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Abstract

Nature has evolved a variety of complex yet elegant and functional biomaterials, providing
a formidable source of inspiration for scientists. For example, spider dragline silk, used by
spiders as the safety line and the web frame, is a fantastic protein fiber which is five times
stronger by weight than steel, and three times tougher than the top quality man-made fiber
Kevlar. However, natural spider silk cannot be conveniently obtained by farming spiders due
to their highly territorial and aggressive behavior. Fortunately, microbial synthetic biology
offers an alternative approach to biosynthesize recombinant spider silk proteins, which is rather
challenging because they are very large, highly repetitive, and abundant in specific amino acids
such as glycine and alanine.

In this talk, I will introduce biomimetic design and assembly of long, highly repetitive
genes encoding the recombinant spider silk proteins. Used as production chassis are microbes
that have been engineered with enhanced pools of precursors for silk protein production. The
soluble silk proteins are then spun into insoluble, strong fibers with native-like mechanical
properties in an all-aqueous process. Alternatively, the soluble silk proteins are used as
substrates for fabrication into precise nanostructures by applying ion or electron beam. The
diverse forms and tunable properties of spider silk-based materials and devices reflect the
power of synthetic biology in modular design of protein-based polymers at the DNA, protein,
and material levels.
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