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Lipids :

Lipids are a class of biological molecules defined by low solubility in water and high
solubility in non-polar solvents like ether and chloroform.

Function of Lipids :

1- Storage molecules for energy (fats and oils)
- Can get lots of energy from a fat.
- Stored in adipose tissue .
2- Structural components of cellular membranes.
3- Protective molecules (waxes).
4- Hormones and vitamins.
5- Intracellular messengers.
6- Pigments.
7- Insulation.
Classes of Lipids :
In the year 1943 Bloor proposed the following classification of lipids based on their
chemical composition.
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Types of lipids :

— lipids include fatty acids :-

— 1- Prostaglandins.

— 2- Waxes.

— 3- Triacylglycerol’s.

— 4- Glycerophospholipids.

— 5- Sphingolipids.

— 6- Glycosphingolipids.

— 7- Steroids (cholesterol, bile salts and steroid hormones).
Fatty Acid (FA) :
composed of a long hydrocarbon chain (“tail”) and a terminal carboxyl group (or
“head”) The simplest lipids are the fatty acids, which rarely exist alone in nature, but
instead are usually a component of more complex lipids Fatty acids are carboxylic
acids with a long hydrocarbon chain attached Although the acid end is polar, the non
-polar hydrocarbon tail makes fatty acids insoluble (or sparingly soluble) in water
Fatty acids can be classified by how many double bonds are present in the
hydrocarbon tail:
- Saturated fatty acids : have only single bonds
- Monounsaturated fatty acids : have one double bond
- Polyunsaturated fatty acids : have two or more double bonds
They are naturally occurring mono carboxylic acids that tend to have even numbers
of carbon atoms, and may be classified as:
- Long — chain (Cy, to Cy ).
- Medium — chain (Cg to Cyp ).
- Short — chain (C, to Cg).
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NOMENCLATURE OF FA’s :

Referred to as a system of numbers.

- Of carbons: double bonds Ax, y, z (position of double bonds).

— - For example: oleic acid 18:1A9.
18:17 =
polar end non-polar; hydrophobic

U Palmitic acid (26% of human fat)
[ Oleic Acid (45% of human fat)
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cis

Hydrogens are on
the same side of
the double bond

-
trans

Hydrogens are on
opposite sides of
the double bond

o c—0C
oHc- ¢/

Common name Chemical structure c.D =

Myristoleic acid | CHs(CH,);CH=CH(CH,);COOH 14:1 cis-A’

Palmitoleic acid | CH3(CH,)sCH=CH(CH,);COOH 16:1 cis-A®

Sapienic acid CHs3(CHg)sCH=CH(CHz);COOH 16:1 cis-A®

Oleic acid CHs(CH5);CH=CH(CH);COOH 18:1 cis-A°

Elaidic acid CHj3(CH3)yCH=CH(CH;);COOH 18:1 trans-a°

Vaccenic acid CH3(CH2)sCH=CH{CHz)sCOOH 18:1 trans—ﬂ”
cis,cis-

Linoleic acid CHj;(CHz)4CH=CHCH;CH=CH(CH;);COOH 18:2 A° AT2

. - . trans,trans-

Linoelaidic acid | CH3(CHz)4CH=CHCH;CH=CH(CH;);COOH 18:2 | 0,1

a-Linclenic acid | CH3;CH.CH=CHCH,CH=CHCH,CH=CH(CH,);COOH 18:3 :5;1?;’?;
cis,cis,cis,c

- = = = MIS .
Arachidonic acid QHg(CH;}gCH-CHCH;CH—CHCH;CH-CHCHgCH—CH{CHg}gCOOH 20:4 is-

-‘-‘-51"-‘18.1'3-11.&1
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Simple Lipids :

— Simple lipids are the esters of fatty acids with various alcohols. Fats and Oils
(triglycerides and triacylglycerol’s) . These are esters of fatty acids with a tri-hydroxy
alcohol, glycerol. A fat is solid at ordinary room temperature and usually from
animals and do not contain unsaturated fatty acids, an oil is liquid and usually from
plants and Contain more unsaturated fatty acids.

— Simple Triglycerides: Simple triglycerides are one in which three fatty acids are

similar or are of the same type.
— Example: Tristearin, Triolein.

— Mixed Triglycerides are one in which the three fatty acids radicles are different from

each other.

— Example: distearo- olein, dioleo - palmitin.

H,COH HyC - O = €O - (CHz)y- CHg
| 3 HOOC - (CHp),- CHg |
H-COH 'Eﬂﬂ'f acids » HC - O - CO - (CHz),- CHjy
| |
H, € - OH HoC - O - CO - (CHy),- CHy
Glycerol Triglyceride (Neutral fat)
CH-OH CHQO(IéR
CHOH + RCOOH CHOH + H-O
CH-OH CH-OH
Glycerol Fatty acid Monoacylglycerol
it
CH-OCR
Monoacylglycerol + R COOH — — CHO(IjIR' + H-O
O
CH-OH
1.2-Diacylglycerol
CHQOgR
1.2-Diacylglycerol + R"COOH —F CHOIC|R' + H-O
O

CHzooﬁ R”

Triacylglycerol
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Reactions of triglyceride :

1- Hydrolysis :
Hvdrolysis of Triacvlglvcerols

CH,OCR

J,I} CH,OH RCOOH
CHOCR  + 3H0 ——= CHOH + RCOOH

C CH-OH OO H
CH,OCR

I
Triacvlglvcerol Water Gilycerol Fatty acids

2- Saponification :

i
CHngfo(CHz)MfCHg cHz—OH
‘T—IJ O
1]
CH—O—C—(CHza—CHs +3MaOH — = CH—OH + 3 MaO—C—{(CHq—CHy

=) . .
1 Sodivum palmitate
CHy—O—C—{CHgzl14—CHs CHa—OH {a soap)

Triglyceride Ghrcerol

Saponification number _: is the number of milligrams of potassium hydroxide

required for the complete saponification of one gram of substance - called also

saponification value.

3- Hydrogenation :

It is the reaction by which the oil is converted to fat ( unsaturated fatty acids are

converted to saturated).

0 0
|

H,C-0-C~(CH,)7 CH=CH~(CH,)7 CH, H,C-0-C—(CH,)y CH; CHy (CHy)5CH,

I 9 Pt or Ni T
HT_O_C_(CHz)TCH:CH_<CH2>7‘CH3+ 3 H, === HC-0-C—(CH,)5CH;CH;(CH,)+CH,

0 0

1l n
H,C-0-C—(CH,)7 CH=CH-(CH,);CH, H,C-0-C—(CH,)7CH;CH5(CH,)+CH,

Triolein Tristearin
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4- Halogenation :

— Unsaturated fatty acids in triglyceride accept halogen such as I, at the double bonds.

O

o
_ | .
CHZOC(CH3);CH=——CH(CH2);CH3 CH»OC(CH>);CH— CH(CH>);CHs
2 o I
IZ
CHOC(CH.);CH=—=CH(CH>);CHs >
- CHOC(CH>);CH==CH(CH>);CHs
o

CH>OC(CHa);CH=—=CH(CH>);CHs

CH>OC(CH>);CH=—=CH(CH5);CH3

— lodine Number: is the number of grams of iodine or equivalent halogen consumed

by 100 grams of the substance .

5- Formation of Acrolein (heat reaction) :

|
H—C—CH =SS0
. Heat .
H—C—OH —Jrdg ™ H—C + 2H,0
H—C—OH H—C
___H H
6- Rancidity :

— rancidity, is the chemical decomposition of fats, oils and other lipids. When this
process occurs in food, undesirable odors and flavors can result. In some cases,
however, the flavors can be desirable (as in aged cheeses):

Compound Lipids :

Heterolipids
are esters of fatty acids with alcohol and possess additional groups also.
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Phospholipids : are much more amphiphilic than triacylglycerols due to charged

groups at neutral pH. Has both hydrophilic and hydrophobic regions phospholipids

have one polar head and two non-polar tails .

Phospholipic
Hydrophilic[ @y _ ™
Cod — ()

Polar - )
GHead 04 Water Hydrophilic heads
roup| Glycsrol \ onent towards water
| QOO?OO OO0

IR
! \ \ | | Hydrophobic tails
F | Phospg'c'inpéc: / |' 1\ \ VoL AT orient away
‘ Y ; \ [/ {/\| |/ from water
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Non-Polar PR 9SS weew
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ine 4
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+ : = ]
J

—

Fatty acid 1 :
\ J
Fatty acid 2 g y
Ml U | | I \‘(’ I | |
Glycerol Two fatty acids Polar head Nonpolar tail

(hydrophilic = (hydrophobic =
attracts water) repels water)

Phosphoglycerides : are major phospholipids, they are found in membranes. It

contains fatty acid molecules which are esterifies to hydroxyl groups of glycerol. The
glycerol group also forms an ester linkage with phosphoric acid.

Example: Lecithin , Cephalins.

0 I-LL,(I:—D—E—FH .I:I; H (I:—D—H —R
Hz—l!.!;—D—CH D R—C—0O—CH
6 b-
Lecithin(Phosphotidyl Cholin) Cephalins (Phosphotidyl ethanol amine)
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Derived Lipids :

— Derived lipids are the substances derived from simple and compound lipids by
hydrolysis.

— These includes fatty acids, alcohols, monoglycerides and diglycerides, steroids,
terpenes, carotenoids. The most common derived lipids are steroids, terpenes and
carotenoids.

— Steroids do not contain fatty acids, they are nonsaponifiable, and are not hydrolyzed
on heating. They are widely distributed in animals, where they are associated with
physiological processes.

Function of Steroids

— 1- Source of some important biological molecules (Cholesterol, bile salts, vit. D, and
sex hormones).

— 2- components of cell membranes.

— 3- Energy storage.

HsC A
CH(CH,)3CH(CHs),

CHs3

—_ (a) Steroid skeleton (b) Cholesterol
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B -oxidation reaction

TOREOP
CH;— (CHy),,— '(l:f,—'— ilju—'— C—SCoA
H H
Fatty acy]l-CoA
FAD
1 acyl-Col
dehydrogenase
FADH,
TR
CH3-—[CH2}H—-—{|3 = C —C— SCoA
H
Enovl-CoA
o H,O

enoyl-CoA hydratase

g%
|
GH;;_ (CHEJH - (|: - CHZ —C — SCohA
OH
3- L-Hydroxyvacyl-CoA
NADT
3- L-hydroxyacyl-CoA
dehvdrogenase
NADH + H*'
¥ It
CH;— (CH,),— C— CHy— C— SCoA
B-Ketoacyl-CoA
4 CoASH
p-ketoacyl-CoA thiolase
j 7
1]
CHgz— (CH5),,— C — SlaM + CH;— C— SCoA
Fatty acyl-CoA Acetyl-CoA

(2 C atoms shorter)
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