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1. Introduction 

In a previous paper we have reported the primary 
structure of tRNA Phe from Bacillus stearothermo- 
philus (strain NCA 1518) [ 1]. This tRNA is amino- 
acylated by yeast phenylalanine: tRNA ligase [2] and 
has the composite sequence which seems to be involv- 
ed in the aminoacylation process catalysed by this 
enzyme [3,4]. Phenylalanine: tRNA ligase from 
yeast also aminoacylates the tRNAs val from Bacillus 
stearothermophilus in the presence of dimethyl- 
sulfoxide [2]. We purified one of these tRNAs Val and 
studied its primary structure in order to check 
whether or not it contained the same composite 
sequence. B. stearothermophilus tRNA Val is also 
very well aminoacylated under standard conditions 
by valine: tRNA ligase from yeast and E. coli [5]. 
Therefore it was also interesting to compare its 
structure with those of yeast and E. coli tRNAs Val. 

2. Materials and methods 

B. stearothermophilus tRNAV~ 1 accounts for 
about 40% of the total acceptor activity for valine; it 
could be purified using chromatographic procedures 
similar to those used for the purification of B. 
stearothermophilus tRNA phe. Starting with the same 
bulk [32p] tRNA [1 ], the first step was carried out on 
a BD-cellulose column, as was the case for tRNA Phe 
but tRNA val was eluted using 1 M NaC1 while tRNA Phe 
was only obtained by elution in the presence of 
ethanol. 

The enriched tRNA Val fraction was further 
purified using three other column chromatographic 

procedures: (i) affinity column on Biogel P200 Hy- 
tRNA Asp (yeast tRNA Asp chemically coupled by the 
periodate oxidized 3' end to hydrazine treated Bio- 
Gel P-200). This resin led to an important purification 
of tRNAV~ 1 having an anticodon G-A-C, complemen- 
tary to the anticodon G-U-C of the resin bound tRNA 
species [6,71. (ii) RPC-2 column [8] giving two 
peaks, one containing tRNAV~ 1 and the other 
tRNAV~ 1. (iii) Phenoxyacetylation on the tRNAV~ 1 
containing peak followed by a BD-cellulose column 
according to Gillam et al. [9]. Further details 
concerning this purification will be published else- 
where [ 10]. 

The methods used for the determination of the 
nucleotide sequence were as previously described 
[11-13] .  

3. Results 

Fig. 1 shows a summary of overlapping fragments 
and derivatization of the primary structure of 
tRNAV~ 1. Its nucleotide sequence can be arranged in 
the familiar cloverleaf model of secondary structure 
(fig.2). Resemblances between this tRNA and the 
corresponding tRNAs Val from prokaryotes (E. coli) 
[14,15] arrd eukaryotes [ 16-20] and the tRNAs Phe 
from Bacillus stearotherrnophilus [ 1 ] and eukaryotes 
[21-23] are shown in fig.2A, 2B, 2C and 2D 
respectively. 

tRNAV~ 1 contains 76 nucleosides including only 
5 minor ones: hU, meA, mTG, T and ¢/, whereas 
E. coli [14,15], Torulopsis utilis [19], yeast [16-18] 
and mouse myeloma [20] tRNAs Val contain respec- 
tively 7-9 ,  12, 13 and 15 minor nucleosides. 
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pGAUU~GUAGCU~AGChUGGGAGAG~G¢~C~UUGACm6AGGGUGGAGm7GU~G~UGGT~cGAG~AG~GGAAU~A~A 

II 

Fig.1. Primary structure of B. stearotherrnophilus tRNA Val. Summary of overlapping fragments from exhaustive T~ and 
pancreatic RNase digestions and partial T] RNase digestion. The sequence of the dinucleotide between brackets in position 28 
and 29 from the 5'-end has not yet been established. Despite the absence of overlapping fragments between nucleotides 57 and 67 
from the 5' end we could deduce this sequence by analysing the oligonucleotides obtained by complete T~ and pancreatic RNase 
digestions. 
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Fig.2. Comparison of the cloverleaf model of B. 
stearothermophilus tRNAs Vai to other tRNAs Val 
or tRNAs Phe of known primary structure. In the boxes 
(A) common sequences with E. coli tRNAs Val (species 1, 
2A and 2B) [14,15] ; (B) common sequences with eukaryotic 

Val f m ' t Val tRNAs (species 1 and 2a ro bakers yeas, tRNA 
from Torula yeast and from myeloma) [16-20] ; (C) common 
sequences with B. stearothermophilus tRNA Phe [ 1 ] ; (D) 
common sequences with eukaryotic tRNAs Phe (yeast, 
wheat germ, rabbit liver, calf liver [21-23]. 

tRNAV~ 1 contains m6A at the 3 'end of  the anti- 
codon as was found before in tRNAV~ 1 from E. coli 
[14] but  not  in E. coli tRNA~/~or 2B which have a 
non-modified adenosine in this position. 

Its hU loop is only 8 nucleotides long as in 
tRNAV~ 1 from E. coli, whereas other known 
tRNAs Val contain between 9 and 11 nucleotides. 

The anticodon G-A-C is identical to that of  K12 
E. coli tRNAV~ and 2B [15].  The extra loop con- 
tains 5 nucleotides as in most known tRNAs Val, with 
the exception of  torula yeast tRNA Val which has a 
smaller one (3 nucleotides only) [191. 

B. stearothermophilus tRNAV~ 1 is very similar to 
either E. coli t R N A ~  (84% homology)  or E. coli 
tRNA2V~ 1 (79% homology).  The degree of  homology 
is still high with E. coli tRNAV~ (72%) whereas it is 
lower with eukaryotic tRNAsVal: 60% with bakers'  

and torula yeast and 64% with mouse myeloma. 
A detailed analysis of  these sequences indicates 

that a clear-cut differentiation has occurred between 
tRNAs val from prokaryot ic  and eukaryotic  origins; 
a marked difference in sequence being observed in 
the stem of  the dihydrouridine loop. 

Despite these differences, B. stearothermophilus 
tRNA Val is fully charged by E. coli and yeast valine: 
tRNA ligases; conversely, valine: tRNA ligase from 
B. stearothermophilus fully charges both E. coli and 
yeast tRNA Val, although at different rates [5].  This 
would indicate that specific nucleotides in the 
dihydrouridine stem have no essential discriminatory 
role for the recognition of  the tRNA Val by the valine: 
tRNA ligase. 

Homologies with tRNAs Phe from B. stearothermo- 
philus (56%) from other prokaryotes (Mycoplasma sp. 
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58%) and E. coli (52%) [24,25] and from eukaryotes 
(mammals and wheat germ 62% and yeast 61%) 
[ 21 - 23 ]  are even of  the same extent  as for eukary- 
otic tRNAs Val. This probably explains why B. 
stearothermophilus tRNAV~ 1 can be misacylated by 

phenylalanine: tRNA ligase from yeast [2] since it 
contains the composite sequence involved in the 
aminoacylat ion process of phenylalanine tRNA 
ligase from yeast as suggested by Dudock et al. [3] 
and Kern et al. [4].  

On the other hand it was demonstrated that 
valine: tRNA ligases from B. stearothermophilus and 
E. coli catalyses the aminoacylat ion of  tRNA Phe from 
yeast, whereas valine tRNA ligase from yeast  charges 
both E. coli and B. stearothermophilus tRNA phe 
[2,5].  Other tRNAs from E. coli or yeast  like tRNA lle 
and tRNA Met are also aminoacylated in the presence 
of  these ligases [5].  

The existence o f  such cross-reactions between 
tRNAs and aminoacyl- tRNA ligases specific for 
phenylalanine and valine as well as important  sequence 
similarities between all known tRNA Phe and tRNA Val 
suggest that  all these tRNAs might derive from a 
common ancestor molecule [ 2 6 - 2 9 ] .  
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