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Institute for Glyco-core Research
iGCORE is a state-of-the-art integrative glycoscience institute, bringing together researchers 
from both universities that have established superb achievements in the research of glycan 
synthesis, imaging, glycobiology, and medicine. Through our research, we aim to more fully 
understand the true nature of life, leading to innovations in medicine such as personalized 

prevention and detection of pre-disease.

Throughout human history, humanity has been confronting such age old questions as "What is life?" and "What does it 

mean to be alive? Other questions such as "Why do people get sick?" and "How can we cure diseases?" also share a 

common thread. I believe that intellectual curiosity, respect for nature and love for other lives are the driving force 

behind the development of life science.

The mission of our Institute is to promote the advancement of research on glycans, which play an important role in 

biological activities. Various types of glycans exist in nature, and they are embedded in nearly all types of cell 

surfaces in our bodies and play active roles in the boundary between cells and the outside world. Elucidating the role 

of glycans, which are different from those of nucleic acids and proteins that are also involved in several biological 

processes, will open up new horizons in life science. Amazingly, glycans are highly adaptable to variable external 

environment. Our pioneering research on sugar chains in Japan has led the world in clarifying the importance of sugar 

chains in life, but we are still far from understanding the phenomenon of biological life through the complexities found 

in sugar chains. As it becomes increasingly clear that the world of sugar chains is profound and complex, scientists 

are learning more about the importance of characterizing and analyzing the mysterious world of sugar chains across 

the disciplines. With the establishment of the Tokai National Higher Education and Research System, we have 

gathered researchers of high caliber who can make it happen. The dual currents, involving cutting-edge research and 

integrating knowledge across disciplines, are a key thrust for the development of sugar chain research, like a great 

river flowing into the ocean. Our focus on exploring the function and potential of glycans at the molecular, cellular, and 

individual levels will help uncover the essence of glycans in diversity and complexities and build a collective pool of 

knowledge that will contribute to human health and well-being

GIFU
UNIVERSITY

Glycan synthesis / imaging

Our advantage is in organic synthesis of
complex glycans and imaging of single

glycan molecules.

NAGOYA
UNIVERSITY

Glycans in medicine / biology

Our research focus is aimed at elucidating
the biological functions and medical

applications of glycans.

MESSAGE
from the Director

Clarification of essence of glycans, hidden in their diverse nature, 
will provide novel knowledge for human beings

Director, Institute for
Glyco-core Research (iGCORE)

Kenji 
KADOMATSU 
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Glycans (sugar chains), which cover all the cells 
in our body, determine the characteristics of 
each cell, regulate intercellular communication 
and recognize extracellular substances (such as 
neighboring cells, pathogens, etc.). Therefore, 
glycans play crucial roles in many physiological 
phenomena and diseases, including immunity, 
neural functions, aging, infection, tumor, and 
dementia. For instance, application of 
glycoscience (research on glycans) to modern 
medicine is exemplified by the effectiveness of 
glycan-targeted drugs such as Tamiflu and 
100-fold increase in the efficacy of antibody 
therapy for cancer treatment, etc. through the 
modification of glycans.

Although it has been revealed that glycans are 
involved in various physiological and 
pathological phenomena, glycoscience research 
has not advanced enough in the world. 
Therefore, in order to advance our 
understanding of the nature and essence of 
living systems and make progress in the 
applications of life science research for human 
health, it is necessary to promote glycoscience 
research.

Glycans are currently not fully understood for 
the following three major reasons: (1) the higher 
complexity and structural diversity of glycans 
compared to nucleic acids (DNA and RNA) and 
proteins require highly specialized techniques 
for synthesis, analysis and biology of glycans; 
(2) the non-existence of an integrative research 
center which can bring together the findings 
from different glycoscience studies to help 
understand the whole picture; and (3) no 
research has been done to obtain and analyze 
glycan big data (glycomics) as in the case of 
genomics and proteomics.

The “Institute for Glyco-core Research 
(iGCORE)” is a state-of-the-art integrative 
glycoscience research institute, bringing togeth-
er scientists from various disciplines and 
expertise, including chemistry, biochemistry, 
medicine and imaging. Research conducted at 
this institute will help elucidate our understand-
ing of the functions and physical properties of 
glycans as well as the properties of assembled 
glycans. Through integrating the different 
components of glycoscience research, we aim 
to more fully understand the true nature of life 
core, which has not been accomplished by 
research on nucleic acids and proteins alone.

Understanding life. 
All cells are covered with 
glycans.

Glycan
Big-data Center

Division of Molecular Physiology and Dynamics

Division of Glycan Regulation in Organism

Division of Glyco-Systems biology

Division of Glyco-Molecular Science

Division of Cooperative Research Facility

Division of Glycan Structural Analysis
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Understanding the principles 
of glycan assemblies

Getting to the essence of life

RESEARCH
Examples of our research interests are investigating the 
roles of glycans in the nervous system and vascular system 
in our body. Specific glycans such as proteoglycans and 
polysialic acid play crucial roles in neural functions. We 
have revealed that proteoglycans critically regulate axon 

Elucidation of novel functions of
Glycans in nerve system  

Establishment of novel methods for 
chemical synthesis of glycans

Understanding, prediction and remodeling
of glycan biosynthesis and function

Elucidation of glycan functions
by determining the structure of glycan

regeneration
(Sakamoto et al., Nat. Chem. 
Biol., 2019, 15, 699-709).

Polysialic acid, an acidic 
polysaccharide highly 
expressed in brain, comprises 
8-400 sialic residues and is 
involved in neurogenesis, 

memory formation and behaviors. Investigating the 
structures and functions of this glycan, we have revealed 
that polysialic acid is associated with mental disorders 
such as schizophrenia as well as cancer malignancy
(Sato et al. Mol Aspects Med. 2021 79, )

to understand the basis of glycan assembly in cells, we 
have reported a draft of all tissue glycome in zebrafish in 
collaboration with the University of Lille in France 
(Yamakawa et al., Nat. Commun., 2018, 9, 4647).

we have recently 
developed a new 
innovative method for 
chemical synthesis of 
sialylated glycans 
(Komura et al., Science, 
2019, 364, 677-680). 
Developing such 
techniques, we try to 
construct glycan libraries.

We focus on 
glycan-biosynthetic enzymes 
(glycosyltransferases) and 
aim to elucidate the 
mechanisms of their 
reactions and regulation 
using biochemical and 
genetic approaches. We also 

We have developed a new comprehensive method for 
glycomic analysis of total cellular glycans using MS, which 
allows for detection of glycan changes in various samples. 

We have found that a unique glycan called extracellular 
O-GlcNAc controls the functions of NOTCH protein, an 
important factor for tissue development and 
morphogenesis, and that loss of extracellular O-GlcNAc 
causes defects in vascular functions
(Sawaguchi et al., eLife, 2017, e24419)

We also develop novel glycan probes by labeling glycans 
with fluorescence or search for new glycan binding 
molecules. Using these probes, we visualize the dynamics 
of a single glycan in cell membrane (Komura et al., Nat. 
Chem. Biol., 2016, 12, 402-410).

Our research goal at iGCORE is to understand 
the functions of glycan assemblies which 
consist of complex and diverse glycans (glyco-
proteins and glycolipids) and reveal new princi-
ples underpinning all living systems. The eventu-
al aim is to apply the insights from our research 
findings to facilitate the advancement of innova-
tive medicine.

To achieve this goal, our research exploits the 
hierarchy of biological phenomena mediated by 
glycans. Specifically, each glycan molecule with 
its intrinsically diverse and complex structure 
behaves individually, and when assembled, they 
mediate complex biological functions. In other 
words, in order to fully understand the mecha-
nisms of biological phenomena mediated by 
glycans, it is necessary to understand the 
behavior of individual glycan molecules (Depart-
ment of Single Glycan Molecule) glycan assem-
blies (Department of Glycan Domain), and their 
biological roles in the body (Department of 
Glycan in Organism). To date, glycoscience 
research has mainly focused on the biological 
functions of individual glycans. In this respect, it 
is time to incorporate a better understanding of 
the mechanisms of glycan assemblies and their 
diverse functions into current life sciences

At iGCORE, we integrates various disciplines and 
technologies into our glycoscience research to 
help us fully understand the principles of individ-
ual glycans, glycan assemblies, and their func-
tions in the body. Particularly, collaborative 
efforts in synthetic chemistry, single molecule 
imaging, and computational science will be 
utilized to elucidate the physical behaviors of 
individual glycan molecules. In addition, our 
research center also elucidates the assembly 
state, localization, and co-localization principles 
of glycans with other molecules at the cellular 
level, using chemical biology and bioinformatics.

Development of new techniques to chemically 
and genetically regulate glycan assemblies are 
also in progress by developing glycan probes 
and inhibitors. Furthermore, by applying the 
principles of the behavior of single glycan 
molecules and glycan assemblies as well as 
glycomics (comprehensive structural analysis of 
glycans), we will elucidate the functions of 
glycans in dynamic physiological processes 
(development, aging, etc.) and diseases such as 
dementia, psychiatric disorders, cancer, infec-
tious diseases, etc. Over the course of our 
studies, we hope to understand the nature of life 
and advance new diagnostics and treatments 
for diseases.

Recently, we have 
elucidated the glycan 
structure changes in cells 
caused by a plant 
compound “swainsonine”
(Morikawa et al., BBA - 
General Subjects, 2022, 
1866, 130168).

integrate glycosyltranasferase data to predict and remodel 
cellular glycan structures (Nagae et. al., Nat. Commun., 
2018, 9, 3380, Huang et. al., Dev. Cell, 2021, 56, 1195-1209).


