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Serine aminoacylation system is unique as it is the only system where synthetase of class Il recognizes tRNA with a
long variable stem (type Il tRNA), which is of great interest to study the mechanisms of tRNA recognition by
corresponding aminoacyl-tRNA synthetase. Current paper presents the methodological approaches for obtaining
purified isoacceptor tRNA1Ser and tRNA2Ser in milligram quantities from extremal thermophil Thermus
thermophilus for crystallography. The developed method of tRNASer purification employs the chromatography on
benzoylated diethylaminoethylcellulose and high-performance liquid chromatography on anion-exchange column
Spherogel TSK DEAE 5PW, and reverse phase column Ultrapore C8 using HPLC equipment (Beckman).
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Introduction. Serine aminoacylation system (SerRS
and tRNA™ guarantees correct including of serine
amino acid into a protein molecule which has six
corresponding codons of genetic code. Characteristic
features of this system are as follows: i) seryl-tRNA
synthetase is one of three ARSases, which do not
recognize anticodon of tRNA in prokaryotes; ii)
tRNA™ has a long variable arm which provides a
considerable difference of this system from others.
Structural and functional characteristics of
seryl-tRNA synthetase allow referring it to class II [1,
2]. The mechanisms of enzymes interactions with
cognate tRNA have radical distinctions for ARSases of
classes I and II. Similar to tRNA"" and prokaryotic
tRNA™, tRNA™ has a long variable arm and is
classified as type Il tRNA [3]. The length of the
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variable arm of type II tRNA may be 20 nucleotides
instead of 4-5 in type I tRNA. The presence of a long
variable arm provides considerable difficulty in the
study of three-dimensional structure of type II tRNA.
Type I tRNA™ was one of the first biological
macromolecules, the three-dimensional structure of
which was studied by X-ray analysis [4], however, an
attempt to obtain crystals of free tRNA with a long
variable arm, which would allow determining its
three-dimensional  structure, have yet been
unsuccessful. Thus, serine aminoacylation system is
unique as it is the single system where class II
synthetase recognizes type Il tRNA, which has a special
interest to the study of mechanisms recognition and
aminoacylation of tRNA* by seryl-tRNA synthetase.
Our research on the interaction between tRNA with
a long variable arm, and cognate synthetases (tRNA™
and tRNA"™ from bovine liver and mammary gland,
respectively) by the methods of chemical modification
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in solution [5-10] allow revealing important
information indicating that these tRNA should differ
for both three-dimensional structures and orientations
towards enzymes.

Consequently, to clarify the mechanisms of their
functioning, as the main link of genetic code realization
in the cells of living organisms, it is necessary to carry
out a detailed study on three-dimensional structures of

tRNA and their complexes with cognate
aminoacyl-tRNA synthetases by crystallographic
methods.

The success in using X-ray analysis depends on the
quality of crystals, which should be well packed and
resistant to X-rays, as experimental exposition may
continue for several hours. Therefore, preparations of
the highest purity are needed to grow crystals of
bio-macromolecules and their complexes. Any
contaminations can disturb crystal structure and
decrease resolution of the method.

At present we possess a set of powerful and highly
effective methods (chromatography in different
variants, electrophoresis, sedimentation, etc.), the use
of which, at first glance, may seem easy to solve the
problems of obtaining individual bio-macromolecules
of high purity. Nevertheless, all transfer RNAs have
slight resemblance to three-dimensional structure
(L-form), which determines their similar behavior in
interactions with different chromatographic carriers.
tRNA® content in general tRNA pool is ~2%, but it is
very heterogeneous in structural respect. This
heterogeneity is conditioned by both degeneration of
genetic code (6 anticodon) and the degree of maturation
(post-transcriptional modification of nucleotide bases
and their transformation into minor components).
Moreover, macromolecules with identical primary
structure may have different conformations.
Seryl-tRNA synthetase recognizes all various tRNA™
forms and may form complexes with them in the
crystallization process. Obtained crystals will be
heterogeneous, unavailable for analysis and have high
level of loosening. We isolated tRNA™ preparations of
bovine liver, sufficiently purified (over 90%) from
other tRNA using only two chromatographic stages on
benzoylated DEAE-cellulose (both in presence and
absence of Mg’) [11], but they had considerable
structural heterogeneity and were not promising in
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experiments on crystallization. Thus, while isolating
and purifying tRNA, we should have selected tRNA™
macromolecules more carefully than it is performed by
seryl-tRNA synthetase itself.

A serine aminoacylation system from extremal
thermophil Thermus thermophilus was chosen as object
of structural research. These microorganisms live in hot
springs with the temperature of 65-80°C, therefore,
their macromolecules may have structural peculiarities
providing their higher resistance to external influence
and better adequacy for structural research.

Current paper presents methodological approaches
for obtaining two highly purified isoacceptors tRNA™
in quantities, sufficient for the study of their primary
structures, physical-chemical and functional features,
obtaining crystals of tRNA> complexes with cognate
SerRS and the elaboration of models of
three-dimensional structures of complexes on the basis
of experimental data of X-ray analysis.

Materials and methods. The following materials
were used in the work: benzoylated DEAE-cellulose
(BD-cellulose) ("Serva", Germany), NaCl, MgCl,
("Fisher", USA), tris, phenylmethylsulfonilfluoride
("Calbiochem", USA), ammonium acetate (analytical
grade), 2-mercaptoethanol (Merk, Germany), GF/C
filters, diethylaminoethylcellulose (Whatman, UK),
isopropyl alcohol (analytical grade), “C-serine (120
Cu/mol) (Institute of Research, Production and
Application of Radioactive Isotopes, Czech Republic).
All other reagents were of analytical grade. Solutions
were prepared with redistilled water. The following
equipment was used: centrifuge K-70 (Germany),
spectrophotometer Specord UVVIS (Germany),
chromatographic equipment (Gold System), high
pressure chromatographic columns Spherogel TSK
DEAE 5PW, Ultrapore C-3, Ultrapore C-8 (Beckman,
USA), scintillation counter Rackbeta (LKB, Sweden).

The cells of T.thermophilus HB-8 and HB-27 were
grown in the fermenter with the volume of 300 liters in
the nutrient medium, containing 5 g/l peptone, 2 g/l
yeast extract, and 2 g/l NaCl at the temperature of 75°C.
Culture growth was controlled according to absorption
increase at A, to 1.8.

The cells were collected by centrifugation, washed
from the residues of nutrient medium, frozen, and kept
till use.
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Crude tRNA was obtained from T. thermophilus by
phenol extraction of RNA from bacterial cells and
deproteinization by mixtures of phenol:chlorophorm
(1:1) and chlorophorm:isoamyl alcohol (9:1). Phases
were separated on K-70 centrifuge. To purify tRNA
from proteins and contaminations of nucleotide and
polysaccharide nature, DEAE-cellulose was used. In
the final supernatant pH value was obtained by adding
dry tris to 7.5, applying it on DEAE-cellulose in a
beaker, the mixture was stirred by a glass stick and
placed into the refrigerator for sediment formation (the
operation was repeated several times). After RNA
binding, DEAE-cellulose was washed by 0.14 M NaCl
in tris-HCl buffer, pH 7.5, with subsequent introduction
into the chromatographic column, then it was washed
with 0.3 M NacCl to remove protein admixtures. tRNA
was eluated by 1 M NaCl, precipitated by 2.5 of the
volume of ethyl alcohol in the presence of 2% of
potassium acetate. The precipitate, formed in the course
of 17-20 hours at 4°C, was collected by K-70
centrifuge.

The enzyme for tRNA testing in the purification
process was isolated from the same biomass. The cells
were collected by centrifugation, washed from the
admixtures of nutrient medium, and disrupted using
French Press in 40 mM tris-HCI1 buffer, pH 7.9,
containing 2 mM dithiothreitol, 0.1 mM EDTA, 1 mM
phenylmethylsulfonil fluoride, 5 mM MgCI2, 1| mM
NaN3. Obtained extract was centrifuged for 2 hours at
105 000 g, and the supernatant was applied to the
column with DEAE-cellulose, equilibrated by 20 mM
tris-HC1  buffer, pH 7.8, containing 0.2 mM
dithiothreitol, 0.1 mM EDTA, 0.1 mM
phenylmethylsulfonil fluoride, 5 mM MgCl,, 0.5 mM
NaN,. The column was washed by loading buffer with
subsequent elution of protein by 0.3 M NaCl in the
same buffer. Obtained protein solution was used as a
crude enzyme in aminoacylation reactions.

The acceptor activity of tRNA on different stages of
isolation was defined according to the maximum level
of forming aminoacyl-tRNA in aminoacylation
reaction using “C-serine and crude preparation of
aminoacyl-tRNA  synthetase. Standard reaction
mixture in the volume of 0.25 ml contained 0.1 mM
tris-HCl, pH 7.6, 10 mM MgCl,, 0.2 mM ATP, 5-15
mM "“C-serine, and 1 mg/ml of crude 7. thermophilus

ARSases. 50 mkl tRNA solution was taken from
investigated fractions, added 200 mkl of reaction
mixture and incubated during 7 minutes at 65°C. The
reaction was stopped by adding 500 mkl of cooled 10%
solution of trichloroacetic acid. The inclusion of
“C-serine to aminoacyl-tRNA was determined using
scintillation counter.

The individual tRNAs were isolated, using several
chromatographic stages on columns with BD-cellulose,
Spherogel TSK DEAE 5PW and Ultrapore C3,
Ultrapore C8 ("Beckman", USA), as well as equipment
for high pressure liquid chromatography (HPLC)
("Gold System" of "Beckman" company, USA).
Fractions, active in aminoacylation reaction, were
determined after each chromatographic stage, with
their subsequent being combined, precipitated by
ethanol, and used for further purification.

Results and Discussion. Chromatography on the
column with benzoylated DEAE-cellulose [12] was
used on the first stage of isolating preparations of
individual tRNA* and tRNA* according to [13].
Transfer RNA, active in the aminoacylation reaction
with serine, was found only in fractions, eluated by 1.5
M NaCl and 10% ethyl alcohol. Selected fractions were
pooled, precipitated by ethanol, dried and kept in the
refrigerator until further use. tRNA loss on this column
was about 20%. Fractions, containing serine activity,
were about 10% of material, eluated from the column.

Further purification was carried out by
chromatography on high pressure anion-exchange
column Spherogel TSK DEAE 5PW (2.1 x 15 cm)
using HPLC  equipment ("Gold  System").
Chromatography was carried out using the following
buffer solutions: buffer A contained 0.05 M tris-HCI,
pH 7.5, 0.2 M NaCl, 0.01 M MgCl,, and 10%
2-isopropanol; buffer B differed in NaCl content — 1.0
M. After applying tRNA the column was washed with
buffer A, concentration of buffer B was increased to
11% in 5 min, and then eluated with the gradient of
buffer B concentration which was formed according to
curve 4, programmed in "Gold System", while
increasing the content of buffer B to 25% in 60 min.
The flow rate was 5 ml/min at room temperature
(20-25°0C).

It is noteworthy that chromatography on DEAE
SPW column at temperature, lower than 20°C, provides

427



KRIKLIVIY LA., KOVALENKO O.P., GUDZERA O.I, ET AL.

CQ;
104251 & o100
= :
= 1 :
| ] =z ;!
E fL
412091 E 80
2 2+ =
1 4f ! g
4 7154 é’ L 60
0,5 7 B
4 ]0_
Fig.1. Separation of serine tRNA
4 54 from T. thermophilus using
chromatography on high pressure
] | anion-exchange Spherogel TSK
: DEAE 5PW column: 1 — optical
711 density at 260 nm; 2 —gradient of
0 ; Bate buffer B concentration. Stained

worse separation. Fractions were collected in the
process of chromatography and acceptor activity
tRNA™ was assayed. In a typical chromatogram,
presented in Fig.l, tRNA* has four evident
well-separated peaks. Fractions groups 8, 9, and 12, 13
were selected for further purification of individual
tRNA™. Fractions 8, 9 contained tRNA,™ with about
50% purity degree, while tRNA * was in fractions 12,
13 and had over 65% purity degree. Other fractions
were not used for further purification. tRNA™ amount
was considerably less in these fractions and they had
10-20% purity degree.

The last tRNA* chromatography was carried out on
high-pressure column Ultrapore C8 (1 x 20 cm) using
"Gold System". While selecting chromatography
conditions, columns Ultrapore C3 and Ultrapore C8 as
well as some components for buffer systems
(phosphates, sodium format, ammonium sulfate, and
organic solvents — methanol, 2-propanol) were used.
We have decided to use column C8. Buffer A contained
0.05 M ammonium acetate and 0.01 M MgCl,; buffer B
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area represents the activity level of
tRNA™  fractions 1-16 in
aminoacylation reaction.

— 10% 2-isopropanol. The gradient was formed
similarly to chromatography on Spherogel TSK DEAE
SPW column (Fig. 2, 3). Column was eluated at a flow
rate 4 ml/min at room temperature (20-25°C). It should
be mentioned that chromatography on reversed-phase
columns Ultrapore C3 and Ultrapore C8 depends on
temperature even more than while using Spherogel
TSK DEAE 5PW, and if the temperature drops to 15°C,
the use of these columns was ineffective. After
chromatography of fractions 8, 9 and 12, 13, obtained
on Spherogel TSK DEAE 5PW, individual tRNA *
(Fig.2) and tRNA,* (Fig.3) were obtained with over
95% purity degree. High purity of obtained tRNA*
and tRNA" preparations was confirmed in
experiments of determining their primary structures. It
is noteworthy that if 4-4.5 g of summary tRNA
preparation were applied to the column with
BD-cellulose on the first stage, we received 3-3.5 mg
tRNA ™ and 2-2.5 mg tRNA,*™, which proves that
obtaining bio-macromolecule preparations of high
purity degree is a very laborious process with great loss
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tRNA > +100

Fig.2.  Purification of T.
thermophilus isoacceptor
tRNA™ on reversed-phase
Ultrapore column C8: 1 — optical
density at 260 nm; 2 —gradient of
buffer B concentration. Stained
peak contains tRNA,*" with the
purity of ~ 1600 pM/1 A260.

100

Fig.3.  Purification of T
- thermophilus isoacceptor tRNA,*
on reversed-phase Ultrapore C8
column: 1 — optical density at 260
L nm; 2 - gradient of buffer B
concentration.  Stained  peak
2o contains tRNA,* with the purity of

', min " 1570 pM/1 A260.

of material on different stages of purification, however, The study on primary structures of obtained tRNA *
1
in other cases their structural and functional ;59 (RNA S (Fig.4) revealed that they differ in
. . . 2 °
characteristics cannot .be determined, and structural ,cleotide sequences and the greatest discrepancies
research cannot be carried out. concern the sites of anticodon stem, variable arm, and
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Fig.4. Structures of T. thermophilus isoacceptor tRNA ™ (a) and tRNA,
(b). Nucleotides, common for tRNA,* and tRNA,*" are in bold.
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anticodon loop. They also have different length of
variable branches —19 and 20 nucleotides for tRNA *
and tRNA,™, respectively [14]. It should be noted that
structural differences of these isoacceptor tRNA™ are in
the sites, which are the most probable to have
interaction with carriers and condition different
chromatographic behaviour and separation. Both tRNA
were also used to obtain crystals of complexes with
homologous SerRS [15]. Obtained crystals differ in
space group and resolution, which is more important.
Thus, crystals of SerRS: tRNA;“ complex had
monocline form with resolution 3.5 A; all the efforts of
growing crystals of higher quality and building a model
of three-dimensional structure of the complex with
better resolution were unsuccessful. The crystals of
SerRS: tRNA,* complex had orthorhombic form, were
more resistant to the influence of X-rays and allowed
building a three-dimensional model of the complex
with 2.8 A resolution.

The study on structures of SerRS complexes with
tRNA™ and low molecular substrates using X-ray
analysis allowed first building the model of
three-dimensional tRNA structure with a long variable
arm [16], determining structural components of tRNA
and the enzyme, involved in complex formation,
comparing them with the data, obtained while studying
complex formation in solution and, finally, we
proposed the model of aminoacylating tRNA* by
homologous amino acid [17]. Structural research
revealed a considerable role of a long variable arm of
tRNA™ in its being recognized by homologous
seryl-tRNA synthetase. This information was obtained
only due to isolation and purification of 7.
thermophilus isoacceptor tRNA™,

Recently some approaches to tRNA isolation with
high activity level in preparative quantities have been
proposed [18]. The authors used the method,
combining reversed-phase chromatography and reverse
biochemical modification of tRNA. The aim of
modification is to introduce additional needed
structural elements into tRNA which will change its
chromatographic behaviour in comparison with
non-modified macromolecules.

In case of isolating Escherichia coli tRNA'™, at first
the authors aminoacylated crude tRNA by
“C-isoleucine, and after three chromatographic stages
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on Delta Pack C4 column (Waters) and
deaminoacylation reaction obtained tRNA™ with the
activity of 1400 pM/1 A,,. Nevertheless, while
obtaining Saccharomyces cerevisiae tRNA'™, the
suggested approach did not work due to instability of
methionil-tRNAiMet and its destruction in the course
of chromatography. Deeper modification of tRNA™
with its transformation into fMet-tRNA™ was
necessary using enzymes catalyzing methylation and
formylation of eukaryotic initiator tRNA. tRNA ™ with
1700 pM/1 A, purity was obtained after
chromatography on  Nucleosil C4  column,
demodification, and repeated chromatography on the
same column.

Therefore, suggested approaches expand the
possibility of isolating higher-purified tRNAs of
needed specificity. However, they cannot be used in
cases of obtaining isoacceptor tRNA in a pure form.
Besides, using enzymes for modification is always
connected with the risk of their containing admixtures
of nucleases, which may change tRNA structure.

Our method of purifying 7. thermophilus
isoacceptor tRNA*" allows obtaining preparations of
high purity degree, completely suitable for structural
research. The only disadvantage of this method is
considerable loss of material on different stages of
purification and low output of final product.

U. A. Kpuxauswiii, O. I1. Kosanenro, O. . I'vosepa, A. /1. Apemuyk, M. A.
Tyxano

Beinenenne u ounctka uszoakuentopubix dpopm TPHK ™ u TPHK,™ u3

Thermus thermophilus

Pesrome

Cepunosas amunoayuaupylowas cucmema A6uAemcs YHUKAIbHOU 6 mom
NOHUMAHUU, YO MO eOUHCIMEEHHA CUCTeMd, 6 KOMOPOU CUHMemasa
2-20 cmpykmypHozo knacca ysnaem mPHK ¢ OnunHotl eapuabenvbroll eem-
6vio (MPHK 2-20 muna), umo evizvieaem ocobvlii unmepec npu usydenuu
mexanusmog ysuasanus mPHK coomeemcmeyrowei amunoayunr-mPHK
cunmemasou. HM3nodicenvl memooudeckie no0Xoobl K NOLYYeHUIo Memooad-
MU Xpomamozpaguu 6bICOKOOUUeHHbIX usoaKyenmopnuix mPHK™ u
mPHK, u3 oxempemanvnozo mepmopuna T. thermophilus ¢ muniuepam-
MOBbIX KOIUYECTNEAX, HeOOX0OUMBIX 05 CIMPYKMYPHBIX Uccriedosanutl. Pas-
pabomannwlii memood ouucmku mPHKSer exnouaem xpomamoepagpuio na
benzounuposannoi  J{OAD-yeanionose, GvicoKOIDHEKMUGHYIO HCUOKOC-
MHYI0 Xxpomamozpaduio Ha anuonodomennot kononke Spherogel TSK DEAE
SPW u o6pamnogpazosoii konouxe Ultrapore C8 ¢ ucnonvzosanuem 06opy-
ooeanus HPLC.

Kniouesvie cnosa: mPHK, xpomamoepagus, evicokoedekmugnas
orcuoKkocmuas xpomamoepagpus, dkcmpemanvhuiii mepmogun  Thermus
thermophilus, 6enzounuposannas JJ2A3-yennonosa.

REFERENCES:

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

2.Cusack S., Berthet-Colominas C., Hartlein M., Nassar N., Leberman
R. A second class of synthetase structure revealed by X-ray analysis
of  Escherihia coli seryltRNA  synthetase at 2.5 2/
Nature.—1990.—347.—P. 249—255.

3.8Sprinzl M. M., Dank N., Nock S., Schon A. Compilation of tRNA
sequences and sequences of tRNA genes // Nucl. Acids
Res.—1991.—19, Suppl.—P. 2127—2171.

4.Kim S.-H., Quigley G. J., Suddath F. L., McPherson A., Sneden D.,
Kim J.- J., Weinzierl J., Rich A. Three-dimentional structure of yeast
phenylalanine transfer RNA: folding of the polynucleotide chain //
Science.—1973.—179.—P. 285—288.

S.IIempywenxo 3. M., Kpuxnuswiii U. A., Tykaro M. A., Mayyka I'. X.
Cocrosuue Bapuadensaoro cre6ns TPHK™ Momnounoii skemessl Ko-
poB B pactBope // Jloxn. AH YCCP, cep. b.—1986.—Ne 10.—C.
75—T17.

6.ITempywenxo 3. M., Tykano M. A., Mayyka I". X. OripesieneHue ocrat-
KOB (hoc(HOpHOU KUCIOTHI, Y4aCTBYIOIIMX B 00pa30BaHUH MIPOCTpa-
HeTBenHoM cTpykTyphl TPHK,, ™" Momnounoit sxene3st kopos // Bro-
opr. xumus.—1986.—12, Ne 11.—C. 1492—1497.

7.Tykano M. A., [lempywenxo 3. M., Mayyxa I'. X. UccnenoBanue die-
MEHTOB TIPOCTPAHCTBEHHOI cTpykTypsl TPHK,, " Momoumoit sxeme-
3bI KOPOB METOJaMH XHMHUYECKOW moaubukauuu // Buoopr. xu-
must.—1988.—13, Ne 1.—C. 31—36.

8.Ilempywenxo 3. M., I'vosepa O. U., Podxcko O. T., Tykaro M. A., Ma-
yyxa I'. X. Onpeieienne y4acTkoB B3aumoseiictsus TPHK™ u3 mo-
JIOUHOH JKese3bl KOPOB ¢ roMonornuHoil amuHoanun-TPHK-cunTe-
Ta30d  MeTONOM XHMHYeckod Moxudukamum //  buoopr.
xumust.—1990.—16, Ne 12.—C.1647—1652.

9.Kanauniok JI. I'., Tykano M. A., Mayyka I'. X. Onipeenenue ocTaTkoB
(ocopHOl KHCIIOTHI, y4YaCTBYIOIIMX B OOpa3oBaHHU IPOCTPa-
HCTBEHHOU CTPYKTYpPbI TPHKICCD nedeHn Oblka // bromonmMeps! u
kiaetka—1992.—8, Ne 5—C. 12—15.

10.Kanauniox JI. I'., Tykano M. A., Mayyxa I'. X. Bu3HaYeHHs AIISHOK
B3aemonii TPHK, “ nieuinku 6uka 3 romosnoriunoto avinoanui-rPHK
CHHTETa30I0 MeTOAOM XimiuHoi Moxudikamii // VYkp. Oioxim.
KypH.—1992.—64, Ne 6.—C. 38—42.

11.Kanaunwox JI. I"., Tykano M. A., Kosax JI. A., Mayyka I'". X. Beiiene-
HHE ¥ XapaKTEePHCTHKA IIpernapaTa HHIUBHIYAIbHON H30aKIENTOP-
woit TPHK“" w3 mewennm Obika // BuHOTOMMMEpHl M KIeT-
ka.—1987.—3, Ne 5.—C. 274—276.

12.Gillman L., Millward S., Blew D., Tigerstrom M., Wimmer E., Tenner
G. M. The separation of soluble ribonucleic acids on benzoyled
diethylaminoethylcellulose /! Biochemistry.—1967—6.—P.
3043—3056.

13.I'vozepa O. 1., Kpuxauswiii Y. A., Apemuyk A. /1., Tykano M. A. Boine-
nenue ructuarnoBoit TPHK u3 Thermus thermophilus n uzy4esune ee
MEPBUYHOM CTPYKTYpPBI M y4aCTKOB B3aHMOJCHCTBHS C TOMOJIOTHY-
Hoil amuHoaumn-TPHK cunTerasoit // Buomonmmepsl u  KieT-
ka.—2006.—22, Ne 3.—C. 201—209.

14.ITempywenxo 3. M., Kosanenxo O. I1., Manvuenxo H. H., Kpuxaugviit
. A., Apemuyk A. J., Tyrano M. A. Tlepsuanas ctpykrypa TPHK™ n3
Thermus thermophilus // buononanmeps! u kietka.—1997.—13, Ne
3.—C. 202—208.

15.Yaremchuk  A., Krikliviy I, Mal’chenko N., Biou V.,
Berthet-Colominas C., Cusack S. A new crystal form of the complex
between seryl-tRNA  synthetase and tRNA from Thermus
thermophilus that diffracts to 2.8 A resolution // FEBS
Lett—1992.—310.—P. 157—161. o

16.Biou V., Yaremchuk A., Tukalo M., Cusack S. The 2.9 A crystal
structure of 7. thermophilus seryl-tRNA synthetase complexed with
tRNA* // Science.—1994.—263.—P.1404—1410.

431



KRIKLIVIY LA., KOVALENKO O.P., GUDZERA O.I, ET AL.

17.Cusack S., Yaremchuk A., Tukalo M. The crystal structure of the

432

ternary complex of 7. thermophilus seryl-tRNA synthetase with
tRNA*" and seryl-adenylate analogue reveals a conformational
switch in the active site / The EMBO J—1996.—15.—P.
2834—2842.

18.Cayama E., Yepez A., Rotondo F., Bandeira E., Ferreras A. C.,
Triana-Alonso F. J. New chromatographic and biochemical
strategies for quick preparativ isolation of tRNA // Nucl. Acids
Res—2000.—28.—E64—71.

Hapniiinuia u(y &Iﬁaﬂfo]?o%



