Biochemistry Lec4

Lipids

Introduction

Lipids: they are compounds which are relatively insoluble in water,
but freely soluble in nonpolar organic solvents like benzene,

chloroform, ether, hot alcohol, acetone, etc.
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Fatty acids: Fatty acids have a long hydrocarbon chain with a
terminal carboxylic acid group. Most fatty acids have an even number
of carbon atoms in an unbranched chain. Saturated fatty acids have no
double bonds between the carbon atoms, whereas unsaturated fatty
acids have one or more double bonds. The properties of a fatty acid
depend on the chain length and the number of double bonds.
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Glycerol: s a simple compound. It is a colorless, odorless, viscous
liquid that is sweet-tasting and non-toxic. Glycerol has three hydroxyl
groups that are responsible for its solubility in water .
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Glycerol (Glycerin)
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Triglycerides: Triacylglycerols (fats or triglycerides) consist of three
fatty acid chains esterified to a glycerol backbone. Triacylglycerols
are the major energy store and the major dietary lipid in humans.
They are insoluble in water and are stored in specialized adipose (fat)
cells.



Biochemistry Lec4

G dgenll 3 aalss il dadll Gmlea) e Judle T e (A asndl g opsaall) osSE ASE asadll o
g elall B LA ALE ye g ) (A At N 4008 s salll s el ABUN () A oa AEDEN o ) g s
Aaadiall dgaall AN i L 5

e Phospholipids: These are made up of fatty acid, glycerol or other
alcohol, phosphoric acid and nitrogenous base. Phospholipids are the
major lipid constituents of cell membranes.
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e Glycolipids as their name implies, are sugar containing lipids.

Glycolipids consist of alcohol sphingosine.
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e Cholesterol is a component of cell membranes and is the precursor of
steroid hormones and the bile salts.it is a 27-carbon compound, has an
8-carbon side chain attached to the D ring at C17 and a hydroxyl

group attached to C3 of the A ring, with one double bond between

carbon atoms 5 and 6.
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e Lipoproteins: are large water soluble complexes formed by a
combination of lipid and protein that transport insoluble lipids
through the blood between different organs and tissues.
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Lipids are a major source of energy for the body besides their various
other biochemical function and their role in cellular structure. Lipids
are a heterogenous group of water insoluble (hydrophobic) organic

molecules. Lipids include fats, oils, steroids, waxes and related
compounds.
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e Classification of lipids
1. Simple lipids. They are esters of fatty acids with glycerol or

other higher alcohols (Table 1). s dua paladl go ijinl oy Aasad) o503
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2. Compound lipids. They are fatty acids esterified with alcohol;
but in addition they contain other groups. Depending on these

extra groups, they are subclassified in Table 1. cabay s i< sl
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a. Phospholipids, containing phosphoric acid.
b. Non-phosphorylated lipids (Table 1).
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3. Derived lipids. They are compounds which are derived from lipids
or precursors of lipids, e.g. fatty acids, steroids.
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4. Lipids complexed to other compounds. ssxd ;s
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Table 1. Classification of lipids

I. Simple Lipids
a. Triacyl glycerol or Triglycerides or neutral fat
b. Waxes

Il. Compound Lipids
A) Phospholipids, containing phosphoric acid.

1. Nitrogen containing glycerophosphatides:
i. Lecithin (phosphatidyl choline)
ii. Cephalin (phosphatidyl ethanolamine)
iii. Phosphatidyl serine
2. Non-nitrogen glycerophosphatides
i. Phosphatidyl inositol
ii. Phosphatidyl glycerol
iii. Diphosphatidyl glycerol (cardiolipin)
3. Plasmalogens, having long chain alcohol
i. Choline plasmalogen
ii. Ethanolamine plasmalogen
4. Phospho sphingosides, with sphingosine
Sphingomyelin
B) Non-phosphorylated lipids
1. Glycosphingolipids (carbohydrate)
i. Cerebrosides (ceramide monohexosides)
ii. Globosides (ceramide oligosaccharides)

iii. Gangliosides (ceramide + oligosaccharides
+ N-acetyl neuraminic acid)

2. Sulpholipids or sulfatides
i. Sulphated cerebrosides
ii. Sulphated globosides
iii. Sulphated gangliosides
Ill. Derived Lipids

Fatty acids, steroids (chapter 12), prostaglandins
(chapter 13), leukotrienes, terpenes, dolichols, etc.

IV. Lipids Complexed to Other Compounds
Proteolipids and lipoproteins.
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e Functions of lipids

1. Storage form of energy (triglycerides)

2. Structural components of biomembranes (phospholipids and
cholesterol)

3. Metabolic regulators (steroid hormones and prostaglandins)

4. Act as surfactants, detergents and emulsifying agents (amphipathic
lipids)

5. Act as electric insulators in neurons

6. Provide insulation against changes in external temperature
(subcutaneous fat)

7. Give shape and contour to the body

8. Protect internal organs by providing a cushioning effect (pads of
fat)

9. Help in absorption of fat soluble vitamins (A, D, E and K)

10. Improve taste and palatability of food.
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Fatty acids

Fatty acids are included in the group of derived lipids. It is the most
common component of lipids in the body. They are generally found in
ester linkage in different classes of lipids. In the human body free
fatty acids are formed only during metabolism.
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Fatty acids are aliphatic carboxylic acids and have the general
formula, R—CO—OH, where COOH (carboxylic group) represents
the functional group. Depending on the R group (the hydrocarbon
chain), the physical properties of fatty acids may vary.
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e Classification of fatty acid
v’ Fatty acids are classified into four major classes .
1. Straight chain fatty acids
2. Branched chain fatty acids
3. Substituted fatty acids
4. Cyclic fatty acids.
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1- Straight Chain Fatty Acids
Fatty acids, in which the carbons are arranged linearly, are
subclassified into two classes:
I. Saturated fatty acids

Il. Unsaturated fatty acids.
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I- Saturated fatty acids
There is no double bond in the hydrocarbon chain of these fatty acids.
Saturated fatty acids are subclassified into two classes:
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a. Even carbon acids carry even number of carbons, e.g. palmitic acid
and stearic acid.

b. Odd carbon acids carry odd number of carbons, e.g. propionic acid.
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iI-  Unsaturated fatty acids
These contain double bonds in their hydrocarbon chains. These are
subclassified according to the number of double bonds present in the
structure as follows:
a. Monoenoic or monounsaturated fatty acid
b. Polyenoic or polyunsaturated fatty acid.
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a- Monoenoic or monounsaturated fatty acids carry a single double
bond in the molecule, e.g. oleic acid.
b- Polyenoic or polyunsaturated fatty acids contain two or more
double bonds.

2- Branched Chain Fatty Acids
These are less abundant than straight chain acids in animals and
plants, e.g.
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* Isovaleric acid
* Isobutyric acid.
3- Substituted Fatty Acids
In substituted fatty acids one or more hydrogen atoms have been
replaced by another group, e.g.
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» Lactic acid of blood
» Cerebronic acid and oxynervonic acids of brain glycolipids
* Ricinoleic acid of castor oil.
4- Cyclic Fatty Acids
Fatty acids bearing cyclic groups are present in some bacteria and
seed lipids, e.g. hydnocarpic.
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Fatty acid
| ! ! !
Straight chain Branched chain Substituted fatty Cyeclic fatty acid
fatty acid fatty acid acid

| )

Saturated fatty acids Unsaturated fatty acids
Even carbon Odd carbon Monoenoic Polyenoic
fatty acid fatty acid fatty acid fatty acid

e Functions of Fatty Acids

Fatty acids have three major physiological functions.
1. They serve as building blocks of phospholipids and glycolipids.
These amphipathic molecules are important components of biological
membranes.
2. Fatty acid derivatives serve as hormones, e.g. prostaglandins.
3. Fatty acids serve as a major fuel for most cells.
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o Essential fatty acids
Fatty acids that are required for optimal health and cannot be
synthesized by the body and should be supplied in the diet are called
essential fatty acids.
They are polyunsaturated fatty acids, namely linoleic acid and
linolenic acid. Arachidonic acid can be synthesized from linoleic
acid.
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e Functions of Essential Fatty Acids (EFA)

1- Maintenance of Structural Integrity
EFAs are required for membrane structure and function.

2- Development of Retina and Brain
Docosahexaenoic acid, is particularly needed for development of the
brain and retina during the neonatal period.

3- Antiatherogenic Effect
Essential fatty acids increase esterification and excretion of
cholesterol, thereby lowering the serum cholesterol level. Thus,

essential fatty acids help to prevent the atherosclerosis.
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Name Number of carbons
‘ S Poction of double bonds
| | | |
Formic acid 1:0 O Not contained
Acetic acid 2:0 QL in lipids
Propionic acid 3:0 Q_-
Butyric acid 4:0 Q_~
Valerianic acid 5:0 Q_~_
Caproic acid 6:0 O~ ‘HOOC—CHz‘_CHz‘_CHz‘_CHz‘_CH3
Caprylic acid 8:0 Qo ~~ Caproic acid
Capric acid 10:0 QA
Lauric acid 12:0 QN
Myristic acid 14:0 OGP
Palmitic acid 16:0 Qe
Stearic acid 18:0 O N N N S N N
Oleic acid 18:1; 9 O N NN
“?:r Linoleic acid 18:2; 9,12 O
- Linolenicacid  18:3; 9,12,15 = ——
Arachidicacid  20:0 O N S TP e Y VPN
2% Arachidonic acid 20:4; 5,8,11,14 Q===
Behenic acid 22:0 O N NG N N N N N N
Erucic acid 22:1; 13 O N N U N N e NN N
Lignocericacid 24:0 O N e T N N N N N P o
Nervonicacid ~ 24:1; 15 O N N N N N N P NN

Triacylglycerol

These are esters of fatty acids with glycerol. Triacylglycerol consists
of three fatty acids, which are esterified through their carboxyl
groups, resulting in a loss of negative charge and formation of neutral
fat.
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Triacylglycerols containing the same kind of fatty acid in all three
positions are called simple triacylglycerols.

Mixed triacylglycerols contain two or more different fatty acids.
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O
CHy—O0—C—R;

1CH,—OH HOOC— R, 0

Il
2CH=—OH HOOC—R, — CH—O0—C—R, + 3H,0

3 CH;—OH HOOC—R; o

CH,—O—C—R,

Glycerol Fatty acids Triacylglycerol

Phospholipids

These are made up of fatty acid, glycerol or other alcohol, phosphoric
acid and nitrogenous base.

Phospholipids are the major lipid constituents of cell membranes.
Like fatty acids, phospholipids are amphipathic in nature, i.e. each has
a hydrophilic or polar head (phosphate group) and a long hydrophobic
tail (containing two fatty acid chains)
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L Fatty acid
i Fatty acid
C
E 1
R Tail . )
I Phosphoric acid CE Nonpolar, hydrophobic region
Head

Polar, hydrophilic region

( ) } Nonpolar tail

Polar head

e Functions of Phospholipids
1. Phospholipids are the major lipid constituents of cell membranes.
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2. They regulate permeability of membranes as well as activation of
some membrane bound enzymes.

3. Phospholipids are of importance in insulating the nerve impulse (like
the plastic or rubber covering around an electric wire).

4. Phospholipids are important constituents of lipoproteins.

5. Thromboplastin (coagulation factor 1), which is needed to initiate
the clotting process, is composed mainly of phospholipids.

6. Phospholipid (lecithin) acts as lung surfactant, which prevents
alveolar collapse.
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Glycolipids

Glycolipids as their name implies, are sugar containing lipids.
Glycolipids consist of alcohol sphingosine.

The amino group of sphingosine is esterified by a fatty acid and one
or more sugar units are attached to the hydroxyl group of sphingosine.
Glycolipids are widely distributed in every tissue of the body,

particularly in nervous tissue such as brain.
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v Functions of Glycolipids
1. Glycolipids are important constituents of the nervous tissue, such as
brain and outer leaflet of all cell membrane.
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2. They play a role in the regulation of cellular interactions, growth and
development.
3. Glycolipids serve as cell surface receptors for certain hormones and a

number of drugs.
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Cholesterol

Cholesterol is the major sterol in animal tissues. Sterols are a class of
steroids containing hydroxyl group.

It consists of steroid nucleus namely phenanthrene containing 19-
carbon atoms.

It consists of methyl side chains at position C10 and C13 which are
shown as single bonds.

Cholesterol, a 27-carbon compound, has an 8-carbon side chain
attached to the D ring at C17 and a hydroxyl group attached to C3 of
the A ring, with one double bond between carbon atoms 5 and 6.

* It occurs in animal fats but not in the plant fats.

v" Functions of Cholesterol

« It is a major structural constituent of the cell membranes and
plasma lipoproteins.

» Cholesterol serves as the precursor for a variety of biologically
Important products, including:

1. Steroid hormones 2. Bile acids 3. Vitamin D
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REACTIONS OF LIPIDS

v' Saponification
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Hydrolysis of a fat by alkali is called saponification. The

products are glycerol and the alkali salts of the fatty acids, which
are called soaps .
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H I NeOH [ T
[OTR Saponiﬁcatiun: ?H_OH + 3 R—C—ONa
i H,—OH
CHz—O—C—Ry
Inacyiglycaro Glycerol Na-salt of fatty

acid (a soap)

Figure 3.5 Saponification of fat

v" Hydrogenation

Hydrogenation of unsaturated fats in the presence of a catalyst
(nickel) is known as “hardening”. It is commercially valuable as a

method of converting these liquid fats, usually of plant origin into
solid fats as margarines.
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v Rancidity

The unpleasant odor and taste, developed by natural fats upon

aging, is referred to as “rancidity”. Rancidity may be due to
hydrolysis or oxidation of fat.
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 Rancidity due to hydrolysis: Naturally occurring fats,
particularly those from animal sources, are contaminated with
enzyme lipase. The action of lipase brings about partial hydrolysis
of fat.

e Rancidity due to oxidation. For example, oxidation at the
double bonds of unsaturated fatty acids of glycerides may form
peroxides, which then decompose to form aldehydes of unpleasant
odor and taste, this process is increased by exposure to light or
heat. Many natural vegetable fats and oils may contain
antioxidants like vitamin E which prevent onset of rancidity.
Therefore, vegetable fats can be preserved for a longer time than
animal fats.
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