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A causal relationship between three independent mutant forms of the human cytoplasmic tyrosyl-tRNA
synthetase (TyrRS) and dominant Charcot-Marie-Tooth neuropathy type C (DI-CMTC) has been recently
reported. In this article we carried out the bioinformatical investigation of the effect of amino acid residues
change in the cases of two point mutations Gly41A4rg, Glul96Lys and deletion 153-156delVKQV on struc-
tural properties of catalytic module dimer of TyrRS (2x39 kDa or, so called, mini-TyrRS), especially on its
local environment and electrostatic potential of molecular surface of the protein.
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mutagenesis.

Introduction. In the recent years the application of
novel methods of investigation in molecular genetics of
hereditary diseases has unexpectedly revealed connec-
tions between some neurodegenerative diseases and
mutations in housekeeping genes, which encode cyto-
plasmic aminoacyl-tRNA synthetases (aaRS). This en-
zymatic family catalyses highly-specific binding of
L-amino acids to corresponding tRNA. aaRS are the
key components of cell system of protein biosynthesis
as they implement the rules of genetic code correspon-
dence between amino acids and tRNA anticodons. Be-
side this canonical function, aaRS are specific for a
number of various other functions (reviews [1, 2]).
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Recently we have shown that around 10 independ-
ent mutations in glycyl-tRNA synthetase gene (GlyRS)
are associated with sensomotor axonal neuropathy of
Charcot-Marie-Tooth (CMT) type 2D [3, 4]. One more
synthetase, cytoplasmic tyrosyl-tRNA (TyrRS), has
been discovered to have the connection with
neurodegeneration. Three independent mutations in
the TyrRS gene result in the development of CMT type
C [5, 6]. Mammalian TyrRS have been the subject of
our investigation [7, 8], thus, current publication is ded-
icated to the analysis of these mutations. The connec-
tion of alanine-specific synthetase and the death of
Purkinje cells and ataxia [9, 10] has been revealed for
aaRS of different specificity, while tryptophan-specific
aaRS were revealed to be connected with Alzheimer’s
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disease [11, 12]. The aforementioned facts show that
some tRNA aminoacylation enzymes, in addition to
their canonical function, also play a significant role in
the functioning of structure of peripheral neurons.

CMT neuropathy. Charcot-Marie-Tooth is one of
the most widespread groups of hereditary peripheral
neuropathies (disease frequency 1:2500, or 2—4 cases
per 10000 people). CMT neuropathies is a clinically
and genetically heterogenic group of hereditary
monogenic neuron-muscular diseases of peripheral ner-
vous system, which are specific for progressing weak-
ening and atrophy of peroneal muscles and distal arm
muscles. CMT can be classified according to
electrophysical and neuropathological criteria, condi-
tioned by the demyelination or degeneration of axons,
or by their combination (reviews [13—16]). Both basic
CMT forms — demyelinating and axonal — may be in-
herited by autosomal-dominant, autosomal-recessive,
and X-attached inheritance modes. There are de novo
mutations as well.

The most frequent dominant mutation during CMT
(68-90% CMT]1) is the duplication of 1.4-10° bp in
17p11.2-12 locus of 17 chromosome, occurring during
unequal crossing over of homologous chromosomes in
meiosis and resulting in the development of
demyelination CMT type 1A (CMT1A) [17]. Clinical
presentations in the majority of cases were revealed to
be determined by overexpression of PMP22 gene of
myelin peripheral protein and to occur at the presence
of three or four copies of this gene. Another 10-20% of
cases are due to X-attached mutations in connexin 32
gene (Cx32, Gjbl) in Xql3.1 locus [18]. Recessive
mutations, corresponding to the development of the dis-
ease, were also revealed in protein-0 of myelin (PO,
MPZ, locus 1g22) [19], periaxin (locus 19q13) [20],
myotubularin-related protein-2 (locus 11g22) [21].
Therefore, the investigation of primary genetic defects
of demyelinating form of CMT neuropathy was primar-
ily focused on the mentioned genes.

Over 10 different mutant alleles, which cause domi-
nant axonal form of CMT type 2D, were revealed in
glycyl-tRNA synthetase (gene GARS). Functional
analysis of mutant GlyRS forms did not reveal any sig-
nificant changes in the levels of protein expression. It
was found that in the majority of cases mutant GlyRS
forms are specific for changed localization in neurons.
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Four of five investigated mutations were shown to be
specific for the absence of GlyRS function using at least
one method, confirming at the same time that the defi-
ciency in tRNA aminoacylation plays the important
role in pathogenesis of this disease [3]. Endogenic
GlyRS-associated granules were also detected in the
cultivated neurons and axons of peripheral nerves of
normal human tissue.

Mutation mapping for recently discovered crystal-
lographic structure of human GlyRS revealed their
band-like localization, surrounding dimerization inter-
face on both sides [6]. CMT phenotype has no correla-
tion with aminoacylation activity, however the majority
of mutations prevent the formation of dimer by increas-
ing or decreasing dimerization. Seven CMT-causing
variants and wild type protein were expressed in
transfected neuroblastoma cells, which develop into
primitive neurons. Wild type GlyRS is distributed in
newly-formed neurons and is associated with their nor-
mal development, and vice versa all GlyRS mutant
forms were shown to be defected by distribution
specificities.

Thus, GlyRS localization in cases of all CMT-caus-
ing mutations is disordered, which may be related to the
change in the surface of its dimerization interface.

DI-CMTC neuropathy and TyrRS. Intermediate
autosomal dominant form of neuropathy CMT type C
(DI-CMTC, MIM 608323) is a genetic and
phenotypical variant of CMT, specific for intermediate
nerve conduction velocity and histological features of
both degeneration and demyelination of axons.
DI-CMT is peripheral neuropathy, specific for the fea-
tures of both CMT forms (demyelinating and axonal) as
well as for intermediate nerve conduction velocities
(NCV) in the range of 25-45 m/sec. Identified locus
1p34-p35 of chromosome 1 is connected with
DI-CMTC. This locus corresponds to YARS gene
(GenelD:8565), which encodes human cytoplasmic
TyrRS [5, 6].

Being typical housekeeping gene, YARS is ex-
pressed in any tissue, including brain and spinal mar-
row [5]. TyrRS is localized in axonal tips in the cul-
tures of differential primary motor neurons and
neuroblastomas. Such specific distribution decreases
significantly in the cells, which express the mentioned
mutant TyrRS forms [5]. The application of biochemi-



BIOINFORMATICAL ANALYSIS OF INFLUENCE OF HUMAN TYROSYL-tRNA SYNTHETASE MUTATIONS

cal experiments and genetic complementation in yeasts
revealed partial loss of aminoacylation activity of these
mutant proteins and the decrease in yeast growth speed
under the influence of mutations in orthological yeast
gene TYSI.

Earlier YARS cDNA was cloned from several dif-
ferent human cDNA-libraries [22]. This cDNA en-
codes TyrRS subunit, consisting of 528 amino acid res-
idues (aa) (GenPept code NP 003671.1). TyrRS (EC
6.1.1.1) is a, dimer, molecular weight 2x59 kDa, capa-
ble of catalyzing L-tyrosine activation and its specific
attachment to tRNA"™". Analysis of protein amino acids
revealed NH,-terminal module (residues Met1-Pro342)
to contain catalytic and anticodon binding domains
(Fig.1, a—c). N-module dimer (2x39 kDa), which pre-
serves catalytic features of full length TyrRS, is also
known as mini-TyrRS [23]. COOH-terminal part of
TyrRS or its C-module belong to the family of Endo-
thelial Monocyte-Activating Polypeptide 11 (EMAP
II)-like domains and can be found in TyrRS of higher
eukaryotes only [22]. Human TyrRS were expressed in
vitro and their biochemical properties have been stud-
ied [24].

Although native human TyrRS is an inactive mole-
cule towards the transfer of intercellular signal, it may
be split into two fragments both with cytokine-like ac-
tivities [23]. TyrRS is secreted at the apoptotic condi-
tions in cell culture, where it is split into N- and C-ter-
minal fragments, corresponding to N- and C-modules.
N-module is an interleukin-8 (IL8)-like cytokine,
whereas released C-terminal fragment is EMAP II like
cytokine. It has been shown that cytokine activities of
split human TyrRS are determined by highly-differenti-
ated motifs, specific for mammalian fragment [25, 26].
Proangiogenic and antiangiogenic activity of both
TyrRS fragments, which stimulate immune cells and
thus, link translation with important cell signaling path-
way, have been revealed [2, 27, 28].

Defects in YARS occur due to the dominant interme-
diate form of CMT type C (DI-CMT C). Currently,
there are two heterozygous missense mutations and one
de novo deletion in TyrRS in different families of pa-
tients with DI-CMTC [5]. Thus, heterogeneous transi-
tion 121G>A in exon 2 YARS, resulting in missense
mutation of Gly41Arg (mutation CMT-160), has been
identified in one family from North America. In the

Bulgarian family, heterozygous transition 586G>A in
exon 5 of the mentioned gene has been revealed to re-
sult in mutations of Glul196Lys (mutation CMT-176).
Besides, deletion of 458-469A12, 12 bp long, in trans-
lation frame of exon 4 was identified in a Belgian pa-
tient. This deletion results in another deletion of
153-156delVKQYV (deletion PN-765). Analysis of this
mutation and genetic typing of asymptomatic parents
showed that this mutation occurred de novo.

Spatial structure of N-module of human TyrRS (re-
gion of Metl-Pro342) was determined using the
method of X-ray diffraction (resolution 0.12 nm and
0.16 nm) in 2003 (Protein Data Bank (PDB) codes
IN3L and 1Q11) [29, 30]. Spatial structures of cata-
lytic modules of two TyrRS, structural homologues of
mammalian N-module, in complexes with correspond-
ing tRNA™, have been determined. These are TyrRS
of Methanocaldococcus jannaschii archaebacteria with
non-modified transcript of its tRNA™ (PDB code
1J1U, residues Met1-Leu306) [31] and Saccharomyces
cerevisiae with native tRNA™ (PDB code 2DLC,
Asp8—Pro356) [32]. All these structural data allow per-
forming bioinformatical analysis of the influence of
changing aforementioned amino acid residues on struc-
tural specificities of human TyrRS in norm and in three
mutant forms.

Materials and Methods. Information from Online
Mendelian Inheritance in Man (OMIM) database
(http://www.ncbi.nlm.nih.gov/omim) was used. Coor-
dinate files of spatial structures of proteins were ob-
tained from PDB [33], additional information was ob-
tained from PDBsum [34]. Spatial structure was visual-
ized and analysis of local surrounding of residues was
performed using Swiss-PdbViewer (DeepView) 3.7
[35]. Web-server ModLoop [36] was used for filling in
for absent catalytic KMSKS loop 7 bp long. To con-
struct the models of mutant forms of TyrRS N-module
monomer using the method of computer mutagenesis
web-server Swiss-Model 3.5 [37] in First Approach
Mode and program for homological modeling Modeller
9.2 [38] were used independently [38]. The quality of
each of 10 obtained models for each of three mutations
was evaluated by the value of Modeller Objective
Function and with Biotech Validation Suite web-server
(http://biotech.ebi.ac.uk:/8400/), and then according to
the general rating, the best models were selected.
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Structures of N-module dimers were formed using
superpositions of both monomers with Biological Unit
dimer from Protein Quaternary Structure (PQS)
web-server.

To analyze possible conformation of substituted
side radicals we used Swiss-PdbViewer 3.7 software
with its rotamer library and Mutate tool in order to se-
lect rotamers with the lowest rating. Optimal confor-
mation for a new side chain was chosen as the best
rotamer, criterion selected — the lowest conflicts of Van
der Waals radii of its atoms and the atoms of neighbor-
ing residues.

N-module spatial structure was analyzed using its
coordinates from IN3L file in the form of symmetrical
dimer with incorporated “absent” interdomain catalytic
KMSKS loop of 7 bp (222-228-KMSSSEE) using
ModLoop web-server. Mutant forms of protein were
independently modeled, using Swiss-PdbViewer 3.7,
Modeller 9.2, and Swiss-Model 3.5 web-server (after
substitution of corresponding residues, completion of
loops and addition of absent atoms, the structures of
models were optimized according to ProModIl algo-
rithm in GROMOS96 force field).

Corresponding regions of amino acid residues of
homologous TyrRS of eukaryotes and archaebacteria
were investigated using ready-made alignments from
tyrosyl-tRNA  synthetase catalytic core domain
(TyrRS_core, codes cd00805 and CDD:28813), corre-
sponding to the region of 38—320 of human TyrRS. The
degree of exposure of amino acid residues was ana-
lyzed using GetArea web-server 1.1 [39] and the degree
of evolutionary conservatism was analyzed using
ConSurf 3.0 web-server [40].

Results and Discussion. Bioinformatical assay of
local features of TyrRS spatial structure of normal and
mutant forms has been carried out for two point muta-
tions — Gly41Arg and Glul96Lys — and one deletion
153-156VKQYV of human TyrRS, which are associated
with CMT neuropathy type C. N-module dimer in nor-
mal condition and its 3 mutant forms were analyzed on
the following issues: location of these residues in re-
gards to the elements of secondary structure of protein,
their evolutionary conservatism in amino acid se-
quences of homologous TyrRS, closest environment
features, capability to form hydrogen bonds with neigh-
boring residues, exposure degree on the surface of

452

macromolecule and motility degree of neighboring re-
gions of polypeptide backbone by B-factors of Ca-at-
oms of amino acid residues in crystal structure. The
changes in isoelectric point were predicted and the in-
fluence on the distribution of electric potential on the
surface of macromolecule and possible effect on bind-
ing of three TyrRS substrates, including tRNA™, were
analyzed.

General characteristics of mutation-related sites in
norm. All investigated sites are located in TyrRS
N-module to mobile KMSKS loop, within the catalytic
domain with Rossmann fold topology. Location of
these residues against TyrRS amino acid subunit and
the elements of its secondary structure in norm is pre-
sented in figure 1, a—c, and their location against
polypeptide backbone of N-module dimer in norm is
presented in figure 1, d. All three sites are localized on
one side of N-module dimer, along with TyrRS cata-
lytic center, and occupy a significant part of the surface,
exposed to the solvent, the view from the top on
mini-TyrRS dimer is presented in figure 1, e. Multiple
alignment of 44 TyrRS sequences of higher eukaryotes,
from human down to nematode, demonstrates evolu-
tionary invariance of all six residues in mutation sites
(data not presented). The calculations of theoretical
isoelectric point (pl) values of TyrRS N-module dem-
onstrate expected and rather significant changes as fol-
lows: 6.49 in norm; 6.74 — Gly4lArg;, 629 -
delVKQV, and 7.10 for Glul96Lys. Detailed analysis
of the structural possibilities of all three mutations is
presented below.

Gly41Arg mutation. Regarding the elements of sec-
ondary structure, Gly41 is localized on the end of
B-bundle A1 and is known to belong to the group of the
most evolutionary conservative TyrRS residues (Fig.1,
¢, Fig.2). Noteworthy is the significant structural dif-
ference of amino acid residue in norm and in mutant
protein — arginine retains higher volume than glycine,
moreover, guanidine group of the former is positively
charged. Thus, rather unexpected was the fact that
Gly41Arg mutation is compatible with stable structure
of TyrRS. Within 0.5 nm radius from Gly41, there are
seven residues (39-YW, 42-TA, L72, and 182-QF),
with which hydrogen bonds are not formed, yet Leu72
forms hydrogen bonds with frame of neighboring resi-
dues in B-layer (Fig.3, a). Within 0.7 nm radius from
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Fig.1 Location of two point heterozygous mutations Gly41Arg and Glul96Lys and deletion 153-156delVKQV of human cytoplasmic
TyrRS, associated with Charcot-Marie-Tooth neuropathy type C: a — scheme of domain organization of TyrRS subunit (N-module
(mini-TyrRS) is specific for aminoacylation and interleukin-8-like activities, while C-module is specific for EMAP II cytokine activity);
catalytic and anticodon binding domains (Metl-Ser221 and Glu229-Pro342) are divided by catalytic KMSKS loop); b — amino acid se-
quence of TyrRS subunit in norm (GenPept code NP_003671; DI-CMTC-related residues are marked in bold, the regions with unidentified
atomic coordinates in crystallographic structure of N- and C-modules (PDB codes IN3L, 1Q11, and INTG) are italicized); ¢ — secondary
structure of N-module according to the data of X-ray structure analysis (PDB code 1N3L; corresponding residues are marked by frames;
amino acid residues, forming hydrogen bonds with L-tyrosine and AMP-adenine, are marked by triangles; other residues of active center are
marked by rectangles, and 14 amino acid residues, capable of interacting with tRNA"" are marked by diamonds); d — location of residues in
norm regarding the spatial structure of dimer of its N-module (PDB code 1N3L; polypeptide protein framework is presented as band-like
model; side chains for residues in norm are colored in black); e — molecular surface of N-module dimer in norm, which has the markings of
all DCI-CMTC residues (black), completed catalytic loop (grey), and 16 key residues of active center, marked by ovals
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Type of organism Code Glvd4lirg 153-156delVEQV Glul%6Lys
Homo sapiens 4507947 [LEI-YWGTATTGE| |[KAGAEVVKQVEHPLLS| |[KIFTFREEYLPAL
Other eukaryotes

Canis familiaris 73949530 |[LEV-YWETATTGE| [KAGAREVVKQVEHPLLS| |KIFTFREEYLEPARL
Gallus gallus 57530465 WEKI-YWETATTGE| |KAGAEVVEKQVEHPLLS| |[KIFTFRAEEYLPSL
Danio rerio 41151596 |[LEV-YWETATTGE| [KAGAEVVKQVEHPLLS| |[KIFTLREEYLESL
Anopheles gambiae 118781822 [LKI-YWGTATTGE| [FKAGAEVVKQVEHPLMS| |[KIFTFREEYLPQL
Apis mellifera 110762892 |[LEL-YWEGTATTGK| [KAGAEVVKQVVNPLLS| |KIFTFSEKYLPLL
Caenorhabditis elegans 71992775 |[PHV-YWETATTGE| |[KAGAEVVKQVESPLLS| [KIFILREEQLPEL
Yarrowisa lipolytica 50548779 [LEI-YWGTAFTGE| [RAGADVVEQVDNPLLS| |KIFVILAEENLTSI
Ashbya gossypil 45184676 |[LRL-YWETRFTGE| |[RAGADVVEQVSNPLLS| |[KIFVLREENMGSL
Kluyveromyces lactis 503114393 |[LEL-YWGTAFTGER| |[RAGADVVEQVANPLLS| |[KIFVLAEENLEEL
Debaryvomyees hansenil 50427467 |[LKI-YWETAPTGK| |[RAGADVVKQVANPLLS| |KIFVLRAEENLOSI
Candida albicans 58470880 [VKI-YWETARFTGE| [RAGADVVEQVANPLLS| |KIFVILREENLEST
Neurospora crassa 85050711 |PRI-YWETATTGR| |KAGAEVVEQSDNAFLS| |KLFARRKDWLPRL
Aspergillus nidulans 40746079 [PRI-YWETATTGR| [KAGAEIVKQSANAPLS| |KLFARAVEWLPKI
Plasmodium falciparum 23612935 [LIC-YDGFEPSGE| [CLKIMGRSEGEENYCS| |KVNMLAREYCDIK
Cryptosporidium parvum 32398875 |HPICYDGFEPSGR| |[CCOIMGRQENDEQECAR|! |KVNMLAREYCDAR
Plasmodium berghel 56458114 |[KLICYDGFEFSGER| [CLTIMGRTEGEDNYCS| |KVNMLRREYCDIK
Archaebacteria

Archaeoglobus fulgidus 11458382 [PRA-YVGYEFSGE| |RSMDEVSRRKEDEMVS| |[KIHMLRRENLERL
Methanopyrus kandleri 20093954 |[EPVAYVGFEPSGE| |[RSMDMIARSEENPPEVS| |[KIHMLARDVLPEL
Methanosarcina barkeri 73669252 |PRA-YVEBYEPSGE| |RSMDEVGRAMDDPTVS| |KIHMLARENLENL
Methanosarcina mazel 21228065 |PRA-YVGYEPSGE| |[RSMDEVGRAMDDPTVS| |[KIHMLAREMNLKESL
Methanothermobact ther. 15679755 |PVW-YTGYEPSGR| |RSMAQITRESRDHEVA| |[KIHMLARENLPRL
Methanocaldococcus jan. 15668565 [KSA-YIGFEFPSGK| |RSMELIAREDENPKVA| |[KIHMLRRELLPE-
Pyrococcus abyssi 145211732 |[LOH-YIBGFEISGY| [RSITIMGROQMGESIDF| |KAHVIAIEVACKL

Fig.2 Multiple alignment of 24 out of 74 amino acid residues of eukaryotic and archaebacterial TyrRS (conservative domain COG0162.2,
according to CDD database) for the surrounding of three mentioned mutations; The most conservative positions are written in bold

Gly41, there are 15 mostly hydrophobic residues, five
of which are the aromatic ones. Gly41 residue is lo-
cated in a small hollow, formed by residues W40, T42,
A43, and Q188, and has a significant surface, available
for solvent (Fig.4, b, table). The values of B-factor for
Gly41 C_-atom in crystal structures of IN3L and 1Q11
are 1.73 and 1.29 nm respectively, which points at its
insignificant mobility as a part of core B-layer of pro-
tein (Fig.4, c).

The substitution of Gly41l for arginine using
Swiss-PdbViewer software suggested 18 rotamers, rat-
ing 26 to -3, only four of which did not have conflicts
with surrounding (rating 0 ——3). The possibility of for-
mation of two hydrogen bonds between its side group
and side groups of Tyr166 and Gln170 was revealed for
rotamer Arg41 Nol8 with the lowest rating (-3) (Fig.3,
b). Atthe same time possible conformation of long and
flexible side chain Arg4l is limited by neighboring
amino acid residues Y39, L72, H77, Y166, Q170,
D173, and Q188. Superposition of 9 models, obtained
using Modeller 9.2, demonstrated possible significant
conformational mobility of side chain Arg4l in the
mentioned pocket region.
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It has to be noted also that close proximity of one of
four tryptophan residues, namely Trp40, which are
known to be natural fluorophores in the structure of hu-
man TyrRS, may a priori influence the change of fluo-
rescent properties at the presence of Gly41Arg muta-
tions.

Glul96Lys mutation. In regard to the secondary
structure, Glu196 is localized at the end of a.-helix H12
and is specific for significant evolutionary conserva-
tism. One more residue occurring in this position is
arginine (Fig.1, ¢, Fig.2, Fig.4, a). Glul96 is partially
exposed on TyrRS surface and there are 13 aa within
0.5 nm radius (L22, 192-FTFA, 197-KYLP, and
206-KRVH), four of which possess the positive charge.
Glul96 is almost parallel to TyrRS molecular surface
and it forms two hydrogen bonds with atoms of Phe192
and Thr193 polypeptide framework (Fig.3, b). The val-
ues of B-factor for C_-atom of Glu196 are 1.99 and 1.41
nm for structures of IN3L and 1Q11 respectively
(Fig.4, ¢), which testifies to its insignificant mobility.

The substitution of Glul96 for close size-wise
lysine using Swiss-PdbViewer suggested 16 different
rotamers with ratings from 15 to —2, among which we
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Fig.3 Local environment of amino acid residues, related to mutations, in norm and after computer mutagenesis (marked in bold), the pictures
of corresponding equally oriented regions of molecular surface: a — Gly41 and 12 residues within 0.6 nm radius (Leu72 forms two hydrogen
bonds; for mutant form Gly41Arg, the optimum is the compact conformation of side chain, which allows possible formation of two hydro-
gen bonds); b — Glul196 and 13 residues within 5.0 A (side chain Glu196 does not form hydrogen bonds; for mutant Glu196Lys form there
are no significant changes in the location of the side chain and its local environment); ¢ — 153—-156-VKQYV residues and 11 residues within
0.5 nm radius (surface loop Gly149-Leul61 forms the insignificant number of contacts with other protein regions; in case of deletion

153-156, the loop is shortened, from 13 to 9 aa)

selected rotamer No.2, rating —2. Four other rotamers
were specific for the same rating and close conforma-
tion of side chain. Glul96Lys mutation results in the
change of negative charge for the positive one, while no
significant changes are observed in the conformation of
neighboring residues. Hydrogen bonds between 196
framework remained (Phe192 and Thr193) while new
side chain Lys196 lost its hydrogen bond with Arg207
framework.

153-156delVKQV mutation. These amino acid resi-
dues are located in the region of so called Connecting
Polypeptide 1, CP1, of the domain, which joins two
halves of Rossmann fold. The region of
Val153—His158 loop between a-helices H9 and H10 is

one of two partially unregulated regions in mini-TyrRS
domain, located on its surface [29]. This segment is a
part of specific element for recognition of tRNA™ ac-
ceptor stem which possibly acquires ordered conforma-
tion at binding of tRNA™ [29, 41]. Mutation
153-156delVKQYV almost matches this region and the
deletion of the mentioned residues results in the short-
ening of the loop — from 13 to 9 aa (Fig.1, ¢). Ithasto be
noted that this region is specific for certain conserva-
tism in amino acid residues of homologous TyrRS of
eukaryotes, but not archaebacteria (Fig.2), however,
the structure of loop has insignificant influence on the
internal structure of protein core.
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Fig.4 Parameters of amino acid residues for human TyrRS N-module (Met1-Pro342, residues with mutations described are marked black;
structure of three most mobile residues from N-terminal end of macromolecule and seven residues of catalytic KMSKS loop were not deter-
mined in the crystallographic structure, PDB code 1N3L): a — degree of evolutionary conservatism of residues as the value of normalized
rating provided by ConSurf 3.0 web-server; b — degree of exposure as solvent accessible surface area, SASA according to GetArea 1.1
web-server; ¢ — degree of mobility of aa, as the value of B-factor for C, atoms in crystallographic structure (PDB code 1N3L)

Characteristics of evolutionary conservatism, exposure, and mobility of amino acid residues, related to DI-CMTC mutations

Amino acid residue

Normalized conservatism
rating (ConSurf 3.0)

Multiple alignment
data*

Residue variant**

Solvent accessible
surface area, nm

B-factor of C,-atom

(ConSurf 3.0) (GetArea 1.1) IN3L 1Q11
Gly41 ~1,554 50/50 G 0,31 17,28 12,91
Vall53 ~0,684 50/50 A,G, K, QS T,V 0,36 37,75 25,18
Lys154 ~1,469 50/50 K,Q,R 1,30 49,09 28,19
Gln155 1,025 50/50 A E,F,K.N,Q,R,S, T, Y 1,56 60,51 31,45
Vall56 0,514 50/50 A,D,E,G K, M,N,Q,R,S, T,V 0,91 55,18 35,93
Glu196 ~1,338 50/50 E, IR 0,34 19,85 14,08

* number of aligned non-gapped amino acid residues of TyrRS, containing this residue, out of total 50 least homologous sequences for each

position;

** amino acid residues, occurring in the current position of multiple alignment of sequences

Within 0.5 nm radius from these four loop residues
there are nine amino acid residues, neighboring in the
chain (149-GAEV, 157-EHP, G163, and Y166), with
which they form only one hydrogen bond (Fig.3, c¢).
The values of B-factor for C_ atoms of 153—-156VKQV
region are within the range of 3.78-6.05 nm for 1N3L,
which corresponds to the peak mobility value of
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polypeptide framework and is expectable for surface
loop residues (Fig.4, ¢, Table).

Possible influence of mutations on TyrRS-sub-
strates interaction. Stating on the crystallographic
structures of archaebacteria and yeast TyrRS, it is pos-
sible to foresee the existence of evolutionary conserva-
tive residues, forming hydrogen bonds with L-tyrosine
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Additional
catalytic loop

Active center 153-156-VEQV

Model
of human mRNA™
transcript

Fig.5 Location of three amino acid residues of human cytoplasmic TyrRS, corresponding to Gly41Arg, Glul96Lys, and 153-156delVKQV
mutations, regarding the spatial structure of its N-module dimer or mini-TyrRS (PDB code 1N3L) in norm and in mutant protein forms
(interdomain catalytic KMSKS loop was completed using ModLoop web server; the picture, obtained using Swiss-PdbViewer 3.7, is pre-
sented in top-view only): @ — molecular surface of N-module dimer in norm, stained according to electrostatic potential (electrostatic poten-
tial was calculated using Coulomb method, taking into account partial atomic charges); b — the same for Gly41Arg mutation in both subunits;
¢ —the same for Glu196Lys in both subunits; d — the same for 153—-156delVKQV deletion in both subunits; e —location of DI-CMTC sites of

Tyr

mutations regarding aa, which form tRNA

-binding surface, except its 3'-CCA-terminal end (grey color, two ovals); f— model of N-module

dimer complex with non-modified human tRNA"™ transcript without 3'-CCA-terminal end (stoichiometry 2:1)

and adenine AMP base. In case of human TyrRS they
are as follows: Y39, Y166, Q170, D173, Q188, and
Val215. Residues of catalytic center are as follows:
41-GTA, H49, 51-AY, Q182, 184-GG, D-187, M214,
and 222-KMSSS (Fig.1, ¢). It is expectable that struc-
tural changes due to the occurrence of DI-CMTC muta-
tions may have indirect (distal) influence on the binding

of low-molecular substrates. First of all, it concerns
Gly41Arg mutation, which is the neighboring one to
the majority of L-tyrosine binding residues.
Comparative analysis of N-module dimer molecu-
lar surfaces, stained by electrostatic potential, in norm
and in cases of three mutations reveals that the distribu-
tion of electrostatic potential on the surface of molecule
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is subject to significant changes and very sensitive to
certain mutations (Fig.5, a—d).

Possible effect of mutations on TyrRS-tRNA"" inter-
action. To study the possible role of residues, involved
in mutation, in binding of tRNA"™" macromolecule, we
designed the complex of human TyrRS N-module
dimer with non-modified transcript of its tRNA™, not
including the mobile 3'-CCA-end of the Ilatter
(stoichiometry 2:1), on the basis of homologous com-
plexes of archaebacteria M. jannaschii and yeast S.
cerevisiae (PDB codes 1J1U and 2DLC). The foreseen
contacts of this model between human TyrRS with
tRNA™ in norm revealed 14 aa, namely, H158,
246-KKAFCEP, W283, 305-HPGD, and K310, which
form the contact surface. Consequently, we determined
close location of Glul96 and tRNA molecule in de-
signed TyrRS-tRNA™ complex and defined possible
effect of deletions of 153—-156-VKQYV residues on the
location of neighboring His158, which interacts di-
rectly with acceptor stem of tRNA™ (Fig.5, e, f).

It has to be mentioned that all three mutations,
Gly41Arg in the first place, are the potential factors of
incorrect folding of mutant TyrRS forms, which results
in the decrease in their solubility and increase in the ca-
pacity to form macromolecular aggregates.

The other possibility is in the fact that the changes
in molecular surface of these mutant TyrRS forms may
influence the properties of protein-protein interactions
of TyrRS and its partners in norm or in case of any new
non-typical interactions with other components of the
cell.

Currently, non-synonymous single nucleotide
polymorphisms, altering amino acid TyrRS sequence,
were determined for human YARS gene. In particular,
these mutations are as follows: Arg34Gln, Met56lle,
Lys114Thr, Glul28Asp, and GIn170His in exons 2, 2,
3, 4, and 4, respectively. These mutations are capable
of altering TyrRS properties and may be connected
with currently undiscovered hereditary pathologies.

In the course of further investigation we plan to
model molecular dynamics of human mini-TyrRS
dimer in norm and in three obtained mutant forms in
aquatic ionic environment using GROMACS 3.3.2
software pack to carry out the comparative analysis and
to study possible changes in dynamic features of mu-
tant TyrRS forms.
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K. A. Ooviney, A. U. Kopneniox

BuonndpopMannoHHBIH aHanu3 BIMAHUS MyTanuii Tupo3ua-TPHK
CHHTETa3bl YeI0BEeKa, aCCOMUPOBAHHBIX C HEHpomaTHuen
[apko-Mapu-Tyc tuna C, Ha T0KaJIbHBIE OCOOCHHOCTH €€

MIPOCTPAHCTBEHHOM CTPYKTYPbI

Pesrome

Heoasno ycmanosnena npuuunnas ceazv medcoy mpems onpeode-
JNEHHbLIMU MYMAHMHBIMU POPMAMU YUMONIAZMAMUYLECKOU MUpo-
sun-mPHK cunmemasvr  (TyrRS) wuenosexa u OomuHanmuou
neuponamuei llapxko-Mapu-Tyc muna C (DI-CMTC). B dannoii
pabome 0na 08yx moueunwvix mymayuti Gly41A4rg, Glul96Lys u Oe-
neyuu 153—156VKQV nposedeno buoungopmayuonnoe ucciedo-
sanue  GIUAHUA  3AMEHbl  AMUHOKUCIOMHBIX —~ OCMAMKO8 Ha
CMpYyKmypHoie 0cobenHocmu oumepa Kamaiumuyeckozo Mooyiis
TyrRS («munu-TyrRS», 2 x 39 k/la), 6 yacmuocmu, na ee baudxicaii-
wee oKpydlceHue u INeKmpocmamuieckutl NOmeHyuan MoieKyiap-
HOU NOGEePXHOCU.

Kniouesvie cnosa: muposun-mPHK cunmema3sa, neiiponamus
Llapko-Mapi-Tyc muna C, npocmpancmeennas cmpyKkmypa, Kom-
NbIOMePHbIL Mymazenes.
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