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Genetically encoded chemistry provides versatile control over the process of chemical reactions and the resulting materials. The spontaneous formation of an isopeptide bond between a peptide tag and its protein partner is a genetically encoded, cell-compatible, highly specific and efficient chemistry for protein/peptide conjugation, as demonstrated in the chemically reactive pair of SpyTag/SpyCatcher.1 In this talk, I will give a brief overview of our work in the development of genetically encoded protein chemistry tools (especially those possessing features of click chemistry) and the use of such tools to create bioactive materials. Through protein engineering, we have successfully developed a chemical toolbox of genetically encoded chemical reactions. The ability to encode chemical information into protein sequences has allowed the direct cellular synthesis of cyclic proteins, tadpole proteins, star proteins, and other branched topologies.2 The reaction between proteins bearing multiple reactive groups also lead to all-protein-based bioactive hydrogels, whose macroscopic properties are fully genetically encodable.3 By combining this chemistry with protein folding, protein catenanes and other complex protein topologies can be prepared.4,5 In general, catenation was found to increase proteins’ stability toward proteolytic digestion and thermal denaturation.6 It has thus opened new ways to engineer protein’s properties, both in vivo and in vitro, which has general implications for protein-based materials.
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