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Analysis of the hydration structure of oligosaccharides based on molecular dynamics
simulations ('School of Materials Science, Japan Advanced Institute of Science and Technology,
2Graduate School of Pharmaceutical Sciences, Nagoya City University, *Exploratory Research
Center on Life and Living Systems (ExCELLS), National Institutes of Natural Sciences)
(OMasayasu Furuhara,' Hiroaki Tatsuoka,' Takumi Yamaguchi'?*

Oligosaccharides are involved in various biological phenomena including quality control of
glycoproteins through interactions with lectins. In addition to the chemical and three-
dimensional structures, the hydration structure of oligosaccharides is presumably important for
the recognition of oligosaccharides by lectins. However, details of the hydration behavior of
oligosaccharides remain unclear. In this study, we analyzed hydration structures of a high
mannose type G1M9 oligosaccharide in solution, which interacts with lectin chaperones to
promote folding of glycoproteins in the endoplasmic reticulum. By molecular dynamics
simulations, we found that hydration waters bridging between carbohydrate residues exhibited
characteristic behaviors. Employing a partial structure of G1M9, Glcol-3Manal-2Mana
trisaccharide, it was suggested that water molecules strongly associated with the
oligosaccharide promote the structuring of the surrounding water.

Keywords : Oligosaccharide, Hydration, Molecular dynamics simulation
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Creation of Artificial Virus Capsids Budding from Membranes (Graduate School of
Engineering, Tottori University) OKazunori Matsuura- Miu Hirahara, Kentaro Sakamoto,
Hiroto Furukawa, Hiroshi Inaba

Enveloped viruses are budded the nucleocapsid structure by covering lipid bilayer from host
cell. We have previously created artificial viral capsids by self-assembly of S-annulus peptide
derived from tomato bushy stunt virus. In this study, we developed an artificial viral capsid
bearing alkyl anchor on the external surface. When the artificial viral capsid bearing alkyl
anchor was added to outside giant liposome comprising of POPC, budding of the capsids inside
the liposome was observed. On the other hand, encapsulation of the artificial viral capsid
bearing alkyl anchor in giant liposome induced budding of the capsids inside-to-outside the
liposome.

Keywords : Budding, Artificial viral capsid; Alkyl anchor; Giant liposome
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1) K. Matsuura, Chem. Commun., 54, 8944 (2018)
2) H. Furukawa et al., Chem. Commun., 56, 7092 (2020)
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Development of a Method for Evaluating Interactions between Glycosyltransferases and
Dynamic Conformational Ensembles of Glycans ('The Graduate University for Advanced
Studies, SOKENDAI, *Institute for Molecular Science, 3Graduate School of Pharmaceutical
Sciences, Nagoya City University, *Exploratory Research Center on Life and Living Systems
(ExCELLS), National Institutes of Natural Sciences, *School of Materials Science, Japan
Advanced Institute of Science and Technology) OTakehito Seki,'** Takumi Yamaguchi,***
Hirokazu Yagi,>* Koichi Kato,'***

Glycan dynamics significantly influence enzyme reactivity in glycan biosynthesis. Existing
methods to assess these dynamics are limited, prompting the development of a computational
approach. Our method focuses on analyzing interactions between glycosyltransferases and
highly flexible glycans. Using a model system with a tri-antennary glycan 1 and
glucuronyltransferase (GIcAT), we observed varying reactivity across branches despite a
shared Galp1—4GIcNAc unit. Molecular dynamics simulation revealed diverse conformation
of glycan 1. Integrating this ensemble with the crystal structure of GIcAT, we created a complex
model. Assessing steric hindrance between glycan 1 and GIcAT, we successfully estimated
differences in GIcAT reactivity among glycan branches. This methodology offers a valuable
framework for exploring the intricate relationship between glycan conformational dynamics
and enzyme reactivity, shedding light on the complexity of glycan biosynthesis processes.

Keywords : Molecular Dynamics Simulation; Glycan; Glycosyltransferase
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Efficient synthesis of disaccharide 1-phosphate repeating structure found in lipophosphoglycan

of Leishmania protozoa (' Pharmaceutical Sciences, Tokyo University of science) OKazuki
Kawato, ' Kazuki Sato, ' Takeshi Wada'

Leishmania has a disaccharide a-1-phosphate repeating structure on their cell surface and
the structure would be an attractive target for vaccine development. We have already succeeded
in synthesizing a molecule containing the five repeating units by using a disaccharide
phosphoramidite building block via a glycosyl boranophosphate as a stable intermediate.
However, further elongation was difficult due to the poor solubility of an a-isomer of the
building block with a high anomeric purity to reaction solvents. In this study, we conducted
solid-phase synthesis using highly pure a-isomer of a z-butylbenzoyl protected disaccharide
phosphoramidite, which has improved solubility to the solvents. We successfully synthesized

molecules containing ten and fifteen repeating units.
Keywords : Glycosyl phosphate; Leishmania, Solid-phase synthesis, Borano phosphate
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1) Sato, K. et al. Org. Lett. 2023, 3927-3931.
2) Asano, S. et al. Org. Lett. 2019, 21, 4197-4200.
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Development of formation system of lipid asymmetry in liposomes by external stimulations
and protein accumulation in asymmetric liposomes (Graduate School of Science and
Technology, Gunma University) OSumin Lee, Koki Kamiya

Asymmetric lipid vesicles that emulate cellular membrane composition have been used to
understand cellular functions. We develop a system to convert lipid symmetry to lipid
asymmetry of liposome membranes by external stimulations. In this system, phospholipase D
(PLD)-cording riboswitch and cell-free protein synthesis systems are encapsulated into PC
symmetric liposomes. When a chemical signal is added to the outer solution, the expressed
PLD hydrolyze PC to PA in the inner leaflet. This system converting symmetric liposomes to
asymmetric liposomes has the potential to observe consecutive phenomena caused by lipid
asymmetry. Furthermore, we investigated accumulation of proteins on the liposome membrane
using this system. We demonstrated the control of the protein accumulation by the PLD
enzymatic function.

Keywords : lipid asymmetry vesicles, cell-free protein synthesis systems, riboswitch
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1) Boyd et al., Sci. Adv. 9, eadd6605 (2023)
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Molecular transports via mechanosensitive channel by the changes in tension of asymmetric
lipid-protein membrane (' Graduate School of Science and Technology, Gunma University)
OXKaotaro Baba,' Masato Suzuki,' Koki Kamiya'

Asymmetric lipid-protein vesicles containing phospholipids and amphiphilic proteins
(oleosin) in the outer and inner leaflets, respectively?, allow for protein accumulation on the
inner leaflets. Mechanosensitive channel of large conductance (MscL) nanopores reconstituted
into these vesicles can transport 10 kDa molecules by changes in membrane tension due to the
insertion of lysophosphatidylcholine (LysoPC) into the lipid leaflets. In this study, to create the
membrane tension sensing system that converts the changes in membrane tension into the
biomolecular transports into the vesicles, we demonstrated a recovery of protein function by
peptide transports into the asymmetric lipid-oleosin vesicles via MscL (Fig.1a). As a result,
when LysoPC and sfGFP;; ( 8 -strand 11) were added to the outer solution of MscL
reconstituted asymmetric lipid-oleosin vesicles containing sfGFP.10, the number of fluorescent
vesicles were increased compared to without LysoPC (Fig.1b). Therefore, we have succeeded
in the conversion of the changes in membrane tension into the peptide transports into the
asymmetric lipid-oleosin vesicles.

Keywords : Asymmetric lipid-protein vesicles;, Mechanosensitive channels, Artificial cell model
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1) M. Suzuki, and K. Kamiya, iScience, 26, 106086 (2023)

© The Chemical Society of Japan - H934-2am-06 -



H934-2am-07 BALZS B1045SF42 (2024)

MHREE S VANV ERICES/NMEELETDE VRV EETE
(BEFARBEET ) Ofpk AL - Fhis R

Protein accumulation on the vesicle membranes with the amphiphilic protein layer (' Graduate
School of Science and Technology, Gunma University) OMasato Suzuki,' Koki Kamiya,'

Liposomes composed of a phospholipid bilayer have been used for the studies of artificial
cell models because of the similar properties of cell membranes (function of membrane protein
and membrane fluidity). Recently, vesicles formed by amphiphilic proteins have been reported.
An advantage of protein vesicles is the modification of membrane properties by genetic
recombination technologies. In this study, we formed two types of asymmetric vesicles
composed of different shapes of amphiphilic proteins on the inner leaflet and phospholipids on
the outer leaflet using a droplet transfer method. First, we measured the protein membrane
fluidity of the lipid-protein vesicles and discussed the effect of the difference in protein shape
on the difference in protein-membrane fluidity. Finally, we investigated the methods for protein
accumulations on the inner leaflet of the vesicles using a chemically inducible dimerization
(CID) system through the amphiphilic proteins (Figure 1).

Keywords : Liposomes; Amphiphilic protein; Protein accumulation; Artificial cell model
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[1] D. R. Dautel, J. A. Champion, Biomacromolecules 2021, 22, 116-125.
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Formation of membranes co-existing phospholipids and amphiphilic proteins ('School of
Science and Technology, Gunma Univ. > Graduate School of Science and Technology, Gunma
Univ.) OYuki Nagai', Koki Kamiya?

Cell-sized asymmetric phospholipid-amphiphilic protein vesicles that are composed of a
phospholipid membrane in the outer leaflet and an amphiphilic protein membrane in the inner
leaflet are formed. A vesicle membrane that co-exists in a phospholipid bilayer and an
asymmetric phospholipid-amphiphilic protein bilayer will contribute to determining whether
biomolecules are functionalized by which of the two types of bilayers. In this study, we
generated asymmetric membrane vesicles containing the phospholipids and amphiphilic
proteins in the inner leaflet and the phospholipids in the outer leaflet by applying the method
for creating asymmetric phospholipid-amphiphilic protein vesicles by transferring emulsions
formed from amphiphilic proteins through a lipid monolayer. In the presentation, we will report
on the behavior of membrane proteins in response to the asymmetric membrane vesicles.
Keywords : phospholipid; amphiphilic protein; vesicle
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phospholipid layer W ﬁ phospholipid

phospholipid and ]_f amphiphilic protein
amphiphilic protein layer

water phase

1) Cell-sized asymmetric phospholipid-amphiphilic protein vesicles with growth, fission, and
molecule transportation, M. Suzuki, K. Kamiya, iScience,. 2023, 26, 3.
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Formation of cell-encapsulating gel with azide-modified hyaluronic
acid and water-soluble cyclooctadiyne

(!Grad. School of Eng., Tokyo Univ. of Agri. and Tech., *Grad. School of Eng., Tokyo Univ.)
O Alejandra Liliana Hernandez Paniagua!, Fumiya Satoh!, Takumi Aono? Yuta Ilijima',
Natsuko Inagaki?, Taichi Ito?, Daisuke Yoshino!, Masayuki Tera'

Keywords: Bio-orthogonal reaction, 3D culture, Spheroid, Hydrogel, Hyaluronic Acid
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Figure 1: (a) Schematic representation of the hydrogel structure encapsulating cells, formed by crosslinking azide-
modified hyaluronic acid (HA-N3) with water-soluble cyclooctadiyne (WS-CODY). (b) Depiction of the chemical
crosslinking reaction between HA-N3 and WS-CODY.

Cell encapsulation technologies have emerged as key tools for replicating the intricate
interplay between cells and their extracellular matrices, driving advances in organ model
development and pharmaceutical screening. However, traditional approaches have been limited
by the inherent cell adhesion properties of the cell types used. To overcome this limitation, we
have developed novel extracellular scaffolds by combining azide-modified hyaluronic acid
(HA-N3) with water-soluble cyclooctadiyne (WS-CODY)!, which serves as a bioorthogonal
reagent for crosslinking two azide groups in aqueous solutions (Figure 1).

In this study, we demonstrated that mixing WS-CODY (1 mM) with HA-N3 (0.75%) and a
cell suspension, followed by its introduction into a hemispherical Teflon mold, yields a
homogeneous cell-encapsulating hydrogel, limited only by the confines of the mold. The gel
matrix forms independently of the native adhesion capabilities of the
cells and exhibits permeability to small molecules and proteins. In
addition, we have shown that our encapsulation protocol not only
promotes cell proliferation, but also ensures robust cell viability;
over 90% of encapsulated cells remain functional after 72 hours,
with cell survival confirmed after 20 days (Figure 2). Notably, the -
scaffold can be dissolved using hyaluronidase, allowing gentle Figure 2: Image Ofthe.Sphemid

of PC-9 cells wusing our
recovery of the encapsulated cells without compromising their ¢, capsulation method, at day
integrity. Through this methodology, we propose a versatile 20.
scaffold that can be seamlessly integrated with different cell types, increasing the utility of cell
encapsulation in biomedical applications.

Reference
K. Kitagawa, F. Satoh, M. Tera, et al. (2023) Ion-Pair-Enhanced Double-Click Driven Cell Adhesion and Altered

Expression of Related Genes Bioconjugate Chem. 34 (4), 638-644.
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Development of rapid flow-based glycopeptide synthesis (‘Grad. Sch. Sci., Osaka

Univ., ’FRC, Grad. Sch. Sci. Osaka Univ. , *Dept. Chem. MIT) Shintaro Yamaguchi', Yuta
Maki'?, Ryo Okamoto'?, Bradley L. Pentelute’, Yasuhiro Kajihara'?

Chemical synthesis of homogeneous glycoproteins is important for investigating glycan
functions. However, traditional solid-phase synthesis of glycopeptides is time-consuming and
requires about 60 minutes for each peptide elongation step. The flow-based solid-phase peptide
synthesis (SPPS) enables peptide elongation within 3 minutes under flow and high temperature
conditions". In our presentation, we would like to discuss our results regarding preparation of
oligosaccharyl asparagine derivative and fast flow-based synthesis of glycopeptides.

Keywords : glycoprotein, peptide synthesis, flow synthesis

B —Te i O & v R B EACFEARRT D 2 &I PSR 2 9 5 ECEE T
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T ARG X ECGTNES A A T DERT T ROMGE R G R A T Lz,

T —EGRICHWD T BT ARE LT ET AT X UFFERILT VT miEH T A
PRI IING 3 BEPETHER LT, £ LT, Fmoc YEIZ X 5 7 v — @ik [EAE G plik 4 Fl
352 &T, 72025 BEWN) DL 50ETF K 2 BERBRECART 5 2
LIRS L7,

- OACX 24 M . GienAc
Flow-based SPPS T~ 1 @ Man
synthesis time
Fmoc-Asn-OH —_— 2h/25AA

1) Mark D. Simon, Chem. Bio. Chem, 2014, 15, 713-720.
2) Kajihara, Y. et al., Chem. Eur. J, 2004, 10, 971-985.
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Study for the elucidation of the correlation between sialylglycans and protein-protein
interaction by using chemical synthesis of proteins ('Grad. Sch. Sci., Osaka Univ., *FRC, Grad.
Sch. Sci. Osaka Univ.) ORisa Iwasaki,! Ryo Okamoto,* Yuta Maki,' Yasuhiro Kajihara'-?

HEARNOZ K OYWTL R R 7 G, RIS T AR E AT 5 27 U VHESH CiE i
éhfnésﬁfc_@v7)w%&/ﬂwgi%ﬁ@ééﬁ%’%bofmé
Bl Fe 1%, B55 R0 E EOFEHN, # 2 X0 By L RIR L ORSE BRI A 2
bEEHHREZFFOZ L ARTH LWEIR 257, 1 2 2 TARIFETIEL, 7 U LpE
BN Y R B EAERIC G 2 2 BERALNCT2EEZHE L B r T
IHES R BONFE R E F ORREFRT 21T o7, £F, LthRERd ¥ IEE
L T IgG HUAD Fe SR RANITRE AT 2/ T U AKES X7 OB E1T -
7=, Fmoc [EFH A 1%(Fmoc SPPS) % Jix b L C, 11 fHD ¥R CHER S = 7 U Ll
FES LT/ NMBE S R OERICHI LTc, S BIZZORES N7 Ea BE
ELTEBRE R T E L OBFMERT 21T o1 & 2T A, 7 U ABEBHIZ L > TiE S
BRMEICHE B R EZNELD Z LR LN LT,

Secreted proteins are frequently modified with sialylglycans and are involved in various
biological events. Recently, we found that glycans affect protein binding affinity. In this study,
we aimed to elucidate the effects of sialylglycans on protein-protein interactions using a newly
synthesized small sialylglycoprotein. First, using Fmoc-solid phase peptide synthesis, we
synthesized a small sialylglycoprotein that specifically binds to the Fc region of IgG antibodies.
Analysis of the binding affinity revealed that the sialylgycan affected the binding affinity
between the synthetic glycoprotein and the receptor protein.

Keywords : Glycan,; Glycoprotein, Peptide; Hydration
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Development of a preparation method of functional bispecific antibodies using dimerization
motif and refolding procedure ('Faculity of Engineering, Tokyo University of Agriculture and
Technology) Linko Hirono!, OYuka Kitayama?, Izumi Kumagai', Ryutaro Asano'

Bispecific antibodies (BsAbs) consisting of two different antibodies can be applied to cancer
therapies by designing to cross-link cancer cells and immuno cells. However, because the
function of BsAbs is dependent on the combination of antibody clones, development of their
rapid screening technology is required.

Here, we focused on SARAH motif [1], a dimerization motif with intermolecular disulfide
bond. We fused each SARAH motif to two different single-chain fragment variables (scFvs).
BsAb prepared from bacterial insoluble fraction through a refolding procedure after mixing
stoichiometrically two scFvs under denaturing conditions showed cancer growth inhibition
effects as expected.

Keywords : dimerization motif; small bispecific antibodies; refolding procedure
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SARAH(Y35C) fused scFv BISpECIfIC antlbody

Figure 1. Preparation of BsAbs by integrating a SARAH motif and refolding

[1] Arimori et al., Structure., 25, 1611-1622 (2017)
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Preparation of functional small cancer therapeutic bispecific antibodies using cyanobacterium
Synechocystis sp. PCC 6803 ('Faculty of Engineering, Tokyo University of Agriculture and
Technology, “Faculty of Science & Engineering, Yamagata University, *Joint Department of
Biomedical Engineering, University of North Carolina at Chapel Hill, North Carolina State
University) Gota Kasai!, OMiku Kobe!, Shunichi Kobayashi', Koki Makabe?, Koji Sode?,
Ryutaro Asano'

To establish a cost-effective production for cancer-therapeutic small bispecific antibodies,
we focused on cyanobacterium Synechocystis sp. PCC 6803 (PCC 6803) as a recombinant host,
being able to grow via photosynthesis. In this study, we investigated the expression of two
types of bispecific antibodies using PCC 6803. As the results, the bispecific antibodies
composed of two variable domains of heavy chains derived from camelid heavy chain
antibodies (VHHs), were produced with relatively high yield by PCC 6803, which showed
cancer growth inhibition effects.

Keywords : Cyanobacteria; Small bispecific antibody, Recombinant production
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Release of Tail-binding Proteins Induced by Stretch of Intermediate Filament Nestin (‘Cell.
Mol. Biotech. Res. Inst., AIST, ° Grad. Sch. Eng., Tokyo Univ. Agric. Technol., 3Dept. Nutr. Sci.
& Food Safety, Tokyo Univ. Agric. *SANKEN, Osaka Univ.) O Ayana Yamagishi, '* Rina
Tokuoka, !> Masumi lijima,> Shun'ichi Kuroda,* Chikashi Nakamura'~

Intermediate filament nestin has been reported to be highly expressed in highly invasive
cancer cells, but the function of the huge 170 kDa tail domain, which is exposed outside the
nestin filament, is unclear. We have shown that the C-terminus of the tail domain binds to actin
filaments, and that the domain contributes to the metastatic ability of cancer cells by making
them flexible through its large extensibility. We further hypothesized that the stretched tail
domain has a spring-like function to restore the cytoskeleton. We have demonstrated the
existence of a repeating stretching structure in the single tail domain by analysis using AFM.
On the other hand, the tail domain has been reported to serve as a scaffold for binding proteins.
If the tail domain is stretched by an external force, the bound proteins may be dissociated and
released. We first focused on the chloride ion channel CLIC1, which regulates cell volume by
exporting the ions, and found a strong correlation between CLIC1 and nestin expression. Alpha
Fold2 analysis suggested that CLIC1 also binds to the tail domain. Fishing force measurement,
in which anti-CLIC1 antibody-modified nanoneedles were inserted in cell to mechanically
detect CLIC1, showed that CLIC1 binds to nestin. We are now confirming whether CLIC1
dissociation occurs when the tail domain is stretched by external force applied to the cell.
Keywords : Intermediate filament; Nestin, Atomic force microscope
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Investigating antibodies as CLIC1 blockers to inhibit chloride ion
channel and cancer cell invasion in human breast cancer.

('Graduate School of Engineering, Tokyo University of Agriculture and Technology, *Cellular
and Molecular Biotechnology Research Institute, National Institute of Advanced Industrial
Science and Technology) OSamrat Mukherjee,'* Ayana Yamagishi,"? Chikashi Nakamura'~
Keywords: Breast cancer, Monoclonal antibody, Chloride ion channel

Chloride intracellular channel 1 (CLIC1), is overexpressed in the various types of cancer
cells and involved in cancer cell invasion. Previously, we found that CLIC1 is activated by the
stretching of the cell membrane due to external mechanical force. The efflux of chloride ions
via CLIC1 during a process known as regulatory volume decrease (RVD), leads to cell volume
reduction and shrinkage of cancer cells. We hypothesized that a mechanical stress causes the
cell membrane to stretch due to cell deformation as cancer cells invade through narrow spaces
and thereby promoting cancer cell invasion via RVD. Based on this hypothesis, CLIC1 blockers
are expected to inhibit cancer cell invasion. We investigated whether [AA-94, an inhibitor of
chloride ion channel including CLIC1 can inhibit ion efflux thereby halting the invasion of
human breast cancer cell line MDA-MB-231 through external force applied using atomic force
microscopy. However, the IAA-94 could not inhibit chloride ion efflux induced when cells are
applied a large force.

In this study, we evaluated whether an anti-CLIC1 monoclonal antibody that recognizes
the transmembrane region of the CLIC1 could inhibit chloride ion efflux. The inhibition effect
of CLICI antibodies was evaluated using MQAE, a fluorescent indicator which is quenched in
the presence of chloride ions. When external force is applied using a flat cantilever with an
atomic force microscope, the export of chloride ions through CLIC1 leads to an increase in
fluorescent intensity. As a result, the fluorescence intensity of MQAE was lower in cells with
CLICI1 antibody when mechanical force was applied compared to cells without antibody. Thus,
it was shown that CLIC1 antibody can inhibit chloride ion efflux during mechanical stimulation.
We are currently evaluating the effect of this antibody in inhibiting invasion of cancer cell.
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