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A Protein Nanocage-Based Material for Efficient Aqueous Dispersion of Hydrophobic Compounds

Thesis Summary

Many functional molecules such as dyes, fragrances, pharmaceuticals, and agrochemicals are poorly
soluble in water. To overcome the problem, various dispersants have been developed. Protein
nanocages, such as ferritin and virus-like capsids, are one of the promising platforms for the
development of dispersants. By encapsulating hydrophobic compounds within their inner space, these
nanocages enable the dispersion of such compounds in aqueous media. However, natural protein
nanocages often face limitations in encapsulation efficiency due to their densely packed structures.

To overcome this limitation, | developed a novel dispersant based on the artificial protein nanocage
TIP60. TIP60 is a soccer ball-like nanocage with 20 large pores, which act as the tunnels for
small-molecule shuttle between inside and outside. This structure allows both the tuning of the chemical
properties of the inner space through chemical modification and the efficient incorporation of
hydrophobic molecules in the nanocage.

In Chapter 1, | described the background and challenges of dispersing hydrophobic small molecules
in water. | then summarized the potential of proteins, particularly nanocages, for dispersion design, and
concluded with the objective of the thesis, highlighting the role of TIP60.

In Chapter 2, | constructed a TIP60-based dispersant system. A TIP60 mutant with 60 cysteine
residues on the interior surface was purified and chemically modified using four different hydrophobic
compounds. These modified nanocages successfully encapsulated several hydrophobic fluorescent
molecules and dispersed them in aqueous solution. Among the variants, the pyrene-modified nanocage
exhibited the highest encapsulation efficiency. | also found that the encapsulated molecules were
protected from oligomerization.

In Chapter 3, | sought to enhance the encapsulation efficiency by altering the number and position of
pyrene modifications. As a result, a mutant with 120 cysteine residues on the interior surface exhibited a
significant increase in the number of Nile Red (NR) molecules encapsulated. Cryogenic electron
microscopy analysis suggested that the binding site for NR was formed by pyrenes arranged in a
pentagram configuration. The pyrene modification improved the stability of the 60-mer structure. Finally,
| demonstrated that modified TIP60-encapsulated NR functions as a reversible, color-changing ink
material on cellulose-based paper in response to heating and cooling.

In Chapter 4, | summarized the findings of this research.
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