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Exploring the amino acid usages in primitive proteins using reconstructed
ancestral ribosomal proteins

# 1k (ZHAO, Fangzheng)

Solving the mystery of the origin of life has been a
topic of human sciences. The basic elements of life
are the molecules that hold genetic information, the
functional molecules supporting biological activities,
and the membrane that separates inside and outside
of the cell. In modern life, nucleic acids hold genetic
information and proteins are responsible for
functions. The self-replication of nucleic acids is
catalyzed by proteins, while the synthesis of proteins
is based on the sequence of nucleic acids. Therefore,
whether nucleic acids or proteins were born first at
the origin of life has become an important mystery.
In the 1980s, it was discovered that some RNA
molecules can work both as information molecules
and as functional molecules. The findings led to the
conjecture that primitive RNA molecules possessed
genetic information and carried out functions. This
idea, known as the RNA world hypothesis, has
gradually gained acceptance because increasing
evidence have been found later.

Elucidation of the origin and early evolution of
proteins are important for connecting the RNA
world and modern biology. The number of amino
acid types that were used for early protein synthesis
should have been significantly less than that for
modern protein synthesis because organic
compounds were not plausibly abundant in early
This
results of amino acid synthesis experiments

Earth’s environment. idea stems from the
simulating early Earth environments and the
analysis of amino acid types contained in ancient
meteorites. Modern organisms use amino acids, the
building blocks of proteins, that are incorporated
from the environment or synthesized through
intracellular metabolic pathways. However, it is
reasonably predictable that the intracellular amino
acid synthetic pathways were unavailable at the

LEEC I SIS IR U

beginning. Therefore, the earliest proteins
presumably consisted o+f a reduced set of the
current 20 amino acids.

RNA binding is predicted to be an initial function
of proteins born in the RNA world. In this study, I
explored the minimum amino acid set required to
constitute an RNA-binding protein in order to
unravel the amino acid composition of a primitive
RNA binding protein that might emerged in the RNA
world.

I focused on the ribosomal protein S8 that directly
binds to and stabilize the small-subunit ribosomal
RNA. Initially, a phylogenetic tree was built by
comparing the amino acid sequences of modern
microbial S8s. Based on the phylogenetic tree, two
ancestral S8 sequences of the last bacterial common
ancestor were inferred. Synthesis and characterization
of the two ancestral S8 proteins showed that they are
highly thermally stable and specifically bind to a
ribosomal RNA fragment. Both ancestral sequences
do not contain histidine and therefore consist of 19
amino acid types. Using one of the ancestral proteins
as the initial scaffold, we reconstructed 19 simplified
variants, each of which consisted of 18 amino acid
types. Consequently, eight simplified S8 variants
retained the RNA binding activity, while other six
variants could not bind to the RNA fragment. The
remaining five variants were insoluble or could not
be expressed. Further, I reconstructed a simplified
variant consisting of 15 amino acid types, which still
bound to the RNA fragment. The results clearly
indicate that the full set of the 20 amino acids is not
necessarily essential for RNA binding and supports
the hypothesis that RNA-binding proteins in the early
stage of evolution were made from a reduced amino
acid set.
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The characteristic of spider assemblage
among different understory communities in conifer plantation

Bl il (HATAKEYAMA, Kazuya)
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