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Conformational  energy calculation shows that  most of the small over- 
lapping segments of polypeptide appear in one of the low energy corttbr- 
mations of the respective oligopeptide in proteins. It was shown that  from 
a properly selected set of overlapping segments of polypeptide the protein 
s t ructure  can be calculated as an ansamble of tow energy conformations of 
the overlapping segments [1]. The number of low energy structures are much 
smaller than the total  number of possible conformations of an oligopeptide, 
therefore the amino acid sequences of proteins have to be well edited to 
ensure the possibility of simultaneous low energy structure for most of the 
overlapping segments [1-4] . To appreciate the level of editing of the amino 
acid sequence with overlapping low energy segments, one should try to cre- 
ate a row of one hundred letters in which most  of the overlapping short 
segments are real English words. One soon realizes that  this is almost im- 
possible unless there is some kind of translational symmetry  in the sequence 
of the letters. In a similar manner,  a polypeptide with random amino acid 
sequence can not adopt  a unique, stable structure. For a polypeptide with 
a sequence of ABCDE. . .  etc., it is not easy to ensure that  tripeptides ABC 
and BCD have low energy conformations in which the dipeptide BC ap- 
pears in the same conformation. At the same time there has to be a low 
energy conformation of the tripeptide CDE, which has tile same dipeptide 
CD conformation as one of those BCD's ,  which have a common dipeptide 
comformation with the low energy ABC and so on. 
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Translational symmetry makes the situation much simpler. For example, 
in a poly-dipeptide ABABAB... etc. if there is a low energy structure for 
the tripeptide ABA, which shares a conformation of the dipeptide BA with 
one of the low energy structures of tripeptide BAB, and if this also shares a 
conformation of the dipeptide AB with a low energy structure of tripeptide 
ABA, the chain can continue endlessly with all the tripeptides in a low 
energy conformation. 

It is worth mentioning that  if in such a simple sequence one residue, A 
or B, is replaced by residue X at one point of the sequence it influences only 
3 tripeptides directly. It might influence the local structure, for example a 
new bend can be formed only if the three new tripeptides in which the 
mutat ion is included have low energy conformation. Applied step by step~ 
this kind of amino acid replacement can result in heteropotymers, similar 
to the polypeptides of globular proteins in which most of the overlapping 
short segments are in fact in low energy conformations. 

Since it is less likely that  evolution would produce a simple symmetrical 
sequence starting from a more complicated asymmetric one, we can suppose 
that  at least a significant part  of the homopolymeric portions appearing in 
globular proteins are fossils of the early stage of evolution rather than the 
product of this evolution. 

The PIR 34 data-base was analyzed to locate repetitive sequence too- 
tifs by using a special tailor-made computer programme (Tusnady, E. G. 
unpublished). Assuming random sequences, the size of which are compa- 
rable to the PIR 34, no long homopolymers are expected. However, in the 
protein data  base we found homopolymers from A, D, E, G, H, L, M, N, 
P, Q, R, S, and T. At the homo-dipeptide level K and V were added to the 
]]st. In homo- tripeptides we also find I and Y. At the homo-tetrapeptide 
level F and C were added to the the list and W appears in the repeated 
hexapeptides. 

These findings would suggest the that  aromatic residues F, W and Y as 
well as C, are added to the list of amino acids in a later stage of protein 
evolution. It is also possible that  I was added to the list later than L and 
V, the two amino acids of similar chemical character. 

In the foregoing we focused on the appearance of various residues in the 
repetitive sequence motifs. It is very probable that  the location of these 
motifs in the primary and 3D structure and their biochemical functions 
can M so provide information on the early evolution of proteins. Naturally, 
homopolymeric or repeating protein sequences can appear as a result of var- 
ious genetic mechanisms. Some non-globular proteins are especially rich in 
repeats and one could hypothesize that  a certain physicochemical property 
of the amino acids which constitute the repeat is the important  factor, not 
the structure of the repeat itself. For example, salivary and glue-forming 
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proteins are especially rich in repeats,  and the repeats of the same protein 
may be of different length in different species. It appears that  duplication 
of short repeats  is greatly facilitated in some cases. Such fast duplications 
result in exact copies of the DNA sequence. In other cases, we see muta- 
tions in the DNA sequence but  there is conservation at the amino acid level. 
These are the cases when the protein structure may be the decisive factor. 
Thirdly, there are proteins in which repeats also muta te  at the amino acid 
level. 

We shoul~t thus expect that  DNA structure and the in v ivo environment 
also have be taken into account when studying the evolution of protein re- 
peats.  One interesting example is that  of proline rich repeats whose abun- 
dance is a peculiar phenomenon in the non-globular segments of many pro- 
tein families [5]. From the structural  point of view, one can hypothesize that  
the turn-forming ability, or the propensity to form proline-helices, are the 
properties which are required in these segments. One has to note, however, 
tha t  the  repeating segments very rarely have a stable structure. We have to 
notice that  proline is a hydrogen-bond donor. This property provides a more 
plausible explanation for the occurrence of prolin-rich repeats since many 
or most of these segments which are present in ligand-binding domains. 
In addition, one has to note that  many repetitive DNA sequences that  do 
not code any protein (such as repeats of viral genomes), can be translated 
into hypothet ical  proline-coding protein sequences. The abundance of these 
DNA-repeats  is not well understood; one has to note, however that  they 
posess some peculiar s tructural  features [Pongor, S. unpublished]. Notably, 
profine is encoded by GC-rich codons, and GC stretches are both  rigid [6] 
and, also exhibit a peculiar conformational behaviour [7]. It thus appears 
that ,  at least in the case of this class, there may be a structural  prefer- 
fence at the DNA-level which coincides with a preferrence at the protein 
s t ructure  level. 
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