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Re-design of an artificial protein nanocage for the controllable assembly and functionalization

Thesis Summary

The hollow protein nanoparticles, also known as nanocages, are produced through the association of
multiple protein molecules and hold promise for various applications. Although many approaches for
applications have been developed thus far, the applications based on controlling association and
dissociation of proteins are not often reported. In this paper, | designed metal dependent association and
dissociation system of protein nanocage based on TIP60 that is an artificially designed 60-mer protein
nanocage. Furthermore, this system can be used in conjunction with a split protein system that
introduces new N- and C-termini of the protein.

In Chapter 1, | introduced research background and TIP60,

In Chapter 2, | have designed a metal-induced assembly of TIP60. Initially, | introduced mutation (K67E)
at the subunit interface region so that the mutant cannot spontaneously form a 60-mer. Because the
mutant has multiple oxygen atoms at the subunit interface, | hypothesized that alkaline earth metal ions,
which preferentially interact with these oxygen atoms, could again crosslink the subunits. As a result, the
addition of Ca, Sr, and Ba ions efficiently induced the formation of the 60-mer.

In Chapter 3, | introduced new termini into the internal surface of the TIP60 cage by splitting the subunit.
Co-expression of the two fragments in cells resulted in the formation of cage structure as the same as
before splitting. The re-assembly of the separately purified fragments were also observed in test tube.
Interestingly, splitting the K67E mutant give no cage structure unless metal ions were supplemented.
Cryo-EM analysis revealed that the newly introduced termini were on the internal surface of the cage as
designed.

In Chapter 4, the research findings are summarized, and the future prospects, particularly those related

to the combination of the metal-induced assembly system and the split protein system, are discussed.




