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At earlier stages before the completion of the universal genetic code, the genetic code and protein are
considered to have been composed of 19 canonical amino acids without tryptophan (Trp). Although this notion
is supported by a wide range of data, the actual existence of the simplified protein synthesis system has not
been addressed experimentally. Here, | conducted the experimental protein evolution and construction of an
artificial genetic code with the 19 amino acids without Trp. On the protein evolution experiment, | created
active Trp-less green fluorescent proteins (GFPs) from a Trp-less poorly fluorescent mutant, S1-W57F, by
using directed evolution with two rounds of random mutagenesis and selection. The N105I and S205T
mutations showed beneficial effects on the S1-W57F mutant. When these two mutations were combined on
S1-W57F, we observed an additive effect on the fluorescence intensity. In contrast, these mutations hardly
showed beneficial effects individually or in combination on GFPS1, which is the parental GFP mutant
composed of 20 amino acids. On the construction of the artificial genetic code, which I named the “simp lified
genetic code”, a tRNA" variant with the Trp anticodon reassigns alanine to an unassigned UGG codon in the
Escherichia coli S30 cell-free translation system lacking Trp. | confirmed that the efficiency and accuracy of
protein synthesis by this Trp-lacking code were comparable to those by the universal genetic code, by an amino
acid composition analysis, GFP fluorescence measurements and the crystal structure determination. | have also
shown the generality of the method for the simplification, by constructing another type of simplified code
lacking Cys. The lines of experimental results will provide new insights into early stage of protein evolution
and genetic code. Based on those results, | will hypothesize the reason why Trp is introduced in the genetic
code. Finally, I will discuss the roadmap for the creation a Trp-less organism for further understanding of

Trp-less protein era.




