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Molecular structure-based study on the affinity of Clostridium producing toxins
to human cell surface glycolipids
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Synthetic glycolipids having lipoic amides at the sphingosine parts were
prepared by a chemo-enzymatic method. The glycolipids were installed onto Au surface on electrodes
by a self-assembled monolayer (SAM) technique in a differential quartz crystal microbalance (QCM)
biosensor for application in the binding analysis of Clostridium toxins (BTXs). The QCM analysis has

disclosed that a certain type of BTXs binds a simple glycolipid (Lac-Cer) without sialic acids at
the non-reducing end. This finding provides an important insight into the molecular recognition of
these biological toxins for human cell surface glycolipids which has been a matter of controverse in
relevant biochemical studies for a long time.



BTX
Clostridium
GTilb
GT1b
GDla BTX/C BTX/D

GDla BTX/A
(progenitor)
BTX

BTX
BTX

hemagglutinin: NTNH

0157

BTX

BTX (types A~F)

BTX/A

GM1 BTX/C
GM1 BTX/A

TLC

900kDa 150kDa

GTlb GTla GDlb GM1 GM3

2

lysoGTla lysoGD1b [lysoGM1

150kDa  HA
HA
BTX
BTX
BTX
lysoGM3 DMF

BTX
BTX
HA BTX/A
BTX/D
ELISA
150kDa

900kDa 300kDa
non-toxic non-

BTX
BTX

SCDase
lysoGT1lb
NHS

GT1b-TOA GT1a-TOA GD1b-TOA  GM1-TOA

GM3-TOA Gb; Lac Gal Glc
lyso
lyso

Gbs-TOA Lac-TOA Gal-TOA GIlc-TOA
SAM
TOA Glc-TOA MTPEG, HOEGsC11SH
QCM
QCM BTX
30MHz QCM 250ng  BTX

lyso
DMF  NHS

GT1b-TOA GM1-TOA Lac-

(BTX/E  200ng BTX/C



Glc-TOA 200ng) 150mM NaCl 10mM

HEPES(pH7.4) BTX BTX/A BTX/C BTX/E BTX/A/Hc
BTX/A/Hc
QCM
QCM
QCM Lac-
TOA MTPEG, HOEGC1;SH
RCAo(Ricinus communis agglutinin) 100ng AF
MTPEG, 128Hz HOEGeC1;SH 125Hz
RCAlzo Lac
BTX
GT1b-TOA HOEG¢C1;SH
BTX/A(500kDa) BTX/C(350kDa) BTX/E(300kDa) BTX/A/Hc(51kDa)
BTX/A/Hc HA NTNH
30MHz QCM
BTX/A 28Hz BTX/C 140Hz BTX/E 14_1Hz
BTX/A/Hc 5Hz BTX/A/Hc
104Hz AF
GM1-TOA BTX/A BTX/A/Hc BTX/A/Hc
AF BTX/C 112Hz BTX/E 34Hz
Lac-TOA BTX/A 105Hz BTX/A/Hc
BTX/A/Hc 87.5Hz
AF BTX/A/Hc
Lac-TOA BTX/A/Hc
BTX/C 20.9Hz BTX/E 10.6Hz AF
Glc-TOA BTX/A  15Hz BTX/C 29.2Hz BTX/E 3.1Hz
BTX/A/Hc 7.3Hz BTX/A/Hc
28.4Hz AF
GT1b-TOA
BTX/C>BTX/A/Hc>BTX/A>BTX/E GT1b
GM1-TOA BTX/A
BTX/A/Hc BTX/C GM1
BTX/E
5 GM1 BTX/C
350kDa BTX/E 300kDa HA
(He) GM1
Lac HA BTX/A(progenitor toxin)
Lac Lac
BTX/A  Lac-Cer
BTX/A HA HA Lac
HA BTX/A/Hc Lac 87.5Hz
Hc Lac
BTX/A/Hc Lac
Lac BTX/E BTX/E
Lac BTX/C Lac
Lac Glc BTX/A BTX/C
Glc
BTX/A BTX/A/Hc BTX/C BTX/E HA
BTX/A/Hc Glc

Glc



BTX HA BTX/A/Hc QCM



3 3 0 2

Uzawa Hirotaka Nagatsuka Takehiro Seto Yasuo Nishida Yoshihiro Saito Masato Tamiya Elichi

Novel Glycolipid Chips with a Double Layer of Au Nanoparticles for Biological Toxin Detection

2023

ACS Omega

13754 13762

DOl
10.1021/acsomega.2c07976

Uzawa Hirotaka Kondo Satoshi Nagatsuka Takehiro Miyaguchi Hajime Seto Yasuo Oshita Aguri 6
Dohi Hirofumi Nishida Yoshihiro Saito Masato Tamiya Eiichi
Assembly of Glycochips with Mammalian GSLs Mimetics toward the On-site Detection of Biological 2021

Toxins

ACS Omega

32597 32606

DOl
10.1021/acsomega.1c04154

Daiki Tanaka, Hirotaka Uzawa, Takehiro Nagatsuka, Yuki Oba, Atsunori Hiratsuka, Ken-ichi 580
Tayama, Toshio Yoshida, Yasuo Seto, Hirofumi Dohi, Yoshihiro Nishida

Silicon nitride sugar chips for detection of Ricinus communis proteins and Escherichia coli 2019
0157 Shiga toxins

Analytical Biochemistry 42 48

DOl
10.1016/j .ab.2019.06.002

2 0 1

Hirotaka Uzawa, Atsunori Hiratsuka, Yasuo Seto, Ken-ichi Tayama, Toshio Yoshida, Yoshihiro Nishida

Silicon Nitride Chips Modified with Gb3 Trisaccharide for Rapid Detection of Verotoxins

10th International Conference on Molecular Electronics and Bioelectronics (M&BE10)

2019




18

LS-BT

2019

2020-071741

2020

(Hiratsuka Atsunori)

(70392652)

(82626)

2020 6 5




