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carbonyl group of the seryl
hydroxamate-AMP in Ser RS) occupy 
a similar position between strands 6 
and 7 in both enzymes, being very 
similarly oriented and within 4 A of 
each other in this superposition. 

There is no significant sequence 
similarity between the catalytic do
mains of the two proteins and thus 
it is impossible to prove any indis
putable divergent evolutionary rela
tionship between them. It is there
fore entirely possible that no such 
relationship exists. The similarity re
ported here may be due to conver
gent evolution towards a common 
stable fold, or towards a structure 
dictated by a particular functional 
requirement, as for example in the 
a/P-barrel proteins analysed by 
Chothia19• However, it has been 
noted by Matthews and Rossmann20 

and by Sali and Blundell21 that in the 
evolution of proteins, tertiary struc
ture would be expected to be con
served more than amino acid se
quence. Such an argument would 
support the likelihood of divergence 
from a common ancestor for the 
BirA and SerRS catalytic domains. 
This possiblity is strengthened by the 
long-established functional similari
ties between Bir A and the tRNA syn
thetases2 and by the fact that the 
strong structural resemblance that 
we have demonstrated involves a 
complex and unusual 3-D fold, and 
a very similar location of the active 
sites in the two proteins. 

From this viewpoint it is possible 
that the striking structural similar
ity we have found is indicative of a 
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remote divergent evolutionary rela
tionship between the family of class 
II tRNA synthetases and biotin syn
thetase. The situation becomes more 
intriguing when one takes into ac
count the similarity, mentioned 
above, between part of the biotin 
synthetase catalytic domain and an 
SH2 domain10• Taken together with 
the similarity between the BirA C
terminal domain9 and the SH3 fold, 
this finding prompts the speculation 
that Bir A may represent a structural 
'missing link' between the SH2/SH3 
domain proteins and the class II 
tRNA synthetases. Whether this is 
the case or not, the similarity be
tween the catlytic domains of BirA 
and SerRS lends support to 
Eisenberg's early hypothesis2• But 
what of Berg's still earlier one?1• At 
present, the 3-D structure of acyl-coA 
synthetase has not been solved; when 
it has been, it will be interesting to see 
where it fits in the scheme of things. 
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aminoacyl-tRNA synthetases have a 
topologically equivalent fold for 
their catalytic domains is of great 
interest from an evolutionary point 
of view. Unlike Class I synthetases
which have the widespread, dinucle
otide binding (Rossmann) fold for 
their catalytic domain, class II syn
thetases have hitherto appeared to 
have a completely unique ATP-bind
ing domain (apart from the possible 
case of asparagine synthetase, as men
tioned above). If the catalytic domains 
ofBirA and Class II synthetases indeed 
have a common ancestor (although 
convergent evolution cannot be ex
cluded), this leads to the speculation 
that this common ancestor was an 
ATP- binding domain that could acti
vate small cofactors. Specialization to 
amino acids as substrates and the 
acquistion of3' end RNA binding and 
aminoacylation activity would have led 
to the first Class II synthetase. More 
specialised tRNA recognition 
domians, especially for the anti
codon, would have been added later 
and are indeed much more structur
ally variable amongst Class II syn
thetases than the catalytic domain. 
This scenario of evolu t ion of 
aminoacyl-tRNA synthetases is con
sistent with previous views (for ex
ample refs 23,24), but begs the ques
tion: if there were proteins before 
aminoacyl-tRNA synthetases, how 
were those proteins made? 
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