4]. There
are two different ‘sieves’ which allow aaRSs to
achieve a high fidelity in the selection of a necessary
amino acid [5]. The first or a “coarse” sieve is imple-
mented at the activation step, and is based on a size
component of recognition and activates the cognate
amino acids as well as isosteric or closely related
amino acids that fit into the binding pocket. The sec-
ond is “fine” sieve, which prevents pass of the cog-
nate aminoacyl-tRNA but hydrolyzes the mischarged
tRNA. For hydrolysis of misacylated tRNA many
aaRSs have an alternative active center which is re-
sponsible only for editing [4].

The architecture of aaRS consists of individual
domains or modules. These modules of various
length and structure could be found either on the
ends of the protein molecule or within the core part
of the catalytic domain, forming the aminoacylation
site of the enzyme. Thus, the general pattern struc-
ture of aaRS includes the core part, which contains
the active site, and additional modules with the edit-
ing domain. The aminoacylation active site of the
class I aaRSs has a Rossmann fold [1,4]. Rossmann
fold is represented with six parallel B-strands, alter-
nateing with o-helical sections, forming a flat sur-
face similar to a fan. Another important feature of
class I enzymes is the two conservative motifs,
HIGH and KMSKS, inside a Rossmann fold. These
motifs are necessary for binding ATP and an amino
acid and for promoting the catalysis [1, 4].Leucyl-
tRNA synthetase is one of the most interesting repre-
sentatives of this class, because of its multi-domain
structure. The class II aaRS is characterized by a
completely different structure of the active center:
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seven anti-parallel B-strands [2, 3]. Other typical
peptide motifs are also located in the active site, but
instead of HIS a conservative ARG from the second
motif is involved in the binding of ATP. Thus, bind-
ing the similar substrates by aaRS from different
classes occurs in a different way, with participation
of specially organized domains.

Study on the crystal structure of Thermus ther-
mophilus LeuRS in a complex with sulfamoyl ana-
logue of leucyl-adenylate (LeuAMS) has revealed
the structure of synthetic site of the enzyme and the
details of substrate binding [6]. The large hydropho-
bic pocket for the leucine has enough room to ac-
commodate the amino acids of different size. The
biochemical studies have shown that besides leu-
cine, LeuRS activates non-cognate isoleucine, me-
thionine, norvaline, norleucine and homocysteine
[6-9]. To avoid errors LeuRS has adopted both pre-
and post-transfer editing activities which were in-
vestigated in many laboratories [6-11]. Despite the
intensive research, the structural basis for the amino
acids discrimination and mechanisms of editing by
LeuRS remain unresolved. Especially this problem
is important in the case of isoleucine, which is gen-
erally used in the biochemical research of LeuRS’s
editing [12-14].

Here, we employed in silico approaches (a mo-
lecular docking and molecular dynamics (MD) sim-
ulation) to define the basis for amino acid discrimi-
nation by the LeuRSTT aminoacylation site and to
understand the binding pattern and stability of the
pre-transfer substrates.

Materials and Methods

Marvin Sketch was used for drawing, displaying and
characterizing chemical structures, substructures
and reactions, Marvin 5.5, 2011, ChemAxon (http://
www.chemaxon.com). Eight amino acids proposed
as semi-cognate substrates for aminoacylation and
eight aminoacyl-adenylates (formed from AMP and
amino acids) were prepared in zwitterions form. We
used AMP instead of ATP to reconstruct the condi-
tions for the aminoacyl-adenylate formation. For
this purpose AMP pose was taken from leucyl-ade-
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nylate coordinates. To avoid repulsion from COO-
of amino acids one oxygen atom was removed from
phosphate group. Antechamber package from
AmberTools was applied to produce topologies for
all ligands in amber99 force field and aml-bcc
charge model [15]. VMD was used as a basic pack-
age for study and visualization of structural features
of the synthetases [16]. The protein structure with
co-crystallized substrate in the aminoacylation site
[PDBID: 10BH] was taken from RCSB.

Genetic algorithm implemented in Gold CCDC
was applied to dock ligands into the protein struc-
ture [17]. All parameters have been selected in ac-
cordance with the recommendations guide. Based on
the literature and visual analysis of the aminoacyla-
tion sites a group of residues were set as flexible,
taking into account the degree of freedom for each
atom. Docking settings and evaluation of substrate
efficiency were followed by twofold docking func-
tion analysis for each conformation of a ligand. The
first docking function was GoldScore, which takes
into account hydrogen bonds, van der Waals interac-
tion and favorable localization of a ligand. The sec-
ond one was ASP (the Astex Statistical Potential),
based on the statistic of conformations. Rescoring
method gives good results with complex compounds
and highly specialized binding site. The superior
value of each function is a numerical representation
of both: the realistic pose and internal energy which
suggests the ability to form favorable interactions
between a ligand and the protein.

The molecular dynamics simulation was per-
formed using Gromacs on the IMBG cluster [18,
19]. The procedures of relaxation and binding study
were separated in two subsequent simulations with
different duration. The first one lasted for 50ns and
resulted in more reliable geometry of the protein
structure in the water environment comparing to its
unnatural state during the protein purification and
desalting. And the second one which lasted only for
Sns was acceptable to catch the activation state,
which naturally occurs almost immediately. The
LINCS algorithm was used to constrain all bond
lengths during equilibration step and 5ns free

MD [20]. To reduce artifacts in calculation of stack-
ing interaction amber99sb force field was used with
TIP3P type of water molecule [21, 22]. The energy
minimization step was performed in steepest descent
and conjugate gradient methods; it was followed by
100 ps of equilibration step, imposing positional re-
straints on the non-H atoms. The simulation was
conducted at a constant temperature (333 K) natural
for this type of thermophilic proteins, coupling each
component separately to a temperature bath using
the Berendsen coupling method [23]. A cutoff of
1.0 nm was selected for Coulomb interaction and
0.9 nm for Lennard Jones interaction. The time step
was 2 fs, with coordinates stored after every 2 ps.
MD simulation was performed for 5ns.

Results and Discussion

Study of amino acids and AMP located in
LeuRSTT active site

For the identification of correct poses of amino acids
in the LeuRSTT synthetic site we have used molecu-
lar docking. After mapping the surface (steric condi-
tions) and determination of possible hydrogen bonds
we have identified a set of amino acids and their ro-
tamers for docking. We computationally studied
eight LeuRSTT- AMP-amino acid complexes with
Leu and its analogs Nva, Hcys, Nle, Met, Cys, Ile,
Val. Fig. 1 shows visual differences primarily in dis-
tance between the carboxyl oxygen of amino acids
and the phosphate group of AMP as well as the spa-
tial orientation of the carboxyl groups, which could
be considered as the ability of bond formation. Thus,
even those poses that have high rates of value func-
tions, but did not meet the predicted orientation,
were rejected. H-bonds between the amino group of
a substrate and the carboxylic groups of ASP80 and
PHE41 were also taken into account. A special fea-
ture for AMP was the spatial orientation of the pu-
rine ring that plays a major role in stabilizing a whole
substrate. Evaluation of substrate efficiency was fol-
lowed by twofold docking function analysis (see
Materials and Methods for the docking details) for
each conformation of a ligand (Table 1).The results
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obtained well correlate with the experimental data of
the aminoacylation first stage. In the case of E.coli
LeuRS on the basis of an activation rate the amino
acids can be positioned in the following order:
Leu>Nva>Hcy>Nle>Met>lle [7, 9] and in the case
of LeuRS from thermophilic bacteria Aqui fexaeli-
cus, in the following order: Leu>Nva> Met > lle [8].

Further study was carried out with the long term
molecular dynamics of each complex, consisting of
the active site, amino acid and AMP. MD simulation
was performed for 5ns. The degree of “affinity” for a
substrate was predicted based on its stable position
during the MD of the complex, the distance between
its atoms and amino acid environment, i.e. the ability
to form h-bonds and high values of Coulomb energy
(van der Waals interaction is insignificant for small
molecules). As it turned out, the most meaningful
data could be obtained only for leucine, isoleucine
and norvaline. Graphs with fluctuations of energy
and atoms’ mobility do not express noticeable differ-
ences enough to explain the biochemical experi-
ments. The reason for the inability of adequate inter-
pretation and data comparison for valine and cyste-
ine is a small size causing an increased mobility.
Despite excessive flexibility of methionine, homo-
cysteine and norleucine the docking results showed
that these amino acids could become substrates of
LeuRS. It can be confirmed with the fact that the dis-
tance between leucine, norvaline, homocysteine
amino groups and ASP80 was stable and sufficient
for the formation of h-bond and keeping the sub-
strate in the pocket of the site. The average positions
for these amino acids in the site that corresponds to
the most frequent frames during dynamics are repre-
sented in Fig.1. Thus, we can conclude that the main
factor influencing the rate of activation of amino ac-
ids is COO- group oriented on the phosphate of
AMP. Of course, such a comparison makes sense
only for similar amino acids.

Concerning best triad of amino acids the analysis
showed significant differences between novaline and
isoleucine. Leucine molecule was used as a test li-
gand, as it is a cognate amino acid. Graph of RMSD
(Fig. 2 A4) shows the shift of isoleucine’s atoms and
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confirms a different level of ligand stability in the
binding site. Graph of electrostatic interactions
(Fig.2 B) between ligands and the synthetase, pre-
sented below, shows the similarity of trends for
noravline and leucine, which are higher than the
rates of isoleucine. It correlates with decrease in
binding energy for isoleucine. The reasons for these
differences should be in a rigid scaffold of isoleucine
and its large surface area. Although isoleucine also
oriented to ASP80 the distance to the AMP phos-
phate group is large enough.

Study on aminoacyl-adenylates in LeuRSTT
active site

To understand the binding pattern of pre-transfer
substrates at the LeuRSTT aminoacylation site we
have performed molecular docking studies for sev-
eral aminoacyl-adenylates. The results of docking
for 8 aminoacyl-adenylates presented in (Table 2)
and (Fig. 3). As can be seen, the aminoacyl-adenyl-
ates have absolutely distinct binding properties com-
paring to the amino acids. In the case of aminoacyl-
adenylates no significant differences were found
based on score values for both GoldScore and Asp
functions (Table 2). The reason is a loss of degree of
freedom and the existence of hydrophobic adenine.
A spatial orientation of a plane of purine ring plays a
significant role in stabilizing any aminoacyl-adenyl-
ate. Presumably, the tension that occurs in the phos-
phate group passed on and affects the ribose confor-
mation. Note, that a group of aligned compounds
(leucyl-, norvalyl-, homocysteil, isoleucyl-adenyl-
ates) occupied a special place, based on their confor-
mations.

Based on these results we initiated the molecular
dynamics to determine the changes in internal ener-
gy of the aminoacyl-adenylate which can be assessed
by watching its conformations. Its simulation should
reflect preconditions of amino acid transfer on tRNA.
Molecular dynamics of leucine’, isoleucine’ and nor-
valine’ derivatives showed that the most stable and
conformationally favorable is leucine, then norva-
line and isoleucine (Fig. 4). This order can be ex-
plained by the internal energies of aminoacyl-ade-
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Fig.1. Docking results for
Leu, Nva and Ile (4) and
Hcys, Nleu, Met, Cys, Val
(B) zwitterions in active
site of LeuRSTT. There is a
comparative alignment of
average coordinate for last
3 ns of MD for Leu, Nva
and Ile (C) and Val, Met,
Nleu (D) in the active site
and a disorder in the orien-
tations of functional groups
in AMP and amino acids.
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Fig. 2. Graph of RMSD calculated for amino acid substrates and values of electrostatic energy interactions between ligands and
synthetase, calculated from 5ns MD.

nylates that affect the conformation or shape of ami-
no acid. In the case of isoleucine its rigid structure
makes it very difficult to settle and fix itself in the
site for a time, which would be sufficient to perform
a transfer on CCA-end of tRNA. This fit well with

Table 1. Result of the docking of amino acids in a site of

LeuRS from T.thermophilus in the presence of AMP.

Amino | Goldscore | AsP | M| Goldscore | ASP
leu 567 | 223 | met 463 | 101
nva 52.2 153 | cys 40.6 7.9
heys 505 | 153 | ile 44.1 6.4
nle 482 | 105 | val 37.8 53

the experimental data on isothermal titration calo-
rimetry shown that K value for the binding of iso-
leucyl-adenylate to E.coli LeuRS was more than
8000-fold lover of that for leucyl-adenylate [9].

Table 2. Result of the docking of aminoacyl-adenylates in a
site of LeuRS from T.thermophilus.

:‘3;‘1’1‘;?:%1 GoldScore | ASP ‘jg;’l‘;‘:g’el GoldScore | ASP
leu 94.3 44.6 | met 90.6 40.8
heys 95.9 433 | ile 74.4 49
nva 84.4 40.8 | val 70.9 41.6
nle 87 41.1 | cys 72 35.1
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Fig. 3. A— Crystal structures of analog
of norvalyladenylate (red) leucyl- (yel-
low) homocysteyil- (gray) norvalyl-
(blue). B — Crystal structure of analog
of norvalyladenylate (red) cysteyil-
(green) metionil- (pink) valil- (orange)
isoleucyl- (green).
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Fig. 4. Graphs of RMSD 4 — which was designed for amionoacyl-adenylates, and fluctuations in electrostatic energy of interaction

between ligands and synthetase during 5 ns of MD.
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Fig. 5. The figure to the left shows the contacts that form amino acid part of norvalyl-adenylate with its environment. From right
hand three frames of MD of isoleucyl-adenylate are imposed, clearly showing that the carboxyl carbon is exposure to water
molecules (red) that can form contacts with it.

It should be noted that a tension that occurs at the
end of an amino acid radical can be transmitted to a
phosphate group and a ribose ring, as it was shown
after docking (Fig. 3) and in the graph of RMSD (Fig.
4 A). In this case, a rather electronegative phosphate
group is not able to make a significant contribution to
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the stabilization of the substrate by means of electro-
static interaction. Interestingly, after the formation of
aminoacyl-adenylate such amino acids as cysteine and
valine have become less mobile, because of the rigid
ether bond with a phosphate group and the hydrogen
bond formed between the amino group of the amino
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acids and ASP80 (Fig.54). Although for such amino
acids as methionine, norleucine and homocysteine the
reduction of degree of freedom and partial charge re-
distribution influenced in a way that, despite the de-
cline in mobility, a value of electrostatic interaction
energy decreased. Presumably, the amino acids with
long radical faced with steric obstacles of the site.

Quite interesting is the fact that the TYR43 of the
active site covers the carboxyl group of leucine and
norvaline like a shield and deflected towards near iso-
leucine. This deflect allows the water molecules to
come closer and act as a nucleophile in the hydrolysis
of isoleucyl-adenylate (Fig. 5). Note, TYR43 together
withPRO42 forms a conserved motif PY, found in all
leucyl, valyl- and isoleucyl-tRNA synthetases. Our
finding fit well to the recent date which have shown
that substitution of highly conserved tyrosine with
threonine within the synthetic site of IleRS modulates
both editing and aminoacylation [24].

Conclusions

To study the structural bases for the amino acid
selectivity of the LeuRSTT aminoacylation site and
to understand the binding pattern of pre-transfer sub-
strates we used the molecular docking and molecular
dynamics simulation approaches. We revealed some
structural basis for screening of unfavorable sub-
strates by shape, size and flexibility of a radical.
Using at the first step the two fold docking function
analysis of amino acids and AMP we have obtained
data on conformation of the ligands which well cor-
relate with the experimental results. The MD simula-
tion data revealed that the differences in a rigid scaf-
fold of isoleucine and its large surface area result in
more low electrostatic interactions with the active
site of the enzyme compared with those for norva-
line and leucine. The experimental and our data indi-
cate that norvaline as well as leucine are much more
acceptable substrates in the activation reaction as
compared to isoleucine. Further study on the amino-
acyl-adenylates showed that the difficulty in some
amino acids activation can be caused by two factors:
the excessive flexibility due to the amino acid size or
structure and quick hydrolysis of the intermediate

substrate with nucleophilic attack by the water mol-
ecules. The first one refers to the small cysteine or
valine residues and the second one can be explained
by the movement of TYR43 in response to the inter-
nal stress of some aminoacyl-adenylates.
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BuBuennsi kommiekciB Jednnia-TPHK cuarerasn
Thermus thermophilus 3 pi3HUMH aMiHOKHCJI0TAMU Ta
cydcTpaTaMu npe-TpaHc)epHOro peaaryBaHHs MeTOJaMH
MOJIEKYJISIPHOTO AOKIHTY i MOJIEKYJISIPHOI AMHAMIKH

O. B. Paescpkumii, M. A. Tykano

Merta. BuBueHHs CTPYKTYpHHUX 0COOIUBOCTEH, 110 3a0€3MeUyIoTh
CEJICKTUBHICTh aMiHOAIMmo4oro caiity neiipu-TPHK cunTera-
3u 13 Thermus thermophilus (LeuRSTT) mo BigHOIIECHHIO 10 ami-
HOKWCIIOT, 1 TIOSICHEHHSI MEXaHi3My 3B’sI3yBaHHS CyOcTpary mpe-
TpancdepHoro penarysaans. Meronu. Bicim amiHOKHCIIOT, 3arpo-
MOHOBAHMX B SIKOCTI CyOCTpaTiB aMiHOAIIMITIOBAHHS 1 BICIM aMiHOA-
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mnageHunaris (cpopmoBaux 3 AM® 1 BOCBMH aMiHOKHCIIOT)
OyJi MIATOTOBJIEHI Y BUILSIAL 1IBiTTEep-ioHIB. KpucTamiyna cTpyk-
Typa Oulka i3 cyOcTparoM B aMiHoarmmorodoMy caiiti [PDBID:
10BH] 6yna orpumana i3 RCSB 6a3u qanux. [lapamerpu gokiHry
Ta OLiHKa e)eKTUBHOCTI JIMTaH/Ia TIPUITYCKAIIM IBOPA3OBHIT aHAi-
3y koH(popMarliii 3a gonomororo nakety Gold CCDC. MonentoBaHHs
MOJIEKYJSIDHOI ~ TMHAMIKM ~ NPOBOJMJIOCH 3  BHKOPUCTAHHSM
Gromacs. [Iporienypu penakcariii i IeTaTbHOTO OCIIDKEHHS OyITH
PO3IiIeH] Ha 1Ba MOCIIJOBHUX MOJEIOBAHHS TPHBATICTIO 50ns i
5ns. Pesyabsrarn. OniHka eeKTUBHOCTI 3B sI3yBaHHS 8 aMiHOKHUC-
70T Oyna BH3HAYCHA 3aBISKU aHAIII3y Ha OCHOBI JBOX OLIHOYHHX
(yHKLii 1 moka3zaia, mo Jirana LeuRSTT 3a umu BiacTHBOCTS-
MH MO)KHa pO3TalllyBaTW B HACTYNHOMY Hopsaky: Leu> Nva>
Hcy> Nle> Met> Cys> Ile > Val. M/ noka3ayia HIK4i €IeKTpo-
CTaTH4Hi B3a€MOIl i30J1eHIMHy 3 aKTUBHUM CaiiToM (epMeHTy Y
HOPIBHSHHI 3 HOPBAIIHOM 1 JISHIIMHOM. Y BHIIaZKy aMiHOAIMIIaIe-
HIWIATIB ICTOTHHX BiIMiHHOCTEH He Oyio 3HaiiieHo. MonekymsapHa
JIMHAMIKA JICWIHIT-, 130JICHIIMII- 1 HOpBAIUIAICHIIIATY TOKa3ala,
10 HAMOLTBII CTAOLIFHUM 1 KOH(OPMAMLitHO BUTIIHIM CyOCTpa-
TOM € JICHIINH, a He HOPBAIiH i i3oneiuuH. Kpim Toro, Oyio BUsiB-
neHo, o TYR43 B akTHBHOMY caiiTi eKpaHye KapOOKCHITBbHI TPYITH
JIEHIMHY 1 HOPBAJIHY 1 BIIXWISEThCA yOIK B PUCYTHOCTI 13071€H-
IIMHA, JO3BOJIIIOYM MOJIEKYNi BOAM HAOMM3uTHCA. BUCHOBKH.
B uboMy 1OCITIDKEHHI MU BUSIBIUIM JISSIKi IPUYKMHHI BigOopy cyoO-
CTpariB B 3aJIGKHOCTI Bill (JopMH, pO3MIpY 1 THYUKOCTI pajyKaa.
PesyabraT 11 pi3sHUX aMiHOKHCIIOT, OTPHMaHi 3 JIOIIOMOTOIO
MOJIEKYJIIPHOTO JIOKIHTY 1 M/I, 10Ope KOpemroroTh 3 eKCIIepPUMEH-
TaJbHHUMHU JIAHAMH 10 TIEPLIOMY eTaly aMiHOAlIFoBaHHS. M
aMiHOAI[WJIAICHIIIATIB [T0KA3aja, [0 CKIaJHICTh B aKTUBALIl Jes-
KUX aMiHOKHCIIOT MOKe OyTH BUKJIMKaHa JBOMA [IPUYMHAMH: HaJl-
MIpHOIO THYYKICTIO 4Yepe3 po3Mip paaukanry abo CTpyKTypy i
MIBUJIKMM TiAPOJi30M MPOMDKHOTO CyOCTpary M 4ac HyKJeo-
(binbHOT aTaku MONEKYIaMH BOJIH.

Knw4yosi caosa: neiitun—tRNA cunTerasza, penaryBaHHs,
AMIHOKHCIIOTH, aMiHOAIIWII-aICHIJIAT, MOJIEKYJIIPHIH TOKiHT, M]{

Hzyuenue kommiiexcos Jeinua-TPHK cunrerassi
Thermus thermophiles ¢ pa3nn4HBIMH AMHUHOKHCJI0TAMH
U cy0cTpaTaMi npe-TpaHc(epHoro pelaKTHPOBaHUS
MeTOJaMH MOJICKYJISIPHOTO JOKHHIa

U MOJIEKYJISIPHOI THHAMHKH

A. B. Paesckuii, M. A. Tykano

Hean. V3ydeHne cTpyKTypHBIX 0COOCHHOCTEH, 00CCIICUNBAIOIIIX
CENEKTUBHOCTh aMMHOALMIIMpYIomero caira neinun-TPHK cun-
tertassl Thermus thermophilus (LeuRSTT) B oTHOmIEHNH CBS3BIBa-
HHUS aMHHOKHCIIOTBI, ¥ MEXaHM3Ma CBSI3BIBAHWS CyOcCTpara
npe-TpaHcdepHoro pemakrtupoBaHusi. Meroabl. Bocemp amuHO-
KHCJIOTBI TPEUIOKEHHBIX B KaUeCTBE POACTBEHHBIX CyOCTpaToB
AMHMHOALIMPOBAHUS U BOCEMb aMHHOALIMIAICHHIATOB (chopmu-
poBanbIX 13 AM® 1 BOCBMH aMHHOKHUCIIOT) OBUIN TTOATOTOBJICHBI
B BHJIE IBUTTEeP-HOHOB. Kpucrammmyeckas cTpykTypa Oenka B KoM-
IUIeKce ¢ cyOcTparoM B aMuHoarpummpytomeMm caiite [PDBID:
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10BH] 65112 B3siTa 3 6a361 ganHbx RCSB. [Tapamerpsr nokuHra
U oleHKa d((HEKTUBHOCTH JIMTaHAA HPEAToaraiyd JBYKPaTHBIH
aHanmu3 Kaxpod koHdopmammu mpu nomomm Gold CCDC.
MonenpoBaHue MOJEKYISIPHOW AMHAMUKH TPOBOIMIOCH C HC-
mop30BaHreM Gromacs. DTarl pelaKcaniy 1, COOCTBEHHO, U3yde-
HHE CBSI3BIBaHS OBUIM pa3/ieIeHb! Ha JBA ITOCNIEI0BATEILHBIX MO-
nenupoBanust o S0ns u 5ns. Pesyawrarsl. Onenka 3¢ QexTnBHO-
CTHU CBSI3bIBaHUS 8 aMHHOKHCIIOT IPOBOJIIACH HA OCHOBE 3Haue-
HUH IByX OLIGHOYHBIX (DYHKUMI U TTOKa3aJia, YTo JIMTaH/Ibl MOXKHO
pacIonoXUTh MO AKTUBHOCTH B cieaytoleM nopsake: Leu> Nva>
Hcy> Nle> Mer> Cys> lle > Val. M/] cumynsiiiuy nokasanm oomnee
HH3KHE HIEKTPOCTATHIECKUE B3aNMOICHCTBHS M30JICHIMHA C aK-
THBHBIM CaifTOM ()epMEeHTa IT0 CPABHEHHUIO C TAKOBBIMU JUISI HOPBa-
JMHa U JeiuuHa. B ciydae aMHHOANMIaJEHUIATOB CyLLECTBEH-
HBIX Pa3IHuKii He ObUT0 0OHAPYKeHO. M1 ICHIIHII-, H30MCUIIII- 1
HOpPBaJIWIaICHUIIaTa [I0Ka3ana, 4YTo Haubonee cTabuiIbHON U Ona-
TOIIPUSITHON SIBJISIETCS] KOH(pOpMaNysl JEHIINHA, 2 He HOPBAINHA 1
n3oneiuHa. Kpome toro, 66110 00HapyxeHo, uto TYR43 aktuB-
HOTO caiiTa SKpaHWpyeT KapOOKCIUIPHYIO TpyIITy JeHIMHA |

HOpBAJIMHA, HO OTKJIOHSIETCSl B CTOPOHY B TIPUCYTCTBHH H30JICH-
LIMH, TI03BOJISISI MOJIEKYJIe BOABI NpUOMM3UTHCS. BuiBoabI. B 3TOM
HCCIIEZIOBAHNH MBI OIMCAIIM HEKOTOPbIE MPHYMHBI OTCEBA Pa3Iny-
HBIX 1O (opme, pasMepy W THOKOCTH paauKaia CyOCTpaToB.
Pe3yabTarsl m1s pa3ITMYHBIX aMHHOKHUCIIOT, TOIYYCHHBIC B pe-
3yJIBTaTe MOJIEKYISIPHOTO JIOKMHTa M M/l cuMymsimii, Xopomro
KOPPEUPYIOT C KCIIEPUMEHTAIBHBIMI JIAHHBIMH IIEPBOTO dTamna
aMuHOAIMpoBaHus. OTeNbHOE H3yYeHHe aMHUHOALINIA/[CHUIIa-
TOB MOKA3aJI0, YTO CIIOKHOCTH aKTHBALIMH HEKOTOPHIX aMUHOKHC-
JIOT MOXET OBbITh BbI3BaHa JBYMs IIPHIMHAMH: YpE3MEPHOI THOKO-
CTBIO, B CBSI3U C pa3MepoM WiH (GopMoil pagukana, # OBICTPEIM
THAPOII30M IPOMEXKYTOTHOTO CyOCTpaTra B MOMEHT HYKJICO(IIIb-
HOM aTaKy MOJIEKY/IaMH BOZIBL.

KnwouesBsbie ciaoBa: neiiuun—tRNA cunrerasa, perakruposa-
HH€, aMUHOKWCIIOTBI, aMHHOAIII-a/ICHAJIAT, MOJICKYISIPHBIA J10-

kuHT, M|
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