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In this thesis, | demonstrated the design of hierarchical self-assembly structures in
hybrid systems based on the dynamic behaviors of proteins. This thesis consists of 5
chapters. Chapter 1 overviews the backgrounds of protein assembly designs and their
dynamic assembly mechanisms. Despite the extensive studies, there remains a missing
link between the design based on static structures and the dynamic behaviors inherent in
proteins. Thus, I set out to establish protein needle-based assembly designs coupled with
dynamic behaviors. Chapter 2 establishes a foundational framework, linking dynamics
and design through the design of protein needles (PNs). Tailored protein-protein
interactions led to distinct assembly structures on mica, such as straight fibers and
triangular lattices. Real-time high-speed atomic force microscopy (HS-AFM)
observation and Monte Carlo simulation underscored the significance of diffusive
motions in achieving proper assemblies. This chapter demonstrates the bridging of
protein design, dynamic behaviors, and assembly formation, leveraging the high
designability and trackability of PNs. In Chapter 3, | designed a head-tail asymmetric
protein needle called gp5_CHis to achieve more complicated assemblies. HS-AFM
imaging and analyses revealed that gp5_CHis exploits two distinct protein interactions
orthogonally to form a mica-specific tetrameric network-like assembly. Chapter 4
explores optically functional materials via a protein-hybridized system. | fabricated
structurally colored films from cellulose nanocrystals (CNCs) and aimed to tune their
color through protein incorporation. Although the detailed mechanism and further
experiments should be addressed in the future, the results suggest potential approaches
in protein-CNC hybrid systems for functional biomaterials. In Chapter 5, | provide the
general conclusion and perspective, discussing the possible future directions of
assembly designs harnessing dynamic functions.



