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The purpose of this synthetic-biology study was to pursue the question of
whether all 20 amino acids are necessary to constitute life. For the pursuit, protein variants were
created by artificial evolution using engineered genetic codes with the support of computational
prediction. For predicting the activity of protein mutants, we compared two methods: the ancestral
sequence reconstruction method and a deep learning method called variational autoencoder. As a
result, we obtained enzymes with sufficient activity without tryptophan for all steps of the
glycolytic pathway. As an example of engineering application, we also created an active mutant of
GFP without sulfur atoms.
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