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Construction of artificial viral capsid modified with nuclear localization signal peptide
and its intracellular delivery (Graduate School of Engineering, Tottori University) OMizuki
Wada, Hiroshi Inaba, Kazunori Matsuura

Natural spherical viruses are controlled the trafficking in cell by the infection, multiplication,
and even budding. We have previously created artificial viral capsids by self-assembly of
annulus peptide derived from TBSV.! In this study, we constructed a nuclear-localized
peptide-modified artificial viral capsid by self-assembly of f~Annulus peptide modified with a
nuclear localization peptide at the C-terminal (Fig. 1). DLS and TEM of the aqueous solution
of NLS-modified artificial viral capsid revealed the formation of spherical assemblies with the
size of about 90 nm. The intracellular trafficking behavior and nuclear localization of the NLS-
modified artificial viral capsid in HepG2 cells was evaluated by CLSM observation. As a result,
the nuclear translocation ratio of TMR fluorescence was enhanced approximately 2.7 times by
presentation of the nuclear-localized peptide (Fig. 1b).

Keywords : f-Annulus peptide; Artificial viral capsid; intracellular delivery;, Nuclear-
localized  peptide
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Fig.1 (a) Construction of NLS-modified artificial viral capsid. (b) Ratio of TMR fluorescence in
Nucleus/Cell quantified by CLSM.

1) K. Matsuura, Chem. Commun., 54, 8944 (2018).
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Intracellular Invasion of Enveloped Viral Replica Equipped with Hemagglutinin
(‘Graduate School of Engineering, Tottori University, *Graduate School of Engineering, Kyoto
University, *Graduate School of Medicine, Kyoto University) oSosuke Nakamura'!, Hiroto
Furukawa', Hiroshi Inaba!, Yoshihiro Sasaki?, Kazunari Akiyoshi®, Kazunori Matsuura'

Influenza virus is equipped with hemagglutinin (HA) on the envelope, which invades into
the host cells by endocytosis through specific recognition to sialic acid-containing glycans. We
previously constructed an enveloped viral replica (EVR)! and revealed that it invades into the
cells by membrane fusion.? Furthermore, we constructed an EVR equipped with membrane
proteins connexin® and HA* using PURE system. In this study, we constructed TMR/NBD-
labeled EVR equipped with HA and evaluated their intracellular invasion mechanism based on
glycan recognition. We examined the effects of various endocytosis inhibitors and sialidase
treatment on uptake into HepG2 cells. The results suggested that EVR equipped with HA
invades into the cells by endocytosis through binding of HA to sialic acid.

Keywords : p-Annulus peptide; Enveloped Virus Replica; Hemagglutinin, Sialic acid;
Intracellular Invasion
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Fig 1. Construction and intracellular Invasion of TMR/NBD labeled EVR equipped with HA.

[1] H. Furukawa, H. Inaba, F. Inoue, Y. Sasaki, K. Akiyoshi, K. Matsuura, Chem. Commun., 56, 7092
(2020); [2] H. Furukawa, Y. Kimura, H. Inaba, K. Matsuura, Sci. Rep., 13, 19934 (2023); [3] H.
Furukawa, H. Inaba, Y. Sasaki, K. Akiyoshi, K. Matsuura, RSC Chem. Biol., 3,231 (2022); [4] = Hfd
i eral, AR 102 [FIEFFS EELE, G301-3am-02 (2021)
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Optical control of interaction between spiropyran-decorated artificial viral capsid and
lipid membrane ('Faculty of Engineering, Tottori University, >Graduate School of
Engineering, Tottori University) OYuki Murata,' Yingbing Liang,> Hiroshi Inaba,? Kazunori
Matsuura?

In recent years, modification of photochromic molecules such as azobenzene and spiropyran
(SP)/merocyanine (MC) has been actively investigated to photocontrol of self-assembly and
biological activity of peptides. ! We have found that alkyl anchor-modified artificial viral
capsids consisting of f~Annulus peptides from tomato bushy stunt virus can bud outside and
inside GUVs.? In this study, we developed a spiropyran/merocyanine (SP/MC)-modified
artificial viral capsid on the surface. Transmission electron microscopy (TEM) showed that
both SP- and MC-forms self-assembled into spherical capsids with the size range of 80-200 nm
When the SP/MC-modified artificial viral capsid was added to the outside of the GUVs, the
SP-form was observed to invade inside GUV morre than the MC-form.

Keywords : Invasion, Spiropyran; Artificial viral capsid; Optical control; Giant liposome
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1) K. Matsuura, H. Inaba, Biophysics Rev., 4, 041303 (2023).

2) K. Matsuura, M. Hirahara, K. Sakamoto, H. Inaba, Sci. Technol. Adv. Mater., 25, 2347191 (2024).
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Local Deformation of Phase-Separated Giant Unilamellar Vesicle induced by
Photoresponsive Peptide Nanofibers (' Faculty of Engineering, Tottori University, *Graduate
School of Engineering, Tottori University) O Yasunari Takaki, ' Yingbing Liang, > Hiroshi
Inaba, > Kazunori Matsuura®

Cytoskeletons such as microtubules and actin filaments are natural supramolecular
nanofibers that can be reversibly polymerized and depolymerized by external stimuli. We have
previously developed spiropyran/merocyanine (SP/MC)-modified peptide nanofiber that
mimics the natural cytoskeleton and assemble/disassemble reversibly by spatiotemporally
controllable light.? In addition, spherical giant unilamellar vesicles (GUVs) encapsulating the
MC-peptide dramatically and reversibly changed into worm like vesicles by the
photoisomerization to the SP-form.V In this study, we encapsulated MC-peptide into phase-
separated GUVs and localized it close to liquid-disordered (L) phase. Local deformation of
phase-separated GUVs was achieved by the photoisomerization of the peptide to SP-form.
Keywords : Spiropyran, Giant Unilamellar Vesicle, Peptide Nanofiber, Assembly/Disassembly,
Photoresponse
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Fig1. Schematic illustration (A) and CLSM images (B) of local deformation of phase separated GUV encapsulating
FKFECSPMCKFE / FKFECSPMCKFEHHHHHH (20/1) by photoisomerization in 10 mM phosphate buffer (pH 7.4).

1) Y. Liang, S. Ogawa, H. Inaba, K. Matsuura, Front. Mol. Biosci., 10, 1137885 (2023)
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Creating an artificial protein nanocage for linking E.coli Flagella: Computational binder design

and experimental evaluation('Keio University, “Shinshu University) O Taiyo Hijikata',
Norifumi Kawakami', Ryoichi Arai®, Kenji Miyamoto'

Resting cell reactions are used as a method to produce compounds using whole cells without the need
for enzyme purification. However, there are problems such as contamination by other microorganisms,
and thus, selective cell recovery technology is required. In this study, we aim to develop a cell recovery
technology using E. coli as a model organism. We hypothesized that if multiple E. coli cells are connected
by a linker molecule specifically bound to a cell surface component, the cells would form aggregates
that can be easily recovered from the solution. To test this hypothesis, we designed a peptide binder that
specifically interacts with the E. coli flagellar protein F1iD and displayed it on the surface of our designed
protein nanocage, TIP60 (b-TIP60). The b-TIP60 has a spherical shape and can display up to 60 binder
molecules. The structural analysis of b-TIP60 showed that it maintained a shape close to the original
shape, suggesting that the structure was constructed as designed.

Keywords : Protein nanocage,; TIP60; RFdiffusion; AlphaFold?2
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Construction of Peptide Condensate-like Environments by Confinement in Spherical
Coordination Cages ('Grad. School of Engineering, The Univ. of Tokyo, UTIAS, The Univ. of
Tokyo, *Inst. for Molecular Science ) oKenho Watanabe', Takahiro Nakama', Makoto Fujita'~

Repeated peptide sequences found in intrinsically disordered proteins are involved in
biomolecular condensate formation and other biological processes and thus attract growing
interest in revealing their interactions. However, the structural basis remains elusive because it
is difficult to precisely assemble such disordered peptides or proteins.

In this work, we constructed peptide assemblies like biomolecular condensates by confining
repeated peptides in spherical coordination cages (Fig. 1). The metallo-cages'?, self-assembled
from Pd(Il) ions and bis(pyridine) ligands, can precisely accumulate proteins and peptides
within their well-defined cavity, allowing us to analyze their interactions at high resolution. We
encapsulated repeated peptides (Phe-Gly), in the cage by condensation with bis(pyridine).
NMR analysis of the interaction between the repeated peptides and a protein will be discussed.
Keywords : Peptides;, Mi:L>s coordination cages,; Self-assembly; Proteins; Biomolecular
condensates
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1) R. Ebihara, et al., Angew. Chem. Int. Ed. Accepted, €202419476. 2) T. Nakama, et al., Chem. Sci. 2023, 14, 2910.
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Structural analysis of a protein assembly transforming in response to pH ('School of Life
Science and Technology, Institute of Science Tokyo) OKeiichi Okisawa', Koki Date', Souta
Masumura', Kosuke Kikuchi', Takafumi Ueno'

Proteins can spontaneously self-assemble into
highly ordered structures with unique functions. A
protein supramolecule called type 51 refractile pH7 °
body (R-body) reversibly extends and contracts in
response to the environmental pH. Upon pH
stimuli, the R-body transforms from a rolled
morphology with a size of 0.4 um to a spiral
morphology with a length of up to 20 um (Fig. 1)".
Due to its quick and reversible transformation at a
microscale, R-bodies possess a potential for
stimuli-responsive materials. Earlier works suggested that the major components of the R-body
are two proteins called Reb A and Reb B?. However, their assembly structure remains unknown.
In this work, we constructed truncated mutants to understand the formation mechanism of
R-body. Our results indicated that the truncation in Reb A or Reb B significantly changes their
morphology and pH-responsiveness. Currently, we are investigating further their structure-
function relationships.
Keywords: Protein Assembly, pH-responsiveness, Micro-actuators, Protein Engineering

pH 5

Fig. 1 Electron micrographs of R-bodies in pH 7 and 5'.
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1.J. K. Polka and P. A. Silver, ACS Synth. Biol. 2016, 5, 303.
2. D. P. Heruth et al. J. Bacteriol. 1994, 176, 3559.

© The Chemical Society of Japan - [AJA301-1vn-07 -



