Lipids

• Lipids are substances of biological origin that are soluble in
organic solvents such as chloroform and methanol.
Hence, they are easily separated from other biological
materials by extraction into organic solvents.
• Fats, oils, certain vitamins and hormones, and most nonprotein membrane components are lipids.
• Our cells can also biosynthesize most lipids
Types of lipids include fatty acids, prostaglandins, waxes,
triacylglycerols, glycerophospholipids, sphingolipids,
glycosphingolipids and steroids (cholesterol, bile salts and steroid
hormones)

Biological Functions of Lipids
• Storage of energy
– Reduced compounds: lots of available energy
– Hydrophobic nature: good packing

• Insulation from environment
– Low thermal conductivity
– High heat capacity (can “absorb” heat)
– Mechanical protection (can absorb shocks)

• Water repellant
– Hydrophobic nature: keeps surface of the organism dry
• Prevents excessive wetting (birds)
• Prevents loss of water via evaporation

• Buoyancy control and acoustics in marine
mammals
– Increased density while diving deep helps sinking (just a hypothesis)

Sperm Whales – Fatheads of the Deep

Adjusts buoyancy with Deep dives (1000m deep) by crystallizing
and becoming denser…less energy is used by the whale (to
overcome buoyancy).

More Functions
• Membrane structure
– Main structure of cell membranes

• Cofactors for enzymes
– Vitamin K: blood clot formation
– Coenzyme Q: ATP synthesis in mitochondria

• Signaling molecules
–
–
–
–

Paracrine hormones (act locally)
Steroid hormones (act body-wide)
Growth factors
Vitamins A and D (hormone precursors)

• Pigments
– Color of tomatoes, carrots, pumpkins, some birds

• Antioxidants
– Vitamin E

The Functions of Fat in Food

• Provide calories (9 per
gram)
• Provide satiety
• Carry fat-soluble
vitamins & essential
fatty acids
• Contribute aroma &
flavor

Types of Lipids
• Following is a summary of the types of lipids we will
study and their general structures:

Fatty acids
•

•

Fatty acids are carboxylic acids with long-chain hydrocarbon
side groups . They are rarely free in nature
but, rather, occur in esterified form as the major components
of the various.
In higher plants and animals, the predominant fatty acid residues are
those of the C16 and C18 species palmitic, oleic, linoleic, and
stearic acids. Fatty acids with 114 or >20 carbon atoms are
uncommon.

Fatty Acids

Properties of fatty acids
• Most fatty acids have an even number of carbon atoms because
they are usually biosynthesized by the combination of C2 units
• Over half of the fatty acid residues of plant and animal lipids are
unsaturated (contain double bonds) and are often polyunsaturated
(contain two or more double bonds). Double bonds present in
unsaturated fatty acid is generally are in cis configutation.
• Bacterial fatty acids are rarely polyunsaturated but are commonly
branched, hydroxylated,or contain cyclopropane rings.
• Unusual fatty acids also ocur as components of the oils and waxes
(esters of fatty acids and long-chain alcohols) produced by certain
plants
• In vertebrates, free fatty acids (unesterified fatty acids, with a free
carboxylate group) circulate in the blood bound noncovalently to a
protein carrier, serum albumin

•
•

•

A simplified nomenclature for unsaturated fatty acids specifies the
chain length and number of double bonds, separated by a colon
For example, the 16-carbon saturated palmitic acid is abbreviated as
16:0 and the 18-carbon oleic acid, with one double bond is 18:1. The
positions of any double bonds are specified relative to the carboxyl
carbon, numbered 1,by superscript numbers following  (delta);
In most monounsaturated fatty acids the double bond is between is
between C-9 and C-10 ( 9), and the other double bonds of
polyunsaturated fatty acids are generally  12 and  15. Arachidonic
acid is an exception to this generalization. 20:4( 5,8,11,14)

Physical Properties of Saturated Fatty
Acids

Saturated fatty acids have:
• Molecules that fit closely
together in a regular pattern
• Strong attractions
(dispersion forces) between
fatty acid chains
• High melting points that
makes them solids at room
temperature.

Monounsaturated Fatty Acids

Oleic acid:

Olive Oil
• Olive oil contains mostly triolein, which has three oleic
acids
• Oleic acid, a monounsaturated fatty acid, is a component
of all fats and oils, but is especially abundant in olive and
peanut oils
• Some studies have shown that oleic acid may raise HDL
(“good cholesterol”) levels while also lowering LDL (“bad
cholesterol”) levels

Olestra: a Fat Subsitute
• Olestra is:
- used in foods as an artificial fat
- sucrose linked by ester bonds to several long-chain fatty
chains
- not broken down in the intestinal tract
• Olestra inhibits the absorbtion of fat-soluble vitamins (A, D,
E and K) and carotenoids
• There are many reports of problems such as diarrhea and
abdominal cramps with olestra use, but the manufacturers
claim there’s no proof

PUFA (Poly Unsaturated Fatty Acids)
Fatty acids containing more than one double
bond
• Two important classes of polyunsaturated fatty acids are
denoted as w3 and w6 fatty acids
• This nomenclature identifies the last double-bonded carbon
atom as counted from the methyl terminal (w) end of the
chain.
• Mammals can not synthesize more than one double bond so
can not convert oleate to linoleate (18:2) (w6) or α-linolenate
(18:3) (w3)which arerequired in the diet as essential fatty

acids.
• An imbalance of omega-6 and omega-3 PUFAs in the diet is
associated with an increased risk of cardiovascular disease

PUFA is found in nuts, vegetable oils such as,
canola, sunflower and soybean, sesame oil etc.
and in fatty fish

Cis and Trans Unsaturated Fatty Acids
• Natural unsaturated fatty acids have cis double bonds
• When unsaturated vegetable oils are hydrogenated to
form more saturated oils (as in margarine), some of the
cis fatty acids are isomerized to trans fatty acids
• Trans fatty acids are much more linear than cis fatty
acids, so their melting points are higher and studies have
shown that trans fats may act similarly to saturated fats
and could contribute to heart disease and some cancers
• Due to new requirements for including amounts of trans
fats on food labels, many companies are developing
hydrogenation methods that do not produce trans fats

Trans Fatty Acids
• Trans fatty acids form by partial dehydrogenation of
unsaturated fatty acids
– Done to increase shelf life or stability at high
temperature of oils used in cooking (especially deep
frying)
• A trans double bond allows a given fatty acid to adopt an
extended conformation
• Trans fatty acids can pack more regularly and show
higher melting points than cis forms
• Consuming trans fats increases risk of cardiovascular
disease
– Avoid deep-frying partially hydrogenated vegetable
oils
– Current trend: reduce trans fats in foods (No fast food
is recommended)

Physical properties of the fatty acids
•

•

•

The physical properties of the fatty acids, and of compounds that contain them,
are largely determined by the length and degree of unsaturation of the
hydrocarbon chain. The nonpolar hydrocarbon chain accounts for the poor
solubility of fatty acids in water. The longer the fatty acyl chain and the fewer
the double bonds, the lower is the solubility in water. Lipid fluidity likewise
increases with the degree of unsaturation of their component fatty acid
residues. This phenomenon has important consequences for membrane
properties
Melting points are also strongly influenced by the length and degree of
unsaturation of the hydrocarbon chain. At room temperature (25 8C), the
saturated fatty acids from 12:0 to 24:0 have a waxy consistency, whereas
unsaturated fatty acid have oily appereance.
Fatty acid double bonds almost always have the cis configuration.This puts a
rigid 30° bend in the hydrocarbon chain of unsaturated fatty acids that interferes
with their efficient packing to fill space.The consequent reduced van der Waals
interactions cause fatty acid melting points to decrease with their degree of
unsaturation.

Melting Point and Fatty Acid Composition of
Some Fats and Oils

Hydrogenation of Unsaturated Oils
• Hydrogenation converts alkenes to alkanes
• So, hydrogenation of unsaturated oils produces
saturated fats
• Hydrogenation is typically carried out by bubbling H2 gas
through the heated oil, in the presence of a metal
catalyst (such as nickel or platinum)
• Unsaturated oils are usually only partially hydrogenated,
so that the product is not completely saturated, giving a
soft semisolid fat such as margarine
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Oxidation of Unsaturated Oils
• Fats and oils can become rancid in two ways:
- bacterial ester hydrolysis
- air oxidation of alkenes
• Oxidation of fatty acid alkenes involves cleavage of the
double bonds to form short-chain carboxylic acids
• These oxidation products are foul-tasting and smell very
bad.
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Triacylglycerols
• The fats and oils that occur in plants and animals consist largely
of mixtures of triacylglycerols (also referred to as
triglycerides or neutral fats).
• These nonpolar, water-insoluble substances are fatty acid
triesters of glycerol:

Glycerides
Glycerides (acylglycerols) are esters formed from glycerol
and fatty acids.

Glycerides

Monoglycerides

1
2
3

Diglycerides

Triglycerides

Triacylglycerols function as energy reservoirs in
animals

• and therefore the most abundant class
of lipids even though they are not
components of biological membranes.

• Triacylglycerols differ according to the identity and placement of
their three fatty acid residues.
• The so-called simple triacylglycerols contain one type of
fatty acid residue
• For example, tristearoylglycerol or tristearin contains three
stearic acid residues, whereas trioleoylglycerol
• or triolein has three oleic acid residues.
• The more common mixed triacylglycerols contain two or
three different types of fatty acid residues and are named
according to their placement on the glycerol moiety.
• Glycerol is prochiral; it has no asymmetric carbons, but
attachment of 3 different fatty acids converts it into a chiral
compound,which can be named either L or D

• Fats and oils (which differ only in that fats are solid
and oils are liquid at room temperature) are complex
mixtures of simple and mixed triacylglycerols whose
fatty acid compositions vary with the organism that
produced them.
• Plant oils are usually richer in unsaturated fatty acid
residues than are animal fats, so have lower melting
points.

Triacylglycerols Are Efficient Energy Reserves

• Fats are a highly efficient form in which to store metabolic
energy. This is because fats are less oxidized than are
carbohydrates or proteins and hence yield significantly more
energy on oxidation.
• Furthermore, fats, being nonpolar substances, are stored in
anhydrous form, whereas glycogen, for example, binds about
twice its weight of water under physiological conditions.
Fats therefore provide about six times the metabolic energy of
an equal weight of hydrated glycogen.
• In animals, adipocytes (fat cells)are specialized for the
synthesis and storage of triacylglycerols.

Adipose tissue
• other types of cells have only a few small droplets of fat dispersed
in their cytosol, adipocytes may be almost entirely
filled with fat globules.
• Adipose tissue is most abundant in a subcutaneous layer and
in the abdominal cavity.The fat content of normal humans (21% for
men, 26% for women) enables them to survive starvation for 2 to 3
months.
• In contrast, the body’s glycogen supply, which functions as a
short-term energy store, can provide for the body’s metabolic
needs for less than a day.
• The subcutaneous fat layer also provides thermal insulation, which
is particularly important for warmblooded aquatic animals, such as
whales, seals, geese, and penguins, which are routinely exposed
to low temperatures

Hydrolysis of Fats and Oils
• Fats and oils contain ester groups which can be
hydrolyzed with aqueous acid, aqueous base
(saponification) or enzymes.
• The hydrolysis products are glycerol and three fatty
acids.
• When triacylglycerols containing short-chain fatty acids
are hydrolyzed the carboxylic acid products (such as
butanoic and hexanoic acids) are foul-smelling and foultasting (rancid)
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Saponification
• When a triacylglycerol is hydrolyzed with a strong base
the process is called saponification
• The products of saponification are glycerol and fatty acid
salts (soap)
- NaOH is used with saturated fats to produce hard
soaps
- KOH is used with unsaturated fats to produce softer,
more liquid soaps
O
H 2C

O

C
O

(CH2)14CH3

H 2C

OH
O

NaOH
HC

H 2C

O

O

C
O

(CH2)14CH3

C

(CH2)14CH3

HC

OH

+

3 Na

O

(Soap)
H 2C

OH

C

(CH2)14CH3

Wax

Waxes Serve as Energy Stores and
Water Repellents
• Biological waxes are esters of long-chain (C to C )
saturated and unsaturated fatty acids with long-chain
(C to C ) alcohols.
• Their melting points (60 to 100 C) are generally higher than
those of triacylglycerols.
• In plankton, the free-floating microorganisms at the bottom of
the food chain for marine animals, waxes are the chief storage
form of metabolic fuel.
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Glycerophospholipids
Glycerophospholipids (or phosphoglycerides) are the major
lipid components of biological membranes. They consist
of sn-glycerol-3-phosphate, esterified at its C1, and C2
positions to fatty acids and at its phosphoryl group to a group, X,
to form the class of substances.
• Glycerophospholipids are therefore amphiphilic molecules with
nonpolar aliphatic “tails” and polar phosphoryl-X “heads.” The
simplest glycerophospholipids, in which X H, are phosphatidic
acids; they are present only in small amounts in biological
membranes. In the glycerophospholipids that commonly occur in
biological membranes, the head groups are derived from polar
alcohols

What “X” Can Be:

Phosphatidylcholine
• Phosphatidylcholine is the major component of most
eukaryotic cell membranes
• Many prokaryotes, including E. coli, cannot synthesize this
lipid; their membranes do not contain phosphatidylcholine

Phosphatidyl Inositol
– Membrane Signaling

Phospholipases

Ether Lipids: Plasmalogen
•

Vinyl ether analog of phosphatidylethanolamine

•

Common in vertebrate heart tissue

•

Also found in some protozoa and anaerobic bacteria

•

Function is not well understood
– Resistant to cleavage by common lipases but cleaved by few specific
lipases
– Increase membrane rigidity?
– Sources of signaling lipids?

•

May be antioxidants?,

•

platelet-activating factor, is a potent molecular signal. It is released from
leukocytes called basophils and stimulates platelet aggregation and the release of
serotonin (a vasoconstrictor) from platelets. It also exerts a variety of effects on
liver, smooth muscle, heart, uterine, and lung tissues and plays an important role in
inflammation and the allergic response.

Two Ether Linked aliphatic groups

High concentration in Heart Lipids

Active at 10-9 M … Part of many things including Inflammation

Galactolipids – in Chloroplasts

70-80% of Lipids in Thylakoid Membranes

Discoverer of Sphingolipids

Sphingolipids
Sphingolipids

Carbons C-1, C-2, and C-3 of the sphingosine molecule are
structurally analogous to the three carbons of glycerol in
glycerophospholipids.
When a fatty acid is attached in amide linkage to the ONH on C2, the resulting compound is a ceramide, which is structurally
similar to a diacylglycerol. Ceramide is the structural parent of all
sphingolipids.
There are three subclasses of sphingolipids, all derivatives of
ceramide but differing in their head groups:
1- sphingomyelins,
2-neutral (uncharged) glycolipids,
3- gangliosides.
Sphingomyelins contain phosphocholine or phosphoethanolamine as
their polar head group and are therefore classified along with
glycerophospholipids as phospholipids
2

1- Sphingomyelins are present in the plasma membranes of animal
cells and are especially prominent in myelin, a membranous sheath
that surrounds and insulates the axons of some neurons.
2- Cerebrosides and globosides are sometimes called neutral
glycolipids, as they have no charge at pH 7.
3- Gangliosides, the most complex sphingolipids, have oligosaccharides as their polar head groups and one or more residues of
N-acetylneuraminic acid (Neu5Ac), (often simply called “sialic
acid”), at the termini.
Sialic acid gives gangliosides the negative charge at pH 7 that
distinguishes them from globosides.

Neuraminic Acid = Sialic Acid

Shapes of these Phospholipids

ABO Blood Groups

Glc-Gal-GalNAc-Gal
Fuc
.

ABO Blood Group Substances

The carbohydrate moieties of
certain sphingolipids define the
human blood groups and
therefore determine the type of
blood that individuals can safely
receive in blood transfusions

Membrane Lipid as Progenitor to
Prostaglandins - 1

Arachidonic Acid
C20:4Δ5,8,11,14

Eicosanoids

Hormones

Smooth Muscle
Contraction

Part of Blood
Clotting

Asprin and Ibuprofin Inhibit Synthesis of
Prostaglandins + Thromboxanes
NSAID’s = Non Steroid Anti Inflammatory Drugs

Arachidonic acid (arachidonate at pH 7) is the precursor
of eicosanoids, including the prostaglandins, thromboxanes, and
leukotrienes.
In prostaglandin E , C-8 and C-12 of arachidonate are joined to
form the characteristic five-membered ring.
In thromboxane A , the C-8 and C-12 are joined and an oxygen
atom is added to form the six-membered ring.
Leukotriene A has a series of three conjugated double bonds.
1
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Nonsteroidal antiinflammatory drugs (NSAIDs) such as aspirin
and ibuprofen block the formation of prostaglandins and
thromboxanes from arachidonate by inhibiting the enzyme
cyclooxygenase (prostaglandin H synthase).
2

Eicosanoids are paracrine hormones, substances that act only on
cells near the point of hormone synthesis instead of being transported in the blood to act on cells in other tissues or organs.
These fatty acid derivatives have a variety of dramatic effects on
vertebrate tissues. They are involved in:
• Reproductive function;
• Inflammation, fever, and pain associated with injury or disease;
• Formation of blood clots
• Regulation of blood pressure; in gastric acid secretion;
• and in various other processes important in human health or
disease.

prostoglandins
• Their name derives from the prostate gland, the tissue
fromwhich they were first isolated.
• Two groups of prostaglandins were originally defined: PGE
(ether-soluble) and PGF (fosfat (Swedish for phosphate) buffer–
soluble).
• Each group contains numerous subtypes, named PGE1, PGE2,
PGF1, and so forth.
• Prostaglandins have an array of functions.Some stimulate
contraction of the smooth muscle of the uterus during labor.
Others affect blood flow to specific organs, the wake-sleep
cycle, and the responsiveness of certain tissues to hormones
such as epinephrine and glucagon. Prostaglandins in a third
group elevate body temperature (producing fever) and cause
inflammation and pain.

thromboxanes
• The thromboxanes have a six-membered ring containing an
ether.
• They are produced by platelets (also called thrombocytes)
and act in the formation of blood clots and the reduction of
blood flow to the site of a clot.
• The nonsteroidal antiinflammatory drugs (NSAIDs)—aspirin,
ibuprofen, and meclofenamate, for example—inhibit the
enzyme cyclooxygenase, (COX), which catalyzes an early
step in the pathway from arachidonate to prostaglandins and
thromboxanes

Leukotrienes,
• Leukotrienes, first found in leukocytes, contain three conjugated
double bonds. They are powerful biological signals.
• For example,, induce contraction of the smooth muscle
• lining the airways to the lung.
• Overproduction of leukotrienes causes asthmatic attacks, and
leukotriene synthesis is one target of antiasthmatic drugs such as
prednisone.
• The strong contraction of the smooth muscle of the lungs that occurs
during anaphylactic shock is part of the potentially fatal allergic
reaction in individuals hypersensitive to bee stings, penicillin, or other
agents.

Cholesterol – Steroid (= 4 fused rings)

Steroids
• Steroids are oxidized derivatives of sterols;
they have the sterol nucleus but lack the alkyl
chain attached to ring D of cholesterol, and
they are more polar than cholesterol.
• Steroid hormones move through the
bloodstream (on protein carriers) from their
site of production to target tissues, where
they enter cells, bind to highly specific
receptor proteins in the nucleus, and trigger
changes in gene expression and thus
metabolism

Steroid Hormones Made from Cholesterol

Multistep
Glucose Metabolism

Cholesterol

Anti-inflammatory

Salt Excretion

Plants produce literally thousands of different lipophilic
compounds
• and volatile substances that are used to attract pollinators, to repel
herbivores, to attract organisms that defend the plant against herbivores,
and to communicate with other plants.
• Jasmonate, for example derived from the fatty acid 18:3(D9,12,15) in
membrane lipids, triggers the plant’s defenses in response to insectinflicted damage.
• The methyl ester of jasmonate gives the characteristic fragrance of
jasmine oil, which is widely used in the perfume industry.
• Many of the plant volatiles are derived from fatty acids, or from compounds
made by the condensation of five- carbon isoprene units;

• these include geraniol (the characteristic scent of geraniums), -pinene
(pine trees), limonene (limes), menthol,and carvone.

Synthesis of Vitamin-D

Regulate Calcium
Metabolism

Vitamin D3
• Vitamin D3, also called cholecalciferol, is normally
formed in the skin from 7-dehydrocholesterol in a
photochemical reaction driven by the UV component
of sunlight. Vitamin D3 is not itself biologically active,
but it is converted by enzymes in the liver and kidney
to 1,25-dihydroxyvitamin D3 (calcitriol),a hormone that
regulates calcium uptake in the intestine and calcium
levels in kidney and bone.
• Deficiency of vitamin D leads to defective bone
formation and the disease rickets, for which administration of vitamin D produces a dramatic cure.

Retinal Comes from Carotene

Vitamin A (retinol)
• Vitamin A (retinol), in its various forms, functions as a hormone
and as the visual pigment of the vertebrate eye. Acting through
receptor proteins in the cell nucleus, the vitamin A derivative retinoic
acid regulates gene expression in the development of epithelial
tissue, including skin.
• Retinoic acid is the active ingredient in the drug tretinoin (Retin-A),
used in the treatment of severe acne and wrinkled skin. Retinal,
another vitamin A derivative, is the pigment that initiates the
response of rod and cone cells of the retina to light, producing a
neuronal signal to the brain.

Vitamin A
• Vitamin A was first isolated from fish liver oils; liver,eggs, whole
milk, and butter are also good dietary sources.
• In vertebrates, -carotene, the pigment that gives carrots, sweet
potatoes, and other yellow vegetables their characteristic color,
can be enzymatically converted to vitamin A. Deficiency of
vitamin A leads to a variety of symptoms in humans, including
dryness of the skin, eyes, and mucous membranes; retarded
development and growth; and night blindness, an early
symptom commonly used in diagnosing vitamin A deficiency

(a) βCarotene is the precursor of vitamin A1. Isoprene structural units are set off by dashed red lines Cleavage of -carotene yields two molecules of vitamin A1
(retinol)
(b) Oxidation at C-15 converts retinol to the aldehyde, retinal
(c), and further oxidation produces retinoic acid
(d), a hormone that regulates gene expression. Retinal combines with the protein opsin to form rhodopsin (not shown), a visual pigment widespread
In the dark, retinal of rhodopsin is in the 11-cis form (c).
(e), forcing a change in the shape of the entire rhodopsin molecule. This transformation in the rod cell of the vertebrate retina sends an electrical signal to the brain

Isoprene Vitamins

Vitamin E
• Vitamin E is the collective name for a group of closely related
lipids called tocopherols, all of which contain a substituted
aromatic ring and a long isoprenoid side chain.
• Because they are hydrophobic, tocopherols associate with cell
membranes, lipid deposits, and lipoproteins in the blood.
• Tocopherols are biological antioxidants.
• The aromatic ring reacts with and destroys the most reactive
forms of oxygen radicals and other free radicals, protecting
unsaturated fatty acids from oxidation and preventing oxidative
damage to membrane lipids, which can cause cell fragility.

vitamin K
• The aromatic ring of vitamin K under goes a cycle of oxidation
and reduction during the formation of active prothrombin, a
blood plasma protein essential in blood clotting.
• Prothrombin is a proteolytic enzyme that splits peptide bonds in
the blood protein fibrinogen to convert it to fibrin, the insoluble
fibrous protein that holds blood clots together
• vitamin K deficiency slows blood clotting, which can be fatal.
Vitamin K deficiency is very uncommon in humans.

Ubiquinone (coenzyme Q)
• Ubiquinone (also called coenzyme Q) and plastoquinone are isoprenoids
that function as lipophilic electron carriers in the oxidation-reduction
reactions that drive ATP synthesis in mitochondria and chloroplasts,
respectively.
• Both ubiquinone and plastoquinone can accept either one or two electrons
and either one or two protons

Mitochondrial and Chloroplast Membrane
Electron Carriers

Carotenoids

Many Natural Pigments Are Lipidic Conjugated
Dienes

Outline of Lipid
Structure
Identification

(a) Tissue is homogenized in a chloroform/methanol/water mixture,
which on addition of water and removal of unextractable sedime
by centrifugation yields two phases.
(b) Major classes of extracted lipids in the chloroform phase may firs
be separated by thin-layer chromatography (TLC), in which lipids
are carried up a silica gel–coated plate by a rising solvent front,
less-polar lipids traveling farther than more-polar or charged
lipids, or by adsorption chromatography on a column of silica ge
through which solvents of increasing polarity are passed. For
example, column chromatography with appropriate solvents
can be used to separate closely related lipid species such as
phosphatidylserine, phosphatidylglycerol, and phosphatidylinositol.
Once separated, each lipid's complement of fatty acids can be
determined by mass spectrometry.
(c) Alternatively, in the “shotgun” approach, an unfractionated
extract of lipids can be directly subjected to high-resolution
mass spectrometry of different types and under different conditions
to determine the total composition of all the lipids: the lipidom

Saponification and Methylation

Gas or HPLC to
separate and identify
the Fatty Acid Methyl
Esters

Gas-liquid chromatography separates volatile components of a mixture
according to their relative tendencies to dissolve in the inert material
packed in the chromatography column or to volatilize and move through
the column, carried by a current of an inert gas such as helium.
Some lipids are naturally volatile, but most must first be derivatized to
increase their volatility (that is, lower their boiling point). For an analysis of
the fatty acids in a sample of phospholipids, the lipids are first
transesterified: heated in a methanol/HCl or methanol/NaOH mixture to
convert fatty acids esterified to glycerol into their methyl esters.
These fatty acyl methyl esters are then loaded onto the gas-liquid
chromatography column, and the column is heated to volatilize the
compounds.
The order of elution depends on the nature of the solid adsorbant
in the column and on the boiling point of the components of the lipid mixture.
Using these techniques, mixtures of fatty acids of various chain lengths and
various degrees of unsaturation can be completely resolved.

Mass Spectrometry of a Lipid

A Little Review

