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DESCRIPTION

Cholesterol is a necessity component of the plasma membrane in
eukaryotic cells, playing a critical role in regulating membrane
fluidity and stability. Its unique structure, consisting of a rigid
steroid ring system, a hydrophilic hydroxyl group and a
hydrophobic hydrocarbon tail, enables cholesterol to interact
with the phospholipids in the membrane [1,2]. This interaction
is vital for maintaining the membrane's structural integrity and
its ability to adapt to various environmental conditions.

The fluidity of a cell membrane refers to the ease with which
lipids and proteins move within the bilayer. This property is
including diffusion,
endocytosis, exocytosis and the functioning of membrane

important for membrane functions,
proteins. Cholesterol modulates membrane fluidity by inserting
itself between phospholipid molecules [3,4]. Its rigid steroid ring
interacts with the fatty acid chains of phospholipids, reducing
their movement and thereby decreasing membrane fluidity in

regions that might otherwise become overly fluid.

Interestingly, cholesterol exhibits a dual effect on fluidity. In
regions where the membrane is composed predominantly of
saturated fatty acids, which tend to pack tightly, cholesterol
increases fluidity by disrupting the orderly arrangement of the
fatty acid chains [5,6]. Conversely, in regions rich in unsaturated
fatty acids, which are more loosely packed due to kinks in their
hydrocarbon chains, cholesterol reduces fluidity by filling in the
gaps. This bidirectional regulation ensures that the membrane
remains in an optimal fluid state, neither too rigid nor too fluid.

Cholesterol also contributes to membrane stability by reducing
permeability and preventing the bilayer from becoming overly
fragile. The presence of cholesterol in the membrane reduces the
ability of small, water-soluble molecules to pass through, thereby
maintaining the selective permeability necessity for cellular
homeostasis [7,8]. By interacting with both saturated and
unsaturated fatty acids, cholesterol enhances the overall cohesive-
ness of the bilayer, making it more resistant to mechanical stress
and temperature fluctuations.

In cold environments, cholesterol prevents the membrane from
becoming too rigid by disrupting the tight packing of
phospholipids, ensuring the membrane remains functional. In
contrast, at high the
movement of phospholipids, preventing the membrane from
becoming excessively fluid and losing its structural integrity [9].
This temperature-buffering role of cholesterol is particularly
important in maintaining the functionality of cells exposed to
varying environmental conditions.

temperatures, cholesterol restrains

Lipid rafts are microdomains within the membrane that are
enriched in cholesterol, sphingolipids and specific proteins.
These regions are more ordered and less fluid than the
surrounding membrane. Cholesterol plays a key role in the
formation and maintenance of lipid rafts, stabilizing the
between sphingolipids and proteins. These
microdomains are important for cellular processes such as signal
transduction, protein trafficking and pathogen entry.

interactions

Imbalances in cholesterol levels can lead to various pathological
conditions. Excess cholesterol in the membrane can result in
decreased fluidity, impairing membrane protein function and
promoting the formation of rigid structures that contribute to
conditions such as atherosclerosis [10]. Conversely, a deficiency
in cholesterol can compromise membrane integrity, leading to
increased permeability and vulnerability to damage.

like altered
cholesterol metabolism affects membrane composition and
fluidity, influencing the processing of Amyloid Precursor Protein
(APP) and the formation of amyloid-beta plaques. Understanding

In  neurodegenerative diseases Alzheimer’s,

the role of cholesterol in membrane effictives could provide
insights into therapeutic strategies for such diseases.
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