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Figure. Atomistic model of an Aβ protofilment segment (4, two-peptide layers) interacting with a lipid membrane, lateral (l.h.s.) and top (r.h.s.) views.

The toxicity of Alzheimer’s disease-related amyloid β (Aβ) peptides is related to their ability to disrupt adjacent cellular membranes. Fibrillar and globular-like Aβ oligomers can cause both non-specific and specific ion leakage, either by membrane thinning or by forming pore-like trans-membrane structures that may conduct ions. Tofoleanu and Buchete, probed the molecular interactions between preformed fibrillar Aβ oligomers and lipid bilayers, in the presence of explicit water molecules, using all-atom molecular dynamics (MD).[1] These interactions play an important role in the stability and function of both Aβ fibrils, and of the contiguous cellular membrane.[1, 2] These MD simulations revealed the relative contributions of different structural elements to the dynamics and stability of Aβ protofilament segments near membranes, and the first steps in the mechanism of fibril–membrane interaction. They identified the electrostatic attraction between Aβ charged side chains and lipid headgroups as a major driving force. In addition, hydrogen bonds were formed between specific residues in the Aβ protofilaments and the lipid headgroups. Taken as a whole, these interactions facilitate the permeation of the hydrophobic C-terminal amino acids of Aβ peptides through the lipid headgroup region, subsequently leading to further loss of the β-sheet-rich fibril structure, on one hand, and to local membrane-thinning effects, on the other hand.[1] Recent atomistic MD simulations also show that the chemical composition of the lipid headgroups can control in a specific manner both the type and magnitude of interactions between Aβ protofilaments and membranes.[3]

These findings advance our understanding of the detailed molecular mechanisms of Aβ-membrane interactions, and of their effects on both parties, and suggest a polymorphic structural character of amyloid ion channels embedded in lipid bilayers.[2] While inter-peptide hydrogen bonds leading to the formation of long-range ordered β-strands may still play a stabilizing role in the case of amyloid channel structures, the latter may also present a significant helical content in peptide regions (e.g., the N- and C-peptide termini) that are subject to direct interactions with lipids rather than with neighboring Aβ peptides. As currently there is no high-resolution structural information on the amyloid channels, several models of Aβ pore-like structures traversing lipid bilayers were constructed, including helical, β-sheet and combinations of these two types of secondary structure.[2] These results may guide new experiments that could test the assembly and structural features of membrane-formed amyloid channels.
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