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Aim. To elaborate the method of expression and purification of bacteria Enterococcus faecalis tRNAPro

transcript. Methods.  tRNA, co-expressed in vitro with cis-hydrolytical ribozyme, was purified by high
performance liquid chromatography using anion-exchange chromatographic column. Results. A
satisfactory yield of high purity preparation was obtained. A transcript  of tRNAPro 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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In tro duc tion. The ob tain ing of high pu rity prep a ra -
tions of in di vid ual tRNAs  is an es sen tial part of the in -
ves ti ga tion of both the struc ture and func tions of these
mol e cules   and   other com po nents of pro tein syn the sis
ap pa ra tus. To date two usual ways of ob tain ing pre -
para tive amounts of tRNA have been used:
superproduction in vivo (for in stance, un der 1pp-pro -
moter [1]) and tran scrip tion us ing RNA-poly mer ase of
T7 phage in vi tro. In some spe cific cases chemical
synthesis may be required] [2].

The ad van tages of the method, based on the use of
RNA-poly mer ase of T7 phage, are   ef fi ciency of tran -
scrip tion, sim ple use, con ve nient work with the sets of
mu tants, and com par a tively low price cost of the prod -
uct. The ab sence of  the en zymes, mod i fy ing nu cleo -

sides, in the re ac tion mix ture in vi tro al lows ob tain ing a    
ho mog e nous prep a ra tion, tRNA mol e cules of which do 
not dif fer in the num ber of mod i fi ca tions, while the dif -
fer ences are likely to oc cur in case of the
superproduction in vivo. The ho mo ge ne ity of the prep -
a ra tion is es pe cially im por tant  in case of co-crys tal li -
za tion of tRNA and pro teins. On the other hand, the  
dis ad van tage of this ap proach is the de pend ence of the
ef fi ciency of tran scrip tion ini ti a tion on the first base of
syn the sized RNA. There fore, a choice of the ap proach
de pends on a spe cific   sci en tific task. In our case it was
de ter mined by the requirements to  homogeneity of
tRNA molecules in the preparation.

Bac te rial tRNAPro is char ac ter ized by the pres ence of 
cy to sine at the 5’-end of the mol e cule, which makes it
com pli cated for T7 poly mer ase to ini ti ate the tran scrip -
tion [3]. At the same time tRNAPro tran script may serve
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as an es sen tial in stru ment in the in ves ti ga tion on bac te -
rial proline sys tem of aminoacylation, which is of spe -
cial in ter est due to its philogenetic va ri ety [4] and com -
plex ity of the spec i fic ity sup port ing mech a nisms [5–7].

The use of co-ex pres sion of tRNA and
cis-hydrolytical ribozyme at the 5’-end [8, 9] was
found to be an ef fi cient ap proach to solve the prob lem
of 5’-end cy to sine; how ever, the sim i lar ity of  sizes of
tRNA and  ribozyme  brings up a  ques tion of  an   ef fi -
cient and cheap way of their sep a ra tion. High per for -
mance liq uid chro ma tog ra phy (HPLC) is used for the
abovementioned pur pose: ei ther gel-fil tra tion [10] or
an ion-ex change chromatography [11].

The pres ent work is de voted to the ap pli ca tion of
novel meth ods of ex pres sion and pu ri fi ca tion of in di -
vid ual tRNAPro from   the bac te ria Enterococcus
faecalis.  The ob ject cho sen is of great in ter est  for  
both   fun da men tal in ves ti ga tions on proline sys tem of
aminoacylation  and pos si ble use of prolyl-tRNA
synthetase as a tar get mol e cule for the in hi bi tion of
E. faecalis – a dan ger ous patho genic mi cro or gan ism
with a wide spec trum of re sis tance to existing
antibiotics [12, 13].

Ma te ri als and Meth ods The cells of Esch e richia
coli, strain DH5a (Fj80dlacZDM15
D(lacZYA-argF)U169 deoR, recA1 endA1 hsdR17(rk

–

mk

+ phoA supE44 l- thi-1 gyrA96 relA1) (Life Tech nol -
o gies Com pany, USA); the me dium com po nents for
bac te rial cul tures (Difco, USA); salts and com po nents
of buffer so lu tions of an a lyt i cal grade; PAAG mono -
mers (Reanal, Hun gary); agarose (Q-BIOgen, USA);
en zymes (Roche, France); DEAE-Toyopearl 650M
sorbent (Toyo Soda, Ja pan); HPLC col umn ProSwift
Mono lith WAX-1S (Dionex, USA); ra dio ac tively la -
belled sub stances (Amersham, UK); and glass fi ber fil -
ters (Whatman, UK) were used in the work.

Clon ing and ex pres sion of E. faecalis tRNAPro in vi -
tro. The se quences of genes of E. faecalis tRNAPro,
cis-hydrolytical ribozyme, and the se quence of T7-pro -
moter in the form of six pairs of
desoxyoligonucleotides were li gated into BamHI- and
EcoRI-di gested vec tor pUC18 (Fig.1). The plasmid
DNA was ob tained in E. coli cells of DH5a  strain, iso -
lated accordinga to the method of Birnboim and Doly
[14], then it was pu ri fied ad di tion ally us ing phe nol,
chlo ro form, and pre cip i ta tion, and di gested with BstNI, 

which en sured cor rect ter mi na tion of the tran scrip tion
of the 3’-end of the syn the sized RNA. The tran scrip -
tion by T7 phage’s RNA-poly mer ase was per formed in
vi tro in the re ac tion mix ture, con tain ing 100 mM
tris-HCl, pH 8.0, 30 mM MgCl2, 5 mM DTT, 50 mM
spermidine and ATP, GTF, UTP, CTP in the con cen tra -
tion of 4 mM each, us ing the con cen tra tion of
DNA-ma trix of 0.5 µM in the vol umes of 1–8 ml.

Cut ting  the tran script and pu ri fi ca tion of tRNA.
The ob tained tran script was pu ri fied on
DEAE-Toyopearl 650M col umn (the vol ume of the
sorbent was 1 ml) in the pres ence of 10 mM tris-HCl,
pH 8.0, 10mM MgCl2. The re ac tion mix ture, clar i fied
by centrifugation, was 20-fold di luted, ap plied on the
col umn, and eluated with 1 M NaCl af ter wash ing. Af -
ter the pre cip i ta tion of the ob tained eluate, the de tach -
ment of cis-hydrolytical ribozyme was stim u lated by
cy clic melt ing of RNA and an neal ing in
PCR-thermocycler in the buffer so lu tion, con tain ing 20 
mM tris-HCl, pH 7.5, 30 mM MgCl2, with the tran -
script con cen tra tion of 4 µg/µl. The programme of
PCR-thermocycler in cluded 14 cy cles of heat ing to the
tem per a ture of 95°C dur ing 30 sec and cool ing to 60°C
in 9 min. Then the tran script was melted again by heat -
ing to 70°C for 3 min and renaturated by grad ual cool -
ing in  wa ter, which got colder in the air from 70°C to
room tem per a ture. The ob tained tRNA was pu ri fied
from the de tached ribozyme, us ing HPLC on ProSwift
Mono lith WAX-1S col umn (DEAE-polymetacrylate)
in the vol ume of 0.73 ml at 57°C and the rate of so lu -
tion feed of 1 ml/min. Por tions of 250 µg of the tran -
script in the buffer so lu tion were ap plied on the col umn 
(50 mM tris-HCl, pH 7.5, 4 mM MgCl2, 10%
isopropanol) and eluated by the gradient of NaCl
concentration from 0.2 to 1 M.

Anal y sis of ac cep tor ac tiv ity of tRNAPro. The mix -
ture for aminoacylation re ac tion in the vol ume of 130
µl con tained 100 mM tris-HCl, pH 8.0, 20 mM MgCl2,
0.5 mg/ml BSA, 3 mM ATP, 3 mM proline, 20 µM
14C-la belled proline (268 mCu/mmol); 1 µM tRNAPro

and 50 nM E. feacalis prolyl-tRNA synthetase. Dur ing
the re ac tion the aliquots of 20 µl were picked out from
the re ac tion mix ture at 37°C, tRNA and
aminoacyl-tRNA were pre cip i tated by 10% TCA in the 
vol ume of 200 µL in cold, then the pre cip i tates were
ap plied on fil ters, washed with 50 ml 5% TCA, dried,
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and the ra dio ac tiv ity was mea sured with the liquid
scintillation counter.

Re sults and Dis cus sion The pe cu liar ity of
E. faecalis tRNAPro and a num ber of other tRNAs is the
pres ence of cy to sine at the 5’-end of the mol e cule
which de ter mines  a low ef fi ciency of the tran scrip tion
of its gene by RNA-poly mer ase of T7 phage. The so lu -
tion to this prob lem was found to be the in tro duc tion of
the se quence of the gene of cis-hydrolytical ham mer -
head ribozyme of to bacco ringspot vi rus [9] be tween
T7-pro moter and 5’-end of tRNA gene, which en -
hances the ef fi ciency of the tran scrip tion us ing
T7-poly mer ase of co-tran script of the ribozyme and
tRNA. Later the cat a lytic ac tiv ity of the ribozyme pro -

motes its self-de tach ment with sub se quent re lease of
tRNA tran script.

The gene en gi neer ing con struc tion for the ex pres -
sion of E. faecalis tRNAPro in vi tro, de vel oped by us
(Fig.1, b), con tains the genes of the ribozyme and
tRNA un der T7-pro moter. The se quence of the rec og -
ni tion site of BstNI restrictase, sim i lar to the se quence
of the tRNA gene and par tially lo cal ized out side the lat -
ter, was in tro duced for cor rect ter mi na tion of the tran -
scrip tion of the 3’-end of tRNA gene (Fig.1, c). This is
the site, along which the con struc tion is cut in the
course of its prep a ra tion for the tran scrip tion, and the
place of the cut in the cod ing chain co in cides with the
end of the coding sequence of tRNA.
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Fig.1 The gene-engineering construction for the expression of E. faecalis tRNAPro 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 pUC18 vector; c –
location of functional elements in the coding insert

PEFokA2  AGCTTGCATGCCTGCAGGTCGACTCTA
PEFokA1      ACGTACGGACGTCCAGCTGAGATCCTACCTCCTAG

PE10Fok  GGATGGAGGATCCTGGTCGGGAAGACAGGATT
PE5                  GACCAGCCCTTCTGTCCTAAGCTTGGACGC

PE9      CGAACCTGCGACCCCTTGGTCCCAAACCAAGT
PE4                TGGGGAACCAGGGTTTGGTTCACGAGATGGTTC

PE8      GCTCTACCAAGCTGAGCTACTTCCAGGACGG
PE3                 GACTCGATGAAGGGCCTGCCATGGCCCATGG

PE7      TACCGGGTACCGTTTCGTCCTCACGGACTCAT
PE2                 CAAAGCAGGAGTGCCTGAGTAGTCGCCCTTCAG

PE6      CAGCGGGAAGTCTCCCTATAGTGAGTCGTATTAG
PE1                  AGGGATATCACTCAGCATAATCTTAA

AATTCTAATACGACTCACTATAGGGAGACTTCCCGCTGATGAGTCCGTGAGGACGAAACGGTACCCGGTA
CATTATGCTGAGTGATATCCCTCTGAAGGGCGACTACTCAGGCACTCCTGCTTTGCCATGGGCCAT

Ò7-promoter     Ribozyme gene

CCGTCCGGGAAGTAGCTCAGCTTGGTAGAGCACTTGGTTTGGGACCAAGGGGTCGCAGGTTCGAATCCTG
GGCAGGCCCTTCATCGAGTCGAACCATCTCGTGAACCAAACCCTGGTTCCCCAGCGTCCAAGCTTAGGAC

tRNA gene

TCTTCCCGACC*AGGATCCTCCATCCTAGAGTCGACCTGCAGGCATGCA
AGAAGGGCTGGT*CCTAGGAGGTAGGATCTCAGCTGGACGTCCGTACGTTCGA

BstNI

a

c

b

ori

BstNI

P(Lac)

Ap r

P(bla)
Lac Z

tRNA gene
Ribozyme gene
Ò7-promoter

pUC18tRNAproEF

2823 b. p.



The syn the sis of the co-tran script starts with
guanosine at the 5’-end of the ribozyme, which en sures
high ef fi ciency of T7 phage RNA poly mer ase. The
syn the sized co-tran script may have var i ous sec ond ary
struc tures, as the 5’-end se quence of tRNA, ad join ing
the 3’-end of the ribozyme se quence, is com ple men tary 
both to the 5’-end of the ribozyme, and to the 3’-end of
tRNA. It is note wor thy that the self-cut ting of the
co-tran script due to the cat a lytic ac tiv ity of the
ribozyme is pos si ble only in case of com ple men tary
cou pling of the 5’-end of tRNA and 5’-end of the
ribozyme (Fig.2). The melt ing-an neal ing cy cles are re -
quired to en able all the mol e cules of the co-tran script to 
ob tain the con for ma tion, nec es sary for the cut ting; the
por tion of the cut co-transcript enlarges after each
cycle.

Af ter the ribozyme is de tached, it may still be con -
nected to tRNA via in ter ac tions be tween com ple men -
tary base pairs, that cre ates dif fi cul ties for their chro -
mato graphic sep a ra tion if no de ter gents are used. The
in crease of tem per a ture to 57°C was se lected as a fac tor 
pro mot ing the weak en ing of the com ple men tary bind -
ing of tRNA to the ribozyme dur ing the chro ma tog ra -
phy, that cor re sponds to the tem per a ture re sis tance of
the chromatographic column used.

The ion-ex change col umn WAX-1S, con tain ing
DEAE-polymetacrylate, was used for chro mato graphic 
pu ri fi ca tion of the tran script, which al lowed to sep a rate 
tRNA tran script from the ribozyme and the re mains of
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Fig.3 The chromatogramme of E. faecalis tRNAPro co-transcript and cis-hydrolytical ribozyme. The composition of fractions is as follows: 1
– tRNAPro; 2 – tRNAPro + ribozyme; 3 – ribozyme; 4 – non-identified fragments of RNA.

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.



co va lent tRNA–ribozyme com plex in the gra di ent of
NaCl con cen tra tion (Fig.3, 4).

The fi nal yield of tRNA tran script from 1 mg
DNA-ma trix was 0.8 mg. The ac cep tor ac tiv ity of the
ob tained tRNA tran script was con firmed in the test for
aminoacylation (Fig.5). The level of tran script
aminoacylation  de creased in com par i son to tRNA, ob -
tained by the method of superproduction in vivo, which
is the   con se quence of com plete ab sence of mi nor nu -
cleo sides in it. The con sid er able in flu ence of the mod i -
fi ca tion of nu cleo sides of bac te rial tRNAPro on its ac -
cep tor ac tiv ity was proven ear lier [15]. The pu rity of

prep a ra tion, ver i fied by elec tro pho re sis in
polyacrylamide gel, exceeded 95% ( Fig.4).

Thus, we have de vel oped a sim ple and re li able
method of pu ri fi ca tion of tRNA tran scripts  con sist ing
in co-ex pres sion with cis-hydrolytical ribozyme. The
ad van tages of this method are en sured by the use of
HPLC on an ion-ex change sorbent of
DEAE-polymetacrylate (WAX-1S col umn, Dionex
com pany) for the pu ri fi ca tion of the prep a ra tions from
cis-hydrolytical ribozyme, nec es sary for the efficient
synthesis of RNA.

The method was used for the first time to ac com -
plish the men tioned task , more over, the method may
be used for the pu ri fi ca tion of tran scripts of any tRNA,
which would re quire only slight op ti mi za tion of the
con di tions  of chro ma tog ra phy.

Com par ing to the method of pu ri fy ing tRNA tran -
scripts in polyacrylamide gel, the ob vi ous ad van tages
of our method are higher rate of con duct ing pro ce -
dures, low con sump tion of ex pen sive ma te ri als, and
con sid er able yield of the prod uct due to  low   losses
dur ing the purification.

The au thors would like to ex press their grat i tude to
O.P. Kovalenko for his con sul ta tions in the se lec tion of 
meth ods of ob tain ing and pu ri fi ca tion of tRNA
transcript.

Ê. Ñ. Áî ÿð øèí, È. À. Êðèê ëè âûé, À. Ä. ßðåì ÷óê, Ì. À. Òó êà ëî 

Êëî íè ðî âà íèå, ýêñ ïðåñ ñèÿ è î÷èñ òêà òÐÍÊPro èç áàê òå ðèè

Enterococcus faecalis 

Ðå çþ ìå 

Öåëü. Ðàç ðà áî òàòü ìå òî äè êó ýêñ ïðåñ ñèè è î÷èñ òêè òðàíñ -
êðèï òà òÐÍÊPro áàê òå ðèè E. faecalis. Ìå òî äû. Êî ý êñïðåñ ñè -
ðî âàí íóþ in vitro ñ öèñ-ãèä ðî ëè òè ÷åñ êèì ðè áî çè ìîì òÐÍÊ
î÷è ùà ëè ïðè ïî ìî ùè âû ñî êî ýô ôåê òèâ íîé æèä êîñ òíîé õðî ìà -
òîã ðà ôèè ñ èñ ïîëü çî âà íè åì àíè î íî îá ìåí íîé õðî ìà òîã ðà ôè -
÷åñ êîé êî ëîí êè. Ðå çóëü òà òû. Ïî ëó ÷å íû óäîâ ëåò âî ðè òåëü íûå
âû õîä ïðî äóê òà è ÷èñ òî òà ïðå ïà ðà òîâ. Òðà íñêðèïò òÐÍÊPro

ïðî ÿâ ëÿ åò àê öåï òîð íóþ àê òèâ íîñòü â ðå àê öèè àìè íî à öè ëè ðî -
âà íèÿ. Âû âî äû. Ðàç ðà áî òàí íûé ìå òîä ìî æåò áûòü âíåä ðåí â
ëà áî ðà òîð íóþ ïðàê òè êó è ñòàòü îñíî âîé äëÿ ñî çäà íèÿ íî âûõ
ñïî ñî áîâ ïî ëó ÷å íèÿ òðàíñ êðèï òîâ äðó ãèõ òÐÍÊ.

Êëþ ÷å âûå ñëî âà: òÐÍÊ, òðàíñ êðèïò, ýêñ ïðåñ ñèÿ ãå íîâ in
vitro, âû ñî êî ýô ôåê òèâ íàÿ æèä êîñ òíàÿ õðî ìà òîã ðà ôèÿ.
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Fig.4 The electrophoregramme of fractions of the chromatogramme
of E. faecalis tRNAPro co-transcript and cis-hydrolytical ribozyme:
H – mixture, applied on the column (acting as a “witness”); 1 –
tRNAPro; 2 – tRNAPro + 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.

Fig.5 The acceptor activity of E. faecalis tRNAPro transcript and
Rhodopseudomonas palustris bacteria tRNAPro (anticodon CGG),
obtained by the method of superproduction in vivo



Ê. Ñ. Áî ÿð øèí, ². À. Êðèê ëè âèé, Ã. Ä. ßðåì ÷óê, Ì. À. Òó êà ëî 

Êëî íó âàí íÿ, eêñïðåñ³ÿ òà î÷è ùåí íÿ òÐÍÊPro ç áàê òåð³¿

Enterococcus faecalis

Ðå çþ ìå 

Ìåòà. Ðîç ðîáèòè ìå òî äèêó åêñïðåñ³¿ ³ î÷è ùåí íÿ òðàíñ êðèï -
òà òÐÍÊPro áàê òåð³¿ E. faecalis. Ìå òî äè. Êî å êñïðå ñî âà íó in
vitro ç öèñ-ã³äðîë³òè÷ íèì ðè áî çè ìîì òÐÍÊ î÷è ùó âà ëè çà äî ïî -
ìî ãîþ âè ñî êî å ôåê òèâ íî¿ ð³äèí íî¿ õðî ìà òîã ðàô³¿ ç âè êî ðèñ -
òàí íÿì àí³îíî îáì³ííî¿ êî ëîí êè. Ðå çóëü òà òè. Îòðè ìà íî
çà äîâ³ëüí³ âèõ³ä ïðî äóê òó òà ÷èñ òî òó ïðå ïà ðàò³â. Òðà -
íñêðèïò òÐÍÊPro âè ÿâ ëÿº àê öåï òîð íó àê òèâí³ñòü ó ðå àêö³¿
àì³íî à öè ëþ âàí íÿ. Âèñ íîâ êè. Ðîç ðîá ëå íèé ìå òîä ìîæå áóòè
âïðî âàä æåíèé ó ëà áî ðà òîð íó ïðàê òè êó òà ñòà òè îñíî âîþ äëÿ
ñòâî ðåí íÿ íî âèõ ñïî ñîá³â îò ðè ìàí íÿ òðàíñ êðèïò³â ³íøèõ
òÐÍÊ. 

Êëþ ÷îâ³ ñëî âà: òÐÍÊ, òðàíñ êðèïò, åêñïðåñ³ÿ ãåí³â in vitro,
âè ñî êî å ôåê òèâ íà ð³äèí íà õðî ìà òîã ðàô³ÿ.
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