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Mechanoresponsive Proteins from molecular mechanisms towards
applications in biology and materials science

Proteins are essential building blocks of biogenic materials. In addition to purely protein-based materials, a wide
range of different composite materials are formed in Nature, where proteins mediate specific interactions with
other biopolymers or mineral surfaces. Using single-molecule force spectroscopy, our key goal is to establish the
fundamental sequence-structure-MECHANICS relationships of such interactions and to utilize these for the
bottom-up assembly of mechanoresponsive bioinspired materials. In this talk, two examples of protein building
blocks will be highlighted. The first example introduces coiled coils, which are highly abundant structural motifs in
mammalian tissues. Using synthetic coiled coils, we have unravelled key factors that determine the stability of
these structures against shear forces. We then utilized this knowledge to establish a library of mechanically
calibrated coiled coils, which are now further developed as mechanosensors for cell biology applications and as
mechanoresponsive hydrogel crosslinks. The second example shows bacteria-derived proteins that control the
formation of nanometre-sized magnetite crystals. Here, single-molecule force spectroscopy serves as an excellent
tool to probe the kinetics and the crystal face specificity of the protein-magnetite interaction. Even though these
proteins do not experience force in nature, engineered variants with controlled binding strength can potentially
serve as powerful building blocks for controlling the properties of magnetic particle-reinforced composites.
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