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Two isoacceptors Thermus thermophilus HB8 tRNA™ were isolated by the chromatography methods with
purity about 95 and 97 %. The primary structures of isoacceptors tRNA ;" and tRNA ;" were studied
by the gel-sequencing method, and differences between them were found in 18 positions. Our results show
that in solution the cognate prolyl-tRNA synthetase protects the phosphates located in D-stem (9, 10, 13),
5’-end of anticodon-stem (26-29), anticodon-loop (34, 35, 37-39) and acceptor-stem (67, 68) of tRNA .o""

from alkylation by ethylnitrosourea,.
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Introduction. The prolyl-tRNA synthetase (ProRS)
catalyzes the aminoacylation of cognate tRNA"™ by
two-stage mechanism, which includes the amino acid
activation with formation of prolyl-adenylate and the
further proline transference onto 3’-end adenosine of
cognate tRNA.

According to the chemical structure proline
(pirrolydine-2-carboxylic acid) is imino acid. A distin-
guishing feature of proline among 20 aminoacids, de-
tected in the proteins, is the atom of Nitrogen, forming
the peptide bond, which also participates in the forma-
tion of proline pyrrolidine ring. This leads to the sharp
bend of polypeptide chain in the place of peptide bond
formed by proline. The bend determines to a great ex-
tent the spatial structure of a protein molecule. Thus,
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the accuracy of aminoacylation of cognate tRNA by
proline is of special importance. Though in the cases
when amino acids have slight structural differences
(for example differs by methyl group), ProRS, as well
as other aaRSs, is not able to achieve a complete dis-
crimination and can make an error: it can either activate
a similar noncognate amino acid (alanine, cysteine) [1,
2], or aminoacylate tRNA with noncognate amino
acid.

ProRS along with GIyRS, HisRS, SerRS and
ThrRS belongs to the class Ila [3, 4] and functions as
o,-homodimer. The distinctive feature of the class Ila
synthetases is that they all (except SerRS) have cognate
C-terminal anticodon-binding domain, consisting of
more than 100 amino acid residues. A spatial localiza-
tion of this domain varies significantly relative to a cat-
alytic domain. In HisRS it is connected with the cata-
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lytic domain by a long peptide and located exclusively
opposite the active centre of another subunit. The ques-
tion is how the recognition and binding of tRNAs by
class Ila synthetases occur and how they interact with
tRNA anticodon?

The determination of spatial structures of Esche-
richia coli and T. thermophilus HisRS [5, 6] and T.
thermophilus GlyRS [7] by the method of X-ray crys-
tallography has provided us with a possibility to build
only hypothetical model of binding tRNA by the Ila
class synthetases, based on the research of surface elec-
trostatic potential. In addition, the phylogenetic analy-
sis of amino acid sequences of prolyl-tRNA synthetas-
es of various origins has shown that they can be re-
ferred to 2 structural forms, which have diverged early
during the evolution [8, 9]. The prokaryote-like ProRSs
have a large insertions between structural motifs 2 and
3, and their C-terminal domain is absent whole the
eukaryote/archaeon-like ProRSs contain a unique
C-terminal domain.

We have obtained the crystals of tRNA ;" and
tRNA, " complexes with T. thermophilus ProRS
(ProRSTT) and their structures have been determined
[9]. That was the first structural data, showing, how the
class Ila synthetase recognizes tRNA anticodon. A sev-
eral novel features for the Ila class synthetases have
been revealed by the comparison of received data for
native ProRSTT structure (0.243 nm) and its complex
with proline (0.29 nm) [10]. The C-terminal domain is
a Zn-binding structure. It has been found that there is
only one molecule of tRNA per dimer of the enzyme in
a crystal. The anticodon of tRNA is well structured,
anticodon-loop is compact and only 3 main anticodon
bases (G35, G36, and G37) interact with the enzyme.

Watson-Crick pairs of bases U32-U38
(tRNA ;") or U32-A38 (tRNA_.;"), absent in free
tRNA, are formed upon tRNA binding to the enzyme.
The upper part of anticodon stem is cross-contacted
with another subunit of the dimmer. The tRNA 3’ and
5’ ends are disordered and the acceptor end does not en-
ter the enzyme active site. A possible reason for may be
an ‘incorrect’ conformation of the active site due to the
absence of proline, since the essential conformational
changes of the enzyme occur during the binding of
proline. The data obtained have confirmed the results
of biochemical research according to which the bases
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G35 and G36 are the elements of tRNA recognition by
the synthetase [11]. However, the additional enzyme
contacts with tRNA, including D- and acceptor-stem,
have to be present for the efficient aminoacylation. Be-
sides, some doubts concerning the identity of
macromolecular structures in crystal and solution al-
ways arise. To understand the mechanism of tRNA
aminoacylation by the class Ila synthetases it is neces-
sary to define how the anticodon-binding domain
positions the acceptor end of tRNA and ensures the
effective aminoacylation.

The aim of this work is to study the interaction be-
tween tRNA" and T. thermophilus prolyl-tRNA
synthetase in solution by the method of chemical modi-
fication. At present time ethylnitrosourea is one of the
best reagents to investigate tRNA interaction with
aminoacyl-tRNA synthetase, equally modifying tRNA
bases in loop and helical regions.

Materials and methods. The following materials
and instruments were used in the current research:
benzoyl DEAE-cellulose (BD-cellulose) (‘Serva’, Ger-
many); 4B-sepharose (‘Pharmacia Fain Chemicals’,
Sweden);  NaCl, MgCl, (‘Fisher’,  USA);
diethylpyrocarbonate, phenylmethylsulfonyl fluoride
(‘Calbiochem’, USA); 2-mercaptoethanol,
dithiothreitol (DDT) (‘Merk’, Germany); GF/C filters;
DEAE cellulose (‘Whatman’, England); isopropyl al-
cohol, '"“C-prolyl (239 Cu/mole), [o-"PJATP,
[y-"P]ATP with specific activity 2000-3000 Cu/mole
(‘Amersham’, England); dimethyl sulfate, hydrazine
(‘Fluka’, Switzerland); tris, sodium-hydrobromide
(‘Serva’, Germany); snake venoms phosphodiesterase,
alkaline phosphatase from E. coli (‘Sigma’, USA);
T1-ribonuclease (‘Sankyo’, Japan); snake venom
phosphodiesterase (‘Worthington’, USA);
polynucleotide kinase of phage T4, (‘Pharmacia’, Swe-
den); tRNA-nucleotidetransferase of yeast ( Institute
of molecular biology and genetics of National Acad-
emy of Sciences of Ukraine). Ethylnitrosourea was
synthesized by A. G. Terentyev ( Institute of molecular
biology and genetics of National Academy of Sciences
of Ukraine). X-ray film (‘Codac’, USA) was used.

The solutions have been prepared on redistilled wa-
ter. The list of used instruments: centrifuge K-70 (Ger-
many), centrifuge Jouan MR 14.11 (‘Jouan’, France),
spectrophotometer Specord UV VIS (Germany), chro-
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matographic equipment Gold-System and highly-effi-
cient chromatographic columns Spherogel TSK DE
SPW 2.0 15 cm, Ultrapore RPMS C8 1.0, 25 cm
(‘Beckman’, USA), electrophoresis Macrophor 2010,
scintillation counter Rackbeta, densitometr UltraScan
XL (‘LKB’ Sweden).

The T. thermophilus cells HB-8 strain was grown
as previously described [12, 13] in order to obtain
prolyl-tRNA synthetase and crude tRNA.

tRNA isolation and purification from 7.
thermophilus was performed in several stages, includ-
ing the isolation of crude tRNA, chromatography on
columns with BD-cellulose, reversed-phase chroma-
tography on 4B-sepharose and highly-efficient liquid
chromatography (HPLC) on the columns
Spherogel-TSK DE 5PW and Ultrapore RPMS C8 as
described [12, 14, 15].

tRNA ;" and tRNA ;™ from T. thermophilus
were labeled with radioactive phosphorus on the 3’-end,
using [5°-P]pCp and RNA-ligase [16], [a-"P]JATP and
tRNA-nucleotidiltransferase [17], received as described
[18]. The 5’-end of tRNA was labeled using [y-"P]
ATP in phosphorylation reaction [19].

The T. thermophilus tRNA ;" and tRNA ;" nu-
cleotide sequences have been determined by two meth-
ods of tRNA sequencing: specific chemical degrada-
tion [20, 21] and hydrolysis of tRNA with specific
endonucleases [21, 22].

The alkylation of *P-labeled tRNA ;"™ and its
complex with prolyl-tRNA synthetase was performed
with the use of ethylnitrosourea under the conditions
stabilizing a spatial structure of tRNA, and at the same
time they promote the formation of the specific com-
plex of tRNA"™-prolyl-tRNA synthetase [23]. A reac-
tion mixture of 25 pl included: 50 mM of tris-HCI (pH
7.9); 5 mM of MgCl,; 2.5 mM of 2-mercaptoethanole;
0.8 uM of tRNA™; 3.2 uM of prolyl-tRNA synthetase
and 2.5 pl of saturated solution of ethylnitrosourea in
ethyl alcohol. The reagent concentration was 75 mM.
The alkylation of tRNA in the presence of cognate
ProRSTT was curried out for 2 hours at 37 °C and
stopped by adding 3 pl of 3 M sodium acetate (pH 5.5).
In control experiments the equivalent amount of etha-
nol has been added in stead of ethylnitrosourea; instead
of  prolyl-tRNA  synthetase, heterological
aminoacyl-tRNA synthetase (3.2 uM) has been added.

After the reaction had been finished, enzymes have
been removed by phenol extraction, tRNA has been
precipitated by 10 pg glycogen and 3 volumes of ethyl
alcohol added.

Under denaturating conditions the tRNA
alkylation was curried out in 25 pl of

0.3 M Na-cacodylic buffer (pH 8.0), containing 0.1
mM of EDTA, for 2 minutes at 80 °C. Polynucleotide
chain was split under modified bases in 10 pl of 0.1 M
tris-HCI (pH 9.0) for 5 minutes at 55 °C.

The obtained fragments of tRNA were separated by
electrophoresis in 12.5% polyacrylamide gel in 5 mM
tris-borate buffer (pH 8.3), which contained 1 mM
EDTA and 7M urea with further autoradiography of a
gel. The electrophoretic bands were identified, com-
paring a mobility of fragments with that of fragments,
obtained by partial hydrolysis of tRNA with
ribonuclease T1. The intensity of electrophoretic bands
on the gel radioautographs, which represented the
phosphate modification degree, was estimated by scan-
ning densitometer UltraScan XL from ‘LKB’
(Sweden).

Results and discussion. Isolation of individual
tRNA ;" and tRNA . from T. thermophilus. Be-
cause of the existence of several tRNA" isoacceptors
, which are present in entire pool of a total tRNA prep-
aration, the isolation of individual isoacceptor tRNA
is a quite complicated task. tRNAs™ from T.
thermophilus have been isolated and purified in sev-
eral chromatographic stages. During the column chro-
matography on BD-cellulose tRNA™ from T.
thermophilus was eluted in a zone of high optical den-
sity and contained a lot of contaminations consisting
of other tRNAs. Therefore, the reversed-phase chro-
matography on the 4B-sepharose column was used as
the second stage, which allowed removing most of
contaminations and what is very important allowed a
separation of tRNA" from tRNA"*[15]. The further
purification was performed by the HPLC methods on
the Spherogel-TSK DE 5PW column. Final purifica-
tion of tRNA was curried out on the Ultrapore C8 col-
umn, that resulted in obtaining 2 isoacceptors
tRNA(tRNA .,/ and tRNA,) from T
thermophilus (Figure 1). The purity of obtained prep-
arations was about 95 and 97% (1505 and 1545
mole/one optical unit) respectively.
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Fig. 1. Purification of 7.
thermophilus  isoacceptor
tRNAGGG™ and
tRNAcge™™ on re-
versed-phase Ultrapore
column C8: / — optical den-
sity at 260 nm; 2 —gradient
of buffer B concentration.
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Determination of  nucleotide sequences of T.
thermophilus tRNA ;" and tRNA,.;""- Nucleotide
sequences of T. thermophilus tRNA " and
tRNA ;" have been studied using two methods of la-
beled tRNA sequencing: specific chemical degrada-
tion [20, 21] and tRNA hydrolysis by specific
endonucleases [21, 22]. As a result the full nucleotide
sequences of T. thermophilus tRNA.™ and
tRNA ., * have been determined. In the figure 2 the
primary structures are represented in the form of clo-
ver leaf. There are 77 nucleotide bases included into
the composition of each tRNA™. 18 distinguishing
nucleotides have been revealed by comparison of their
structures (they are marked out with bold italic type).
The most significant difference is noticed in the
anticodon stem (8) and T-stem (4), 2 distinctions have
been found in both anticodon loop and acceptor stem
(8) and one in both D-loop and acceptor end. tRNA™s
from 7. thermophilus have typical features of
prokaryotic tRNA"": the first CG-pair in the acceptor
stem and the specific structure of D-stem. The
homology of tRNA ;" primary structure with corre-
sponding isoacceptor tRNA ;" from E. coli is 78%.

Thus, the proline system in T. thermophilus is
unique considering that ProRSTT belongs to the
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60 Zime, min  tively.
eukaryote/archaeon-like type according to its struc-
tural features while its cognate tRNA"® belongs to the
prokaryotic group of tRNA". Therefore, from the
evolutional point of view to research tRNA" recogni-
tion by its aminoacyl-tRNA synthetase is of great
interest.

Study on the T. thermophilus prolyl-tRNA
synthetase interaction with cognate tRNA .., in so-
lution. The selection of 7. thermophilus tRNA is
based on the results of the study of ProPCTT com-
plexes with both isoacceptor tRNA"s by the methods
of X-ray crystallography [9]. The crystals of T.
thermophilus ProRSTT-tRNA ;" had better resolu-
tion and appeared to be more informative. The ob-
tained results allowed constructing a spatial model of
the complex. The results of X-ray diffraction analysis
of the T. thermophilus ProRSTT-tRNA ;™ complex
entirely correspond to the model, built for the
ProRSTT-tRNA ;" complex. The regions, where
tRNA ;" contacts with prolyl-tRNA synthetase,
were investigated by the ethylnitrosourea alkylation
of free tRNA"™ in the presence of cognate
aminoacyl-tRNA synthetase. The tRNA alkylation re-
action was performed as described in “Materials and
methods”.
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Fig. 3. Autoradiogramms of 12,5 % polyacrylamide gels obtained
with 3’-labeled (A) and 5’-labeled (B) T. thermophilus tRNAcgg™™
in ethylnitrosourea mapping experiments.

A: alkylation of tRNA alone under the native (3, 5) and

denaturating (2) conditions, and alkylation of tRNA in the presence
of cognate prolyl-tRNA synthetase (7); corresponding control
incubations (4, 6, 8) without ethylnitrosourea treatment. 2 -
tRNAP™(CGG), partial ribonuclease T1 digest.

B: alkylation of tRNA alone under the native (3, 4) and

denaturating (1) conditions, and alkylation of tRNA in the presence
of cognate prolyl-tRNA synthetase (6); corresponding control
incubations (5, 7) without ethylnitrosourea treatment. 2 -
tRNA"(CGG), partial ribonuclease T1 digest.

Numbering of bands corresponds to the phosphate position.
Triangles indicate phosphates from alkylation in the presence of
prolyl-tRNA synthetase.

tensity levels of corresponding bands in the presence
and absence of the cognate ProRSTT (Fig. 4) provide
us with a reliable information on the phosphate
protection with the enzyme.

The location of protected phosphates in the pres-
ence of prolyl-tRNA-synthetase in the structure of
tRNA™ is represented in the figure 5. It can be seen
that the tRNA .., phosphates, which have low ability
for alkylation in the presence of ProRSTT, are located
in positions on the 5’-end of D-stem and D-loop (9, 10,
13, 16, 17, 17a), on the 5’-end of anticodon stem (26,
27,28,29) and anticodon loop (34, 35, 37, 38) , on the
3’-end of acceptor stem (67, 68). The participation of
anticodon bases, bases on 5’-side of anticodon stem
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Fig. 4. Pattern of phosphate reacivities towards ethylnitrosourea in
T. thermophilus tRNAcgg'™ in the presence of prolyl-tRNA
synthetase as compared to the free native molecules. R; values are
the ratios between the intensities of the corresponding

electrophoretic bands of the tRNA alkylation patterns in the
presence of the enzyme and free tRNA; Np — phosphates numbers.
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Fig. 5. Cloverleaf structure of T. thermophilus tRNAcgg™. The
arrows show phosphates protected by  prolyl-tRNA synthetase
against alkylation by ethylnitrosourea. Differences between
tRNAGee ™ end tRNAcg™™ are indicated in italics bold.

and 3’-side of acceptor stem in the interaction with
prolyl-tRNA synthetase is proved as well by the
method of tRNA protection from ribonuclease hydro-
lysis (data are not shown ). However, it is necessary to
note there are no direct contacts of D-loop with the en-
zyme in crystal structure, therefore the decrease in
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phosphate 16, 17 and 17a reactivity is connected with
their participation in the stabilization of corresponding
D-loop conformation, induced by tRNA interaction
with the enzyme. We suggest that such D-loop confor-
mation is more stable due to the complex formation
with the synthetase. The data obtained indicate that the
contacting points of tRNA"° with the synthetase are lo-
cated at the side of a major groove of anticodon stem
and anticodon is key-important in the tRNA™
interaction with cognate prolyl-tRNA synthetase.

These results well agree with the results of crystal
complexes research by the crystallographic methods
[9]. The main contacts between the anticodon-binding
domain of ProRSTT and tRNA™ are created by a
B-sheet and two o-helixes of the enzyme, directed to
the anticodon loop of tRNA from the side of major
groove. A hydrophobic patch, which specifically binds
the anticodon base G35 and G36, is formed by the
amino acid residues I1€295, Pro322 and Phe336. In the
recognition of anticodon tRNA"™ Lys353, Asp254,
Glu349, Lys297 and Thr331 also participate, creating
hydrogen bonds with anticodon bases or interacting
with phosphates. It is worth noting that almost all
pointed out residues are conservative in all known
eukaryote/archacon-like ProRS.

The bases G35 and G36 of tRNA" are the recogni-
tion elements for ProRS. As it has been shown by bio-
chemical research, these bases substitution for others
leads to the aminoacylation efficiency decrease by
9-164 times for the prokaryotic ProRS and by
300-1100 times for the eukaryotic one [11].

The results obtained designate an important func-
tion of the ribose-phosphate backbone and spatial con-
figuration of tRNA""in the processes of tRNA recogni-
tion by the cognate enzyme. The interaction of enzyme
residues with the bases G35 and G36 of tRNA has also
been shown. The protection of the phosphates 67 and
68 in the acceptor stem from modification is believed
to be an important result of this study. According to
the crystallographic data, the acceptor stem of tRNA™
has got no direct contacts with the enzyme and a spatial
localization of the acceptor end has not been defined.
However, the phosphates 67 and 68 can interact with
Argl46 and Argl48 and fix the acceptor stem in the po-
sition, providing efficient aminoacylation, as a result of
conformational changes during the proline binding. It
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is necessary to note that Argl02 corresponds to the po-
sition of Argl46 in a spatial structure of Entercoccus
faecalis ProRS (ProRSEF) and according to the com-
puter model of ProRSEF-tRNA complex these amino
acids take part in the interaction with ribose-phosphate
backbone of the tRNA"™ acceptor stem around of the 68
phosphate [24]. In the latter model the enzyme interac-
tion with ribose-phosphate backbone also occurs
around the phosphates 10 and 13 at the 5’-side of
anticodon stem and anticodon loop. This agrees with
the data, obtained by us for 7. thermophilus tRNA". It
is clear that both the primary structure of T.
thermophilus tRNA" and its interaction with the cog-
nate synthetase have peculiarities of prokaryotic
tRNA™ type.

Thus, several new details of ProRS interaction
with tRNA"® have been revealed as a result of the per-
formed research, which together with the crystallo-
graphic data, help to understand the mechanism of the
class II synthetases interaction with tRNA and how
anticodon-binding domain of ProRS interacts with
tRNA anticodon. For further research it is important to
study a triple complex of prolyl-ProRS-tRNA" which
promotes fixation of the tRNA acceptor end in the
catalytic centre of enzyme.

C. II. €zoposa, 1. A. Kpukausuii, O. I1. Kosaneunxo, I'. /[. pemuyk,
M. A.Tykano

Bupuennst B3aemonii nponin-TPHK  cunrterasn Thermus

thermophilus 3 TOMOJOTIYHOIO TPHK g™ Meromamu XiMiuHOi

Monudikauii B po3uuHi
Pesrome

Memoodamu xpomamozpadii éudineno 06i izoaxyenmopni mPHK""
3 T. thermophilus HBS8 uucmomoio 6ina 95 i 97 % eionogiono.
Bueueno nepeunni cmpykmypu mPHK..."" i mPHK..;" 3 T.
thermophilus, siki éiopisnaomoeca mixe cobow y 18 nonoscenHsax.
Ilokazano, wo 6 po3uuni eomonozciuna nponin-mPHK cunmemasa
3axuwae 6i0 AAKIIY6AHHA eMUIHIMPO30CeU08UHOI0 pochamu
mPHKCGGP"’, posmawosani ¢ D-cmeoni (9, 10 i 13), na 5’-xinyi
aHmMuko0oH06020 cmebna (26, 27, 28 i 29), 6 anmuxo0doHo8iil nem.i
(34, 35, 371 38) i 3 3’-60Kry akyenmopHnozo cmebna (67, 68).
Kniouosi crnosa: nponin-mPHK cunmemasa, mPHK"™, Thermus
thermophilus, xpomamoepagis, ANKILY8AHMS
eMUNHIMPO30CEUOBUHOIO, ABMOPALOZPaADIsL.
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Apemuyk, M. A. Tykano

H3zyuenue B3aumoneiicteus nponun-tPHK cunrerassl
Thermus thermophilus ¢ TOMOJIOTHYHON TPHK c66 ™ MeTonamu

XUMHYECKOW MOJU(pHUKAIIMK B PAaCTBOPE

Pesome

Memooamu xpomamozpaguu euoenenvl 06e U30AKYENMOPHbLE
P ; .
mPHK"™ u3 T. thermophilus HBS8 uucmomoii oxoro 95 u 97 %
P
coomeemcmeenno. Hzyuenol nepsuunvie cmpykmypol mPHK ... " u

mPHK ;" us T. thermophilus, omnuuatowuecs mexncdy co6oii 6 18

nonoocenusax. Iloxazano, umo 6 pacmeope 20MONO2UYHASA
nponun-mPHK  cunmemasa sawuwaem om  aiKuaupo8aHus

o Pro
IMUIHUMPOZOMOYUCEUHOU docpamul mPHK . °,

pacnonoodicenuvie 6 D-cmebne (9, 10 i 13), na 5'-xonye
aHmMuko0oHo6o2o cmebus (26, 27, 28 u 29), 6 aHmukoO0oHo80uU
nemnue (34, 35, 37ui 38) u ¢ 3'-cmoponsl akyenmoprozo cmebis (67

u 68).
Pr
Kniouesvie cnosa: nponun-mPHK —cunmemasa, mPHK ",
Thermus  thermophilus, — xpomamoecpagpus,  arkuruposanue

IMUTHUMPOZOMOUEBUHOLL, A8MOPAOUOPAPUA.
REFERENCES

1. Beuning P. J., Musier-Forsyth K. Hydrolytic editing by a
class II aminoacyl-tRNA synthetase // Proc. Nat. Acad. Sci.
USA.-2000.-97.—P. 8916—8920.

2. Ahel I, Stathopoulos C., Amborogelly A., Sauerwald A.,
Toogood H., Hartsch T., Soll D. Cysteine activation is an in-
herent in vitro property of prolyl-tRNA synthetases // J. Biol.
Chem.—2002.—277.—P. 34743-34748.

3. Eriani G., Delarue M., Poch O., Gangloff J., Moras D. Parti-
tion of tRNA synthetases into two classes based on mutually
exclusive sets of sequence motifs // Nature.—1990.— 347.—P.
203-206.

4. Cusack S., Berthet-Colominas C., Hartlein M., Nassar N.,
Leberman R. A second class of synthetase structure revealed
by X-rey analysis of Escherihia coli seryl-tRNA synthetase at
2.5 A // Nature.—1990.—347.—P. 249-255.

5. Arnez J. G., Harris D. C., Mitschler A., Rees B., Franclyn C.
S., Moras D. Crystal structure of histidyl-tRNA synthetase
from E. coli complex with histidyl-adenylate // EMBO
J.—1995.—14.—P. 4143—4155.

6. Aberg A., Yaremchuk A., Tukalo M., Rasmussen B., Cusack S.
Crystall structure analysis of the activation of histidine by
Thermus thermophilus histidyl-tRNA synthetase // Biochem-
istry.—1997.—-36.—P. 3084—-3094.

7. Logan D. T., Mazauric M.-H., Kern D., Moras D. Crystal
structure of glycyl-tRNA synthetase from 7. thermofilus //
EMBO J.—1995.—14.—P. 4156—4167.

8. Woese C. R., Olsen G. J., Ibba M., Soll D. Aminoacyl-tRNA
synthetases, the genetic code, and the evolutionary process //
Mol. Biol. Rev.-2000.—64. P. 202—-236.

9. Yaremchuk A., Cusack S., Tukalo M. Crystal structure of a
eukaryote/archaeon-like prolyl-tRNA synthetase and its
complex with RNA(Pro)(CGG) // EMBO J1.-2000.—-19.—
P. 4745—4758.

391



EGOROVA S.P. ET. AL.

10.

11.

12.

13.

16.

17.

392

Cusack S., Yaremchuk A., Krikliviy I., Tukalo M. tRNA"™
antikodon  recognition by  Thermus  thermophilus
prolyl-tRNA synthetase // Structure.—1998.—6.—P. 101-108.
Liu H., Peterson R., Kessler J., Musier-Forsith K. Molecular
recognition of tRNA"™ by E. coli proline tRNA synthetase in
vitro // Nucl. Acids Res.—1995.—23.—P. 165—-169.
Kpurnueuii I. A., Kosanenxo O. I1., I'vosepa O. H., Spemuyx
I J., Tyxano M. A. BunineHHs i O4MICHHS 130aKIENTOPHUX
dopm TPHK " i tPHK,> i3 Thermus thermopilus //
Biononimepu i knitnna.—2006.—22, Ne 6.—C. 425—432.
Yaremchuk A., Cusack S., Tukalo M. Crystallization and pre-
liminary X-ray diffraction analysis of Thermus thermophilus
prolyl-tRNA synthetase // Acta Cryst.—2000.— D56.—P.

195-196.

.I'yozepa O. U., Kpukauswiii U. A., Apemuyx A. /1., Tykaro M.

A. Brigenenue ructuguHosoii TPHK w3 Thermus
thermophilus W wu3yd4eHUe €€ MEPBUYHON CTPYKTYpPhl U
y4acTKOB B3aMMOIEHCTBHS y TOMOJIOTHYHOM
amuHoanmiI-TPHK CUHTETAa3bl // biononimepu i

kaiTuHa.—2006.—22, Ne 3. — C. 201-209.

. Kpuxnueuii I. A., Kosanenxo O. II., ['vosepa O. H., Apemuyk

I /., Tykano M. A. BuaineHHs i O4MLICHHS 1HAUBIyalbHOT
TPHK"" i3 Thermus thermophilus ta Bu3Hagenus ii MiHOpHHX
ocHoB // biomonimepu i kinituaa.—2008.-24, Ne 1. —C. 21-27.
Bruce A. G., Uhlenbeck O. S. Reactions at the termini of the
tRNA with T4 RNA ligase // Nucl. Acids Res.—1978.-5.—
P. 3665— 3677.

Silberklang M., Gillum A. M., Raj Bhandary U. L. The use
nuclease P1 in sequence analysis of end group labeled tRNA
/' Nucl. Acids Res.—1977.— 4.—P. 4091—-4108.

18.

19.

20.

21.

—_

22.

23.

24.

Rether B., Bonnet J., Ebel J. P. Studies on tRNA
nucleotidyltransferase from baker’s yeast 1. Purification of
the enzyme. Protection against thermal inactivation and inhi-
bition by several substrates // Eur. J. Biochem.—1974.—
50.—P. 281-288.

Viasov V. V., Giege R., Ebel J. P. Tertiary structure of tRNA
in solution monitore phosphodiester modification with
ethylnitrosoures // Eur. J. Biochem.—1981.—119.—P. 51-59.
Peattie D. A. Direct chemical method for sequencing RNA //
Proc. Nat. Acad. Sci. USA.—1979.—76.—P. 1760—1764.

Donis-Keller H., Maxam A. M., Gilbert W. Mapping

adenines, guanosines and pyrimidines in RNA // Nucl. Acids
Res.—1977.—4.—P. 2527-2538.
Lockard R. E., Alzner-Debveerd B., Heckman J. E., Mac-Gee
J., Tabor M. W., Raj Bhandary U.L. Sequence analysis of 5'
{**P} labeled mRNA and tRNA using polyacrylamide gel
electrophoresis // Nucl. Acids Res.—1978.—5.—P. 37-56.

Viasov V. V., Korn D.,Giege P. Ebel J.-P. Protection of
phosphodiester bonds in yeast tRNAY" by its cognate
aminoacyl-tRNA  synthetase against alkilation by
ethylnitrosourea // FEBS Lett.—1981.—-123.—P. 277-281.
Crepin T., Yaremchuk A., Tukalo M., Cusack S. Structures of
two bacterial prolyl-tRNA synthetases with and without a
cis-editing domain // Structure.—2006.—14.—P. 1511-1525.

UDC 577.217.335
Received 15.07.08



