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Glycans constitute a stratified arrangement known as the glycocalyx, enveloping the cellular surface
and participating in diverse biological phenomena, including membrane dynamics, signal transduction,
and cell-cell interactions. The manifold functions attributed to glycans are manifested through
intricate interactions with various biomolecules. However, comprehensive scrutiny of glycan-—
biomolecule interactions and their associated functions is exceptionally challenging owing to the
heterogeneity of glycan structures and difficulty in their regulation. In this study, 1 developed a
“synthetic glycan—displaying system” utilizing HaloTag technology to homogeneously introduce
structurally defined glycans onto specific target proteins. Using this method, I analyzed the function
of the glycan—-Galectin—-3 (Gal-3) interaction, one of the major glycan—-biomolecule interactions, in the
regulation of protein dynamics (Figure).

First, a synthetic glycan presentation method was developed. This method smoothly utilizes the
formation of covalent bonds between the HaloTag and haloalkanes. I successfully expressed HaloTag
fusion proteins on cell membranes and introduced seven types of haloalkane—containing glycan ligands.
Furthermore, 1 succeeded in visualizing the structure-specific interactions of multiple glycan
structures with glycan recognition proteins, lectins, on the cell membrane

Next, I applied this method to the analysis of glycan—-Gal-3 interactions and performed two analyses.

i) The analysis of protein lateral diffusion regulation

Gal-3, which recognizes f3 —galactose—containing glycans, crosslinks membrane proteins via glycans to
form a network structure called galectin lattices. Galectin lattices are known to regulate the
dynamics of membrane proteins such as lateral diffusion, but their functions have not been
quantitatively evaluated based on the glycan structures. The effect of glycan structures on galectin
lattice function was analyzed by measuring the dynamics of HaloTag fusion proteins modified with
various glycan ligands. These results revealed that glycans modified on the target proteins modulate
the lateral diffusion of membrane proteins in a glycan structure—dependent manner through interaction
with Gal-3 in response to the formation of galectin lattices. The results also suggest that sufficient
expression of N-glycans is important for the formation of galectin lattices

ii) Analysis of the contribution of glycan—-Gal-3 interactions to protein loading into extracellular

vesicles

Extracellular vesicles (EVs) are released from all cell types and play an important role in
intercellular communication. The glycan composition on EV membranes is characterized by a high
proportion of glycans with specific structures such as poly—lactosamine glycan and sialic acid
terminal glycans, and it suggest a glycan—-driven protein—loading mechanism for EVs. In this study, we
hypothesized that protein loading into EVs is regulated by the glycan—Gal-3 interaction and examined
the Gal-3 dependence using a synthetic glycan displaying system. We found that the addition of Gal-3
promotes the loading of target proteins with Gal-3-affinity glycans into EVs. Based on previous
studies, it is possible that the clustering of target proteins by Gal-3 promotes their own loading
into EVs. Interestingly, the addition of high concentrations of Gal-3 reduced the EV concentration in
the recovered solution. Further studies are required to elucidate the detailed mechanisms.

In conclusion, it was shown that the synthetic glycan—displaying system can reveal the effects of
glycan—lectin interactions on biological functions, focusing on individual proteins and based on

glycan structures.
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