
BIOINFORMATICS

Bioinformatical anal y sis of influence of hu man
tyrosyl-tRNA synthetase mu ta tions as so ci ated 
with neu rop a thy Charcot-Ma rie-Tooth type Ñ, 
on its lo cal spa tial struc ture properties

Ê. A. Odynets, A. I. Kornelyuk

In sti tute of mo lec u lar bi ol ogy and ge net ics NAS of Ukraine
Academicain Zabolotnog str., 150, Kyiv, 03680 Ukraine

odynets@imbg.org.ua, kornelyuk@imbg.org.ua

A causal re la tion ship be tween three in de pend ent mu tant forms of the hu man cy to plas mic tyrosyl-tRNA
synthetase (TyrRS) and dom i nant Charcot-Ma rie-Tooth neu rop a thy type C (DI-CMTÑ) has been re cently
re ported.  In this ar ti cle we car ried out the bioinformatical in ves ti ga tion of the ef fect of amino acid res i dues
change in the cases of two point mu ta tions Gly41Arg, Glu196Lys and de le tion 153-156delVKQV on struc -
tural prop er ties of cat a lytic mod ule dimer of TyrRS (2õ39 kDa or, so called, mini-TyrRS), es pe cially on its
lo cal en vi ron ment and elec tro static po ten tial of mo lec u lar sur face of the pro tein.
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In tro duc tion. In the re cent years the ap pli ca tion of
novel meth ods of in ves ti ga tion in mo lec u lar ge net ics of 
he red i tary dis eases has un ex pect edly re vealed con nec -
tions be tween some neurodegenerative dis eases and
mu ta tions in house keep ing genes, which en code cy to -
plas mic aminoacyl-tRNA syn the tas es (aaRS).  This en -
zy matic fam ily ca tal y ses highly-spe cific bind ing of
L-amino ac ids to cor re spond ing tRNA. aaRS are the
key com po nents of cell sys tem of pro tein biosynthesis
as they im ple ment the rules of ge netic code cor re spon -
dence be tween amino ac ids and tRNA anticodons. Be -
side this ca non i cal func tion, aaRS are spe cific for a
num ber of var i ous other func tions (re views [1, 2]).

Re cently we have shown that around 10 in de pend -
ent mu ta tions in glycyl-tRNA synthetase gene (GlyRS)
are as so ci ated with sensomotor axonal neu rop a thy of
Charcot-Ma rie-Tooth (CMT) type 2D [3, 4].  One more
synthetase, cy to plas mic tyrosyl-tRNA (TyrRS), has
been dis cov ered to have the con nec tion with
neurodegeneration.  Three in de pend ent mu ta tions in
the TyrRS gene re sult in the de vel op ment of CMT type
C [5, 6].  Mam ma lian TyrRS have been the sub ject of
our in ves ti ga tion [7, 8], thus, cur rent pub li ca tion is ded -
i cated to the anal y sis of these mu ta tions.  The con nec -
tion of alanine-spe cific synthetase and the death of
Purkinje cells and ataxia [9, 10] has been re vealed for
aaRS of dif fer ent spec i fic ity, while tryptophan-spe cific
aaRS were re vealed to be con nected with Alz hei mer’s
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dis ease [11, 12].  The afore men tioned facts show that
some tRNA aminoacylation en zymes, in ad di tion to
their ca non i cal func tion, also play a sig nif i cant role in
the func tion ing of struc ture of pe riph eral neu rons.

CMT neu rop a thy. Charcot-Ma rie-Tooth is one of
the most wide spread groups of he red i tary pe riph eral
neuropathies (dis ease fre quency 1:2500, or 2–4 cases
per 10000 peo ple).  CMT neuropathies is a clin i cally
and ge net i cally heterogenic group of he red i tary
monogenic neu ron-mus cu lar dis eases of pe riph eral ner -
vous sys tem, which are spe cific for pro gress ing weak -
en ing and at ro phy of peroneal mus cles and dis tal arm
mus cles.  CMT can be clas si fied ac cord ing to
electrophysical and neuropathological cri te ria, con di -
tioned by the demyelination or de gen er a tion of ax ons,
or by their com bi na tion (re views [13–16]).  Both ba sic
CMT forms – demyelinating and axonal – may be in -
her ited by autosomal-dom i nant, autosomal-re ces sive,
and X-at tached in her i tance modes.  There are de novo
mu ta tions as well.

The most fre quent dom i nant mu ta tion dur ing CMT
(68–90% CMT1) is the du pli ca tion of 1.4·103 bp in
17p11.2-12 lo cus of 17 chro mo some, oc cur ring dur ing
un equal cross ing over of ho mol o gous chro mo somes in
mei o sis and re sult ing in the de vel op ment of
demyelination CMT type 1A (CMT1A) [17].  Clin i cal
pre sen ta tions in the ma jor ity of cases were re vealed to
be de ter mined by overexpression of PMP22 gene of
my elin pe riph eral pro tein and to oc cur at the pres ence
of three or four cop ies of this gene.  An other 10–20% of
cases are due to X-at tached mu ta tions in connexin 32
gene (Cx32, Gjb1) in Xq13.1 lo cus [18].  Re ces sive
mu ta tions, cor re spond ing to the de vel op ment of the dis -
ease, were also re vealed in pro tein-0 of my elin (P0,
MPZ, lo cus 1q22) [19], periaxin (lo cus 19q13) [20],
myotubularin-re lated pro tein-2 (lo cus 11q22) [21]. 
There fore, the in ves ti ga tion of pri mary ge netic de fects
of demyelinating form of CMT neu rop a thy was pri mar -
ily fo cused on the men tioned genes.

Over 10 dif fer ent mu tant al leles, which cause dom i -
nant axonal form of CMT type 2D, were re vealed in
glycyl-tRNA synthetase (gene GARS).  Func tional
anal y sis of mu tant GlyRS forms did not re veal any sig -
nif i cant changes in the lev els of pro tein ex pres sion.  It
was found that in the ma jor ity of cases mu tant GlyRS
forms are spe cific for changed lo cal iza tion in neu rons. 

Four of five in ves ti gated mu ta tions were shown to be
spe cific for the ab sence of GlyRS func tion us ing at least 
one method, con firm ing at the same time that the de fi -
ciency in tRNA aminoacylation plays the im por tant
role in pathogenesis of this dis ease [3].  Endogenic
GlyRS-as so ci ated gran ules were also de tected in the
cul ti vated neu rons and ax ons of pe riph eral nerves of
nor mal hu man tis sue.

Mu ta tion map ping for re cently dis cov ered crys tal -
lo graphic struc ture of hu man GlyRS re vealed their
band-like lo cal iza tion, sur round ing dimerization in ter -
face on both sides [6].  CMT phe no type has no cor re la -
tion with aminoacylation ac tiv ity, how ever the ma jor ity 
of mu ta tions pre vent the for ma tion of dimer by in creas -
ing or de creas ing dimerization. Seven CMT-caus ing
vari ants and wild type pro tein were ex pressed in
transfected neuroblastoma cells, which de velop into
prim i tive neu rons.  Wild type GlyRS is dis trib uted in
newly-formed neu rons and is as so ci ated with their nor -
mal de vel op ment, and vice versa all GlyRS mu tant
forms were shown to be de fected by dis tri bu tion
specificities.

Thus, GlyRS lo cal iza tion in cases of all CMT-caus -
ing mu ta tions is dis or dered, which may be re lated to the 
change in the sur face of its dimerization in ter face.

DI-CMTC neu rop a thy and TyrRS. In ter me di ate
autosomal dom i nant form of neu rop a thy CMT type C
(DI-CMTC, MIM 608323) is a ge netic and
phenotypical vari ant of CMT, spe cific for in ter me di ate
nerve con duc tion ve loc ity and histological fea tures of
both de gen er a tion and demyelination of ax ons. 
DI-CMT is pe riph eral neu rop a thy, spe cific for the fea -
tures of both CMT forms (demyelinating and axonal) as 
well as for in ter me di ate nerve con duc tion ve loc i ties
(NCV) in the range of 25–45 m/sec.  Iden ti fied lo cus
1p34-p35 of chro mo some 1 is con nected with
DI-CMTC.  This lo cus cor re sponds to YARS gene
(GeneID:8565), which en codes hu man cy to plas mic
TyrRS [5, 6].

Be ing typ i cal house keep ing gene, YARS is ex -
pressed in any tis sue, in clud ing brain and spi nal mar -
row [5].  TyrRS is lo cal ized in axonal tips in the cul -
tures of dif fer en tial pri mary mo tor neu rons and
neuroblastomas.  Such spe cific dis tri bu tion de creases
sig nif i cantly in the cells, which ex press the men tioned
mu tant TyrRS forms [5].  The ap pli ca tion of bio chem i -
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cal ex per i ments and ge netic complementation in yeasts
re vealed par tial loss of aminoacylation ac tiv ity of these
mu tant pro teins and the de crease in yeast growth speed
un der the in flu ence of mu ta tions in orthological yeast
gene TYS1.

Ear lier YARS cDNA was cloned from sev eral dif -
fer ent hu man cDNA-li brar ies [22].  This cDNA en -
codes TyrRS sub unit, con sist ing of 528 amino acid res -
i dues (aa) (GenPept code NP 003671.1).  TyrRS (EC
6.1.1.1) is a2 dimer, mo lec u lar weight 2´59 kDa, ca pa -
ble of cat a lyz ing L-ty ro sine ac ti va tion and its spe cific
at tach ment to tRNATyr.  Anal y sis of pro tein amino ac ids
re vealed NH2-ter mi nal mod ule (res i dues Met1-Pro342) 
to con tain cat a lytic and anticodon bind ing do mains
(Fig.1, a–c). N-mod ule dimer (2´39 kDa), which pre -
serves cat a lytic fea tures of full length TyrRS, is also
known as mini-TyrRS [23]. COOH-ter mi nal part of
TyrRS or its C-mod ule be long to the fam ily of En do -
the lial Monocyte-Ac ti vat ing Polypeptide II (EMAP
II)-like do mains and can be found in TyrRS of higher
eukaryotes only [22]. Hu man TyrRS were ex pressed in
vi tro and their bio chem i cal prop er ties have been stud -
ied [24].

Al though na tive hu man TyrRS is an in ac tive mol e -
cule to wards the trans fer of intercellular sig nal, it may
be split into two frag ments both with cytokine-like ac -
tiv i ties [23].  TyrRS is se creted at the apoptotic con di -
tions in cell cul ture, where it is split into N- and C-ter -
mi nal frag ments, cor re spond ing to N- and C-mod ules. 
N-mod ule is an interleukin-8 (IL8)-like cytokine,
whereas re leased C-ter mi nal frag ment is EMAP II like
cytokine.  It has been shown that cytokine ac tiv i ties of
split hu man TyrRS are de ter mined by highly-dif fer en ti -
ated mo tifs, spe cific for mam ma lian frag ment [25, 26].
Proangiogenic and antiangiogenic ac tiv ity of both
TyrRS frag ments, which stim u late im mune cells and
thus, link trans la tion with im por tant cell sig nal ing path -
way, have been re vealed [2, 27, 28].

De fects in YARS oc cur due to the dom i nant in ter me -
di ate form of CMT type C (DI-CMT C).  Cur rently,
there are two het ero zy gous missense mu ta tions and one 
de novo de le tion in TyrRS in dif fer ent fam i lies of pa -
tients with DI-CMTC [5]. Thus, het er o ge neous tran si -
tion 121G>A in exon 2 YARS, re sult ing in missense
mu ta tion of Gly41Arg (mu ta tion CMT-160), has been
iden ti fied in one fam ily from North Amer ica. In the

Bul gar ian fam ily, het ero zy gous tran si tion 586G>A in
exon 5 of the men tioned gene has been re vealed to re -
sult in mu ta tions of Glu196Lys (mu ta tion CMT-176). 
Be sides, de le tion of 458–469D12, 12 bp long, in trans -
la tion frame of exon 4 was iden ti fied in a Bel gian pa -
tient.  This de le tion re sults in an other de le tion of
153–156delVKQV (de le tion PN-765).  Anal y sis of this 
mu ta tion and ge netic typ ing of asymp tom atic par ents
showed that this mu ta tion oc curred de novo.

Spa tial struc ture of N-mod ule of hu man TyrRS (re -
gion of Met1–Pro342) was de ter mined us ing the
method of X-ray dif frac tion (res o lu tion 0.12 nm and
0.16 nm) in 2003 (Pro tein Data Bank (PDB) codes
1N3L and 1Q11) [29, 30].  Spa tial struc tures of cat a -
lytic mod ules of two TyrRS, struc tural homo logues of
mam ma lian N-mod ule, in com plexes with cor re spond -
ing tRNATyr, have been de ter mined.  These are TyrRS
of Methanocaldococcus jannaschii archaebacteria with 
non-mod i fied tran script of its tRNATyr (PDB code
1J1U, res i dues Met1–Leu306) [31] and Saccharomyces 
cerevisiae with na tive tRNATyr (PDB code 2DLC,
Asp8–Pro356) [32]. All these struc tural data al low per -
form ing bioinformatical anal y sis of the in flu ence of
chang ing afore men tioned amino acid res i dues on struc -
tural specificities of hu man TyrRS in norm and in three
mu tant forms.

Ma te ri als and Meth ods. In for ma tion from On line
Men de lian In her i tance in Man (OMIM) da ta base
(http://www.ncbi.nlm.nih.gov/omim) was used.  Co or -
di nate files of spa tial struc tures of pro teins were ob -
tained from PDB [33], ad di tional in for ma tion was ob -
tained from PDBsum [34].  Spa tial struc ture was vi su al -
ized and anal y sis of lo cal sur round ing of res i dues was
per formed us ing Swiss-PdbViewer (DeepView) 3.7
[35].  Web-server ModLoop [36] was used for fill ing in
for ab sent cat a lytic KMSKS loop 7 bp long.  To con -
struct the mod els of mu tant forms of TyrRS N-mod ule
mono mer us ing the method of com puter mu ta gen e sis
web-server Swiss-Model 3.5 [37] in First Ap proach
Mode and pro gram for homological mod el ing Mod el ler 
9.2 [38] were used in de pend ently [38].  The qual ity of
each of 10 ob tained mod els for each of three mu ta tions
was eval u ated by the value of Mod el ler Ob jec tive
Func tion and with Biotech Val i da tion Suite web-server
(http://biotech.ebi.ac.uk:/8400/), and then ac cord ing to
the gen eral rat ing, the best mod els were se lected. 
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Struc tures of N-mod ule dimers were formed us ing
superpositions of both mono mers with Bi o log i cal Unit
dimer from Pro tein Qua ter nary Struc ture (PQS)
web-server.

To an a lyze pos si ble con for ma tion of sub sti tuted
side rad i cals we used Swiss-PdbViewer 3.7 soft ware
with its rotamer li brary and Mu tate tool in or der to se -
lect rotamers with the low est rat ing.  Op ti mal con for -
ma tion for a new side chain was cho sen as the best
rotamer, cri te rion se lected – the low est con flicts of Van
der Waals ra dii of its at oms and the at oms of neigh bor -
ing res i dues.

N-mod ule spa tial struc ture was an a lyzed us ing its
co or di nates from 1N3L file in the form of sym met ri cal
dimer with in cor po rated “ab sent” interdomain cat a lytic
KMSKS loop of 7 bp (222–228-KMSSSEE) us ing
ModLoop web-server.  Mu tant forms of pro tein were
in de pend ently mod eled, us ing Swiss-PdbViewer 3.7,
Mod el ler 9.2, and Swiss-Model 3.5 web-server (af ter
sub sti tu tion of cor re spond ing res i dues, com ple tion of
loops and ad di tion of ab sent at oms, the struc tures of
mod els were op ti mized ac cord ing to ProModII al go -
rithm in GROMOS96 force field).

Cor re spond ing re gions of amino acid res i dues of
ho mol o gous TyrRS of eukaryotes and archaebacteria
were in ves ti gated us ing ready-made align ments from
tyrosyl-tRNA synthetase cat a lytic core do main
(TyrRS_core, codes cd00805 and CDD:28813), cor re -
spond ing to the re gion of 38–320 of hu man TyrRS. The 
de gree of ex po sure of amino acid res i dues was an a -
lyzed us ing GetArea web-server 1.1 [39] and the de gree 
of evo lu tion ary con ser va tism was an a lyzed us ing
ConSurf 3.0 web-server [40].

Re sults and Dis cus sion. Bioinformatical as say of
lo cal fea tures of TyrRS spa tial struc ture of nor mal and
mu tant forms has been car ried out for two point mu ta -
tions – Gly41Arg and Glu196Lys – and one de le tion
153–156VKQV of hu man TyrRS, which are as so ci ated
with CMT neu rop a thy type C.  N-mod ule dimer in nor -
mal con di tion and its 3 mu tant forms were an a lyzed on
the fol low ing is sues: lo ca tion of these res i dues in re -
gards to the el e ments of sec ond ary struc ture of pro tein,
their evo lu tion ary con ser va tism in amino acid se -
quences of ho mol o gous TyrRS, clos est en vi ron ment
fea tures, ca pa bil ity to form hy dro gen bonds with neigh -
bor ing res i dues, ex po sure de gree on the sur face of

macromolecule and mo til ity de gree of neigh bor ing re -
gions of polypeptide back bone by B-fac tors of Ca-at -
oms of amino acid res i dues in crys tal struc ture.  The
changes in isoelectric point were pre dicted and the in -
flu ence on the dis tri bu tion of elec tric po ten tial on the
sur face of macromolecule and pos si ble ef fect on bind -
ing of three TyrRS sub strates, in clud ing tRNATyr, were
an a lyzed.

Gen eral char ac ter is tics of mu ta tion-re lated sites in
norm. All in ves ti gated sites are lo cated in TyrRS
N-mod ule to mo bile KMSKS loop, within the cat a lytic
do main with Rossmann fold to pol ogy. Lo ca tion of
these res i dues against TyrRS amino acid sub unit and
the el e ments of its sec ond ary struc ture in norm is pre -
sented in fig ure 1, a–c, and their lo ca tion against
polypeptide back bone of N-mod ule dimer in norm is
pre sented in fig ure 1, d. All three sites are lo cal ized on
one side of N-mod ule dimer, along with TyrRS cat a -
lytic cen ter, and oc cupy a sig nif i cant part of the sur face, 
ex posed to the sol vent, the view from the top on
mini-TyrRS dimer is pre sented in fig ure 1, e. Mul ti ple
align ment of 44 TyrRS se quences of higher eukaryotes, 
from hu man down to nem a tode, dem on strates evo lu -
tion ary invariance of all six res i dues in mu ta tion sites
(data not pre sented). The cal cu la tions of the o ret i cal
isoelectric point (pI) val ues of TyrRS N-mod ule dem -
on strate ex pected and rather sig nif i cant changes as fol -
lows: 6.49 in norm; 6.74 – Gly41Arg; 6.29 –
delVKQV, and 7.10 for Glu196Lys. De tailed anal y sis
of the struc tural pos si bil i ties of all three mu ta tions is
pre sented below.

Gly41Arg mu ta tion. Re gard ing the el e ments of sec -
ond ary struc ture, Gly41 is lo cal ized on the end of
b-bun dle A1 and is known to be long to the group of the
most evo lu tion ary con ser va tive TyrRS res i dues (Fig.1,
c, Fig.2).  Note wor thy is the sig nif i cant struc tural dif -
fer ence of amino acid res i due in norm and in mu tant
pro tein – arginine re tains higher vol ume than glycine,
more over, guanidine group of the for mer is pos i tively
charged.  Thus, rather un ex pected was the fact that
Gly41Arg mu ta tion is com pat i ble with sta ble struc ture
of TyrRS.  Within 0.5 nm ra dius from Gly41, there are
seven res i dues (39-YW, 42-TA, L72, and 182-QF),
with which hy dro gen bonds are not formed, yet Leu72
forms hy dro gen bonds with frame of neigh bor ing res i -
dues in b-layer (Fig.3, a).  Within 0.7 nm ra dius from
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Fig.1 Lo ca tion of two point het ero zy gous mu ta tions Gly41Arg and Glu196Lys and de le tion 153-156delVKQV of hu man cy to plas mic
TyrRS, as so ci ated with Charcot-Ma rie-Tooth neu rop a thy type C: a – scheme of do main or ga ni za tion of TyrRS sub unit (N-mod ule
(mini-TyrRS) is spe cific for aminoacylation and interleukin-8-like ac tiv i ties, while C-mod ule is spe cific for EMAP II cytokine ac tiv ity);
cat a lytic and anticodon bind ing do mains (Met1–Ser221 and Glu229–Pro342) are di vided by cat a lytic KMSKS loop); b – amino acid se -
quence of TyrRS sub unit in norm (GenPept code NP_003671; DI-CMTC-re lated res i dues are marked in bold, the re gions with un iden ti fied
atomic co or di nates in crys tal lo graphic struc ture of N- and C-mod ules (PDB codes 1N3L, 1Q11, and 1NTG) are ital i cized); c – sec ond ary
struc ture of N-mod ule ac cord ing to the data of X-ray struc ture anal y sis (PDB code 1N3L; cor re spond ing res i dues are marked by frames;
amino acid res i dues, form ing hy dro gen bonds with L-ty ro sine and AMP-ad e nine, are marked by tri an gles; other res i dues of ac tive cen ter are 
marked by rect an gles, and 14 amino acid res i dues, ca pa ble of in ter act ing with tRNATyr are marked by di a monds); d – lo ca tion of res i dues in
norm re gard ing the spa tial struc ture of dimer of its N-mod ule (PDB code 1N3L; polypeptide pro tein frame work is pre sented as band-like
model; side chains for res i dues in norm are col ored in black); e – mo lec u lar sur face of N-mod ule dimer in norm, which has the mark ings of
all DCI-CMTC res i dues (black), com pleted cat a lytic loop (grey), and 16 key res i dues of ac tive cen ter, marked by ovals



Gly41, there are 15 mostly hy dro pho bic res i dues, five
of which are the ar o matic ones.  Gly41 res i due is lo -
cated in a small hol low, formed by res i dues W40, T42,
A43, and Q188, and has a sig nif i cant sur face, avail able
for sol vent (Fig.4, b, ta ble).  The val ues of B-fac tor for
Gly41 Ca-atom in crys tal struc tures of 1N3L and 1Q11
are 1.73 and 1.29 nm re spec tively, which points at its
in sig nif i cant mo bil ity as a part of core b-layer of pro -
tein (Fig.4, c).

The sub sti tu tion of Gly41 for arginine us ing
Swiss-PdbViewer soft ware sug gested 18 rotamers, rat -
ing 26 to –3, only four of which did not have con flicts
with sur round ing (rat ing 0 – –3).  The pos si bil ity of for -
ma tion of two hy dro gen bonds be tween its side group
and side groups of Tyr166 and Gln170 was re vealed for 
rotamer Arg41 No18 with the low est rat ing (–3) (Fig.3,
b).  At the same time pos si ble con for ma tion of long and
flex i ble side chain Arg41 is lim ited by neigh bor ing
amino acid res i dues Y39, L72, H77, Y166, Q170,
D173, and Q188.  Su per po si tion of 9 mod els, ob tained
us ing Mod el ler 9.2, dem on strated pos si ble sig nif i cant
conformational mo bil ity of side chain Arg41 in the
men tioned pocket re gion.

It has to be noted also that close prox im ity of one of
four tryptophan res i dues, namely Trp40, which are
known to be nat u ral fluorophores in the struc ture of hu -
man TyrRS, may a pri ori in flu ence the change of flu o -
res cent prop er ties at the pres ence of Gly41Arg mu ta -
tions.

Glu196Lys mu ta tion. In re gard to the sec ond ary
struc ture, Glu196 is lo cal ized at the end of a-he lix H12
and is spe cific for sig nif i cant evo lu tion ary con ser va -
tism.  One more res i due oc cur ring in this po si tion is
arginine (Fig.1, c, Fig.2, Fig.4, a).  Glu196 is par tially
ex posed on TyrRS sur face and there are 13 aa within
0.5 nm ra dius (L22, 192-FTFA, 197-KYLP, and
206-KRVH), four of which pos sess the pos i tive charge.  
Glu196 is al most par al lel to TyrRS mo lec u lar sur face
and it forms two hy dro gen bonds with at oms of Phe192
and Thr193 polypeptide frame work (Fig.3, b).  The val -
ues of B-fac tor for Ca-atom of Glu196 are 1.99 and 1.41
nm for struc tures of 1N3L and 1Q11 re spec tively
(Fig.4, c), which tes ti fies to its in sig nif i cant mo bil ity.

The sub sti tu tion of Glu196 for close size-wise
lysine us ing Swiss-PdbViewer sug gested 16 dif fer ent
rotamers with rat ings from 15 to –2, among which we
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Fig.2 Mul ti ple align ment of 24 out of 74 amino acid res i dues of eukaryotic and archaebacterial TyrRS (con ser va tive do main COG0162.2,
ac cord ing to CDD da ta base) for the sur round ing of three men tioned mu ta tions;  The most con ser va tive po si tions are written in bold



se lected rotamer No.2, rat ing –2.  Four other rotamers
were spe cific for the same rat ing and close con for ma -
tion of side chain.  Glu196Lys mu ta tion re sults in the
change of neg a tive charge for the pos i tive one, while no 
sig nif i cant changes are ob served in the con for ma tion of 
neigh bor ing res i dues.  Hy dro gen bonds be tween 196
frame work re mained (Phe192 and Thr193) while new
side chain Lys196 lost its hy dro gen bond with Arg207
frame work.

153–156delVKQV mu ta tion. These amino acid res i -
dues are lo cated in the re gion of so called Con nect ing
Polypeptide 1, CP1, of the do main, which joins two
halves of Rossmann fold.  The re gion of
Val153–His158 loop be tween a-he li ces H9 and H10 is

one of two par tially un reg u lated re gions in mini-TyrRS
do main, lo cated on its sur face [29].  This seg ment is a
part of spe cific el e ment for rec og ni tion of tRNATyr ac -
cep tor stem which pos si bly ac quires or dered con for ma -
tion at bind ing of tRNATyr [29, 41].  Mu ta tion
153–156delVKQV al most matches this re gion and the
de le tion of the men tioned res i dues re sults in the short -
en ing of the loop – from 13 to 9 aa (Fig.1, c).  It has to be 
noted that this re gion is spe cific for cer tain con ser va -
tism in amino acid res i dues of ho mol o gous TyrRS of
eukaryotes, but not archaebacteria (Fig.2), how ever,
the struc ture of loop has in sig nif i cant in flu ence on the
in ter nal struc ture of pro tein core.
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Fig.3 Lo cal en vi ron ment of amino acid res i dues, re lated to mu ta tions, in norm and af ter com puter mu ta gen e sis (marked in bold), the pic tures 
of cor re spond ing equally ori ented re gions of mo lec u lar sur face: a – Gly41 and 12 res i dues within 0.6 nm ra dius (Leu72 forms two hy dro gen
bonds; for mu tant form Gly41Arg, the op ti mum is the com pact con for ma tion of side chain, which al lows pos si ble for ma tion of two hy dro -
gen bonds); b – Glu196 and 13 res i dues within 5.0 A (side chain Glu196 does not form hy dro gen bonds; for mu tant Glu196Lys form there
are no sig nif i cant changes in the lo ca tion of the side chain and its lo cal en vi ron ment); c – 153–156-VKQV res i dues and 11 res i dues within
0.5 nm ra dius (sur face loop Gly149–Leu161 forms the in sig nif i cant num ber of con tacts with other pro tein re gions; in case of de le tion
153–156, the loop is short ened, from 13 to 9 aa)



Within 0.5 nm ra dius from these four loop res i dues
there are nine amino acid res i dues, neigh bor ing in the
chain (149-GAEV, 157-EHP, G163, and Y166), with
which they form only one hy dro gen bond (Fig.3, c). 
The val ues of B-fac tor for Ca at oms of 153–156VKQV
re gion are within the range of 3.78–6.05 nm for 1N3L,
which cor re sponds to the peak mo bil ity value of

polypeptide frame work and is expectable for sur face
loop res i dues (Fig.4, c, Ta ble).

Pos si ble in flu ence of mu ta tions on TyrRS-sub -
strates in ter ac tion. Stat ing on the crys tal lo graphic
struc tures of archaebacteria and yeast TyrRS, it is pos -
si ble to fore see the ex is tence of evo lu tion ary con ser va -
tive res i dues, form ing hy dro gen bonds with L-ty ro sine
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Fig.4 Pa ram e ters of amino acid res i dues for hu man TyrRS N-mod ule (Met1–Pro342, res i dues with mu ta tions de scribed are marked black;
struc ture of three most mo bile res i dues from N-ter mi nal end of macromolecule and seven res i dues of cat a lytic KMSKS loop were not de ter -
mined in the crys tal lo graphic struc ture, PDB code 1N3L): a – de gree of evo lu tion ary con ser va tism of res i dues as the value of nor mal ized
rat ing pro vided by ConSurf 3.0 web-server; b – de gree of ex po sure as sol vent ac ces si ble sur face area, SASA ac cord ing to GetArea 1.1
web-server; c – de gree of mo bil ity of aa, as the value of B-fac tor for C

a
 at oms in crys tal lo graphic struc ture (PDB code 1N3L)

Amino acid residue
Normalized conservatism

rating (ConSurf 3.0)
(ConSurf 3.0)

Multiple alignment
data*

Residue variant**
Solvent accessible
surface area, nm

2

(GetArea 1.1)

B-factor of Ña-atom 

1N3L 1Q11

Gly41 –1,554 50/50 G 0,31 17,28 12,91

Val153 –0,684 50/50 A, G, K, Q, S, 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

Val156 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, I, R 0,34 19,85 14,08

* num ber of aligned non-gap ped amino acid res i dues of TyrRS, con tain ing this res i due, out of to tal 50 least ho mol o gous se quences for each
po si tion;
** amino acid res i dues, oc cur ring in the cur rent po si tion of mul ti ple align ment of se quences

Char ac ter is tics of evo lu tion ary con ser va tism, ex po sure, and mo bil ity of amino acid res i dues, re lated to DI-CMTC mu ta tions



and ad e nine AMP base.  In case of hu man TyrRS they
are as fol lows: Y39, Y166, Q170, D173, Q188, and
Val215.  Res i dues of cat a lytic cen ter are as fol lows:
41-GTA, H49, 51-AY, Q182, 184-GG, D-187, M214,
and 222-KMSSS (Fig.1, c).  It is expectable that struc -
tural changes due to the oc cur rence of DI-CMTC mu ta -
tions may have in di rect (dis tal) in flu ence on the bind ing 

of low-mo lec u lar sub strates.  First of all, it con cerns
Gly41Arg mu ta tion, which is the neigh bor ing one to
the ma jor ity of L-ty ro sine bind ing res i dues.

Com par a tive anal y sis of N-mod ule dimer mo lec u -
lar sur faces, stained by elec tro static po ten tial, in norm
and in cases of three mu ta tions re veals that the dis tri bu -
tion of elec tro static po ten tial on the sur face of mol e cule 
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Fig.5 Lo ca tion of three amino acid res i dues of hu man cy to plas mic TyrRS, cor re spond ing to Gly41Arg, Glu196Lys, and 153–156delVKQV
mu ta tions, re gard ing the spa tial struc ture of its N-mod ule dimer or mini-TyrRS (PDB code 1N3L) in norm and in mu tant pro tein forms
(interdomain cat a lytic KMSKS loop was com pleted us ing ModLoop web server; the pic ture, ob tained us ing Swiss-PdbViewer 3.7, is pre -
sented in top-view only): a – mo lec u lar sur face of N-mod ule dimer in norm, stained ac cord ing to elec tro static po ten tial (elec tro static po ten -
tial was cal cu lated us ing Cou lomb method, tak ing into ac count par tial atomic charges); b – the same for Gly41Arg mu ta tion in both sub units; 
c – the same for Glu196Lys in both sub units; d – the same for 153–156delVKQV de le tion in both sub units; e – lo ca tion of DI-CMTC sites of
mu ta tions re gard ing aa, which form tRNATyr-bind ing sur face, ex cept its 3'-CCA-terminal end (grey color, two ovals); f – model of N-mod ule
dimer com plex with non-mod i fied hu man tRNATyr tran script with out 3'-CCA-terminal end (stoichiometry 2:1)
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is sub ject to sig nif i cant changes and very sen si tive to
cer tain mu ta tions (Fig.5, a–d).

Pos si ble ef fect of mu ta tions on TyrRS-tRNATyr in ter -
ac tion. To study the pos si ble role of res i dues, in volved
in mu ta tion, in bind ing of tRNATyr macromolecule, we
de signed the com plex of hu man TyrRS N-mod ule
dimer with non-mod i fied tran script of its tRNATyr, not
in clud ing the mo bile 3'-CCA-end of the lat ter
(stoichiometry 2:1), on the ba sis of ho mol o gous com -
plexes of archaebacteria M. jannaschii and yeast S.
cerevisiae (PDB codes 1J1U and 2DLC).  The fore seen
con tacts of this model be tween hu man TyrRS with
tRNATyr in norm re vealed 14 aa, namely, H158,
246-KKAFCEP, W283, 305-HPGD, and K310, which
form the con tact sur face.  Con se quently, we de ter mined 
close lo ca tion of Glu196 and tRNA mol e cule in de -
signed TyrRS-tRNATyr com plex and de fined pos si ble
ef fect of de le tions of 153–156-VKQV res i dues on the
lo ca tion of neigh bor ing His158, which in ter acts di -
rectly with ac cep tor stem of tRNATyr (Fig.5, e, f).

It has to be men tioned that all three mu ta tions,
Gly41Arg in the first place, are the po ten tial fac tors of
in cor rect fold ing of mu tant TyrRS forms, which re sults
in the de crease in their sol u bil ity and in crease in the ca -
pac ity to form macromolecular ag gre gates.

The other pos si bil ity is in the fact that the changes
in mo lec u lar sur face of these mu tant TyrRS forms may
in flu ence the prop er ties of pro tein-pro tein in ter ac tions
of TyrRS and its part ners in norm or in case of any new
non-typ i cal in ter ac tions with other com po nents of the
cell.

Cur rently, non-syn on y mous sin gle nu cle o tide
polymorphisms, al ter ing amino acid TyrRS se quence,
were de ter mined for hu man YARS gene.  In par tic u lar,
these mu ta tions are as fol lows: Arg34Gln, Met56Ile,
Lys114Thr, Glu128Asp, and Gln170His in exons 2, 2,
3, 4, and 4, re spec tively.  These mu ta tions are ca pa ble
of al ter ing TyrRS prop er ties and may be con nected
with cur rently un dis cov ered he red i tary pa thol o gies.

In the course of fur ther in ves ti ga tion we plan to
model mo lec u lar dy nam ics of hu man mini-TyrRS
dimer in norm and in three ob tained mu tant forms in
aquatic ionic en vi ron ment us ing GROMACS 3.3.2
soft ware pack to carry out the com par a tive anal y sis and 
to study pos si ble changes in dy namic fea tures of mu -
tant TyrRS forms.

Ê. À. Îäûíåö, À. È. Êîðíåëþê

Áè î èí ôîð ìà öè îí íûé àíà ëèç âëè ÿ íèÿ ìó òà öèé òè ðî çèë-òÐÍÊ

ñèí òå òà çû ÷å ëî âå êà, àñ ñî öè è ðî âàí íûõ ñ íå é ðî ïà òè åé 

Øàð êî-Ìàðè-Òóñ òèïà Ñ, íà ëî êàëü íûå îñî áåí íîñ òè åå 

ïðî ñòðà íñòâåí íîé ñòðóê òó ðû

Ðå çþ ìå

Íå äàâ íî óñòà íîâ ëå íà ïðè ÷èí íàÿ ñâÿçü ìåæ äó òðå ìÿ îïðå äå -
ëåí íû ìè ìó òàí òíû ìè ôîð ìà ìè öè òîï ëàç ìà òè ÷åñ êîé òè ðî -
çèë-òÐÍÊ ñèí òå òà çû (TyrRS) ÷å ëî âå êà è äî ìè íàí òíîé
íå é ðî ïà òè åé Øàð êî-Ìàðè-Òóñ òèïà C (DI-CMTC). Â äàí íîé
ðà áî òå äëÿ äâóõ òî ÷å÷ íûõ ìó òà öèé Gly41Arg, Glu196Lys è äå -
ëå öèè 153–156VKQV ïðî âå äå íî áè î èí ôîð ìà öè îí íîå èñ ñëå äî -
âà íèå âëè ÿ íèÿ çà ìå íû àìè íî êèñ ëîò íûõ îñòàò êîâ íà
ñòðóê òóð íûå îñî áåí íîñ òè äè ìå ðà êà òà ëè òè ÷åñ êî ãî ìî äó ëÿ
TyrRS («ìèíè-TyrRS», 2  ́39 êÄà), â ÷àñ òíîñ òè, íà åå áëè æàé -
øåå îêðó æå íèå è ýëåê òðî ñòà òè ÷åñ êèé ïî òåí öè àë ìî ëå êó ëÿð -
íîé ïî âåð õíîñ òè.

Êëþ ÷å âûå ñëî âà: òè ðî çèë-òÐÍÊ ñèí òå òà çà, íå é ðî ïà òèÿ
Øàð êî-Ìàð³-Òóñ òèïà C, ïðî ñòðà íñòâåí íàÿ ñòðóê òó ðà, êîì -
ïüþ òåð íûé ìó òà ãå íåç.
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