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The onset of protein biosynthesis from translation of the genetic code marks an
important stage in the origin of life. Here we survey the most highly conserved structures
within translation proteins to illustrate the evolution and functional capabilities of the
primitive translation system. Our analysis reveals an accelerated structural expansion of
translation proteins immediately following the onset of translation and well before the
establishment of the DNA genome.
Functional annotation shows that the most ancestral protein architectures are
responsible for all of the core protein functions found in modern translation. We propose
that this rapid evolution of the translation system was driven by a positive feedback cycle
in which it was able to create increasingly complex proteins to further enhance its own
function. This analysis indicates that the development of a sophisticated translation
system within the RNA world was likely to be both fast and deterministic.

Figure 1. Protein fold expansion plotted as a function of ancestry.  Fold expansion can
be considered a proxy for increasing complexity while ancestry value can be considered
a proxy for evolutionary time.  For reference, the same analysis is performed on the
entire entire global proteome, demarked ”all folds”, and immune system protein folds,
which was chosen as a category because it is very unlikely to have a direct evolutionary
connection to the origin of life.  The first ribonucleotide reductase appears at 19%
ancestry, while the first fold found in only one domain of life appears at 40% ancestry.
We use these values to approximate ranges in ancestry value that correspond to the
RNA-protein world, the era of LUCA, and the era of modern biology. These results
reveal a rapid expansion of translation protein architectures before divergence of LUCA
and even the establishment of the DNA genome.
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Figure 2. A summary of functional annotation of the most ancestral translation protein
folds.  Nine of the ten most ancestral folds are present in translation proteins.  The
specific functional roles of these folds converged on four general categories: high energy
phosphoryl transfer, RNA modification, RNA binding, and protein binding.  Exceptions
are amino acylation by tRNA synthetase, peptidyl transfer, tRNA-splicing, and
pyrophosphorylase activity.  Taken together, the functions imparted by these nine most
ancestral folds represent all of the central protein functions in modern translation.
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