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Bottom-up approach to elucidate the molecular basis of immunomodulation by
sialylglycans

Manabe, Yoshiyuki
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In this study, we elucidated the immune regulation mechanism by sialic
acid-containing glycans through a bottom-up approach using synthetic glycans as probes. First, we
synthesized a library of sialylglycans. The synthesized glycans were then employed for the analysis
of their recognition mechanism by sialic acid recognition lectins, including Siglec, at the
molecular level. Furthermore, we developed a system to present synthetic glycans on the cell
surface, and analyzed the interaction between glycans and lectins using living cell system. Through
this research, we have constructed the fundamental methodology for the synthesis of sialylglycans.
In addition, we clarified the molecular basis of sialic acid recognition. We also pioneered an
innovative method to elucidate the functions of cell surface glycans and developed a novel
glycan-based immunoregulatory method.



trans Siglec
N-
Siglec
Siglec
N- Siglec cis
i) Siglec
iii) N- Siglec  cis
i) N-
sia(2,3)gal  sia(2,6)ga
i) N- Siglec
NNR SPR
STD-NMR
N-
iii) N- Siglec  cis
HaloTag
“ trans’ “ cisttrans’
B T
NMR
i) N-
60%
N-

2 O- LewisX

Siglec

cis
N- N-
N-
i)
Siglec
N- O-
Siglec
FACS
2 3
HaloTag
HaloTag
HaloTag
Siglec  N- “ cig’
NMR FACS
Siglec
Siglec
Antonio Moalinaro
4 N-



i)

Halo

Fh’VO":\ Fon
80 aﬁéﬁz

TrocHN

1)1 (1.0 eq), TMSOTH, Et,0/CH,Cl=1/1, ——

TrocHN

MS4A, -40 “Ctort

2) TFA/H,0/CH,Cl, = 2/1/10, -40 °C to 1t
(33% in 2 steps, BRSM: 49%)
3)2(2.0 eq), TBDPSOTY, Et,0/CH,Clp=5/1, —|
MS4A, 0 °C (36%)

‘"’\‘)LoAnyl

O NHCbz

AcO,

AcO o
Ao FSac COMe Bz0  TrocAN
CO;MeA o7~0S4° 0Bn
7)b§§ °§" AcO Bzol\;\A/o oo e
oA szo TrocHN A|.O O )L
\C
el e COZMgAc 820 TmcHN 2 " CFs
S~07~0" 0Bn
o o 0,
AcO 820 8o o
[F2e) TrocHN Aco %
OAC CO;Me
fe0, AcO o\ §er OBn oBn o
o B s RoX 0’&/3
n n
CAc BzO ’%&_50 - Troa 10— OAlyl
820 8o e 0 O NHCbz
Co,Me rocHN BzO
AcO, OAc | AcO 5 : son
HRDDISHELT | — p-a-u-Asn
song

Siglec

Siglec

N- Siglec

HaloTag
HaloTag

HaloTag

m\ BO
BzO

Tro:HN

Siglec-2

cis

HaloTag

trans

HaloTag

e

o]

YILEEHDERL

!

Py

<N-Glycan5 4 75 1) >

e B ey

\
:}ufjtu

_
HaloTag ligand

=)



25 25 7 9

Manabe Yoshiyuki Fukase Koichi

Innovative Vaccine Strategy: Self-Adjuvanting Conjugate Vaccines 2023

Methods Mol. Biol. 55 72
DOl

10.1007/978-1-0716-2910-9_5

Hirao Kohtaro Speciale Immacolata Notaro Anna Manabe Yoshiyuki Teramoto Yoshiaki Sato 62

Takaaki Atomi Haruyuki Molinaro Antonio Ueda Yoshihiro De Castro Cristina Fukase Koichi

Structural Determination and Chemical Synthesis of the N- Glycan from the Hyperthermophilic 2023

Archaeon Thermococcus kodakarensis

Angewandte Chemie International Edition in press
DOl

10.1002/anie.202218655

Sato Takaaki Utashima Sanae Yoshii Yuta Hirata Kosuke Kanda Shuichiro Onoda Yushi Jin 5

Jian-giang Xiao Suyi Minami Ryoko Fukushima Hikaru Noguchi Ayako Manabe Yoshiyuki Fukase

Koichi Atomi Haruyuki

A non-carboxylating pentose bisphosphate pathway in halophilic archaea 2022

Communications Biology in press
DOl

10.1038/s42003-022-04247-2

Tsutsui Yuya Tanaka Daiki Manabe Yoshiyuki Ikinaga Yuka Yano Kumpei Fukase Koichi Konishi 28

Akihito Yasuda Makoto

Synthesis of Cage- Shaped Borates Bearing Pyrenylmethyl Groups: Efficient Lewis Acid Catalyst 2022

for Photoactivated Glycosylations Driven by Intramolecular Excimer Formation

Chemistry ? A European Journal 202201848

DOl
10.1002/chem. 202202284




Chang Tsung-Che Manabe Yoshiyuki Ito Keita Yamamoto Ryuku Kabayama Kazuya Ohshima Shino 12
Kametani Yoshie Fujimoto Yukari Lin Chun-Cheng Fukase Koichi
Precise immunological evaluation rationalizes the design of a self-adjuvanting vaccine composed 2022

of glycan antigen, TLR1/2 ligand, and T-helper cell epitope

RSC Advances

18985 18993

DOl
10.1039/D2RA03286D

Manabe Yoshiyuki 35

Chemical Glycan Editing Opens the Door to Understanding the Precise Structure?Function 2023

Relationships of Proteoglycans

Trends in Glycoscience and Glycotechnology E29 E29
DOl

10.4052/tigg.2227.6E

Manabe Yoshiyuki 81

Chemical Biology Study for Elucidating and Regulating Emergent Glycan Functions 2023

Journal of Synthetic Organic Chemistry, Japan 96 104
DOl

10.5059/yukigoseikyokaishi.81.96

Manabe Yoshiyuki 34

LYTAC: Membrane/Extracellular Protein Degradation 2022

Trends in Glycoscience and Glycotechnology E35 E36

DOl
10.4052/tigg.2131.6E




Manabe Yoshiyuki Matsumoto Takuya Ikinaga Yuka Tsutsui Yuya Sasaya Shota Kadonaga 24

Yuichiro Konishi Akihito Yasuda Makoto Uto Tomoya Dai Changhao Yano Kumpei Shimoyama

Atsushi Matsuda Ayana Fukase Koichi

Revisiting Glycosylations Using Glycosyl Fluoride by BF3 Et20: Activation of Disarmed Glycosyl 2021

Fluorides with High Catalytic Turnover

Organic Letters 6 10
DOl

10.1021/acs.orglett.1c03233

Di Carluccio Cristina Forgione Rosa Ester Bosso Andrea Yokoyama Shinji Manabe Yoshiyuki 2

Pizzo Elio Molinaro Antonio Fukase Koichi Fragail Marco Bensing Barbara A. Marchetti

Roberta Silipo Alba

Molecular recognition of sialoglycans by streptococcal Siglec-like adhesins: toward the shape 2021

of specific inhibitors

RSC Chemical Biology 1618 1630
DOl

10.1039/d1cb00173f

Shirakawa Asuka Manabe Yoshiyuki Marchetti Roberta Yano Kumpei Masui Seiji Silipo Alba 60

Molinaro Antonio Fukase Koichi

Chemical Synthesis of Sialyl N- Glycans and Analysis of Their Recognition by Neuraminidase 2021

Angewandte Chemie International Edition

24686 24693

DOl
10.1002/anie.202111035

Manabe Yoshiyuki 33
Chemical Biology Study on N-glycans 2021
Trends in Glycoscience and Glycotechnology E63 E67

DOl
10.4052/tigg.2109. 2E




Shirakawa Asuka Manabe Yoshiyuki Fukase Koichi 26

Recent Advances in the Chemical Biology of N-Glycans 2021

Molecules 1040 1040
DOl

10.3390/molecules26041040

Kaneda- Nakashima Kazuko Zhang ZiJian Manabe Yoshiyuki Shimoyama Atsushi Kabayama Kazuya 112

Watabe Tadashi Kanai Yoshikatsu Ooe Kazuhiro Toyoshima Atsushi Shirakami Yoshifumi

Yoshimura Takashi Fukuda Mitsuhiro Hatazawa Jun Nakano Takashi Fukase Koichi Shinohara

Atsushi

a - Emitting cancer therapy using 211 At- AAMT targeting LAT1 2021

Cancer Science 1132 1140
DOl

10.1111/cas. 14761

Di Carluccio Cristina Forgione Rosa Ester Montefiori Marco Civera Monica Sattin Sara 24

Smaldone Giovanni Fukase K. Manabe Y. Crocker Paul R. Molinaro Antonio Marchetti Roberta

Silipo Alba

Behavior of glycolylated sialoglycans in the binding pockets of murine and human CD22 2021

iScience

101998 101998

DOl
10.1016/j . isci.2020.101998

Kaneda- Nakashima Kazuko Zhang ZiJian Manabe Yoshiyuki Shimoyama Atsushi Kabayama Kazuya 112

Watabe Tadashi Kanai Yoshikatsu Ooe Kazuhiro Toyoshima Atsushi Shirakami Yoshifumi

Yoshimura Takashi Fukuda Mitsuhiro Hatazawa Jun Nakano Takashi Fukase Koichi Shinohara

Atsushi

a - Emitting cancer therapy using 211 At- AAMT targeting LAT1 2021
Cancer Science 1132 1140

DOl
10.1111/cas.14761




Shirakawa Asuka Manabe Yoshiyuki Fukase Koichi 26

Recent Advances in the Chemical Biology of N-Glycans 2021

Molecules 1040 1040
DOl

10.3390/molecules26041040

Di Carluccio Cristina Forgione Rosa Ester Montefiori Marco Civera Monica Sattin Sara 24

Smaldone Giovanni Fukase K. Manabe Y. Crocker Paul R. Molinaro Antonio Marchetti Roberta

Silipo Alba

Behavior of glycolylated sialoglycans in the binding pockets of murine and human CD22 2021

iScience

101998 101998

DOl
10.1016/j . isci.2020.101998

Tsutsui Masato Manabe Yoshiyuki Kabayama Kazuya Fukase Koichi 2021

Synthesis of ABO blood group antigens and functional glycan display on the cell surface 2020

Arkivoc 168 185
DOI

10.24820/ark.5550190.p011.362

Manabe Yoshiyuki Chang Tsung-Che Fukase Koichi 2020

Recent advances in self-adjuvanting glycoconjugate vaccines 2020

Drug Discovery Today: Technologies 1

DOl
10.1016/j .ddtec.2020.11.006




Farabi Kindi
Kazuya Yamaji Toshiyuki

Manabe Yoshiyuki Ichikawa Hiroaki
Tanaka Katsunori

Miyake Shuto Tsutsui Masato Kabayama
Hung Shang-Cheng Fukase Koichi

85

Concise and Reliable Syntheses of Glycodendrimers via Self-Activating Click Chemistry: A Robust
Strategy for Mimicking Multivalent Glycan?Pathogen Interactions

2020

The Journal of Organic Chemistry

16014 16023

DOl
10.1021/acs. joc.0c01547

Hirao Kohtaro Ono Risako Manabe Yoshiyuki Masui Seiji Atomi Haruyuki Fukase Koichi

85

Total Syntheses of C60- and C100-Dolichols

2020

The Journal of Organic Chemistry

11549 11559

DOl
10.1021/acs. joc.0c01327

Forgione Rosa Ester Di Carluccio Cristina Guzman-Caldentey Juan Gaglione Rosa Battista 23
Filomena Chiodo Fabrizio Manabe Yoshiyuki Arciello Angela Del Vecchio Pompea Fukase

Koichi Molinaro Antonio Martin-Santamaria Sonsoles Crocker Paul R. Marchetti Roberta

Silipo Alba

Unveiling Molecular Recognition of Sialoglycans by Human Siglec-10 2020

iScience

101231 101231

DOl
10.1016/j . isci.2020.101231

Manabe Yoshiyuki Shimoyama Atushi Kabayama Kazuya Fukase Koichi 78
Middle Molecular and Conjugation Strategies for Development of Bioactive Middle Molecules 2020
Journal of Synthetic Organic Chemistry, Japan 527 537

DOl
10.5059/yukigoseikyokaishi.78.527




Aiga Taku Manabe Yoshiyuki Ito Keita Chang Tsung- Che Kabayama Kazuya Ohshima Shino 59
Kametani Yoshie Miura Ayane Furukawa Hiroto Inaba Hiroshi Matsuura Kazunori Fukase Koichi
Immunological Evaluation of Co- Assembling a Lipidated Peptide Antigen and Lipophilic 2020

Adjuvants: Self- Adjuvanting Anti- Breast- Cancer Vaccine Candidates

Angewandte Chemie International Edition

17705 17711

DOl
10.1002/anie.202007999

59 11 13

Ayane Miura, Syuto Miyake, Kazuya Kabayama, Yoshiyuki Manabe, Asuka Shirakawa, Hiroki Syomura, Toshiyuki Yamaji,

G.N. Suzuki, Koichi Fukase

Kenich

Quantitative Analysis of Galectin-dependent Glycoprotein Dynamics in Synthetic Glycan Chemical Knockin Cells

the 4th Australasian Glycoscience Symposium and 9th Warren Workshop for Glycoanalytics

2022

Yoshiyuki Manabe

Synthesis and chemical biology studies of N-glycans

International Congress on Pure & Applied Chemistry (ICPAC 2022)

2022

Yoshiyuki Manabe

Chemical synthesis and functional study of N-glycans

2022 Bilateral Symposium (School of Science, OsakaUniversity and Genomics Research Center, Academia Sinica)

2022




Hersa Milawati, Yoshiyuki Manabe, Kazuya Kabayama, Koichi Fukase

Development of antibody-recruiting strategy using metabolic glycan labeling to enhance immune responses

Sialoglyco2022

2022

Kumpei Yano, Yoshiyuki Manabe, Asuka Shirakawa, Koichi Fukase

Synthetic study of sialyl N-glycan: efficient glycosylation by controlling the molecular aggregation

Sialoglyco2022

2022

Kohtaro Hirao, Yoshiyuki Manabe, Immacolata Speciale, Anna Notaro, Haruyuki Atomi, Antonio Molinaro, Cristina De Castro,
Koichi Fukase

Study of N-glycan from thermophilic archaeon, Thermocossus kodakarensis: isolation, structural, determination, and synthesis

30th International Carbohydrate Symposium

2022

143

2023




143

2023

103

2023

Kohtaro Hirao, Yoshiyuki Manabe, Koichi Fukase

Posttranslational glycan modification in Thermococcus kodakarensis: discovery and synthesis of myo-inositol containing N-
glycan

103

2023

Changhao Dai, Yoshiyuki Manabe, Koichi Fukase

Optimization of glycosylation with glycosyl fluoride by using machine learning

103

2023




103

2023

NMR 13C, 2H

103

2023

@

103

2023
103

2023




FUT8

103

2023

35 \Y

2022

45

2022

45

2022




26

2022

DEVELOPMENT OF HIGH-RESOLUTION ANTIBODY-DRUG CONJUGATE STRATEGY: SELECTIVE DRUG-DELIVERY TO NUCLEUS OF TARGET CELLS

59

2022

PREPARATION AND IMMUNOLOGICAL EVALUATION OF LIPID NANOPARTICLE-BASED CANCER PEPTIDE VACCINE

59

2022

12 CSJ 2022

2022




FUT8

12 CSJ 2022

2022

13C

2H

12 CSJ 2022

2022

BF3 Et20

41

2022

FUT8

41

2022




81

2022

38

2022

16

2022

Immacolata Speciale Anna Notaro Antonio Molinaro Cristina De Castro

Thermococcus kodakarensis N-

64

2022




Thermococcus kodakarensis N-

42
2022
Antonio Molinaro Cristina De Castro
Thermococcus kodakarensis N-
22
2022
102
2022

Hersa Milawati, Yoshiyuki Manabe, Kazuya Kabayama, Koichi Fukase

Development of cancer immune therapy by antibody-recruiting using metabolic labeling

102

2022




BF3 Et20

102

2022

Elucidation and Regulation of Glycan Functions by Synthetic Chemistry

A3 Foresight Symposium

2022
MOLINARO Antonio De CASTRO Cristina
Thermococcus kodakarensis N-
40
2021
40

2021




40

2021
MOLINARO Antonio De CASTRO Cristina
Thermococcus kodakarensis N-

11 CSJ 2021

2021
Roberta Marchetti Alba Silipo Antonio Molinaro
N-

2021

19

2021




Ayane Miura, Presenter; Syuto Miyake; Kazuya Kabayama; Yoshiyuki Manabe; Asuka Shirakawa; Hiroki Syomura; Toshiyuki Yamaji;
Kenichi Suzuki; Fukase Koichi

Quantitative analysis of galectin-dependent glycoprotein dynamics by using synthetic glycan displaying system on the cell
surface

Pacifichem 2021

2021

Keita Ito Yoshiyuki Manabe Taku Aiga Kazuya Kabayama Shino Ohshima Yoshie Kametani Hiroto Furukawa Hiroshi Inaba
Kazunori Matsuura Koichi Fukase

Immunological evaluation of co-assembly of lipidated CH401 peptide antigen and lipophilic adjuvant as self-adjuvanting anti-
breast cancer vaccine candidates

Pacifichem 2021

2021

Hersa Milawati, Yoshiyuki Manabe, Kazuya Kabayama, Koichi Fukase

Cancer immune therapy by antibody-recruiting using metabolic labeling

16th Meeting of the International Endotoxin and Innate Immunity Society

2021

Keita Ito, Yoshiyuki Manabe, Taku Aiga, Kazuya Kabayama, Shino Ohshima, Yoshie Kametani, Hiroto Furukawa, Hiroshi Inaba,
Kazunori Matsuura, Koichi Fukase

Immunological Evaluation of Co-Assembling Vaccine of Lipidated-Peptide Antigens and Lipophilic Adjuvants for the Breast
Cancer therapy

16th Meeting of the International Endotoxin and Innate Immunity Society

2021




Yoshiyuki Manabe

Synthetic Approach for Elucidating the N-Glycan Functions

Asian Glyco Webinar

2021

Yoshiyuki Manabe

Synthetic Biology Approach for Elucidating the N-Glycan Functions

4th A3 Young Scientist Meeting

2021

Ayane Miura, Syuto Miyake, Kazuya Kabayama, Yoshiyuki Manabe, Asuka Shirakawa, Hiroki Syomura, Toshiyuki Yamaji, Kenichi
Suzuki, Koichi Fukase

Analysis of Membrane Protein Dynamics by Glycan-galectin Interaction Using Synthetic Glycan-displaying Cells

Academia Sinica-Osaka University Symposium 2020

2020

Siglec N-

101

2021




101

2021

101

2021

101

2021

K. Hirao, Y. Manabe, I. Speciale, H. Atomi, A. Molinaro, C. De, Castro. K. Fukase

Synthetic study of N-glycan from hyperthermophilic archaeon Thermococcus kodakarensis

101

2021




Analysis of Membrane Protein Dynamics by Glycan-galectin Interaction Using Synthetic Glycan-displaying Cells

2021

Keita Ito, Yoshiyuki Manabe, Taku Aiga, Tsung-Che Chang, Kazuya Kabayama, Shino Ohshima, Yoshie Kametani, Hiroto Furukawa,
Hiroshi Inaba, Kazunori Matsuura, and Koichi Fukase

Immunological Evaluation of Conjugate/Co-Assembly of Peptide Antigen and Adjuvant as Self-adjuvanting Anti-breast Cancer
Candidates

57

2020

Siglec N-

10 CSJ

2020

Roberta Marchetti Fabrizio Chiodo
Hari Prasad Dulal Alba Silipo Antonio Molinaro

62

2020




2021

Y. Manabe, A. Shimoyama, K. Kabayama, K. Fukase

2021

Springer

17

Middle Molecular Strategy, Conjugation Strategies for Development of Bioactive Middle Molecules




