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What Is Life?
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Message
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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
dynamic, launched in April 2018 in the historic Okazaki, continuing the tradition of
interdisciplinary research activities from the former Okazaki National Research Institutes. For the
ultimate mission to reconstruct the concept of life beyond the bounds of the old world of
knowledge, up-and-coming researchers have gathered from the Okazaki Institute for Integrative
Bioscience, the Center for Novel Science Initiatives, and three Institutes (IMS, NIBB, NIPS) of the
National Institutes of Natural Sciences, as “Pile up new wine into new wineskins.” In other words,
we are boldly challenging the fundamental intellectual question common to all humankind,
“"What is life?” through cutting-edge and diverse scientific technologies and multi-layered
academic collaboration, including domestic and international cooperation. During the four years
since its establishment, with the keywords of “Observe,” “Read,” and "Create,” we have
approached and are gaining new knowledge on such themes as “where is the boundary between
matter and life?” “What is life in an extreme environment?” “how do the molecules generate
biological functions?” and "can life be artificially created?”. In the future, we intend to further
expand this cutting-edge research at ExCELLS as the Advanced Co-creation Platform (ACP) and
to return the results to co-creation with society and promote them as the Collaboration
Enhancement Platform (CEP).

On the other hand, the environment surrounding basic research in Japan is far from stable. With
the cooperation of our experienced predecessors, we will do our utmost to develop ExXCELLS,
established in Okazaki, a city with a long tradition. | would like to ask for your continued support
and encouragement.

Exploratory Research Center
on Life and Living Systems
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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 iR PRER 5
environment, using the “Observe, Read, and Create” approach. iﬁ%ﬁ
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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
\ o biological patterns from varying data.
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To understand the design principles of dynamically ordering, and robust systems in varying environment by
creating experimental and computational living systems.

il R k2 el Section for Exploration of

Life in Extreme Environments
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_\ Exploration of Life ExCELLS also explores living systems in extreme environments to elucidate original modes of living and
G Teme BV ey 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 four 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.

HoBERREYY—

PR L

BHHEARMN

Center for Novel Science Initiatives (CNSI)
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Astrobiology Center (ABC)
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National Astronomical Observatory of Japan (NAQOJ)
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National Institute for Fusion Science (NIFS)
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National Institute for Basic Biology (NIBB)

International Research
Collaboration Center (IRCC)
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National Institute for Physiological Sciences (NIPS)
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Institute for Molecular Science (IMS)
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Bioimage Informatics Group

Biomolecular Dynamics Simulation Group
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Biomolecular Interaction Research Group

Biomolecular Organization Research Group
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Biophotonics Research Group
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Cognitive Genomics Research Group
1 BEVITFIVRIRERRIIL—

Developmental Signaling Research Group

Dynamic Molecular Neurobiology Group
13 EBREMBZRRI I

Metallobiology Group

23 R WTRERARITIL—F

Deep-Sea and Deep Subsurface Life Research Group

24 FERRIBE G D FHRIIL—TF

Extreme Environmental Biomolecular Research Group
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Cardiocirculatory Dynamism Research Group

12 fRD FEREYZRRIIL—

Strategic Research Administration Office

14 gy MO —JRIRARITIL—TF

Neuronal Networks Research Group
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Protein Design Group
16 EEEMFMRRIIL—
Quantitative Biology Group

17 e ZERAHEIEHRRI L

Spatiotemporal Regulations Group

18 YERHIEISHERERRIT T IL—
Structural Glycobiology Group
19 BEEMFEMRIIN—

Thermal Biology Group

20 &y FERREHAIZIL—
Biomolecular Dynamics Observation Group
21 RBEIEHRRIIN—T
Chromosome Engineering Research Group
22 BREMERRIIL—

Theoretical Biology Group
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25 MR 4RI IL—7

Extremotolerance Research Group

26 MB-EHRIRFAEHRITIL—F

Material-Life Boundary Research Group
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A native/lightweight application for semi-automatic biological feature collection tasks on 4D
confocal stacks with an intuitive graphical user interface.
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Modern microscopic techniques used in the biological and medical fields yield large amounts
of imaging data that generally include multiple dimensions, such as depth and temporal axes.
These specimens take on various shapes and are temporally unstable, thus making it difficult
to quantitatively analyze biological specimens. To this end, we are developing algorithms and
also applying machine-learning techniques for extracting image features out of
multi-dimensional images for the purpose of conducting data analysis on bio-medical images.
We are also embedding these techniques into the image processing pipeline to generate large
amounts of imaging data. By combining these methodologies, we are aiming to create more
efficient biological data analysis or medical diagnostic techniques.

EY)BIREFREENTT)L—" | Bioimage Informatics Group
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KATO, Kagayaki
Project Assistant Professor
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OHTA, Yusaku
Project Assistant Professor
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M |. Kondrychyn, D. J. Kelly, N. T. Carretero, A. Nomori, K. Kato, J. Chong, H. Nakajima, S. Okuda, N. Mochizuki, L. K. Phng, “Marcksl1 modulates
endothelial cell mechanoresponse to haemodynamic forces to control blood vessel shape and size”, Nat. Commun. 11(1), 5476 (2020). [l M.
Kurihara, K. Kato, C. Sanbo, S. Shigenobu, Y. Ohkawa, T. Fuchigami, Y. Miyanari, “Genomic Profiling by ALaP-Seq Reveals Transcriptional Regulation
by PML Bodies through DNMT3A Exclusion”, Mol. Cell. 78(3):493-505.e8 (2020). M Y. Ohta, T. Furuta, T. Nagai, K. Horikawa, “Red fluorescent
cAMP indicator with increased affinity and expanded dynamic range”, Sci. Rep. 8 1-9 (2018). ll K. Kato, B. Dong, H. Wada, M. Tanaka-Matakatsu, Y.
Yagi, S. Hayashi, “Microtubule-dependent balanced cell contraction and luminal-matrix modification accelerate epithelial tube fusion”, Nat. Commun. 7
11141 (2016). M Y. Ohta, T. Kamagata, A. Mukai, S. Takada, T. Nagai, K. Horikawa, “Nontrivial Effect of the Color-Exchange of a Donor/Acceptor
Pair in the Engineering of Forster Resonance Energy Transfer (FRET)-Based Indicators”, ACS Chem. Biol. 11 1816-22 (2016).
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OKUMURA, Hisashi
Associate Professor
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Amyloid fibril of amyloid-B peptides.

IVNTBORTFROKIIBERD FIFBHIRILF—RINREZRE DO BEDDF
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WIVINTEREREBANZ X LDBEBICERVEATVET,

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.

(EZH]

M S. Tanimoto, S. G. Itoh, and 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). B Y. Tachi, Y. Okamoto, H.
Okumura, “Conformational change of amyloid-B8 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-3 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).
W 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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UCHIYAMA, Susumu
Visiting Professor
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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.

IeBDTIV—TTl BEREZ DI VINIBBHEBEERICOVT. XA T« TEBEDH
& (Native MS) Z > TRITAEDH TVE I Native MSIFERSD TESHEPERIEBO T
DEOBIEHBRESHEHOHEERICKIERINIED FESHRICDOVT. ZOESRZEHR
UeFFBEERTEIDEZTBEEULF T ZDresh. Native MSIC KD FESADIERER
BERTEZEL . EEHDLZERCEHMTHICEITIBEREBDIIENTEFITF T
B0 —TTIFELC-MS/MSHTRETH Y . I VNI BDEREEHDBEE R EHIToT
WK T HT I —TDEEDITRMZE S RIFEXCELLSOHBEF] AIZE E U TEETIEE
TIDT. FOBTEICBBVEHETEL,

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.

(ZZHi]

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).
W 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 R. Murakami, Y. Yunoki, K. Ishii, K. Terauchi, S. Uchiyama, H.
Yagi, K. Kato, “Cooperative Binding of KaiB to the KaiC Hexamer Ensures Accurate Circadian Clock Oscillation in Cyanobacteria”, Int. J. Mol. Sci.
20(18) 4550 (2019). 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). l T. Uchihashi, Y.
Watanabe, Y. Nakazaki, T. Yamasaki, H. Watanabe, T. Maruno, K. Ishii, S. Uchiyama, C. Song, K. Murata, R. lino, T. Ando, “Dynamic structural
states of ClpB involved in its disaggregation function”, Nat. Commun. 9(1) 2147 (2018).
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Professor
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We explore the principles underlying biomolecular organization by
multidisciplinary approaches.

EHIRROFERF VAT LZBRITDEHDD FRFNIAFTIVIRBBEGENZBUT
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BEMTIAN_IXLZEBFEITDIEN [EETTVBREFMAN? | ZEZD X TARENICE
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MFEZERUCEREEZEIRE T IHIZHEIANT LZBELTVET,

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.

(SZ3)

Il T. Satio, H. Yagi, C.W. Kuo, K.H. Koo, K. Kato, “An embeddable molecular code for Lewis X modification through interaction with
fucosyltransferase 97, Commun. Biol. 5, 676 (2022). M S. Yanaka, S. Nishiguchi, R. Yogo, H. Watanabe, J. Shen, H. Yagi, T. Uchihashi, K. Kato,
“Quantitative visualization of the interaction between complement component C1 and immunoglobulin G: The effect of CH1 domain deletion”, Int. J.
Mol. Sci. 23, 2090 (2022). B T. Watanabe, H. Yagi, S. Yanaka, T. Yamaguchi, K. Kato, “Comprehensive characterization of oligosaccharide
conformational ensembles with conformer classification by free-energy landscape via reproductive kernel Hilbert space”, Phys. Chem. Chem. Phys.
23, 9753-9760 (2021). M H. Yagi, M. Yagi-Utsumi, R. Honda, Y. Ohta, T. Saito, M. Nishio, S. Ninagawa, K. Suzuki, T. Anzai, Y. Kamiya, K. Aoki, M.
Nakanishi, T. Satoh, K. Kato, “Improved secretion of glycoproteins using an N-glycan-restricted passport sequence tag recognized by cargo receptor”,
Nature Commun. 11, 1368 (2020).
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ENOKI, Ryosuke
Associate Professor
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Bio-imaging of various biological samples.

INAF TH R0 ZRRTIV—TTIE TRl — I — 5. JERTEAZ . T/ MRBRIRED
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BAAXA—I VI BRIABRPHBRIENERALTVE T INSZFAL EBEEDTEENR
BITEZRII T2 LT MBROEPHEOME. 2 EEUX L DA ETIVIREDEFRE
BEDH FEEDRIAEZORIFEREDERZEIELE I,

The Biophotonics Research Group explores the development of innovative bio-imaging
methodologies and their application to life sciences using advanced laser technology, nonlinear
optics, nanomaterials science, and other scientific techniques. Up to now, we have pioneered
two-photon imaging methods that enable us to observe deep parts of the body in a
non-invasive manner in a living state. Based on this technology, we are developing
single-molecule super-resolution imaging, ultra-long-term observation, and optical
manipulation of biological specimens. Our quantitative analysis methods for physiological
functions will elucidate the molecular bases and the emergent principles of biological functions,
including neural functions, exocytosis/secretion, biological rhythms, and cancer.

(ZEXE)

M K. Yamaguchi, K. Otomo, Y. Kozawa, M. Tsutsumi, T. Inose, K. Hirai, S. Sato, T. Nemoto*, J. Uji-I*, (*corresponding authors), “Adaptive Optical
Two-photon Microscopy for Surface profiled Living Biological Specimens”, ACS Omega 6, 438-447 (2021). M T. Maejima, Y. Tsuno, S. Miyazaki,
Y. Tsuneoka, E. Hasegawa, M. Islam, R. Enoki, T. Nakamura, M. Mieda, “GABA from vasopressin neurons regulates the time at which
suprachiasmatic nucleus molecular clocks enable circadian behavior”, Proc. Natl. Acad. Sci. USA 118, e2010168118-1 - e2010168118-11
(2021). W T. Takahashi, H. Zhang, R. Kawakami, K. Yarinome, M. Agetsuma, J. Nabekura, K. Otomo, Y. Okamura, T. Nemoto T, “PEO-CYTOP
Fluoropolymer Nanosheets as a Novel Open-Skull Window for Imaging of the Living Mouse Brain”, iScience 23, 101579-1 - 101579-13 (2020). H
H. Ishii, K. Otomo, JH. Hung, M. Tsutsumi, H. Yokoyama, T. Nemoto, “Two-photon STED nanoscopy realizing 100-nm spatial resolution utilizing
high-peak-power sub-nanosecond 655-nm pulses”, Biomed. Opt. Express 10, 3104-3113 (2019). M M. Inoue, A. Takeuchi, S. Manita, SI.
Horigane, M. Sakamoto, R. Kawakami, K. Yamaguchi, K. Otomo , H. Yokoyama, R. Kim, T. Yokoyama, S. Takemoto-Kimura, M. Abe, M. Okamura, Y.
Kondo, S. Quirin, C. Ramakrishnan, T. Imamura, K. Sakimura, T. Nemoto, M. Kano, H. Fuijii, K. Deisseroth, K. Kitamura, H. Bito, “Rational
engineering of XCaMPs, a multicolor GECI suite for in vivo imaging of complex brain circuit dynamics”, Cell 177, 1346-1360 (2019).
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Changes in mitochondrial morphology (fission: upper) and membrane potential
(depolarization: lower) of cardiomyocytes by hypoxic stress.

ERDOODBRY AT LR DE. MEFBH. BREHEWV R EflRRERIC K >THER
[CHIBEBSNTVERT BLRFRIVNTBBEEERZN TSI IV MU REEEOHMR
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RUZDEREEIEZ(LEREMD "FE5T (mitoflash)"ZEEFEHAITSIET. S FIVRY
7 REEEHEHCHBROTELEORARBRZHSNICT DIcHDERZIIFFRZED
TWETY,

Cardiocirculatory system is precisely maintained by the multilevel interactions among muscular
organs including heart, blood vessels, and skeletal muscles. We aim to elucidate the common
mechanism underlying regulation of muscular potentiality via protein-protein interactions, and
establish an innovative strategy to promote healthy life expectancy in mammals. For example,
we simulataneously observe morphological changes of mitochondria (remodeling) and fluctua-
tion of their membrane potential (i.e., mitoflash) under various conditions, to read the causal

relationship between mitochondrial quality control and muscular stress resilience.

(SE ]

M K. Shimoda, A. Nishimura, C. Sunggip, T. Ito, K. Nishiyama, T. Tanaka, H. Tozaki-Saitoh, M. Tsuda, M. Nishida, “Modulation of P2Y6R
expression exacerbates pressure overload-induced cardiac remodeling in mice”, Sci. Rep. 10, 13926 (2020). M S. Sudi, T. Tanaka, S. Oda, K.
Nishiyama, A. Nishimura, C. Sunggip, S. Mangmool, T. Numaga-Tomita, M. Nishida, “TRPC3-Nox2 axis mediates nutritional deficiency-induced
cardiomyocyte atrophy”, Sci. Rep. 9, 9785 (2019). M K. Nishiyama, T. Numaga-Tomita, Y. Fujimoto, T. Tanaka, C. Toyama, A. Nishimura, T.
Yamashita, N. Matsunaga, S. Koyanagi, Y. T. Azuma, Y. lbuki, K. Uchida, S. Ohdo, M. Nishida, “lbudilast attenuates doxorubicin-induced
cytotoxicity by suppressing formation of TRPC3-Nox2 protein complexes”, Br. J. Pharmacol. 176, 3723-3738 (2019). M A. Nishimura, K. Shimoda,
T. Tanaka, T. Toyama, K. Nishiyama, Y. Shinkai, T. Numaga-Tomita, D. Yamazaki, Y. Kanda, T. Akaike, Y. Kumagai, M. Nishida, “Depolysulfidation
of Drp1 induced by low-dose methylmercury exposure increases cardiac vulnerability to hemodynamic overload”, Sci. Signal. 12, eaaw1920 (2019).
M A. Nishimura, T. Shimauchi, T. Tanaka, K. Shimoda, T. Toyama, N. Kitajima, T. Ishikawa, N. Shindo, T. Numaga-Tomita, S. Yasuda, Y. Sato, K.
Kuwahara, Y. Kumagai, T. Akaike, T. Ide, A. Ojida, Y. Mori, M. Nishida, “Hypoxia-induced interaction of filamin with Drp1 causes mitochondrial
hyperfission-associated myocardial senescence”, Sci. Signal. 11, eaat5185 (2018).
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Single-nucleus RNA-seq reveals various types of brain cells in the marmoset cortex

[ZEENREL FFRIFFEN L MR- B2l BEOEBBICH T BB ECKEDET
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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.

(ZZ k]

M K. Hiraga, YU. Inoue, J. Asami, M. Hotta, Y. Morimoto, S. Tatsumoto, M. Hoshino, Y. Go, T. Inoue, “Redundant type |l cadherins define
neuroepithelial cell states for cytoarchitectonic robustness”, Commun Biol. 3: 574 (2020). 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). l T. Shimogori, A. Abe, Y. Go, T. Hashikawa, N. Kishi, SS.
Kikuchi, Y. Kita, K. Niimi, H. Nishibe, M. Okuno, K. Saga, M. Sakurai, M. Sato, T. Serizawa, S. Suzuki, E. Takahashi, M. Tanaka, S. Tatsumoto, M.
Toki, M. U, Y. Wang, KJ. Windak, H. Yamagishi, K. Yamashita, T. Yoda, AC. Yoshida, C. Yoshida, T. Yoshimoto, H. Okano, “Digital gene atlas of
neonate common marmoset brain”, Neurosci Res. 128: 1-13 (2018). M S. Tatsumoto, Y. Go (co-first), K. Fukuta, H. Noguchi, T. Hayakawa, M.
Tomonaga, H. Hirai, T. Matsuzawa, K. Agata, A. Fujiyama, “Direct estimation of de novo mutation rates in a chimpanzee parent-offspring trio by
ultra-deep whole genome sequencing”, Sci Rep. 7(1): 13561 (2017). M K. Yoshida, Y. Go, |. Kushima, A. Toyoda, A. Fujiyama, H. Imai, N. Saito, A.
Iriki, N. Ozaki, M. Isoda, “Single-neuron and genetic correlates of autistic behavior in macaque”, Sci Adv. 2(9): e1600558 (2016).
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Model of Wnt protein diffusion: Wnt trimers are the smallest unit of the HMW complex. Both the trimer and the HMW
complex appear to exist in the extracellular milieu although it is uncertain when the assembly to the HMW complex
occurs during the process of Wnt secretion. The HMW complex is probably less mobile when interacting with the
plasma membrane, resulting in the restriction of Wnt diffusion range. Some Wnt molecules can be dissociated by
local interaction with Frizzled receptor (Fzd), resulting in a short-range signal (local action). In contrast, the HMW
complex, probably as well as the trimer itself, can also be dissociated by interaction with soluble Wnt binding protein
(partner protein), including sFRP. By this dissociation, Wnt turns to be more mobile and its diffusion range is
expanded (diffusible action).

HREOBRGEFEVEBOERICEETHY  ZCTREXIEBDMET T FIVI Y
INOBEDHERELE T LD LIRS COKSBRDMMES T IV VN EHHE A TREIC
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BOIDE 2> T FIVIVINTBTHDWNtDEREL R ZES N C L. BN
DIEBMEPRRMEZ. WntiC K2 MREEBREEDFMEPWNtD FZDHDDREND S
EBfttTNCEE TS LT,

Cell-to-cell communication is important for the formation of animal tissues, where a variety of
secreted signaling proteins function. In general, these proteins are considered to be distributed in
tissues forming concentration gradient. However, the actual distribution of these secreted
signaling proteins in tissues, the significance of this distribution, and how it is regulated by various
physiological factors are not well understood. One of our main goals is to elucidate the dynamics
and properties of Wnt, a secreted signaling protein, and to understand the robustness and
flexibility of animal tissues, based on the properties of Wnt-mediated cell-to-cell signaling and the

properties of the Wnt molecule itself.

M Y. Mii, K. Nakazato, C-G. Pack, T. Ikeda, Y. Sako, A. Mochizuki, M. Taira, S. Takada, “Quantitative analyses reveal extracellular dynamics of Wnt
ligands in Xenopus embryos”, eLife;10:e55108 (2021). M K. Okada, S. Takada, “The second pharyngeal pouch is generated by dynamic
remodeling of endodermal epithelium in zebrafish”, Development. 147, dev.194738 (2020). M T. Shinozuka, R. Takada, S. Yoshida, S. Yonemura,
S. Takada, “Wnt produced by stretched roof-plate cells is required for the promotion of cell proliferation around the central canal of the spinal cord”,
Development. 146. pii: dev159343 (2019). M R. Takada, Y. Mii, E. Krayukhina, Y. Maruyama, K. Mio, Y. Sasaki, T. Shinkawa, C-G. Pack, Y. Sako,
C. Sato, S. Uchiyama, S. Takada, “Assembly of protein complexes restricts diffusion of Wnt3a proteins”, Commun. Biol. 1, 165 (2018). l Y. Mii, T.
Yamamoto, R. Takada, S. Mizumoto, M. Matsuyama, S. Yamada, *S.Takada, *M. Taira, (*corresponding authors) , “Roles of two types of heparan
sulphate clusters in Wnt8 distribution and signalling in Xenopus”, Nature Commun. 8, 1973 (2017).
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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.
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The formation of long-term memory requires long-term potentiation of synapses that connect
neurons. For long-term synaptic potentiation, "local translation" achieved by mRNA transport to
the vicinity of synapses and subsequent protein synthesis plays a vital role. Our research focuses
on the local translation machinery "RNA granule”, which is a fluid structure formed by
liquid-liquid phase separation. “How is the fluidity of RNA granules regulated to control mRNA
transport and local translation spatiotemporally?” And as a result, “Which proteins are locally
synthesized and how do they potentiate synapses to form long-term memory?” We aim to
answer these questions by conducting multi-level studies from the molecular level to the
behavioral level of mice.

(ZZ k]
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M K. Nakazawa, Y. Shichino, S. lwasaki, N. Shiina, “Implications of RNG140 (caprin2)-mediated translational regulation in eye lens differentiation”,
J. Biol. Chem. 295, 15029-15044 (2020). l R. Ohashi, N. Shiina, “Cataloguing and selection of mMRNAs localized to dendrites in neurons and
regulated by RNA-binding proteins in RNA granules”, Biomolecules 10, 167 (2020). M N. Shiina, “Liquid- and 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/caprini, an
RNA granule protein for dendritic mRNA localization, is essential for long-term memory formation”, eLife 6, 29677 (2017). l R. Ohashi, K. Takao,
T. Miyakawa, N. Shiina, “Comprehensive behavioral analysis of RNG105 (Caprin1) heterozygous mice: Reduced social interaction and attenuated

response to novelty”, Sci. Rep. 6, 20775 (2016).
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S. Aono, Y. Shiro, H. Sawai,
(2021). M N. Muraki, C. Kitatsuji, Y. Okamoto, T. Uchida, K. Ishimori, S. Aono, “Structural basis for heme transfer reaction in heme uptake
machinery from Corynebacteria”, Chem. Commun. 55, 13864-13867 (2019). B N. Muraki, K. Ishii, S. Uchiyama, S. G. Itoh, H. Okumura, S. Aono,
“Structural characterization of HypX responsible for CO biosynthesis in the maturation of NiFe-hydrogenase”, Commun. Biol. 2, 385 (2019). l A.
Pavlou, H. Yoshimura, S. Aono, E. Pinakoulaki, “Protein Dynamics of the Sensor Protein HemAT as Probed by Time-Resolved Step-Scan FTIR
Spectroscopy”, Biophys. J. 114, 584-591 (2018).
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(A) Structure of the heme uptake machinery consisting of HtaA, HtaB, and HmuT in corynebacterial.
Heme molecules are transported among these proteins on the cell surface of corynebacteria in order
as shown in yellow arrows. (B) Structure of HypX responsible for biogenesis of CO, which is used as
a component of the active site of Ni-Fe hydrogenase. CoA retained in the cavity (grey mesh) is
formylated to form formyl-CoA, from which CO is produced by decarbonylation reaction.

EBIVNIVER EYDIRILF—RH WERLH. BROCERECBVCEEREEZ
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Transition metal ions and metalloproteins play crucial roles in biological energy and substance me-
tabolisms and signal transduction processes. The elucidation of the structure and function of these
metalloproteins is central to understanding the regulatory mechanisms associated with biological
functioning. We are currently elucidating the structure-function relationships of metalloproteins
using experimental methods in the areas of biochemistry, molecular biology, structural biology,
inorganic chemistry, and physical chemistry. Our research interest is especially focusing on transi-
tion metal ion-containing transcriptional regulators, heme-based gas sensor proteins, biosynthetic
machinery of metalloproteins, and transition metal ions/complexes transport systems.

Bl N. Muraki, K. Takeda, D. Nam, M. Muraki, S. Aono, “Structural characterization of thermoglobin from a hyperthermophilic Bacterium Aquifex
aeolicus”, Chem. Lett. 50, 603-606 (2021). ll M. Nishinaga, H. Sugimoto, Y. Nishitani, S. Nagai, S. Nagatoishi, N. Muraki, T. Tosha, K. Tsumoto,
“Heme controls the structural rearrangement of its sensor protein mediating bacterial survival”, Commun. Biol. 4, 467
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Transgenic zebrafish that express GFP in spinal V1 neurons (neurons
that express transcription factor En1). The top panel shows a low
magnification view of the transgenic fish, while the bottom panel shows
a hagh magnification view of the spinal cord.
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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. Quite recently, we
built a microscope that tilts a sample with an objective lens 360 degree during calcium
imaging. By using this system, we are actively investigating neuronal circuits that are involved
in postural control.

(2EX#)

Department of Creative Research %IJ m i 5"{, ﬁE iﬁﬁ

IR R |"7_7§U%ﬁﬁ79‘%7\“/—7° | Neuronal Networks Research Group

vAda

HE BE— wuz
HIGASHIJIMA, Shin-ichi
Professor

M Y. Uemura, K. Kato, K. Kawakami, Y. Kimura, Y. Oda, S. Higashijima, “Neuronal circuits that control rhythmic pectoral fin movements in
zebrafish”, Journal of Neuroscience 40 6678-6690 (2020). 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). l
T. Shimazaki, M. Tanimoto, Y. Oda, S. Higashijima, “Behavioral role of the reciprocal inhibition between a pair of Mauthner cells during fast escapes

in zebrafish”, Journal of Neuroscience 39 1182-1194 (2019).
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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.

EEE

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).H 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). B Y. Lin, N. Koga, S.
M. Vorobiev, D. Baker, “Cyclic oligomer design with de novo a -proteins”, Protein Science, 26(11), 2187-2194 (2017). B Y. Lin, N. Koga, R.
Koga, G. Liu, A. F. Clouser, G. T. Montelione, D. Baker, “ Control over overall shape and size in de novo designed proteins”, Proc. Natl. Acad. Sci.
USA, 112(40), E5478-5485 (2015).
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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.

(ZZ k]

M 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 Y. Uda, H . Miura, Y.
Goto, K . Yamamoto, Y. Mii, Y. Kondo, S. Takada, K . Aoki, “ Improvement of Phycocyanobilin Synthesis for Genetically Encoded Phytochrome-Based
Optogenetics”, ACS Chemical Biology, 15 2 896-2906 (2020). M 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 K. Aoki, Y. Kondo, H. Naoki, T.
Hiratsuka, R. E. Itoh, M. Matsuda. “Propagating Wave of ERK Activation Orients Collective Cell Migration”, Developmental Cell, 43 305-317 (2017).
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).
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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.
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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.

(E==3E9)

l A. Kondow, K. Ohnuma, Y. Kamei, A. Taniguchi, R. Bise, Y. Sato, H. Yamaguchi, S. Nonaka, K. Hashimoto, “Light-sheet microscopy-based 3D
single-cell tracking assay revealed a correlation between cell cycle and the beginning of endoderm cell internalization in early zebrafish
development”, Dev. Growth Differ. 62, 495-502 (2020). M 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). M 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). B S. Nonaka, “Visualization of Mouse Nodal Cilia and Nodal Flow”,
Methods in Enzymology 525, 149-157 (2013).

Department of Creative Research

Glycoproteomics

FIAN A matms
YAGI, Hirokazu
Visiting Associate Professor

Structural analysis of free glycans
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Our research goals are to understand the glycan biosynthesis
system through structure-based approaches.
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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.
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M H. Yagi, E. Amagasa, M. Shiota, I. Yamada. K.F. Aoki-Kinoshita, K. Kato, “GALAXY ver3: updated web application for glycosylation profiling based
on 3D HPLC map”, Glycobiology. 32, 646-650 (2022). M T. Saito, H. Yagi, C.W. Kuo, K.H. Khoo, K. Kato, “An embeddable molecular code for Lewis
X modification through interaction with fucosyltransferase 97, Commun. Biol. 13, 676 (2022). Ml F. Umezawa, M. Natsume, S. Fukusada, K.
Nakajima, F. Yamasaki, H. Kawashima, C.W. Kuo, K.H. Khoo, T. Shimura, H. Yagi, K. Kato, “Cancer Malignancy Is Correlated with Upregulation of
PCYT2-Mediated Glycerol Phosphate Modification of a-Dystroglycan”, Int. J. Mol. Sci. 23, 6662 (2022). Ml T. Watanabe, H. Yagi, S. Yanaka, T.
Yamaguchi, K. Kato, “Comprehensive characterization of oligosaccharide conformational ensembles with conformer classification by free-energy
landscape via reproductive kernel Hilbert space”, Phys. Chem. Chem. Phys. 23, 9753-9760 (2021). M H. Yagi, M. Yagi-Utsumi, R. Honda, Y. Ohta,
T. Saito, M. Nishio, S. Ninagawa, K. Suzuki, T. Anzai, Y. Kamiya, K. Aoki, M. Nakanishi, T. Satoh, K. Kato, “Improved secretion of glycoproteins using
an N-glycan-restricted passport sequence tag recognized by cargo receptor”, Nat. Commun. 11, 1368 (2020). Ml H. Yagi, S. Yanaka, R. Yogo, A.
lkeda, M. Onitsuka, T. Yamazaki, T. Kato, E.Y. Park, J. Yokoyama, K. Kato, “Improved secretion of glycoproteins using an N-glycan-restricted passport
sequence tag recognized by cargo receptor”, Biomolecules. 10, 1482 (2020).
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Thermosensitive TRP channels. There are various kinds of thermosensitive TRP
channels sensing cold to heat. TRPV1 activated by heat is also sensitive to an
ingredient of pepper, capsaicin, and TRPM8 activated by cold stimulus is also
sensitive to an ingredient of mint, menthol.
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We mainly investigate molecular mechanisms of thermosensation and their physiological
significance by focusing on thermosensitive TRP ion channels from insects to mammals. We are
also trying to clarify the nociceptive mechanisms at peripheral nerve endings by focusing on
TRPV1 and TRPA1. We are doing behavioral analyses of mice lacking the thermosensitive TRP
channels. Furthermore, we are cloning the thermosensitive TRP channels genes from various
species, which would help us to understand the mechanisms of thermosensation in the
evolution. We also utilize fruit flies as a model to investigate temperature preference and
adaptation, particularly focusing on regulatory roles of lipid components.
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M R. Nishimoto, S. Derouiche S, K. Eto K, A. Deveci, M. Kashio, Y. Kimori, Y. Matsuoka, H. Morimatsu, J. Nabekura, M. Tominaga,
“Thermosensitive TRPV4 channels mediate temperature-dependent microglia movement”, Proc. Natl. Acad. Sci. USA 118 (17): e2012894118
(2021). W T. H. D. Nguyem, G. S. Itoh, H. Okumura, M. Tominaga, “Structural basis for promiscuous action of monoterpenes on TRP channels”,
Comms, Biol. 4 (1): 293 (2021). l X. Feng, Y. Takayama, N. Ohno, H. Kanda, Y. Dai, T. Sokabe, M. Tominaga, “Increased TRPV4 expression in
non-myelinating Schwann cells is associated with demyelination after sciatic nerve injury”, Comms. Biol. 3 (1): 716 (2020). l T. Sokabe, H. B.
Bradshaw, M.Tominaga, E. Leishman, C. Montell, “Light-induction of endocannabinoids and activation of Drosophila TRPC channels”, bioRxiv
2021.06.17.448894 (2021). M S. Saito, T. C. Saito, M. Nozawa, M. Tominaga, “Elucidating the functional evolution of heat sensors among
Xenopus species adapted to different thermal niches by ancestral sequence reconstruction”, Molec. Eco. 28: 3561-3571 (2019).
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Biological samples (from top left: mammalian cell, bacteria, and virus) and single-molecule
dynamics captured by high-speed AFM.
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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.
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B K. Miyazawa, S. G.ltoh, H. Watanabe, T. Uchihashi, S. Yanaka, M. Yagi-Utsumi, K. Kato, K. Arakawa, H. Okumura, “Tardigrade
secretory-abundant heat-soluble protein has a flexible B-barrel structure in solution and keeps this structure in dehydration”, J. Phys. Chem. B
(2021). M T. Uchihashi, C. Ganser, “Recent advances in bioimaging with high-speed atomic force microscopy”, Biophys. Rev.12, 363-369 (2020).
M H. Tatebe, C. T. Lim, H. Konno, K. Shiozaki, A. Shinohara, T. Uchihash*, A. Furukohri*, (*corresponding authors), “Rad50 zinc hook functions as
a constitutive dimerization module interchangeable with SMC hinge”, Nat. Commun. 11, Article number: 370 (2020). M C. Cho, J. Jang, Y. Kang,
H. Watanabe, T. Uchihashi, S. J. Kim, K. Kato, J. Y. Lee, J. Song, “Structural basis of nucleosome assembly by the Abo1 AAA+ ATPase histone
chaperone”, Nat. Commun. 10, Article number: 5764 (2019). M C. Ganser, T. Uchihashi, “Microtubule self-healing and defect creation
investigated by in-line force measurements during high-speed atomic force microscopy”, Nanoscale 11, 125-135 (2019).
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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.
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B 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, and Y. Kazuki, Efficient human-like antibody repertoire and hybridoma
production in trans-chromosomic mice carrying megabase-sized human immunoglobulin loci. Nat Commun. 2022 Apr 5;13(1):1841. l 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. Moyer, B. Cheng, N. Singh, J. T.
Richtsmeier, M. Oshimura, and R. H. Reeves, A transchromosomic rat model with human chromosome 21 shows robust Down syndrome features.
Am J Hum Genet. 2022 Feb 3;109(2):328-344. M 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, and M. Oshimura, Humanized UGT2 and CYP3A transchromosomic rats for improved
prediction of human drug metabolism. Proc Natl Acad Sci U S A. 2019;116(8):3072-3081.
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Cell morphology analysis by machine learning (top panel). Deciphering
mechanisms by mathematical models (bottom panel).
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Now is a moment we need a fusion of quantitative experiments and mathematics in biology.
Recently, measurement technologies such as live imaging and next-generation sequencers have
been rapidly developed, and we have entered a new era in which molecular activities and gene
expression levels in living tissues can be measured at single-cell resolution in a high throughput
manner. Data is often enormous and high-dimensional, and far exceeds human cognitive ability
to find some patterns hidden in the data. Our laboratory aims to elucidate theoretical logic of
dynamic living systems from such data by combining mathematical modeling and machine
learning.
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M D. Imoto, N. Saito, A. Nakajima, G. Honda, M. Ishida, T. Sugita, S. Ishihara, K. Katagiri, C. Okimura, Y. Iwadate, S. Sawai, “Comparative
mapping of crawling-cell morphodynamics in deep learning-based feature space”, PLOS Comp. Biol. (2021) accepted M Y. Okochi, S. Sakaguchi,
K. Nakae, T. Kondo, N. Honda, “Model-based prediction of spatial gene expression via generative linear mapping”, Nat. Commun. 12(3731), 1-13.
(2021). M J. F. Yamagishi, N. Saito, K. Kaneko, “Adaptation of metabolite leakiness leads to symbiotic chemical exchange and to a resilient
microbial ecosystem”, PLoS Comp. Biol. 17(6) (2021): e1009143. M Y. Asakura, Y. Kondo, K. Aoki, N. Honda, “Hierarchical modeling of
mechano-chemical dynamics of epithelial sheets across cells and tissue”, Sci. Rep. 11(4069), 1-15. (2021). B S. Yamaguchi, N. Honda, M. lkeda,
Y. Tsukada, S. Nakano, |. Mori, S. Ishii, “Identification of animal behavioral strategies by inverse reinforcement learning”, PLoS Comp. Biol. 14(5)
(2018): e1006122. M N. Saito, K. Kaneko, “Embedding dual function into molecular motors through collective motion”, Sci. Rep. 7(1), 1-8. (2017).

Collaborative Research Group

22



23

*ﬂj BE L% 1% E i;ﬁ-j }% E E Section for Exploration of Life in Extreme Environments

o WREMIAZLT JU— | Deep-Sea and Deep Subsurface Life Research Group

[SEaRiiE=4=E ¢
TAKAI, Ken
Visiting Professor

|| B8 mesx

NAKAGAWA, Satoshi
Visiting Associate Professor = - A

HRTHD BRI L -2 HREOBETHEN TESTIREET7IHNIHAENDETF
TEMIEEE, X7 —ILN— 3 1um& R T,

An electron micrograph of the 1st isolate of Asgaard archaea from subseafloor sediments of
deep-sea. Scale bar indicates 1 um.
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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.
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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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We attempt to understand how organisms adapt to extreme
environments including deep-sea trenches and outer space.
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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.
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B M. Yagi-Utsumi, K. Aoki, H. Watanabe, C. Song, S. Nishimura, T. Satoh, S. Yanaka, C. Ganser, S. Tanaka, V. Schnapka, E.W. Goh, Y. Furutani, K.
Murata, T. Uchihashi, K. Arakawa, K. Kato, “Desiccation-induced fibrous condensation of CAHS protein from an anhydrobiotic tardigrade”, Sci. Rep.
11, 21328 (2021). M M. Yagi-Utsumi, T. Tanaka, Y. Otsubo, A. Yamashita, S. Yoshimura, M. Nishida, K. Kato, “Cold atmospheric plasma
modification of amyloid 8”, Int. J. Mol. Sci. 22, 3116 (2021). M M. Yagi-Utsumi, S. Yanaka, C. Song, T. Satoh, C. Yamazaki, H. Kasahara, T.
Shimazu, K. Murata, K. Kato, “Characterization of amyloid 8 fibril formation under microgravity conditions”, NPJ Microgravity 6, 17 (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, 1540 (2020).
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Multi-omics analysis of tardigrades. Multi-omics analysis combines genomics,
transcriptomics, proteomics, and metabolomics to elucidate the molecular machinery.

KEFETDEYITESTHATHY KERSTLFBESICHZREKLE I H . HNEY T <L
VIS TR EVWSHBIC KO TR ERBKEF (CATIEEN ZRLE U RKICK O TEP D (TER
ZBHRCEXIT R BREDIVLAYFBEER BEZ AR HDVEZDEGTHDTF
BEENDOBERBECMASIEN TEET . INSFKDFEZRIRET B HMBEERFT
FESICHBETCETRBRVERRTI . ZCC HARZERDD FREZTIVF AT AL O
RIEMDD FEPZZREVTHSN(CU MRV AT LN SEFELAIVICHT S HBIRER R
MDAANZXLZEERITHEZBBLET,

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-comics 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.

(ZZ ]

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). M 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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TT7AFEMICE B EARS FHEEROE SR, £ L SARS-CoV-2 SZLNVHEILIEET
BVHHF M4k (Haga et al. 2021) &£ F :EOVE T 7—Yh 7 RO (Kamiya et
al. 2021) o &L AR —H I L 2D B2 D EEHT (Watanabe et al. 2022) A 4
KRILIVZADHT S RIEE (Miyazaki et al. 2022)

Structural analyses by cryoEM. Left top: A complex structure of SARS-CoV-2 S
protein and VHH neutralizing antibody. Left bottom: A capsid structure of
Bacteriophages of Helicobacter pylori. Right top: Maturation process of
medusavirus. Right bottom: A capsid structure of human sapovirus.

BIIW—TTF. INETHEMH B THOICBERIBES LOBRIREDEARD FDHEEE.
FCTSAABFEMBZAVNTIHELUCVE I EIATIlE. SARS-CoV-2 ST V/NTBEEVHH
PRAE DG (Haga et al. 2021)  EOUE T 7 —YDELB AT RiEiE (Kamiya
etal. 2021) . BRERNTEREINIEX Ry = DAL ADFEABIE (Watanabe et al.
2021) ERNRDAIAD I Z—=T B AT RiEiE (Miayazaki et al. 2022) iR EZBESHC
ULCEF U SED. KRADEGERZ—DOTHE ORI EULTITELVEZEAIATVE T,

Our group is studying the structure of biomolecules in extreme environments and extreme
states, which has been difficult to analyze, mainly using cryo-electron microscopy. As recent
results, the binding mode of SARS-CoV-2 S protein and VHH neutralizing antibody (Haga et al.
2021), the robust capsid structure of Helicobacter Pyrroli phage (Kamiya et al. 2021), the
maturation process of medusavirus (Watanabe et al. 2022), and the unique capsid structure of
human sapovirus (Miayazaki et al. 2022) have been elucidated. In the future, we would like to
visualize further unknown life phenomena.

BAREREGREE
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MURATA, Kazuyoshi
Project Professor
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[ Haga K, Takai-Todaka R, Matsumura Y, Song C, Takano T, Tojo T, Nagami A, Ishida Y, Masaki H, Tsuchiya M, Ebisudani T, Sugimoto S, Sato T,
Yasuda H, Fukunaga K, Sawada A, Nemoto N, Murata K, Morimoto T, Katayama K. Nasal delivery of single-domain antibody improves symptoms of
SARS-CoV-2 infection in an animal model. PLoS Pathog 17(10), e1009542 (2021). M Kamiya R, Uchiyama J, Matsuzaki S, Murata K, Iwasaki K,
Miyazaki N. Acid-stable capsid structure of Helicobacter pylori bacteriophage KHP30 by single-particle cryo-electron microscopy. Structure 30(2),
300-312.e3 (2021). W Watanabe R, Song C, Kayama Y, Takemura M, Murata K. Particle morphology of Medusavirus inside and outside cells
reveals new maturation process of giant virus. J Viol 96(7), e0185321 (2022). M Miyazaki N, Song C, Oka T, Miki M, Murakami K, Iwasaki K,
Katayama K, Murata K. Atomic structure of the human sapovirus capsid reveals a unique capsid protein conformation in caliciviruses. J Virol. 2022

96(9), 0029822 (2022).
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:,t§|ﬁ_|$lj)5ﬁ . ;Eﬁﬁ%@}ﬁﬁ Promotion of Collaborative Researchs and Joint Researchs

EXCELLS Tl&F. [£ETWV B E(FAN? | EVDAFEDIRIR
WEREWICEZS I LZBEL. Lol F OFEICI
A FULVWBRRICKDIRFRBGERBEROBETB LU
07 FO—F 2B AN TERDRSTRIEZ RS (R
2 EZBELCVFT . T2 257D E D EFF
BMAZEMALU KRACBKRE HREESOMAELOH
BERREEH LT MR EmPI 2R ZHELTCNE
T T REHBENAKE AN BERBZHAKE T
ZHOKRZ HAKEFDMHREDCODOHTRMREL
T ABRIDKZ TS B PR DY B IR K BUER i P SIE
EBE2EDHREBCTFAVWIZEVWTVET,

B ExCELLSEIETRFT ExCELLS Collaborative Research

BRI AR AEB LN OB ICHE T 2B MO RE N
RIW—TFEERE U LT HRBMARFE AEFEORASE
@B U CEXCELLSORIFEIIL—TRD KD —BDEHZREL
BOMARBEZRELCVCREERT,

B ExCELLSEERERFZE EXCELLS Themed Research

BARZMABBELUNDOKZES SO LRNMREEICFIET
REN . EXCELLSICFIB I 22D EOWRITIL—TERAU
T MAREZRIET S HEFAHAK T,

[ | _ﬂﬁitgﬁ*Uﬂ%ﬂ% General Joint Research

REBIORWMEKEICFIB T M AE N EXCELLSICFE
IRIHELHMDUTCRIET SHEFAHKR T

ExCELLSTHEMB=ECE. HEMA - &
B RZEBCICHEERY MDD —T D
MZEZETDEEDIC MK EDEE
B ZEHELE T

ExCELLS Strategic Research Adminis-
tration Office provides support for
organizing researcher networks
through the equipment sharing and

collaborative enhancement between =R

ExCELLS and external institutions. KATO, Koichi
Professor,

R s = Strategic Research Administration Office

joint research and also promotes the Nk — zus

Director, Strategic Research Collaborative Research
Administration Office

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.

EXCELLS 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.

ExXCELLS 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.

ZERETF soegre WO K soegs
WREEI—Fr%—9  HREEI—FR—9

UEKAMA, Naoko YAMAGUCHI, Takumi

Project Associate Professor, Project Associate Professor,
Collaborative Research
Coordinator Coordinator

;EIE;FU}EH%E%E Equipments for cooperative studies

7 542’%?@Efﬁﬂﬁyxf—h System of Cryo-electron microscopy

A ZXT LIE.300kVI 74 EIE (TITAN Krios G4) &£V 714 F
FIB-SEM (Aquilos2) 5%V E T, TITAN Krios G4ls, 2> /X7 ED
BEFRBEOEN FREMSLVEFIENET FT 11— MicroEDETT
BHZEN TEET Aquilos2id. FHiEHFIDSlice&ViewE Z=IZHNz
T. 2D (In situ) EFIRNET 71— D= DRIEMMIBT F # R
TERIENTEET,

This system consists of a 300kV
cryo-EM (TITAN Krios G4) and a cryo
FIB-SEM (Aquilos2). TITAN Krios G4
can perform 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.

800MHz NMREE

800 MHz NMR spectrometer

ANMR2ZE (Bruker 800 MHz NMR AVANCE NEO 800US) 4.
BIERTO-TZRATHN) RS A T OH-PC-N=FHRIBES
E- BN BRRETCAE TSI EPFIRETH). ZNOD=RTBES 173
JARREERERFL AN TR T BDICHNEFRELET,

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

FHHREARD T T YA MTTHRZE L,

Please vist our website for detail.

HEFIABME Overview

https://www.excells.orion.ac.jp/overview
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}%ﬁ'l’iﬁﬂ_l%_f@%?ﬁjjﬂﬁfﬂﬁ% / ﬁ%ﬂﬁfﬁﬂﬁ%@ﬁ%ﬁ Combined system of high-speed atomic force

microscopy and fluorescence microscopy

220217 DERE FRENBEMEEAFM)D EHESN TOET (SS:
YL TNRX w2247 PS: TO—T ¥+ 2417) WAEHRIN
TEDOEEZP Y FEEEERE nmOZRE 2 #FEE. 10 fps
LI E DB D BREE TR T3 EN TEET /A NTTUTXH
FLEMREOEBNAZLERABOBUMDBRET TREHEE
1 fpsLA T DS E 5 BREE TR TEE T PSS T I & RETHILIE
MBEEDE AL H>THY) HIAIZRL 125 N EER—RET
EIRAFMEE KT TR I EHAIRETT . SSETT TR
FERDYAX1E1.5 mmollHIRRIh TWETH PSEZA T TIEH
ST IVEMEL TIEEWN B ISR F AP (EARIRETT

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.

#ﬁﬁ?ﬁ%ﬁﬂﬁﬁﬁ Q-TOF mass spectrometer for native MS

F uif Elacins praryionizasan (E531)
B TEENITEESYNAPT G2-Si HDMSY X7 4 (Waters !

#)TFonanoESHCLBHFBEALQ-TOFRDEE R HEEH
HAEDINTHY 2o NVEBRERDIOIGERBY FOI R
BEEAEMIEUETRETEIENFRETT . Z DD EEHE
M StoichiometryDRTE & EICAERHERIELE T (native-MS),
F/- UPLCEERRSN THY . LC-MSHA[EEE > TV ET,

&

This equipment is a Q-TOF mass spectrometer. The combination of Electrospray
ionization and gentle gradual desolvation makes it possible to perform native Mass
Spectroscopy (nMS). nMS is a powerful tool to determine the mass of the entire
complex, even for biomolecular complexes formed by non-covalent bonds.

LI

==ty = = =K (=== Sy = [EES=ll Biomolecular interaction
analysis system
SRS FHEEEREHAIEE. Biacore)—X (GEZ A 741 I X%t)MBiacore 8K
T REATIXEHBEYA7ORBEF BT EIZET 2NNV E R BEED
RS FEBEEREZETRAITAIENFRETT D EDY T ILASRAITERRE T, AITE
MRISHLTINVTBDESF L E VT NEZALTERITAIEN MRETT R
DFEDIEE  RBEDRER LN ICEANERELEY

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

CIiliapn=y G R =ES=@l Dynamic Light Scattering instrument

Wyatt Technology+t 8 DO ENEYFELELBITEZEE. [DynaPro Nanostar| T9 . B189Y¢ELEL
BCENGINTBERRD ELIEE BB F o/ RFORFEITDRIENSFIREE L -
TOETEL L NTEDO R FEAEPERDMEATEDRIRETT RE ROy
ML SBIERTEE. B TE FIREIREH—15CH 5150 C MR VBIE A ICH L 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 uL of sample is required and a wide range of temperature (—
15°C ~ 150°C) is available.

#ﬁﬁ’i{%ﬂﬁfﬁﬂﬁ%yz;‘i\ Super-resolution microscopy systems

%7 $sLb1n Jup Az Multifunctional super-resolution
yﬁﬁbhﬁg{%ﬁﬁﬁ&ﬁﬁ confocal fluorescence microscope
B GER  RIH®RE HAER I HOEEEHAHE
RERIETY,
This multifunctional confocal microscope enables super-resolution,

fluorescence lifetime measurement, and fluorescence correlation
microscopy.

2%¥STEDEEW§% Two-photon STED microscope

2 FRhEEE AV ASTEDIEMEE T, BREERE P2 FHiE
HAEHFHAEDAIRETT,
It enables super-resolution microscopic observation of

two-photon excited fluorescence and/or fluorescence lifetime
imaging.

IS L. CINIEIP SN High-speed live imaging system

—REL ST REZ LT T ARV BEWERY AT LTHY N RIV—
TyMIBBERE DR EITICEN TEETHHCTIT (A=
SUBBRICEL TS K MDA B RICESED DFF
ISEANBZ LIS &N AR 2 e RRBtERE DR L EICIRILBE T

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.

é}i%ﬂﬂﬁfﬁjﬁ%yxf—ﬁ Total internal reflection fluorescence

(TIRF) microscope

EEEISLEASEC TIRF HBPA (405/488/561 nm L—H—) £V f+
T THIET HRHERE Andor O EM-CCD T 3L XIC 100 15
TIRF £V, — 5 FEHEI® HILO 1 X= 2 FHAIEETT,

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.

iNyGaw it e O SR ==l 4-Dimensional Tissue
Imaging System
NS RBE KA A—T T2 X7 L (FUJIFILM VisualSonics VEVO 3100) 13/\gh#)
(RYR)DILEEILHELEBE R EFFEBNICHRRF GBI R II-RETT,
DEOBRICEWTIR DEOEZXE4RTHICERR § 2N T, SV IEREL DHEREEHE
WEIRE T 7. ZE D MREEICENTHY BRI ROMEEEX DIaMEHAITEE
T hT—RyTI—E 1NN RARY T I—Eb b THY AR ICHERTEET,
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).
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fﬁmﬂ@ﬁj\ﬂy : %1'/,&”2/17_'.& Cell sorting and measurement system

WAL NTERHABRTIRRL A EFE>T HRAS FORREXPIREZ 1A
LANITREBICEHAIL ESICHAMT BN TEEGTAEE (£VY—2—MA900) I3, &
BOV—T4 UFRE (L—HF —KDXEMBE. V-T2 T DHDERN S TRE,
YARIN —LFAEE AL T3 F1—TUBRAE) sBE CHRETEIENAIRETT 418
FOL—H%— (405 nm, 488 nm.561 nm.638 nm) #fEza5hTH4),. 9671/, 384
JTICHISL AR DA A FIRETY o

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 %HHE?)D?ZEWQZ%&*E%E Single-cell multi-omics analysis system

1TRICETNISEEBOIBREER TN FIEELLZERE (10x Genomictt Chromium
BE) TY,ChromiumEBA T, 108 (X3 MEK) EHF/N—I—RFESILE—XD
W/ (microdroplet) N TR A SN AR DREI RSN ET . SHINEERICS
WOEY A MIBEINZSZETCAMBICEEN3BETFRRIER. 7O F U RKE MlRE
EZ NV BIEHR. LEDNDSREBDIEHRENGS (RS -4 R) LA HEBZETH
BETBENAEETT . —BENERBRTRASHED MABIEREMETIIEP AEETT,

A single cell (or cell nucleus) is mixed with molecularly barcoded gel beads in a microdroplet

to form tens of thousands of droplets in the device (Chromium 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 80,000 single cell information can be acquired in a single experiment.

ey i SAWYE S AS W AIF &Il Sophion QPatch Compact

Sophion QPatch Compactid. & A8 DDEERERIFICITIZEN TEREIA—MNNYFITTIZT L
TE I FITLTEIIREBNE A THIF L F o3IV ERT — 2 LB EICE D TEET .nE
EHERTODREMG TORBRY BRELIE LT ALODMIL-EETORRE, WThEHERETITS
CEPTEET AT FINDYTINI T 1E EREMREBEMET R—LET LETNIEES VDI, #EZ
DEfFEENY T AT I TT . HEIFTNTQPatch Compacth 1TWET,

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.

Vol AR A AN (= Ei =l Laser-Based quartz glass

micropipette puller

Yog—tt 8L —¥—-T 57— P-2000 i #ECO, L—¥—%EHLTH
NREAZZENRYDIERAFIRETY  ARA TR I IRNBEN IEE
(LB BEDHFIATIRTEAVW0.01 I/OV LI TOEGRERRTER
T CO, L—H—RBUREELRENDIHRIENHZELEZ KL EVWE
REEDHBET,

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.

ﬂ:?%ﬁ‘f—' . *EE"% . ﬁ]’*ﬁ%}%?gﬁ% Chemiluminescence and

fluorescence imaging systems

ATTOH DIV /7571 EMJIZFO.8BBEL > X E-40CHHIEM CCDAXTEER L -m Rk
BAEZHEX -8 -FIHRARPEEETCI . VIR TAOVMEELHEL X TL X
SDS-PAGE# VDAL FEN - L - FIRSCBIED FIBE T o HILHRF A ICATEED IR
(Blue, Green, Red. NIR) #* 5> TL\E T F/e. AEEBIFREA VR BB HRIEETT,

LuminoGraph Il EM with FO.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.

ﬁﬁ%{$%”%§®7:&)@2j@705 V) |\7 7 —_L\ Two Platforms for Research System Development

EXCELLSTIF. 2018 FEE DALY I —RIFRLFICEEUTEIIR
RKHZISICHRBIETVLEHIT. 2022FELUEREBEI DY
TA—LhEBERE S SYNTA—LD2 DD T SYN T+ —L=EBEL
FUle. INICEL). BN D KRS HEEEEOREHNA - HEWHE%E
—B.#{tI2EEDIC EERELOHABDHELTVEFT,

The ExCELLS has established two platforms, namely the Advanced
Co-creation Platform and the Collaboration Enhancement Platform, in
FY 2022, in order to further develop the research system. Through
these platforms, the center will not only further strengthen the
equipment sharing and joint research with domestic and overseas
universities and research institutions but also promote co-creation with
various industries.

[ | ?Eﬁﬁuﬁ;:IE%U705W|\72'—A The Advanced Co-creation Platform

EXCELLSTIF . [EETVB EEFAN? VI ABHBORE
NRBWICERD T LZBELTVE T ZDOENZER T DN
VERENRERMZOMRZRERFTDIHDBEE LTI
HEIT S YT 7 —L]ZBELE U,

ZO—RELTC BV I—ICFIR T DHE LS EBD IR DI
REN—FEBROCTHRFT —LEBH L. RESNIIFREREIC
HAMWICERWUBEOEXCELLS POV T I MAR] ZEELTLE
T HE—MEUT. 2022FEKJEXCELLS OV I NRARIY)
B-4mOREFRRAIZRBLILI.ATOY I MIRTHE.
LR T 2EHICHELLRD ABENHDVIIRNDH
BPrREZBEANTHICHBRIRIFBICEZTDIEY. DAL
FICHBIT2EYBOEEEAPRERNSICEIDD FESHD
FERE - #eE- BRRZEHAL WE-LaonDEFROFRNGERZE
EIMBZRBLTNE T,

The EXCELLS aims to answer the fundamental question “What is life?”
which all humans share. For achieving this aim, the center has
established the Advanced Co-creation Platform as a project to develop
advanced life science research. As part of this project, the faculty
members affiliated with the center and researchers from external
research institutions form a research team to work on a given
co-creation research question. This is called the ExCELLS Project
Research.

The ExCELLS project research entitled “Exploration of the Boundary
between Matter and Life” was launched in FY2022. This project will
observe the interactions between organisms and viruses living in
extreme environments and the morphology, function, and dynamics of
molecular complexes related to environmental responses, in order to
elucidate the essential or minimal mechanisms and principles necessary
to maintain biological functions, and will conduct research for a
systematic understanding of the boundary between matter and life.

ME-EaDRFRE

Desiccate
Active Tun

EXDAILR RADREBEY  INLYDEER Retdrat.
ehydrate

VA IV APIERIRIEE SO R ZEU T,

MBELERDRRERE

B &% 5w T A4 —/\ The Collaboration Enhancement Platform

EARNDKRZ - TR OB DR Y D —J Dbz,
EIEBRE N CHET DICHD TSy N Ix—LTT BN
([CIF HEFBPHERRRREDEHEICIDRY DT —T{EP,
S IIRIHE Y ERIZT R EZ MG LTV DI FRERE DA
MEEHETIET ENTFREGMRDOEBVFEEIAMER
EHELER T,
INFTICHRBEI R ZEES KO BIMHASE S OMERE R FE
By b —JBHLRIC KB HBAR HERRBEZRIIBLTV
TSI XERZEE  SCinif R B8 HAIBESZE (TR
B SYIF—LTOTSL) NMRT S Y M+ —LABKLUTEAE
BERITRBFEE Eanils BT RIBEREE (BINDS) &0
BEDRI—hESBEUIC. CDOKSICEXCELLSH T B B3 it
DOHEBOHAPRBOF FO—-FEEAVCHERREN LT £
BT —IMILI—EDOHABHAZER>TVET .

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.

The ExCELLS has already launched the equipment sharing and joint
research with Tokai National Higher Education and Research System
and Soka University through the J-Glyco Net. In addition, it has started
collaborations not only with the NMR Platform of the Advanced
Research Infrastructure Sharing Promotion Project (Advanced Research
Equipment Platform Program) of the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) but also with the Basis for
Supporting Innovative Drug Discovery and Life Science Research
(BINDS) of the Japan Agency for Medical Research and Development
(AMED). In this way, the 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.

W EEEEEZE Cooperative Projects, etc.

J-GlycoNet

fEHEESHFEERY FO— T B

L
%2 NMR PLATFORM

XERIFE - STiRt R B B AEEE
GEmARRFH TSy NI #—LTOTSLINMRT Sy R T4 —L

U RS IR TS Y DA —L

“asis for Supporting Innovative Drug Discovery and Life Science Reseanch

BHAERAFRHEFARRE £EHES RIRARIBEREEL(BINDS)
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EXCELLSTIE. BN DIAREREEDZM M. &F
REOBM. D FZEMUICREORERIEZENEL
CVURI DR EEI SR E SFIFREHETOT
W&,

B 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.

BECAEOMEELMAEESETLE>TVET,

We have held symposiums with researchers from South

Korea and Taiwan.

B EFHREBR/JNJ—bB EXCELLS Retreat for young Scientists

EFMRENEFNICLE-RETIEFERSEEN—DELT.
EXCELLSEFU M- e BEERELTVET,

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.

W ExCELLSYiRIDL EXCELLS Symposium

SHREMRBEFEITRE L2227 AT THERERRE
RIETHLODMRAESERBLTVET,

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

B BRI FRERE S >IN National Institutes of Natural Sciences Symposium

BAMEMEEECE . FH.IX VX - NE. EHFICETS
REBDMRE REAOFHLVWERYEAZ—RARTI[BAR
FMREHED ORI L EREELTOET,2020FE . £ E]
BERE L 2—EBN TR ILEF T U RELE L,

B ExCELLS &©=7— ExCELLS Seminar

NINS annually hosts Symposium to share with the public its
cutting-edge research findings from its scientific studies of
space, energy, matter, life, and other fields as well as new
future-forming projects. For FY2020, the symposium was
held online, showcasing ExCELLS.
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We regularly hold a symposium to
discover exploratory research.
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EEHEAE Collaboration Partnership Agreements

HEDEE - BEREDD MAEEEERELZMBEL T
7,

ExCELLS has collaboration partnership agreements with
various research institutes and other organizations to
promote mutually cooperative and collaborative activities.

B ’OKU—3F Outreach activity

WAHALRBZERAL EHNICHFAN N EEERLTVET,

ExCELLS periodically hosts science-themed events, etc. in
cooperation with municipalities and other organizations.
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