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1. Introduction 

It has been reported that aminoacyl-tRNA’s can be 
deacylated by their cognate aminoacyl-tRNA synthe- 
tase in the absence of AMP and pyrophosphate [l-6] . 
A detailed study of this type of reaction has been per- 

formed by Schreier and Schimmel [4] . 
In the present study, we show that valyl-tRNA syn- 

thetase (VRS) and phenylalanine tRNA synthetase 
(PRS) from yeast deacylate either yeast Val- and Phe- 
tRNAVal or yeast Val- and Phe-tRNAPhe , as well as 
numerous other aminoacyl-tRNA’s. Our results suggest 
a lack of specificity in the aminoacyl-tRNA synthetase 
catalysed deacylation of aminoacyl-tRNA. 

Deacylation reactions were generally performed in 
the following medium:glutathione 2.5 mM; Mg” 
25 mM;KCl 3.3 mM; Tris-HCI 5.5 mM, pH 7.4; bo- 
vine serum albumin 100 pg/ml. After incubation, ali- 
quots were removed from the medium and put on 
Whatman 3MM paper discs which were submitted to 
several acid and alcoholic washes in order to eliminate 
the free amino acid. All the incubations were perform- 
ed at 37”. 

Deacylation of valyl-adenosine was conducted in 
the same way as for the aminoacyl-tRNA’s with the 
difference that the reaction was stopped by lowering 
the pH of the medium to 4 at O”, then [14C]valine 

and [‘4C]valyl-adenosine were separated by paper 
electrophoresis according to Sanger et al. [ 131. 

2. Materials and methods 
3. Results 

PRS and VRS were prepared in our laboratory by 
F. Fasiolo and D. Kern as previously described [8,9] . 

Yeast tRNA~% hII, @III , Asp, Phe, QJ, Tyr, Val 

were highly purified and yeast tRNALeU7 Ser, pro 
were partially purified in our laboratory by G. Keith, 
J. Weissenbach and B. Kuntzel using a counter- cur- 

rent distribution followed by classical column chroma- 
tography techniques. 

Correct aminoacylations were performed using the 
classical conditions [lo] . Incorrect aminoacylations 
were performed as previously described [ 111. Valyl- 
adenosine was prepared by hydrolysis of Val-tRNAVd 
by pancreatic RNAase according to Madison et al. 
[ 121. The product was used without further purifica- 
tion. 

3.1. Deacylation of Val- and Phe-tRNAVa’ and Val- 

and Phe-tRNphe by VRS and PRS 

The kinetics of the non enzymic and of the VRS 
and PRS catalysed deacylation of these aa-tRNA’s are 
shown in fig. I. The initial velocities which can be 
drawn from these data are summarised in table 1. 

3.2. Deacylation of valyl-adenosine by VRS and PRS 

Fig. 2 shows that neither VRS nor PRS deacylate 
at a significant extent valyl-adenosine, while the val- 
ues of deacylation observed without enzyme show 
that Val-adenosine is slightly more labile than Val- 

tRNA in the conditions used. 
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Fig. 1. Deacylation of Val-tRNAv’ (la), Phe-tRNAv’ (lb), Phe-tRNAPhe (1~) and Val-tRNAPhe (Id). Aminoacyl-tRNA alone: 
(660); aminoacyl-tRNA + VRS:(c-); aminoacyl-tRNA + PRS:(m--cm). As incorrect aminoacylations were not com- 
plate, aa-tRNA and tRNA concentrations were always adjusted respectively to 0.2 WM and 1.1 pM. PRS concentration was (la): 

0.6 PM, (lb): 1.5 tiM; (Ic) 0.3 PM and (Id): 3 nM. VRS concentration was (la): 0.33 MM; (lb), (lc), (Id): 1.7 pM. 

3.3. Influence of the presence of amino acid in the 
VRS and PRS catalysed deacylation of Val-tRNAval 

The initial rates of the deacylation kinetics describ- 
ed in fig. 3 show that, in the case of either VRS or 
PRS, the amino acid has no inhibitory effect. 

3.4. VRS and PRS catalysed deacylation of various 

au- tRNA ‘s 
Figs. 4 and 5 show that the deacylation varies 

greatly from one aa-tRNA to another. 
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Fig. 3. Influence of the addition of valine and phenylalanine 

on the deacylation of Val-tRNAva’ by VRS and PRS. o Val- 
tRNA% 0.72 PM; VRS:O.21 PM. (o--co) Val-tRNAVal: 

0.72 MM; VRS: 0.21 PM; valine: 1 mM. (L&O) Val- 

tRN$al: 1.0 PM; PRS: 30 nM.(-m-m) Val-tRvAVa’ 

1 pM; PRS: 3 1 nM; phenylalanine: 1 mM. The curves are cor- 

rected for the spontaneous deacylation. 

Fig. 2. VRS and PRS catalysed deacylation of Val-tRNAva’ 

and Val-adenosine. Circles : for each assay 2.3 Mg of Val- 

tRNAvaL were first hydrolysed by 0.5 pg of pancreatic RNAase 
during 30 min in the standard medium without Mg*‘. Then 

Mg** was added at a concentration of 2.5 mM and the hy- 

drolysate was incubated 30 min with different amounts of 

VRS (o-o-o) and PRS (o--e*). The final volume was 

20 ~1. The deacylation was measured as described in Methods. 

Zkiangles : for each assay 2.3 fig of Val-tRNAVal were treated 

as above, but the first incubation was performed without 

RNAase. @--~a): incubation with VRS; (L-LA) incuba- 

tion with PRS. 

4. Discussion and conclusion 

The main observation to be pointed out is a broad 
lack of specificity in the aminoacyl-tRNA synthetase 
catalysed deacylation of the aminoacyl-tRNA’s. 
Indeed, the results of table 1 show that VRS and PRS 
Both deacylate equally well the Val-tRNAVa’ and the 

Phe-tRNAPhe. In the case of PRS, there is even a 
much greater deacylation of Val-tRNAPhe than of 
Phe-tRNAPhe, The results of figs. 4 and 5 make possi- 
ble a generalisation of the preceding results with other 
aa-tRNA’s. Although their tRNA moiety is neither 
tRNAPhe nor tICNAVal, they are deacylated by the 
VRS and the PRS to various extents, with a few excep- 
tions. 

An interesting observation has been reported by 
Eldred and Schimmel [7] who have shown that Ile- 

tRNA synthetase (IRS) from E. coli can deacylate E. 

coli Ile-tRNABe and Val-tRNA’le, but not Phe- 
tRNABe. Relevant to this observation is the fact that 
‘RS is able to activate not only isoleucine, and also 
valine but not phenylalanine [2]. This could argue in 
favour of the necessity of a specific recognition of 
the amino acid by the enzyme in the deacylation re- 

action. However, our observations reported in table 1 
and figs. 4 and 5 show that the aminoacyl-tRNA’s 
with amino acids which are not activated by the ami- 

noacyl-tRNA synthetase are strongly deacylated. Ac- 
tually, it is impossible to derive any rule concerning 

the rates of deacylation according to the nature of 
the tRNA or of the aa-tRNA’s. 

This lack of specificity in the deacylation reaction 
of aminoacyl-tRNA’s could lie either at the amino 
acid level or at the tRNA level. In the first case, it 
could be imagined that the aa-tRNA synthetase can 
recognise more or less any amino acid. In this case, 
the enzyme would bind the aminoacyl-tRNA through 
the amino acid moiety and it would split the ester 
bond without needing to recognise the tRNA. But 
many observations suggest that this hypothesis is 
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Fig. 4. Deacylation of various aminoacyl-tRNA’s by VRS. The aminoacyl-tRNA’s were incubated during 30 min with increasing 

amounts of VRS. The medium (100 ~1) contained about 2 ).rg of nucleic material. 1: Asp-tRNA&%‘; 2: Gly-tRNAGfy; 3: Tyr- 

tRNATyr; 4: Arg-tRN A%; 
41 

5: Trp-tRNATrP; 6: Arg-tRNA$; 7: Pro-tRNAPro; 8: Ala-tRNAAla; 9: Ser-tRNASer. 

unlikely and that the tRNA moiety is involved in the 
recognition step. 

It has been reported that the tRNA and the amino- 
acyl-tRNA bind to the enzyme at the same site [6, 14, 
IS] . In our hands the Val-tRNAVa’ behaved as a com- 
petitive inhibitor of tRNAVal in the aminoacylation re- 
action catalysed by the yeast Val-tRNA synthetase 
[21]. On the other hand, it has been shown that 
tRNA1le from E. coli is a competitive inhibitor of Ile- 
tRNA’le in the Ile-tRNA synthetase-catalysed deacyla- 
tion [4]. 

Another argument is the result shown in fig. 2 that 
valyl-adenosine is not enzymatically deacylated. 

Lastly, a 100 to SOO-fold K, concentration of the 
cognate amino acid has no effect on the deacylation 
rate of Val-tRNAVaI by the VRS and PRS as shown 
in fig. 3. However, in the case of the deacylation of 
Ile-tRNArle by IRS, it has been reported that isoleu- 
cinyl-AMP or isoleucine are inhibitors, but not com- 
petitive inhibitors, in the Ile-tRNA1le deacylation [4]. 

For all these reasons, it is unlikely that the amino 
acid is the single part of the aminoacyl-tRNA which is 
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Fig. 5. Deacylation of various aminoacyl-tRNA’s by PRS. The aminoacyl-tRNA’s were incubated during 30 min with increasing 
amounts of PRS. The medium (100 pl) contained about 2 pg of nucleic material. 4: Arg-tRNA$% 5: W-tRNATrp; 6: Arg- 

tRNA$; 7: Pro-tRNAPro; 8: Ala-tRNAAla. 

recognised by the enzyme and we must admit that in the 
deacylation reaction of aminoacyl-tRNA’s a function- 
al interaction takes place between the enzyme and the 
tRNA moiety. As non cognate aminoacyl-tRNA’s are 
split by a given aminoacyl-tRNA synthetase (table 1, 
figs. 4 and S), it can be concluded that the enzyme is 
able to recognise, in the deacylation reaction, non cog 
nate tRNA’s. It is interesting to mention, in relation 

to these results, observations made by Rigler et al., 
who described interactions between yeast seryl-tRNA 

synthetase and yeast tRNAPhe and tRNAVa’ [ 161. 
This lack of specificity in the deacylation reaction 

is rather surprising compared to the high specificity of 
the aminoacylation reaction. As our results suggest 
that, in the deacylation reaction, the recognition of 
the aminoacyl-tRNA synthetase takes place on the 
tRNA moiety of this substrate, one should observe 
the same lack of specificity in the aminoacylation re- 

action and numerous incorrect aminoacylations should 
take place. This is not the case, as such incorrect 
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Table 1 Acknowledgements 
Comparison of initial rates of deacylation of Val- and Phe- 

tRNAPhe and Val- and Phe-tRNAVa1 by VRS and PRS. 

aa-tRNA 

Val-tRNAVal 

Phe-tRNAVa’ 

Phe-tRNAPhe 

Val-tRNAPhe 

Rate of 

deacyla- 

tion by 

VRS 

73 

21 

36 

6 

Rate of 

deacyla- 

tion by 

PRS 

100 

7 

120 

15 000 
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