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TIP60 is a molecule in which 60 molecules of protein spontaneously associate to form a hollow
soccer ball, and the surface of the ball has 20 pores with a diameter of 2.4 nm through which small
molecules can pass through. However, encapsulation of middle molecules larger than the pores on
the surface has not been realized. To realize this, it was necessary to have a mechanism that once
dissociated the 60 molecules and then reassembled them into a soccer ball shape. Therefore, we
searched for mutants that could not associate with 60 molecules. As a result, a K67E mutant was
discovered that was unable to associate. Furthermore, it was found that addition of barium ions to
this mutant yielded the original 60-mer. Furthermore, we demonstrated the encapsulation of single-
stranded DNA molecules in the internal space.

Such molecular materials generally tend to be expensive to prepare, which is a barrier to their
practical application. Protein purification in particular often requires column chromatography, which
is time-consuming and difficult to scale up, and TIP60 was no exception. Therefore, we started
developing a large-scale purification method that is different from the usual purification method,
and established a method that can obtain more than 10 times more TIP60 in a single step without
using column chromatography.

On the other hand, we conducted preliminary studies for intracellular delivery of middle-molecule
drugs composed of peptides or nucleic acids using our membrane-permeation-enhancing peptides.
First, by combining a membrane permeation-enhancing peptide and an antibody that binds to a cell
surface receptor, we succeeded in selectively delivering a peptide drug to the cytoplasm of
receptor-expressing cells. In addition, we found that siRNA, which is expected as a nucleic acid
drug, can be knocked down more quickly than conventional methods by complexing siRNA with
Ago2 and delivering it to the cytoplasm using a membrane-permeation-enhancing peptide. In the
future, it is expected that cell-selective delivery of peptides and nucleic acids will be possible by
combining membrane-permeation-enhancing peptides, antibodies, and TIP60.
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TIP60 is a molecule in which 60 molecules of protein spontaneously associate to form a hollow soccer ball, and the surface of the ball
has 20 pores with a diameter of 2.4 nm through which small molecules can pass through. However, encapsulation of middle molecules
larger than the pores on the surface has not been realized. To realize this, it was necessary to have a mechanism that once
dissociated the 60 molecules and then reassembled them into a soccer ball shape. Therefore, we searched for mutants that could not
associate with 60 molecules. As a result, a K67E mutant was discovered that was unable to associate. Furthermore, it was found that
addition of barium ions to this mutant yielded the original 60—mer. Furthermore, we demonstrated the encapsulation of single—
stranded DNA molecules in the internal space.

Such molecular materials generally tend to be expensive to prepare, which is a barrier to their practical application. Protein
purification in particular often requires column chromatography, which is time—consuming and difficult to scale up, and TIP60 was no
exception. Therefore, we started developing a large—scale purification method that is different from the usual purification method, and
established a method that can obtain more than 10 times more TIP60 in a single step without using column chromatography.

On the other hand, we conducted preliminary studies for intracellular delivery of middle-molecule drugs composed of peptides or
nucleic acids using our membrane—permeation—enhancing peptides. First, by combining a membrane permeation—enhancing peptide
and an antibody that binds to a cell surface receptor, we succeeded in selectively delivering a peptide drug to the cytoplasm of
receptor—expressing cells. In addition, we found that siRNA, which is expected as a nucleic acid drug, can be knocked down more
quickly than conventional methods by complexing siRNA with Ago2 and delivering it to the cytoplasm using a membrane—permeation—
enhancing peptide. In the future, it is expected that cell-selective delivery of peptides and nucleic acids will be possible by combining
membrane—permeation—enhancing peptides, antibodies, and TIP60.
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