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o To know the formation of Lipids

o To know the essential and non-essential fatty acids

o To understand the structural organisation of Lipids

o To appreciate the various functions of Lipids

Learning outcomes

By the end of this lecture you will be able:



 Lipids are organic compounds, found in living organisms that are soluble in nonpolar organic

solvents.

 Unlike the polysaccharides, proteins, and nucleic acids, lipids are not polymers. They are mostly

small molecules.

 General properties of lipids:

 1- Lipids are relatively soluble in organic solvents such as chloroform and methanol.

 2- Lipids are insoluble in water.

 3- The hydrophobic (water-hating) nature of lipids is due to the predominance of hydro-carbon

chains ( -CH2- )n in their structure.



Function of lipids

1-Lipids are a source of high energy value:

Fat: 1 gram = 9 calories

Protein: 1 gram = 4 calories

Carbohydrate: 1 gram = 4 calories

2- Lipids are the constituents of membrane structure and regulate the membrane permeability 

3- Lipids serve as a source of fat soluble vitamins (A, D, K and E)

4- Lipids are important as cellular metabolic regulators (steroid hormones and prostaglandins).

5- Lipids protect the internal organs, serve as insulating materials and give shape and smooth 

appearance to the body .

6- As compounds of the inner mitochondrial membranes, lipids (phospholipids) participate in electron 

transport chain.



 Fatty acids are long-chain hydrocarbon molecules that terminate with carboxylic acid groups. The 

numbering of carbons in fatty acids begins with the carbon of the carboxylate group  (COOH) .

 The fatty acid chains in membranes usually contain between 14 and 24 carbon atoms; they may be 

saturated or unsaturated. Short chain length and unsaturation enhance the fluidity of fatty acids 

and their derivatives by lowering the melting temperature.

 The 16- and 18-carbon fatty acids are most common. The hydrocarbon chain is almost unbranched

in animal fatty acids. 

 The alkyl chain may be saturated or it may contain one or more double bonds. The configuration of 

the double bonds in most unsaturated fatty acids is cis. 

 The double bonds in polyunsaturated fatty acids are separated by at least one methylene group.

 Fatty acids that contain no carbon-carbon double bonds are termed saturated fatty acids; those 

that contain double bonds are unsaturated fatty acids and fatty acids with multiple sites of 

unsaturation are termed polyunsaturated fatty acids (PUFAs). 

Fatty acids 





 The physical properties of a fatty acid depend on the length of the hydrocarbon chain and the 

degree of unsaturation.

 The melting points of saturated fatty acids increase with increasing molecular weight because 

of increased van der Waals interactions between the molecules.

 The presence of double bonds in fatty acids significantly lowers the melting point relative to a 

saturated fatty acid. 

 The melting points of the unsaturated fatty acids decrease as the number of double bonds 

increases. For example, an 18-carbon fatty acid melts at 69 °C if it is saturated, at 13 °C if it has 

one double bond, at -5 °C if it has two double bonds, and at -11 °C if it has three double bonds.

 Monounsaturated fatty acids contain one double bond, and polyunsaturated fatty acids contain 

two or more double bonds 



Essential fatty acids 

The fatty acids can not be synthesized by the body and, therefore, should be supplied in the diet are 

known as essential fatty acids (EFA). Chemically, they are unsaturated fatty acids, namely linoleic 

acid (18:2;9,12) and linolenic acid (18:3;9,12,15). Arachidonic acid (20:4;5,8,11,14).

Functions of EFA

1- Membrane structure and functions.

2- Transport of cholesterol .

3- Formation of lipoproteins .

4- Prevention of fatty liver .

5-They are also needed for synthesis of eicosanoids (prostaglandins, prostacyclins). It derived from 

arachidonic acid (20) carbon .



 Length of hydrocarbon chain of fatty acids 

Depending on the length of carbon chains, fatty acids are categorized into 3 groups:

1-Short chain with less than 6 carbons.

2- Medium chain with  8 to 14 carbons.

3- Long chain with  16 to 24 carbons.

 Shorthand representation of fatty acids

Instead of writing the full structures, biochemists employ shorthand notations (by numbers ) to

represent fatty acids. The general rule is that total number of carbon atoms are written first,

followed by the number of double bonds and finally the position of double bonds, starting from

the carboxyl end. Thus, saturated fatty acids, palmitic acids is written as 16:0 , oleic acid as

18:1:9 , arachidonic acid as 20:4;5,8,11,14 .



Nomenclature of fatty acid

Delta system: The site of unsaturation in a fatty acid is indicated by the symbol Δ and the number

of the first carbon of the double bond relative to the carboxylic acid group (–COOH) carbon which

is designated carbon 1. For example, palmitoleic acid is a 16-carbon fatty acid with one site of

unsaturation between carbons 9 and 10, and is designated by 16:1Δ9

Numerical Symbol Common Name and 

Structure

16:1Δ9 Palmitoleic acid

18:0 Stearic acid

18:1Δ9 Oleic acid

18:2Δ9,12 Linoleic acid

18:3Δ9,12,15 α-Linolenic acid (ALA)

20:4Δ5,8,11,14 Arachidonic acid

20:5Δ5,8,11,14,17 Eicosapentaenoic acid (EPA)

22:6Δ4,7,10,13,16,19 Docosahexaenoic acid (DHA)



o Numbering of carbon atoms and position of double bond:

 The position of a double bond is designated by the number of the carbon in the double bond that is 

closest to the carboxyl group. For example, oleic acid, which contains 18 carbons and a double 

bond between position 9 and 10, is designated 18:1, 9. The number 18 denotes the number of 

carbon atoms, 1 denotes the number of double bonds, and 9 denotes the position of the double 

bond between the 9th and 10th carbon atoms.

 Oleic acid can also be designated 18:1, without the denotes the position of the double bond 

between the 9th and 10th carbon atoms. 

 Numbering of carbon atoms starts from the carboxyl carbon which taken as number 1. The carbon 

adjacent to this (carboxyl) are 2,3,4, and so on or  alternatively alpha. beta, gamma, and so on .



• Triacylglycerols

• Triacylglycerols (triglycerides) are the esters of glycerol with fatty acids. They are insoluble in water and non-

polar solvents and known as neutral fats. TG are the most abundant group of lipids that primarily functions as 

fuel reserves of animals. The fat reserve of normal humans (men 20%, women 25% by weight) is sufficient to 

meet the body caloric requirements for 2-3 months.
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Properties of triacylglycerols

 Hydrolysis: Triacylglycerols           lipase                Free fatty acids +  glycerol  .

 Antioxidants: prevent the occurrence of oxidative rancidity.

 Lipid peroxidation in vivo: In the living cells, lipids undergo oxidation to produce peroxides 

and free radicals which can damage the tissue. The free radicals are believed to cause 

inflammatory diseases, ageing , cancer, atherosclerosis etc.



Classification of Lipids:

1- Simple Lipids

2- Compound (complex) Lipids

3- Derived lipids

Simple lipids are Esters of fatty acids with various alcohols.

R-COO-H    +    R- OH                                R-COO-R      +      H2O

Fatty Acid         Alcohol                                   Ester 

a. Fats and Oils are esters of fatty acids with glycerol. Oil is a liquid, while fat is a solid at room 

temperature .
CH2--–OH CH2—COO--R

3R – COOH + CH –---OH CH-----COO--R

CH2----OH CH2—COO—R

Fatty Acid Glycerol Fat

b. Waxes: Esters of fatty acids (usually long chain ) with alcohol other than glycerol



• 2- Compound Lipids: Esters of fatty acids with alcohols containing additional groups such as

phosphate, nitrogenous base, carbohydrate, protein etc.

They are divided into :

A- Phosphlipids : Lipids containing phosphoric acid and frequently a nitrogenous base. In addition

to alcohol and fatty acids . Phopholipids enter in the structure of cell membrane .

• There are two classes of phospholipids:-

• 1- Glycerophospholipids: These phospholipids contain glycerol as the alcohol e.g.,

 Lecithin (glycerol +saturated fatty acid + Phosphate+ choline).

phosphatidylcholine



 Cephalin: (glycerol + unsaturated fatty acid +Phosphate+ ethanol amine) 

2- Sphingophospholipids: Sphingosine is the alcohol in this group of phospho-lipids e.g., 

Sphingomyelin  (Sphingosine + fatty acid +Phosphate + choline ).

phosphatidylethanolamine

 Sphingomyelin is an insulating 
material for nerve fibres

 It has a double behaviour 
where it dissolves in fat and 
polar solvents.

 It is found in the brain, kidney, 
liver and blood 



b) Glycolipids: These lipids contain a fatty acid and carbohydrate. The alcohol is Sphingosine (also 

called as glycosphingolipids) e.g., Cerebrosides (Sphingosine + Cerebronic acid + Glucose or
Galactose).

 Cerebrosides is a key component of brain, spinal cord, and nervous cells

β-Glucocerebroside



C) Lipoproteins: Macromolecular complex of lipids and proteins . They are the transport 

vehicles for lipids in the circulation.

There are five types of lipoproteins :

1- Chylomicrons, transport dietary lipids from intestine to peripheral tissues.

2- Very low density lipoproteins (VLDL), transport the lipids (endogenously synthesized) 

mainly TG from liver to peripheral tissues).

3- Low density lipoproteins (LDL) ("bad" cholesterol) , transport cholesterol from liver to 

peripheral tissues.

4- High density lipoproteins (HDL) ("good" cholesterol) , carry cholesterol from 

peripheral tissues to liver.

5- Intermediate density lipoproteins (IDL).



3- Derived Lipids: These are the derivatives obtained by the hydrolysis of simple and compound

lipids. These include fatty acids, alcohols, mono-and diacylglycerol, lipid soluble vitamins and

Steroids. The most common derived lipids are steroids.

 Steroids are the compounds containing a cyclic steroid nucleus called

cyclopentanoperhydrophenanthrene (CPPP) that contain 17 Carbone atmos.

 There are several steroids in the biological system. These include cholesterol, bile acids, vitamin

D, sex hormones, adrenocortical hormone

4- Neutral lipids : The lipids which are uncharged are referred to as neutral lipids e.g. triacylglycerols



Cholesterol

 A 27 carbon lipid; inflexible, 60-80% of cellular cholesterol is in the plasma membrane where 

it makes up 50-60% of all membrane lipid

 Cholesterol is exclusively found in animals and is the most abundant animal sterol.

 It is a major component of cell membranes and lipoproteins.

 Most cholesterol in the blood is bound to unsaturated fatty acid by the OH group at site 3 to 

form cholesterol-ester compounds 

 Promotes membrane stability (reduces fluidity)

 Precursor of steroid hormones, bile salts and Vitamin D

 Major site of cholesterol synthesis is the liver with significant synthesis in intestines



Lieberman- Burchord is a test to detect and quantify of cholesterol, where it reacts with acetic 

anhydride and sulphuric acid in the presence of chloroform solution to form green colour  





Vitamin D deficiency leads to

 Decrease in the rate of absorption of calcium and phosphate in the body

 Rickets in children

 Osteoporosis in adults

 Impaired immunity and growth retardation

Bile salts:

 stored in the gallbladder after secretion them by the liver and then release into 

small intestine to aid in the processes of digestion and absorption of fats.





Derivatives of cholesterol – steroid hormones

In Ovaries

In Testes



 Orientation amphipathic lipids

 When the amphipathic lipids are mixed in water (aqueous phase), the polar groups (heads) orient them selves

towards aqueous phase while the non-polar (tails) orient themselves towards the opposite directions. This leads

to the formation of micelles. Micelles formation facilitated by bile salts is very important for lipid digestion and

absorption.

 Micelles are water soluble molecules formed from aggregation of bile salts, fatty acids and mono-glycerides in

the intestine.



 Membrane bilayers

In case of biological membranes, a bilayer of lipids is formed orienting the polar heads to the outer aqueous

phase on either side and the non-polar tails into the interior.



 Liposomes

• liposome is a sphere-shaped vesicle with a membrane composed of phospholipid bilayer that

enclose part of the aqueous medium. The ability of liposomes to encapsulate hydrophilic or lipophilic

drugs have allowed to become useful drug delivery systems, e.g., Liposomes are used as carriers of

drugs to target certain tissue in cancer therapy.




