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Construction of lipid nanoparticles based on the interaction between cell membrane
(Graduated School of Engineering Science, Osaka University)
OYukihiro Okamoto, Xuehui Rui, Nozomi Watanabe

In the development of drugs or drug carriers, the analysis of the interaction between the
plasma membrane and drug or drug delivery carrier is significantly important. Thus, a detailed
study about interaction should be conducted as well as the study of plasma membranes and
drug delivery carriers. In this paper, I will introduce our results based on the analysis of the
plasma membrane and the interaction between drug or drug delivery carriers, and then would
like to propose the methodology for the drug delivery carrier development and the evaluation
method for membrane lipid therapy.

Keywords : lipid nanoparticle, cell membrane, lipid membrane analysis, membrane lipid
therapy

—I O X, MREICER LTy 7 FURED L, & L TCHAAMBIZT R h—
¥ A %L 3 % (membrane lipid therapy). — /7, #¥)% v U 77 (DDS carrier)i%, %%
HRC X 2385k 2 [ L, HIO & T 2RI ~BIET L Z ko bnd. 2hb
DZELEBEZDHE, HYrr 5N DDS carrier & flIEIE & O ANER, %= L CHALE
FOFEFAE U 2RO EZEA O FfEMTIX, #ii 72 membrane lipid therapy #I<> DDS
carrier XAHIBWTHETHDH B2 LD, £ 2T, AFETIE, membrane lipid
therapy #ll & DDS carrier OFXFHZBE LT, I 7 v L-L TIIMIEEDO RSB, ~ 7
7 LV TR A~ DELY A I &y S BT, MlafE & O BEERICE R Z & TRt
P Il LD THETD.

[1] membrane lipid therapy #IZB59" 2 #F5E V: membrane lipid therapy #ll & L CTHifF &4
% 20HOA /3% U AR Y — 2t L, HEBRAMIICEE L72fER, VARY —2bT 252
ETT AR M=V REOR LI LTZ. £z, T FBEMEMEITICL Y, 20HOA Y
RN — LB 5%I, MREOREENME NS5 &2l one L.

[2] fay%alkE% H 59 DDS carrier (ZB57 248 2 : macrophage /i H 3k oD Al e i 2
DDS carrier & L CHifF S 415 cubosome /& (Z[EEAL L, MilaFEE &1L DDS carrier %
AL L 7=, % LT SAXS fEHT=° cryo-TEM fi#fT72 & X 0 cubic fHZHEFRF LT D Z &
5 E L7z, cubosome |E, MHCiX, albumin 72 & D53112 LY FREES 5 A3
B SN TV D2, MlEOEE(IC LY, ZEMEDOR EEZER L., 6, 71
—H A A~ U —=° invivoimaging DR L Y, macrophage Ml K 2 Y AL D
P72 & QN H s REE oo 1) BT Rk P) LTz,

Membrane lipid therapy /<> DDS carrier DHF5EIZ3NT, AElE & OFE A /EHIZEE
TOHHAEBRIC T 4 — NN 7352 LT, ZNHIEYS DDS carrier DPERED (1]
IS TES.

1) Scientific Reports, 2024, 14, 15831
2) J. Mater. Chem. B, 2024, 12, 8702-8715
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Magnetic separation of lysosomes from cells with lysosome
dysfunction using superparamagnetic-plasmonic hybrid
nanoparticles

(School of Materials Science, JAIST) OMari Takahashi, The Son Le, Yuichi Hiratsuka,
Kazuaki Matsumura, Shinya Maenosono
Keywords: Nanoparticles; Magnetic separation; Plasmonic imaging; Lysosomes

Proteomics, which is a comprehensive analysis of proteins extracted from specimens
has an important role in understanding the function of proteins. Specifically, comparison of
proteins extracted from normal and dysfunctional cells can contribute to drug discovery. In
this study, we focus on lysosomes and lysosomal storage diseases. Niemann-Pick type C
disease is one such disease and is caused by the mutation of either NPC1 or NPC2 proteins
resulting in accumulation of lipids in the lysosome and death.”

In order to separate lysosomes we previously fabricated Ag@FeCo@Ag
core(@shell@shell magnetic plasmonic hybrid nanoparticles (MPNPs) as a magnetic
separation probe (Fig. 1a).? Then the MPNPs were introduced to animal cells and their
location traced in the endosomal-lysosomal pathway (Fig. 1b). Then, magnetic separation of
lysosomes was performed using a magnetic column (Miltenyi Biotec). Fig. 1¢ represents
western blot (WB) results. Lysosomal marker protein (LAMP2) was detected from the
positive selection (PS) which is the magnetically separated fraction while the negative
control (GAPDH) was not detected in PS suggesting that magnetic separation of lysosomes
was successful.? Although the separation protocol for COS1 cells and HEK293 cells was
established, for the sake of proteome analysis, cell types were changed to A549 cells for
which an NPC1 knockout (KO) cell line is available. With a modified magnetic separation
protocol, lysosomes from wild-type (WT) and NPC1 KO A549 cells were separated.

Lysate PS NS
e =

COS-1 cells. Blue: nucleus; green: NPs; red: lysosomes. (c) WB results of whole cell lysate, PS and
negative selection (NS). GAPDH was used as a negative control. LAMP2 was a lysosomal protein.

1) T.-Y. Chang, et al., J. Biol. Chem. 2005, 280, 20917. 2) M. Takahashi et al., Langmuir 2015, 31, 3)
T. S. Le, et al., ACS Nano 2022, 16, 885.
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Near-infrared light manipulation of non-visual opsin-expressing
cells using upconversion nanoparticles

(!School of Materials Science, JAIST, *Department of Biological Sciences, School of Science,
The University of Tokyo) OFukue Kotegawa,! Mari Takahashi,' Yuichi Hiratsuka,' Kazuaki
Matsumura,' Daisuke Kojima,?> Shinya Maenosono!

Keywords: Upconversion Nanoparticles; Optogenetics; Photoreceptor; Calcium Imaging

Although the demand for UV light-induced photochemical reactions in vivo has been
increasing, UV light has been limited due to its low tissue penetration from outside the
organisms and high cytotoxicity. To address this, a technique is desired which uses
upconversion nanoparticles (UCNPs), which when irradiated by near-infrared (NIR) light (with
high tissue penetration from outside the organisms) convert it to UV light in vivo. In the field
of optogenetics, visual opsins that respond to visible light have been studied. Recently, UV
light-responsive non-visual opsin, OPN5! has much attraction, which is expressed in the deep
brain and is involved in metabolic functions.?

In this study, we synthesized NIR->UV conversion-capable UCNPs and combined them
with OPNS5-expressing HEK293T cells. As UCNPs, NaYF4:Yb,Tm@NaLuF4 core@shell NPs
with enhanced UV light emission were synthesized (Fig. 1).> For OPN5-expressing HEK293T
cells, an OPNS5 expression plasmid was synthesized in which the FLAG tag was expressed in
the extracellular domain, and transfected into HEK293T cells. Then, UCNPs were bound to the
cells using the FLAG tag. In this presentation, we will explain how we demonstrated that it is
possible to manipulate OPNS by binding UCNPs to OPN5-expressing HEK293T cells, and
then generating UV light in the vicinity of OPNS5 through NIR light irradiation, as evidenced
by intracellular Ca®* imaging.
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Fig. 1. TEM images of (a) NaYF4:Yb,Tm core and (b) NaYF4:Yb,Tm@NaLuF4 core@shell
UCNPs (scale bar = 200 nm). (c) HAADF-STEM image, and (d—j) EDS elemental maps of
core@shell UCNPs (scale bar = 100 nm). (k) Emission spectra and photos of emission
when irradiating NIR light (980 nm) to as-synthesized core (blue curve) and core@shell
UCNPs (red curve) dispersed in hexane.

Intensity (a.u.)

1) E. E. Tarttelin ef al., FEBS Lett. 2003, 554, 410; 2) K. X. Zhang et al., Nature 2020, 585, 420; 3) N.
T. Nguyen et al., ACS Nano 2023, 17, 382.
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Fabrication and Characterization of Tubular Artificial Tissues
Composed of Multiple Liposomes via Salt Bridges

(‘Faculty of Science and Technology, Keio University) O Tomoya Kojima,' Kouichi
Asakura,' Taisuke Banno'
Keywords: Liposomes; Vesicles; Artificial Cells; Artificial Tissues; Tubular Structures

Multicellular organisms have hierarchical structures where multiple cells assemble to
form tissues, resulting in complex 3D structures. Inspired by them, creation of artificial
tissues composed of multiple artificial cells could lead to novel bioinspired materials.' We
previously found the formation of artificial tissues composed of multiple liposomes by
designing salt bridge intermolecular interaction.” Next, since controlling shapes is one of the
important factors as materials, we have succeeded in developing new techniques to fabricate
the artificial tissues into fibrous shapes.’ As the next step towards more complex structures,
tubular structures are focused on because they have holes in which solutions can be
penetrated, which has a potential to be used as flow reactors. In this study, we report
methods to fabricate liposome-based artificial tissues into tubular shapes and their
functionalities.

Liposomes containing amphiphilic amines or carboxylic acids were mixed to obtain
assemblies of multiple liposomes via salt bridges. The liposome assemblies were loaded
tightly into a pipette tip under centrifugation. A rod representing a core was then inserted
into the center of the pipette tip to function as a hole, and the liposome assemblies were
pushed with a mechanical pipette to obtain a liposome-based tubular artificial tissue. The
tubular structure was confirmed by using image analysis of brightness under high-intensity
light irradiation, where gray values decreased at the center of the artificial tissue, indicating
the formation of a hole. We will report the precise shape controllability of the tubular
structures, such as the size of the holes, and their functionalities as flow reactors.
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1) A. Rebasa-Vallverdu, M. Antuch, B. Rosetti, N. Braidotti, P. Gobbo, ChemSystemsChem
2024, 6, €202400014. 2) T. Kojima, Y. Noguchi, K. Terasaka, K. Asakura, T. Banno, Small
2024, 20, 2311255. 3) T. Kojima, K. Asakura, P. Gobbo, T. Banno, Adv. Sci. in press.
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Emergence of Multivalent Ligands of CAIX by Interpolymer in situ
Click reaction and Mechanistic Analysis

(Grad. Sch. of Eng., Osaka Univ.") ORentaro Sakamoto,' Yuki Koba,' Masahiko Nakamoto,’
Michiya Matsusaki'
Keywords: Cancer; Click reaction; Carbonic anhydrase; Inhibition; Conformational change

Nanomaterials with multivalent ligands have been widely studied in cancer therapy.
However, non-selective recognition remains challenges due to tumor heterogeneity. In this
context, in situ emergence of multivalent ligands for target cells would be effective to realize
the recognition with high selectivity, affinity, and adaptivity. We report the emergence of
multivalent ligands of Carbonic anhydrase IX (CAIX) by interpolymer in situ click reaction.

N3-PEG-U, precursor ligand, was synthesized by introducing CAIX target moiety: U-104
(U) and azidoacetic acid (N3-AcOH) to poly (ethylene glycol) (Mw: 10 kDa) (Fig. 1A). DBCO-
PGA, precursor scaffold, was synthesized by introducing dibenzocyclooctyne-amine (DBCO-
amine) to poly (L-glutamic acid) (Mw: 120 kDa). Dynamic light scattering revealed that both
N3-PEG-U and DBCO-PGA formed nano-assemblies, whereas the size decreased after mixing
the two (Fig. 1B). These results suggested the conformational change in both nano-assemblies
as the consequence of click reaction. Treatment of MDA-MB-231 with either N3-PEG-U or
DBCO-PGA had no effect on cell proliferation, while treatment with both polymers inhibited
cell proliferation (Fig. 1C). In addition, in situ ligand synthesized in the presence of cells
showed higher efficacy than ex sifu one synthesized in the absence of cells, indicating the
adaptive binding interface provided by in situ click reaction (Fig. 1D and E).
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Fig. 1. (A) Conceptual illustration of this study. (B) Hydrodynamic diameter of both polymers.
(C) Cell proliferation upon treatment with N3-PEG-U and DBCO-PGA, and the combination.
(D) Schematic illustration of in situ emergence of multivalent ligands. (E) Comparison with cell
proliferation upon treatment with in situ/ex situ synthesized multivalent ligands. Note that [N3]
and [DBCO] are 1000 and 2000 uM, respectively. Statistical significance was determined using
one-way ANOVA followed by Tukey’s post-test (n=3 **p <0.01, ***p <0.001).
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Fluorescence imaging of initiation process in autophagy of protein condensates ('Institute of
Multidisciplinary Research for Advanced Materials, Tohoku University, *Graduate School of
Life Sciences, Tohoku University, *Institute for Advanced Medical Sciences, Nippon Medical
School) Olppei Takashima,' Yifan Feng,? Hayashi Yamamoto,*> Shin Mizukami'*

Liquid-liquid phase separation of protein condensate (herecafter referred to as “droplet™)
regulates intracellular protein activities through the autophagic degradation (fluidophagy)
which has recently attracted attention as an intracellular event. Here we report a chemical tool
to spatiotemporally detect the initial process of fluidophagy via the fluorogenic inverse
electron-demand Diels-Alder (IEDDA) reaction. In this method, diene (tetrazine) and
dienophile of the IEDDA reaction are introduced into the protein on the droplet and LC3B on
the isolation membrane, respectively. When the droplet contacts the isolation membrane during
autophagy process, both reactants are placed in close proximity, promoting the fluorogenic
IEDDA reaction along the contact interface. In contrast, the reaction does not proceed without
autophagy induction due to the controlled reactivity of the designed reactant pair. In this
presentation, we will also show the result using this tool to monitor fluidophagy process from
contact between the droplet and the isolation membrane to lysosome fusion.

Keywords : fluidophagy, membrane contact site; Fluorescence detection

& R GG OWRIEAR S EE (LU, W) (MaN & 2 X 7 B OTEVERIENZ B o
0. ZOHIERED—> L LT A— 7 7 ¥— (fluidophagy) NWIT4EIEH ST
W5, KREFETIE., ZOWKFA— N7 7 P—0PH@R L LT, K & MR o#:
filh & S AR O - FEET — /L AT )L 4 — (IEDDA) St CREZERIMIC T 5
FEERNT S, KRFETE, FOGHIST THHY = (T hIVY) V) 74
IV EINEIRRM O & X3 7 E L B EICRTET 5 LC3B ~ 8 AT 5, 47— 7
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Control of the dynamics of an artificial cell-membrane via a transition metal-catalyzed reaction

('School of Life Science and Technology, Institute of Science Tokyo, *Department of Chemistry,

University of Basel, *Research Center for Autonomous Systems Materialogy, Institute of

Sciencell;okyo) ORei Hamaguchi,'! Damian Alexander Graf,”> Thomas R. Ward,” Kazushi

Kinbara™

Biological membranes contain phase-separated domain structures called rafts, which are
abundant in saturated lipids and cholesterol. The rafts are functional domains with dynamic
properties, including transient changes in phase-separation states and macroscopic changes in
membrane morphology, which are important for maintaining homeostasis in living organisms."
We expected that manipulating such membrane dynamics by bioorthogonal reactions would
make it possible to control membrane-mediated biological phenomena artificially. With this
goal in mind, we developed a membrane platform that enables a transition metal-catalyzed
reaction in the vicinity of the membrane. To construct this platform, we engineered the vesicle
surface with an artificial metalloenzyme (ArM) capable of carrying out a bioorthogonal
reaction in aqueous media. In addition, by designing a substrate that releases a fatty acid via
the catalytic reaction, we found the potential to control the membrane dynamics, such as raft
elimination and membrane budding, upon substrate addition (Fig.).

Keywords : Lipid Bilayer Membrane; Lateral Phase Separation, Artificial Metalloenzyme,
Artificial Cell; Molecular Dynamics Simulation
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Fig. Membrane dynamics changes in
vesicles modified with the ArM.

1) The mystery of membrane organization: composition, regulation and roles of lipid rafts. E. Sezgin, 1.
Levental, S. Mayor, Nat. Rev. Mol. Cell Biol. 2017, 18, 361-374.
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