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The prion protein is the key molecular marker of incurable prion diseases affecting mammals, including humans. Notable examples include Creutzfeldt-Jakob Disease in humans and Chronic Wasting Disease (CWD) in cervids. According to the protein-only hypothesis, the misfolding, accumulation, and deposition of prion protein play a central role in disease toxicity. The misfolding of PrPC to PrPSc in mammals is characterized by a conformational transition from a predominantly α-helical structure to a β-sheet-rich aggregation-prone form, which resists proteolytic degradation, promotes self-templated propagation, and leads to neurotoxic accumulation in prion diseases. This misfolding is hypothesized to occur through protein scaffolding in the presence of PrPSc leading to a cascading effect. To develop a structural model of the prion protein fibril conformational dynamics, it is essential to understand the biophysical forces governing both PrPC-lipid interactions and PrPSc-lipid interactions under physiological conditions. Our study investigates the interactions of globular PrPC and fibrillar PrPSc with membrane surfaces and their distinct responses. Using coarse-grained molecular dynamics simulations, we examine how protein sequences, structural topologies, and GPI anchoring influence protein-membrane associations. Our results reveal that protein-lipid interplay, combined with conformational constraints imposed by GPI anchoring, drives preferential binding of PrPC via loops adjacent to α-helix 2. Specifically, polar side chains within PrPC loops interact with the membrane through functional group-specific interactions, leading to varying degrees of insertion. We discuss the implications of these binding modes on PrPC misfolding and aggregation, how PrPSc interactions may modulate disease progression, and potential protective mechanisms against misfolding. Future experimental studies, utilizing techniques such as atomic force microscopy and spectroscopy, will be instrumental in further probing prion protein-induced membrane remodeling.
