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Conformation and Orientation of Ganglioside GM3 Glycan in Lipid Bilayers as Elucidated by Solid-State
NMR
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Conformation and Orientation of Ganglioside GM3 Glycan in Lipid Bilayers as Elucidated by Solid-State
NMR

Titl
e | ANMREIE I L 2 IS EIREE 17 3513 5 5 7 U 43 | GM3HER o BUE - FL I edT)

Abstract

[Background] Ganglioside is a kind of acidic glycosphingolipids with sialoglycans, and thought as one of the key component
for bio-functional membrane domains, so called lipid rafts. On the cell surface, gangliosides are involved in many biological
events, such as viral infections. Cholesterol-ganglioside interaction has been considered to regulate the protein-ganglioside
interplay by altering the orientation of the glycan headgroup. However, it is difficult to analyze the dynamic behavior of
molecules incorporated into an anisotropic membrane environment, and there is only little experimental evidence for the
conformation and orientation of lipid glycan.

[ Research Plan, Probe Synthesis] In this study, | focused on ganglioside GM3, which has a common core-structure of
ganglioside family, and examined its glycan conformation and orientation by solid-state NMR experiments. Aiming at solid-
state NMR experiments, | designed a series of GM3 probes, in which isotopic nuclides were regioselectively introduced into
each carboydrate residue or fatty acid chain (Fig. 1).

To establish a synthetic

Ganglioside GM3 0 Gic oH OH Sphingosine
pathway for probe molecules, m \éﬁ}{ \Zztgffo/\l/'\/\/ww\/\
protecting groups of substrates g” con _ o i N
‘e ‘ o Stea. Acid

used for glycosylation were e

investigated. It was confirmed that

substrates having naphthylmethyl EHO%H “°\w “: § Hoé o ’Lﬁ’o é o ;‘&Eé
HN 5, * * H
groups at the glucose moiety _’C‘Qé OH OH GHOH ||

P 3-d,- Si 5 dac - Si E E
showed good reactivity. Each 2 Sia” c-Sla i 1-d- o 4-d-Gal" i 3-d-Glc” 4-d-Gle’

. . i i Fig.1 Design of isotopically-labeled GM3 probes
isotopically-labeling unit  was

prepared, and they were individually combined according to an established synthetic pathway.

[Solid-State NMR Analysis] Solid-state NMR measurements were performed with the model membranes, mimicking the rafts
(sphingomyelin and cholesterol) and the non-rafts (POPC) environments.

By using acyl chain labeling probes, significantly different values were observed for each membrane environments. Thus, in
the raft environment, it was confirmed that the fluctuation of the GM3 acyl chain was suppressed by the order effect of
cholesterol. Then, the conformation and orientation of GM3 glycan were examined by combining the observed values obtained
from glycan-labeled probes. Unlike other carbohydrate residues, the sialic acid moiety was found to show an average orientation,
parallel to the membrane surface. However, in the results using glycan-labeled probes, no significant differences were observed
for each membrane environment. On the other hand, in contrast to the results of GM3 acyl chains, it was suggested that the
degree of fluctuation of the glycan-terminal was greater in the raft environment.

[Binding Affinity Assay] I also evaluated the binding affinity using a plant lectin that recognizes the GM3 glycan moiety. A
fluorescence-labeled lectin was prepared by introducing 5-carboxyfluorescein into the lysine residue of "Maackia Amurensis
Leukoagglutinin (MAL)", which is known to recognize the Sia a2-3 Gal glycoside bond. As a result, it was confirmed that the
binding affinity in the non-raft membrane was larger than that in the raft membrane. Considering the results of solid-state NMR
experiments, it was suggested that the dynamic behavior of glycolipids might differ depending on the membrane environment,
and it affects the biological functions of lipid-glycan.
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