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Proteins exhibit the capacity to self-assemble into highly ordered structures. The assemblies
of specific proteins provide biologically excellent functions and physicochemical properties in
nature. Therefore, the in vitro control of the self-assembled structures of proteins has gained
considerable attention for the development of protein-based functional materials. However, such
control is still a great challenge because of the chemical heterogeneity of proteins and the
multiple interactions between proteins, thereby leading to a lack of molecular scale designability.
In this study, novel methodologies to control the self-assembly of proteinaceous components,
such as viruses and silk proteins, were demonstrated to expand the applicability of proteins to
functional soft materials.

In chapter 1, the backgrounds and the purpose of this thesis were described.

In chapter 2, the controlled self-assembly of filamentous viruses into hierarchical nano- to
microstructures at liquid/liquid interfaces through emulsification was demonstrated. At the
emulsion interfaces, the viruses formed fibrous nanostructures of several micrometer lengths,
which were much longer than the original viruses. Subsequently, the produced fibers
self-assembled into well-packed ordered microstructures. Furthermore, the resultant hierarchical
structures were considerably stable and were applicable to the templates for biomineralization.

In chapter 3, a series of genetically engineered viruses was designed and prepared using
inverse polymerase chain reaction (PCR) cloning method. The biomineralization capability of the
genetically engineered viruses was explored based on machine learning (ML). The ML-based
strategy improved the biomineralization capability, indicating the strategy was useful to
efficiently explore the physicochemical properties of viruses.

In chapter 4, the thermal diffusivity of silk protein-based assemblies (films) prepared from
the silk nanofiber dispersion and the silk protein solution, which were extracted from silk
cocoons, was evaluated. The silk nanofiber-based films with liquid crystalline oriented structures
showed high thermal diffusivity. Furthermore, the chemical cross-linking of tyrosine residues in
the silk proteins led to higher thermal diffusivity.

In chapter 5, the conclusions and future perspectives of this thesis were described.
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