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In nature, various proteins form specific assembly structures spontaneously.
In this study, as a protein needle precision design for dynamic supramolecular assemblies, we

realized a protein needle with precisely controlled functions as a molecular engine based on the
crystal structure of gp5, experimental results from HSAFM, and molecular dynamics calculations. To
achieve precise assembly of gp5 on a two-dimensional surface, we modified the protein to have an
anisotropic assembly structure. As a result, we constructed a model from theoretical calculations
and elucidated the mechanism of new assembly formation by understanding the experimental results of
high-speed AFM using mathematical modeling.

T4 AFM
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