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Abstract. In vitro methyiation of Escherichia coli transfer ribonucleic acid by cell free extracts 
of Mycobacterium smegmatis leads exclusively to the formation of 1-methyl adenine 
[Vani, B. R., Ramakrishnan, T., Taya, Y., Noguchi, S., Yamaiuzumi, Z. and Nishimura, S. 
(1978) J. Bact., 137,1085]. We have studied the effect of this modification on aminoacylation 
of Escherichia coli tRNA by mycobacterial enzymes. Aminoacylation with total algal protein 
hydrolysate as well as several individual aminoacids like methionine, valine, tyrosine, aspartic 
acid and lysine were monitored. In all the cases methyiation had a positive effect on the extent 
of aminoacylation by mycobacterial enzymes. Decreased aminoacylation in vitro was observed 
when hypomethylated transfer RNA from ethionine treated cells was used as the substrate for 
aminoacylation. 
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Introduction 
 
Transfer RNA is uniquely abundant in modified bases. The effect of base modifications, 
specially methyiation, has been studied in two ways: namely, by using hypomethylated 
tRNA either from mutants or from methyiation inhibited cells, and by using 
hypermethylated tRNA obtained on chemical methyiation using chemicals like 
dimethylsulphate (Gefter and Russell, 1969; Miller et al., 1976). However this aspect has 
been, elusive to any kind of generalisations. 

Methyiation is known to affect tRNA functions like aminoacylation and ribosome 
binding in certain systems (Hoburg et al., 1979). Using ethionine fed rats, Ginzburg et al. 
(1979) have shown that hypomethylation of tRNA leads to decreased aminoacylation. 
Base modification also has been invoked in regulation of operons (Singer et al., 1972; 
Bjork, 1980; Pope et al., 1978). 

The influence of the base modification can be directly on the structural interactions 
within the tRNA molecule leading to a change in its ability for aminoacylation. The role 
of tertiary structure of tRNA in aminoacylation is well appreciated and it is suggested 
that a conformational adaptation of tRNA and the enzyme on interaction could be a 
rate limiting step in aminoacylation (for a review see Schimmel, 1979). A large 
 
 
Abbreviation used: Buffer A, 10 mM Tris-HCl pH 7·6, containing 10 mM MgCl2, 6 mM 2-mercaptoethanol,
and 10%-gJycerol. 
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proportion of modified bases being in the loop or the stem junction region, are thus 
involved in tertiary structure maintenance. 

Mycobacterium smegmatis and Escherichia coli differ distinctly in the content of 1- 
methyl adenine in tRNA, the former being abundant and the latter lacking this 
modification. Further, we have also shown that cell free extracts of M. smegmatis form 
only 1-methyl adenine in E. coli tRNA, as demonstrated by chromatography of 
enzymatic digests of the in vitro, reaction products (Vani et al., 1978). Hence, we have 
attempted to study the influence of this modification, on the aminoacylation of tRNA 
mixtures from these two sources. 
 
Materials and methods 
 
Mycobacterium smegmatis (SN2) was obtained from Dr. R. Bonicke, Institute for 
experimental Biology and Medicine, Borstel, FRG. 

Saccharomyces cerevisiae var. ellipsoideus was obtained from Dr. G. Ramananda Rao
of this laboratory. 

E. coli tRNA, cold S-adenosyl methionine, Trizma base, Cacodylate, DEAE-
cellulose, ethionine were obtained from Sigma Chemical Co., St. Louis, Missouri, USA.
 

Radioactive amino acids were obtained from Amersham, England with the given
specific activity. [3H]-Tyrosine-189mCi/mmol, [3H]-aspartic acid 217mCi/mmol,
[3H]-phenylalanine 1 Ci/mmol, [14C]-leucine-338 mCi/mmol, [14C]-asparagine-
200mCi/mmol, [14C]-lysine-336mCi/mmol, [14C]-algal protein hydrolysate-
54mCi/mA and [3H]-methionine 290mCi/mmol. All other chemicals used were of 
analytical grade. 

M. smegmatis and E. coli were grown as described earlier (Vani et al., 1979). 
 
Buffer A 
 

10 mM Tris(hydroxymethyl)-aminomethane (Tris)-HCl pH 7·6 containing 10 mM 
MgCl2, 6mM β -mercapto ethanol and 10% glycerol. 
 

In vitro methylation 
 

The assay mixture (125 µ1) contained 25 mM Tris-HCl pH 8·0 at 37°C, 20 mM 
Magnesium acetate, 9 µM S-adenosyl methionine (unlabelled), partially purified 
enzyme amounting to 200–300 µg protein and 1–2 absorbance units of tRNA. The 
reaction was carried out at 37°C for 30min. The cell free extract fractionated on 
DEAE-cellulose column as 0·4 MKC 1 eluate was used as the enzyme source after 
dialysing out the KC1. The reaction was scaled up as per the requirement and 
methylated tRNA was extracted with phenol and precipitated with ethanol. The tRNA 
precipitate was collected by centrifugation, washed, dissolved and dialysed against 
buffer A and used in aminoacylation. 

Aminoacylation was carried out as described by Deobagkar and Gopinathan (1979). 
In a total volume of 125 µl, the reaction mixture contained 100 mM Tris-HCl, pH 7·0 at 
37°C, 10 mM Magnesium acetate, 20 mM KC1, labelled amino acid (25,000 cpm), 
50 mM ATP, 1–2 A260 units of tRNA and 100–200 µg protein, containing partially 
purified enzyme fraction (as in methylation reaction). The reaction was carried out for 
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specified time intervals at 37°C. After the incubation, a 50 or 100 µl aliquot of the
reaction mixture was spotted on Whatman No. 3 filter discs, dried under heat lamp, 
soaked in 10% trichloroacetic acid for l0 min, then washed thrice for 5min each 
with 5% trichloroacetic acid followed by ethanol:ether mixture (1:1) and finally with
ether. Then the discs were dried and counted in a Beckman LS-100 scintillation 
spectrometer. 
 
 
Results 
 
Effect on aminoacylation 
 

The tRNA from M. smegmatis and yeast were studied as examples of m1A containing 
transfer RNA species and that of E. coli as a model for m1A deficient tRNA. 

The charging efficiency of synthetases from the three sources namely M. smegmatis, 
E. coli and yeast, with heterologous tRNA as the substrate was compared with the 
activity of homologous tRNA. As table 1 shows fox E. coli ligases tRNAs from M. 
smegmatis and yeast can serve as substrates only 50% as efficiently as the homologous 
tRNA, M. smegmatis ligases use E. coli tRNA more efficiently than homologous tRNA 
in this assay system. This is in confirmation with previous observation from our 
laboratory (Deobagkar, 1975). On the other hand, M. smegmatis ligases charge the 
yeast tRNA only around 50% as efficiently as the homologous tRNA. For yeast ligases 
M. smegmatis tRNA is better than E. coli tRNA as a substrate. 
 
 

Table 1. Heterologous aminoacylation with [14C]-algal protein hydrolysate. 
 

 

* Calculated as percentage of homologous charging which is taken as 100.
 

In order to see whether the additional modification on E. coli tRNA by M. smegmatis
methylases has any effect on its already efficient charging, in vitro methylated E. coli 
tRNA was used as substrate for M. smegmatis ligases. In vitro methylation of E. coli 
tRNA was carried out as described under methods, using partially purified methylases 
from M. smegmatis. The activity of tRNA methylase itself was checked by using 
[14CH3]-labelled S-adenosyl methionine. For aminoacylation, E. coli tRNA meth-
ylated with cold S-adenosyl methionine was re-extracted from in vitro reaction mixtures 
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and used in aminoacylation assays after extensive dialysis to remove phenol and the
degradative products. Table 2 shows the results of such an experiment using [14C]-
algal protein hydrolysate. It is observed that the complementary modification between 
E. coli and M. smegmatis improves their substrate capacity for the heterologous 
enzymes––by 2 fold in both the cases. 
 
 
 

Table 2. Effect of methylation on aminoacylation with algal protein hydrolysate  

 

* Calculated as percentage of homologous charging which is taken as 100. 
 
 
 

We have observed that ethionine inhibits growth as well as methylation of tRNA in 
M. smegmatis. At a concentration of 0·1% it inhibits growth upto 40% and the 
incorporation of [14CH3]-group (of [14CH3]-methionme) into tRNA to an extent of
90% indicating inhibition of methylation (Vani, 1982). Thus by growing M. smegmatis 
in the presence of ethionine one could get undermethylated tRNA. This tRNA is 
hypomethylated with respect to all the methylated bases, as the methyl group 
incorporation into tRNA is inhibited upto 90%. The tRNA after extraction from 
ethionine treated cells and purification on DEAE-cellulose column, was extensively 
dialysed against buffer A, ensuring that the preparation is free of ethionine. When this 
tRNA was compared with fully methylated tRNA from M. smegmatis for the extent of 
aminoacylation by M. smegmatis synthetases, it was seen that with [14C] -algal protein 
hydrolysate, the hypomethylated tRNA is a poor substrate for the reaction (figure 1). 
 

Further, the native and the in vitro methylated tRNA of E. coli were compared with 
respect to their charging capacity with individual ammo acids like tritiated tyrosine, 
aspartic acid, methionine and [14C]-labelled lysine. In these assays the synthetases were 
from M. smegmatis, as shown in figures 2, 3 and 4, the methylated tRNA was a better 
substrate in all the cases. In the case of tyrosine charging there is a 25% increase and in 
the case of asparatic acid it is about 54% increase over homologous charging. It is a two 
fold increase in the charging of methionine and a six fold in the case of lysine. Thus there 
is a quantitative difference in the efficiency of aminoacylation between the various 
tRNA species in response to methylation. 
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Figure 1. Aminoacylation of the total tRNA of M. smegmatis normal and that grown in
presence of 0·1% DL-ethionine, with [14C]-algal protein hydrolysate. Activity has been
expressed as radioactivity incorporated per one absorbance unit of tRNA––protein concentra-
tion being the same in all the assays. 
 
 
 

 
Figure 2. Time dependent charging of native and in viro methylated total tRNA of E coli 
with tritiaed tyrosine and aspartic acid. 
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Figure 3. Aminoacylation of native and in vitro meth- 
ylated total tRNA of E. coli with tritiated methionine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Aminoacylation of in vitro methylated and native total tRNA of E. coli with
[14C]-labelIed lysine. 

 
 
Discussion 
 

In the tRNA structure, of about 22 bases present in the loop region, upto 20 are 
involved in tertiary interactions (Kim 1979), pointing to the importance of the tertiary 
structure of tRNA. There are several contradicting evidences as to the role of the base 
modification in aminoacylation. But these can be summarised to a certain extent to 
indicate that modified tRNA is a better substrate in heterologous aminoacylation 
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compared to the unmodified counterpart (Peterkofsky, 1964; Ginzburg et al., 1979).
 

The earlier studies had been done with hypomethylated tRNA formed during
methionine starvation or by treatment with ethionine. The present study has been 
confined to a particular modification viz, the methylation of adenine residue(s). It is 
interesting to note that the results presented here point to a similar conclusion, wherein 
methylated tRNA of E. coli serve as better substrates for aminoacyl tRNA synthetases 
of M. smegmatis. E. coli ligases aminoacylate the tRNA of yeast and M. smegmatis to a
lesser extent (50%) compared with its own tRNA. Yeast ligases use M. smegmatis tRNA 
better than E. coli tRNA as substrate. E. coli tRNA which is as such a good substrate for 
M. smegmatis ligases becomes an even better substrate after in vitro methylation.
However, ligases of M.smegmatis utilize yeast tRNA only (50%) as efficiently as its own 
tRNA though both the tRNAs contain m1

 A. This inefficiency could be arising from the 
inherent differences between prokaryotic and eukaryotic systems, which is reflected in 
the activity of yeast ligases also with tRNA from M. smegmatis containing 1-methyl 
adenine. It is known from our studies that the only modification affected by M. 
smegmatis methylases, on E. coli tRNA is m1

 A formation (Vani et al., 1979). Further we 
have also demonstrated the presence in M. smegmatis of two activities of 1- 
methyladenine tRNA methyl transferase having different substrate specificity (Vani 
and Ramakrishnan, 1984). It is known from our sequencing studies (Vani et al., 1984) 
that m1A occurs at the 58th position in the cloverleaf structure. In the tertiary 
conformation, A-58 is involved in Hoogsteen base pairing with U-54, facilitating a 
sharp bend of the molecule in its three dimensional structure (Rich and Rajbhandary, 
1976). In the light of the fact that one of the rate limiting steps in aminoacylation 
reaction is the conformational adaptation of both tRNA as well the cognate synthetase 
(Schimmel, 1979), the dynamic tertiary structure of tRNA could be playing an 
important role. It is interesting to note that m1

 A-nucleotide can only form a Hoogsteen 
base pairing whereas adenine can involve in both Watson-crick as well as Hoogsteen 
base pairing with the uridine residue. In the rather sharp bending of the Tψ C loop of 
tRNA in the tertiary structure there is also a hydrogen bonding between N4 of G61 and 
the phosphate of A-58. Further U54·A58 pair stacks over C61 ·G53 pair thus stabilizing 
the structure. These bonding and stacking interactions can be affected by base 
modification in the dynamic tertiary structure of tRNA and hence the function. Studies 
with purified single species tRNA would be more revealing. However, it is interesting to 
note that by proton NMR studies with E. coli tRNAMet, it has been possible to show the 
correlation between stability of tRNA structure and the modification of U54 residue 
(Davanloo et al., 1979). 
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