Sense-Antisense Homology Boxes in Proteins: Structural Motifs

Enconded in the DNA?
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Abstract

Erperimental evidence itmplying that complementary DNA strands encode amino acids which
exhibit complementary hydrophobic characteristics has led us to the inspection of sense-antisense
homology in several hundreds of proteins recorded in the PDB. We present here partial results
of this analysis which relate localized peculiar structural characteristics of proteins to the sense-
antisense homology boxes found wn the primary sequences. A further analysis ts performed n
order to determine whether these sense-antisense homology boxes,if existent within the protein, are
encoded by unique sequences of codons in the DNA. We also make here a progress report about the
methodology and the results obtained so far.

1 Sense-Antisense Homology Boxes in Proteins

It is well known that local interactions between amino acids are the primary determinant of the three
dimensional structure of a protein. Relative contributions of a given amino acid to the local hydropho-
bic character of a peptide sequence have been estimated by Kyte and Doolittle [1] who, combining
empirical and theoretical approaches, computed values reflecting tendencies of interaction among nat-
ural amino acids. Based on these values, it was observed that complementary DNA strands encode
amino acids which exhibit complementary hydrophobic characteristics.

Blalock and Smith [2], demonstrated that codons read in the 5" to 3’ direction specify amino acids
whose hydropathic properties tend to be opposite in sign to those coded in the 3’ to 5’direction. Fur-
thermore, based on these evidences, Markus et. al [3], suggested an interaction model for these type
of sense and antisense peptides, proposing a new type of secondary structure for proteins. Moreover,
Campbell et. al [4], and Baranyi et.al.[5] synthesized many antisense peptides and measured exper-
imentally the degree of binding and interaction with their sense counterparts. In the present study,



we have written a program to identify all the subsequences bearing sense and antisense amino acids
within a protein sequence and have analyzed the 3D structural characteristics based on the secondary
structure types defined by Kabsch et. al.[6].

Motifs consisting of two arbitrary fragments of a determined number of amino acid residues are
searched for within the protein and classified according to the distances among the a Carbons of
corresponding amino acid residues. A classification of these pairs of substructures is performed by
computation of the codebook vectors for classes of these double stranded motifs. This is performed by
a classification algorithm based on a sort of artificial neural network called the Self Organizing Map
(SOM) and firstly suggested by T. Kohonen [8].

This analysis was performed for many protein structures recorded in the Brookhaven Protein Data
Bank (PDB), and we present some generalizations to which we arrived. The goal of the present study
is the incorporation of this type of knowledege into our automatic system for protein 3D structure
prediction[7].

The classes of double stranded motifs reflect motifs whose strands are close to each other within
the protein and others where the distances among the corresponding amino acids are large. Analysis
of the classes of double stranded motifs and their sense and antisense amino acid content alludes
a correlation between the structural characteristics of the peptide and the content of the sense -
antisense amino acids. A typical double stranded motif of this kind can be described as two extended
structural elements separated by a reverse turn. This was also found by Campbell [4]. and others
[5] in experimental studies. A further analysis has been performed on many other proteins recorded
in protein data banks. Furthermore, we have performed an analysis of the frequency of codon usage
to determine whether this type of structural characteristics of the protein are already encoded at the
DNA level. The program is based on the new genetic programming paradigm, and we have carried out
the analysis for the E. Coli Genome. Firsthand results of the system reveal patterns of codon usage
heavily dependent on the neighboring amino acids (at the amino acid sequence level). This leads to
postulate that sense-antisense homology can be a means of encoding not only structural characteristic
but protein function at the DNA level.
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