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In order to make the hollow protein nanoparticles TIP60 into a functional molecular capsule, we
investigated two-step functionalization: inclusion of foreign molecules in TIP60 and chemical
modification of the outer surface of TIP60. First, we investigated the possibility that TIP60 could
contain different protein molecules. As a result of co-expressing TIP60 and the protein to be
encapsulated in E. coli, we found that various proteins can be encapsulated into TIP60. By small-
angle X-ray scattering analysis, we confirmed that the internal space occupancy of TIP60 in the
inclusion molecule was almost 100%, and found that heterologous proteins could be included in
TIP60 at high density. Using this method, we succeeded in encapsulating the fluorescent protein
(tdTomato) in TIP60, and purified it in the same manner as the conventional TIP60. The FITC-
labeled membrane permeation-promoting peptide was modified for cysteine thiol on the outer
surface of this fluorescent protein-encapsulating TIP60. The modification conditions were
optimized in advance to modify two molecules of peptide with respect to one molecule of TIP60. As
a result, the fluorescent protein-encapsulating TIP60 could be modified in the same manner as the
conventional TIP60. We added the prepared tdTomato-encapsulating TIP60 to human cultured
cells and observed its localization with a confocal fluorescence microscope. As a result, we
confirmed that the FITC-labeled TIP60 containing tdTomato was incorporated into the cells. At this
time, the fluorescence of tdTomato and the fluorescence of FITC remained almost co-localized
even several hours after the addition, suggesting that TIP60 was not rapidly degraded in the cells
and tdTomato was not leaked out. In addition, pH-responsive antibodies that bind to target cell-
specific receptors to be linked to the surface of TIP60 were selected in vitro by the mRNA display
method for the study of cell-selective delivery methods in the second year of the plan. Currently,
we are investigating whether cell-selective delivery can be achieved by combining this antibody or
a natural receptor ligand with the membrane permeation-promoting peptide.
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1. BFEERREROBE

RZER NGB F/HiF TIP60 ZHEBEME D FHTEILET B8, TIP60 ADEBAFOREL, NELT- TIP60 DN ERENILFE
B8NS 2 BB DBBEIEICDWWTHRET LTz, £, TIP60 IZEL B9V NIE R FERNETELARENRERTLI-. KIBERNT
TIP60 ENELIzWVIV NNV BERRBESBHER. ARGV NV BEERABRTEDIENBALMNIH STz, /IMA X BREREL D HTIZ KUY
RERF0 TIP60 DNEPEM HAFRMIZIX 100%E5 27— ALERIN ., EREICEEBIV/N\VEEZRNETESRZEN A o=, =
DFEERANTHAZ /U E(tdTomato)D TIP60 ~DAREIZHLEETIL . HERD TIP60 CRIKICHER T HEMNTEz, COENLIY
IROEREE TIP60 DN EBREIZHIVATAVFA—ILEREEL T, FITC ZHL-EBBRERTFREEEL -, EREHE
FHRFTTREELI=.1 9FD TIP60 [T LT 2 R FDORTFREEBHTIESEL-. TOHEE, BRIV /NVERNEE TIP60 3
B#RICIBET AN TE R, ML T tdTomato NEE! TIP60 ZEMMEEMAICHAML . EESEAERECHELER.
tdTomato ZN AL 1= FITC 1Z# TIP60 NHMIEAIZEYRAFTFN TWE I LEHERTE -, COEERMELSHBFRFBRLTE.
tdTomato MDHEIEE FITC DEHXIXIFIFEBAELIE-EEFTHo-2EMND., HIREN T TIP60 ASEOMNIZHEIN T tdTomato ANFHEL
TWBENWSTEIEHRWNIENTREEINT -z, SHIT, REEDOMISERNISEET DHEDORETICHITT, TIP60 DXRMEITERET SF
FED . ZHHAEREDSBIKRICHEET S pH BEMETAEZ mRNA TAR T EIZKYRBERNEIRT A EICHIL-, BE. D
A ORADZEAR)AUREZEBBRERTFREZHAAHESIET, HIEIRMATY /N —F 2R REM RS2 HTH->TLY
%)O

2. WFREREEFEOME (FER)

In order to make the hollow protein nanoparticles TIP60 into a functional molecular capsule, we investigated two—step
functionalization: inclusion of foreign molecules in TIP60 and chemical modification of the outer surface of TIP60. First, we
investigated the possibility that TIP60 could contain different protein molecules. As a result of co—expressing TIP60 and the protein
to be encapsulated in E. coli, we found that various proteins can be encapsulated into TIP60. By small-angle X-ray scattering
analysis, we confirmed that the internal space occupancy of TIP60 in the inclusion molecule was almost 100%, and found that
heterologous proteins could be included in TIP60 at high density. Using this method, we succeeded in encapsulating the fluorescent
protein (tdTomato) in TIP60, and purified it in the same manner as the conventional TIP60. The FITC—labeled membrane permeation—
promoting peptide was modified for cysteine thiol on the outer surface of this fluorescent protein—encapsulating TIP60. The
modification conditions were optimized in advance to modify two molecules of peptide with respect to one molecule of TIP60. As a
result, the fluorescent protein—encapsulating TIP60 could be modified in the same manner as the conventional TIP60. We added the
prepared tdTomato—encapsulating TIP60 to human cultured cells and observed its localization with a confocal fluorescence
microscope. As a result, we confirmed that the FITC—labeled TIP60 containing tdTomato was incorporated into the cells. At this time,
the fluorescence of tdTomato and the fluorescence of FITC remained almost co-localized even several hours after the addition,
suggesting that TIP60 was not rapidly degraded in the cells and tdTomato was not leaked out. In addition, pH-responsive antibodies
that bind to target cell-specific receptors to be linked to the surface of TIP60 were selected in vitro by the mRNA display method for
the study of cell-selective delivery methods in the second year of the plan. Currently, we are investigating whether cell-selective
delivery can be achieved by combining this antibody or a natural receptor ligand with the membrane permeation—promoting peptide.
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