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1. Introduction

Transfer RNA’s (tRNA’s) play a key role in protein
biosynthesis and are ideai molecules for studying nu-
cleic acid — protein and nucleic acid —nucleic acid in
teractions. This is so because a tRNA molecule inter-
acts with a number of components of the translational
process viz. amino acyl-tRNA-synthetase, ribosome,
various translational factors and messenger RNA’s.

The highly specific interaction of tRNA with its
cognate synthetase indicates that the tRNA(’s) for
each amino acid possesses certain unique structural
features. On the other hand the interaction of tRNA
with ribosomal binding sites, translational factors
and messenger RNA’s argues that each tRNA also
has structural features which it shares with all other
tRNA’s. Of all the tRNA’s in E. coli, the two meth-
ionine tRNA’s (formylatable methionine tRNA,
tRNAIf\’Iet [1] and nonformylatable methionine
tRNA, tRNAxet [2]) provide a very intriguing ex-
ample of specificity. Both tRNA’s are aminoacylated
by the same synthetase [3, 4] but only tRNAfMet
interacts with transformylase [5],and with initiation
factors to form initiation complex on the ribosome
[6] while tRNAxet is like the rest of the tRNA’s in
these respects. The methionine tRNA’s, therefore,
are very useful for studying the unique and common
structural features of tRNA’s.

Recently [7] it was shown that E. coli methionyl-
tRNA-synthetase protects the anticodon loop, the
3'stem and the extra loop of tRNA?4et against diges-
tion by T ribonuclease. The data suggested that the
tRNA-synthetase interacting area in the molecule is
arc shaped with at least three contact points. This
paper presents results of RNAase Ty digestion of ribo-
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some-formylmethionyl-tRNA initiation complex
showing that the 70 S ribosome protects the T ¥ C
loop and the anticodon loop of the tRNA, whereas,
the 30 S ribosomal subunit protects only the anti-
codon loop.

2. Experimental

32PJabelled charged, formylated tRNA?’let was
complexed with 70 S ribosome in the presence of
AUG, GTP and initiation factors [8, 9] . fMet-
tRNAIfM'Et was similarly complexed with the 30 S
ribosomal subunit. For control, f'Met-tRNA?’Iet was
mixed with 70 S ribosome in the absence of AUG,
GTP and initiation factors. The preparations were
digested with T, ribonuclease under identical condi-
tions for varying lengths of time and the products
fractionated by one dimensional electrophoresis on
DEAE paper [10] . This fractionation procedure was
used because it enabled many analyses to be per-
formed in a relatively short time. It might, however,
be pointed out that the oligonucleotides do not re-
solve as well in the one dimensional fractionating
system as in the standard two dimensional system
[10]. Nevertheless, the resolution was good enough
to identify the products without much difficulty and
in cases of doubt further analysis [11] served to
eliminate any ambiguities.

3. Results

Fig. 1 shows the results of a typical experiment.
Two points in the figure are noteworthy, namely,
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the relatively low yields of T¥ CAAAUCCG and

2" OMeCUCAUAACCCG in the digestion products of
fMet-tRNA?m — 70 S complex and of 2' OMeCUCAU-
AACCCG in the digestion products of fMet-tRNAfMet—
30 S complex. These oligonucleotides come respective-
ly from the T ¥ C and the anticodon region of tRNAM¢*
{12],(fig. 2). The radioactivity at the origin represents
incomplete digestion of tRNA and consists of a mix-
ture of large oligonucleotide fragments including

GT ¥ CAAAUCCG, GT ¥ CAAAUCCGG, GG2'-
OMeCUCAUAACCCG and UCGGG2' OMeCUCAU-
AACCCG.

4. Discussion

Since the anticodon loop is known to bind to ribo-
somes [13—15], the protection by the ribosome of
oligonucleotide from the anticodon region of the
tRNA is not surprising. However, the protection of

Fig. 1. RNAse T, digestion of formylmetk}ce){)yl-tRNA?AEt

complex with 70 S ribosomeﬁMet-tRNAf complex with
30 S sybunit and fMet-tRNA; ®! plus 70 S. 32p-labelied
tRNA; " from E. coli CA 265 was prepared as described
[11, 23]. The tRNA was about 90% pure, tRNA was charged
with methionine under formylating conditions [24]. E. coli
MREG600 salt-washed ribosomes and crude initiation factors
were prepared as described [25]. The ribosomal subunits
were prepared from these 70 S ribosomes essentially according
to the method of Monro [26] as described [14]. For initia-
tion complex formation the reaction mixture (50 ul) con-
tained 0.1 M Tris—HCL, pH 7.2;0.05 M KCl; 6 4 360 units of
salt-washed 70 S ribosomes or 3 4,69 units of 30 S subunits;
0.15 Az60 units of ApUpG;0.0002 M GTP; 0.005 M mag-
nesium acetate, or 0.01 M in case of reaction mix containing
30 S subunits; 50 ug of initiation factors, 1.0 4,49 units of
Met-tRNAM®!. The reaction mixture was incubated at 20°C
for 20 min, then chilled and 1 ug RNAse T; added. At S min
intervals § wl aliquots were withdrawn and applied on to
DEAE paper. The control reaction mixture was prepared
under identical conditions and contained all components
used in the initiation complex formation with 70 § ribo-
somes with the omission of AUG, GTP and initiation factors.
The digests were fractionated in a one dimensional system
[10] using 7% formic acid and the electrophoretogram auto-
radiographed. The products were identified by further anal-
ysis [11]. The figure shows digestion pattern at one time
point. 70, 30, ﬁéffe' respectively to T digestion producﬁsle
of fMet-tRNAf — 70 S initiation complﬁe,thet-tRNA

— 30 S initiation complex and fMet-tRNA¢™" plus 70 § con-
trol. B is the blue marker. O is the origin.
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Fig. 2. The nucleotide sequence of tRNAtI}'1
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®t from E. coli CA 265 {1]. Standard abbreviations are used for the four usual nu-

cleotides. Other abbreviations are: ¥, pseudouridylic acid; T, thymidylic acid; 7MeG, 7-methylguanylic acid; 2'0O MeC, 2’ O-
methylcytidylic acid; D, dihydrouridylic acid; Z U, 4 thiouridylic acid. The regions protected by the 70 S ribosome are marked
by a solid line, fig. 2a.

the T W C loop coupled with the fact that this protec-
tion is afforded by the 70 S ribosome but not by the
30 S ribosomal subunit is very interesting. This in-
dicates that the T ¥ C loop is recognized by some
component of the ribosome not present in the 30 S
subunit but present in the 50 S subunit. This compo-
nent could be a ribosomal RNA or a ribosomal pro-
tein or both. It is interesting to note that the 5 S
RNA present in the 50 S subunit [16] has a GAAC
sequence [17] which is complementary to the GT ¥ C
sequence in tRNAfMet and in all prokaryotic tRNA’s.
However, the fact that the isolated 5 S RNA does not
protect the T W C loop against digestion by T ribo-
nuclease (SKD unpublished observations) suggests
that if the protection of T ¥ C loop is due to tRNA—
5 S RNA interaction, other ribosomal components
must also be involved in stabilizing this interaction.
Since the GAAC sequence occurs twice in E. coli
5 S RNA [17] and two tRNA’s bind to ribosome
during peptide bond formation the question arises
whether the T ¥ C loop of both ribosome-bound
tRNA’s could be simultaneously protected against
digestion by T ribonuclease. The experiments [18]
showing inhibitory effect of T ¥ CG on the binding
of phe-tRNA to the ribosome at both the peptidyl-
tRNA and the aminoacyl-tRNA binding sites would

argue in favour of such a protection. Were this the
case it would not be difficult to define the geomet-
rical distance between the two GAAC sequences of
5 S RNA on the ribosome.

While the GAAC sequence occurs twice in pro-
karyotic 5 S RNA [17, 19] it occurs only once in
eukaryotic 5 S RNA [20]. The absence of GT ¥ C
sequence in the eukaryotic initiator tRNA, tRNA?m
[21,22] but its presence in other eukaryotic tRNA’s
may be of relevance in this context. In the eukaryotic
tRNAIfVIet the GT ¥ C sequence is replaced by GAUC
sequence. Also it is interesting to note that the £. coli
5 S RNA does not contain a sequence complementary
to the GAUC sequence but the eukaryotic 5 S RNA
does. If the GAUC sequence in eukaryotic 5 S RNA
plays a vital role in determining the binding specificity
of the initiator tRNA, then, the two GAAC sequences
in prokaryotic 5 S RNA must be functionally non-
equivalent. On the other hand, the GAAC sequence
which is common to both prokaryotic and eukaryotic
5 S RNA’s must be functionally identical in the two
systems and involved in the binding of the incoming
aminoacyl-tRNA.

If these correlations are not fortuitous, they may
be very significant not only in establishing a role of
5 8 RNA in protein synthesis but also in showing a
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fundamental difference in the initiator tRNA binding
sites between prokaryotic (70 S) and eukaryotic (80
S) ribosomes. Furthermore, this difference could also
guarantee the required autonomy of the cytoplasmic
(80 S) and mitochondrial or chloroplastic (70 S) pro-
tein synthesizing systems in the eukaryotic cell.
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