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Leading the Creation of a New Academic Field through the Integration of Biology and Informatics in Glycoscience
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Distinguished Professor Shoko Nishihara, Director
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— Deciphering all essential roles of glycans in life phenomena and promoting glycan-involved applications by creating a new academic
field that integrates glycobiology, glycoinformatics, life sciences, and advanced information science in pursuit of advancing studies in
this integrated field -

Based on this principle, the Glycan and Life Systems Integration Center (GaLSIC) was reorganized and rebranded in January 2021 with
the addition of new members including life scientists and advanced information scientists specializing in such fields as data science,
mathematical science, and artificial intelligence.

Glycans are regarded as the third major biomolecule after DNA and proteins, and they are involved in important roles in biological
processes across all living systems. However, glycans are difficult to analyze due to their complex structure and biosynthesis process,
and their functions have yet to be clearly identified. Moreover, the methods and importance of glycan analysis are not fully understood by
life scientists, apart from glycoscience researchers. Deciphering the essence of glycans requires analyses from a broad and
comprehensive perspective with emphasis on collaboration with various fields of life sciences and coordination with advanced
informatics that includes data science.

GaLSIC boasts glycobiology and glycoinformatics experts as well as researchers specializing in life sciences and advanced informatics,
with their close interactions enabling extensive, far-reaching studies on glycans’ biological functions. With few glycoinformatics experts in
the world, GaLSIC's glycoinformatics researchers play a core role in Japan as they pursue their studies and promote international
cooperation by accumulating and releasing data as part of a research database.

This integration of glycobiology and glycoinformatics is expected to help produce breakthroughs in the understanding of living systems
as we edge closer toward the essence of life phenomena. The advancement of life sciences requires that we analyze, understand, and
utilize glycans at the same level as genomes and proteins across various academic disciplines. GaLSIC welcomes proposals for
integrated and joint research projects from all fields.
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Large-Scale Glycan Research Projects
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Joint Usage/Research Center

J:-GlycoNet
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GalLSIC's role in J-GlycoNet is to invite, support, and promote
participation in integrated research projects on glycans as
one of the joint research centers. GaLSIC provides research
facilities and assistance by experts on glycobiology and
glycoinformatics, including the comprehensive analysis of
glycogenes, and is currently undertaking more than ten joint
projects with researchers around the world.

Although glycans are one of the three major bio-chains that
sustain life, the current available information of glycans is
less than those of genomes and proteins. Nonetheless, the
importance of glycoscience research to the understanding of
life continues to grow.

GaLSIC and two other research institutes — the Institute for
Glyco-core Research (iGCORE), Tokai National Higher
Education and Research System, and the Exploratory
Research Center on Life and Living Systems (ExCELLS),
National Institutes of Natural Sciences — have jointly
established the Glyco Science Network (J-GlycoNet) to
complement their research efforts. J-GlycoNet was certified
as a Joint Usage/Research Center by the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) in
October 2021, and launched its operations in April 2022.
J-GlycoNet's co-creative research platform provides and
promotes integrated glycan research, a support system
through a nationwide glycoscience network, and knowledge
sharing and human resource development.

The Human Glycome Atlas (HGA) Project was adopted for
MEXT's Roadmap 2020 aimed at promoting large-scale
scientific research projects, with operations in full swing by
April 2023 as a national project for comprehensively
analyzing and understanding glycans in cells and organisms.
HGA aims to dramatically expand information on glycans,
such as the integrated understanding of in vivo glycan
synthesis systems and includes the development of
technology for diagnosing diseases based on glycan
structural differences.
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Large-Scale Academic Frontiers Project
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Under the HGA project, GaLSIC researchers are working to
unravel the relationship between diseases and variations in
glycans synthesis arising from the polymorphisms of
glycan-linked genes in disease cohorts. The researchers also
play a central role in supporting the analysis of glycoproteomics
data and building a knowledgebase (TOHSA) that integrates
glycan-related information obtained from various analyses.
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Analyzing Glycans Using Information Technology — Developing Japan's Only Glycan-centric Database

EUF)’TE *-F %?ﬂﬁ Professor Kiyoko F. Aoki-Kinoshita, Deputy Director
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Glycan research has been conducted in Japan for decades, but glycoinformatics, which is the research field that analyzes glycans using
information science methods, has long been unexplored. Glycans' extremely complex structures made it difficult to directly apply
methods used to study DNA and protein sequences. The analysis was also challenging without coordination between glycobiology and
informatics.

My specialized field, glycoinformatics, aims to decipher the complex functions of glycans by comprehensively analyzing them using
information technology. Since | participated in a project for creating a glycan database in 2003, | have pursued their analysis by
developing new tools, which have been made available online to researchers around the world. More recently, my colleagues and | have
developed the GlyCosmos glycoscience Web portal to collect and organize information related to glycans, for viewing and searching
comprehensive glycan-related information. GaLSIC is the core facility in Japan that disseminates this information and offers data sharing
focused on glycans.

GaLSIC's distinctive characteristic lies in its members consisting of dry lab researchers, including myself, and wet lab researchers who
conduct experiments on glycans. With both sides working closely together, these researchers can pursue the same goals, allowing
GaLSIC to meet biologists’ needs for databases, software, and analysis techniques.

Recognized for its achievements, GaLSIC is now participating in the Human Glycome Atlas (HGA) Project, a large-scale academic
frontiers project under the Ministry of Education, Culture, Sports, Science and Technology (MEXT). As a major part of this project, | am in
charge of constructing the main knowledgebase for this project to aggregate all glycan-related information in human.

Rapidly developing information technology is based on accurate data. Gathering such data requires technologies capable of accurately
understanding and computerizing information. GaLSIC is equipped with these technologies and has produced numerous results. As
independent dataset cannot be used effectively without linking to other existing datasets, and so it is my hope that GaLSIC will promote
further collaborations with researchers around the world to promote data integration.
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Deciphering the Diverse Functions of Glycans for Applications to the Medical Field
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In GaLSIC, our glycoscience laboratory focuses mainly on glycobiology with the aim of deciphering the role of glycans in life phenomena.
This laboratory’'s three major research themes are the analysis of glycogenes, the examination of glycans’ biological functions and
glycan-related human diseases, and the development of diagnostic technologies using the structural changes of glycans. We strive to
deepen our understanding of the complex structures and diverse functions of glycans by exploring how they are formed as well as how
they affect biological processes, and to apply this knowledge to medical practices, such as developing new diagnostic methods and
treatments. We also promote industry-academic collaboration for our glycan-related knowledge and technologies to be utilized in society.

These studies are expected to help facilitate early detection and effective treatment of diseases caused by glycans, to enhance research
in various fields of life sciences, and to contribute to a longer health life expectancy and better quality of life with improved medical
technology in the long term. These benefits are also important in terms of the United Nations Sustainable Development Goals (SDGs).

Due to its inherent complexity, glycan research requires a wide range of expertise and skills. GaLSIC boasts advanced facilities dedicated
to glycan studies as well as researchers specializing in various fields. A diverse team of experts from biology to chemistry, medicine, and
informatics works together to analyze glycans' complex biological functions from a multifaceted perspective, resulting in numerous
innovative studies that can only be developed by GaLSIC. The integration with information science, in particular, will play an essential role
in glycan research. Information technology will be integrated into life sciences to dramatically change the way research is conducted.

With glycan research offering great potential, we aim to unlock new scientific discoveries and to generate technological innovations
through joint studies. Anyone interested in the structures, functions, and applications of glycans is welcome to work with us. We hope
that joint efforts to explore uncharted territory will pave the way for the future development of life sciences, glycoscience, and
informatics.
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Database and Repository Management
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This institute manages and operates the following internationally known Web portal, which includes world-standard databases and repositories

GlyCosmos Portal
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» https://glycosmos.org/

Operation of a web portal integrating omics data related to glycans, including genes,
proteins, lipids, diseases, and pathways
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‘GlyCosmos has been updated with more data
including disease information! @glycotime
als look for a much faster system to be
released in December with monthly updates
on beta. GlyCosmos.org leading towards it
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Management of the international glycan structure repository

» https://glytoucan.org/
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Development of the glycoconjugate repository for glycopeptides and
glycoproteins in 2023

» https://glycomb.glycosmos.org/
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The GlyCosmos Portal was launched in 2019 and
has since been accessed from all over the world

B GlyCosmosD& )Y —RF—5#1(202445FE2BI87E) Data quantity of GlyCosmos resources (as of February 2024)

GlyCosmos'JY—2R GlyCosmos resource | 7*—4#§ (D}Sg‘?mw GlyCosmos'JY/—2A GlyCosmos resource

with 5,185,024 pages viewed over the past year
from February 2023 to January 2024. The number
of users has also grown to reach 30,000 annually.
GlyCosmos provides various glycan data
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repositories where relevant data is registered by
researchers worldwide. Soka University manages
the GlyTouCan and GlyComb repositories as well as
international standard data repositories, GlycoPOST

and UniCarb-DR, for storing glycomics experimental
data from mass spectrometry experiments. To
disseminate reliable data to users, GlyCosmos is a

member of the GlySpace Alliance which has also
been established under the Japan-US-Europe
partnership as a framework to share and integrate
glycan data from around the world.
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Selected experimental equipment and facilities
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HERL——EEHEE LSM700
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Confocal laser microscope LSM700 (Made by ZEISS)

BD FACSAria™ III /LY —%—
(RN FayEy i)

BD FACSAria™ Ill Cell Sorter (Made by Becton Dickinson and Co)

HPLC (BE®ER*HI/OYNI57)
(BREUEFTE)

HPLC (High Performance Liquid Chromatography)
(Made by SHIMADZU)

U7 ILIALPCRYRT A
QuantStudio12K Flex
(—FT74vov—HAIVT1 Ty IE)

QuantStudio 12K Flex Real-Time PCR System
(Made by Thermo Fisher Scientific)

JUAZRZ vk CM1950 (Z-1 HitH)

Cryostat CM1950 (Made by Leica)

IEEE

Cultivation room

P2RER=E

P2 laboratory

P3sRER=E

P3 laboratory

K10158&=

K101 laboratory
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Drosophila laboratory
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Rl laboratory
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Server room (Repository & Database)
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-Laser microscope using confocal optics
+Acquisition of fluorescent images of fluorescent-labeled cultured cells and tissue sections
+Time-lapse imaging of live cells
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+Analysis of the size and internal structure of cells by mixing fluorescent-labeled cells with fluids and irradiating them with laser light,

as well as guantification of fluorescent substances on the cell surface

-Aseptical aliquots of specific cells
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-System enabling high-performance separation and qualitative and quantitative analyses of compounds dissolved in liquid samples by

using the differences in interaction between the stationary and mobile phases of columns

+Applicable to measuring enzyme activity by separating substrates and products labeled with fluorescent and other substances

-PCRIBIBEY DEMNERERFNITHNET DI ET HUERBRZDNADEEZITSI LD
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-System capable of quantifying template DNA by measuring the increase in PCR amplification products over time
+Quantification of the expression levels of specific genes in cultured cells and tissues
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Equipment for slicing frozen tissues at low temperatures
+Preparation of tissue specimens for observation under an optical microscope

EBEMREEERDIRSTCHDINA AT =NV F,

HREBZITScHDCO M Y F 2R—F—DRESNTND

<B|o clean bench for handling cultured cells.Equipped with a CO2 incubator for cell culture
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-Biosafety Level 2 laboratory
-Equipped with a biological safety cabinet (Class I1A)
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-Biosafety Level 3 laboratory

HEFA - R RO HDRERE

-Laboratory designed for joint use and research
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+Breeding of mutants and RNAi strains of various genes
-Equipped with a stereomicroscope to dissect and observe tissues
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-Laboratory for handling radioisotopes

-GlyCosmosiREDURY N —PF—IR—2ZEE LTS (RE-FEE

+Management of repositories, including GlyTouCan in GlyCosmos, and databases (earthquake-proof with an ummerrupllble power supply)
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Research theme : Comprehensive analysis of glycan functions in stem cells, development, and rare and intractable diseases
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Research theme : Glycoinformatics and systems biology research for understanding glycan function
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Research theme : Functional analysis of neural glycans and associated glycogenes
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Research theme : Applications of Artificial Life Researches
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Research theme : Analyzing digital well-being using data science
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Research theme : Elucidation of molecular mechanisms of viral infection initiation and gene expression
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Research theme : Research on biological functions of glycogenes and glycan-related human diseases
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Research theme : Comprehensive analysis based on secondary structure of protein-protein interaction surface
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Research theme : Analysis of glycan function using model organism
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Research theme : Applications of Semantic Web technologies and Linked Data Principles
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Research theme : Glycan-protein interaction analysis using glycoinformatics
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Associate Professor Daisuke Kasamatsu
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Research theme : Researches on intelligent informatics, deep learning and artificial intelligence
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Research theme : Protein Folding and Assembly
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Research theme : Neocortical plasticity
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Research theme : Network Science and Mathematical Modeling of Systems
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