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NEMOTO, Tomomi
Director, ExCELLS
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The Exploratory Research Center on Life and Living Systems (ExCELLS) is a new research initiative
launched in April 2018 in the historic city of Okazaki, inheriting a rich tradition of interdisciplinary
research from the former Okazaki National Research Institutes. In the spirit of the adage to "put new
wine into new wineskins" (Matthew 9:17), we have brought together pioneering researchers from the
National Institutes of Natural Sciences' Okazaki Institute for Integrative Bioscience, Center for Novel
Science Initiatives, and the three Okazaki research institutes. Our ultimate mission is to reconstruct the
very concept of life, transcending the conventional boundaries of our intellectual world. We are boldly
tackling the fundamental question common to all humanity—"What is life?"—by leveraging diverse,
cutting-edge scientific technologies and fostering multi-layered intellectual collaborations, both
domestically and internationally. In the seven years since our establishment, guided by the keywords
"See, Read, and Create," we have been approaching profound themes and have been gaining
significant new insights. These themes include: Where lies the boundary between matter and life?
What defines life in extreme environments? How do the molecules that sustain living systems give rise
to biological functions? And can life be artificially constructed? Looking ahead, we aim to further
advance the cutting-edge research here at ExCELLS through our "Advanced Co-creation Platform."
Simultaneously, through our "Collaboration Enhancement Platform," we are committed to sharing the
outcomes of our research and promoting co-creation with society. However, we recognize that the
current environment surrounding basic research in Japan is not without its challenges. With the
cooperation of our many experienced senior colleagues, |, as the Director-General, am fully committed
to dedicating my utmost efforts to the development of ExCELLS, which was founded in this city of
great tradition. We sincerely ask for your continued support and encouragement.

Exploratory Research Center
on Life and Living Systems
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ExXCELLS aims to achieve an integrative understanding of living
systems beyond reductionism utilizing large-scale data analyses and
synthetic biological approaches. EXCELLS provides a unique platform
for cross-disciplinary research in an inter-university, collaborative iz (R BRI
environment, using the “Observe, Read, and Create” approach. EamRE
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Observe To develop innovative methods for observing dynamic behaviors of biomolecules in situ and for visualizing
changes in quantities of various physical components in complex living systems.
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Read / To develop theoretical and computational approaches to decode, interpret, and predict
 Q / biological patterns from varying data.

 —

WYRATLERERNICER T2 . H3VEER ETRETICLEEL T ABREOEHDH
o) ( 5 ‘ THEFRAIZELTWKANZ M EGOAREZRENICER TSI EEBELET,

To understand the design principles of dynamically ordering, and robust systems in varying environment by
creating experimental and computational living systems.
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_\ Exploration of Life / ExCELLS also explores living systems in extreme environments to elucidate original modes of living and
e v adaptation strategies of organisms.
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The Exploratory Research Center on Life and Living
Systems (ExCELLS) is one of the member centers that
comprise the National Institutes of Natural Sciences (NINS).
NINS is an international research center, consisting of five
research institutes and two directly supervised centers,
each of which is charged with a unique mission to conduct
advanced research on space, energy, matter, life, and other
subjects on a global scale. ExCELLS was founded in April
2018 as a research center to conduct interdisciplinary
researches that transcend different scientific communities,
promote collaborative research among scientists from
various universities, research institutes, etc., and facilitate
novel life science studies.
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National Astronomical Observatory of Japan (NAOJ)
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National Institute for Fusion Science (NIFS)
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National Institute for Basic Biology (NIBB)
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National Institute for Physiological Sciences (NIPS)
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Institute for Molecular Science (IMS)
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Spatiotemporal Regulations Group
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Extreme Environmental Biomolecular Research Group
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Material-Life Boundary Research Group
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Biomolecular Organization Research Group
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OKUMURA, Hisashi
Associate Professor

TIOA RBARTFROTIOAN Figi
Amyloid fibril of amyloid- 8 peptides.

INTBPRTFROKSBERD FIFEHIRIVF—BR/IREEZRF DI BEDD T
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Biomolecules such as proteins and peptides have complicated free-energy landscape with many
local minima. The conventional canonical-ensemble molecular dynamics (MD) simulations tend
to get trapped in a few of the local-minimum states. To overcome these difficulties, we have pro-
posed new generalized-ensemble algorithms, such as replica-permutation method. We apply
these methods to reveal folding processes of some proteins and peptides. We are also interested
in neurodegenerative diseases that are caused by protein aggregates such as oligomers and am-
yloid fibrils. To understand formation of these protein aggregates, we perform replica-permuta-
tion MD simulations of these systems.

(2E3#K]

M S. G. ltoh, M. Yagi-Utsumi, K. Kato, and H. Okumura, "Key residue for aggregation of amyloid- 8 peptides", ACS Chem. Neurosci. 13 3139-3151
(2022). W S. Tanimoto, S. G. ltoh, H. Okumura, “Bucket brigade” using lysine residues in RNA-dependent RNA polymerase of SARS-CoV-2”, Biophys.
J. 120, 3615-3627 (2021). M H. Okumura, S. G. Itoh, K. Nakamura, T. Kawasaki, “Role of water molecules in the laser-induced disruption of
amyloid fibrils observed by nonequilibrium molecular dynamics simulations”, J. Phys. Chem. B 125, 4964-4976 (2021). M Y. Tachi, Y. Okamoto, H.
Okumura, “Conformational change of amyloid-8 40 in associated with binding to GM1-glycan cluster”, Sci. Rep. 9, 6853 (11 pages) (2019). H S.
G. Itoh, M. Yagi-Utsumi, K. Kato, H. Okumura, “Effects of a hydrophilic/hydrophobic interface on amyloid-B8 peptides studied by molecular
dynamics simulations and NMR experiments”, J. Phys. Chem. B 123, 160-169 (2019). M S. G. Itoh, H. Okumura, “Oligomer formation of amyloid- 3
(29-42) from its monomers using the Hamiltonian replica-permutation molecular dynamics simulation”, J. Phys. Chem. B 120, 6555-6561 (2016).
Ml H. Okumura, S. G. Itoh, “Amyloid fibril disruption by ultrasonic cavitation: Nonequilibrium molecular dynamics simulations”, J. Am. Chem. Soc.
136, 10549-10552 (2014).
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KATO, Koichi
Professor
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YAGI-UTSUMI, Maho
Associate Professor

AERMNET TO—-FICENESD FOBRFRIROREERELET,

We explore the principles underlying biomolecular organization by
multidisciplinary approaches.

SERIRRDOFER VRATLAZBR I DEHDD FRTFIIAFTIVvIRBHEERZBLT
MEBEZERL ANRESOHEEFRZITVLDOD BRENICKEZERL TV LICHY
FTMROERBTNT FO—FRERRZER I 20 FRFICEHATDBROMBNRE
BERREUE U, LD ULRD'S. ENSDEMRFHERNICRRN DONI MIER¥KF
EERTBANALZEBBEIZEN [ESTVRERAN? | ZERBSATHENICE
BETIMEF DBHBMNGRT FO—F(CKY ANBMMEZWO I ER D FRFHENR
MFZERUCEREREZRIFE T DIHSZEEHN T LZBELTNET,
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YANAKA, Saeko
Associate Professor

Living systems are characterized by the dynamic assembly and disassembly of various self-orga-
nized biomolecules in response to external environmental changes. Omics-based approaches
developed in recent decades have provided a comprehensive understanding of biomolecules as
parts of living organisms. However, fundamental questions concerning how these biomolecules
are ordered autonomously to form flexible and robust systems remain unanswered. To acquire an
integrative understanding of the principles underlying biomolecular organization, we employ
multidisciplinary approaches based on detailed analyses of dynamic structures and interactions
of biomolecules using molecular and cellular biology techniques accompanied by synthetic and
computational techniques.

(e8!

M K. Kato, S. Yanaka, T. Yamaguchi, “The synergy of experimental and computational approaches for visualizing glycoprotein dynamics: Exploring order
within the apparent disorder of glycan conformational ensembles”, Curr. Opin. Struct. Biol. 92, 103049 (2025). ll M. Yagi-Utsumi, Y. Kanaoka, S.
Miyajima, S.G. Itoh, K. Yanagisawa, H. Okumura, T. Uchihashi, K. Kato, “Single-molecule kinetic observation of antibody interactions with growing
amyloid B fibrils”, J. Am. Chem. Soc. 146, 31518—3152 (2024). B H. Yagi, R. Yamada, T. Saito, R. Honda, R. Nakano, K. Inutsuka, S. Tateo, H.
Kusano, K. Nishimura, S. Yanaka, T. Tojima, A. Nakano, J. Furukawa, M. Yagi-Utsumi, S. Adachi, K. Kato, “Molecular tag for promoting N-glycan
maturation in the cargo receptor-mediated secretion pathway”, iScience 27, 111457 (2024). M H. Yagi, S. Tateo, T. Saito, Y. Ohta, E. Nishi, S. Obitsu,
T. Suzuki, S. Seetaha, C. Hellec, A. Nakano, T. Tojima, K. Kato, “Deciphering the sub-Golgi localization of glycosyltransferases via 3D super-resolution
imaging”, Cell Struct. Funct. 49, 47-55 (2024). M H. Yagi, K. Takagi, K. Kato, “Exploring domain architectures of human glycosyltransferases:
Highlighting the functional diversity of non-catalytic add-on domains”, Biochim. Biophys. Acta -General Subjects 1868, 130687 (2024).
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NEMOTO, Tomomi
Professor
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Bio-imaging of various biological samples.
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BAR Z e
ENOKI, Ryosuke
Associate Professor

Our group is dedicated to the development of advanced bioimaging methodologies and their
application to fundamental and translational research in the life sciences. Leveraging
state-of-the-art laser technologies, nonlinear optical techniques, and nanomaterials engineering,
we aim to establish novel strategies for visualizing and manipulating biological systems at high
spatial and temporal resolution. We have been at the forefront of in vivo two-photon excitation
fluorescence microscopy, enabling deep-tissue imaging with minimal invasiveness. Building on
this technological foundation, our current research encompasses single-molecule
super-resolution imaging, long-duration intravital microscopy, and optical manipulation of cellular
and subcellular processes.

AR BY ez GEE)

OTOMO, Kohei
Associate Professor
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M K. Nakata, J. Sakamoto, K. Otomo, M. Sato, H. Ishii, M. Tsutsumi, R. Enoki, T. Nemoto, "Amyloid-8-induced Alteration of Fast and Localized Calcium
Elevations in Cultured Astrocytes', Sci. Rep. 15, pp. 18944-1-18944-10 (2025). M S. J. K. O'Neill, M. Ashizawa, A. M. McLean, R. Ruiz-Mateos Serrano,
T. Shimura, M. Agetsuma, M. Tsutsumi, T. Nemoto, C. D. J. Parmenter, J. A. McCune, G. G. Malliaras, N. Matsuhisa, O. A. Scherman, "Supramolecular
Conductive Hydrogels With Homogeneous lonic and Electronic Transport', Adv. Mater. , 2415687, pp. 2415687-1-2415687-9 (2025). ll K. Otomo, T.
Omura, Y. Nozawa, S. J. Edwards, Y. Sato, Y. Saito, S. Yagishita, H. Uchida, Y. Watakabe, K. Naitou, R. Yanai, N. Sahara, S. Takagi, R. Katayama, Y. Iwata,
T. Shiokawa, Y. Hayakawa, K. Otsuka, H. Watanabe Takano, Y. Haneda, S. Fukuhara, M. Fujiwara, T. Nii, C. Meno, N. Takeshita, K. Yashiro, J. M. R.
Rocabado, M. Kaku, T. Yamada, Y. Oishi, H. Koike, Y. Cheng, K. Sekine, J. Koga, K. Sugiyama, K. Kimura, F. Karube, H. Kim, I. Manabe, T. Nemoto, K.
Tainaka, A. Hamada, H. Brismar, E. A. Susaki, "descSPIM: An Affordable and Easy-to-Build Light-Sheet Microscope Optimized for Tissue Clearing
Techniques", Nat. Commun. 15, pp. 4941-1-4941-19 (2024). M M. Agetsuma, A. Hatakeyama, D. Yamada, H. Kuniishi, C. Ito, E. Takeuchi, S. Tsuji, M.
Tsutsumi, T. Ichiki, K. Otomo, T. Yoshioka, T. Kobayashi, A. Noritake, Y. Aoki, T. Nemoto, H. Yukawa, A. Saitoh, J. Nabekura, M. Sekiguchi, "Minimally
Invasive, Wide-Field Two-Photon Imaging of the Brainstem at Cellular Resolution”, Cell Rep. Methods 5, pp. 101010-1-101010-17 (2025). Il N. Yoneda, J.
Sakamoto, T. Tomoi, T. Nemoto, Y. Tamada, O. Matoba, "Transport-of-intensity Phase Imaging Using Commercially Available Confocal Microscope”, J.
Biomed. Opt. 29(11), pp. 116002-1-116002-9 (2024). M Y. Wada, K. Jang, H. Ishii, Y. Watakabe, M. Tsutsumi, M. Sako, T. Takehara, T. Suzuki, H. Tsujino,
Y. Tsutsumi, T. Nemoto, M. Arisawa, "Absorption, Fluorescence, and Two-Photon Excitation Ability of 5-o-Tolyl-11 (or 13)-o-tolylisoindolo[2,1-a]quinolines
Prepared by Ring-Closing Metathesis and [2+3] Cycloaddition", Chem. Asian J. €20241073, pp. €20241073-1-e20241073-11 (2024).
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NISHIDA, Motohiro
Professor
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NISHIMURA, Akiyuki
Project Associate Professor

() DBEDEDARTAA—T T, BELBR) EEIIREDHEEYIZDDKICH 5
HEREAA—I LT (ATER)BEBRIANIZGTTOUHMIEATOREFSEI -2,

Four-dimensional imaging of the left ventricular of mouse heart (left). Changes in sulfur
metabolism in the heart of myocardial infarction (M) model mouse (right upper) and
cardiomyocytes under hypoxic stress (right lower).

ERODBERY AT A DH. MEFESH. BEHEV >R BRHMBRARIC I >THEE
[CHIEISNTVF T HAF IRIVF—EERETHDIINIVRUPOREESEICET S
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BEMEZBRIDZIEZERBULTCVET . ZO—FIELT, BLF=RNIVRU 7 REEEH
HICEA5TU Ry IR (BERT) BN REPKRBEV SEBRABREZRHGTCELLT
DHTFERBAAR—IVTEFNSERATIET. HEBDODE - BE - BEETDANZ
ALDEMEEDHTNE T,

The cardiocirculatory system is precisely maintained by the multilevel interactions among mus-
cular organs including heart, blood vessels, and skeletal muscles. We aim to elucidate the
common mechanism underlying the regulation of muscular potentiality via mitochondrial quality
control, and establish an innovative strategy to promote healthy life expectancy in mammals. For
example, we observe the dynamics of redox homeostasis under various conditions such as devel-
opment and disease using tissue imaging analysis to elucidate the mechanism of muscle tissue
differentiation, regeneration and repair.

[(BE3#]

M A. Nishimura, S. Ogata, X. Tang, K. Hengphasatporn, K. Umezawa, M. Sanbo, M. Hirabayashi, Y. Kato, Y. Ibuki, Y. Kumagai, K. Kobayashi, Y.
Kanda, Y. Urano, Y. Shigeta, T. Akaike, M. Nishida, “Polysulfur-based bulking of dynamin-related protein 1 prevents ischemic sulfide catabolism and
heart failure in mice”, Nat. Commun., 16, 276 (2025). M A. Nishimura, T. Tanaka, K. Shimoda, T. Ida, S. Sasaki, K. Umezawa, H. Imamura, Y.
Urano, F. Ichinose, T. Kaneko, T. Akaike, M. Nishida, “Non-thermal atmospheric pressure plasma-irradiated cysteine protects cardiac
ischemia/reperfusion injury by preserving supersulfides”, Redox Biol., 79, 103445 (2025). M L. Zhou, A. Nishimura, K. Umezawa, Y. Kato, X. Mi, T.
Ito, Y. Urano, T. Akaike, M. Nishida, “Supersulfide catabolism participates in maladaptive remodeling of cardiac cells”, J. Pharmacol. Sci., 155,
121-130 (2024). M Q. Cui, M. Shieh, TW. Pan, A. Nishimura, T. Matsunaga, SS. Kelly, S. Xu, M. Jung, S. Ogata, M. Morita, J. Yoshitake, X. Chen,
JR. Robinson, WJ. Qian, M. Nishida, T. Akaike, M. Xian, “2H-Thiopyran-2-thione sulfine, a compound for converting H2S to HSOH/H2S2 and
increasing intracellular sulfane sulfur levels”. Nat. Commun., 15, 2453 (2024). B A. Nishimura, L. Zhou, Y. Kato, X. Mi, T. Ito, Y. Ibuki, Y. Kanda, M.
Nishida,” Supersulfide prevents cigarette smoke extract-induced mitochondria hyperfission and cardiomyocyte early senescence by inhibiting
Drp1-filamin complex formation”, J. Pharmacol. Sci., 154, 127-135 (2024). B S. Oda, K. Nishiyama, Y. Furumoto, Y. Yamaguchi, A. Nishimura, X.
Tang, Y. Kato, T. Numaga-Tomita, T. Kaneko, S. Mangmool, T. Kuroda, R. Okubo, M. Sanbo, M. Hirabayashi, Y. Sato, Y. Nakagawa, K. Kuwahara, R.
Nagata, G. Iribe, Y. Mori, M. Nishida, “Myocardial TRPC6-mediated Zn?* influx induces beneficial positive inotropy through B-adrenoceptors”. Nat.
Commun., 13, 6374 (2022).
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ERASRILENFERCLIERMEORRE L BEFIFNFERICLE 2NN VEOBERE. 2hd%
HAEDEBZETHRRADHEEEZE T3 AN TE R (designer enzyme) 2 HEHET 5, COANTERE AW
T7ZRARICEFBEERIERY FT— I DEEHPMBADELZH IR EADNAEDHET,

By combining the development of synthetic catalysts through organic synthetic chemistry methods
and the modification of protein functions through genetic engineering methods, we can construct
designer enzymes that possess non-natural functions. Utilizing these designer enzymes, we aim to
design chemical reaction networks within flasks and intervene in biochemical events within cells.

EmiEEISERNICBD DB EDIEERIGICI O THRSNTVE T COEFRDERE
REDxY sD—T%% NRBWICERET U E/ IKUPERENAICRITBIMRIEDSNTL
FT . COEGAEZERBRY ND—TIC ABPREUVTELBRARICEEELRVEER
BEMRETDIENTENR KL HRBEMIBELEYOEEPLHUWERKRD
EXEORFECBRIIET BLDTI—T TR EFRIEERERY D —T(CIERARDILZ
RIGZRETDIHDHEREUVCATIEBRCEERAROBEZNS LI V/INIE)ITEE
LTOERTBEHEE Mg Z I VNTETZICEIKATIEROBREN S, 217zl
EERNEBEAT BHDEMAFET CZBREHNITEDTVET,

Life processes are sustained by a complex network of interconnected biochemical reactions. There
has been a growing interest in re-engineering these biochemical reaction networks, which has
implications for synthesis of chemicals and medical applications. We believe that the integration of
unnatural chemical reactions, not found in nature but developed by humans, into this biochemical
reaction network will pave the way for new ventures, leading to the production of various high-val-
ue-added compounds and the development of novel drugs with unique modes of action. With this
ultimate objective in mind, our group is focusing on artificial enzymes that catalyze unnatural chem-
ical transformations. We are conducting a comprehensive study on the development of artificial
enzymes, drawing on coordination chemistry, catalytic chemistry, and protein engineering, as well as
the development of technologies for their delivery into cells and organisms.

(E23E)

M Y. Okamoto, T. Mabuchi, K. Nakane, A. Ueno, S. Sato, “Switching Type I/Type Il Reactions by Turning a Photoredox Catalyst into a Photo-Driven
Artificial Metalloenzyme”, ACS Catal. 13, 4134-4141 (2023). B H. J. Davis, D. Haussinger, T. R. Ward, Y. Okamoto, “A Visible-Light Promoted
Amine Oxidation Catalyzed by a Cp* Ir Complex”, ChemCatChem 12, 4512-4516 (2020). [l Y. Okamoto, R. Kojima, F. Schwizer, E. Bartolami, T.
Heinisch, S. Matile, M. Fussenegger, T. R. Ward, “A Cell-penetrating Artificial Metalloenzyme Regulates a Gene Switch in a Designer Mammalian
Cell”, Nat. Commun. 9, article number 1943 (2018). M Y. Okamoto, T. R. Ward, “Cross-Regulation of an Artificial Metalloenzyme”, Angew. Chem.
Int. Ed. 56, 10156-10160 (2017). M Y. Okamoto, V. Kéhler, T. R. Ward, “An NAD(P)H-Dependent Artificial Transfer Hydrogenase for
Multienzymatic Cascades”, J. Am. Chem. Soc. 138, 5781-5784 (2016).
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TYZKRBERD=2—O>ORNABHICBET32BEORAT (. vt %)
DIATAA=T L T HAAREEDRRDEE L BIRREICHX SN -RNAE
Live imaging of two factors (green and magenta) localized in RNA granules
of neurons derived from mouse cerebrum. The punctate structures in the
magnified images are RNA granules transported to dendrites.

REEROEMICE. Z2—0OVEZERTZY T TRAORBBRNINETT . CDBET
(& MRNAR Y FFOEFEANRXE N ZOHCTHREINZ [BFNBIRI D EEZREZR
TEUETEBIE ZDOBMEREE THBDRNAFERITSEBUTVE T RNAFERL(E, & —&HH
DEECKOTER S NDRENIEER T, BFFEIERD/N\TE U THEELE T . RNAFERID
RENEDBREE (B U TEDK SICHIE S N ZNH MRNAD 2B RBIECEIERICE

SHEBU . BRENICEDKRSICYFTTADBRILPRMEROERICEST2DNZHSH(C
LE T .2 F fllld Y ORTECKIADMENG T FO—F(CKY  COSHEENIRLHH
DRR(CHKHE T

Long-term memory formation requires long-term potentiation of synapic connections
between neurons. This process depends on "local translation", in which mRNAs are
transported to synapses and translated into proteins on-site. We focus on RNA granules—
membraneless organelles formed via liquid-liquid phase separation—that serve as hubs for
local translation. Our research aims to uncover how the dynamic fluidity of RNA granules is
regulated in response to neuronal activity, and how this regulation controls the
spatiotemporal localization and translation of specific mRNAs. Furthermore, we seek to
identify which proteins are locally synthesized and how they contribute to synaptic
potentiation and long-term memory formation. By combining molecular, cellular, and
behavioral approaches in mice, we aim to elucidate the multi-layered mechanism through
which RNA granule dynamics shapesynaptic plasticity and cognitive function.

(BEXH]

M A. Yamashita, Y. Shichino, K. Fuijii, Y. Koshidaka, M. Adachi, E. Sasagawa, M. Mito, S. Nakagawa, S. Iwasaki, K. Takao, N. Shiina, "ILF3 prion-like
domain regulates gene expression and fear memory under chronic stress”, iScience 26, 106229 (2023). B T. Horio, Y. Ishikura, R. Ohashi, N. Shiina,
"Regulation of RNG105/caprin1 dynamics by pathogenic cytoplasmic FUS and TDP-43 in neuronal RNA granules modulates synaptic loss", Heliyon
9, e17065 (2023). M K. Nakazawa, Y. Shichino, S. Iwasaki, N. Shiina, "Implications of RNG140 (caprin2)-mediated translational regulation in eye
lens differentiation”, J. Biol. Chem. 295, 15029-15044 (2020). M R. Ohashi, N. Shiina, "Cataloguing and selection of mRNAs localized to dendrites
in neurons and regulated by RNA-binding proteins in RNA granules’, Biomolecules 10, 167 (2020). M N. Shiina, "Liquidand solid-like RNA granules
form through specific scaffold proteins and combine into biphasic granules", J. Biol. Chem. 294, 3532-3548 (2019). M K. Nakayama, R. Ohashi, Y.
Shinoda, M. Yamazaki, M. Abe, A. Fujikawa, S. Shigenobu, A. Futatsugi, M. Noda, K. Mikoshiba, T. Furuichi, K. Sakimura, N. Shiina,
"RNG105/caprin1, an RNA granule protein for dendritic mRNA localization, is essential for long-term memory formation", eLife 6, e29677 (2017).
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BEQBEMSNEBEHAVWVTIVOEBTELZEGFXRCOFIHEEEEBALET,
A variety of home-built microscopes allows to elucidate the regulation principle of biological photoreactions.

HEREYEKEADTRIF—ZLHCHAUERZEH LT T EZRT—ERE S
RHDHRIGTID . ZDDFRBEKRLECHD >TVEBAKIC. BRI FOXRMIEICK
BREANGERED, EOXSCHF>IVNTB->ERESHIREBEZBA GEHELTL
<ONMFHEDEXTY FAF B ICHFRFE UCIRM D AREMZEREL . EERDI B
ZZEEN FKEN TRVF—BICOBUITRIET D ET. D FHSERRRDERBES
CTY—LVAICERETEHRMDOFEHREBZASHCUET IS thEHHPICIES
B BREY DD AT ERRDES T HBO K. EFSHRAZAVCEGRERARE e
BRBFORIBICHIVUBEHFET .

Photosynthetic organisms capture sunlight to produce carbohydrates. While this is a well-known
photoreaction, the molecular mechanism is unclear yet. In particular, a fundamental question is
how the localized light stimulation caused by the photoexcitation of a pigment cascades from
molecules, proteins, and biological membranes to cells. By developing our own
spectromicroscopic techniques for spatial, temporal, and energetic decomposition analysis of
photoreaction processes in biological systems, we elucidate the regulation principle of the
photoreaction, seamlessly correlating molecular to higher-order membrane systems.
Furthermore, we explore new research fields such as spectral analysis of extinct photosynthetic
organismes, fluctuation-based spectroscopy, and quantum measurements of biological systems.

(ZEX#K)

M T. Kondo, R. Mutoh, S. Arai, G. Kurisu, H. Oh-Oka, S. Fujiyoshi, M. Matsushita, “Energy transfer fluctuation observed by single-molecule
spectroscopy of red-shifted bacteriochlorophyll in the homodimeric photosynthetic reaction center”, J. Chem. Phys. 156, 105102 (2022). M R. Moya,
T. Kondo, A.C. Norris, G.S. Schlau-Cohen, “Spectrally-tunable femtosecond single-molecule pump-probe spectroscopy”, Opt. Express 29,
28246-28256 (2021). M T. Kondo, R. Mutoh, H. Tabe, G. Kurisu, H. Oh-Oka, S. Fujiyoshi, M. Matsushita, “Cryogenic single-molecule spectroscopy
of the primary electron acceptor in the photosynthetic reaction center”, J. Phys. Chem. Lett. 11, 3980-3986 (2020). [l T. Kondo, J.B. Gordon, A.
Pinnola, L. Dall'Osto, R. Bassi, G.S. Schlau-Cohen, “Microsecond and millisecond dynamics in the photosynthetic protein LHCSR1 observed by
single-molecule correlation spectroscopy”, Proc. Natl. Acad. Sci. USA 116, 11247-11252 (2019). M T. Kondo, A. Pinnola, W.J. Chen, L. Dall'Osto,
R. Bassi, G.S. Schlau-Cohen, "Single-molecule spectroscopy of LHCSR1 protein dynamics identifies two distinct states responsible for
multi-timescale photosynthetic photoprotection”, Nat. Chem. 9, 772-778 (2017).
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FHVIHRMRE (EEERTEN 2 R BT 2R M) CCFPERBE TS
PRTVIZy I T4y a2, LEIEHADE AR TRIZEHEBSDELEAK.
Transgenic zebrafish that express GFP in spinal V1 neurons (neurons
that express transcription factor En1). The top panel shows a low
maghnification view of the transgenic fish, while the bottom panel shows
a high magnification view of the spinal cord.

BRDINWN—FF BT ST1vah@RZAV BLFRREDBEVICI STRESND T EE
FRIA TOBRMIBOEREREKEZANTCVE T HLDF7 TO—FTHF—LEBBT I Y
JE NSYRITZWICT STy VaZERT B EICKOT REDT SAD MR
BESLFRFTRILTBDIETIZNICKY  LERARMBBOREBREZTS (LI MU —
AYBTENTREICIRY Ko BB BIECT—T v N UTCBREEZANENZTOT
PNOREERUE T R IRECHERE L. BBOHEAT —IZRAVCARILRMTEZH
W\ ZZHEICRED 2 @R OB OB S EFREDIM R Z R/ AINITEDTNE T,

Using larval zebrafish, we are studying the morphology and functional properties of spinal
neurons that express a particular transcription factor. Central to our approach is to visualize
transcription factor positive cells by making transgenic zebrafish that express fluorescent
proteins in these cells. Such transgenic fish allow us to trace development of specific types of
neurons, and allow us to perform targeted electrophysiological recordings. Recently, we built
a microscope that tilts a sample with an objective lens 360 degree during calcium imaging.
Using this system, we are actively investigating neuronal circuits that are involved in postural
control.

[(B8Z3])

[ T. Sugioka, M. Tanimoto, S. Higashijima, “Biomechanics and neural circuits for vestibular-induced fine postural control in larval zebrafish”, Nature
Communications 14, 1217 (2023). l M. Tanimoto, |. Watakabe, S. Higashijima, “Tiltable objective microscope visualizes selectivity for head
motion direction and dynamics in zebrafish vestibular system”, Nature Communications 13, 7622 (2022). M C. Satou, T. Sugioka, Y. Uemura, T.
Shimazaki, P. Zmarz, Y. Kimura, S. Higashijima, “Functional diversity of glycinergic commissural inhibitory neurons in larval zebrafish”, Cell Reports
30 3036-3050 (2020). M Y. Kimura, S. Higashijima, “Regulation of locomotor speed and selection of active sets of neurons by V1 neurons”,
Nature Communications 10 2268 (2019).
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A. RIARE/—FEERD SR AEEBRE KR ZOHISKFEIEL B,

B. —REEEMD SR b DMELKIIEBREICK LTEE T L ET(Pos)icELTWV S,

C. KRPEL B AN XL AHBEFHIEBROKICHLTERE EARMEBANHERIETH ARBREICTVIBAITIRK
PEEICW (BEHR) 0. EBMZE DAY B> THRhEES,

A. Scanning electron micrograph of the mouse embryonic node, ventral view. Leftward flow occurs within this area.

B. Side view of the primacy cilia of the node. They are tilted toward posterior against the tissue surface.

C. Flow-generation mechanism. Motion of the cilia are clockwise vortical motion that pushes surrounding water to
both the left and the right. Hydrodynamic ‘wall effect’ disturbs more at closer area to the tissue surface, and
results in leftward flow in total.

IEDT IV —TLF RECBIIIEENRIITRED I EANTVNE T HAIETEHED
BRICTES[/—R]EFEND/INESBEH CBWVT, —REE(1H#IBIC1 KEZTWVS/N
SRE)PEHOEVEEEESZ LT EDEICED IKREEIE T COKRNFRDE
GIERFBREEZRDDIEN DD O>TVNDEDD. ZDERBIEHRICTENTVET AEF
E2HEE. SA N —MEMEBICLDIBEAAR—I VT BEBAA—I VT REDE M EFE >
T.COBBEDRBPICHIBATOVERT . FEHRBIUERED S A b — NEMEZ L
FeHERRDITO>TCVET,

Our group has been investigating the initial left-right asymmetry determination in mammalian
development. A small patch on the ventral surface of a gastrulating mouse embryo called ‘the node’
generates leftward fluid flow by tilted vortical motion of primary cilia (small single tiny hair emanat-
ing from the cell), and the flow direction is critically important to subsequent left-right asymmetric
development. The mechanism of sensing flow still remains enigmatic, and we are testing several
hypotheses using techniques such as whole-embryo culture, ultra-fast imaging by light-sheet
microscopy, and super-resolution microscopy. In addition, we carry on a number of collaborations
using our commercial and homemade light-sheet microscopes.

E9E9)

M A. Taniguchi, Y. Nishigami, H. Kajiura-Kobayashi, D. Takao, D. Tamaoki, T. Nakagaki, S. Nonaka, S. Sonobe, "Light-sheet microscopy reveals
dorsoventral asymmetric membrane dynamics of Amoeba proteus during pressure-driven locomotion”, Biol. Open 12, bio059671 (2023). l A.
Taniguchi, Y, Kimura, I. Mori, S. Nonaka ,S. Higashijima, “Axially-confined in vivo single-cell labeling by primed conversion using blue and red
lasers with conventional confocal microscopes”, Dev. Growth Differ. 59, 741-748 (2017). M T. Ichikawa, K, Nakazato, P. J. Keller, H.
Kajiura-Kobayashi, E. H. Stelzer, A. Mochizuki, S. Nonaka, “Live imaging and quantitative analysis of gastrulation in mouse embryos using
light-sheet microscopy and 3D tracking tools”, Nat. Protoc. 9, 575-585 (2014). Ml D. Takao, T. Nemoto, T. Abe, H. Kiyonari, H. Kajiura-Kobayashi,
H. Shiratori, S. Nonaka, “Asymmetric distribution of dynamic calcium signals in the node of mouse embryo during left-right axis formation”, Dev.
Biol. 376, 23-30 (2013). M S. Nonaka, “Visualization of Mouse Nodal Cilia and Nodal Flow”, Methods in Enzymology 525, 149-157 (2013).
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BEREOS FEBOBEA L ERHRADIEA
A) BESBHOREABRDKREENKR4EERICL>THIEEN S,
B) BROBERBADZXLEFIALTHLWERFIRRR LT 5,

Molecular basis of sensory function and application to insect pest control
A) Sensory molecules are functionally regulated by interactions with surrounding lipids.
B) Development of novel strategies for insect pest control utilizing their sensory functions.

REZIBIEYNHIBREBREZNACKRIDRAT VI THY BEBURINEEEFDDICR
DM EFBAMIEBETRPF v RIVIGEDRERBAREZNSZI) B EIEEDKEENERS
[CERZYT. Y3 IauNI0REEEPREBINOD FXANZXALAEZOEBRZNERE
ZEMUCVE T R BEPEBRTETIRERERSICOVTZDRREBZDERIER
VAN EIEEEZBRICSADHEZESNCIZILZBELTVE T CSIC.BRORE
ZEANZXLZEFBULTINE TICRVRBRIORRR S ZRER - BFL. R IELDOSB R
FREIBZRIHULLDSELTVE T,

Sensory function represents the initial step through which organisms engage with environmental
cues, and it is crucial for eliciting appropriate responses and ensuring survival. We are analyzing
the molecular mechanisms underlying thermotaxis and temperature adaptation in fruit flies and
the physiological significance, with a specific focus on the functional linkage between
thermoreceptors such as TRP channels and the surrounding membrane lipids. Additionally, we
aim to uncover the impact of oxidative stress on membrane lipids and receptors, which serves as
a key factor contributing to sensory dysfunction observed in aging and diseases. Moreover, we
are exploring and developing novel repellents and insecticides targeting sensory mechanisms in
insects to create innovative strategies for pest control.

(Z30]

M X. Deng, T. Suito, M. Tominaga, T. Sokabe. “Monoacylglycerol acyltransferase maintains ionotropic receptor expression for cool temperature
sensing and avoidance in Drosophila”. Commun. Biol. 8:765 (2025). Ml K. Ohnishi, T. Sokabe, T. Miura, M. Tominaga, A. Ohta, A. Kuhara. “G
protein-coupled receptor-based thermosensation determines temperature acclimatization of Caenorhabditis elegans”. Nat. Commun. 15: 1660
(2024). W S. Sato, AM. Magaji, M. Tominaga, T. Sokabe. “Avoidance of thiazoline compound depends on multiple sensory pathways mediated by
TrpA1 and ORs in Drosophila”. Front. Mol. Neurosci. 16:1249715 (2023). M T. Sokabe, HB. Bradshaw, M. Tominaga, E. Leishman, A. Chandel, C.
Montell. “Endocannabinoids produced in photoreceptor cells in response to light activate Drosophila TRP channels”. Sci. Signal. 15 (755): eabl6179
(2022). M T. Suito, K. Nagao, N. Juni, Y. Hara, T. Sokabe, H. Atomi, M. Umeda. “Regulation of thermoregulatory behavior by commensal bacteria in
Drosophila”. Biosci. Biotechnol. Biochem. zbac087 (2022). M Q. Li, NA. DeBeaubien, T. Sokabe, C. Montell. “Temperature and sweet taste
integration in Drosophila”. Curr. Biol. 30(11): 2051-2067 (2020).
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EEAFM TR SN AEGREBH (ELr S EMBE. NI TIT V1 VR) E—RFHAFIVX
Biological samples (from top left: mammalian cell, bacteria, and virus) and single-molecule
dynamics captured by high-speed AFM.

IVNTBOPRBRBEDEFED F I BEXRPEHCES. SHICBRABDD FLEDRE
REE VDT RABREINIRRZN UCHRBEOEEKEZREBLTVE T, Eﬁkﬁ?@ﬁ%ﬁﬁ%
REBZERIBIDICE BLDDFOEREZHETIDENBHOHTEECTYT JBRPICH
DEARD FERVRZEBDHEE TURIETEIEERTFENEMRAFM) BTz X—X(C,
HPEHBE—D FEHRTFELCOBRESLEICKY) BIBEHAED B (CBIBEUIRLRI VINT
BOREXRERBOERZEEULE I . R BRAFMICK>TY VIV TBPEMBOBIES
BECHZREDT A F T RZAR L TEBDFREMOBEFEICODIVBEATVET,

Biomacromolecules such as proteins and nucleic acids express their unique physiological functions
through various dynamic phenomena such as structural change, self-assembly, and binding/dissoci-
ation with surrounding molecules. In order to understand the mechanism of functional mechanisms
of biomolecules, it is extremely important to analyze the dynamics of individual molecules. We aim
to elucidate function mechanisms of proteins from the aspect of single-molecule dynamics based on
direct visualization using high-speed atomic force microscopy (HS-AFM), which enables real-time
imaging of individual molecules in action. Further, we carry out functional extensions of the HS-AFM
towards imaging dynamics of morphology and mechanical property of a living cell.

[(BEx#E)

M C. Ganser, T. Uchihashi, "Measuring mechanical properties with high-speed atomic force microscopy", Microscopy 73, 14 (2024). M C. Cho, C.
Ganser, T. Uchihashi, K. Kato, J.-J Song, "Structure of the human ATAD2 AAA+ histone chaperone reveals mechanism of regulation and
inter-subunit communication", Communications Biology 6, 993 (2023). M E. H.-L. Chen, C.-H. Wang, Y.-T. Liao, F.-Y. Chan, Y. Kanaoka, T.
Uchihashi, K. Kato, L. Lai, Y.-W. Chang, M.-C. Ho, R. P.-Y. Chen, "Visualizing the membrane disruption action of antimicrobial peptides by
cryo-electron tomography”, Nature Communications 14, 5464 (2023). M Y.-C. Chien, Y.-S. Wang, D. Sridharan, C.-W. Kuo, C.-T. Chien, T.
Uchihashi, K. Kato, T. Angata, T.-C. Meng, S.-T D. Hsu, K.-H. Khoo, "High Density of N- and O-Glycosylation Shields and Defines the Structural
Dynamics of the Intrinsically Disordered Ectodomain of Receptor-type Protein Tyrosine Phosphatase Alpha", JACS Au 3, 1864 (2023). H S.
Nishiguchi, R. Kasai, T. Uchihashi, "Antiparallel dimer structure of CELSR cadherin in solution revealed by high-speed-atomic force microscopy”,
PNAS 120, e2302047120 (2023). l S. Nishiguchi, T. Furuta, T. Uchihashi, "Multiple dimeric structures and strand-swap dimerization of
E-cadherin in solution visualized by high-speed atomic force microscopy”, PNAS 119, e2208067119 (2022).

Department of Creative Research J ﬁy, ﬁﬂ: QE ﬁ

&k FHEBE(ERAETAIZIL— | Biomolecular Interaction Research Group

:\‘ Microcapillary

Quadrupole Collision cell TOF
i i :
N i L1
Vi r‘ /
Desolvation " acuumplimp -
> 10 mbar 10* mbar i 10 mbar

ALl & zszus
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EiEHRAICET3ZEICLBRBMEHBEM. 2 UTEREREROEAICL) S TFEESHEMHIBELLE
ENEEBLMENREE T3,

Schematic image of Native MS. Combination of electrospray ionization and gradual desolvation of
samples dissolved in volatile buffer make it possible to keep whole structures of molecular
complexes on mass spectrometry.

UCHIYAMA, Susumu
Visiting Professor

IWEBDT IV LTl . BRRSZEMEDIIVINIBEBEERICDODVWT. AT« TEBEDH
7% (Native MS) Z{E>TBETZESHTUVFE T Native MSIFERERF D FESELEMBI T
DRIFIEHER/REUEDOEEERICKIERINED FESRICDODVT. ZOESKREHTE
UTcEFFBEERTEIDCEEZTREELEFE T ZDIesH. Native MSICKD D FEGHERDIERERR
BERTZEL . BERDLZERCEMTHCEITIERERDICENTEFRT &
BT IV—FTIELC-MS/MSHTRETH Y . I VNI BDEERBIEHDREEREDHIT>T
WE T MU IV —TSOBEENHETZEE ST FFEXCELLSOHEFI AR E UTEREDTEE
TIOT. FOBKECHBELEHETEL,

We have been studying dynamic protein complexes using native mass spectrometry (native
MS). Native MS enables molecular complexes formed through non-covalent interactions such
as biological macromolecular complexes and synthetic supramolecules to keep their whole
structures on mass spectrometry. Due to this strong point of native MS, we can determine the
stoichiometries and dissociation constants of molecular complexes through mass
spectrometry at high resolution and accuracy. Researchers who are interested in our mass
spectrometry techniques can have collaboration researches with us under the collaboration
scheme of ExCELLS.

(BZ3)

M S. Yanaka, R. Yogo, H. Yagi, M. Onitsuka, N. Wakaizumi, Y. Yamaguchi, S. Uchiyama, and K. Kato, “Negative interference with antibody-dependent
cellular cytotoxicity mediated by rituximab from its interactions with human serum proteins”, Front Immunol. 14 1090898 (2023). M Y. Yamaguchi, N.
Wakaizumi, M. Irisa, T. Maruno, M. Shimada, K. Shintani, H. Nishiumi, R. Yogo, S. Yanaka, D. Higo, T. Torisu, K. Kato, and S. Uchiyama, “The Fab
portion of immunoglobulin G has sites in the CL domain that interact with Fc gamma receptor Illa”, mAbs 14(1) 2038531 (2022). M Y. Kamiya, T.
Satoh, A. Kodama, T. Suzuki, K. Murayama, H. Kashida, S. Uchiyama, K. Kato, H. Asanuma, “Intrastrand backbone-nucleobase interactions
stabilize unwound right-handed helical structures of heteroduplexes of L-aTNA/RNA and SNA/RNA”, Commun. Chem. 3(156) (2020). l M.
Yagi-Utsumi, A. Sikdar, C. Song, J. Park, R. Inoue, H. Watanabe, R.N. Burton-Smith, T. Kozai, T. Suzuki, A. Kodama, K. Ishii, H. Yagi, T. Satoh, S.
Uchiyama, T. Uchihashi, K. Joo, J. Lee, M. Sugiyama, K. Murata, K. Kato, “Supramolecular tholos-like architecture constituted by archaeal proteins
without functional annotation”, Sci. Rep. 10(1) 1540 (2020). M Y. Zhan, T. Kojima, K. Ishii, S. Takahashi, Y. Haketa, H. Maeda, S. Uchiyama, S.
Hiraoka, “Temperature-controlled repeatable scrambling and induced-sorting of building blocks between cubic assemblies”, Nat. Commun. 10(1)
1440 (2019).
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We build virtual cells integrating multidisciplinary data and
knowledge on the computer.
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Cells are large and complex systems consisting of many different molecules and the
interactions between them. In order to understand these living systems, new technologies
have been invented from various perspectives. Our research group is working on the
computational reconstruction of cells. Based on multidisciplinary data and knowledge, this
virtual cell allows us to predict cellular behavior and design new cells on the computer. By
developing novel technologies in whole-cell modeling, single-molecule simulation, and
bioimaging simulation, we aim to understand 'living' systems from both informational and
physical aspects.

(&Z&378)

B M. Watabe, H. Yoshimura, S. N. V. Arjunan, K. Kaizu, K. Takahashi, “Signaling activations through G-protein-coupled-receptor aggregations”, Phys.
Rev. E, 102, 032413 (2020). M M. Watabe, S. N. V. Arjunan, W-X. Chew, K. Kaizu, K. Takahashi, “Simulation of live-cell imaging system reveals
hidden uncertainties in cooperative binding measurements”, Phys. Rev. E, 100(1-1) 010402 (2019). [l M. Watabe, S. N. V. Arjunan, S. Fukushima, K.
lwamoto, J. Kozuka, S. Matsuoka, Y. Shindo, M. Ueda, K. Takahashi, “A Computational Framework for Bioimaging Simulation”, PLOS One, 10(7):
0130089 (2015). M K. Kaizu, W. de Ronde, J. Paijmans, K. Takahashi, F. Tostevin, and P. R. ten Wolde, “The berg-purcell limit revisited”, Biophys.
J., 106(4) 976-85 (2014).
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Chromosome Engineering Research Group aims to clarify the "genome operation principle of
trans-species" - that is how genes and non-cording regions that regulate gene expression interact to
establish the biological functions of each organism and create differences among organisms - by
analyzing several hundred kb- to several Mb-scaled chromosome regions. We plan to generate a
platform for an integrated understanding of life systems by establishing basic chromosomal engineer-
ing technologies such as the production of transchromosomic (Tc) cell/animal models containing
several species-derived Mb-sized genomes. Furthermore, we will establish basic technology to
produce designed cells and animals by freely introducing the genomes and chromosomes of various
organisms into the target cells and animals. Utilizing this technology, we aim to understand the "time"
related to all life phenomena and to clarify the designing principle of de novo-living organisms.

(E7E

B M. Oshimura, T. Tabata, N. Uno, S. Takata, G. Hichiwa, |. Kanazawa, T. Endo, K. Honma, Y. Wang, K. Kazuki, H. Tu, Y. lida, S. Abe, Y. Kazuki*,
“Rejuvenation of human mesenchymal stem cells using a nonintegrative and conditionally removable Sendai virus vector”, Scientific Reports 9;14(1):23623
(2024). W H. Satofuka, Y. Wang, H. Tanaka, K. Hiramatsu, K. Morimoto, H. Takayama, H. Tu, Y. Qiao, S. Ito, X. Gao, M. Oshimura, Y. Kazuki*, “Developing a
workflow for the isolation of hybridoma cells producing fully human antigen-specific antibodies using a surface 1gG detection method”, Scientific Reports 4;14
(1):23138 (2024). M H. Miyamoto, H. Kobayashi, N. Kishima, K. Yamazaki, S. Hamamichi, N. Uno, S. Abe, Y. Hiramuki, K. Kazuki, K. Tomizuka, Y. Kazuki*, “Rapid
human genomic DNA cloning into mouse artificial chromosome via direct chromosome transfer from human iPSC and CRISPR/Cas9-mediated translocation”,
Nucleic Acids Research 9;52(3):1498-1511 (2024). M H. Satofuka, S. Abe, T. Moriwaki, A. Okada, K. Kazuki, H. Tanaka, K. Yamazaki, G. Hichiwa, K. Morimoto,
H. Takayama, Y. Nakayama, S. Hatano, Y. Yada, Y. Murakami, Y. Baba, M. Oshimura, K. Tomizuka, Y. Kazuki, “Efficient human-like antibody repertoire and
hybridoma production in trans-chromosomic mice carrying megabase-sized human immunoglobulin loci”, Nat Commun. 5;13(1):1841 (2022). M Y. Kazuki, F.J.
Gao, M. Yamakawa, M. Hirabayashi, K. Kazuki, N. Kajitani, S. Miyagawa-Tomita, S. Abe, M. Sanbo, H. Hara, H. Kuniishiv, S. Ichisaka, Y. Hata, M. Koshima, H.
Takayama, S. Takehara, Y. Nakayama, M. Hiratsuka, Y. lida, S. Matsukura, N. Noda, Y. Li, A. J. Mover, B. Cheng, N. Singh, J. T. Richtsmeier, M. Oshimura, R. H.
Reeves, “A transchromosomic rat model with human chromosome 21 shows robust Down syndrome features”, Am J Hum Genet 3;109(2):328-344 (2022). B Y.
Kazuki, K. Kobayashi, M. Hirabayashi, S. Abe, N. Kajitani, K. Kazuki, S. Takehara, M. Takiguchi, D. Satoh, J. Kuze, T. Sakuma, T. Kaneko, T. Mashimo, M.
Osamura, M. Hashimoto, R. Wakatsuki, R. Hirashima, R. Fujiwara, T. Deguchi, A. Kurihara, Y. Tsukazaki, N. Senda, T. Yamamoto, N. Scheer, M. Oshimura,
“Humanized UGT2 and CYP3A transchromosomic rats for improved prediction of human drug metabolism”, Proc Natl Acad Sci U S A. 116(8):3072-3081 (2019).
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Single-nucleus RNA-seq reveals various types of brain cells in the marmoset cortex

BRI %R EED)

GO, Yasuhiro
Professor

UMAP2

+/ Oligodendrocyte

RZENFELFRRANG. B2 B8 BEOEREICHITDIEUTEREMEDRIT
[CHRTIEBIYETIICHIZDEGCFRREDECEHITIDENGENE. SXIEFR
EMNEBOS FHRRBEROBRECOBHNUTITRE BLOMAIT I —STRERER
BETILOMZRVT. KEZENEGFRERIEZI O —)L (MERERE) 15
TR L ANIVICHDREUEBHTUTWE T MA T ARRREEET FICBTCFENZITV.
ERBRBERBETIVOERBTO>CVET . INSDRRZBU T, & MR FICKHER
BREBOLODERBEZRETIVOERZTVREBOERE R CH T R ZERE
LTL&ET,

Spatiotemporal transcriptome regulations are essential for the proper construction of brain
structure and function. Comprehensive analyses of the dynamics and the architecture of
transcriptome in both wild and diseased animal models also lead to understanding the
molecular causality of the human neuropsychiatric disease. Currently, our group examines the
spatiotemporal transcriptome dynamics using the primate brain to identify the
spatiotemporal-specific modulating genes from macro-scale to single-cell levels. This study
aims to identify the molecular dynamics and trajectories between proper and atypical brain
gene expressional networks. Additionally, we perform a massive population genetic analysis in
primates to identify an individual with a spontaneous loss-of-functional (LoF) mutation in the
neuropsychiatric-related genes and aim to make primate disease models for the
neuropsychiatric study.

(2EXH]

M N. Toji, A. Sawai, H. Wang, Y. Ji, R. Sugioka, Y. Go, K. Wada, "A predisposed motor bias shapes individuality in vocal learning", Proc Natl Acad
Sci USA 121(3): e2308837121 (2024). M T. Ninomiya, A. Noritake, S. Tatsumoto, Y. Go, M. Isoda, “Cognitive genomics of learning delay and low
level of social performance monitoring in macaque”, Sci Rep. 12(1): 16539 (2022). M NC. Asogwa, N. Toji, Z. He, C. Shao, Y. Shibata, S.
Tatsumoto, H. Ishikawa, Y. Go, K. Wada, “Nicotinic acetylcholine receptors in a songbird brain”, J Comp Neurol. 530: 1966-1991 (2022). M K.
Nakai, T. Shiga, R. Yasuhara, AK. Sarkar, Y. Abe, S. Nakamura, Y. Hoashi, K. Kotani, S. Tatsumoto, H. Ishikawa, Y. Go, T. Inoue, K. Mishima, W.
Akamatsu, K. Baba, “In vitro monitoring of HTR2A-positive neurons derived from human-induced pluripotent stem cells”, Sci Rep. 11: 15437
(2021). M C. Xu, Q. Li, O. Efimova, L. He, S. Tatsumoto, V. Stepanova, T. Oishi, T. Udono, K. Yamaguchi, S. Shigenobu, A. Kakita, H. Nawa, P.
Khaitovich, Y. Go, “Human-specific features of spatial gene expression and regulation in eight brain regions”, Genome Res. 28: 1097-1110 (2018).
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We focus on developing advanced automation and biocimaging technologies to enhance the
efficiency and accuracy of life science experiments. In the realm of experimental automation, we
utilize a humanoid robot to automate processes such as cell analysis and gene expression profiling.
Efforts are particularly directed toward automating sophisticated molecular biology techniques,
thereby improving experimental precision and reproducibility. Regarding bioimaging technologies,
the group employs the spinning disk laser confocal super-resolution microscope for high-resolution
imaging of cells and tissues. Moreover, the group aims to establish innovative analytical methods by
integrating automated experimental systems with super-resolution microscopy. Through these
initiatives, we strive to provide researchers with environments that facilitate more advanced and
efficient experiments, thereby contributing to the advancement of life sciences.

(BZ3#)

B M, Arakawa , K, Uriu, K, Saito , M, Hirose , K, Katoh, K, Asano, A, Nakane , T, Saitoh, T, Yoshimori , E, Morita, "HEATR3 recognizes
membrane rupture and facilitates xenophagy in response to Salmonella invasion', Proc. Natl Acad. Sci.USA 122 (14) e2420544122, 2025. M K,
Shimasaki, Y, Okemoto-Nakamura, K, Saito, M, Fukasawa, K, Katoh, and K, Hanada, "Deep learning-based segmentation of subcellular organelles
in high-resolution phase-contrast images", Cell Structure and Function. 49 (2) p57-65, 2024. W Y, Takuma, O, Misaki, H, Yifei, F, Ryosuke, A,
Shungo, M, Toutai, S, Yoichi, "FineBio: A Fine-Grained Video Dataset of Biological Experiments with Hierarchical Annotation", arXiv:2402.00293
[cs.CV], 2024 M S, Kaneko, T, Mitsuyama, K, Shiraishi, N, lkawa, K, Shozu, A, Dozen, H, Machino, K, Asada, Ken, M, Komatsu, A, Kukita, K,
Sone, H, Yoshida, N, Motoi, S, Hayami, Y, Yoneoka, T, Kato, T, Kohno, T, Natsume, G, vonKeudel, V, Salooura, H, Yamaue, R, Hamamoto,
"Genome-Wide Chromatin Analysis of FFPE Tissues Using a Dual-Arm Robot with Clinical Potential", Cancers, 13(9):2126, 2021 M G, Suzuki, Y,
Saito, M, Seki, D, Evans-Yamamoto, M, Negishi, K, Kakoi, H, Kawai, C.R., Landry, N, Yachie, T, Mitsuyama, "Machine learning approach for
discrimination of genotypes based on bright-field cellular images", 7(1):31, 2021 M Y, Miyazaki, T, Oda, Y, Inagaki, H, Kushige, Y, Saito, N, Mori, Y,
Takayama, Y, Kumagai, T, Mitsuyama, Y.S., Kida, "Adipose-derived mesenchymal stem cells differentiate into heterogeneous cancer-associated
fibroblasts in a stroma-rich xenograft model", Scientific Reports, 11(1):4690, 2021
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De novo designed proteins with folds not observed in nature
S. Minami et al., Nat. Struct. Mol. Biol. 30, 1132-1140 (2023)
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Protein molecules spontaneously fold into unique three-dimensional structures specified by their
amino acid sequences from random coils to carry out their functions. Many of protein studies have
been performed by analyzing naturally occurring proteins. However, it is difficult to reach fundamen-
tal working principles of protein molecules only by analyzing naturally occurring proteins, since they
have evolved in their particular environments spending billions of years. In our lab, we explore the
principles by computationally designing protein molecules completely from scratch and experimen-
tally assessing how they behave.

[(&Z 0]

M K. Sakuma, N. Kobayashi, T. Sugiki, T. Nagashima, T. Fujiwara, K. Suzuki, N. Kobayashi, T. Murata, T. Kosugi, R. Tatsumi-Koga & N. Koga,
“Design of complicated all-a protein structures”, Nature Structural & Molecular Biology, 31, pages275-282 (2024). M T. Kosugi, T. lida, M.
Tanabe, R. lino, N. Koga, “De novo design of allosteric control into rotary motor V1-ATPase by restoring lost function”, Nature Chemistry 15,
1591-1598 (2023). M S. Minami, N. Kobayashi, T. Sugiki, T. Nagashima, T. Fujiwara, R. Tatsumi-Koga, G. Chikenji, N. Koga, “Exploration of novel
a B-protein folds through de novo design”, Nature Structural & Molecular Biology 30, 1132-1140 (2023). M N. Koga, R. Koga, G. Liu, J.
Castellanos, G. T. Montelione, D. Baker, "Role of backbone strain in de novo design of complex a/B protein structures”, Nature Communications,
12, 3921 (2021). M R. Koga, M. Yamamoto, T. Kosugi, N Kobayashi, T. Sugiki, T. Fujiwara, N. Koga, "Robust folding of a de novo designed ideal
protein even with most of the core mutated to valine", Proc. Natl. Acad. Sci. USA, 117(49), 31149-31156 (2020). M R. Koga, N. Koga,
"Consistency principle for protein design", Biophysics and Physicobiology, 16, 304-309 (2019).
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The cell senses various stimuli (input) from the external environment and processes the
information with the intracellular signal transduction system (system) to output an adaptive
phenotype to maintain homeostasis. We would like to quantitatively understand the
molecular mechanism underlying the cellular input/output response. For this purpose, we are
developing live-cell imaging techniques (approach 1) and optogenetic tools (approach 2).
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A living cell senses various stimuli from the surrounding environment and processes the
information inside the cell, resulting in cellular behaviors adapting to environmental changes.
Thus, cells possess at least three functions; (1) sensing input stimuli, (2) processing the
information, and (3) outputting phenotype. Our research group aims to quantitatively
understand and control the molecular machinery underlying cellular input/output responses. For
this purpose, we are developing genetically encoded biosensors and optogenetic/chemogenetic
tools to visualize and manipulate intracellular signal transduction by light.

(2E3Hl]

B H. Sugiyama, Y. Goto, Y. Kondo, D. Coudreuse, K.Aoki. "Live-cell imaging defines a threshold in CDK activity at the G2/M
transition”, Developmental Cell, 59, 545-557 (2024). Ml K. Sakai, Y. Kondo, Y. Goto, K. Aoki. "Cytoplasmic fluidization contributes breaking spore
dormancy in fission yeast", Proc Natl Acad Sci U S A, 121, e2405553121 (2024). Ml K. Yamamoto, H. Miura, M. Ishida, Y. Mii, N. Kinoshita, S.
Takada, N. Ueno, S. Sawai, Y. Kondo, K. Aoki, "Optogenetic relaxation of actomyosin contractility uncovers mechanistic roles of cortical tension
during cytokinesis", Nature Communications, 12, 1-13 (2021). l H.Miura, Y. Kondo, M. Matsuda, K. Aoki. "Cell-to-cell heterogeneity in
p38-mediated cross-inhibition of JNK causes stochastic cell death”, Cell Reports, 24, 2658-2668 (2018) M Y. Uda, Y. Goto, S. Oda, T. Kohchi, M.
Matsuda, K. Aoki. "Efficient synthesis of phycocyanobilin in mammalian cells for optogenetic control of cell signaling", Proc. Natl. Acad. Sci. U.S.A.,
114, 11962-11967 (2017). M K. Aoki K, Y. Kondo, H. Naoki, T. Hiratsuka, RE Itoh, M. Matsuda. "Propagating Wave of ERK Activation Orients
Collective Cell Migration", Developmental Cell, 43, 305-317 (2017).
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Magnetic resonance imaging (MRI) is a non-invasive bioimaging modality for visualizing
molecules in deep tissue. Our group focuses on fluorine ("°F) MRI because of its high NMR
sensitivity and no endogenous background signal, resulting in high-contrast imaging in the
body. We have developed perfluorocarbon (PFC)-encapsulated core-shell nanoparticles that
shows "°F MRI signals with high sensitivity in vivo. By chemically modifying the surfaces of the
nanoparticles, we will develop new MRI probes for detecting malignant cells or biomarker
enzyme activities involved in tumor progression and inflammation. These MRI probes will
contribute to diagnosis of tumors and inflamed tissues.

(SEX#]

M Y. Konishi, M. Minoshima, K. Fujihara, T. Uchihashi & K. Kikuchi, “Elastic Polymer-coated Nanoparticles with Fast Clearance for '°F MR Imaging”,
Angew. Chem. Int. Ed., 62, e202308565 (2023). M K. Akazawa, F. Sugihara, T. Nakamura, H. Matsushita, H. Mukai, R Akimoto, M. Minoshima, S.
Mizukami, K. Kikuchi, Angew. Chem. Int. Ed. 57, 16742-16747 (2018). Ml K. Akazawa, F. Sugihara, T. Nakamura, S. Mizukami, K. Kikuchi, Bioconjugate
Chem. 29, 1720-1728 (2018). M H. Matsushita, S. Mizukami, F. Sugihara, Y. Nakanishi, Y. Yoshioka, K. Kikuchi, Angew. Chem. Int. Ed. 53, 1008-1011
(2014). M S. Mizukami, R. Takikawa, F. Sugihara, Y. Hori, H. Tochio, M. Walchli, M. Shirakawa, K. Kikuchi, Paramagnetic relaxation-based 19f MRI probe to

detect protease activity*, J. Am. Chem. Soc. 130, 794-795 (2008).H E. T. Ahrens, R. Flores, H. Y. Xu, P.A. Morel, Nat. Biotechnol. 23, 983-987 (2005).
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MIYANOIRI, Yohei
Visiting Associate Professor

#FLwWin-cell / in vivo NMRiEZFIZ L. “EREEXE CHRENFZ ORIEEBERLET,
Advancing in-cell and in vivo NMR methods to establish a new field “high-resolution spin cell biology”

EUREDFOERFEMKEZIERIIOIATRH. ZOREHEL) FEEEIERZ £
MR TCERAT D ENBEETT Jin-cell / in vivo NMRE(G RBRICBITDI /N8
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DEEEYERRICBVTEEINTVET, U U EHNRRD D FEFIRPREDKS
EVSEEN DY . ZDNREHEIFRENTY AWRIIL—FTlEIREDRERB A ZRH 3
EEERAUCEREMAL VEAIEMZRERU.FTLWLIn-cell / in vivo NMREDBEFHZ R 2 mEess
HTVERT . INSHMFEZEALC MREAICSITEIERED FO"EOR " ZHSHICT INOMATA, Kohsuke
"__ﬁ{%fgz E)?&Eﬂﬂﬂi%#"@ﬂﬁﬁ%ﬁ?‘f‘bigo Project Associate Professor

To unravel the intricate biological functions of macromolecules, it is essential to observe their
structural dynamics and interactions within living cells. In-cell and in vivo NMR are the only
techniques capable of revealing atomic-resolution information about protein structures and
dynamics in the cellular environment, making them indispensable tools in next-generation
structural biology. However, these methods face limitations, such as low sensitivity and
restrictions on the molecular weight of target proteins. Our research group is addressing these
difficulties by developing advanced in-cell and in vivo NMR techniques, integrating highly
sensitive nuclear spin detection with unique stable isotope labeling strategies. Through these
new approaches, we aim to establish “high-resolution spin cell biology” — a novel research
paradigm to uncover the true nature of biomacromolecules in living systems.

(2E#]

M C. Aguirre, Y. Miyanoiri, M. So, H. Tamaki, T. Maruno, J. Doi, N. Wang, K. Yamaguchi, K. Nakajima, Y. Yamamori, H. Inoura, C.-J. Choong, K.
Kakuda, T. Ajiki, Y. Kimura, T. Ozono, K. Baba, S. Nagano, Y. Nagai, H. Ogi, S. Uchiyama, Y. Matsuki, K. Tomii, Y. Goto, K. Ikenaka, H. Mochizuki,”
Conformational Switch in the Alpha-Synuclein C-Terminal Domain Directs Its Fibril Polymorphs”, Chem. Eur. J. 0, e202500650 (2025). W S.
Sakurabayashi, K. Furuita, T. Yamada, N. Sugiura, M. Nomura, T. Nakane, A. Kawamoto, G. Kurisu, Y. Miyanoiri, T. Fujiwara, K. Nakatani, C.
Kojima, “NMR-Based Rational Drug Design of G:G Mismatch DNA Binding Ligand Trapping Transient Complex via Disruption of a Key Allosteric
Interaction”, J. Am. Chem. Soc. 147, 14254 (2025). M Y. Miyanoiri, M. Takeda, K. Okuma, T. Terauchi, M. Kainosho, “Enhancing solution
structural analysis of large molecular proteins through optimal stereo array isotope labeling of aromatic amino acids”, Biophys. Chem. 315, 107328
(2024). @ M. Ikari, H. Yagi, T. Kasai, K. Inomata, M. Ito, K. Higuchi, N. Matsuda, Y. lto, T. Kigawa., “Direct Observation of Membrane-Associated
H-Ras in the Native Cellular Environment by In-Cell '*F-NMR Spectroscopy”, JACS Au, 3, 1658-1669, (2023). M K. Inomata, H. Kamoshida, M.
Ikari, Y. Ito, T. Kigawa., “Impact of cellular health conditions on the protein folding state in mammalian cells”, Chemical Communications, 53,
11245-11248, (2017). M K. Inomata, A. Ohno, H. Tochio, S. Isogai, T. Tenno, |. Nakase, T. Takeuchi, S. Futaki, Y. Ito, H. Hiroaki, M. Shirakawa.,
“High-resolution multi-dimensional NMR spectroscopy of proteins in human cells”, Nature, 458, 106-109, (2009).
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YAGI, Hirokazu
Visiting Associate Professor
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PESEIBE LML A7 TO—F R EBELEHDE SRS AT LEERTSD
Our research goals are to understand the glycan biosynthesis
system through structure-based approaches.

‘A' - FE MR DES LTI RBIC LS EELTH Y. O IVADBEP I ADEE  GBHEE
KHOO, Kay-Hooi METORB O EREEEB>TVET, COLS BRI BERBERICES LTHY, £
REFAR BRI TEL EESBICAVTEBEEINTLET. UL UENS, $EflE S/ AlICEREI—R
Guest Professor ENTVBNTENS SEMDESERIT U, Z DREESIET 2 P RETT 5.
RS ICIIM U 7 TO—FAEBEL BROEAR VAT LAEERT 2EEB(C, BN
BSERERERF TR EEBELTVET,

Glycans are widely expressed on the cell surface and are responsible for cell-to-cell
communications and signal transduction, such as viral infection and cancer invasion and
metastasis. Thus, glycans are involved in various life phenomena and have been attracting
attention in the life sciences and healthcare. However, since glycans are not directly encoded in
the genome, it is difficult to determine their sequences and regulate their expression. Our research
goals are to understand the glycan biosynthesis system and to decipher biological information of
glycosylation by structure-based approaches.

(5EXH]

M H. Yagi, T. Saito, S.-Y. Guu, N. Yamakawa, S. Shimamura, S. Kondo, M. Yagi-Utsumi, K. Takai, J. Furukawa, Y. Guérardel, K.-H. Khoo, K. Arakawa, K.
Kato, “Uncommon N-glycan structures in anhydrobiotic tardigrades”, Mol. Cell Proteomics 24, 100974 (2025). Ml H. Yagi, K. Takagi, K. Kato, “Exploring
domain architectures of human glycosyltransferases: Highlighting the functional diversity of non-catalytic add-on domains”, Biochim. Biophys. Acta
-General Subjects 1868, 130687 (2024). M H. Yagi, R. Yamada, T. Saito, R. Honda, R. Nakano, K. Inutsuka, S. Tateo, H. Kusano, K. Nishimura, S.
Yanaka, T. Tojima, A. Nakano, J. Furukawa, M. Yagi-Utsumi, S. Adachi, K. Kato, “Molecular tag for promoting N-glycan maturation in the cargo
receptor-mediated secretion pathway”, iScience 27, 111457 (2024). Ml H. Yagi, S. Tateo, T. Saito, Y. Ohta, E. Nishi, S. Obitsu, T. Suzuki, S. Seetaha, C.
Hellec, A. Nakano, T. Tojima, K. Kato, “Deciphering the sub-Golgi localization of glycosyltransferases via 3D super-resolution imaging”, Cell Struct. Funct.
49, 47-55 (2024). M K. Kato, H. Yagi, “Current status and challenges in structural glycobiology”, Trends in Carbohydrate Research 15, 38-46 (2023). B
H. Yagi, E. Amagasa, M. Shioz, |. Yamada, K.F. Aoki-Kinoshita, K. Kato, “GALAXY web: updated web application for glycosylation profiling based on 3D

HPLC map”, Glycobiology 32, 646-650 (2022).
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We attempt to understand how organisms adapt to extreme
environments including deep-sea trenches and outer space.
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YAGI-UTSUMI, Maho
Associate Professor

FBREDHERRIRECEH I 2EMEE ERRRICESITIHDRED D FREZRA
TVWBHHDEEZSNETT A MEDFABRREICSVTH ANREDRIGFEE CE
NI BEHIC BRICHSNDLSBRI-— I RBERNBBZ R CERENEFELTVLET,
MEREREBZT S0 TEROREE B MEOENZE U CEaDREE LD THEM
ZEBIZHLZEEULCVERT . SSIC. FEOMNENWRAZFIBLT. 704 FER T
OERZHETECEREZREHTVET IO ULTCHROSNIARICEDINT il BEEED
Bl ICAD e EY TZ2NRICAMADORFABOERLTNET,

Organisms living in extreme environments such as deep-sea trenches develop unique
ecological adaptation mechanisms. In addition, even in more familiar environments, some

organisms develop peculiar adaptation mechanisms to extreme environmental conditions as
exemplified by cryptobiosis. We conduct biomolecular analyses to elucidate the molecular
processes underlying these biological adaptation mechanisms. Furthermore, we aim to
develop biotechnological applications based on our knowledge of biomolecular systems
involved in biological processes adapted to extreme environments. Moreover, we exploit
extreme environmental conditions such as microgravity in outer space for controlling
biomolecular processes including amyloid formation.

B I F s
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YANAKA, Saeko
Associate Professor
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M H. Yagi, T. Saito, S.-Y. Guu, N. Yamakawa, S. Shimamura, S. Kondo, M. Yagi-Utsumi, K. Takai, J. Furukawa, Y. Guérardel, K.-H. Khoo, K.
Arakawa, K. Kato, “Uncommon N-glycan structures in anhydrobiotic tardigrades”, Mol. Cell Proteomics 24, 100974 (2025). l M. Yagi-Utsumi, S.
Yanaka, R. N. Burton-Smith, C. Song, C. Ganser, C. Yamazaki, H. Kasahara, T. Shimazu, T. Uchihashi, K. Murata, K. Kato, “Microgravity-Assisted
Exploration of the Conformational Space of Amyloid Affected by Tottori-Type Familial Mutation D7N”, ACS Chem. Neurosci. 16, 2682-2690
(2025). B R. N. Burton-Smith, M. Yagi-Utsumi, S. Yanaka, C. Song, K. Murata, K. Kato, “Elucidating the unique J-shaped protomer structure of
amyloid-B(1-40) fibril with cryo-electron microscopy”, Int. J. Mol. Sci. 26, 1179 (2025). l M. Yagi-Utsumi, S.G. Itoh, H. Okumura, K. Yanagisawa,
K. Kato, K. Nishimura, “The double-layered structure of amyloid-8 assemblage on GM1-containing membranes catalytically promotes fibrillization”,
ACS Chem. Neurosci. 14, 2648-2657 (2023).
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MURATA, Kazuyoshi
Project Professor

YE-SEspiEREEREIIL— | Material-Life Boundary Research Group

Section for Exploration of Life in Extreme Environments

1: BBEREV-ATPases 7" T 6 D DB E K RE (Burton-Smith
et al. 2023),

Fig. 1: Six structural states of Enterococcus V-ATPase
(Burton-Smith et al. 2023).

H2: BRIV (ARy—H I ILR) DTADBREED TS RIEEE YL AR F R BREIC
BIBHTIROBEE AR EREVSES>TVET,

Fig. 2: Capsid structure of the giant virus, medusavirus, at 7 A resolution and
structural changes during virus maturation.

E@mF BLTFICO—RINE[IVINTE] ERENDD FREBNAE Y BT B8 EERITIC
FOTHRINTVEF T YBE-EHBERBHEARIIN - TR. IS A EFBEMBEZZER
W INSIVNTBHLREMNICED D FREZRREICI >TEEL. BN ET>TUVE
T CDFERF BRINCI VINIBOBEFEMCELFTST MRS AZRRICRFBL.E
RAFTVE—L(FIB) ICK>TZD—WEZHIVLET & T MIEBAIRICHIFTZI /N TBDRE
BPRRYNT—IDHFFETCHIREITDIENTRETT . COLE7ZFO—FEBEUT. [EH
EYBOER EFAH] EVSRBENBEVNGE>TWVED,

Life is sustained by complex chemical reactions driven by molecular machines known as
proteins, which are encoded by genes. The Boundary of Life and Matter Research Group
utilizes cryo-electron microscopy to capture and analyze the transient molecular structures of
these proteins by rapidly freezing them. This technique extends beyond the analysis of purified
proteins; it also enables the structural study of proteins within entire cells. By rapidly freezing
whole cells and using a focused ion beam (FIB) to mill thin sections, we can visualize not only
the structures of proteins inside cells but also the intricate networks they form. Through this
approach, we aim to explore the fundamental question: What defines the boundary between
life and matter?

(EXH]

W Burton-Smith RN, Yagi-Utsumi M, Yanaka S, Song C, Murata K, Kato K "Elucidating the Unigue J-Shaped Protomer Structure of Amyloid- 3
(1-40) Fibril with Cryo-Electron Microscopy" Int. J. Mol. Sci. 26(3) 1179 (2025). ll Watanabe R, Song C, Takemura T, Murata K "Subnanometer
structure of medusavirus capsid during maturation using cryo-electron microscopy" J. Virol. 98(9), e0043624 (2024). M Burton-Smith RN, Song C,
Ueno H, Murata T, lino R, Murata K "Six states of Enterococcus hirae V-type ATPase reveals non-uniform rotor rotation during turnover", Comm Biol
6, 755 (2023). M Okamoto K, Song C, Wang H, Sakaguchi M, Chalkiadaki C, Miyazaki N, Nabeshima T, Morita K, Inoue S, Murata K "Structure
and its transformation of elliptical nege-like virus Tanay virus" J Gen. Virol. 104(6) (2023).

Section for Exploration of Life in Extreme Environments
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An electron micrograph of the 1st isolate of Asgaard archaea from subseafloor sediments of
deep-sea. Scale bar indicates 1 um.

[LADW 65000 [5Ep S ] VS IEEFRARAERBOR OERRERORES S Y H
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BEEYZOERD OB L. ZNSD FOBEERICIUEBINZID FYATLEVTHE
BB LZBELET,

We look for real limits of life and biosphere and boundary conditions between habitable and
uninhabitable in the dark world, namely deep-sea and deep subsurface environments by means of
top-rated exploration platforms such as human-occupied submersible vehicle (HOV), remotely
operative vehicles (ROV), research vessels including scientific drilling vessels. In addition, in combi-
nation with other groups and members of Excells, we are investigating a key language in the deep
and dark biosphere, which is polysaccharides and glycome in the cellular surface, with focusing on
the chemosynthetic symbioses and syntrophic microbial communities.

EERRT IV

Collaborative Research Group
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TAKAI, Ken
Visiting Professor
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NAKAGAWA, Satoshi
Visiting Associate Professor
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M H. Imachi, M. K. Nobu, N. Nakahara, Y. Morono, M. Ogawara, Y. Takaki, Y. Takano, K. Uematsu, T. lkuta, M. Ito, Y. Matsui, M. Miyazaki, K.
Murata, Y. Saito, S. Sakai, C. Song, E. Tasumi, Y. Yamanaka, T. Yamaguchi, Y. Kamagata, H. Tamaki, K. Takai, “Isolation of an archaeon at the

prokaryote-eukaryote interface”, Nature 575 519-525 (2020).
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Multi-omics analysis of tardigrades. Multi-omics analysis combines genomics,
transcriptomics, proteomics, and metabolomics to elucidate the molecular machinery.

KE2TOEYICES>THRTHY KERSTERBESICHRZRKRUE TN HINBY IV
VIF[FHZER] EVWVSHEBIC KO TR K ICEMEE ZFEL L GKICK > TRPNTEE
ZERTEF I ZERKOIVLYFBER B2 BAHR. HIVIEZDEEGTH DT
HEBNDOBERBEICMASCEN TEET . INSEKOEFEEZRIRET D MBLEERZT
FBEICHRAETETLBRVRRTI . ZC T HLGEEOD FREBZTILF AT AT (C
REWRDD FEYFZRELTHSHCL MRV AT LN SEFELANIVICH TS EMERERE M
MDANDZ A LEBRIBDIEZBIBLET,

Water is an essential solvent for all living systems. Some organisms, however, including the microscop-
ic microscopic eight-legged animals called the tardigrades, can endure almost complete desiccation
by entering an ametabolic state called anhydrobiosis (life-without-water), and they can quickly come
back to active life upon rehydration. In this state of suspended animation, tardigrades are known for
their extremotolerance, including extreme heat and cold (-273°C to 100°C), extreme pressure (vacu-
um to 7.5GPa), and ionizing radiation (>5000 Gy). One species even survived direct exposure to space
vacuum and UV-C for ten days. We conduct multi-omics analyses coupled with advanced molecular
biology experiments to uncover the molecular mechanisms underlying anhydrobiosis, and we aim to
understand the systematic mechanisms enabling extremotolerance in these species.

(BEx#]

[l S. Tanaka, K. Aoki, K. Arakawa, “In vivo expression vector derived from anhydrobiotic tardigrade genome enables live imaging in Eutardigrada”,
Proc. Natl. Acad. Sci. USA e2216739120 (2023). M K. Arakawa, K. Numata, “Reconsidering the "glass transition", hypothesis of intrinsically
unstructured CAHS proteins in desiccation tolerance of tardigrades”, Mol Cell 81 409-410 (2021). M Y. Yoshida, G. Koutsovoulos, D. R. Laetsch,
L. Stevens, S. Kumar, D. D. Horikawa, K. Ishino, S. Komine, T. Kunieda, M. Tomita, M. Blaxter, K. Arakawa, “Comparative genomics of the
tardigrades Hypsibius dujardini and Ramazzottius varieornatus”, PLoS Biol. 15 e2002266 (2017). l K. Arakawa, “No evidence for extensive
horizontal gene transfer from the draft genome of a tardigrade”, Proc. Natl. Acad. Sci. USA 113 E3057 (2016).
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[ | EXCELLS@%E’T% ExCELLS Collaborative Research
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[ | EXCELLSE%EFEEﬁ% ExCELLS Themed Research
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UEKAMA, Naoko
Project Associate Professor,Vice-Director

Professor, Director for
Research Enhancement
Strategy Office

Az /58 L HEBE = Research Enhancement Strategy Office

ExCELLS Research Enhancement Strategy Office provides support for
organizing researcher networks through the equipment sharing and
joint research and also promotes the collaborative enhancement
=7, between EXCELLS and external institutions.
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KATO, Koichi URA-TAZEE#EI—T 1 R—9

for Research Enhancement Strategy Office
URA, Collaborative Research Coordinator

ExCELLS aims to achieve an integrative understanding of
living systems beyond reductionism utilizing large-scale
data analyses and synthetic biological approaches.
ExCELLS provides a unique platform for cross-disciplinary
research in an inter-university, collaborative environment,
using the "Observe, Read, and Create" approach. The
National Institutes of Natural Sciences (NINS) serves as a
research hub for various researchers at universities and
research institutes, providing them with access to
large-scale facilities and a variety of research equipment
that are difficult for individual universities to maintain and
operate.

ExXCELLS Collaborative Research invites external researchers
in universities and institutions to create a research team and
network. The project leader proposes a research theme to
promote further collaboration with existing EXCELLS groups
and to develop new research and measurement methods.

EXCELLS Themed Research is collaborative research by
invited researchers in universities and public research
institutions and two or more research groups from ExCELLS.

A type of collaborative research project that is conducted by
researchers in universities/public research institutes in
cooperation with faculty members of ExCELLS.
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YAMAGUCHI, Takumi TSUGANE, Mika

Project Associate Professor, Project Assistant Professor,

URA, Collaborative Research Collaborative Research
Coordinator Coordinator
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O e -l e al Al System of Cryo-electron microscopy

AT L, 300kV7 51 A EFE (TITAN Krios G4) £7 741 4FIB-SEM
(Aquilos2) 5% E T, TITAN Krios G4ld. 22/ B DR F 4 fRRE
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T oAquilos2id. EEHRIDSlice&ViewEZRICHI AT, 2D (In situ) E
FIRNET 771 — DD RGBT F EER T I EP TEET,

This system consists of a 300kV cryo-EM
(TITAN Krios G4) and a cryo FIB-SEM
(Aquilos2). TITAN Krios G4 can perform
near-atomic resolution single particle
analysis of proteins, electron tomography,
and MicroED. Aquilos2 can generate
frozen cell sections for in situ electron
tomography, in addition to Slice & View
observations of frozen samples.

Y010\ IS FANLY/ IPE=T=8 800 MHz NMR spectrometer

ANMRZEE (Bruker 800 MHz NMR AVANCE NEO 800US) 3. &1
BT7O—T%#HATH). ERESFD'H-3C-SN=ELB+*SRE -5
FREETCHRITE TAZEN FIRETHY . ZNOD =R EX 1 FIV X PHEE
BEREFLANIVTHETIDICE HERELET,

This NMR spectrometer (Bruker 800 MHz NMR AVANCE NEO 800US
equipped with a cryogenic probe) is capable of 'H-"3C-"5N triple resonance
measurements of biomacromolecules at high sensitivity and high resolution
for characterizing their structural dynamics and interactions at atomic
resolution.
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Please vist our website for detail.

HEFABE Overview

https://www.excells.orion.ac.jp/overview
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This equipment is a Q-TOF mass spectrometer with ion mobility mass spectrometry (IM-MS)
mode. LC-MS/MS is also available.
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ﬁ?%ﬁﬁﬁ“ﬁ%ﬁ Mass Photometer

Refeyntt @O A FENHTATEEE
[Refeyn Twol ¢3¢ ,Mass Photometry
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27170 VR E CRIERTEETT,

Mass photometry measures mass at the single molecule level, providing insights into the composition and function of even complex samples and
molecular mechanisms. This unique technology can be used to detect and characterise proteins, nucleic acids, lipids and/or sugars, providing
information on structure (oligomeric state, modification), homogeneity, and function (quantifying interactions) - all in a matter of minutes, and using
tiny amounts of sample. The Refeyn TwoMP enables measurement of molecular mass across a wide mass range, from 30 kDa up to 5 MDa.
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= / BT P Combined system of high-speed atomic force
BE%HEEEAEEE?FEﬂjJEEﬁﬁ / ﬁ?’ﬁﬁﬁfﬂﬁ*ﬁn KB microscopy and fluorescence microscopy
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HEAEMEBEEDEERIL->THY, HHERL =5
NBEER—HHF TERAFMER N BEMETEHRETS
ZEHTRETT . SSEM T TIRRABERD Y 1X121.5
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The combined high-speed atomic force microscopy
(HS-AFM) and fluorescence microscopy can visualize
the dynamic phenomena of various biological samples
from proteins to living cells in real time. This equipment

can visualize biomolecular behaviors simultaneously
with HS-AFM and fluorescence microscopy.

PR REET R R PP Bomolecua nterscion

£ FHREERHAIZERE, Biacore)—X (GEZM 7H# 1 I X4t)DBiacore 8KT
T RETIXEHREYA/ORBEEFHTEET. 4NV E LB IBES DL K
DA FEEEERESHIT AL MEETT D EDY LTI SEIERHE T, BITEI HRIC
HHUTSNIVTBDENGL F VTINELLTEHTAZEFFTRETT M R A FRIDKE
A BEEOEREROEBATICHAEREBELET,

This system detects intermolecular interaction by surface plasmon resonance, enabling
comprehensive, high-throughput analysis to obtain quantitative kinetic and affinity data.

@JE"J%%&EL;E“T‘E%E Dynamic Light Scattering instrument

Wyatt Technology#t 8D ENHISLELELBIFE S E. [DynaPro Nanostar] T¢, BHY L ETEL
EICEN BN BRSO ELE SR T E 2 /R TFORTFEAROBEN R REE -
TWETF 2NN TEDO S TFRAER BRI ERNELRIRETT AR E 17Oy
MUASBITE RTRE, X TE FIREIR EH-15°CH*5150°CEMBIAVAIEZ IS IEL TWET,

DynaPro Nanostar (Wyatt technology) is a device to measure the size distribution of
biomolecules such as proteins and nano particles using Dynamic Light Scattering (DLS).
We can also measure molecular weight of biomolecules and viscosity of solutions. For
measurements, only several puL of sample is required and a wide range of temperature
(-15°C ~ 150%C) is available.

St il i Ao gl TempPerature-controlled microvolume
spectrophotometer
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PEOE- AP B BER US. MBEDRRTE MG EDBEMNRIRBICENE T,

This instrument, the V-730 spectrophotometer by Japan Spectro Co., Ltd. is a spectrophotometer capable of measuring absorbance from 190 to
1100 nm. Notably, it is equipped with an 8-cell microcell block and a Peltier temperature controller. These components enable precise sample
temperature control over a wide range from 0 to 100°C, and can handle up to eight micro-volume samples (10ul each) simultaneously. This
functionality enables the automatic measurement of multiple samples with different conditions such as concentration, while varying the temperature.
Additionally, it is equipped with a direct sensor for sample temperature measurement, enabling accurate monitoring of sample temperature. These
features make it possible to study phenomena affected by temperature changes such as liquid-liquid phase separation, enzyme reactions, and the
thermal stability of nucleic acids.

ﬁ%u&%ﬁ%%ﬁ Fluorescence and Absorbance Spectrometer

AR AP SRR ETOWSEEHIE 1 003U LI T DRFEIRERRE CRE 2}
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This system is capable of high-speed spectral measurement of absorbance and
fluorescence from UV to near-infrared with time intervals of less than 100 ms. Since
the Peltier temperature controller allows various temperature controls from ultra-low
to high temperatures, it is useful for obtaining the temperature characteristics of
fluorescent proteins at various temperatures. In addition, this device can measure
absorbance and fluorescence simultaneously and is expected to be utilized for
component analysis by excitation fluorescence matrix and FRET analysis, etc.

Eﬁﬂ%ﬂﬁﬁ%ﬁylib Super-resolution microscopy systems

B Multifunctional super-resolution
%ﬁﬁbﬁﬁ%ﬁWﬁ confocal fluorescence microscope

BEREIE - S HGEE - HEHEES
HOMEELERA - HEABEMIETT,

This multifunctional confocal microscope
enables super-resolution, fluorescence
lifetime measurement, and fluorescence
correlation microscopy.

2%¥‘STE DEEW% Two-photon STED microscope

2% FhhE & AV -STEDIEMEE T, 87
BER P2 FRERSFMRENFIEE
T7,

It enables super-resolution microscopic
observation of two-photon excited
fluorescence and/or fluorescence lifetime
imaging.

IT1 X7 —MNEMER (ZEISS Lattice Lightsheet 7) &, 51
P —PEEREREAR FIRDIBELREADIHAEhEICEN) XL
MR CHEBIC OWTEBREXICEIEBAA-TEMZ DD ER
(~3 vol/sec) B D EAIBRMIEY A DZEE P HERETKRY 21— L
IA—=T L RIREL TR TT .
This microscope, ZEISS Lattice
Lightsheet 7 is a combination of
light-sheet microscopy, lattice-like
structured illumination, and
integrated incubation system. It
enables volumetric imaging of living
cells and tissues with high-speed
(~3 vol/sec), low photo-damages,
and spatial resolution as high as
confocal microscopes.
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Eiif'f 7\’()(— ‘)“J?‘*‘JZJ"A High-speed live imaging system
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Spinning disk confocal microscopy equipped
with cell culture device. Three lasers (488, 560,
640 nm) are equipped, and long-term live
imaging (~ 1week) can be performed.

éfiﬁ‘lﬂﬁfﬂlﬁ%’/l?h Total internal reflection fluorescence (TIRF) microscope

EENEILEEMSEIC TIRF BBBA (405/488/561 nm L—#'—) %
B THIET HRHER1E Andor D EM-CCD TF 3L
X 100 f& TIRF 2@V, —2FEHEIR® HILO 1 X=J 2T
AIEETY .

Total internal reflection fluorescence (TIRF) lasers (405, 488, 561
nm) are equipped with electric inverted microscope using

EM-CCD (Andor) detector. Single molecule measurement and
HILO imaging can be performed using 100X TIRF objective lens.

4;X7TI$H%E’()(_:J“\/7‘§E 4-Dimensional Tissue Imaging System
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This equipment enables us to reconstruct tissue dynamics at the
4-dimensional level by measuring structural and functional changes of tissue
and organ of your interest during the developmental or pathological processes
using small animals (e.g., mouse and rat).

ETRAIVATL e sorting and measurement system
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MA900 Multi-Application Cell Sorter allows detection of up to 12
fluorescence at the single-cell level using fluorescent proteins
and/or antibodies labeled with fluorescent dyes, and the gated
target cells can be sorted for further analysis. The cell sorter can
automatically adjust various sorting settings (laser beam, optical axis adjustment, electrical timing adjustment for sorting, side stream adjustment,
collection tube position adjustment). Four excitation lasers - 405 nm, 488 nm, 561 nm, 638 nm - are equipped, and 96 wells and 384 well plates are
available for cell sorting.

1 ﬂﬂﬂ?)b??iw?lﬁ*ﬁ%ﬁ Single-cell multi-omics analysis system

1HRRICETN S ZRBOIEREFENT T BN FIRELEE T (10x
Genomic#tChromium X#£U'Chromium Controller) - Chromiumz&
BAT. 1182 (X3 ME1%) 9 F/N—O0—RREFIVE-XP IR
HEATEAIN BA~B+AEOK BN RENE T, BH/IEEA
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A single cell (or cell nucleus) is mixed with molecularly barcoded gel beads in a microdroplet to form tens and hundreds of thousands of droplets in the device
(Chromium X & Chromium Controller system, 10x Genomics inc.). By applying the appropriate treatment within each microdroplet, multi-omics information
such as gene expression, chromatin accessibility, and cell surface protein information within a single cell can be obtained by combining with NGS (Next
Generation Sequencing). Up to 750,000 (Chromium X) and 80,000 (Chromium Controller) single cell information can be acquired in a single experiment.

T=F—N YWFISITPIAXT Sophion QPatch Compact

Sophion QPatch Compactid. A8 DD ERERFCITIZEN TEBEIF PNy
FIILTIORTLTE I FITTEIIRNEBENE S TOIA L FHRIVERT 2%
BHBEICEIZEN TEET NHEEC T -ODRERGETOREBRP, (FHREFEPT /-
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Jr7d RBREBEBHEY K- ET LAThIELSEVDIE AR EMFEE Ry
TALTEGTT . HEIETNTQPatch Compacth* TV % T,

Sophion QPtach Compact is a semi-automatic patch-clamp system which allows easy 8 data
acquisition as the same time for the scientists not familiar with electrophysiology. Using this
system is especially suitable when a lot of data acquisition with a same experimental
condition in a short time period or agonist/antagonist screening is needed. Original software
made by Sophion supports the experiments and data analysis. Things you can do are cell
preparation and pipetting.

Eﬁ?’fﬂ O t?’\o‘y l\ﬂzﬁﬁﬁ Laser-Based quartz glass micropipette puller
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P-2000 micropipette puller (Sutter) is equipped with
a CO, laser-based heat source and can manufacture
quartz glass pipettes. Quartz glass has extremely high
physical strength and can achieve a tip diameter of 0.01 micron or less, which is not possible with ordinary glass. In addition, the CO, laser is not
easily affected by the external environment such as temperature and humidity, and has high reproducibility.

{b#%%ﬁ%m*ﬁ%ﬁ?g” =gl Chemiluminescence and

fluorescence imaging systems

ATTOX®D VI /95711 EM)IZFO.8EREL > X E-40CAHEM CCDAASEIEHL 1SR
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LuminoGraph Il EM with F0.8 ultra-sensitive lens and ultra-low noise EM CCD camera allows
to detect chemiluminescence and fluorescence signal from Western blot membranes and
SDS-PAGE gels. Four LEDs (Blue, Green, Red, NIR) and white transilluminator are equipped.

LuminoGraph Il EM
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ﬁﬁ%ﬁﬁu%ﬁ@r:md)za@ja w N # — /s Two Platforms for Research System Development TmHRITS YT+ —L EREETSy T —L4

The Advanced Co-creation Platform The Collaboration Enhancement Platform
ExCELLSTIF.2018FEEDA I —RIERLIFICEBUTEME The EXCELLS has established two platforms, namely “the Advanced B YE—EGDIEFRERE B BEHERFIFE I Glycobiological Science Unit
R BEISICREIE TV DT, 2022FE &4 [SeisHtal Sy Co-creation Platform” and “the Collaboration Enhancement Platform”, in Exploration of the Boundary between Matter and Life = _ . )
Tt—I] & EEBRIE S YN T A — L] D2 DD F ST — L5k FY 2022, in order to further develop the research system. Through these [ | Z}bjj‘*ad)H%:’EET SRR Spatiotemporal Atlas B oimelEE 1=k Advanced Drug Discovery Unit
platforms, the center will not only further strengthen the equipment of Dynamic Structure and Function of Organelles

RURUc. CNICEK BRADKE - TR S DR EFIA - LR ; o : i e
sharing and joint research with domestic and overseas universities and o, )= Sy~ " . -
RE—B. BIETBEE DI EERBEORBOIELTLSHT, B (DY =1L —23Y Simulation of Living Systems

research institutions but also promote co-creation with various industries. o — : " "
R B R F4ESIADEIR, Creation of Neo-Life Forms B EFEGRREPE I =Y Quantum Life Science Unit

B AEVERTIRE I =Wk Spin Life Science Unit

Soigl 'S whI#—L The Advanced Co-creation Platform

EXCELLSTI&. [EZETWVWB &AM ? | EVWSAFEHBEORBENGEVCERSD CEZBEEULCVE T ZOENZEER T I KL The EXCELLS aims to answer the fundamental question “What is life?” which all humans share. For achieving this aim, the center has established the
EHRERRIZOMEEREE TR DEES VT[RRI Sy NI+ —Al #EELFE L. Z0—BEUT. BYI—(CFiEY Advanced Co-creation Platform as a project to develop advanced life science research. As part of this project, the faculty members affiliated with the
BB ENBOFEREDFEREN —hEB>THEF —LAEERL. SN eSS AN (B G [ExCELLS 70 center and researchers from external research institutions form a research team to work on a given co-creation research question. This is called the
. - *e - = ‘ EXCELLS Project Research.
I I MAR|ZEBLTVET,

B YE-4$n DIESRIFET  Exploration of the Boundary between Matter and Life B &£H{EFEDU =1L —/3>/ Simulation of Living Systems
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The EXCELLS project research entitled “Exploration of the Boundary between Matter and Life” was launched in FY2022. This project will observe The EXCELLS project research “Simulation of Living Systems”aims to reconstruct living systems on a computer and understand them as a system
the interactions between organisms and viruses living in extreme environments and the morphology, function, and dynamics of molecular to answer questions such as how the proliferation rate of cells is determined, how cells cooperate with surrounding cells to control and optimize
complexes related to environmental responses, in order to elucidate the essential or minimal mechanisms and principles necessary to maintain the remodeling of tissues and organs, whether life and death can be defined, and what the dormant state is.

biological functions, and will conduct research for a systematic understanding of the boundary between matter and life.

[ | *Z’Eﬁﬁﬂ)gﬂﬁi Creation of Neo-Life Forms
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The ExCELLS project research “Creation of Neo-Life Forms”, aims at developing neo-life forms exhibiting higher-order functions, which nature has

The ExCELLS project research “Spatiotemporal atlas of dynamic structure and function of organelles” promotes organelle research, which is not evolved, by using engineered or abiological biomolecules and designed biomolecular systems. This research aims at 1) establishing design
expanding with the recent identification of membraneless organelles. We aim to elucidate the organization of membrane and membraneless methods for biomolecules with tailored functions, 2) exploring yet-to-be-discovered biomolecules, 3) designing molecular systems comprised of

organelles, as well as their reorganization, dynamics conversion, and functional regulation by various cues. biomolecules, and 4) developing methodologies for installation of the designed biomolecular systems within cells and organisms.
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E%Qﬁﬂ:jﬁ\y |\72'—A The Collaboration Enhancement Platform
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The Collaboration Enhancement Platform will work to strengthen inter-organizational networks with domestic and overseas universities
and research institutions, and strategically promote collaboration. More specifically, it will promote the development of personnel who are
responsible for interdisciplinary research by enhancing collaborations with the equipment sharing and joint research partners and
activating personnel exchange with the research institutions with which academic exchange agreements and international exchange
agreements have been made. ExCELLS is working to co-create society with diverse stakeholders through the sharing of its most advanced

equipment and the joint research using its unique approach.

[ | *Eﬁﬁﬂzﬁ*ﬂﬁl:\yl\ Glycobiological Science Unit
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The ExCELLS conducts the activities of "J-GlycoNet”, a
joint usage / research center, with Tokai National
Higher Education and Research System and Soka
University. Furthermore, based on this networked
center, we are promoting the Human Glycome Atlas
Project, the Ministry of Education, Culture, Sports,
Science and Technology of Japan (MEXT) project to
promote large scientific frontiers.
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The ExCELLS conducts the activities for creation of advanced drug
discovery with Nagoya City University, the NMR Platform of the
Project for Promoting Public Utilization of Advanced Research
(Advanced Research Equipment Platform Program) of the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) and the
Basis for Supporting Innovative Drug Discovery and Life Science
Research (BINDS) of
the Japan Agency for
Medical Research
and Development
(AMED).

(EEEZES) Cooperative Projects, etc.

NC ZLEBIKT
EEPRET IR
REFEEPHFRL - FEFED
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Graduate School of Pharmaceutical Sciences, Nagoya City University

ZEEMIIAY RIRERR AR
Institute of Drug Discovery Science, Nagoya City University

%2 NMRPLATFORM

NERZE - iRt R Rt AEESEE
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MEXT “Project for Promoting Public Utilization of Advanced Research
Infrastructure (Advanced Research Equipment Program) ” NMR Platform
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Hasis for Supporting nnovative Drug Discovery and Life Science Research
BINDS

BAERARFEREE EH1E AIRHRTEEEEE (BINDS)
AMED Basis for Supporting Innovative Drug Discovery and
Life Science Research (BINDS)

B AEVESGREIERE I =W Spin Life Science Unit
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The ExCELLS conducts activities for ‘Frontier of Spin Life Sciences,
which is the adopted project of the FY2023 Promotion of
Development of a Joint Usage/ Research System Project: Coalition of
Universities for Research Excellence Program (CURE) “Interdisciplinary
Research Hub Formation Program” of the Ministry of Education,
Culture, Sports, Science and Technology (MEXT).

In cooperation with related organizations in the above projects and the
NMR Platform of the Advanced Research Infrastructure Sharing
Promotion Project (Advanced Research Equipment Platform Program)
of MEXT, we aim to create a new field, ‘spin life science,” that is not
limited by existing fields.

B EFESRFIE I =wh Quantum Life Science Unit

(Eﬁ$¥%} Cooperative Projects, etc.
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MEXT Promotion of Development of a Join Usage/Research System
Project: Coalition of Universities for Resarch Excellence Program (CURE)
Frontier of Spin Life Sciences

%3 NMR PLATFORM
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MEXT “Project for Promoting Public Utilization of Advanced Research
Infrastructure (Advanced Research Equipment Program) " NMR Platform
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The ExCELLS conducts activities for ‘Multiscale
Quantum-Classical Life Interface Research

(EIEEEZ) cooperative Projects, etc.

Fy XBHRFE - FHRAKRRANITERTOITS A
O @ QUFRT-I
L\ EFABERAUY-TI—R
@ WMERIVY-ITL

XERZEHENR - HAFRI AT LHRER
(ZEEERANTER SO SL)IILFRT—ILET -
HHRERAVI—TI—AMAIVY—ITA

MEXT Promotion of Development of a Join Usage/Research System
Project: Coalition of Universities for Resarch Excellence Program (CURE)
Multiscale Quantum-Classical Life Interface Research Consortium

Consortium, which is the adopted project of the
FY2023 Promotion of Development of a Joint Usage/

BT - ke

Research System Project: Coalition of Universities for 19—Jx1—R SERROHRANE
Research Excellence Program (CURE) B RS —IL Py \
“Interdisciplinary Research Hub Formation Program” fs ps ns us ms s min hr Jﬁ%fﬁﬁ?ﬂ:g’rg
of the Ministry of Education, Culture, Sports, Science 10 v /l i?iﬂﬁ@lﬁl’g%ﬁtlﬁﬂ%ﬁﬁ
and Technology (MEXT). /
& o FEEA OBtRC i
In cooperation with related organizations of the é(_ | a8 FRAD I - SR T ERRART
above projects, we aim to create a new 1 q;FEﬁEg;i//LE?D&)waﬁUE;ﬁﬁgﬂﬁu l
interdisciplinary field, by connecting micro-quantum I 10°4 FEEZR 2
processes involving light and various proteins such as g ExCELLS
photoreceptor proteins, fluorescent and luminescent # 107 3 — SRR T E AR
proteins, and macro-scale molecular function = . N j%‘é‘é%ﬁ@ﬁﬁ&ﬂrgiﬂi&gﬂﬁ
expression processes from physical, chemical and 7
biological perspectives. 4}
KEPEHZIEGBERICOVWT. ETFIBE
POBEERBE SO RE DL CHLFRE
FEBORIREBET, ISSP : ifRRUY — R =iz
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E;%ﬁﬂﬁ?_ Collaboration Agreement

ExCELLS Tld. BN O - D BIBNREERE
ERELTVEY,

W 2EEMIIAH

Nagoya City University m

B 7 AT 7V ZAEYEZERRR (BE)

Institute of Biological Chemistry, a B

We have concluded comprehensive inter-institutional
exchange agreements with external institutions.

W B R A AR B T Z R R T

JAMSTEC Institute @
for Extra-cutting-edge Science and
Technology Avant-garde Research (X-star) \,é\

B ERERRARZRimE o B 2R
Institute for Advanced Biosciences (IAB),
Keio University

Academia Sinica (Taiwan)
B EHERI 7V HRAREDEE HE

Glyco Science Netwaork

Bt~ IS40—-LAFOVTINC
BIFBEE B

G-Glyeohlar] JIGcho Net Partner Institutions \ HGA
in the Human Glycome Atlas Project ‘ '
W BER PR B RPAFEORTNREHER
College of Life Science andBioengineering, Institute for Integrated Radiation
Korea Advanced Institute of Science I(AI ST and Nuclear Science, Kyoto University
and Technology (KAIST)
KURNS
B YIVFRT—)VBF—af4Em VY —T1—R P B ERAZ ABFTIZHAEYSY— ~
WEIVYV—IFLCBIFBDEZR Pt Tottori University Chromosome
. . . Engineering Research Center C
Partner Institutions in the Multiscale Quantum- -
Classical Life Interface Research Consortium @ ﬁg%?&j;

B F—DOAKRE ZENS/ VATV AV SI—

T IR—7) i)lANO

B 7AFE7VABARERR Y Y-
(&8)

Research Center for Applied Sciences (Taiwan)

B ABRAE EBEEMFH

Institute for Protein Research (IPR)
University of Osaka

G
W A

Interdisciplinary Nanoscience Center
(iNANO) Aarhus University
INSTITUTE for
PROTEIN RESEARCH

M ExCELLS Z=7— ExCELLS Seminar

B EFHRESTH ./ YU—k

BHENMEERE TS O OMAEESEEHHICHELTVET,

We regularly hold a symposium to discover exploratory

research.

B 7O RJ—3F Outreach Activity

ExCELLS Retreat for Young Scientists

EFMAENSEHNICEE - RRTIBEFERERNO—DOLELT,
EXCELLSEFV N - b eBEERELTVET,

To encourage and empower young scientists, EXCELLS hosts
Retreat for Young Scientists annually, in which young
scientists also act as the planners and organizers of the event.

AN/ Events

ExCELLSTI&. BN D FTHE & DZMRA. BEF 5
BOBEMN. D HZHER U REDRRXRZBNE Uiy
VIRV DLPEI T —RE SXERRERZITOCVE T,

M Frontier Bioorganization Forum

For developing a strong research and innovation base,
ExXCELLS enlightens young people to become the next
generation scientists. To achieve our aims, we would like
to expand our international collaborative network.

B ExCELLSY/>iRI™Ls ExCELLS Symposium

BECAEOMEELEMERSETE>TVET,

We have held symposiums with researchers from South
Korea and Taiwan.

ZHREMEBEREGELAZII2=TrICAV TRERRRR 2
RIETE-ODARESEEBLTVET,

ExCELLS regularly hosts scientific symposium for research
communities encompassing a wide range of scientific
research fields to communicate the recent researches.

WHAKEGEEGAIL ERBICHEINC MEEEBLTVET,

ExCELLS periodically hosts science-themed events, etc. in cooperation

with municipalities and other organizations.

22 d)
B e = )

=M

) - X
2021 s 3
11 / 4 o N

14 Wi ~15 By

wmn ERBOEEPR

1F 377 PRI

REFAH / S0
AR 2R

(2025%5R)
Institution guide for students at
Nagoya City University (May 2025)

BERTEROBREETIN NHE
(2024%11A8)

Gamagori Natural History Museum
Sea of Life (November 2024)

BHEMRFE CHEIOE BRFF MRS
DRI LICTEEE (202552R)
The 39th NINS symposium at Nagoya City
Science Museum (February 2025)

b WEALEIRERFERICHR (202556R)

Development Exhibition (June 2025)

Aichi Prefecture Research and
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