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Compared with the fast-growing numbers of protein sequences, the number of possible protein
structures is quite limited. It has been proposed that there may be only 400-4000 protein folds
existing in al organisms. Thus structure represents a more conserved and alternative measure by
which evolution can be studied. Thus as more and more complete genomes of organisms in every
kingdom are sequenced, it is possible to compare protein folds across various genomes in the tree
of life to gain an evolutionary view.

We have used existing databases (SUPERFAMILY[1] and PEDANT[2]), which contain fold
assignments for complete genomes (based on the protein fold classification defined by SCOP[3]
and using the homology search methods PSI-BLAST or HMMs), to obtain protein fold countsin 17
Archaea, 123 Bacteria and 16 Eukaryota[4]. The accompanying graph shows a Venn diagram of
fold distribution (defined as the second level in SCOP) in the three kingdoms. Among the total 753
folds, only onefold, d.199, is unique to Archaea. Since the only representative of d.199 in PDB isa
transcription factor from bacteriophage T4, it is likely that Archaea obtained this fold from a virus.
Therefore, Archaea have hardly any unique folds, if any. In contrast, Bacteria and Eukaryota appear
to have invented a substantial number of new folds since the divergence of the three kingdoms.
About 40% of the folds (24 of 61) unique to Eukaryota contain disulfide bonds, whereas the
percentage of folds containing disulfide bonds found only in Bacteriais 31% (5 of 16), those folds
found in both Eukaryota and Bacteria is 22% (36 of 165), and those common to all kingdoms is
only 6% (30 of 491). This suggests that many protein domains stabilized by disulfide bonds
emerged after the atmosphere became more oxygen-rich, under which conditions Eukaryota
generated more disulfide bond-containing fol ds than the other groups.

On another front, we were able to build a phylogenetic tree based on the existence and abundance
of folds in each genome. The tree is similar and comparable to phylogenetic trees built with gene
sequences or other features. Detailed analyses of certain folds were also performed.
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Figure 1: Protein fold distribution among three kingdoms
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