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LIPIDS

Ipids are a class of biological molecules defi
low solubility in water and high solubility

Ipolar solvents.

olecules that are largely hydrocark
Ipids represent highly reducec
oon oxidation in metab




Classification

Structure:
Simple: fats, oils, waxes, steroids.

omplex: phospholipids, spingolipids,

IS of whether they undergo
In alkaline solution:




Biological functions

€ most important role of lipids is as a fuel. TAUS
he most concentrated form in which potentlal
3rgy can be stored.

e fat IS a bad conductor of heat, It
ant insulation.

also provide padding to protec




Fatty aclds

re saponifiable lipid building blocks.

ty acids are naturally occurring carboxylic ac
ith an unbranched carbon chain and an €
mber of carbon atoms. The pathway by v

/ acids are biosynthesized they almost
In an even number of carbon atoms
aclds (12 to 26 carbon atom
fISh medium- chaln fatty
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structure of farty acids

Stearic acid (18:0)

Linoleic acid (18:2) Linolenic acid (18:3)




Number
of carbons Common name

Saturated
12 lauric acid
myristic acid
16 palmitic acid
18 stearic acid

20 arachidic acid

Unsaturated

16 palmitoleic acid

oleic acid

linoleic acid

linolenic acid

arachidonic acid

Systematic name

dodecanoic acid

tetradecanoic acid

hexadecanoic acid

octadecanoic acid

eicosanoic acid

(97 )-hexadecenoic acid

(97 )-octadecenoic acid

(92,127 )-octadecadienoic acid

(9Z,127,157)-octadecatrienoic acid

(5Z2.8Z7.117,147)-eicosatetraenoic acid

(52.82.112,14Z.177 )-eicosapentaenoic acid

Structure

Melting
point
°C




glandins are derivative o
olyunsaturated acid

OH

(¢) Thromboxane B, (d) Leukotriene B,




\Waxes
IS a menﬁester formed f’tcm :

The block dlagram Fatty acid —— Long-chain alcohol




Layers of honeycomb in a beehive

Q) Q)

CH3(CH3)24CO(CH3)29CH3 CH;3(CH;)3,CO(CH;)33CH;
a major component of a major component of
beeswax carnauba wax
structural material coating on the leaves
of beehives of a Brazilian palm

0

[
CH;(CH>»)4CO(CH,);5CH:
a major component of
spermaceti wax
from the heads of
sperm whales




Oils and fats
ers of the thihydric

aYa 0
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CH,—OH R!'—C—OH
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CH—OH RZ—C—OH

0 ‘

.|| [
CH,—OH R*—C—OH CH,—O—C—R/
glycerol fatty acids a triacylglycerol
a fat or an oil




Reaction formation C
acylglicero
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tructure of thiacylglycerol




Glycolipids

Carbohydrate bound to lipid

Ceramides are the parent
compound — sugar is attached to
the primary alcohol group of
ceramide through glycosidic bonds
— forming cerebroside

Sugar residue; glucose or
galactose

Found in nerve and brain
membrane cells

Glycolipids often found as markers
on cell membranes

Example of glycolipids: ganglioside

CH=CH(CH,),,CH,

H—C—OH

O

o

H—C—N—CR
| H
CH,

HOCH,

8]
OH

HO

OH

A Glucocerebroside



Phospholipid

0
/

| 0-
(|3H 0 — (0 — fatty acid tail
CHy0— €0 — fatty acid tai
R= — CH ;- CH,~ N (CH,)
Phosphatidvlcholine

Glycolipid

CHy—0— SUGAR
|
?H — (0 — (0 —fatty acid tail

CH,—0—CO —faty acdta




Glycolipid

CH;—(CH,);,—CH—CH—CH-

{:} Sphingosine

{CHE)”’}_C NH_"CH":'

DAY

Stearic acid Amide
linkage

T

Cilycosidic

|
linkage OH

Cralactose




osides, the simplest of such carbohydr:
o lip1ds, usually have a glucose or ge

ohydrate unit.
3 contain more complex cark
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Glycolipid Structure and Function

Sugar derivatives of
sphingolipids
Involved in intracellular
communication

Mainly on outer surface
of plasma membrane
Cerebrosides

— Ceramide w/
monosaccharide (Glu
or Gal)

Gangliosides

— Ceramide w/ complex
oligosaccharide

— High concentrations in
neural cells

Sphingosine

HO —3CH— CH==CH— (CH3)12—CH3

| o
l

H

Fatty acid
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'CH;—0—X
Name of sphingolipid Name of X Formula of X
Ceramide = =
CH,0H
(0]
H/H
Glucosylcerebroside Glucose S
H
OH
H OH
Complex .

Ganglioside GM2

oligosaccharide

(e




Functions of Glycolipid

* The glycolipids are an essential part of cell
membranes.

* Glycolipids also help determine the blood group of

an individual.

* Glycolipids act as receptors at the surface of the
reg blood cell.

» some viruses, bacteria (eg., cholera) use glycolipids
on their cell surface as well. This helps the immune
system destroy and clear the pathogen from the

body.




Hydrocarbon
branch

P Amide linkage
—— Fatty acid

Ester linkages
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Phospholipides

10sphoacylglycerols

b)Phosphatl dy
c)Phosphatidylserines
* Phosphosphingolipid
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a phosphatidic acid




Phosphoacylglycerols

-~ Fatty acid
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CH—O—C—R?
0

I +
Cfl—Ig—D—Pl’ —OCH,CH,NH;
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a phosphatidylethanolamine
a cephalin
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a phosphatidylcholine
a lecithin
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a phosphatidylserine




2-Sphingophospholipids

Sphingomyelin: it is a sphingophospholipid

Not contain glycerol but contain alcoholcalled : sphingosine,
Fatty acid 1s attached to amino group of sphingosine and
phosphorylcholine (phosphate + choline) is attached to the last
OH group.

Sources: present in high amount in brain and nerve tissues.
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ohingolipid
D
H3C (CHz)l C“:(':—'(':—C ""CHzOH

H OHNH,
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Ceramide
A
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4. Sphingolipids

- are a complex family ofi compounds that
share a common structural feature

- a sphingoid base backbone.

Sphingozine
Ho—lﬂ—(r’u o O (CH g |y g~~~ CH}, Fatty sncid
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Ganglioside GM2




Posphatidylinositol

Phosphatidylinositol 0
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0
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Derived Lipids

alcohols mono- and diglycerides,
carotenolds, steroids, and terpenes.



Derived Lipids:

= Steroids play many physiologically important roles.
®= Cholesterol, in addition to its association with
__ | atherosclerosis, it 1s the precursor molecule of large
number of biologically important steroids, including
Vitamin D, steroid hormones, bile acids....etc.
* [t contains the characteristic steroid nucleus.
= [t is a major constituent of the cell membrane.

E I Steroid nucleus
- og 4 25.Dihydroxy-

Cholesterol HO cholecalciferol, Vitamin D









» Cholesterol, an unsaturated alcohol whose structure
the most abundant animal steroid. It has Del
estimated that a 60 kg person has a total of about 1/5
of cholesterol distributed throughout the body. M
of this cholesterol is bonded through ester links

fatty acids, but some is found as the free alct
allstones, for example, are nearly purecholester

)lesterol serves two important functions
Irst, It IS a minor componer
es, where it helps to kee]
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Diphosphatidyl glycerol (cardiolipin)



Steroids hormones.
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ne Isoprenoids are a vast array of biomolecules
at contain repeating fivecarbon structural units
OWNn as Isoprene units.

penes are an enormous group of molecules

are found largely 1n the “essential oils” of
Steroids are derivatives of complex
bon ring system.

these biomolecules, refe




Characterization of fats.

umber. otassium
S in 1 g of

hydrox
the oil o
Illigrams of
potassium hyc y saponify 100 g
of the oil or fat.
It I1s the number of grams of iodine that
combine with 100 g of oil or fat. It iIs a measure of the
degree of unsaturation of a fat or oil; a high iodine number
Indicates a high degree of unsaturation of the fatty acids of
the fat.

(R. M. number). It is the number
of millilitres of Cn=10 potassium hydroxide required to
neutralise the distillate (obtained by saponification,
acidification and steam distillation of the fat) of 5 g of the

fat.



CHa —O-H+RCOOH
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yonification reactio

CH,— OH Ri— COO Na*
o |
7 o i
CH O C\ + 3NaOH — CH —OH t+ Ry;— COO Na
R |
CH,— OH R3— COO ™ Na"
/O
CHs—Q—C
SR
3
triglyceride + sodium —>  glycerol + 3 soap molecules

(fat or oil) hydroxide




Ification —basic h

N 1 ! VAVAVAVAVAVAVAVAVS
H ‘0 I 7 .
‘ I H—C—0—H HO-C '
water [H=0—H Steam 0
o B i
H—C—-O—g' AN =N H* H—C—0-H HO—C /\/W\:/\/\/\/\\
~water 'H=0—H
i v N\="VV
I | Vo T, W
LY VAVAVAVASVAEAVAY L P I AVAVAVAA T
|

|
H H




Hydrogenation.

:fH""":::' OC(CHee-CH=CH(CHe piTH ':|H""":' OCCHCH,
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Phosphatylcholine

~ From choline

From glycerol From phosphoric acid




osphatylcholine, structu

| | /
Choline | Glycerol Cis double bond
Phosphoric causes a bend.

acid




3gram of a section of a bil

membrane.
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-filling model of a secti
10lipid bilayer merr




Ipid bilayer of plasme
membrane

— Qutside of cell

‘t 4 ¥, v ALE24 Polar head
( 9 o T / Y "

’%‘J"’l f"".f I Nonpolar tails \ Plasma
L membrane

Polar head

- Inside of cell







HsC(H-C) 5~

Sphingomyelin




E:H:C:H{CHEN}]ECH],
C|1H—CIH {ﬁ]
CH—NH—C—R
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a sphingomyelin

{|3H=CH{C1H3‘J|[3C1H3
f|:H—CIH [ﬁ]
(|3H—NH—C—R

1
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a glucocerebroside




Nonsaponifiable Lipids

e LIp aline

2Icosanolds,
terpenes, pherc 0le vitamins

A steroid is a lipid whose structure is based on
the tetracyclic (four-ring) system shown in the
following examples. Three of the rings are six-
membered, while the fourth is five-membered.
Steroids have many diverse roles throughout
both the plant and animal kingdomes.



Bile acids
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Sodium glycocholate

CHs
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Sodivm tauvracholate







