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Infrastructure Development Project
~Curiosity with a slightly broader perspective~

Human Glycome Atlas Project (HGA)
Glyco-Neuroscience Project

2011-2015
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Curiosity with a slightly broader perspective
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The First Life Science Project in Large-Scale Academic 

Frontier Promotion Project “MEXT Frontier Project”

✓ A project to develop the infrastructure for the future of 

life science

✓ A project in which Japan can lead the way

✓ A project that is expected to return benefits to the public, 

such as the prediction and prevention of disease

 The Human Glycome Atlas Project (HGA)
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Molecular Biology of the Cell, 4th edition

Every cell is covered with a forest of glycans

Glycan

genome

protein

Alberts Bruce st al., Garland Science, 2002
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Red Blood Cell

Differences in glycan structure = blood type

O A B AB

Glycan

Galactose

N-Acetylglucosamine

Glycans determine blood type



Epithelial cells of the airway

Influenza Virus

Glycan

Glycans also serve as a window for influenza infection
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Tamiflu



Cancer

Cancer marker

CA19-9

Glycan epitope

Pancreas cancer marker

Normal cell Cancer cell
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Killing 

Fucose

Potelligent

Antibody drug

Anti-cancer effect increases 

100 folds

(Antibody-dependent cellular 

cytotoxicity: ADCC)

Potelligent

Antibody

Cancer cell
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Luis F. Leloir

1970 Chemistry: Discovery 

of Sugar Nucleotides

Karl Landsteiner

1930 Physiology & Medicine 

Discovery of Blood Type

Hermann E. Fischer

1902 Chemistry: Synthesis 

of sugar/purine derivatives 

Carolyn R. Bertozzi

2022 Chemistry: Click Chemistry

Glycans and the Nobel Prize

https://chemistry.stanford.edu/people/carolyn-bertozzi
2023.2.27



10Short Long

◆ Various combinations

◆ Diverse lengths

◆ Diverse branching

Component units of the chain

(Monosaccharides: members of the glucose family)

Approx. 20 types

Connected

Glycans

Glycans are complex and diverse structures



J-GlycoNet: a Joint Usage / Research Center

A network of 106 Collaborative Fellows all over Japan

A comprehensive nationwide infrastructure for collaborative research & support in glyoscience
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Research 

promotion

Human Resource 

Development

All-Japan 

System

Team building
Toward co-creative 

glycoresearch

Human resource circulation

All-Japan system

Collaborative 

fellows

Multidisciplinary 

researchers
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J-GlycoNet: 3 roles

One-stop

consultation



参考資料（令和５年度文部科学省予算(案)等の発表資料より一部抜粋）Data from MEXT publication materials regarding R5 FY budget

MEXT Frontier Projects aim to develop infrastructures of science
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History of Infrastructure development for major biopolymers

1990 2000 2010 2020 2030

J-GlycoNet
Joint usage/research center

Protein3000
（2002-2006）

535億円（日本）

300億円（米国）

Human Genome 

Project (1990-2003)

4320億円（米国）

1953

DNA Double helix
(Watson & Crick)

1901

ABO Blood type
(Karl Landsteiner)

Roadmaps for Glycoscience
US 2012, Japan 2019, Europe 2015,2021

Glycan informatics: Glyspace Alliance
US/Japan/Europe 2018

ex. Angelina Jolie

Genome 

Medicine
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Human Protein Atlas

Human Glycome Atlas Project (HGA)

Roadmap 2020, MEXT,  Japan

“Transforming Glycoscience: A Roadmap for the Future” National Academy Press, Natl Academy Pr, 2012

“Glycoscience: Basic Science to Applications Insights from the Japan Consortium for Glycobiology and Glycotechnology (JCGG)”, 
Naoyuki Taniguchi et al., Springer, 2019

https://www.ludger.com/images/news/A-roadmap-for-Glycoscience-in-Europe.pdf 2023.3.6

©️Glyspace alliance

https://www.ludger.com/images/news/A-roadmap-for-Glycoscience-in-Europe.pdf


2021 2031

Information 

volume

Increase the glycan information

Increase the volume of 

glycan information

Genome

Protein

Glycan

Innovation in life 

sciences and medicine
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genome

protein

glycan



Contents of HGA project

Objective 3

Objective 2

Objective 1 Glycan Information Infrastructure

Construction of the knowledgebase TOHSA containing 

comprehensive data of human glycome

Introduction of advanced systems necessary for construction of 

TOHSA and establishment of global standard technologies

All Japan 

networking

Equipment and Technology Infrastructure

Collaboration Infrastructure

Providing workspace and research 

infrastructure for cross-disciplinary researches 

utilizing TOHSA

Segment 4
Construction of the 

knowledgebase 

“TOHSA” 

Open-mix 

laboratory

Segment 1
Human precise glycoproteome map

Segment 2
Human glycome catalog

Segment 3
Glycan biosynthesis atlas

Global 

networking

Planned

Fusion 

Researches
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Objective 1：Construction of the knowledgebase TOHSA

m
/z

 in
 M

S
RT in LC

血清グライコプロテオミクスの流れ

溶
出

時
間

質量

血液

ハイスルー
プットな糖ペ
プチド調製

LC-MS測定 LC/Massの糖ペプチドマップ

糖ペプチドマップのアサイン
MSn, ETD開裂, Glyco-RIDGE法

多検体比較

2D-ICAL

有意差のある糖
ペプチド の同定。
Ex. 健常人vs疾患
患者。

・マップ（全体の変化）と臨床パラメータとの相関解析
・AIによる画像認識

糖ペプチドの同定

未病の診断
バイオマーカー

Human glycome

catalog

Referencing

Identification

Large-scale comparison

(e.g., Healthy vs Disease)

Segment 1
Human precise 

glycoproteome map

Segment 2
Glycome catalog

MS1: Glyco-RIDGE & IGOT

MS2: Byonic, Glyco-Decipher

Segment 2
Glycoproteome catalog

Total Glycomics

Rapid/HTP Glycoproteomics

Segment 4
The knowledgebase TOHSA17



203220282023

Tissue/organs/blood

Other diseases: cancer, DM etc

Acquisition of 

comprehensive data 

of human glycome

Informatics/big data analysisAutomatization/robotics

Development of glycan-

engineered neo-cells

Toward cell 

therapy

Comprehensive 

acquisition of glycome

information

Acceleration and high-

throughput glycomics

Editing of glycan 

structures

Annual plan for HGA, a decade-long endeavor

Visualization of the biosynthetic mechanism of 

glycans

東京都健康長寿医療センター

Objective 1

Objectives 

1,2,3

Objectives

1,2,3

National Center for Geriatrics 

and Gerontology

Nagoya University

Brain & Mind Research Center

Tokyo Metropolitan Institute

for Geriatrics and Gerontology

Blood

Dementia and aged patients
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https://www.injection-molding.jp/blog/unmanned-driving-at-night 2023.2.27

https://www.thermofisher.com/jp/ja/home/industrial/mass-spectrometry/liquid-
chromatography-mass-spectrometry-lc-ms/lc-ms-systems/orbitrap-lc-ms.html 2023.2.27



◆Human Glycome

Atlas project

◆ J-GlycoNet

Global supports for HGA
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MOU



Japan

U.S.A. Europe

Glycomics Informatics Integration "GlySpace" in Japan, US, and Europe in 2018

Nat Methods 17, 649–650 (2020)

Global collaboration in glyco-informatics
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iGCORE at Gifu University

iGCORE at Nagoya University GaLSIC at Soka University

ExCELLS at NINS
NMR他糖鎖解析装置類

Project promoted through collaboration among 3 institutions
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