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" Polyunsaturated fatty acid hydroperoxides
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Abstract

Ferroptosis is a newly identified form of cell death associated with lipid
peroxidation. This process is dependent on iron and polyunsaturated fatty acids
(PUFAs). Despite the importance of ferroptosis, the molecular details of this
process, particularly its impact on cellular membrane properties, remain
unknown. This study investigated structural and permeability changes in the
plasma membrane resulting from lipid peroxidation during ferroptosis using
molecular dynamics simulations. Initially, a human red blood cell membrane
model was constructed based on experimental data. To simulate ferroptosis, the
PUFA lipid chains in the red blood cell membrane were replaced with their
hydroperoxide derivatives. All-Atom molecular dynamics simulations
examined both systems (normal and ferroptotic membranes) for 300
nanoseconds (with three replicates). The results showed that in the ferroptotic
membrane, the thickness decreased, and the surface area increased.
Additionally, the hydroperoxide groups in the fatty acid chains moved toward
the polar head groups of the phospholipids. Besides these structural changes,
the function of the membrane, which typically acts as an impermeable barrier
to polar molecules such as water, was disrupted due to lipid peroxidation, while
the overall membrane integrity remained intact. In summary, lipid peroxidation
in ferroptosis induces significant changes in membrane structure and function,
which could be utilized in the development of new treatments for severe
diseases such as cancer and neurodegenerative disorders.

Keywords: Ferroptosis; Plasma membrane; Lipid peroxidation; Membrane
modeling; Molecular dynamics simulation.
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