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Abstract

Recently, several researchers attempted to demonstrate in the laboratory how protein evolutionary steps
might happen in nature. Better understanding of protein evolution pathway provides more efficient tool for
creation of artificial proteins with novel functions and structures. However, most previous studies have been
mainly focused on relatively recent evolutionary pathways of modern proteins; none of the hypotheses for an
early evolution of primitive proteins has yet been tested. Although modern proteins consist of 20 different
amino acids, it has been proposed that primordial proteins consisted of a small set of “primitive’” amino acids
that could have been abundantly formed during an early chemical evolution, and then additional “new”
amino acids have gradually been recruited into the genetic code. In this study, to test this hypothesis, we
compared the function and structure of tested proteins with different subsets of amino acids.

In Chapter 1, we overview hypotheses on the origin and early evolution of proteins and genetic code.

In Chapter 2, we explain evolutionary biotechnologies, especially an mRNA display technique used in
this study.

In Chapter 3, we describe the characterization of random-sequence proteins consisting of limited sets of
amino acids. The random-sequence proteins constructed with subsets of the putative primitive amino acids (5
and 12-member alphabet) have higher solubility than those constructed with the natural 20-member alphabet,
though other biophysical properties are very similar in those libraries. Because the solubility of globular
proteins is an important factor for exertion of their function, the occurrence rate of functional proteins from
the sequence space with a limited set of primitive amino acids may tend to be higher than that from the
sequence space with the natural 20-member alphabet.

In Chapter 4, we show the comparison of the occurrence rate of functional proteins with limited sets of
amino acids. We performed in vitro selection of partially randomized SH3 libraries with different sets of
amino acids. The functional SH3 sequences were enriched from a library rich in putative primitive amino
acids, but not from a library rich in putative new amino acids. This is the first experimental support for the
hypothesis that the primordial proteins consist of these putative primitive amino acids. Further, the library rich
in putative primitive amino acids included a slightly larger number of functional SH3 sequences than a
randomized library with the full set of amino acids.

In Chapter 5, we discuss results described above and possibility of creation of artificial proteins using

primitive amino acids in the future study.




