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Multiple atoms or molecules assemble to form ordered structures such as metal clusters, aromatic clusters, and
fullerene clusters. Such clusters exhibit unique properties that cannot be seen with the individual atoms or molecules. Despite
much attention, design and analysis of the clusters at the atomic level remains challenging. To address this issue, this doctoral
thesis describes construction of the clusters from atomic to nano-scale inside a protein cage of ferritin, and evaluation of their
structural and physicochemical properties.

Chapter 1 outlines the research backgrounds including metal clusters, aromatic clusters, and protein cages, and
describes the motivation of the current work. Chapter 2 describes the construction and thermodynamic analysis of aromatic
clusters at the two-fold symmetric interface of ferritin. Chapter 3 explains development of a molecular conformational
transmitter driven by binding of aromatic fluorescent molecules into the designed cavity. Chapter 4 reports on design of
asymmetric diarylethene and the photoisomerization in the ferritin cage. Chapter 5 describes the design and
structural-determination of a fullerene-binding protein cages. Chapter 6 reports the formation of cysteine-gold clusters at
two-fold interfaces of the ferritin cage. Chapter 7 summarizes the research findings and show future prospects.

Overall, this thesis demonstrated that various clusters can be constructed within protein cages with an atomic precision,
and presents a new approach for controlling and analyzing the dynamic clustering behaviors of metals, functional groups, and
molecules. The research findings pave the way for the development of protein-based dynamic supramolecular systems that
surpass natural biomolecules.
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