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 LIPID describes a chemically varied group of 
fatty substances and are highly concentrated 
energy stores. 

 They are water-insoluble bio-molecules but 
soluble in organic solvents such as ether, 
benzene. Chloroform, etc. 

 Lipids serve as fuel molecules, signal 
molecules, and components of membranes, 
hormones and intracellular messengers. 

 They are esters of long chain fatty acids and 

alcohols. 

 



 

• Lipids are the constituents of cell membrane and regulate membrane 
permeability. 

• They protect internal organs, serve as insulating materials and give 
shape and smoothness to the body. 

• They serve as a source of fat soluble vitamins. 

• Essential fatty acids are useful for transport of cholesterol, formation 
of lipoproteins, etc. 

• Phospholipids in mitochondria are responsible for transport of 
electron transport chain components. 

• Accumulation of fat in liver is prevented by phospholipids. 

• Phospholipids help in removal of cholesterol from the body by 
participating in reverse cholesterol transport. 

• Cholesterol is a constituent of membrane structure and it synthesizes 
bile acids, hormones and vitamin D. It is the principal sterol of higher 
animals, abundant in nerve tissues and gallstones. 

 



   Based on there Biological functions Lipids 
can be classified into: 

 Storage Lipids—The principle stored form of 
energy 

 Structural Lipids– The major structural 

elements of Biological Membranes 

 Lipids are signals, cofactors and pigments 



    LIPIDS are broadly classified into simple lipids, complex lipids, 
derived lipids and miscellaneous lipids based on their chemical 
composition. 

 

1. SIMPLE LIPIDS: These lipids are the esters of fatty acids with 
alcohols. They are of three types: Waxes, sterol esters and 
Triacylglycerol. 

2. COMPOUND/COMPLEX LIPIDS: These lipids are esters of fatty 
acids with alcohols with additional groups such as phosphate, 
nitrogenous base, etc. They are again divided into 3 types: 
Phospholipids, Glycero phosphlipids, Sphingophospholipids. 

3. DERIVED LIPIDS: These lipids are obtained on hydrolysis of 
simple and complex lipids. These lipids contain glycerol and other 
alcohols. This class of lipids include steroid hormones, ketone 
bodies, hydrocarbons, fatty acids, fatty alcohols, mono and 
diacylglycerides.  

4. MISCELLANEOUS LIPIDS: These include compounds, which 
contain characteristics of lipids. They include squalene, terpenes, 
hydrocarbons, carotenoids, etc. 

 



Lipids 

    Simple 

1. Wax esters 

2. Sterol esters 

3. Triacylglycerol 

Complex           Derived 

1. Fatty acids 

2. Sterols 

3. Diglycerides 

4. monoglycerides 
Phospholipids   Glycolipids 

1.Cerebrosides 
2.Gangliosides 

Glycerophospholipids 
1.Phosphatidylcholine (PC) 
2.Phosphatidylethanolamine (PE) 
3.Phosphatidylinositol (PI) 

           Sphingolipids 
           1.Ceramides 
           2.Sphingomyelin 



    Storage Lipids include fats and oils, and 
wax. 

 

 Fats and oils are composed of 3 fatty acids 

each in ester linkage with a single glycerol 

(Triacylglycerols) 

 

 

Waxes are esters of long-chain(C14-C36) 

saturated and unsaturated fatty acids with 

long chain (C16-C30) alcohols 

 

 



 Triacylglycerol(Triglyceride) is an ester of 
glycerol with three fatty acids.   

 

 Its also called neutral fat. 

 

 They are stored in adipocytes in animals and 
endosperm and cotyledon cells in plants. 

 

 A mammal contains 5% to 25% or more of its 

body weight as lipids,90%TAG 





The TAG that contains same kind of fatty acids in all the 
three positions are called as simple TAG, otherwise, Mixed 
TAG 

An example of TAG 



Most occurring TAGs are mixed, which contain two or more 

different fatty acids. TAGs are non polar, hydrophobic 

molecules, essentially insoluble in water 

 



• Fatty acids are composed only of carbon, hydrogen 
and oxygen in the proportion of 76%, 12.6% and 
11.3% respectively. 

• Fatty Acids are carboxylic acids with hydrocarbon 
chains ranging from 4-36. 

• Fatty acids are of 2 types: Saturated and Unsaturated. 

• Saturated Fatty Acids have no double bonds and thus 
the hydrocarbon chain is completely unbranched 

 

 

• Unsaturated fatty acids contain one or more double 
bonds, usually in the cis-conformation. 

• Polyunsaturated fatty acids have 2-6 double bonds. 

 



Completely Unbranched and saturated 
with no double bonds 



      COOH 1 
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17 

18 

Number of Double Bonds 

Position of Double Bonds Carbon Chain Length 

18:3    (      9, 12, 15) 

The most commonly occurring fatty acids have even number of carbon 
atoms in an un-branched chain of12-24 carbons 



CH3-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 

         12    11    10     9     8     7      6     5     4      3     2      1 

 

                                                   or 

              CH3 (CH2)10 –COOH  Dodecanoic acid (Lauric) 

 

 14:0 tetradecanoic acid  

 16:0 Hexadecanoic acid 

 20:0 Eicosanoic acid 

 22:0 Docosanoic acid 

 24:0 Tetracosanoic acid 

 

  No double bonds for eg in 18:0, Octadecanoic acid                  

 If one double bond then acid Octadecenoic acid 

 If two double bonds then Octadecadienoic acid 

 If three double bonds Octadecatrienoic acid. 

Systematic names are based on IUPAC 

nomenclature: 



 The most common positions for double bonds are  

   Δ9, Δ12, and Δ15. 

 

 The double bonds of polyunsaturated fatty acids are 

separated by methyl group: 

-CH=CH-CH2-CH=CH- 

 

 In almost all the naturally occurring unsaturated fatty 

acids, the double bonds are in Cis- configuration 



 



 The physical properties of fatty acids are largely determined by the 

length and degree of unsaturation of the hydrocarbon chain. 

 

 The longer the chain and the fewer the double bonds, the lower is the 

solubility in water, and higher is the melting point. 

 

• Addition of double bonds decreases the melting point whereas, increasing 

the chain length increases the melting point. For example; 4:0 MP -7.9 C, 

12:0 MP 44.2 C, 16:0 MP 62.7 C, 18:1 MP 10.5 C, 18:2 MP -5.0 C, 18:3 MP -

11 C. 

• Trivial names of fatty acids refer to the natural sources of derivation: eg 

 Lauric (12:0) isolated from seed fat of Lauraceae 

 Myristic (14:0) –seed fat Myristaceae 

 Palmitic (16:0) –seed fat of palmae 

 Oleic (18:1) –seed fat of olive oil. 

 





 A double bond in Fatty acid chain permits two 

types of geometrical isomers, cis and trans. 

 

 Cis isomers have a curved configuration. 

 

 Trans isomers have a linear configuration. 

 

 Due to curve configuration cis unsaturated 

fatty acids have a lower melting point as 

compared to there trans counterpart. 

 

 Most of the natural unsaturated fatty acids 

have cis double bonds. 



Saturated                         

Linear structure 

M.P.(69.6 C) 

COOH 

CH3 

Trans, similar to 

linear structure 

M.P. (42.0 C) 

CH3 

COOH 



Saturated                         

Linear structure 

M.P.(69.6 C) 

COOH 

CH3 CH3 

COOH 

Cis one curved 

structure 

M.P. (10.5 C) 



Saturated                         

Linear structure 

M.P.(69.6 C) 

COOH 

CH3 CH3 

COOH 

Cis Two curved 

structure 

M.P. (-5.0 C) 







 Waxes are esters of long chain (C14-C36) 
saturated and unsaturated fatty acids with 

long chain (C16-C30) alcohols. 

 

 



 Chief storage fuels for some of the 

microorganisms. 

 

 Protect skin and hair. 

 

 Prevents excess water evaporation in plants. 

 

 Protects against parasites 

 

 Application in industries, pharmaceuticals, and 

cosmetics 



Lipids are water insoluble cellular  components 
of diverse structures that can be extracted by 
non polar solvents. The simplest lipid is TAG. 

TAGs contain three fatty acid molecules 
esterified to the three hydroxyl groups of 
glycerol. Simple TAG contains only one type of 
fatty acid; mixed TAGs, two or three types.TAG 
are primarily storage fats; they are present in 
many foods. 

Almost all fatty acids have even number of 
carbon atoms(12 to 24); they are either 
saturated or unsaturated, with double bonds 
almost always in cis configuration. 









The type of fatty acid that connects to L-glycerol phosphate 3 

Phosphate are specific for different organisms, different tissues of the 

same organisms, and different glycerophospholipids in the same cells 

and tissues. 



Glycerophospholipid is named for the head group with the 

prefix    “Phosphotidyl”  

Phosphatidylcholine– Lecithin 

Phosphatidylethanolamine 

Phosphatidylserine 
Cephalin 





Sulfolipids have a sulfonated glucose residue joined to a 

diacylglycerol in glycosidic linkage. They also exist 

predominantly in chloroplast. 



   Archaebacteria which live with some 
extreme conditions such as high 

temerature low pH, high ionic strength, 
contain membranes that have long 

chain(32 carbon) branched hydrocarbons 

linked at each end to glycerol 









Sphingomyelins are present in the plasma 

membrane of animal cells, especially in myelin, 

a membrane sheath that insulate the axons of 

some neurons  
 









Phospholipids are degraded in Lysosome by 

specific enzymes, Phospholipases 



Symptoms of these 

diseases include: 

 Mental retardation 

 Paralysis 

 Blindness 

 Early death 





 Cholesterol is a derived lipid. Its widely 

distributed as sterols in animals and humans 

 Its an essential component of cell membrane 

 Vit. D, hormones and bile acids are synthesised 

from cholesterol. 

 Bile acids are essential for normal digestion 

and absorption of fats and fat-soluble vitamins. 

 Most of the cholesterol is synthesised by the 

liver 

 An increase in dietary intake of cholesterol, 

increases its synthesis in the body as well 

which leads to coronary heart diseases. 

 Unsaturated fats reduce the level of 

cholesterol in blood. 



 Low density lipoproteins (LDL) transports 
cholesterol from liver through blood to the 

tissues (Bad cholesterol) 

 

High density lipoprotein (HDL) transports 

cholesterol from blood to the liver where it 
is metabolised (Good cholesterol) 

 

 LDL     Cholesterol     High risk of heart 

attack 

 HDL     Cholesterol     Low risk of heart 
attack 



Bile Acids are polar derivatives of cholesterol that 

act as detergents in the intestine, emulsifying 

dietary fats to make them more accessible to 

digestive lipases 



 Linoleic, Linolenic, and Arachidonic acids 

 Essential fatty acids synthesize structural fats 

in tissues such as prostoglandins, leukotriens, 

prostocyclins, thromboxane which regulate 

body functions such as blood clotting, 

inflammation etc. 

 Essential fatty acid deficiency can result in 

abnormalities like poor growth, increase food 

intake, scale inflammation of skin and 

impaired immune response. 

 Best dietary sources are vegetable oils(corn 

oil, sunflower oil) and oil rich fish (Herring , 

Sardine) 



 Exist in very small amounts in natural 
foods. Trans fatty acids lowers HDL level 

and raises total blood cholesterol 

 They also raise plasma conc. Of lipoprotein 

– anthrogenic lipoprotein. 

 Trans fatty acids are formed when 
vegetable oils are hydrogenated during the 

formation of margarine etc. 



 The Lipids as structural elements include 

glycerophospholipids, sphingolipids, 

galactolipids/sulfolipids, archaebacteria, ether lipids 

and sterols. 

 

 Glycerophospholipids are derivatives of phosphatidic 

acid. Common glycerophospholipids are 

phophatidylethanolamine and phosphatidylcholine.  

 

 Galactolipids are composed of diacyl glycerol with 

galactose residue. Chloroplast membranes are 

remarkably rich in galactolipids and sulfonatedlipids 



 

 Sphingolipids contain one sphingosine  and one 

long chain fatty acid. It can be classified into 3 
subclasses. 

 

 Sterol has four fused rings and a hydroxyl group 

 

 Cholesterol is the major sterol in animals 



   Major energy 

stores in 

humans are 

Lipids in form of 

Triacylglycerols 

(TAG) 

   The advantages 

of using TAG as 

stored fuels: 

 

 

 



 α Oxidation 

 β Oxidation 

 ω-Oxidation 

 

 Quantitatively β oxidation of fatty acids is the 

most important pathway which occurs in the 

mitochondria. However α and ω also occur. 

 β oxidation of fatty acids occur on the matrix 

side of the inner mitochondrial membrane. It’s 

the most important pathway for fatty acid 

oxidation. In β oxidation 2 c atoms are cleaved 

at a time from fatty acyl coa molecules starting 

at the COOH end. 



 Several enzymes collectively known as fatty 

acid oxidase are found in the mitochondrial 

matrix catalyse the oxidation of fatty acyl coa 

to acetyl coa 

 Initial Step:  Requires an ATP to synthesize 

acetyl CoA with the fatty acid              

                     

 



Acyl COA  

Dehydrogenase 



Enoyl  

COA  
Hydratase 



Dehydrogenase 



Thiolase 



Beta Oxidation basically contains 4 reactions: 

Dehydrogenation, Hydration, Dehydrogenation. 

Cleavage 

Each pass through beta oxidation removes 2 carbon 

atoms from fatty acids 

And produces one molecule of FADH2 and one 

molecule of NADH which produces 5 molecules of ATP 

in Electron transport chain 

Palmitoyl COA + 7FAD +7 NAD +7 H2O         8 Acetyl CoA +7 FADH2+ 7    

NADH+ 7H+ 

Energy yield– For the complete oxidation of palmitic acid (16:0) seven 

beta oxidation  cycles are required. They produce 8 molecules of Acetyl 

CoA, 7 mol. Of FADH2 and 7 mol of NADH+H+ 



                

               

                 Fatty acyl CoA 

Thiokinase 

Δ2 Enoyl CoA 

AMP+PPi 

CoA + ATP 

FAD 

FADH2 

Acyl CoA Dehydrogenase 

β Hydroxy acyl CoA 

H2O 
Enoyl CoA Hydratase 

NAD+ 
NADH2 

βHydroxyacyl CoA Dehydrogenase 

βKetoacyl - CoA 

CoA 

Maristoyl CoA (14:0) + Acetyl CoA 

Palmitic Acid (16:0) 

Thiolase 


