Chemoenzymatic synthesis and material design of structural and functional polypeptides

Keiji Numata
1Biomacromolecules Research Team, RIKEN Center for Sustainable Resource Science,
2Department of Material Chemistry, Kyoto University,
3Institute for Advanced Biosciences, Keio University, Japan.

Structural protein is one of the key factors to realize the unique properties and functions of natural tissues and
organisms. However, use of structural proteins as structural materials in human life is still challenging. One of
the major drawbacks of protein/polypeptide-based materials is their limited synthesis/process method. My
research group has successfully synthesized various polypeptides, such as spider silk protein-like and elastin-like
multiblock polypeptides, even with unnatural amino acids or nylon units, via chemoenzymatic polymerization.
Those artificial polypeptides containing unnatural units achieve several properties that cannot be done by natural
polypeptides. Thus, this enzyme-mediated polymerization of amino acid monomers provides a new insight for
material design of polypeptide. Our research group also reported the new finding in spider silk spinning, which
is essential to clear the hierarchical structure of spider silk. The scalable and sustainable synthesis method along
the clarified structure-function relationship of natural proteins provides a new insight for structural and
functional material design of amino acids-based polymers.
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Figure 1. Sustamable design and blosynthe5|s of artificial spider silk.

Further, my research group is interested in marine purple photosynthetic bacteria as ideal organisms and
platforms for production of useful materials to reduce production costs and to contribute sustainable society,
because they can utilize sun energy, seawater and carbon dioxide and nitrogen gas in the air for their growth.
My research group studies on the photosynthetic bacteria to produce spider silk-like polymers. To establish the
fundamental platforms for photosynthetic bacterial technology, we are currently developing peptide-mediated
transformation and protein introduction methods for alga and photosynthetic bacteria. These new
methodologies will be able to support the high-throughput characterizations for biopolymer productions.
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