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Biological importance of phosphoglycerides:
Phosphoglycerides are polar glycerolipids and are often referred to as phospholipids.
However, some other lipids, not containing glycerol, also contain phosphorus, and
the term phospholipid also describes these. Phospholipids are the most abundant
membrane lipids. They serve primarily as structural components of membranes and
are never stored in large quantities. The amphipathic nature of phospholipids makes
them ideally suitable as the main lipid component of cell membranes. Phospholipids
also take part in the metabolism of many other lipids. Some phospholipids have
specialized functions; for example, dipalmitoyl lecithin is a major component of lung
surfactant, which is lacking in respiratory distress syndrome of the newborn. In the
absence of lecithins, accumulation of lipids occurs in the liver to as much as 30%
against a normal value of 3-4%, giving rise to a condition called fatty liver. This fatty
infiltration may lead to fibrotic changes, characteristic to the liver disease cirrhosis.

Biological importance of cholesterol:
Cholesterol is present in tissues and in plasma either as free cholesterol or combined
with a long-chain fatty acid as cholesteryl ester, the storage form. In plasma, both
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forms are transported in lipoproteins. Cholesterol is an amphipathic lipid and as
such is an essential structural component of membranes, where it is important for
the maintenance of the correct permeability and fluidity, and of the outer layer of
plasma lipoproteins. It is synthesized in many tissues from acetyl CoA and is the
precursor of all other steroids in the body, including corticosteroids, sex hormones,
bile acids and vitamin D. As a typical product of animal metabolism, cholesterol
occurs in foods of animal origin such as egg yolk, meat, liver and brain. Plasma low-
density lipoprotein (LDL) is the vehicle that supplies cholesterol and cholesteryl
ester to many tissues. Free cholesterol is removed from tissues by plasma high-
density lipoprotein (HDL) and transported to the liver, where it is eliminated from
the body either unchanged or after conversion to bile acids in the process known as
reverse cholesterol transport. Cholesterol is a major constituent of gallstones.
However, its chief role in pathologic processes is as a factor in the development of
atherosclerosis of vital arteries causing cerebrovascular, coronary and peripheral
vascular disease.
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Lipid membrane:
We shall mainly discuss the membranes present in eukaryotic cells, although many of
the principles described also apply to the membranes of prokaryotes. The various
cellular membranes have different lipid and protein compositions. The ratio of
protein-to-lipid in different membranes is responsible for the many divergent
functions of cellular organelles. Membranes are sheet-like enclosed structures
consisting of an asymmetric lipid bilayer with distinct inner and outer surfaces or
leaflets. These structures and surfaces are protein-studded, sheet-like noncovalent
assemblies that form spontaneously in aqueous environments due to the
amphipathic nature of lipids and proteins contained within the membrane. The
major lipids in mammalian membranes are phospholipids, glycosphingolipids and
cholesterol. The majority of cholesterol resides within plasma membranes, but
smaller amounts are found within mitochondrial, golgi complex and nuclear
membranes. Cholesterol intercalates among the phospholipid of the membrane,
with its hydrophilic hydroxyl groups at the aqueous interface and remainder of the
molecule buried within the lipid bilayer leaflet.
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All major lipids in membranes contain both hydrophobic and hydrophilic regions
and are therefore termed amphipathic.

Figure: Diagrammatic representation of amphipathic nature of a phospholipid.
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Saturated fatty acids form relatively straight tails, whereas unsaturated fatty acids,
which generally exist in the cis-form in membranes form kinked tails. As the number
of double bonds with the lipid side chains increase, the number of kinks in the tails
increases. As a consequence, the membrane lipids become less tightly packed and
the membrane more fluid.

Trans fatty acids are present in certain foods, arising as a by-product of the
saturation of fatty acids during hydrogenation or hardening of natural oils in the
manufacture of margarine. An additional small contribution comes from the
ingestion of ruminant fat that contains trans fatty acids arising from the action of
microorganisms in the rumen. Consumption of trans fatty acids is now known to be
detrimental to health and associated with increased risk of diseases including
cardiovascular disease and diabetes mellitus. This has led to improved technology
to produce soft margarine low in trans fatty acids or containing none at all.

The amphipathic character of phospholipids suggests that the two regions of
the molecule have incompatible solubilities. In water, phospholipids spontaneously
organize themselves into micelles-an assembly that thermodynamically satisfies
solubility requirements of the two chemically distinct regions of these molecules.
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Within the micelle the hydrophobic regions of the amphipathic phospholipids are
shielded from water, while the hydrophilic polar groups are immersed in the
aqueous environment. Micelles are usually relatively small in size ( 200 nm) and
consequently are limited in their potential to formmembranes.

Figure: Diagrammatic cross-section of a micelle. The polar head groups are bathed in
water, whereas the hydrophobic hydrocarbon tails are surrounded by other
hydrocarbons and thereby protected from water.
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Phospholipids and similar amphipathic molecules can form another structure, the
bimolecular lipid bilayer, which also satisfies the thermodynamic requirements of
amphipathic molecules in an aqueous environment. Bilayers are the key structures
in biological membranes.. Bilayers exist as shuts wherein the hydrophobic regions of
the phospholipids are sequestered from the aqueous environment, while the
hydrophilic, charged portions are exposed to water as shown in the following figure.

Figure: Diagram of a section of a bilayer membrane formed from phospholipids.
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The ends or edges of the bilayer sheet can be eliminated by folding the sheet back
on itself to form an enclosed vesicle with no edges. The closed bilayer provides one
of the most essential properties of membranes. The lipid bilayer is impermeable to
most water-soluble molecules since such charged molecules would be insoluble in
the hydrophobic core of the bilayer. The self-assembly of lipid bilayers is driven by
the hydrophobic effect, which describes the tendency of nonpolar molecules to self-
associate in an aqueous environment while in the process excluding water. When
lipid molecules come together in a bilayer, the entropy of the surrounding solvent
molecules increases due to the release of immobilized water.

Two questions arise from consideration of information described above:
1. How many biologically important molecules as lipid-soluble and can therefore
readily enter the cell?
Gases such as O2, CO2 and N2- small molecules with little interaction with solvents-
readily diffuse through the hydrophobic regions of the membrane. The electrolytes
Na+, K+ and Cl cross the bilayer much more slowly than water. In general, the
permeability coefficients of small molecules in a lipid bilayer correlate with their
solubilities in nonpolar solvents. For instance, steroids more readily traverse the
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lipid bilayer compared with electrolytes. The high permeability coefficient of water
itself is surprising, but is partly explained by its small size and relative lack of
charge. Many drugs are hydrophobic and can readily cross membranes and enter
cells.
2. How are the transmembrane concentration gradients for these molecules
maintained?
The answer is that membranes contain proteins, many of which span the lipid
bilayer. These proteins either form channels for the movement of ions and small
molecules or serve as transporters for molecules that otherwise could not readily
traverse the lipid bilayer (membrane).

Membrane proteins:
Membrane phospholipids act as a solvent for membrane proteins, creating an
environment in which the latter can function. The -helical structure of proteins
minimizes the hydrophilic character of the peptide bonds themselves. Thus proteins
can be amphipathic and form an integral part of membrane by having hydrophilic
regions protruding at the inside and outside faces of the membrane but connected
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by a hydrophobic region traversing the hydrophobic core of the bilayer. In fact, those
proteins of membrane proteins that traverse membranes do contain substantial
number of hydrophobic amino acids and almost invariably have a high -helical
content. For most membranes a stretch of  20 amino acids in an -helical
configuration will span the lipid bilayer.

Liposomes, their biological functions and applications:
In general, lipids are insoluble in water since they contain a predominance of nonpolar
(hydrocarbon) groups. However, fatty acids, phospholipids, sphingolipids, bile salts, and,
to a lesser extent. Cholesterol contains polar groups. Therefore, a part of the molecule is
hydrophobic or water insoluble and a part is hydrophilic, or water soluble. Such
molecules are described as amphipathic. They become oriented at oil-water interfaces
with the polar group in the water phase, and the nonpolar group in the oil phase. A
bilayer of such amphipathic lipids is the basic structure of biological membranes. When a
critical concentration of these lipids is present in an aqueous medium, they form
micelles. When water is added to certain dry phospholipids with long hydrocarbon
chains, phospholipids swell, and when they are dispersed in more water, and are
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sonicated, structures known as liposomes are formed. They consist of spheres of lipid
bilayers that enclose part of the aqueous medium. Aggregation of bile salts into
micelles and liposomes and the formation of mixed micelles with the products of fat
digestion are important in facilitating absorption of lipids from the intestine.

Liposomes are of potential clinical use- particularly when combined with
tissue-specific antibodies- as carriers of drugs in the circulation, targeted to specific
organs, for example, in cancer therapy. In addition, they are used for gene transfer
into vascular cells and as carriers for topical and transdermal delivery of drugs and
cosmetics.

Figure: Formation of liposomes from phospholipids.
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