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Aim. To elaborate the method of expression and purification of bacteria Enterococcus faecalis tRNA
tRNA, co-expressed in vitro with cis-hydrolytical ribozyme, was purified by high

transcript. Methods.

Pro

performance liquid chromatography using anion-exchange chromatographic column. Results. A

satisfactory yield of high purity preparation was obtained. A transcript of tRNA

Pro exhibits acceptor activity

in aminoacylation reaction. Conclusions. The method developed may be introduced in laboratory practice
including the obtaining of other tRNAs.
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Introduction. The obtaining of high purity prepara-
tions of individual tRNAs is an essential part of the in-
vestigation of both the structure and functions of these
molecules and other components of protein synthesis
apparatus. To date two usual ways of obtaining pre-
parative amounts of tRNA have been used:
superproduction in vivo (for instance, under 1pp-pro-
moter [1]) and transcription using RNA-polymerase of
T7 phage in vitro. In some specific cases chemical
synthesis may be required] [2].

The advantages of the method, based on the use of
RNA-polymerase of T7 phage, are efficiency of tran-
scription, simple use, convenient work with the sets of
mutants, and comparatively low price cost of the prod-
uct. The absence of the enzymes, modifying nucleo-
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sides, in the reaction mixture in vitro allows obtaining a
homogenous preparation, tRNA molecules of which do
not differ in the number of modifications, while the dif-
ferences are likely to occur in case of the
superproduction in vivo. The homogeneity of the prep-
aration is especially important in case of co-crystalli-
zation of tRNA and proteins. On the other hand, the
disadvantage of this approach is the dependence of the
efficiency of transcription initiation on the first base of
synthesized RNA. Therefore, a choice of the approach
depends on a specific scientific task. In our case it was
determined by the requirements to homogeneity of
tRNA molecules in the preparation.

Bacterial tRNA" is characterized by the presence of
cytosine at the 5’-end of the molecule, which makes it
complicated for T7 polymerase to initiate the transcrip-
tion [3]. At the same time tRNA" transcript may serve
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as an essential instrument in the investigation on bacte-
rial proline system of aminoacylation, which is of spe-
cial interest due to its philogenetic variety [4] and com-
plexity of the specificity supporting mechanisms [5—7].

The wuse of co-expression of tRNA and
cis-hydrolytical ribozyme at the 5’-end [8, 9] was
found to be an efficient approach to solve the problem
of 5’-end cytosine; however, the similarity of sizes of
tRNA and ribozyme brings up a question of an effi-
cient and cheap way of their separation. High perfor-
mance liquid chromatography (HPLC) is used for the
abovementioned purpose: either gel-filtration [10] or
anion-exchange chromatography [11].

The present work is devoted to the application of
novel methods of expression and purification of indi-
vidual tRNA™ from  the bacteria Enterococcus
faecalis. The object chosen is of great interest for
both fundamental investigations on proline system of
aminoacylation and possible use of prolyl-tRNA
synthetase as a target molecule for the inhibition of
E. faecalis — a dangerous pathogenic microorganism
with a wide spectrum of resistance to existing
antibiotics [12, 13].

Materials and Methods The cells of Escherichia
coli, strain DH5a (Fo80dlacZAM15
A(lacZYA-argF)U169 deoR, recAl endAl hsdR17(r,
m, phoA supE44 )\ thi-1 gyrA96 relA1) (Life Technol-
ogies Company, USA); the medium components for
bacterial cultures (Difco, USA); salts and components
of buffer solutions of analytical grade; PAAG mono-
mers (Reanal, Hungary); agarose (Q-BIOgen, USA);
enzymes (Roche, France); DEAE-Toyopearl 650M
sorbent (Toyo Soda, Japan); HPLC column ProSwift
Monolith WAX-1S (Dionex, USA); radioactively la-
belled substances (Amersham, UK); and glass fiber fil-
ters (Whatman, UK) were used in the work.

Cloning and expression of E. faecalis tRNA"" in vi-
tro. The sequences of genes of E. faecalis tRNA™,
cis-hydrolytical ribozyme, and the sequence of T7-pro-
moter in the form of six pairs of
desoxyoligonucleotides were ligated into BamHI- and
EcoRI-digested vector pUCI8 (Fig.1). The plasmid
DNA was obtained in E. coli cells of DH5a strain, iso-
lated accordinga to the method of Birnboim and Doly
[14], then it was purified additionally using phenol,
chloroform, and precipitation, and digested with BstNI,
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which ensured correct termination of the transcription
of the 3’-end of the synthesized RNA. The transcrip-
tion by T7 phage’s RNA-polymerase was performed in
vitro in the reaction mixture, containing 100 mM
tris-HCl, pH 8.0, 30 mM MgCl,, 5 mM DTT, 50 mM
spermidine and ATP, GTF, UTP, CTP in the concentra-
tion of 4 mM each, using the concentration of
DNA-matrix of 0.5 uM in the volumes of 1-8 ml.

Cutting the transcript and purification of tRNA.
The obtained transcript was purified on
DEAE-Toyopearl 650M column (the volume of the
sorbent was 1 ml) in the presence of 10 mM tris-HCI,
pH 8.0, 10mM MgCl,. The reaction mixture, clarified
by centrifugation, was 20-fold diluted, applied on the
column, and eluated with 1 M NacCl after washing. Af-
ter the precipitation of the obtained eluate, the detach-
ment of cis-hydrolytical ribozyme was stimulated by
cyclic melting of RNA and annealing in
PCR-thermocycler in the buffer solution, containing 20
mM tris-HCI, pH 7.5, 30 mM MgCl,, with the tran-
script concentration of 4 pg/ul. The programme of
PCR-thermocycler included 14 cycles of heating to the
temperature of 95°C during 30 sec and cooling to 60°C
in 9 min. Then the transcript was melted again by heat-
ing to 70°C for 3 min and renaturated by gradual cool-
ing in water, which got colder in the air from 70°C to
room temperature. The obtained tRNA was purified
from the detached ribozyme, using HPLC on ProSwift
Monolith WAX-1S column (DEAE-polymetacrylate)
in the volume of 0.73 ml at 57°C and the rate of solu-
tion feed of 1 ml/min. Portions of 250 pg of the tran-
script in the buffer solution were applied on the column
(50 mM tris-HCIl, pH 7.5, 4 mM MgCl,, 10%
isopropanol) and eluated by the gradient of NaCl
concentration from 0.2 to 1 M.

Analysis of acceptor activity of tRNA™. The mix-
ture for aminoacylation reaction in the volume of 130
ul contained 100 mM tris-HCI, pH 8.0, 20 mM MgCl,,
0.5 mg/ml BSA, 3 mM ATP, 3 mM proline, 20 pM
"“C-labelled proline (268 mCu/mmol); 1 pM tRNA"®
and 50 nM E. feacalis prolyl-tRNA synthetase. During
the reaction the aliquots of 20 ul were picked out from
the reaction mixture at 37°C, tRNA and
aminoacyl-tRNA were precipitated by 10% TCA in the
volume of 200 pL in cold, then the precipitates were
applied on filters, washed with 50 ml 5% TCA, dried,
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a b
PEFOkA2 AGCTTGCATGCCTGCAGGTCGACTCTA P(bla)
PEFokAL ACGTACGGACGTCCAGCTGAGATCCTACCTCCTAG \ —— Lacz
Al / BstNI
PE10Fok GGATGGAGGATCCTGGTCGGGAAGACAGGATT ~
PES GACCAGCCCTTCTGTCCTAAGCTTGGACGC {RNA gene _‘
Ribozyme gene =
PE9 CGAACCTGCGACCCCTTGGTCCCARACCAAGT T7-promoter — e
PE4 TGGGGAACCAGGGTTTGGTTCACGAGATGGTTC P(Lac)
pUCIS(RNAPEF
PES GCTCTACCAAGCTGAGCTACTTCCAGGACGG 2823 b p.
PE3 GACTCGATGAAGGGCCTGCCATGGCCCATGG
PE7 TACCGGGTACCGTTTCGTCCTCACGGACTCAT
PE2 CAAAGCAGGAGT GCCTGAGTAGTCGCCCTTCAG
PE6 CAGCGGGAAGTCTCCCTATAGTGAGTCGTATTAG
PEL AGGGATATCACTCAGCATAATCTTAA

AATTCTAATACGACTCACTATAGGGAGACTTCCCGCTGATGAGTCCGTGAGGACGAAACGGTACCCGGTA
CATTATGCTGAGTGATATCCCTCTGAAGGGCGACTACTCAGGCACTCCTGCTTTGCCATGGGCCAT

T7-promoter Ribozyme gene

CCGTCCGGGAAGTAGCTCAGCTTGGTAGAGCACTTGGTTTGGGACCAAGGGGTCGCAGGTTCGAATCCTG
GGCAGGCCCTTCATCGAGTCGAACCATCTCGTGAACCAAACCCTGGTTCCCCAGCGTCCAAGCTTAGGAC

tRNA gene

TCTTCCCGACC*AGGATCCTCCATCCTAGAGTCGACCTGCAGGCATGCA
AGAAGGGCTGGT *CCTAGGAGGTAGGATCTCAGCTGGACGTCCGTACGTTCGA

BstNI

Fig.1 The gene-engineering construction for the expression of E. faecalis tRNAP™ in vitro: a — six pairs of chemically synthesized
oligonucleotides, making up a coding insert; b — general scheme of expressing construction, obtained on the basis of pUCI8 vector; ¢ —

location of functional elements in the coding insert

and the radioactivity was measured with the liquid
scintillation counter.

Results and Discussion The peculiarity of
E. faecalis tRNA" and a number of other tRNAs is the
presence of cytosine at the 5’-end of the molecule
which determines a low efficiency of the transcription
of its gene by RNA-polymerase of T7 phage. The solu-
tion to this problem was found to be the introduction of
the sequence of the gene of cis-hydrolytical hammer-
head ribozyme of tobacco ringspot virus [9] between
T7-promoter and 5’-end of tRNA gene, which en-
hances the efficiency of the transcription using
T7-polymerase of co-transcript of the ribozyme and
tRNA. Later the catalytic activity of the ribozyme pro-

motes its self-detachment with subsequent release of
tRNA transcript.

The gene engineering construction for the expres-
sion of E. faecalis tRNA" in vitro, developed by us
(Fig.1, b), contains the genes of the ribozyme and
tRNA under T7-promoter. The sequence of the recog-
nition site of BstNI restrictase, similar to the sequence
of'the tRNA gene and partially localized outside the lat-
ter, was introduced for correct termination of the tran-
scription of the 3’-end of tRNA gene (Fig.1, ¢). This is
the site, along which the construction is cut in the
course of its preparation for the transcription, and the
place of the cut in the coding chain coincides with the
end of the coding sequence of tRNA.
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Fig.2 The assumed secondary structure of the tRNA co-transcript
and cis-hydrolytical ribozyme, necessary for its self-detachment.
The 5’-end of the ribozyme is complementary paired to the 5’-end
of the tRNA, the secondary structure of the acceptor stem of tRNA
is not formed in this folding type. The rest of the secondary structure
elements of tRNA are shown in the usual form of the “shamrock”.
The arrow indicates the place of cutting.

oD, ba.

The synthesis of the co-transcript starts with
guanosine at the 5’-end of the ribozyme, which ensures
high efficiency of T7 phage RNA polymerase. The
synthesized co-transcript may have various secondary
structures, as the 5’-end sequence of tRNA, adjoining
the 3’-end of the ribozyme sequence, is complementary
both to the 5°-end of the ribozyme, and to the 3’-end of
tRNA. It is noteworthy that the self-cutting of the
co-transcript due to the catalytic activity of the
ribozyme is possible only in case of complementary
coupling of the 5’-end of tRNA and 5’-end of the
ribozyme (Fig.2). The melting-annealing cycles are re-
quired to enable all the molecules of the co-transcript to
obtain the conformation, necessary for the cutting; the
portion of the cut co-transcript enlarges after each
cycle.

After the ribozyme is detached, it may still be con-
nected to tRNA via interactions between complemen-
tary base pairs, that creates difficulties for their chro-
matographic separation if no detergents are used. The
increase of temperature to 57°C was selected as a factor
promoting the weakening of the complementary bind-
ing of tRNA to the ribozyme during the chromatogra-
phy, that corresponds to the temperature resistance of
the chromatographic column used.

The ion-exchange column WAX-1S, containing
DEAE-polymetacrylate, was used for chromatographic
purification of the transcript, which allowed to separate
tRNA transcript from the ribozyme and the remains of
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Fig.3 The chromatogramme of E. faecalis tRNA™ co-transcript and cis-hydrolytical ribozyme. The composition of fractions is as follows: /
—tRNA™; 2 - tRNA"™ + ribozyme; 3 — ribozyme; 4 — non-identified fragments of RNA.
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Fig.4 The electrophoregramme of fractions of the chromatogramme
of E. faecalis tRNAP™ co-transcript and cis-hydrolytical ribozyme:
H — mixture, applied on the column (acting as a “witness”); / —
tRNA™; 2 — tRNA"™ + ribozyme; 3 — ribozyme; 4 — non-identified
fragments of RNA. The electrophoregramme on the right shows the
purity of the preparation of tRNA transcript: the only admixture is
the ribozyme in the trace quantity.
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Fig.5 The acceptor activity of E. faecalis tRNA™™ transcript and
Rhodopseudomonas palustris bacteria tRNAP™ (anticodon CGG),
obtained by the method of superproduction in vivo

covalent tRNA-ribozyme complex in the gradient of
NaCl concentration (Fig.3, 4).

The final yield of tRNA transcript from 1 mg
DNA-matrix was 0.8 mg. The acceptor activity of the
obtained tRNA transcript was confirmed in the test for
aminoacylation (Fig.5). The level of transcript
aminoacylation decreased in comparison to tRNA, ob-
tained by the method of superproduction in vivo, which
is the consequence of complete absence of minor nu-
cleosides in it. The considerable influence of the modi-
fication of nucleosides of bacterial tRNA"™ on its ac-
ceptor activity was proven earlier [15]. The purity of

preparation, verified by electrophoresis in
polyacrylamide gel, exceeded 95% ( Fig.4).

Thus, we have developed a simple and reliable
method of purification of tRNA transcripts consisting
in co-expression with cis-hydrolytical ribozyme. The
advantages of this method are ensured by the use of
HPLC on anion-exchange sorbent of
DEAE-polymetacrylate (WAX-1S column, Dionex
company) for the purification of the preparations from
cis-hydrolytical ribozyme, necessary for the efficient
synthesis of RNA.

The method was used for the first time to accom-
plish the mentioned task , moreover, the method may
be used for the purification of transcripts of any tRNA,
which would require only slight optimization of the
conditions of chromatography.

Comparing to the method of purifying tRNA tran-
scripts in polyacrylamide gel, the obvious advantages
of our method are higher rate of conducting proce-
dures, low consumption of expensive materials, and
considerable yield of the product due to low losses
during the purification.

The authors would like to express their gratitude to
O.P. Kovalenko for his consultations in the selection of
methods of obtaining and purification of tRNA
transcript.

K. C. boapwun, U. A. Kpuxauewiii, A. /[. Apemuyk, M. A. Tykano

Knonuposanue, skcnpeccuss u ouncrka TPHK™ wus Gaxrepun

Enterococcus faecalis

Pesrome

Leny. Pazpabomamv MemoOuky dKCnpeccuu u OYUCMKU MPAHC-
kpunma mPHK"™™ Gaxmepuu E. faecalis. Memoowr. Kosxcnpeccu-
POBaHHYIo In vitro ¢ yuc-euoporumuyeckum pubdozumom mPHK
oyUWaAIU NPU NOMOWU BbLCOKOIPPEKMUBHOU IHCUOKOCNHOU XPOMA-
moepaguu ¢ UCnoIb308aHUEeM AHUOHOOOMEHHOU Xpomamocpagu-
yeckoti kononxu. Pesynomamel. Ilonyuenst yoosremeopumenbhoie
861X00 npodykma u uucmoma npenapamos. Tpanckpunm mPHK"™
nposssem akyenmopHyo aKkmusHocms 68 peaKyuu AMuHOAyUIUpO-
6aHus. Bo16oowi. Pazpabomannwiii Mmemoo mosxcem 6bimv 6HeOpeH 6
1a60pamopHy0 NPAKMUKY u cmames 0CHOB0U 01 CO30AHUS HOBbIX
cnoco606 noayuenus mpanckpunmos opyeux mPHK.

Kniouesvie cnosa: mPHK, mpanckpunm, sxcnpeccus 2enog in

Vitro, 6blcOK03)hekmusHas JHcudKoCmuas xpomamozpapus.
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K. C. Fospwun, 1. A. Kpuxnusuii, I. []. Apemuyx, M. A. Tyxano

Krnonysauus, excrpecis Ta oummenns TPHK™ 3 Gaktepii

Enterococcus faecalis

Pesome

Mema. Pos3pobumu memoouky excnpecii i ouuwyeHHs mpaHcKpun-
ma mPHK™ 6axmepii E. faecalis. Memoou. Koexcnpecosany in
vitro 3 yuc-eiopoaimuunum pubosumom mPHK ouuwyyeanu 3a dono-
MO2010 8UCOKOeheKkmuUusHoi piOuHHoi xpomamozpagii 3 euxopuc-
MAHHAM AHIOHOO0OMIHHOI Kononku. Pezynemamu. Ompumano
3a008inbHI  6UXIO NpoOyKkmy ma uucmomy npenapamis. Tpa-
nckpunm mPHK™ susense axyenmopuy axmuenicms y peaxyii
aminoayuniosanus. Bucnoeku. Pospobuenuii memood mooduce 6ymu
6np0oBaAddICEHUL Y 1aDOPAMOPHY NPAKMUKY MA CIMAMU 0CHOBOI0 0I5l
CMBOPEHHA HOBUX CNOCODIE OMPUMAHHA MPAHCKPUNMIG [HUWUX
mPHK.

Knrwuosi cnosa: mPHK, mpauckpunm, excnpecisi 2enis in vitro,
8UCOKOeheKmUsHa piOuHHA Xpomamozpagisi.
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