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Oxygen diffusion in the cellular medium and in lipid membranes is essential for aerobic life. We used molecular dynamics

simulations to study the energetics and dynamics of the diffusive O2 transport in water, alkanes and lipid bilayers of different

composition. From our simulations the underlying free energy surfaces and diffusion coefficients are determined both in

homogeneous and isotropic neat water and alkane phases, and across inhomogeneous and anisotropic water-alkane interfaces

and lipid membranes. Free energy surfaces and position-dependent diffusion tensors describing the oxygen transport within and

across membranes of different lipid compositions are derived from intermediate time propagators analyzed with Bayesian

inference. To enter into a lipid bilayer, oxygen needs to overcome a free energy barrier as it passes the head group region.

Once inside the membrane, oxygen concentrates at the center, between the two leaflets, where also the local diffusivity is

enhanced. Differences in the energetics and diffusivities between the various systems studied point to the underlying molecular

mechanisms. The oxygen affinities and in-plane diffusivities are compared for a membrane with a lipid composition mimicking

the inner mitochondrial membrane and for a POPC model membrane. This comparison sheds light on how aerobic life achieves

an efficient oxygen delivery to cytochrome c oxidase, the terminal oxidase in mitochondria that drives cellular respiration.
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