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Aminoacyl-tRNA synthetases (ARSs) recognize a specific sequence or structural characteristics of their
cognate tRNAs. To contribute to the understanding how these recognition sites were selected, we gener-
ated two different RNA libraries containing either 42mer or 70mer random sequence and used them to
select RNA aptamers that specifically bound to methionyl-tRNA synthetase (MRS) of Mycobacterium
tuberculosis. The aptamer pools selected from the two RNA libraries showed strong binding affinity and
selectivity to M. tuberculosis MRS compared to that of the homologous Escherichia coli MRS. The RNA apta-
. . . mers selected from the two completely unrelated RNA pools shared the octamer sequence including CAU
Protein-RNA interaction . Met .
SELEX and the anticodon sequence of tRNAY". The secondary structure prediction suggested that the octamer
tRNA motif in the selected aptamers would form a loop similar to the anticodon loop of tRNAM®. The results
suggest that the RNA loop containing CAU triplet could selected as a major recognition site for MRS dur-
ing evolution more or less regarding, and also showed that species-specific ARS inhibitors can be obtained
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by in vitro evolution.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

As aminoacyl-tRNA synthetases ligate specific amino acids to
their cognate tRNAs, the correct recognition of tRNAs by these en-
zymes determines the fidelity of protein synthesis. To maintain the
specificity of the interaction between two molecules, ARSs devel-
oped an idiosyncratic pattern of tRNA recognition, and the specific-
ity is thought to result from adaptive co-evolution of the enzyme
and its cognate tRNA [1-4]. However, it is not understood how
the tRNA recognition sites have been selected during evolution.

Interestingly, only limited tRNA sites have been used for specific
recognition by ARSs and they are usually localized in the acceptor
stem and anticodon loop. For instance, alanyl-tRNA synthetase rec-
ognizes the G3-U70 base pair and A73 discriminator nucleotide of
its cognate tRNA [5-7]. In contrast, methionyl-tRNA synthetase
interacts with the tRNAM®t anticodon [8,9]. Although ARSs are
grouped into two classes based on their structural features [10],
the tRNA recognition pattern does not appear to be related to this
classification [11,12], as both class I methionyl- and glutaminyl-
tRNA [13], and class II aspartyl-tRNA synthetases [14] specifically
interact with the anticodon of their cognate tRNAs. In addition,
these enzymes use different structural domains for interacting

* Corresponding authors.
E-mail addresses: sgpark@cha.ac.kr (S.G. Park), jopd64@snu.ac.kr (Y.]. Jo).

0006-291X/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bbrc.2013.01.116

with specific anticodons. While the two B-barrels in the C-terminal
region of glutaminyl-tRNA synthetase are involved in the interac-
tion with the tRNA®"™ anticodon of [13], the a-helix and loop in
the C-terminal domain of methionyl-tRNA synthetase is used for
the interaction with the cognate anticodon [8]. In contrast, the
N-terminal five stranded pB-barrels of aspartyl-tRNA synthetase
are used for anticodon recognition [14]. These data suggest that
there should be many different ways for ARSs to specifically inter-
act with the anticodon loop of tRNA.

In this study, we used two random RNA libraries of different
size and sequence context to explore the structural motifs that
are important for the specific interaction with methionyl-tRNA
synthetase (MRS) isolated from a pathogenic microorganism,
Mycobaterium tuberculosis. MRS consists of two distinct domains;
the N-terminal domain is involved in the catalysis and acceptor
stem interaction [15-17], whereas the C-terminal domain is
responsible for the interaction with the CAU anticodon, which is
the major recognition site [18]. This domain contains a helix and
loop in which a highly conserved tryptophan is located. This tryp-
tophan is critical for the specific interaction with the tRNAM®t anti-
codon [8,19]. We have previously isolated the MRS structural gene
from M. tuberculosis [20]. Its overall sequence and structure are
homologous to the Escherichia coli MRS with 42% similarity and
the enzyme cross-reacts with E. coli tRNAMe® [20]. Nevertheless,
we selected RNA molecules that could distinguish the two


http://dx.doi.org/10.1016/j.bbrc.2013.01.116
mailto:sgpark@cha.ac.kr
mailto:jopd64@snu.ac.kr
http://dx.doi.org/10.1016/j.bbrc.2013.01.116
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc

282 T. Kang et al./ Biochemical and Biophysical Research Communications 432 (2013) 281-286

homologous MRSs by in vitro evolution and their sequence charac-
teristics were analyzed.

2. Materials and methods
2.1. Preparation of methionyl-tRNA synthetase

M. tuberculosis and E. coli MRSs were expressed as a glutathione
S-transferase (GST) fusion protein in E. coli. The structural genes for
M. tuberculosis and E. coli MRSs were cloned into the BamHI-EcoRI
sites of pGEX4T-2 and the EcoRI-Xhol sites of pGEX4T-1, respec-
tively. The fusion protein was purified by affinity chromatography
using glutathione-Sepharose 4B (Amersham Pharmacia Biotech)
following the manufacturer’s instructions. The purity of the GST-
fused MRS was determined by SDS gel electrophoresis (data not
shown).

2.2. Preparation of random sequence RNA libraries

The DNA templates were designed to generate RNA libraries
containing 42mer and 70mer random sequences. The random
70mer sequence was flanked by the fixed sequences containing
the T7 promoter and the Sacl site at the 5’ end and the BamHI site
at the 3’ end. The random 42mer template was also designed to
contain the Hindlll site and T7 promoter at the 5’ end and the Bam-
HI site at the 3’ end. Each of the oligonucleotides was made with
double-stranded DNA and Klenow fragments.

Each of the RNA libraries was generated from the DNA tem-
plates by in vitro transcription. The reaction included 1-2 pg of
the template DNAs in 8 mM Tris-HCl, pH 7.9, 1.2 mM MgCl,,
0.4 mM spermidine and 2 mM NaCl containing 8.3 mM of each
NTP in 20 pl, and was incubated in the presence of T7 polymerase
(40 units, Ribomix, Promega) at 37 °C for 3 h. The template DNA
was removed by the treatment of RNase-free DNase | (Promega)
at 37 °C for 15 min. The resulting RNAs were separated from the
reaction mixture by phenol extraction and a G-50 quick spin col-
umn (Boehringer Mannheim) followed by precipitation with etha-
nol. The quality of the RNA preparation was determined by running
the sample on a denaturing polyacrylamide gel.

2.3. Selection of RNA aptamers

Different amounts of the purified M. tuberculosis MRS fused to
GST (GST-MRS) or GST were added to 0.1 ml glutathione conju-
gated to Sepharose 4B and the beads were packed into a Spin-X
column (Corning). The columns were then pre-equilibrated with
a binding buffer containing 4 mM HEPES, pH 8.0, 80 mM ammo-
nium acetate, 2 mM magnesium acetate, 0.002% NP-40 and 1%
glycerol. The original RNA libraries (10 pg) were heated at 75 °C
for 5 min, cooled down and then passed through the GST column
to remove the RNA molecules that bound to GST. The eluted RNAs
were loaded to the GST-MRS column. The RNAs that were not
bound to GST-MRS were washed off with the binding buffer. The
RNAs bound to GST-MRS were eluted with 15 mM reduced gluta-
thione, and the RNAs were precipitated with ethanol. The precipi-
tated RNAs were used as a template to generate cDNAs. Reverse
transcription was initiated by adding avian myeloblastosis virus
reverse transcriptase (Boehringer Mannheim, 25 units) to the reac-
tion buffer containing 50 mM Tris-HCl, pH 8.5, 8 mM MgCl,,
30 mM KCl and 1 mM DTT and incubated at 42 °C for 1 h. The cDNA
was mixed with the specific primers (forward, 5-CAC-
TATAGGGGAGCTCGG-3'; reverse, 5-AAGGATCCTCTGCAAAGC-3)
and amplified by polymerase chain reaction (PCR) with Taq poly-
merase in 10 mM Tris-HCI, pH 8.3, 50 mM KCI and 0.1 mg/ml gel-
atin. The amplified DNAs were first separated from the reaction

mixture by phenol extraction and then purified using PCR product
purification kit (Boehringer Mannheim). The amount of DNA ob-
tained was determined by spectrophotometry at 260 nm and used
for in vitro transcription. For the analysis of the aptamer sequences,
the amplified 70mers were directly ligated into pGEM-T vector
(Promega), and the 42mers were cut with HindIll and BamHI and
cloned to pBluescript II KS(+) (Stratagene). The plasmids were
transformed into E. coli DH5a and re-isolated to determine the se-
quences of the inserted aptamers. The secondary structures of the
selected RNA aptamers were predicted using the Mfold program
[21].

2.4. Filter binding assay and determination of binding affinity

The radioactively labeled RNA aptamers were prepared by
in vitro transcription at 37 °C for 90 min with T7 RNA polymerase
in a reaction buffer containing 0.5 mM (A, G, U)TP, 12 uM CTP,
[0-32P] CTP 10 uCi (Amersham Pharmacia Biotech) in the presence
of RNase inhibitor (RNasin 20 units, Promega). After removing DNA
with RNase-free DNase I, the remaining RNAs were separated by
phenol extraction and ethanol precipitation. The radioactive RNAs
(0.75 nM) were mixed with different amounts of GST or MRS-GST
of M. tuberculosis and E. coli in binding buffer as described above
and incubated at 37 °C for 15 min. Then, the mixtures were loaded
on a Hybond-C nitrocellulose membrane using a 96-well vacuum
manifold filtration apparatus. The unbound RNAs were removed
by vacuum suction and the filters were washed with binding buf-
fer. The RNAs retained in the filter were quantified using a phos-
phor image analyzer (FLA-3000, Fuji). The data were used to
make a Scatchard plot with r = [RNA-MRS]/[RNA];ota1 ON the x-axis
and r/[MRS];oa On the y-axis. The dissociation constant was deter-
mined from the slope of the plot.

2.5. Aminoacylation assay

The aminoacylation reaction of the M. tuberculosis or E. coli MRS
was carried out in 20 mM HEPES buffer, pH 7.5, 0.1 mM EDTA,
150 mM NH,4CI, 100 pg/ml BSA, 2 mM ATP, 4 mM MgCl,, 20 uM
[3°S] methionine, 4 pM E. coli total tRNA (Sigma). To determine
the effect of the RNA aptamers on aminoacylation activity, the
indicated amounts of RNAs were added to the aminoacylation
reaction mixture containing 30 nM M. tuberculosis MRS or 3 nM
E. coli MRS. The reaction was sampled at specific time intervals
and spotted onto 3MM filter paper pre-soaked with 10% trichloro-
acetic acid containing 1 mM methionine. The filters were washed
with cold 5% trichloroacetic acid containing 1 mM methionine
and then with 95% ethanol. The amount of charged tRNA was
determined by counting radioactivity on the dried filters using a li-
quid scintillation counter (Wallac 1409 DSA).

3. Results
3.1. Selection of RNA aptamers

Two different random 42mer and 70mer RNA libraries were
used for the in vitro selection experiments. The DNA template used
to prepare the random 70mer RNAs contained a T7 promoter se-
quence and Sacl site at the 5’ end and BamHI site at the 3’ end (Sup-
plementary Fig. 1). In vitro transcription of this template generated
a 111mer (random 70mer flanked by the fixed sequences of 21mer
and 20mer at the 5’ and 3’ ends, respectively). Another template for
the random 42mer RNA contained Hindlll site and the T7 promoter
at the 5’ end and the BamHI site at the 3’ end. The in vitro transcript
from this template produced the 96mer containing the random
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Fig. 1. Specific binding of the selected RNA aptamers to M. tuberculosis MRS. The
original RNA library (RO) and the RNA aptamers obtained after 8 (R8) and 7 rounds
(R7) of selection were radioactively labeled and mixed with the indicated
concentrations of GST and GST-MRS of M. tuberculosis or E. coli. The mixture was
filtered through nitrocellulose membrane, and the RNAs bound to each of the tested
proteins were observed by autoradiography.

42mer sequence flanked by the fixed sequences of the 21mer and
33mer at the 5'- and 3’-ends, respectively.

The target protein, M. tuberculosis MRS, was expressed as GST-
MRS and purified to homogeneity using glutathione affinity
chromatography. Each of the RNA libraries was passed through a
GSTS epharose column to remove RNAs bound to GST. The RNAs

A 70mer
M. tuberculosis

120
<100 | —L
2 80
2
3 60t
(]
2 40 [ L
K}
¢ 20 F

0 Control 50nM 4uM
R7
42mer
B
M. tuberculosis

120
£100 b —L
£ 80
2
360t
() I
2 40 F
[
g 20t

Control 50nM 4uM

R8

in the flowthrough were then loaded to GST-MRS Sepharose. The
GST-MRS/RNA complex was eluted with reduced glutathione. The
RNAs were then separated from GST-MRS by phenol extraction
and amplified by PCR with specific primers. The amplified DNAs
were subjected to in vitro transcription using T7 RNA polymerase
and the resulting RNAs were used again for the next round of selec-
tion. The selection cycles were repeated 7 and 8 times for the
70mer and 42mer libraries, respectively, and the selected RNAs
were used for further experiments.

3.2. Specific interaction of the selected aptamers with methionyl-tRNA
synthetase of M. tuberculosis

The selected aptamers were compared with their original li-
brary for binding affinity and specificity to the target protein. The
M. tuberculosis and E. coli MRSs were purified as GST fusion pro-
teins. The selected aptamers were prepared after eight and seven
rounds of selection for the 42mer and 70mer, respectively, and
synthesized in the presence of [a->2P] CTP. The original library
and the selected aptamers were bound to GST or GST-MRSs of M.
tuberculosis and E. coli, and binding was monitored by a filter bind-
ing assay. The selected 70 and 42mer aptamer pools bound to M.
tuberculosis MRS in a dose-dependent manner (Fig. 1). In contrast,
the selected aptamers did not bind to GST alone or showed poor
affinity to E. coli MRS. The dissociation constants of the selected
70 and 42mer pools to M. tuberculosis MRS were 38.8 and
51.3 nM, respectively. We then tested whether the selected apta-
mers could specifically inhibit aminoacylation activity of the M.
tuberculosis MRS. The selected aptamers both inhibited the cata-
lytic activity of M. tuberculosis MRS, whereas E. coli MRS activity
was little affected by addition of the selected aptamers (Fig. 2A
and B). These data suggest that the selected aptamers could distin-
guish the two homologous prokaryotic MRSs.
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Fig. 2. The effect of the selected RNA aptamers on the aminoacylation activities of M. tuberculosis and E. coli MRSs. The indicated amounts of the selected RNAs from 70mer (A)
and 42mer (B) were mixed with MRS of M. tuberculosis or E. coli and their effect on the aminoacylation activity was compared.
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3.3. Sequence and binding characteristics of the selected aptamers

We then determined the sequences of the selected aptamers to
examine whether the structural and sequence features important
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for specific recognition of M. tuberculosis MRS could be elucidated.
A total of 29 and 18 RNAs were selected from the 70mer and 42mer
libraries for sequencing, respectively. Although none of the se-
lected 70mer RNAs were identical, they were classified into five

A

Group

70mer

*I- cacaucucuceacuuuceeecuuceecacuGCUCAUUAC CACUUGACGGAGGAGGCCGE
eacaucucuaeacuuueecccuuceeeacucCUCAUUAC cacuucacecaceaceecea
ceuccescucuuarucaCUCAUUACUCAUGAAGGGUC GGGACC UUUCGGUAUCGG GUAGCU GCAUGGCG
u66ueeuUGcecGCUCAUUAC cccaUARCCAGAAGGG AUCGGU CGACUC GCCCGGGGGACU GGCUGUGCA
eacavcucuceaccuucecceeeececAcUGC UCAUUAC cacuuGACGEAGGAGECCGE
II- acceceeecuuaceaucCUCAUUAC cAGCCUGACCUGCGGGGAUACGGUUUACCGGGAUGUGUCUGCY
vuucuucescucccaUCCCAUUAC cuccECGCCGUCA CAGAGA CGGCUC GGGUCGGGCUCU AGAGAUGUG

GGUCGCUUUUAAGCUGGCGGUCCAUUUACCCGGCGUUAACGGGGC CGAGGUGACCGG GAUUGAC CUGUG

cuccesuucucecucucucacaaccACCUGAGGGUC CAUUAA CCCGUGUGCGUUUUCUGG ACUGCC GC
vacceaacacuaeaaceeccucucauy cacAC CUGCGUACGEC GGCUGEGCUAACCUCUCC ARGGUUCAG
anGeeacaceaearacuuce aceucuucauuccccACCUGUAAUUGCGACGEEC UUGAUC GGCUGGUGA
* ceeuuceeasaeacuuacaucavuccclACCUGucceeaceceacuavecuaccecUACCUGaGucucus
cacuuceeaeeeacuuacaucauu ccUlAC CUGUCCGCAGE CGAGUAUGGUAC CGGUGC CUGAGUCUGUG
UGAG. GCACGCUUGUGACCCUCCGCCUUGUCAR AUCAAC GUGAGC GAUUCG CUAAGG CUGGGGUUGGU
accaceaacuuaceauccucauuaccacccUGAC CUGCGe66AUACGGU UUACCG GGAUGU GUCUGCU

CAACUGAGCCGGGCU CUUGAU AGCGGGAGCGGC AAGGAUUGGAAGGCGGGGGeucucecaccUCGH GC

GGUCGCUUUUAAGCUCGCG GUCCAUUUACCCGGUGUUAACGGGGCCGAGGUGACCGGGAUUGACCUGUG

veaceaccuceueacaccuGUCGC U cavuce coeCACUGAUCAGCGECG AGGGAA GUAUAUAUGGAGGG
acavcceecavceeaceaucattUCGCU ceeeaucea CUGAUU GUGUGG GAGUACUGGCUC ACCUCU GUA
GUCGGGUUCUC GCUCCUCU CACAAGCACCUGAGGGUCCAUUAACCGGUCGACGUUUUGUGGACUGCCGC
CUAUCCUGUCGCCAGC UUCCUUCAUUGCCGCAGGUCUGGGUGGAUGGCCGGUCUCUCGCUAGCCUUU

GUGUGAGGC UACGAC GACGGGAGCUCGAAUGUGGCAAGAAUCAUUUCUCUU!

CUGAUUUGAGCCGGUUG

UGAGACCUGCACGCUUGUGAC ceuccaccuucucaarucaaccucacccaylJCGCUaacecuceceuucey
* AGCUUGAAGUCACUCACAAUCA U GUGUAGUCACUCCAGCU GGAGAC GGAAGUUCGAAGC
UCGGCGGUAAAUCUC CAUUAAGAUUUAACGCCAAGGAAGCACGUGCCGACC UCUGUUAAGUGUUGCUUUG

* GGUCGCUUUUAAGCUCGCGGUC CAUUUACCGGGC GUUAACGGGGCC GAGGUGACCGGGAUUGAccusus
4 caacueaceeaeaeu cuucaucceceeaceeac ascGAUUGEAAGECGE6E6CUCTGCCAGRUCGCUGE
acavcaaecavcaeaceaucauuucseuceacauseacuGAUUGucusscacuacusscucaceucucy

* GGUCGCUUUUAAGCUGGCGGUC CAUUUACCceaae cuuaaceeeecc GAGGUGaccsssavuGaccucuG

GGUCAAUCCGCCACCGGCUCAUCACCGCGAGCGUUGGACCGCUUAGUUCGGUGGCU GGAGCAUUAAGGU
CGCCACUC AGUCUUUCGCCC AUGACC GAAGAUGAGUAA GeaGAAAAGAGGUGuccucauccuuceace

5 UGCCGGCCU GGUGAGAGGUGUCGCU CAUUCCUGGCACUCAUCAGCGGCGACCGAAGUAUAUAUGGAGGG

42mer

I- yucGCCCAUUAC AAUARGAUGACCAACGUGGCGUUGGAGUGG
II- uccaucaccucaucacccauaceucucccCCCAUUACucea
II1I- vaCCCAUUACUACIUGEAGGGACCUCCCAUCGUUCCCGAAUC
acavavucceuceeaaceeeac6CCCAUUAC ccusuacuuca
avvuacaacacceucaccceaCUCAUUACuceseacscecua
avvuanacaucecaucuCUCAUUGC cecucsecuccacauua
CUCAUUACcuucarACGECAUCUGU GGUCCU GGUUGC GUUAG
caCUCAUUACUCCUUAUGGAAUGCAUGGGAAUGGUAC CCAUG
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Fig. 3. Sequences and stem loop structure of the selected RNAs. (A) The selected RNA aptamers were grouped based on the consensus sequence motifs. While only one

conserved motif was found in the selected 42mer RNAs, five different sequence motifs were identified from the 70mer pool. The conserved
large bold letters. (B) The locations of the conserved motifs found in the selected 70mer group 1 and group 3 RNAs are marked with lines in
triplet CAU is highlighted with a gray oval in tRNA and the predicted RNA loop.

sequences are highlighted with
tRNAMet, (C) The Met anticodon
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Table 1

K4 (nM) value of the selected aptamers.
Aptamers M. tuberculosis E. coli
70mer-1 11.2+1.1 NB"
70mer-2 NB NB
70mer-3 44.6+3.8 NB
70mer-4 NB NB
70mer-5 384.6+59 3448 +7.8
42mer-1 549+43 NB

" NB: no binding at up to 500 nM of MRS.

different groups based on the conserved sequence motifs. In con-
trast, all of the selected 42mers contained only one type of the con-
served sequence motif although their locations within the
sequence varied (Fig. 3A).

To investigate whether the selected aptamers showed similar
binding characteristics, one representative RNA was selected from
each group (Fig. 3A, marked x) to determine its dissociation con-
stant for M. tuberculosis and E. coli MRSs. Among the five tested
RNAs, group 1 and 3 RNAs showed dissociation constants of 11.2
and 44.6 nM for M. tuberculosis MRS, respectively, whereas they
did not bind to E. coli MRS (Table 1). In contrast, group 2 and 4
RNAs bound to neither of the two MRSs, whereas group 5 RNA
bound to both with similar binding constants. These results sug-
gest that the selected 70mer pool consisted of RNA species with
different binding characteristics although the majority of them
would prefer to bind M. tuberculosis MRS. The RNA sampled from
the 42mer pool bound to the M. tuberculosis MRS with a dissocia-
tion constant of 54.9 nM but did not bind to the E. coli MRS. In addi-
tion, the dissociation constant using the pool of selected 42mer
RNAs showed a similar result (data not shown). Thus, these results
suggest that the RNAs of the selected 42mer pool are more homo-
geneous compared to the RNAs of the selected 70mer pool in the
binding to the M. tuberculosis MRS.

Interestingly, group 1 RNAs of the 70mer pool showed the high-
est binding affinity to M. tuberculosis MRS and contain the C(U/
C)CAUUAC octamer motif that was also found in the 42mer pool.
This sequence motif was homologous to that located in the
tRNAM® Joop containing the CAU anticodon (Fig. 3B). Thus, we esti-
mated the secondary structures based on the sequences of the se-
lected aptamers containing this motif. The conserved motifs
containing the CAU methionine anticodon, were localized in the
loop region, which is similar to the tRNAM®' anticodon loop
(Fig. 3C). These results suggest that this loop in the selected apta-
mers could bind to the M. tuberculosis MRS in a similar manner to
the tRNAMet anticodon loop.

4. Discussion

In vitro genetic selection of RNA has been used to isolate RNA
aptamers with desired biological activities or to determine the se-
quence or structural motifs that are important for an interaction
with target molecules [22-24]. This technique has been also ap-
plied to identify the RNA motifs or structures involved in specific
interactions with tRNA synthetases [25-28]. Here we designed
two random RNA libraries that did not have any sequence or struc-
tural similarity to tRNA and investigated whether a common RNA
motif could be identified and whether the selected aptamers could
distinguish the two homologous enzymes.

The two RNA libraries differed not only in the length of the ran-
dom sequence region but also in the sequence and length of the
fixed flanking region (Supplementary Fig. 1). Nevertheless, 7-8
rounds of iterative selection and amplification of these libraries
against M. tuberculosis MRS enriched the target-binding RNA apta-
mers (Figs. 1 and 2). Both showed higher affinity to M. tuberculosis
MRS than to E. coli MRS despite that the two enzymes are homol-

ogous. The selected aptamers might have explored the subtle
structural difference between MRSs of the two species. The se-
lected aptamers showed higher affinity than the cognate tRNA to
the enzyme with a sub-micromolar range dissociation constant.
Thus, these results suggest the possibility that RNA molecules with
higher specificity and affinity to the target enzyme than tRNA
could be generated by in vitro evolution.

Among the aptamers with several different sequence motifs in
the selected 70mer RNAs (Fig. 3), the group 1 RNAs containing
the conserved octamer showed the highest affinity to M. tuberculo-
sis MRS (Table 1). The conserved sequence in group 1 was also
found in the selected 42mer pool (Fig. 3A). Interestingly, the six
bases in the conserved octamer sequence were identical to those
in the tRNAM® anticodon loop (Fig. 3B and C). As MRS interacts
with the tRNAM®t anticodon, conservation of a similar sequence
in the selected RNAs suggests that the aptamers could bind to
MRS in a manner similar to the tRNAM® in this region. This possi-
bility was supported by the observation that the group 3 RNAs also
contained the conserved sequence present in tRNAMet (Fig. 3B).
Thus, they are also expected to interact with MRS in a tRNA mode
using this conserved region.

Interestingly, the conserved octamer sequence contained U next
to CAU anticodon, whereas all of the initiator and elongator
tRNAsMet of 18 different species contained A and G at this position
(Fig. 3). To examine whether the conserved octamer was sufficient
for the specific interaction with M. tuberculosis MRS and to deter-
mine whether U next to CAU actually plays a critical role in the
specific interaction with M. tuberculosis MRS, we synthesized the
sis-base RNA stem containing the octamer loop of CUCAUUAC or
CUCAUAAC. The binding affinity and specificity of these synthetic
RNAs were greatly decreased compared to that of the full-size se-
lected aptamers (data not shown). These results suggest that the
octamer sequence alone is not sufficient to maintain affinity to
MRS. In addition, U next to CAU did not appear to be important
for the species-specific interaction with M. tuberculosis MRS. Per-
haps, the strong selection pressure for U next to CAU may be due
to the difference in the position of CAU in the RNA aptamers and
tRNAMet Joops. While CAU in the aptamers is in one side of the loop,
it is located at the center of the loop in the tRNAM®, Perhaps, U is
necessary to adjust CAU for the interaction with MRS. Several rep-
resentative RNAs (group 1 of the 70mer and 42mers) were ex-
pected to form a long linear stem that did not look like the
native tRNA (data not shown). Based on these results, it is likely
that the conserved tRNA-like octamer makes a major contribution
to the specific interaction with MRS, whereas the extra affinity and
specificity may be added from the remainder of the conserved
motif.

It is interesting that the same sequence motif homologous to
the native tRNAM®t anticodon loop was selected from the two dif-
ferent RNA pools, which are totally unrelated to the native tRNA.
This result suggests a strong intrinsic selection pressure for the
RNA loop containing CAU to make a specific interaction with
MRS regardless of the sequence or structural context. It is thought
that the specificity of tRNA recognition is determined by co-adap-
tation of tRNA synthetases and their cognate tRNAs [1]. We have
previously shown that the anticodon-binding peptide in MRS
accommodates multiple amino acid substitution without losing
the ability to interact with tRNAM®! as long as a few conserved ami-
no acid residues are retained [19,29]. Thus, the results of this study
show that the specific interaction between tRNAs and their cognate
enzymes is highly localized.
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