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NEMOTO, Tomomi
Director, ExCELLS
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The Exploratory Research Center on Life and Living Systems (EXCELLS) is a newly established research
entity, inaugurated in April 2018 in the historically significant city of Okazaki, carrying on the tradition
of interdisciplinary research activities from the former Okazaki National Institutes. As the saying goes,
“Pile up new wine into new wineskins,” ExCELLS brings together promising researchers from the
Okazaki Institute for Integrative Bioscience, the Center for Novel Science Initiatives, and the three
Okazaki Institutes (IMS, NIBB, NIPS) to embark on the ultimate mission of reconstructing the concept
of life, transcending the boundaries of conventional knowledge. Our resolute pursuit revolves around
the fundamental and universal intellectual question of “What is life?”. It involves courageous challenges
through advanced and diverse scientific techniques and multidimensional intellectual collaborations
encompassing both domestic and international spheres. Five years since its inception, we have started

nou

exploring new themes guided by the keywords “Observe,” “Read,” and “Create,” such as the location of
the boundary between matter and life, the nature of life in extreme environments, the emergence of
molecules that underpin biological activities, and the possibility of artificially constructing life. These
endeavors have yielded numerous new insights. Moving forward, we aspire to further expand the
cutting-edge research of ExCELLS by transforming it into the Advanced Co-creation Platform (ACP),
and we aim to contribute to society by returning and promoting the outcomes of our research through
the Collaboration Enhancement Platform (CEP). However, it is important to recognize the challenging
environment surrounding foundational research in our country. As the director, | am dedicated to
developing ExCELLS, which was established in this esteemed city of Okazaki, with the invaluable
support and cooperation of experienced colleagues. We sincerely request your continued support and
encouragement in our endeavors.

Exploratory Research Center
on Life and Living Systems
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ExCELLS aims to achieve an integrative understanding of living 7
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

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.
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_\ Exploration of Life ExCELLS also explores living systems in extreme environments to elucidate original modes of living and
o zeme E“V‘mf‘/me“t 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.
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National Institute for Basic Biology (NIBB)

International Research
Collaboration Center (IRCC)
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Biomolecular Dynamics Observation 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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OHTA, Yusaku
Project Assistant Professor
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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.
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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). B 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). Ml 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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High-Speed Atomic Force Microscopy

Imaging Dynamics: jrom molecule to cell
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UCHIHASHI, Takayuki
Visiting Professor
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Biological samples (from top left: mammalian cell, bacteria, and virus) and single-molecule
dynamics captured by high-speed AFM.

IUNTBORBRBREDERTD FIF BELRRPECES. CHICRBAEDD FEOBE
EREE VO TERARBREINIRRZ N UCRBEDEEREZEBLUCVWE T L4 FOKAER
RRBEZIERI DO BLODFOREZRTIDIENBOTCEETT JBRPICH
DEMD FEeEVWRZEB D EETCIRIETESERRFENBEMIT(AFM)ETZEN—XI[C,
HR2EMBE—2 FHAFEALEDEGIEICKY (BB KA D“@&(L&ﬁ@bfcﬁ/‘?ﬂ@//\ﬂ
BORRERREREBOERZEIELE T .. BRAFMICK>TY VNI B P EMEDHES
B CHZFMEDTAF I RZTRE TEDIRXIMOBERICOIMIBATNET,

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.

(BZ 0]

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). W 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 Abo1l 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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OKUMURA, Hisashi
Associate Professor
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Amyloid fibril of amyloid-8 peptides.
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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.

(EEH]

M S. Tanimoto, S. G. Itoh, 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-8 40 in associated with binding to GM1-glycan cluster”, Sci. Rep. 9, 6853 (11 pages) (2019). l 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). l S. G. Itoh, H. Okumura, “Oligomer formation of amyloid- 8
(29-42) from its monomers using the Hamiltonian replica-permutation molecular dynamics simulation”, J. Phys. Chem. B 120, 6555-6561 (2016).
M H. Okumura, S. G. Itoh, “Amyloid fibril disruption by ultrasonic cavitation: Nonequilibrium molecular dynamics simulations”, J. Am. Chem. Soc.
136, 10549-10552 (2014).

Department of Creative Research %IJ EE i 5-"{1 ﬁE iﬁj

Sk FHEHEVERSTAIZIL— | Biomolecular Interaction Research Group

| |

10= 15k 6& !
LIRS !

Cusdiupcls  CoBiaion call TOF
. I ; I " J AL & zazus
Desolvation VREAIm pinp o UCHIYAMA, Susumu
Visiting Professor
g - ¥ %
= 10 mbar 1 10 i = 10°* mibar

Native MSOBIFEBRIE, > TIVDIL I ARTL -1 4 LHFICEBY I N1 A LEBRBROEZ
ExFR2ICETBZEICLBIBMAEBAEM. Z U TERMBEROFERICLI A FEAREMIELE
FOEENMEEET S,

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.

IWEBDTI TR BEEEZ#SIIVINIBEBEERICDODVWT. RMT1« TEBEDH
7& (Native MS) Z > TRITEEH TVE I Native MSIFERSD TESHEPERIEBO T
DEOBIEHBRESHEHOHEERICKIERINIED FESRICDOVT. ZOESKREHR
UCEFEBEEREITDEZAREELEF T DI, Native MSIC KD D FESAEDIETERR
BERTEZEV. EEHDEZERCEMTEHICEITIEREBDIIENTEFITF T
feBDTIV—TIELC-MS/MSBTRETH Y . I VIV T BEDFRBIEMDEEREDHIT T
WE T BT —OEEDHT M ZE S TZHFFEXCELLSDHEBEFIAIAZTE UTERETAE
TIOT. HOBKEICBEVEDEREL,

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.
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B 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 llla", 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).
M 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). l 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).
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SN FEIKFEIRTRI IV — | Biomolecular Organization Research Group
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KATO, Koichi
Professor
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YAGI-UTSUMI, Maho
Associate Professor
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We explore the principles underlying biomolecular organization by
multidisciplinary approaches.

EHIRROFER . VRATLAZBR I D LMD FRTFDIA T IV IBHEERHZBLT
MERBEZERL ANREEOHEEFRAZITVL DD BRENICHEBERL LI ECHY
FIMROERETNT TO—FRERBZEER T 2D FRFICEATIERDERENGE
BZERBELE UL UDUBD'S ENSDEGRFHIBENICERIN DONZX MRS RKFE
BEMTDAN_ALZEEBEITDIEN [EETVBREFMAN? | ZEZDSXATARENICE
ETYEF DBEEMNRT O—FICKY ANEM MU ZEID I ESm D FRFIV BN
MFZERUCRREEZRIFE T SIHESZEEPAN T CLZBELCVE T,

B FF mGm)
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.

(&Z3Gk]

Bl T. Satio, 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. 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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Bio-imaging of various biological samples.

NAZT T NZD ZARRTIV—TlE. Feimeyih L —H'— 5. JEHRE R E. T/ M RRZRED
R ZREL. EFNBNATAA=I VT HERDBEREZDEGRENDIGAZREK
UCVEFE T SETHRLIF EXFFTORETIRENICHARDRBZEREOIRELR 2T A
A= EEBRIRUCEFZ L. DT I/ OV —CE DV T EHERICHITD—D FiBfR
BAX—I VT BEASERPHRENEERHUCVE S, NS EEAL. EEEEED T EMN S
RATAZTETL 92 T RO PRAOKRE. 2. EEUXLADAETIVIREDEER
BEDD FEBDHEAEZDRIRKREDCEBRZEIELE T,
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The Biophotonics Research Group focuses on developing innovative bio-imaging methodologies
and their application to life sciences, utilizing advanced laser technology, nonlinear optics,

KR B szm e

OTOMO, Kohei

nanomaterials science, and other scientific techniques. To date, we have been at the forefront of
Associate Professor

pioneering two-photon imaging methods that allow us to non-invasively observe deep layers
within organs in a living state. Building upon this technology, we are currently engaged in the
development of single-molecule super-resolution imaging, ultra-long-term observation, and
optical manipulation of biological specimens. Our quantitative analysis methods for physiological
functions aim to unravel the molecular foundations and underlying principles of various biological
functions, including neural functions, exocytosis/secretion, biological rhythms, and cancer.

(&)

M C.P. Chang, K. Otomo, Y. Kozawa, H. Ishii, M. Yamasaki, M. Watanabe, S. Sato, R. Enoki, T. Nemoto, "Single-scan volumetric imaging
throughout thick tissue specimens by one-touch installable light-needle creating device", Sci. Rep. 12, article#:10468, (2022). B 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, “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. Fujii, 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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(ER)EE~IREDHEETIIDDEICE II2MEEE -T2 T,
(TER)EERZEX NLAZHET TOORHMIBATORESHE -2 T,
Changes in sulfur metabolism in the heart of myocardial infarction (MI)
model mouse (upper) and cardiomyocytes under hypoxic stress (lower).

ERDOODBRY AT LR DE. MEFBH. BB EWV R RE R ERIC K >THER
CHEBSNTVER T HLRBIRIF—EERECHIINIVRUTPORESEICEHT 2/
HRICH BT SHEEBZRSNICL. CNZEICRREFHLEORBICETDIEHNIRE
BEEZHEIDILZBELCVTR T ZO—FIELT. LRIV RU 7 REEET
BICES5 2L Ry IR (BRIERTT) BN REPKRBEV RS BRRBERGETICELT
DRFEMBAA—IVITHBTNOEHAITDIET HEMDODL BE BEZTZAN
A LDBF7ZEDTNET

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.

(EE ]

M X. Tang, A. Nishimura, K. Ariyoshi, K. Nishiyama, Y. Kato, EA. Vasileva, NP. Mishchenko, SA. Fedoreyev, VA. Stonik, HK. Kim, J. Han, Y. Kanda,
K. Umezawa, Y. Urano, T. Akaike, M. Nishida, “Echinochrome Prevents Sulfide Catabolism-Associated Chronic Heart Failure after Myocardial
Infarction in Mice”, Mar. Drugs, 21, 52 (2023). Bl 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). M K. Nishiyama, A. Nishimura, K. Shimoda, T. Tanaka, Y. Kato, T. Shibata, H. Tanaka, H. Kurose, Y-T. Azuma, H. lhara, K. Kumagai, T.
Akaike, P. Eaton, K. Uchida, M. Nishida, “Redox-dependent internalization of purinergic P2Y6 receptor limits colitis progression”, Sci. Signal. 15,
eabj0644 (2022). 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

BB NRE L TR IRFEN (& MR- B2l BEOREEBICH DB RBECEDET
[CHATT JRBIYETIICHITDECFRRBEICETD2IBNGHENE. SFTIERR
ENEBOD FHRARBROEBRCOBIVX T RE.HCORRIIN—TTRERERER
BETIWORMZAVT. BEBNRELC FRIRFEEBEZIORT —)L (ERERE) h5S
THERLANIVICOIEWET LTV E T IA T AR EET T (CEG TR ZITULH
JERBARERBETIVOERDITOCLET . INSOIMKRZEU T, £ MRE FITIEH
BREBDCHDERBERETIVOERZTV REDESE - ERICHIT LR ZHEL
TVET,

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.

(ZZHi]

M K. Ito, Y. Go, S. Tatsumoto, C. Usui, Y. Mizuno, E. lkami, Y. Isozaki, M. Usui, T. Kajihara, T. Yoda, Kl. Inoue, M. Takada, T. Sato, “Gene
expression profiling of the masticatory muscle tendons and Achilles tendons under tensile strain in the Japanese macaque Macaca fuscata”, PLoS
One 18: e0280649 (2023). 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). Ml 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). l C. Xu, Q.
Li, O. Efimova, L. He, S. Tatsumoto, V. Stepanova, T. Qishi, 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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Wnt# > NOBEDEEETBICEVEBATORBIHEHINB I EERTETIN WNIFREZEFRR . EHFESH
(HMW) DR/NER THY)  ZBF EHMWIRS HAOmEA P MBNREICEFET 3 HMWESHIE 525 MRIREFES
LTV ICBEMENET L. ZORER WtOLBERNFIBRE N5, 2 5 DESEFROWNS F i, FrizzledZ2 & F
(Fzd) E BFFEVICHEEIER 5 2 E CTRB L. ZDOBER. BIEB DY T FIVRE (BFER) NERDY 5, —H. ZEFPHMW
BEMRIE SFRPLE EDRIAMEWNIEE 2 INVE (IS—hF—22 N0 8E) EOMEERICS TR L. ZOBRMK SN
WntEE 2 1INV BEDAT OEEAF A EE L WntOILBEE P 1K 2 REUEER)

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
INOBDHERELE T LD LIRS COKSBDMMES T IV VINTEHHEBA TREIC
EDLSCHMU. ZDDMHNEDLSBRBHEZR S, EOICTHTIFTBRERNERICK ST
EDXSICHEASNZDD EVSBBIF T DRBREBIEONTVREAMIEEDERE
BOIDE Y T FIVI VINTBTHDIWNtDEREL R ZES N C L. BN
DIEBMEPRRMEZ. WntiC K2 MREEBREEDFMEPWNtD FZDHDDREND S
EfttTNICEE 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 T. Yabe, K. Uriu, S. Takada, “Ripply suppresses Thx6 to induce dynamic-to-static conversion in somite segmentation”, Nat Commun. 14:2115
(2023). W Y. Hatakeyama, N. Saito, Y. Mii, R. Takada, T. Shinozuka, T. Takemoto, H. Naoki, S. Takada, “Intercellular exchange of Wnt ligands
reduces cell population heterogeneity during embryogenesis”, Nat Commun. 14:1924 (2023). ll S. Fujimori, I. Ohigashi, H. Abe, Y. Matsushita, T.
Katagiri, M.M. Taketo, Y. Takayama, S. Takada, “Fine-tuning of B-catenin in mouse thymic epithelial cells is required for postnatal T cell
development”, eLife. 11, e69088 (2022). M Y. Mii, K. Nakazato, C-G. Pack, T. lkeda, 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).
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FATARXA=T L T HARERDSIRDIEE S ARG (S Hx SN /-RNAFERL,
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.

REGEOERICIF. Z1—O0VEZERIDY T TRAORBANRIEENNETT . 2D
(CIF Y FTFREFENMRNAZHX L CY F T RIBRICHNERI VINTBZER T2 (B
MERIDEE T AIBIE. BABBIFEE [RNARRKL DR ZT >TNE T RNARRR
[FR—BABDBEC KRS NDRE M ZR > eBER TT . ZDREMEZ VD CHIE T
CETMRNAENXE BATNEIROIBZ-EHEZRIBELTVS DN ? I ZTDRBR. EDT
NIBZEEBRLU. EDQORDIBAEHITYF S RZIBARUVCRBEBEZEMITDDN ?FhlcB
FDFLNILDENYDADITEIUNIVE CTERERBISED MR ZTOIIEICKOT ZTDERE
ZBELCVE T,

The formation of long-term memory relies on the long-term potentiation of synapses that
connect neurons. To achieve long-term potentiation of synapses, the process of "local
translation" plays a crucial role by transporting mRNA to the vicinity of synapses and
facilitating protein synthesis. Our research focuses on investigating the local translation
machinery known as "RNA granule", which are fluid structures formed by liquid-liquid phase
separation. We aim to understand how the fluidity of RNA granules is regulated to control
spatiotemporally mRNA transport and local translation. Furthermore, we seek to unravel
which proteins are locally synthesized and how they contribute to synaptic potentiation,
ultimately leading to the formation of long-term memory. To accomplish these goals, we are
conducting comprehensive studies that span multiple levels, from exploring molecular
mechanisms to observing behavioral changes in mice.

(ZZHi]
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M A. Yamashita, Y. Shichino, K. Fujii, Y. Koshidaka, M. Adachi, E. Sasagawa, M. Mito, S. Nakagawa, S. lwasaki, K. Takao, N. Shiina, "ILF3 prion-like
domain regulates gene expression and fear memory under chronic stress’, iScience 26, 106229 (2023). l 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. lwasaki, 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). Il 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, 29677 (2017).
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(A) QURNTTUTDANLBV)AHREER T BN LTSS Hx 22/ 8 (HtaA, HtaB, HmuT) D&,
HIRREBICEETICNSDOANVERICEVWT. EBRANTRTILOGRETA LY EXE SO MR
EE)AEND(B) Ni-FeBle ROZ F—EDEMPFLOEBRERTHZCONEEREMETIEE
HypXD#E@iEiE. 5 FREDF v ET 1 — (K& Xy 22 TRR) PICRFEN TV BCoADFILIIEICE
Sformyl-CoAD A% & . formyl-CoOAD IR DILR ZIVRIEH Ef L THET T EICLWCONEER SN S,

(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
EHoTWET . INSEBY VN VBEDHEEHKEEREDORBEF. EBY VN IVBVCERBAZ Y
WAL RAEBBEZINAICUCHBLUTWAH EEBER T2 ECHEBEAGRNBDHDTT FH4L
DMBRTIV—TTF EEZE . D FEYZ BEEYZ. B2 WEBLEZEV SR L IBTH
ROBOWRAFEZREITDECK) . NSRBI VNIE BN TCHEBESEGLSHE
AF ANLBEAR Y T—IVINTVB BRI VINVBEESHIYATL . BRERBAT /B
BEBEABEYATLABREZRLIC. CNODEEKEEEDOHIAZEIEUCHRZT
o2 TWVET,

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.

(EZX0]

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). l M. Nishinaga, H. Sugimoto, Y. Nishitani, S. Nagai, S. Nagatoishi, N. Muraki, T. Tosha, K. Tsumoto, S.
Aono, Y. Shiro, H. Sawai, “Heme controls the structural rearrangement of its sensor protein mediating bacterial survival”, Commun. Biol. 4, 467
(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). M 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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PRV IZY T T4y 2. EERISHADE KGR TERIZEHEIS DK%,
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 high magnification view of the spinal cord.

HeDTI—LE. CTS5T70vvaph@zR0N BRTFERDEVICE D TREINDIFS
FRIA OO ELMEZANTVEIT HLDF7 S O—FTCF—EBDTI-
AEN |\5\/7\°/“I:‘yﬂ't2757/(‘y‘/:L%T’E%'%@’élt(ld(’)t\4%&@757\0)@@5@5@75
EXEFEFOUREITDIETTZNICKY EEHREEBOREBEZI LV ITMNINLU—R
TBHENTREICRY Ko BZBREBICI—T v U TEREEZNBENZTDOED
TREERUF T IAIF MBICHEEUIC. BEOE AT —IVZBWVCHRILBEMBEZA.
ZAFEICEAD 2 BROE OB S EERBOM R ZIBINICESTVETD,

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.

(2EX#)

M T. Sugioka, M. Tanimoto, S. Higashijima, “Biomechanics and neural circuits for vestibular-induced fine postural control in larval zebrafish”, Nature
Communications 14, 1217 (2023). M 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). l 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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De novo design of proteins with novel folds
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De novo designed proteins with folds not observed in nature
S. Mnami 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.
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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 https://doi.org/10.1038/s41557-023-01256-4 (2023). l S. Minami, N. Kobayashi, T. Sugiki, T. Nagashima, T. Fujiwara, R.
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 al/3 protein
structures”, Nature Communications, 12, 3921 (2021). l 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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" Approach 1: Development of biosensors
and visualization of cell signaling
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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.
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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.

(ZZHi]

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). H A.
Taniguchi, Y, Kimura, |. 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). B 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). M S. Nonaka, “Visualization of Mouse Nodal Cilia and Nodal Flow”, Methods in Enzymology 525, 149-157 (2013).
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Structural analysis of free glycans
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Our research goals are to understand the glycan biosynthesis
system through structure-based approaches.

Guest Professor

PEE (SRR DBEE U CHIBRBICL<FELCB U DAL ADRE LI A DZEHE - 8 R Sl
RELORBE P BERCEZIBOCVE T, COL IR IR CBEMRRRICEASULTH, &an
BZRI TR EEDFICBVTEBEEINCTLE T U LIRS HEHES/ AICBEI—N
SNTVRWVNTENS FEHDBSZ@EITUIC, ZORIFZHIE ISR TIFEBIF.
PSS 7O —F 52 R U ABHDEGH Y AT LAZIEF T HEED(C HEHD
BOE iRz I D EZEIBLCVED,

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). Bl 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
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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 J. Lei, RU. Yoshimoto, T. Matsui, M. Amagai, M. Kido, M. Tominaga, “Involvement of skin TRPV3 in temperature detection regulated by TMEM79
in mice”, Nature Communications 14, 4104 (2023). B Y. Yamanoi, J. Lei, Y. Takayama, S. Hosogi, Y. Marunaka, M. Tominaga, “TRPV3-ANO1
interaction positively regulates wound healing in keratinocytes”, Comms. Biol. 6: 88 (2023). ll THD. Nguyen, S. Chapman, M. Kashio, C. Saito, T.
Strom, M. Yasui, M. Tominaga, “Single amino acids set apparent temperature thresholds for heat-evoked activation of mosquito transient receptor

potential channel TRPA1”,

J. Biol. Chem. 102271 (2022). M M. Kashio, S. Masubuchi, M. Tominaga, “Protein kinase C-mediated phosphorylation of

transient receptor potential melastatin type 2 Thr738 counteracts the effect of cytosolic Ca?* and elevates the temperature threshold”, J Physiol. 600
(19): 4287-4302 (2022). B 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: eabl6179 (2022). B S. Saito, CT. Saito, T. Igawa, N.
Takeda, S. Komaki, T. Ohta, M. Tominaga, “Evolutionary tuning of TRPA1 underlies the variation in heat avoidance behaviors among frog species
inhabiting diverse thermal niches”, Mol. Biol. Evol. 39(9): msac180 (2022).
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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.
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M 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):
e0130089 (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.
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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). B 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, 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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Top: analysis pipeline for large-scale marmoset MRI data; bottom left: nerve fiber and
cortical maps of marmoset's brain extracted by the pipeline; bottom right: visualization of
the extracted connectome between brain regions
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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 HE R IS (FE)
manner. Data is often enormous and high-dimensional, and far exceeds human cognitive ability to SAITO, Nen

find some patterns hidden in the data. Our laboratory aims to elucidate theoretical logic of dynamic Associate Professor
living systems from such data by combining mathematical modeling and machine learning.
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M Y. Konaka, N. Honda, “Decoding reward-curiosity coflict in decision-making from irrational behaviors”, Nat. Comput. Sci. 3, 418-432 (2023). B
Y. Hatakeyama, N. Saito, et al., “Intercellular exchange of Wnt ligands reduces cell population heterogeneity during embryogenesis”, Nat. Commun.
14 (1), 1924 (2023). W J. Hata, K. Nakae et al., “Multi-modal brain magnetic resonance imaging database covering marmosets with a wide age
range”, Sci. Data 10: 221 (2023). M K. Yoshido, N. Honda, “Adaptive discrimination of antigen risk by predictive coding in immune system”,
iScience, 26, 105754 (2023). M M. Tsutsumi, N. Saito, D. Koyabu, C. Furusawa, “A deep learning approach for morphological feature extraction
based on variational auto-encoder: an application to mandible shape”, NPJ Syst. Biol. Appl. 9 (1), 1-12 (2023). Bl Y. Omachi, N. Saito, C. Furusawa,
“Rare-event sampling analysis uncovers the fitness landscape of the genetic code”, PLoS Comput. Biol. 19 (4), e1011034 (2023). l A. Nakamuta,
K. Yoshido, N. Honda, “Stem cell homeostasis regulated by hierarchy and neutral competition”, Commun. Biol., 5, 1268 (2022). l 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 (2021).
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8 W& @TAZLD )L —2 | Deep-Sea and Deep Subsurface Life Research Group

SRR E=A=E ¢
TAKAI, Ken
Visiting Professor

|| B8 metx

NAKAGAWA, Satoshi
Visiting Associate Professor = . A

HRTHD BRI L -2 HREOBETHEN TESTIREETIHNINHAENDETF
TEMIEEE, X7 — L= 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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[LADW 6500 0[50 5 | &V oI BF M RBAKBORF DHRRTHORESS v H
T4 —LEFAUC BROERBRICBIFZI—INI—E@mPI— I IRIF—REZRE
U ZDZRMEPHAEDFRNIERZEDDEEBICIEEEHRERRPBENMEYBE LS
ICBROERRZRHUN TIMEY —KREEYBES JOMEY —MEYRBIBEIERZ iR
BEEYZOERDSENL. ZNoD FOHBFRICKIARBEINDD FUATLEULTHE
I LEBEELET,

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.

EEE

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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3 : KATO, Koichi
- Professor

BJAMETEC

REPOFHICEIE TEGOERIRFEBICHOHHEAEEET
BZEERELTVET,

We attempt to understand how organisms adapt to extreme g
environments including deep-sea trenches and outer space. .

KA B oz
(3{T /D)

YAGI-UTSUMI, Maho
Associate Professor

RBREDERRIBCTEH I 2EMAE ERRBICESITICODHEDD FHEZHA
TLRBDEEZONE T — A AEDEIBRREICHENTE ANRADMIHIEE OB
NI BIEDICHZRICHOND L DRI - — I RBEINEBZHA cERENFELTVRT,
MEFEREHZT) 20 TERDRE BE - HEEDHENTZ 8 U CEaDREEILD{THE;
ZBBEIDLZBELCVE T SOOI FEOMNENERMZFIALT. 704 MER S
OBRZHHTZCEREZHKHFTCVNET T IO LTROSNICHRICEDNT FIcRHEEED
Bl ICEIF e TZNFEAMRDERBERFLTVE T,

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

BRI T s
(B /HHE)

YANAKA, Saeko
Associate Professor

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.

(ZZHi]

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). W 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 g fibril formation under microgravity conditions”, NPJ Microgravity 6, 17 (2020). Il 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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ARAKAWA, Kazuharu
Visiting Professor
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TIILYDRIVFFI TR/ ITX NZLRY)TRIVR-TAFTAIV R AZROI VR
EEBAHEDETZDONFHEIEICES,

Multi-omics analysis of tardigrades. Multi-omics analysis combines genomics,
transcriptomics, proteomics, and metabolomics to elucidate the molecular machinery.

KFETDEYITESTHATHY KEXRSTLIFBESICHZRERUEITH . HNEY T < L
VISR EVVSHEREIC K O CREREKEFICEREE ZFELLE U EKICK O TEPNITEE)
ZHRCEXT R BREDIVLAYFBEERE BEZ AR HDVEZDEGTH DT
BEENDOBERBEICMASIEN TEXT . INSFKDEFEZRIRET D HMBERFT
FESICHBETCETRVRRTI . ZC T HARZEDD FREZTILF AT BT
RIEWMDD FEYPZZREVTHSNCU MRV AT LN SEFELAIVICHT S HBRER R
MDOAANZXLZERIT D EZBBLET .

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.

(&Z 0]

[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 2002266 (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 EARD FHEERDE SR, £ L SARS-CoV-2 SZLNVHEILIHEET
BVHHF M4k (Haga et al. 2021) &£ F :EOVE T 7—Yh 7 RO (Kamiya et
al. 2021) o &L AR —H I L 2D R BFE D EEAT (Watanabe et al. 2022) A :#
RILIVZADHT I RIERE (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.

HBITIW—TTld. INF THRTD R THOILBRIRIES KO BRIKEDERD FOEBEE.
FICTSAABFEMBEZAVNTIHELUTCWVWE T RIATIE. SARS-CoV-2 ST/ TEBEVHH
PATEDFEEHR (Haga et al. 2021) . EOVE T 7 —IYDEL B A TS RS (Kamiya
et al. 2021) . BARERTREINIEAR =TI A)VADERERE (Watanabe et al.
2021) . ENIROAIADIZ—T R ATV RiEE (Miayazaki et al. 2022) ir E&BFSHC
LCEFUESED. RADERBRERZE—DOTCHE<LIRLULTITEEVEZEZATVET,

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.

BAREREGREER

NHE & sEzuz

MURATA, Kazuyoshi
Project Professor

(2EX#)

M K. Okamoto, C. Song, H. Wang, M. Sakaguchi, C. Chalkiadaki, N. Miyazaki, T. Nabeshima, K. Morita, S. Inoue, K. Murata, “Structure and its
transformation of elliptical nege-like virus Tanay virus”, J Gen Virol. 104(6) (2023). M A. Chihara, RN. Burton-Smith, N. Kajimura, K. Mitsuoka, K.
Okamoto, C. Song, K. Murata, “A novel capsid protein network allows the characteristic inner membrane structure of Marseilleviridae giant viruses”,
Sci Rep 12(1):21428 (2022). M R. Watanabe, C. Song, Y. Kayama, M. Takemura, K. Murata, “Particle morphology of Medusavirus inside and
outside cells reveals new maturation process of giant virus”, J Viol 96(7), e0185321 (2022). M N. Miyazaki, C. Song, T. Oka, M. Miki, K.
Murakami, K. lwasaki, K. Katayama, K. Murata, “Atomic structure of the human sapovirus capsid reveals a unique capsid protein conformation in

caliciviruses”, J Virol. 2022 96(9), e0029822 (2022).
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:,t§|ﬁ_|$lj)5ﬁ . ;Eﬁﬁ%@}ﬁﬁ Promotion of Collaborative Researchs and Joint Researchs

EXCELLS TlEF. [£ETWVB E(FAN? | EVDAFEDIRIR
WEREWICEZS I LZBEL. LBl F OFEIC
A FUVWBRRICKDIRFRBGERBEROBETB LU
07 FO—FZERWANTER DR STRIEZ RS (R
F2EZBELCVFRT . T2 2574 DE D FF
BMAZEMALU KRACBKRE HREESOMAELOH
BERREEH LT e mPI 2R ZHELTCNE
FI T RZHBEMAKE AN ERARZHAHBE T
ZHOKRZ HAKEFDMHREDCODOHTRMREL
T ABRIDKZ T[S B PR R HE IR KBS i P SR
EBELEDHREBICTHBVIZIZVWTVET,

B ExCELLSEITFT ExCELLS Collaborative Research

BRI 2R AEB LN DO AKEICHE T 2B MO RE N
RINW—TEEB U LT HRBMARFE AEFEORASE
%80 CEXCELLSOBIFEZIL—TRD & —BDE#HZ BEL
BOMAREZRELCVREERT,

B ExCELLSEERERFZE EXCELLS Themed Research

BARZMABELUNDOKZES SO RN REEICFET 2
REH . EXCELLSICFAE I 22D EDIARIIL—TEHmAU
T MAREZRIET S HEFAHKR T,

[ | _ﬂﬁitgﬁ*Uﬂ%ﬂ% General Joint Research

REBIORWMAKEICAIB I M AE N EXCELLSICFE
IRIHELHNIUTCRERIET SHEFBIFFE T,

ExCELLSTHEMBZECE. HEMA - &
B RZBCICHEERY MDD —T D
MZEXETDEEDIC MR EDEE
BIEZEHELE T

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

collaborative enhancement between E=ER

ExCELLS and external institutions. KATO, Koichi
Professor,

R EEs= 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.

P TETF soegee U0 65K woegus
WREEI—F%—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 54j§-§¥ﬂﬁfﬁﬂﬁyxf—h System of Cryo-electron microscopy

A ZXT LIE.300kVI 74+ EIE (TITAN Krios G4) &£V 714 F
FIB-SEM (Aquilos2) 5%V E$, TITAN Krios G4ld, 2> /X7 ED
BEFRBEOEN FREMSLVEFIENETS FT 11— MicroEDELT
BHZEN TEET Aquilos2id. FHiEHFIDSlice&ViewE ZIZHNz
T.ZD% (In situ) EFIRENET 71— D= DRIEMMEBTI F Z 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.

Lo L0l Iz FANYIESS =@ 800 MHz NMR spectrometer

ANMR2ZE (Bruker 800 MHz NMR AVANCE NEO 800US) 4.
BIERTO-TZRATHN ERESH T OH-PC-N=FHIBES
E-BRBRRETCAE TSI EPFIRETH) ZNOD=RTBES1F3
JARREERERFL ANV TR T BDICHNERELET,

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 TA TR IZS W,

Please vist our website for detail.

HEFIBABE Overview

https://www.excells.orion.ac.jp/overview
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2DON1 7T OEREFENEHIEAFM)D EESN T
WET (SS: $oTNAF w2217 PS: TO—TXF¥ v
217 ) BAEDZ NV EDBEE LS FRIEEE
Bz nmOZE 5 8REE. 10 fpsLl EDRFRE 2 BRRE TEL
BYBIEN TEETH o NI TP OHILEMIRZED
EgnRZeEFABOBuMDBRET CREFEE1
fosLI T DB D BRRE TR CEE T PSH1TIEER
HHATEMBEDE ST L H>THY BAIEHL -5
N7 EEE R CEIRAFMEE L TRMIE CHETS
ZEHRBETT - SSEZI T TCIRERERD Y1 XIE1.5
mmelZHIBRIN TWETH  PSEZA T TIE B TIVEMRE
LTIRERNLERTIRAZ AN ERTIRETT,

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.

%E Combined system of high-speed atomic force

microscopy and fluorescence microscopy

Eﬁ?g%ﬁ*ﬁﬁ% Q-TOF mass spectrometer for native MS

BHFTHEEHHEBESYNAPT G2-Si ~
HDMS> X7 L (Waterstt) T9 .nanoESI B ||"r 3
CEBHNBALQTOFRNERHHEE 1]
PHABHENTEN 2L NI BEEED W

SOLERBL) FOERBUHEEEHFL
FEFRETIIENFIEETT . ZD/=H. 18
A fE D StoichiometryDRELEICKE LS
*RZELEJ (native-MS).£7/-. UPLC &
BINTHY . LC-MSHA[EEE > TVET,

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.

Chavpn e o O s

| r=  Elactrosprayionization (ESI)

=Y S
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ﬁ?%ﬁﬁ;ﬂ“?ﬁ%ﬁ Mass Photometer

Refeynt DAY FESHBTERE.
[Refeyn Two] T3 ,Mass Photometryi& il
SWIERRETE N BEDERSH TDE
BETORFESHDBRENF FIREE LT
%7,30 kDa~5 MDa4FEHFNEE
REPEERTROET I DN, 75
AABBOYLTINZAIY—-Z2FIZHEUT
To.< 1 MDa &> X7 BRADIBE. 1 nM
REDBRNI2Y170)yMURE CRIER
BETT,

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 TwoM® enables measurement of molecular mass across a wide mass range, from 30 kDa up to 5 MDa.

B SRR P Siomoteclar nteraction

£ 4D FHEEEREHEIEERE. Biacore¥)—X (GEZ1 741 I X%t)DBiacore 8K
TYRETIXEHBEYAIVORBEFIATEIET 2 NVE KB EEED
RS FRMEEEREETATEIEPFIRETT D EEDY LTIV SBITE RIRE T AIE
WRISHLTINIVGTIDENF G F VT IVEALTEHA T3 ENTEETT R
PFEOREE . BEHORE RN NEREBELES,

This system detects intermolecular interaction by surface plasmon resonance,

enabling comprehensive, high-throughput analysis to obtain quantitative kinetic and
affinity data.

EJJE"J%E&EL;,E“E%E Dynamic Light Scattering instrument

Wyatt Technology+t 2D EFRY S ELELBITELEE. [DynaPro Nanostar| T, E1RIMEEL
BEICENZ NI EEEH ELIE RS F ST /T ORFEI T ORIEN FIHE
ELESTVEG F 2 NVEDHFEAEPERDODMERATEDRIRETT AR R E~
170U MV SBITERTBE. BXTE FIRER D —15CH5150° CERIAVVAITE R AFICIIT
LTWET,

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 pL of sample is required and a wide range of temperature
(=15%C ~ 150%C) is available.

ﬁ%ﬂ&%ﬁ%%ﬁ Fluorescence and Absorbance Spectrometer

AHERR 3 BRI PSIEFRINETOWREEHIEE1003IVH LT DRFERER CEERINTH
IWEIEN TEBHDTT, EONIIVFBRAREICSVBRE~SRER2TRET
TN TED/=D A LBE TORIE LN DREFEEERETIDICERTT %/
AT IRIEEHCERBHBIE TE BIERE VNI RCL B 5. FRETHE
MECHEAVRAFSNET,

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.

ﬁﬁﬁ’i{%ﬂﬁ?ﬁﬂﬁﬁ*)]?h Super-resolution microscopy systems

=27 HsLEE7 Jup Az Multifunctional super-resolution

y*&ﬁbhﬁg1gﬁﬁﬁa&ﬂ confocal fluorescence microscope
HEFREIE - FOUH®EE - BRI DEEE
EfRAT-HERBERIETT,

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

237 STEDHf: I

2YtFRh#EE AV =STEDSEMER T, BRHEEIR P
2t F R E S FHFFREN FIRETT o

It enables super-resolution microscopic observation
of two-photon excited fluorescence and/or
fluorescence lifetime imaging.
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FSTAATA M — I\E,E\fﬁﬂﬁ Lattice Light-sheet Microscope

71 X1~ EEHEE (ZEISS Lattice Lightsheet 7) 1&. 1k
S—MEMB AR FIROEECIREADHEAE D RIS LN, &/
FEXERIC DV TRIRIEICEBHABI AT EIMA DD . BE (~3
vol/sec) D M IEMEEI A DR D EEEE TR 12— LA 4—
DU RIRE L BEMIE T o

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.

%iif/f 7“’(>(— )“DQ‘DZFA High-speed live imaging system

HESXFvF 1=y Cell Voyager CV1000)I3IEEEKEN
—REL S REZ T T A RV BEMERD AT LTHY) INA IV —
TN RE DA ZTOEY TEETHFICTM T 4=
CUBRICEL TH) EEEMROKR4ERICES R, DFM
ICHRANBCEICEN) 2 LB RE D EFRR L EICKILBET,

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.

e vd bl t D Al  Total internal reflection fluorescence

(TIRF) microscope

EENEILIEMEEIC TIRF B8R (405/488/561 nm L—%—) %
B THIET AR 2R1E Andor O EM-CCD T x#L>
Z(Z 100 f& TIRF AW, — 5 FEHEIX HILO 1 X=20h
FIHETTY,

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;5_’\773%?&%&’()(_:/“\/7\%% 4-Dimensional Tissue
Imaging System

INEMABE A A—T LTV X7 L (FUJIFILM VisualSonics VEVO 3100) I/)\&h
M(XIR) DLEEELDELRE . RIBEFEENICERRIBERII-RE
T UBOBRICEVWTE DEOEIZE4RTHICEETHIEN TE. L IEELD
HEREETAIN RIRE T ¥ o F /o, ZE D ARREICEN THY . BHEAOIR RO EEZE .01
HENATEET HT— Ry TT—& 1INy T I—EblEboTHY) ., A M7
HERATEEY,

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).

g‘l’/ﬂ“‘)]?.ﬁ Cell sorting and measurement system

WL NTBEREREBR TERBLMAEE-T IR FORBEEXIREE1 A
LANITKREICEHAIL. &SI T D EN TEET AEKE (£ILV—2—MA900) IF. &
BOY—T1 THE (L—H—KDOKEERAE V-T2 T DDDERHZAIILTRE.
YARRN) —LFAEE LT3 Fa—TNBRR) tBE CRETIIEP AIRETT 41
$BOL—H— (405 nm. 488 nm. 561 nm.638 nm) HFfEZ5NnTHH),. 9671/l 384
IV ISL MR D BXA RIRE T Y 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 %EH@?)IJ?Z-E“JQX%E#—[%E Single-cell multi-omics analysis system

1HBIICEENIZHBOIBREBN TN A RELEE TT (10x Genomictt
Chromium X# £U*Chromium Controller) o ChromiumZ£ BRI ¢, 1482 (/-3 #0k21%) &5
FN-A—RRFEFNE-ID B NEENTRESN. B~ B+ HEOEEI R ENE
o B/ INEERICEWOETANIEEINASZE T AMBICE TN 2 ZHREDIEHRENGS
(RHRS T X) EHAEDEDIETRIRT BN FIRETY . —EDEBR TRATSHE
(Chromium X) . 87518 (Chromium Controller) D1 #BARIEHREIE T AN AIRETT

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.

v=F4—N \()99:75\/70:/17_'.& Sophion QPatch Compact

Sophion QPatch Compactid. RA8DNDEERERBFICITIZEN TEBIEIF— NSy FUTLTIRT A
TN FIILTEICRBNEA TEAA L F ARV ERT —2E BB EICES LD TEET nE
EIERTODRIEG TORB P BHRELERT OO ZHTOERBRE, WThEERETTS
ZENTEEG AU FIDYTNIT I REREMEBTEY R—LET LA TNIEESEV DI M2
DEFEERYT LT TT . HEIETNTQPatch CompactP TV ET,

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.

BIRTATOENY MEREE BRI N
o2 —ItBIL—H— T5— P-2000 3. BIECO, L—H—HIEHLTH e N

D REHTAENRYNOIERD RIRETY . BEH T AIMIBRBENFEE w
KECBEDHIATHTERN0.01 IVOC LT OEHEEER TEE
To¥72.CO, L—¥— REEAEDHBEOHBEZHK BVE
BirbbET,

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.

==, == eI i i =l Chemiluminescence and

fluorescence imaging systems

ATTOXD[ILZ/FZ 71 EM]IZFO.8ERXEL X E-40°CAHHEM CCDAATEIEHE L /-5 R
BAEZRL - HAX-FIRABREEBETT VI TAYMRUHEL X TL X
SDS-PAGE# IVDALFFEISE - Rt - FIRICAEN FIBECTT . RN BT AICATEED IR
(Blue. Green. Red. NIR) b o T & ¢ F/-. HEEBILRE A R R b RIRE T,
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.
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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.

b 3= A W E SNl The Advanced Co-creation Platform

EXCELLSTIZF [EETWV B EFAN? | EV D AEHBORIEN
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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.

B YE—SinDIS5REEE Exploration of the Boundary between Matter and Life

(F—L{XF) Team Principal Investigator

(FOYIEDBE) Project Outline
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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 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.

B FILHRSDIFZEER 7 MS AHRER  Spatiotemporal atlas of dynamic structure and function of organelles

(F—LFK) Team Principal Investigator
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Associate Professor
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:l ! 3 :‘Ib Dynamic Molecular Neurobiology Group
(OY T FDOEIE) Project Outline
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The EXCELLS project research “Spatiotemporal atlas of dynamic structure and function of organelles” promotes organelle research, which is
expanding with the recent identification of membraneless organelles. We aim to elucidate the organization of membrane and membraneless
organelles, as well as their reorganization, dynamics conversion, and functional regulation by various cues.
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B FEEEDFIFE I = vk Glycobiological Science Unit

E}%gﬁ{tji\y W& VAl The Collaboration Enhancement Platform

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.
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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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(J-GlycoNet) Human Glycome Atlas Project

Glyco Science Network (J-GlycoNet)
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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 g g ™

the Japan Agency for k("—“
Medical Research =~

and Development 8 I
(AMED).

(E?%E#%) Cooperative Projects, etc.
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Graduate School of Pharmaceutical Sciences, Nagoya City University
BEHEMIIAY BIEERM PRI

Institute of Drug Discovery Science, Nagoya City University

v 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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AMED Basis for Supporting Innovative Drug Discovery and

Life Science Research (BINDS)
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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 Frontier Bioorganization Forum

BECAEOMEELMREESETLE>TVET,

We have held symposiums with researchers from South

Korea and Taiwan.

B EFHREBR/JRJ—B EXCELLS Retreat for young Scientists

EFMRENEFNICLE-RETEIEFERSEEN—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.

B ExCELLSYiRIDL EXCELLS Symposium

SHREMRBEIFEIRE L2227 AT THERERRE
RIETILODMRAESERBLTVET,

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

B BRI IATREERE S > INT DL National Institutes of Natural Sciences Symposium
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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.

EEHEAE Collaboration Partnership Agreements

HEDEE - BEREDD MAMEEEERELZMBEL 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

WAALRBZERAL EHNICHFAN M EEERLTVET,

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