NMR Studies of Beta-Amyloid Peptide Interactions with the Ganglioside GM1
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Background: The beta-amyloid peptide forms small soluble oligomers which can induce synapse dysfunction and neural cell death (1,2). These small oligomers form in vitro at micromolar concentrations but at nanomolar concentrations in vivo. This strongly suggests the existence of factor(s) that promotes beta-amyloid aggregation in vivo. Beta-amyloid peptides associate with gangliosides in Alzheimer’s brains (3) and form specific complexes with gangliosides in vitro (4). Ganglioside binding promotes beta-amyloid oligomerization (5) and beta-amyloid variants associated with familial Alzheimer’s disease show exquisitely selective binding to specific gangliosides (6). These data suggest that gangliosides promote beta-amyloid oligomerization in vivo, nevertheless to date the structural details of this process remain incomplete.

Objective(s): To determine the molecular structure of the beta-amyloid + ganglioside complex by using high field nuclear magnetic resonance.

Methods: The 1H NMR spectra of beta-amyloid(1-40), ganglioside GM1 pentasaccharide and ganglioside GM1 in small dodecylphosphocholine micelles, alone or in combination, were recorded in a Bruker spectrometer at 800 MHz at 5 ºC at neutral pH and assigned.

Results: No conclusive evidence from NOEs or saturation transfer experiments for binding between beta-amyloid and the ganglioside GM1 pentasaccharide was observed, which suggests that their union is significantly weaker than that reported for the Tyr10Trp variant of beta-amyloid (5). In contrast, most of the beta-amyloid NMR signals disappear upon mixing the peptide with an excess of ganglioside GM1 in dodecylphosphocholine micelles.

Conclusions: The inability of the ganglioside pentasaccharide to bind to beta-amyloid indicates that additional ganglioside moieties are required. The disappearance of the beta-amyloid NMR signals suggests that ganglioside GM1 in dodecylphosphocholine micelles rapidly binds and stimulates the formation of large beta-amyloid aggregates. Experiments are underway to identify near-physiological conditions where beta-amyloid + ganglioside association occurs without further beta-amyloid aggregation.
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