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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. Over the past six years since its inception, we
have started 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
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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
environment, using the “Observe,
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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.

EHEl-ERAIZBL TEBESN TV SHREEGBROPICEBIN TV I EKRE 5
UERRARIEL. FRILE . TDADDIFRFF ity S EREN 7 70—
FEERRIEET,

To develop theoretical and computational approaches to decode, interpret, and predict
biological patterns from varying data.

BURTLEEBRIICER T 5DV IESTEMR L THETI L EBL T HBBRENETEHOH
THERIRELTWAONI N EGONEE2HANICER T3 EBIELET,

To understand the design principles of dynamically ordering, and robust systems in varying environment by
creating experimental and computational living systems.

Section for Exploration of
Life in Extreme Environments

BT B KRBEALEICSRERADEBSEIRE - BTS2 EEBIELT

o DB BRI RIE £ BT SR F LTV E T,
ExCELLS also explores living systems in extreme environments to elucidate original modes of living and
adaptation strategies of organisms.
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The Exploratory Research Center on Life and Living
Systems (ExCELLS) is one of the member centers that
comprise the National Institutes of Natural Sciences (NINS).
NINS is an international research center, consisting of five
research institutes and two directly supervised centers,
each of which is charged with a unique mission to conduct
advanced research on space, energy, matter, life, and other
subjects on a global scale. ExCELLS was founded in April
2018 as a research center to conduct interdisciplinary
researches that transcend different scientific communities,
promote collaborative research among scientists from
various universities, research institutes, etc., and facilitate
novel life science studies.
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A native/lightweight application for semi-automatic biological feature collection tasks on 4D
confocal stacks with an intuitive graphical user interface.

KH B1E maEmx

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.

(ZZ k]

M I. 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). M 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

NiE B2 sanE

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.
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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.

(BE ]

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

IVNTBORTFROKIBEGRD FIFBHIRIVF—RINREZRE DO BEDDF
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DHREMERBEANDINAICBELERF >CTVWE T VFUABKRMD ¥YZab—y3avICk
WIVNTEREREBANZ X LDBERBICERUBATVET,

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.

(BE ]

M S. G. Itoh, M. Yagi-Utsumi, K. Kato, and H. Okumura, "Key residue for aggregation of amyloid-8 peptides", ACS Chem. Neurosci. 13 3139-3151
(2022). W S. Tanimoto, S. G. 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). 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).
M 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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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.

IEBDTI TR BEEEZ#SIIVINIBEBEERICDODVWT. RM T TEBEDH
7& (Native MS) Z > TRITAEDH TVE I Native MSIFERSD TESHEPERIEBO T
DEOBIEHBRESHEHOHEMERICKIERINIED FESHRICDOVT. ZOESKREHR
UCEFEEREITDEZTREELEFT . Z Do, Native MSICK D7 FEGHEDIERERR
BEREZEV. . EEHDEZERCEMTCHICEITIEREBDIIENTEFITFF
feBDTIV—TIELC-MS/MSBTRETH Y . I VIV T BEDFRBIEMDEEREDHIToT
WE T BT —TDEEDHT M ZE STZHFIFEXCELLSDHEBEFIAIHAZTE 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.

(2EX#)

M S. Yanaka, R. Yogo, H. Yagi, M. Onitsuka, N. Wakaizumi, Y. Yamaguchi, S. Uchiyama, and K. Kato, “Negative interference with antibody-dependent
cellular cytotoxicity mediated by rituximab from its interactions with human serum proteins”, Front Immunol. 14 1090898 (2023). M Y. Yamaguchi, N.
Wakaizumi, M. Irisa, T. Maruno, M. Shimada, K. Shintani, H. Nishiumi, R. Yogo, S. Yanaka, D. Higo, T. Torisu, K. Kato, and S. Uchiyama, “The Fab
portion of immunoglobulin G has sites in the CL domain that interact with Fc gamma receptor Illa”, mAbs 14(1) 2038531 (2022). W Y. Kamiya, T.
Satoh, A. Kodama, T. Suzuki, K. Murayama, H. Kashida, S. Uchiyama, K. Kato, H. Asanuma, “Intrastrand backbone-nucleobase interactions
stabilize unwound right-handed helical structures of heteroduplexes of L-aTNA/RNA and SNA/RNA”, Commun. Chem. 3(156) (2020). l M.
Yagi-Utsumi, A. Sikdar, C. Song, J. Park, R. Inoue, H. Watanabe, R.N. Burton-Smith, T. Kozai, T. Suzuki, A. Kodama, K. Ishii, H. Yagi, T. Satoh, S.
Uchiyama, T. Uchihashi, K. Joo, J. Lee, M. Sugiyama, K. Murata, K. Kato, “Supramolecular tholos-like architecture constituted by archaeal proteins
without functional annotation”, Sci. Rep. 10(1) 1540 (2020). M Y. Zhan, T. Kojima, K. Ishii, S. Takahashi, Y. Haketa, H. Maeda, S. Uchiyama, S.
Hiraoka, “Temperature-controlled repeatable scrambling and induced-sorting of building blocks between cubic assemblies”, Nat. Commun. 10(1)
1440 (2019).
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Associate Professor

AERINET 7O0-FICEVEG S FOBKFRIZEOREZRELET,

We explore the principles underlying biomolecular organization by
multidisciplinary approaches.

EHIRROFER VRATLAZBR I D LMD FRTFDIA T IV IBHEERZBLT
MEBEZERL NANREEOHEFRAZITVL DD BRENICHBEERL VLI ECHY
FTNROERETNT TO—FRERFEER T 2D FRFICEATIERDERENGE
BZERBELE UL UDULBND'S ENSOEGRFHIBEENICERRD DON A MRERKF
EEMTDAN_RXLZEBEITDIEN [EETVBREFAN? | ZEZDSATARENICE
ETIERF DBEEWINRT O—FICKY ANEM MU ZEID I EGm D FRFIV BN
MFEZER U CRREREZRIFE I 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.

(SZ3)

M S. Yanaka, R. Yogo, H. Yagi, M. Onitsuka, N. Wakaizumi, Y. Yamaguchi, S. Uchiyama, K. Kato, “Negative interference with antibody-dependent
cellular cytotoxicity mediated by rituximab from its interactions with human serum proteins”, Front. Immunol. 14, 1090898 (2023). M T. Satio, H.
Yagi, C.W. Kuo, K.H. Koo, K. Kato, “An embeddable molecular code for Lewis X modification through interaction with fucosyltransferase 9”7, Commun.
Biol. 5, 676 (2022). M 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). W 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.

BN ST s
ENOKI, Ryosuke
Associate Professor
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B2 A BRE U RN A FAA—=I VT HERDBEFREEZ DEGRIZADISAZETER
UCVE T SETHRLIF EXLFFORETIRENCEARDRBZERROIRELR 2T A
AXA—I U EREEIBLCEZ L. DT/ OV —CETVT A HHRCH T —D FiBiR
BAAXA=I VT BRIBRPARIENEERLUTCVE T CNSEEAL. EBEEDTES N
FRATAZTEIL T D & T NEREEPREOKE. 2. £FU XA DPATETIVIGE DA KR
BEDD TEBDRPEZDRIRREDERZBEIELUE T,
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The Biophotonics Research Group focuses on developing innovative bio-imaging methodologies

OTOMO, Kohei
Associate Professor

and their application to life sciences, utilizing advanced laser technology, nonlinear optics,
nanomaterials science, and other scientific techniques. To date, we have been at the forefront of
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.

(EEE!

W M. Ataka, K. Otomo, R. Enoki, H. Ishii, M. Tsutsumi, Y. Kozawa, S. Sato, T. Nemoto, “Multibeam continuous axial scanning two-photon
microscopy for in vivo volumetric imaging in mouse brain”, Biomed. Opt. Express 15, 1089-1101 (2024). M S. Hiro, K. Kobayashi, T. Nemoto, R.
Enoki, “In-phasic Cytosolic-Nuclear Ca2* Rhythms in Suprachiasmatic Nucleus Neurons”, Front. Neurosci. 17, 1323565-1 - 1323565-10 (2023).
M R. Enoki, N. Kon, K. Shimizu, K. Kobayashi, S. Hiro, C.-P. Chang, T. Nakane, H. Ishii, J. Sakamoto, Y. Yamaguchi, T. Nemoto, “Cold-induced
Suspension and Resetting of Ca?* and Transcriptional Rhythms in the Suprachiasmatic Nucleus Neurons”, iScience 26, 108390-1 - 108390-17
(2023). M M. Tsutsumi, T. Takahashi, K. Kobayashi, T. Nemoto, “Fluorescence Radial Fluctuation Enables Two-Photon Super-Resolution
Microscopy,” Front. Cell. Neurosci. 17, pp. 1243633-1 - 1243633-10 (2023). M H. Ishii, K. Otomo, C.-P. Chang, M. Yamasaki, M. Watanabe, H.
Yokoyama, T.Nemoto, “All-synchronized picosecond pulses and time-gated detection improve the spatial resolution of two-photon STED microscopy
in brain tissue imaging”, PLoS One 18, e0290550-1 - e0290550-14 (2023).
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() DEEDEDARTAA—T T (ALB) EEYIXEDHBET IXDDLEICEH T2
BEEAA-I LT (ATR)BEBEREINIZE T TOOHMBIRATORESE A-2 2T,
Four-dimensional imaging of the left ventricular of mouse heart (left). Changes in sulfur

metabolism in the heart of myocardial infarction (MI) model mouse (right upper) and
cardiomyocytes under hypoxic stress (right lower).
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NISHIMURA, Akiyuki
Project Associate Professor

ERDODBRY AT AR DE. MEFBH. BB EWV R RE R ERIC K> THER
CHEBSNTVE T HLRBIRIVF—EERECHIINIVRUTPORESEICEHT 2/
HRRICH BT BHEEBZRSNICL. CNZEICRREFHLEORBICETIEHNRE
BEEZHEIDILZBELCVTR T ZO—FIELT. HLRFIFIVRU 7 nEEET
BICESIT2L Ry IR (BRIERTT) BN REPKRBREV SRS BRRBERGETICELT
DRFEMBAA—IVITHBTNOEHAITDIET HEMDODL BE BEZTD AN
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 A. Nishimura, L.Zhou, Y. Kato, X. Mi, T. Ito, Y. Ibuki, Y. Kanda, M. Nishida, “Supersulfide prevents cigarette smoke extract-induced mitochondria
hyperfission and cardiomyocyte early senescence by inhibiting Drp1-filamin complex formation”, J. Pharmacol. Sci., 154, 127-135 (2024). H 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 and M. Nishida, “Echinochrome Prevents Sulfide Catabolism-Associated Chronic Heart Failure after Myocardial
Infarction in Mice”, Mar. Drugs, 21, 52 (2023). M 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 and M. Nishida, “Myocardial TRPC6-mediated Zn?* influx induces beneficial positive inotropy through B-adrenoceptors”, Nat. Commun., 13,
6374 (2022). W 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 and 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 and M. Nishida, “Depolysulfidation of Drp1 induced by low-dose methylmercury exposure increases cardiac vulnerability to
hemodynamic overload”, Sci. Signal. 12, eaaw1920 (2019).
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Single-nucleus RNA-seq reveals various types of brain cells in the marmoset cortex

R ZZ B RE L F A I EN & B - (B B DOFERBICH T B FBREEDET
[CHARTIHEBBYETIVICHIZECTFRIEHECETIDENGHENE. SXITERR
ENREBEOD FHERRBEROEBRECOBHNIVE T REKLOMRI IS TEERER
BETFIORZRANT. BEBNRETFRREFNEBEZ IO —)L (BEEEE) 1S
TR ANIVICHDREIEBITUCVWER T AT AHMREEEET F OB FHENZITV.
JERBRBAREEREBETILOERDITOCTVET . INSOMKZBU T, £ MRERFICHE®
BREBOICHDERBEBET IVOERZITVIREDIERER CRIFICAT R ZHEL
TVEY,

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 N. Toji, A. Sawai, H. Wang, Y. Ji, R. Sugioka, Y. Go, K. Wada, "A predisposed motor bias shapes individuality in vocal learning", Proc Natl Acad
Sci USA 121(3): e2308837121 (2024). M T. Ninomiya, A. Noritake, S. Tatsumoto, Y. Go, M. Isoda, “Cognitive genomics of learning delay and low
level of social performance monitoring in macaque”, Sci Rep. 12(1): 16539 (2022). 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). H K.
Nakai, T. Shiga, R. Yasuhara, AK. Sarkar, Y. Abe, S. Nakamura, Y. Hoashi, K. Kotani, S. Tatsumoto, H. Ishikawa, Y. Go, T. Inoue, K. Mishima, W.
Akamatsu, K. Baba, “In vitro monitoring of HTR2A-positive neurons derived from human-induced pluripotent stem cells”, Sci Rep. 11: 15437
(2021). M C. Xu, Q. Li, O. Efimova, L. He, S. Tatsumoto, V. Stepanova, T. Oishi, T. Udono, K. Yamaguchi, S. Shigenobu, A. Kakita, H. Nawa, P.
Khaitovich, Y. Go, “Human-specific features of spatial gene expression and regulation in eight brain regions”, Genome Res. 28: 1097-1110 (2018).
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BRERIEENFECSIERMEOHEREEFETFIEFNFECLZIZNTEDOHEENRE. Cho %
HAEDHEDIZETIERRADKEEEEE 5 AN LB (designer enzyme) 5 18E T35, COATEREHO
TI73ZXARICHEIBIEZRICFY N7 — T DEEETPHIEADEILZR AN AMADTAZEDET,

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

S SR FEHEN CEN I LDIERERIDIC R OTHER SN TNE T COEFERDIEF
RInDxy hD—207% NBHWICEFRET L. B/ DKUPEEIGAICRIT2MANEDSNTL
T COEFALZERIGRY D =TS AP BHEUTCELBARICEFFELRWEZER
WZERETDIEN TENE KERBEMIMBIEEYDEE L2 HUWERKRF D
EEORFECENMIET HLDT I TR EFRERR B Y D —T(CIERADILZF
RIERE I BIcH DT ERE UCATEREFRARDEREZNS Uy VINIE)ITEEL
TVFETHEHMEF - MR I VNIBTRZCE D ATIEBROBREN S TNZME- £
FANEEATICHDHEMAFE CZ BEHITEHTNE T,

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

the development of technologies for their delivery into cells and organisms.

(E=E

M Y. Okamoto, T. Mabuchi, K. Nakane, A. Ueno, S. Sato, “Switching Type I/ Type Il Reactions by Turning a Photoredox Catalyst into a Photo-Driven
Artificial Metalloenzyme”, ACS Catal. 13, 4134-4141 (2023). M H. J. Davis, D. Haussinger, T. R. Ward, Y. Okamoto, “A Visible-Light Promoted
Amine Oxidation Catalyzed by a Cp* Ir Complex”, ChemCatChem 12, 4512-4516 (2020). l Y. Okamoto, R. Kojima, F. Schwizer, E. Bartolami, T.
Heinisch, S. Matile, M. Fussenegger, T. R. Ward, “A Cell-penetrating Artificial Metalloenzyme Regulates a Gene Switch in a Designer Mammalian
Cell”, Nat. Commun. 9, article number 1943 (2018). l Y. Okamoto, T. R. Ward, “Cross-Regulation of an Artificial Metalloenzyme”, Angew. Chem.
Int. Ed. 56, 10156-10160 (2017). M Y. Okamoto, V. Kéhler, T. R. Ward, “An NAD(P)H-Dependent Artificial Transfer Hydrogenase for
Multienzymatic Cascades”, J. Am. Chem. Soc. 138, 5781-5784 (2016).
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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—O0VEZERIZY T TRAORBANBIEENNETT . 2D
(CIF Y FTFREFENMRNAZEX L CY F T RIBRICHNERI VINTBZER T2 (BT
MERIDEE T AIBIE. BANBIFEE [RNARRKL DR ZT >TNE T RNARRR
(FR—BABDBEC KRS NDRE A ZR > feBEIE TT . ZDREBMZ VD (CHIE T
CETMRNAENXE BATNEIROIEZEZ-EHEZRIBELTCVS DN ? X ZDRBR. EDT
NIBEZEEBRLU. EQORDIBAMEHITYF S RZIBARUVCRBEBZERITDDN ?Fhlcb
(FDFLNILDENYDADITEILNIVE CEREBISED MR ZTOIIEICKOT ZTDERE
ZBEELTVWET,

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]

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). Ml 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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BIEDBEHA K EBEAVTIVOEE TEL 2ERKRICOHEEIEEFEALE T,
A variety of home-built microscopes allows to elucidate the regulation principle of biological photoreactions.

HEREDEKEADITRILF —ZI5HCHAUBRZEHLE T 2R TC—ERE S5
ZHDIRIGTIN ZDDFEBIERLEICON >TVEBABIC. BRD FDARMEICK
BB IRIED. EOKSCHF->I VNN TB->ERE-MIREBEZ B CGEHELTL
KONDFHDEXTI FAFIRBICFRFE UTCBM ) HE M2 B U EFA DI EETE
ZZEN-BEEN TRILF—NICHBLUTRIET D ET D FHOEFRBEROBREERT
&Y —LhUVRIOERTER A RILDFIHREZESNCLIT . SIS(IC HEFHABPICIEDIE
WA CHED DD KT ERRDFESE DD K. BFSHRAZAVCEFRTRARE FR
DEORBICHOERVEHFET,

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

(ZZ k]

Bl T. Kondo, R. Mutoh, S. Arai, G. Kurisu, H. Oh-Oka, S. Fujiyoshi, M. Matsushita, “Energy transfer fluctuation observed by single-molecule
spectroscopy of red-shifted bacteriochlorophyll in the homodimeric photosynthetic reaction center”, J. Chem. Phys. 156, 105102 (2022). l R. Moya,
T. Kondo, A.C. Norris, G.S. Schlau-Cohen, “Spectrally-tunable femtosecond single-molecule pump-probe spectroscopy”, Opt. Express 29,
28246-28256 (2021). M T. Kondo, R. Mutoh, H. Tabe, G. Kurisu, H. Oh-Oka, S. Fujiyoshi, M. Matsushita, “Cryogenic single-molecule spectroscopy
of the primary electron acceptor in the photosynthetic reaction center”, J. Phys. Chem. Lett. 11, 3980-3986 (2020). M T. Kondo, J.B. Gordon, A.
Pinnola, L. Dall'Osto, R. Bassi, G.S. Schlau-Cohen, “Microsecond and millisecond dynamics in the photosynthetic protein LHCSR1 observed by
single-molecule correlation spectroscopy”, Proc. Natl. Acad. Sci. USA 116, 11247-11252 (2019). M T. Kondo, A. Pinnola, W.J. Chen, L. Dall'Osto,
R. Bassi, G.S. Schlau-Cohen, "Single-molecule spectroscopy of LHCSR1 protein dynamics identifies two distinct states responsible for
multi-timescale photosynthetic photoprotection”, Nat. Chem. 9, 772-778 (2017).
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MIRREICEETEICNSDANVERICSVT. EBRANTRTILI AR TA LY BRSO MHRAAN
EMAENS,(B) Ni-FeREROF F—EDEEFLDEBRERTHICONEAREMET IR
HypXDiERIBE. D FABO X +ET 11— (IKEBXA Y 22 TRR) PICRIFEN TV BZCoADFILIILIEIZ K
Sformyl-CoOAD A & . formyl-CoOADBE HILAR Z VR D Eke L TET T3 2 EICLWCONEEREN 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 WELH. BROCERECBVCEEREIZ
EoTWET . INSEBY VNV BEDEEHKEREDORBEF . EBY VN IBVCEBAL Y
WA BREREEZNMCLTHEULTWVW AN ZEFE T2 LTHEBEAIRGEHDTI H A
DMBTIV—TTF EEZE . DFEYZ BEEYZ. B2 WEBERZEV SR IRTH
EDBFDRWRFELZRET D LK) . INOEBIVNTB. BN THDEESEGRSHE
RF ALSEARCVY—IVNTEB . EBI VINIVBEEHYATLA. BREEAF /B
BEBEABEYATLARBREZDDLIC. INS DB EKEEBEDHIBZERUCHRZT
BOTWVWET,

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.

(EE=3%E9)

B 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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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.

BLDTIN—LIR TS TrvyahzAV BLFREOEVICI OTRESINDIFT
FRIATOBRMEADFRREKEZANTCVE I HADP FO—FCHF—ERDT I Y
JF NSV RITIZVICT ST vV 2B ERI B EICKH>TRED T SADH R =
EEFRFTRETDIETT . ZNUCKY SRR MBOREBEEI AL I ML —X
IBHTENTRECIRY Ko SRR BBICY—F v b UTCEBIEBZNEAZTSIEN
OREERIE T RAFBEICHAFR L. BBOEGERAT —IZAVC ARSI LEMEBEZAL.,
ZBHENCEID D WRDOEB OB EBFRBOMAZHBHIHITEDTNE T,

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

(2E3#)

[l 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). M C. Satou, T. Sugioka, Y. Uemura, T.
Shimazaki, P. Zmarz, Y. Kimura, S. Higashijima, “Functional diversity of glycinergic commissural inhibitory neurons in larval zebrafish”, Cell Reports
30 3036-3050 (2020). M Y. Kimura, S. Higashijima, “Regulation of locomotor speed and selection of active sets of neurons by V1 neurons”,
Nature Communications 10 2268 (2019).
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De novo designed proteins with folds not observed in nature
S. Minami et al., Nat. Struct. Mol. Biol. 30, 1132-1140 (2023)

MEFIVNTBDFZ[D<B]| CETEMDBRREICBIEI I V/NVEE P /BRI
FCREVIF EF AR DIRRED SR EN RIS (CHT W B H BEZRIBELU VX T IR
ASNZERROY VNTEORE BRAMIHREZN T TRV LEIFIE"ERE THY .
NOZBIFTITDDHTIRIVINTEDEEXADZXLZHESHICT DI EFRETT FER.
VI EDBSETER P HEERIRICRT2IRRZILC. ENSZER(ITHRI VNI BZFTEK
FCTFTAVU. ZOTHA YUY VINTBEREDKSICIRDES DN L FEERTHAND
EVWSTTFO—F T I VNI BDBEBEDS JFUKERRFRIEOBRBZITOCLET,

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.

(ZZHi]

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

HRIFERDORRENSEHRACIBRANR A ZR(TEY)  ZDBRZMERNTUELU T IRREDEL
([SEINTDRDICHREREZREBLE T, IO HRRIEANZ ORA. OBHRLIEL. &
WIC.ORBEZHNTD. EVD3DDOEAEZEFELCVE T FEDHRIIL—FTE. D
KORMROALENNEHBZEEN(ICIERL. SOICHIE TSI EZBIBELTVE T Mk
DIEFEP b MIRTEICED MR Y 7 FIVmERZNRIC EMIBAA—T Y TIC LD
BOYITFIVREDTREEEEL. SSICIABECELEZECEZAVCEREY—ILD
RAZTO>CTVET,

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.

(2EX#A]

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.

IEDTI I3 REICBITIEANRIITREDTHEFZARNTVE I HEIEBETIFHED
BRICTES[/—R] EFENDNEBEHCBVT. —XRBECTHRICT KEZTWVD/N
TRE)DBHOEVCOEEEE LT EDEICEN SKREEDE T CDXKRHIERDE
GIEVMBRREEERDDZEN DD D>TVBDEDD, FTDERE(EHICBENTVNERT T EG
2RIEE. SA M —NEMBICLDETERAA—I VT BIRIGAA—I VTR EDH fiEE >
T.COMBEDEBICIIEATOVERT . FIEHMRBIOUBRED S A M — NEMEBEZHL
EHEMREDITO>TVET,

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.

(ZZ ]

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). 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). M S. Nonaka, “Visualization of Mouse Nodal Cilia and Nodal Flow”, Methods in Enzymology 525, 149-157 (2013).
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Our research goals are to understand the glycan biosynthesis
system through structure-based approaches.

Guest Professor
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PEEEG(ICIIM U ? PO—FAZREL BEDEEGH I AT LAZRRIDELDIC, FEHED
BOEGERZMESI I D EZEIELTVETD,

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.

(&)

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

REZBFEYHREBEBRENACRIDRAT v THY GBURIGE EEFDIZHICRA
BERBAMIEBIEFTRPF v RIVGEDRERBHEETNSZM B EIEEDRAENERS(C
ERZAEC. Y3avIaoNI0OREEMVEEENDD FANZALEZTDEBZNERZ
FERULCVET R BIEPRBCETIRERERES CONTCTZTDREEFDIBERIEA N
AN REELERBRICEADREZRSNICTBZILZBELTVET . ISIC. BHOKE
REANZXLZEFAUCINE TICRVZRBFI PR RE D ZRR BRL. RIERDOE R
FREMIEZRIELR DS ELTWVE T,

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

(Z2EX#]

M K. Ohnishi, T. Sokabe, T. Miura, M. Tominaga, A. Ohta, A. Kuhara. “G protein-coupled receptor-based thermosensation determines temperature
acclimatization of Caenorhabditis elegans”, Nat. Commun. In press (2024). l S. Sato, AM. Magaji, M. Tominaga, T. Sokabe. “Avoidance of
thiazoline compound depends on multiple sensory pathways mediated by TrpA1 and ORs in Drosophila”, Front. Mol. Neurosci. 16:1249715 (2023).
[l T. Sokabe, HB. Bradshaw, M. Tominaga, E. Leishman, A. Chandel, C. Montell. “Endocannabinoids produced in photoreceptor cells in response to
light activate Drosophila TRP channels”, Sci. Signal. 15(755): eabl6179 (2022). M T. Suito, K. Nagao, N. Juni, Y. Hara, T. Sokabe, H. Atomi, M.
Umeda. “Regulation of thermoregulatory behavior by commensal bacteria in Drosophila®, Biosci. Biotechnol. Biochem. zbac087 (2022). l Q. Li, NA.
DeBeaubien, T. Sokabe, C. Montell. “Temperature and sweet taste integration in Drosophila”, Curr. Biol. 30(11): 2051-2067 (2020). M J. Liu, T.
Sokabe, C. Montell. “A temperature gradient assay to determine thermal preferences of Drosophila larvae”, J. Vis. Exp. (136): e57963 (2018). H T.
Sokabe, HC. Chen, J. Luo, C. Montell. “A switch in thermal preference in Drosophila larvae depends on multiple rhodopsins”, Cell Rep. 17(2):
p336-44 (2016).
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We build virtual cells integrating multidisciplinary data and
‘ﬁ knowledge on the computer.

HRRIF LRGN FEZT DB EFRICL O TRBM S NIE KRR DEMHEV AT LTI
DEGYATLADEEZBIELT. INETICHRABERDSH UWKITPRBR N EHFHEIN
CEFUICBADMRII TR, AV 21—y Zab—yaVICk>THilRZEE B E
[CERIDCEICHRUBHATVERT DB ZCAC. DFEYZOMBEEYZ BEENFRE
DTF—IEHBEREUICETIVEIED LIFR LT SHEK ETHRDDEVLZE FRILIC
DRI SR ET LIcW T2 CENTREICRUF T RE R MIRFD TEET UV TP—5
FREYZ2U—y3aY NAFAX=I VT2 -V 3VDRRICEKD  BEFREYIBOR
AENSEETVD VAT LDEREZEIELCVET,

EE EC wErss
WATABE, Masaki
Project Associate Professor

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.

(ZZ ]

Bl 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). l 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.
Iwamoto, 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).

Department of Creative Research %IJ m i % -ﬁE ﬁt

PREATEZHFTT IL— | Chromosome Engineering Research Group

ATREANEE~BMbORISZE EE U - B TR

Eb - YORATRER

RERER - J LA ERIEU
Trans-chromosomicHif2 €5l

4 ) INSEs

AN,

@S AT LAOHRSHERAE

REGTERMIC LSS ) LA —IVDBE A DR

ER BR zexE

KAZUKI, Yasuhiro
Visiting Professor

REREH - 5 LRI U
Trans-chromosomicE/#)EF )L

RERBAZEROMRANEA UM - BATET

ZBHETIZRRIIL—F TR ELTFORREZNZGHIE T DIFRBEHE N EDLSICEDUEG
W ZNZENDOEY DEFKREZRIIS B EYETDEVEEHEHLTNDIDNENS [FEIES
/LBEIRIE | 72 BEkb ~HMbEVWSREBART — L TE T2 ETHONICLELSELT
WX BT FEZDHEBRRZESALRBURT—IVTRBY/ LEEAUCAS Y ATOEY
Sy BMETIVEER T 13 E R ATEEBEIMOEILICK) Y AT LZRE
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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.

EEE

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). 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, 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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HONDA, Naoki
Visiting Professor

Hata et. al, Scientific Data, 2023

FEABELEZARIEY -y SMRIEHOBH/NA T4 ETR: N T4 IC &> T
Shi-v—Fy FOMBIGHEEE Y7 AT MEEE THEIN 2327 h—LDF#E{E
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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NAKAE, Ken
Project Associate Professor

TF EABMIR O Y- O ZRRETDEHARMHIERL  EFEBICH T2 T
SEHEPBELFRIREN \A XV MMIEFHRIS R T —IDESNBRAICEO TLIE
T AEMBRERISTEICEHAT —IEBTRMOBEZLEELTHE  T—IDEITECH
AP AN Z X LZE T G F R D EHHRICH T BEBRIMEGD T ED'H
FINTVE T ARRETIE FRAREE (i SR EE oE - @ROE - SR5E 17
) CEHAISNB T —IZMRIC, INFTRA CTHOICEYFN AN X L7E T — 5 BRENW(C
BHOMCU EaZE Y AT LANICER T DO DFHUWVERERZITBH I EZBIELET,

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

eVa

been rapidly developed, and we have entered a new era in which molecular activities and gene

=T e = A€ La D) expression levels in living tissues can be measured at single-cell resolution in a high throughput
SAITO, Nen manner. Data is often enormous and high-dimensional, and far exceeds human cognitive ability to

Associate Professor 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.

(ZZHi]

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). @ 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). M 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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TAKAI, Ken
Visiting Professor
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NAKAGAWA, Satoshi
Visiting Associate Professor

HATHO TEEICKIN L ELBHREOBE THEN TELSTI3REETIAH NV NERENETF
BEMBEEE, 27— N —E 1 um%E R T,

An electron micrograph of the 1st isolate of Asgaard archaea from subseafloor sediments of
deep-sea. Scale bar indicates 1 um.

[LADW 6500 R[50 5 | VS fBF M ARAKBOR DHRRTHORESS Y H
I3 —LZEERUC BROERRICHIFZI—IRI—4hmPId— I IR+ —REZRE
U ZOZRMPREDFRNERZED D ELDICHAERERERRPBENMYE NS
IEBROERRZRYN TOMEY —KEEYBES JOMEY —MEYRBIBEIERZ iR
BEEYZOERNSEITL. ZNSDFOREERICKIAEBESND D FYATLEUVTE
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.

(ZER]
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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Professor
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©JAMSTEC ©JAXAININS

REPOFHICEI T TEGOBERIRFEBICHOLMEAEEET
BZEERELTVETY,

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

KK EFE wzuz
(31T /HHT)

YAGI-UTSUMI, Maho
Associate Professor

FBREDERRIR CEEI2EMARF ERRRICEG I BCHDIRED ) FRBZHA
TLBHDEEZONFT T . — A MEOEERRRICHNTH  ANRHDBIHFEECE
NI BIEDICHZRICHOND L DRI - — I RBEINEBZHA cERENFELTVERT,
MEFERETHZT) 20 TERDRE BE - HEEDHENTZ 8 U CEaDRREILD{IHE
ZBBEIDLZBELCVE T SOOI FEOMNENERMZFIALT. 704 MER S
OtRZEHEITDEREZRFTCVE T COLTHESNICARICEDVT IR HEE
Bl ICEIF e TZNFEAMRDERROERFLTVE 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 #zz
(B /HHT)

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, S.G.Itoh, H.Okumura, K.Yanagisawa, K.Kato, K.Nishimura, “The double-layered structure of amyloid-B assemblage on
GM1-containing membranes catalytically promotes fibrillization”, ACS Chem. Neurosci. 14, 2648-2657 (2023). l 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 B”, Int. J.
Mol. Sci. 22, 3116 (2021). W M. Yagi-Utsumi, S. Yanaka, C. Song, T. Satoh, C. Yamazaki, H. Kasahara, T. Shimazu, K. Murata, K. Kato,
“Characterization of amyloid B fibril formation under microgravity conditions”, NPJ Microgravity 6, 17 (2020).
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Multi-omics analysis of tardigrades. Multi-omics analysis combines genomics,
transcriptomics, proteomics, and metabolomics to elucidate the molecular machinery.

KEFETDEYICESTHATHY KERSTLFBESICHZRELUEIH HMNEY T <L
VISTER] EVWSHBIC L O TR ERBRBKEF (CAETIEEN ZELE U RKICK O TEPD (TER
ZHRCERIT R BREDODIVLAYEFBEE BEZ AR HOIVEZDEGTH DT
BEENDODERBEICMASCEN TEXT . INSFKDFEZRIRETHHMBEEREFT
FESICHBETCETRVERRTI . ZC T RARZERDD FREZTIVLF AT BT
RICWmDD FEYPZZREVUTHSNCU MRV AT LN SEFELAIVICHT S HBIRER R
MDXNZALZEBETHEZBIELET,

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.

(BE ]

[ 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). [l 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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BEE DV

REDEES LU R DA, £ L EAEEPSINE & 4EE (Ishii et al. 2023) . &£ T HFBERICH B3
ALRYT S EEOET (Fukuda et al. 2023) .4 L BBEKEV-ATPaseD6 DD FRE {18 IR 88 (Burton-Smith et
al. 2023) ;AT 1 8F 71 IV ZAHTIRDIEEZE{E (Okamoto et al. 2023),

Recent results of structural and morphological analysis by electron microscopy.Structural analyses by
mainly cryoEM. Left top: Structure of ancient PSI complex (Ishii et al. 2023). Left bottom: Mitophagy in
budding yeast cell (Fukuda et al. 2023). Right top: Six intermediation states of Enterococcus V-ATPase
(BUrton-Smith et al. 2023). Right bottom: Dynamic conformational change of Tanavirus capsid.

BCDWRERI IV —TIF ARRRBOERIRE AT DERD TOEEE . E(CTSA(FTE
?iﬁﬁﬁﬁ’&ﬁﬁb\?ﬁﬁ?ﬂbtb\??o T BEEV-APTaseDR LGP BEEZZT 6 DDIEIS
JREE(Burton-Smith et al. 2023) . 9T DAIADRIIA TV IRHTY ROESEZE(L
(Okamoto et al. 2023) FRVA NI 7 I—RHFICLD I MIV RUFPHEDERT (Fukuda
et al. 2023)  JEABIPSIESEDIEE (Ishii et al. 2023) B EERSLTEF U SE B R
HOERIRFZIRELTITEWVWEZEZATVET,

Our group is studying the structure of biomolecules in extreme environments and extreme
states, mainly using cryo-electron microscopy. As recent results, the structures of all six states
intermediate of a rotary sodium ion pump (Burton-Smith et al. 2023), the dynamic structural
changes of Tanavirus capsid (Okamoto et al. 2023), the process of the mitochondrial
decomposition by a new mitophagy factor (Fukuda et al. 2023), the strucutre of the ancient
type PSI complex (Ishii et al. 2023) were reported. We would like to visualize further unknown
life phenomena.

(&3]

M R. N. Burton-Smith, C. Song, H. Ueno, T. Murata, R. lino, K. Murata, "Six states of Enterococcus hirae V-type ATPase reveals non-uniform rotor
rotation during turnover”, Comm Biol 6, 755 (2023). M K. Okamoto, C. Song, H. Wang, M. Sakaguchi, C. Chalkiadaki, N. Miyazaki, T. Nabeshima,
T. Morita, S. Inoue, K. Murata, "Structure and its transformation of elliptical nege-like virus Tanay virus", J Gen. Virol. 104(6) (2023). M T. Fukuda,
K. Furukawa, T. Maruyama, S. |. Yamashita, D. Noshiro, C. Song, Y. Ogasawara, K. Okuyama, J. M. Alam, M. Hayatsu, T. Saigusa, K. Inoue, K.
lkeda, A. Takai, L. Chen, V. Lahiri, Y. Okada, S. Shibata, K. Murata, D. J. Klionsky, N. N. Noda, T. Kanki, "The mitochondrial intermembrane space
protein mitofissin drives mitochondrial fission required for mitophagy", Mol. Cell 83(12), 2045-2058.e9 (2023). M A. Ishii, J. Shan, X. Sheng, E.
Kim, A. Watanabe, M. Yokono, C. Noda, C. Song, K. Murata, Z. Liu, J. Minagawa, "The photosystem | supercomplex from a primordial green alga
Ostreococcus tauri harbors three light-harvesting complex trimers", Elife 12, e84488 (2023).
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NREWICERD ZEZBE L. EmiBpEFO@ATICH
A FUVWBRRICKDRBRBERIBEROBEHRDB LU
07 FO—FERUANTERDRFTREBZRSNICIERE
9252 EZBEULCVF T T2 7 EIDE D Eat
BMAZEBLU KRACBKRE HREBSOMAESOH
B RZEH LT B EmZMAZHELTVE
FI T REHBENAKE AN ERBZHAKBE T
ZHOKRZ HAKEFOMREDLODOHRMREL
T BRI DKZ TS B DT H H IR KB i P S E
EHRBEEEOMREICTHAVEVWTVET,

[ | EXCELLSE}%HF% ExCELLS Collaborative Research

BRABZIMREBLUA O REEICFAB Y 2 EHDMRE L'
RIW—TEER U LT HRBMAFE RWEFEORAS
ZBUTEXCELLSOBFEI IL—TRED KW —EBDEHEZ{EEL
BOMRRBEZIRELCVIEERT,

[ | EXCELLSE%EH{% ExCELLS Themed Research

BEARARZMEEELUANADKZD KO RN CFAET D
22 & M EXCELLSICFRB T 2D FOWEITIL—FER AL
T IARFEEZEREI DHBEFAHAK T,

[ | —ﬂﬁ;ﬁﬁ?ﬁ”ﬁﬁﬁﬁj”% General Joint Research

REBIORWMEKEICATE T MR E N EXCELLSICFIE
IRHELBHUCRET SHBHABMFTRTI,
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KATO, Koichi UEKAMA, Naoko
Professor, Project Associate Professor,
Director, Strategic Research Collaborative Research
Administration Office Coordinator

Strategic Research Administration Office

ExCELLS Strategic Research Administration Office provides support for
organizing researcher networks through the equipment sharing and
joint research and also promotes the collaborative enhancement
between ExCELLS and external institutions.

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

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

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

A type of collaborative research project that is conducted by
researchers in universities/public research institutes in
cooperation with faculty members of EXCELLS.
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YAMAGUCHI, Takumi SHIMIZU, Tomoki
Project Associate Professor, Project Associate Professor,
Collaborative Research Collaborative Research
Coordinator Coordinator
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75’{?%?@EW%DX?A System of Cryo-electron microscopy

A X7 LIE,.300kVIZ7 1A EFE (TITAN Krios G4) £V 51+
FIB-SEM (Aquilos2) 5%V E§ . TITAN Krios G413, 2> /X7 8D
WERFHRREECOER FREFBLVEFIRNEY 71— MicroED
EITBEITEN TEET Aquilos2id. RIS KD Slice&ViewEIZR (TN
AT ZD5 (In situ) EFIFENET 71— D=0 D FRIEMITY K % 1F
BTBIEPTEET,

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

800MHz NMREE

800 MHz NMR spectrometer

ZAANMRZ & (Bruker 800 MHz NMR AVANCE NEO 800US) 4.
BIKETA-T2RBA THY . ERSHFO'H-°C-N=FHISE SR
E-SAMETAEY S ENFIRETHY . ZTNED=RTAEEF 13
TAREEFRERFLNIVTHRTBDICHNERELET,

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.

AVANCENEO

FHHBREARRDIT YA NCTHERIEET L,

Please vist our website for detail.

HEFEME Overview

https://www.excells.orion.ac.jp/overview

I0 = Jp Az M2 BT AL AT i A+ Combined system of high-speed atomic force
BRet EEE SRR T IR / HARMREEERE microscopy and fluorescence microscopy

220217 DEREFENBEMBAFMP RESN T
WET (SS: LT NAF v 21T PS: TO—TXF¥ v
17) A EDZ INTEDBER X FRIMEEE
%1 nmOZ2E A EZEE. 10 fpskl_E DRSS D AREE TER
REIDEN TEETF NTTIVT7EIIEMIBZED
RSN RZLEFABOBuMDBHF TREHEE1
fosLI T DEFE D BREE TR TEE T PSE1TIEER
HEITEMBEDOE G ->THY), HIIZH L1252
NI BEER—RE CRERAFME R L TEMEE CHRETS
ZEBHABETT SSEI T TR ERD Y1 X131.5
mmoeIZFHIBREINTWETH PSZA T TIEH > TILEARE
L TEEN L X ZARHZ AN ERRIRETY

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

B TFEENPHEESYNAPT G2-Si Quadrupole. Colison cell TOF analyzer §o
HDMSY X7 L (Waterstt) T9 onanoESI /\

ICEBHBEAEQ-TOFRNEE N HEE W Ui@ﬁé“ﬂm

PHAEHINTEY ZoNNVEEEHD
SOLEFRBYFOIKBUEREEEMEL
FEFRETEIIENARETT 2D/ 18
& 1D StoichiometryDIRE L EICKEL S
= RELE Y (native-MS).%£7/-. UPLC &z
I THY) LC-MSHAREL o TWE T,

* Monomer
* Dimer
c o Trimer

* Tetramer
+41+ * Pentamer
11 * Hexamer

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.

Relative intensity

4000 6000 8000 10000 12000

ﬁ?%ﬁﬁiﬂ“ﬁ%ﬁ Mass Photometer

Refeynt® @ ONFELHRATEEE.
[Refeyn Two] T ,Mass PhotometryikiC
SOEBRETE NIV EBEDERE S FDE
BRTOHFENTOBIEIRIEEEE-TW
%9,30 kDa~5 MDaDEHE2FNEE
REPEEHRBROBETIOLD1H. 77
AFBIEDYLTIWZT) =L FIZHBMT
To< 1 MDaD & IN7ERADIHE. 1 nM
REOB®I 27170y MNVIZE TRIE R
BETY,

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 Two“® enables measurement of molecular mass across a wide mass range, from 30 kDa up to 5 MDa.
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éEﬁ_;ﬁ?*ﬁ_‘E”’Eﬁﬁ%i-iﬂ\”ﬁE Biomolecular interaction

analysis system

D FHEERAEHAZESE. Biacorey)—X (GEZ17H1 I X4t)
MBiacore 8KTT KA T IXELHIBETAVORBKEFIBTHZE
T a2 I E MR EEEOEGY FRMEEFREEHATEIEHH
BECT D EBDOYTIASRITERIRECORIER RICHL TINILY B0
BY L R UTINEALTEEITBIENFIRETT o R D FRIDKE
B EBEORE RGN ICRAEREBLET,

This system detects intermolecular interaction by surface plasmon

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

E}JE’\J%%SZEL}EUEE%E Dynamic Light Scattering instrument

Wyatt Technology#t 84 D ENHY S ELELBITELEE. [DynaPro Nanostar] T4 . &
BFEBEL RIS Z NV BERD EL RS D F kT /R FORFES
DBAEDFTREE > TVWET F /2 2 INTE DR FEATER RO ERTD
AIRECY RERE I 7aUyNLASBEIE I RE. BREFIREREH-15THS
150°CEMRIAVVBIESRAICHISL 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 pL of sample is
required and a wide range of temperature (-15°C ~ 150°C) is available.

5%@%”&“%&%%%%%?1’ Temperature-controlled microvolume spectrophotometer

AHEER (AR R MR E1V-730) 2. 190~1100 nmDEFE % EITE
TBERHREETT . BEDWE LI TOvTENILF RAREBLEHL
TV, 0~100CHLEE TEHEELHAFBENTOI I LFED ]
BETHY . —EICRASEDMEY T IV (F10 uIFEE) 2Lvh TEET,
ZDH RELEDEEP REPEHORAME BELELSE LR
BAIETBENFIRECY cE o MR EE ¥ — CEEFHAIL. EFE
(CEZZ—TBZENFIRETT . SO DIEREIC LY BEELICHEI K-
AR B B RS MEROBRTE ML EDBD R REICEE T,

This instrument, the V-730 spectrophotometer by Japan Spectro Co.,
Ltd. is a spectrophotometer capable of measuring absorbance from 190
to 1100 nm. Notably, it is equipped with an 8-cell microcell block and a

Peltier temperature controller. These components enable precise sample temperature control over a wide range from 0 to 100°C, and can handle up
to eight micro-volume samples (10ul each) simultaneously. This functionality enables the automatic measurement of multiple samples with different

conditions such as concentration, while varying the temperature. Additionally, it is equipped with a direct sensor for sample temperature
measurement, enabling accurate monitoring of sample temperature. These features make it possible to study phenomena affected by temperature
changes such as liquid-liquid phase separation, enzyme reactions, and the thermal stability of nucleic acids.

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

AHEER IS RADPSIEFRINETOMIEEE %1003V LI T DR FEIRERR TEHEZN
TMNVBIEN TEZHDTT, [FEDNIIVFIRRREICIVBRE~SBEE4 L
BESIED TEB0 BLLBE TORN LI DREHREZERBTIDICE
ATYEAE T RS EE S Z BRI BIE TE i HEL YN T RUSL B2 5
X FRETEEITE ISR AN BIRFShET,

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.

#ﬁﬁ’iﬁ%ﬂﬁﬁlﬁ%yl?b Super-resolution microscopy systems

22 $lblE i Atz Multifunctional super-resolution
y*&ﬁbﬁﬁg1%ﬁﬁﬁﬁﬁ confocal fluorescence microscope

BREER HAFWAE HXHEES
SEDHEREE A - HERBEMIE TS,

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

2%¥STE DEEW% Two-photon STED microscope

2K Fhhiea AV -STEDIEMEE T. 87
BB 2R FREEFMATED FIEE
T7,

It enables super-resolution microscopic
observation of two-photon excited

fluorescence and/or fluorescence lifetime
imaging.

STARASA b —NERMER

71 X741 —NEEE (ZEISS Lattice Lightsheet 7) (. 51
b —MEEEE AR FIROBELIRBADIHEA G hEICLN EEE
AR DV TREXICEIAM I AT WA DD . ER
(~3 vol/sec) P DOHERIERIFEIL ADEFEHEEETHA)1— L4
AA=Y TPl R BRIMEE 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.

%Eﬁff 7“4%—9“/9“97\7—-_/_; High-speed live imaging system

HESX¥vF1=yb(Cell Voyager
CV1000)I3IBEBEBEBEN —FhEh-/-REZ>
TTFAXTBEWMBIXT LTHY)  NARIV—
TN RE DB ETOZEN TEET,
BICIATAA-V LV TBRICEL TS EE
R OE 42T RICER R, DFMICAND
ZEICEN AR LR RE DRREA L ISR AL
5%7,

Spinning disk confocal microscopy equipped
with cell culture device. Three lasers (488, 560,
640 nm) are equipped, and long-term live
imaging (~ Tweek) can be performed.
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éﬁ%ﬁﬁﬁﬂlﬁ%ylfl_\ Total internal reflection fluorescence (TIRF) microscope

BENMEILIEMER(C TIRF BREA (405/488/561 nm L—#—) %
BT THYET AR HERIE Andor D EM-CCD T, id4L>
X2 100 f& TIRF ZAWV, — 2 FEHRI® HILO 1 X—=2 T
FIRETY,

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}9"&77:.‘&5?6%4)(— ‘D“‘JQ“%E 4-Dimensional Tissue Imaging System

NEVMABE R A—Y 2T X7 L (FUJIFILM VisualSonics VEVO
3100) &/N&H (79 2) DDEEIICHEL-2RE . RIREIEREBAYICEIZRT
REABERII-RETTLOEMOBRICSEVWTEI DEDOEXE4RTHIC
BRI IIED TE L IERG DHEREETRID RIRE T Y . £/, BRI 5 BRRE LR
hTHY. BEADOREDOHESRE R DIAMEHATEET Iy T 57—
FE VAR T —FbiEh-o T ARMAFHMEICHERTEEY,

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).

ﬁﬁﬂ@ﬁﬂy SHAIV AT L el sorting and measurement system

HASNTEPHERAEBRTERL M GEEE-T HREASF
DRERBFEXIREZTHELNIVTREICERIL. ESICHWTS
CENTEET AEE (IY—2—MA900) i, ZFEDY—T«
STRE (L—Y—RDORMBE V—T (T DHDELRR S
TILTRBE HARIN) —LRE OLIYa>Fa—TNER
B)EAHTHETIIEN AR T A4EEDOL —¥— (405
nm. 488 nm.561 nm.638 nm) P g A5n TH4. 967 T/,
3847 TIVICHISLZ=#RB DA XA FIBETT

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 %HH@?“JB:ZEWQZQEV—T%E Single-cell multi-omics analysis system

1HRRICE TN ZREE DIEHREMIN T ZI P FTRELEE TY (10x
GenomicttChromium X3 & U Chromium Controller) . Chromium#&
BAT. 1B (- 13MAMRKZ) &9 F/N—I—RFEFIVE—ZIDH/INR
BAATRESN A~ A EOREIFRINET SHIVEER
ICHEWTEIANEBENASZCE T AHBICETNSZEEDIEHE
NGS (RS —4 > R) EHABHEBZETRIET A ENFIBETT,
—EDEBRTHRA75AE (Chromium X) .87 18 (Chromium
Controller) D1#ERIEHERIG T DI EN IRETT

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.

A —NNYFISITIATL Sophion QPatch Compact

Sophion QPatch Compactid. R A8 DN EREFIFICITHIZEN TEEIA— NV
FIILTIRATLTE I FITTHREIIREBNEATHIA L FrRIIVERT —2%LE
B BEICBRIEN TEET NEEEX T -ODERGTOERY IFHREFIEPLT
HOMILRETOERRE WVThBERETITIZEN TEETAVIFILDY T
JrIT7E RBREBEBAEY RPN ET LETNIERSEV DI RO EfFHEE Yy
T TG T hEIFTNTQPatch Compacth 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.

Eﬁ?’fg O to’\o‘y h{?%%g Laser-Based quartz glass micropipette puller

Hysg—8L—H—-7F— P-2000 (3. #IECO,
L—Y—2EHLTHY). BEHFIERY DO IERDF]
BECT . ARHFRIMIENREN RIS BED
AFZZATIETERN0.01 IV UTOLIRREERIRT
EFET,£72.CO, LY - ORIEELEDHRIEBEDE
2K BVWBREELBET,

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% . ﬂ?ﬁ%ﬁa—,ﬂggﬁ Chemiluminescence and fluorescence imaging systems
ATTOHD[IVI /T 571 EMIIZFO.8BREEL > X &-40°CHHIEM CCDAAT%
BEU-SREER RS- RS- FIRRHRE TT . YV IRZ TOYMEIRLDE

-
U7ex> T L SDS-PAGES VL5 - Bt - RIARICBIE D RIBE C9 o HE .

R FRICAEEDILR (Blue, Green, Red\ NIR) P b - TV d 7z, AERIER DT
&RV RO RIRE T o .. |

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.

LuminoGraph Il EM
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ﬁﬁ%ﬁ‘%ﬂ%@@fcﬁb@Z?O)ji V) |\7 *F —_L\ Two Platforms for Research System Development

EXCELLSTI&. 2018 EE DA YT —BIRLUE (CEHELTE IR
AHZESSICEBIBTVLKIEHIC. 20228 LWUERARI SV
TA—LEEERE T SYNTA—LD2 DD TSN T+ —L=EEEL
FUlz. CNITE BRADAE TR EREEORENA - HEHERE
—B.®tT2LEDIC BEERELOHABDHELTVETT,

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.

CarEa 3= ArA W E SNl The Advanced Co-creation Platform

ExCELLSTIF [EETWV B EIFAN? | EV D AEHBORIEN
BEWCERSTLZBIELTVER I ZDENZENRT B,
FENBERRZOMARZREF T 2cHDBEEE LT [FLinta
TSuNTr—LIEBELE U,

TO—RELC BVI—ICAIR T 2B EEANEBDIF R DI
REDN—FEBROTIRRT — LB L. RE SN REICH
BIMICEW BT [EXCELLS OV I MR ZERLTVET,

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-4$nDISFRIFEE  Exploration of the Boundary between Matter and Life

(F—L{XF) Team Principal Investigator

N & wEuz

MURATA, Kazuyoshi
| Project Professor

WE&E-EaEFREEmRIIL—

~ Material-Life Boundary Research Group

(FOYTIEDBE) Project Outline

SRR ZMIT T RICHICRNELRD ABNH D VIFRNDHE
BPrREZHSHNIICHICERRRICEZTDIEY. DAILAE
CHIF2EYEEEFRAPRELSICEID FEGHRDIERE:
HRE EBREZEAIL  ME-EamDIRFROKRNIERZBEIELE T,

ME-ERDIRFREE

Desiccate
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BEXIAILA %ﬂ]@i%@i EINTOL 4 Rehudrat
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DA IV APIEBRIRIBERF DR ZEBU T,
YMEELERDIEREZRE

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 FS AHRER  Spatiotemporal atlas of dynamic structure and function of organelles

(F—LEFE) Team Principal Investigator

MR B Hxus

SHIINA, Nobuyuki
Associate Professor

- RO FEEREYIMRIIL T
e ;‘\."\ Dynamic Molecular Neurobiology Group

i3 UEE

(OY T FDEIZE) 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.

ERSNORE - HEEEEOBBEORY N —T0i@EER"Y) .
EIEEETHENCHETBIEDD ST Y NI+ —LTT ERN
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HEHAIZH > TVET,

B FEEEDFIFE I =k Glycobiological Science Unit

E}%gﬁ{tji\y W& LVl 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.

HEFMA HEFRALRTHS MEHEGREEERY D —T R
#Ls3 (J-GlycoNet) | DJEEN Z RBEII K ZHED KO RIH A
CEHFEUVCRBLCVER T IBIC DRy M —J Bl R 7z B8
LT NBBZE KRRZMI0Y T« 7 eES%IEa—~
VISADA=LTOVIIN EHELTLFE T,

The ExCELLS conducts the activities of "J-GlycoNet”, a
joint usage / research center, with Tokai National
Higher Education and Research System and Soka
University. Furthermore, based on this networked
center, we are promoting the Human Glycome Atlas
Project, the Ministry of Education, Culture, Sports,
Science and Technology of Japan (MEXT) project to
promote large scientific frontiers.
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The ExCELLS conducts the activities for creation of advanced drug
discovery with Nagoya City University, the NMR Platform of the
Project for Promoting Public Utilization of Advanced Research
(Advanced Research Equipment Platform Program) of the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) and the
Basis for Supporting Innovative Drug Discovery and Life Science
Research (BINDS) of g -
the Japan Agency for j
Medical Research ;\\.“
and Development 3
(AMED).

(E%gﬁg) Cooperative Projects, etc.
HHEMIKXZ
EEZHREMIR
REREZARR - P

BEEMIIAR KFFREARR - ZFER

Graduate School of Pharmaceutical Sciences, Nagoya City University
BEHEMIIAY BIEERR PRI

Institute of Drug Discovery Science, Nagoya City University

¢
%2 NMR PLATFORM

YERHIRE - Sint R R R AR ESE

(SEIHTARRFE TS Y NI+ —LTOISL) NMR TSy NTx—A

MEXT “Project for Promoting Public Utilization of Advanced Research
Infrastructure (Advanced Research Equipment Program) " NMR Platform

bl A RN SRR TSV M I A — LA
Basis for Supporting Innovative Drug Discovery and Life Science Research
BINDS

BAERRREREE EHES - BIZRAFRZIBEEREZ (BINDS)
AMED Basis for Supporting Innovative Drug Discovery and
Life Science Research (BINDS)
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[ | Zl:"‘/i *—l-;]_ wIN Spin Life Science Unit
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The ExCELLS conducts activities for ‘Frontier of Spin Life Sciences ,
which is the adopted project of the FY2023 Promotion of
Development of a Joint Usage/ Research System Project: Coalition of
Universities for Research Excellence Program (CURE) “Interdisciplinary
Research Hub Formation Program” of the Ministry of Education,
Culture, Sports, Science and Technology (MEXT).

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

B E?EE *4;1 W Quantum Life Science Unit

(Eﬁ%%g) Cooperative Projects, etc.

ﬁ REVEM7OYTAT
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YERFEHEFE - HRAFRI AT LRESE
(ZREEHEN/\TERTOISL) REVERTOYT A7

MEXT Promotion of Development of a Join Usage/Research System
Project: Coalition of Universities for Resarch Excellence Program (CURE)
Frontier of Spin Life Sciences

v
%2 NMRPLATFORM

NERRIFE SRR B R AEESE
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MEXT “Project for Promoting Public Utilization of Advanced Research
Infrastructure (Advanced Research Equipment Program) ” NMR Platform

NEREE HHSFE HEMA - REWRV AT LARREE £
BEIBERNTEROTSAIORRBFEIVILFAT—ILETF
- OHEEGA VI I RMAIVY YT LIDEEZERIEL
TVWFEI,
LEEEORREEOERELT YR L2 - EYORRN D KR
BIVINTBEREHSN - HRIVINTEREDLIRBI VIV TEENK
AEDZZIOBREFBIRE. YI7ORT—ILOD FRERRET O
TREDBRLC LSRN FT R RRBREDRINZEELE .

The ExCELLS conducts activities for ‘Multiscale Quantum-Classical
Life Interface Research Consortium, which is the adopted project of
the FY2023 Promotion of Development of a Joint Usage/ Research
System Project: Coalition of Universities for Research Excellence
Program (CURE) “Interdisciplinary Research Hub Formation Program”
of the Ministry of Education, Culture, Sports, Science and Technology
(MEXT).

In cooperation with related organizations of the above projects, we
aim to create a new interdisciplinary field, by connecting
micro-quantum processes involving light and various proteins such as
photoreceptor proteins, fluorescent and luminescent proteins, and
macro-scale molecular function expression processes from physical,
chemical and biological perspectives.

(E%E%%} Cooperative Projects, etc.
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MEXT Promotion of Development of a Join Usage/Research System
Project: Coalition of Universities for Resarch Excellence Program (CURE)
Multiscale Quantum-Classical Life Interface Research Consortium
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E}%Tﬁ];—f Collaboration Agreement
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B EEEMIAS
Nagoya City University

NCEZEHEMILAZF

NAGOYA
CITY
UNIVERSITY

W B S RIS B ST i i 7 R FE BB
JAMSTEC Institute for Extra-cutting-edge Science and
Technology Avant-garde Research (X-star)

JAMSTEC P

Japan Agency for Marine-Earth Science and Technology

B 7 ATV AEYERMRR (E5)

Institute of Biological Chemistry, Academia Sinica

BC~

B EERBARZAmME G ZINER
Institute for Advanced Biosciences (I1AB),
Keio University

( Institute for
Advanced Biosciences

Keio University

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

B2 VISAODA-LTOVITNIBI2EE 5D

Partner Institutions in the Human Glycome Atlas Project

800 ca-<vysa-nTavIo
‘G; Human Glycome Atlas Project

B BERZ R
College of Life Science and Bioengineering, Korea
Advanced Institute of Science and Technology (KAIST)

I(AI ST Korea Advanced Institute of
Science and Technology
College of Life Science and
Bioengineering

B REKRFPESRFHORZARAR
Institute for Integrated Radiation and Nuclear Science,
Kyoto University

REBKEF
BERFHHEMAM

KURNS

B IVFRT—IVEF—a#l4s( VY —TJI—AMED
V=V T LCBIFDEERN
Partner Institutions in the Multiscale
Quantum-Classical Life Interface Research Consortium
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ExCELLSTIZ ERA DI HEEI & D237 & F
REDBN. D HZEM Ut REORRIIRZENEL
VYRR I T RE SFXIFREHZEITOT
WEI,

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

BECAEOMEELMEESETLE>TVET,

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

B EFHREBTR /IR J—bB EXCELLS Retreat for young Scientists

EFMRENEFNICEE-RETIEFERSEEN—DELT.
EXCELLSEFV 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 ExCELLSYiRI DL EXCELLS Symposium

SHREMBBEIZEIRE L2227 AT THERERRE
RIETHLODMRESERBLTVET,

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

B BRSSO National Institutes of Natural Sciences Symposium

BRMEMERECRE . FHEH.IXNV Y- NE EHFICHTS
RERDMEE READHLVWEHEAHE—HRART 2 BRF
FIMEEEL RO IL | ERELTVET2020FE 13 £&El
BRERE 2 BN TEI RO I LEF 1 HAELE 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.

B ’OKU—3F Outreach activity

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