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Development of glycocluster for protein toxin inhibitor by glycomodule

method
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The saccharide protein interactions are greatly enhanced by the multivalent effect. Saccharides are
responsible for molecular recognition of various biological phenomena and also function as ligands for
infectious diseases. Bacterial toxins, such as Shiga toxins and cholera toxin strongly bind saccharides as
ligands. By using polymerizable sugar derivatives, novel glycoclusters were prepared for the bacteria toxin
inhibitors.

(1) Globosaccharide cluster for inhibitor of enterohemorrhagic E. coli infection

Enterohemorrhagic E. coli (EHEC) is an infectious disease caused by pathogenic E. coli such as E. coli O-
157:H7, and Shiga toxin is the pathogen. The ligand of Shiga toxins are Gb3 (globo) glycolipid.
Globosaccharide clusters were prepared for inhibitors of Shiga toxins.

A globosaccharide vinyl derivative was synthesized by a six-step reaction. Gb3 glycoclusters were prepared
by radical polymerization together with other vinyl monomers. The polymerization conditions were
investigated to determine to control Gb3 glycocluster properties. The neutralizing effect of Gb3 glycoclusters
to Shiga toxin -1 and -2 were investigated with Vero cells and quartz crystal microbalance (QCM). In the
neutralizing assay with Vero cells, the strong and specific binding of Gb3 glycoclusters to Shiga toxins were
observed. In the QCM experiments, the quantitative binding of a Gb3 glycocluster to Stxs were measured,
and strong and specific interactions comparable to that of antibodies were observed. The EHEC treatment
using Gb3 glycoclusters was examined with EHEC infected mice. The mice group with Gb3 glycoclusters
showed a clear reduction in lethality. The administration of simultaneous antibiotics and Gb3 glycoclusters
were also investigated to show a significant reduction in lethality and of the number of bacteria. The
citotoxicity of the Gb3 glycocluster in the therapeutic concentration range was examined with human
umbilical vein endothelial cells (HUVECs), and it was found that there was almost no toxicity. The
distribution of Gb3 glycoclusters in the body was studied by the radiolabeled compounds. Most of the Gb3
glycoclusters were little accumulation in organs. The distribution of the glycoclusters in the body changed
depending on the functional groups and polymer coating.The Gb3 glycocluster was effective as a new
neutralizer of Shiga toxin, suggesting a new therapeutic approach.

(2) GM1 mimic glycocluster for cholera toxin inhibitor

Our group has reported that the copolymers with galactose (Gal) and neuraminic acid (Neu5Ac), the non-
reducing end of GM1, mimicked the function of glycolipid GM1. The optimal composition was designed by
synthesizing a library of glycoclusters with various ratios of Gal and Neu5Ac and hydrophobic functional
groups. The optimal composition of the GM1-mimic glycocluster was determined by examining more than 30
different sugar clusters. The GM1-mimic glycocluster was screened for binding to the cholera toxin B subunit
(CTB), the ligand for GM1, by surface plasmon imaging (SPR-I). The binding amount could be enhanced by
about 8-fold and the dissociation constant was found in the order of 108 M.

The neutralizing activity of GM1 mimics against cholera toxin was examined using CHO-K1 cells, and it
was found that the neutralizing activity of GM1 mimics was observed, but was slightly less than that of
natural glycolipids (GM1). The GM1-mimic glycoclusters were assembled on the gold nanoparticle to increase
the affinity cholera toxins. However, different effects such as cellular uptake of the sugar cluster aggregates
were observed and the neutralizing activity was not sufficiently measured, suggesting that further molecular

investigation of the neutralizing agent is needed for GM1 sugar clusters.



