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Biochemistry, as the name implies, is the chemistry of living organisms. Biochemistry deals 

with the chemical nature and chemical behaviour of the living organisms.  Living organisms, 

whether they are microorganisms, plants or animals are basically made up of the same 

chemical components. Biochemistry is the study of the way in which these components are 

synthesized and utilized by the organisms in their life processes. It bridges the gap between 

the conventional chemistry and biology. 

In other words, life is nothing but thousands of ordered chemical reactions or chemistry is the 

logic of all biological phenomena. 

Today, there are three main types of biochemistry.  

• Plant biochemistry: It involves the study of the biochemistry of autotrophic 

organisms such as photosynthesis and other plant specific biochemical processes.  

• General biochemistry: It encompasses both plant and animal biochemistry.  

• Human/medical/medicinal biochemistry: It focuses on the biochemistry of humans 

and medical illnesses. 

Biochemistry is taught to the students of agriculture, because 

• Agriculture can be better managed with better varieties and practices. 

• Transgenic plants which are high yielding, nutritionally more desirable and self 

fertilizing can be synthesized ie:- designer plants and animals 

• Pesticides which are more specific, biodegradable and non toxic to animals can be 

formulated. 

 

� History of biochemistry: 

During 17th and 18th centuries, important foundations were laid in many fields of biology. 

The 19th century observed the development of concepts - the cell theory by Schleiden and 

Schwann, Mendel’s study of inheritance and Darwin’s theory of evolution. 

The real push to biochemistry was given in 1828 when total synthesis of urea from lead 

cyanate and ammonia was achieved by Wohler who thus initiated the synthesis of organic 

compound from inorganic compound. 

Louis Pasteur, during 1857, did a great deal of work on fermentations and pointed out the 

central importance of enzymes in this process. 

The breakthrough in enzyme research and hence, biochemistry was made in 1897 by Edward 

Buchner when he extracted enzyme from yeast cells in crude form which could ferment a 

sugar molecule into alcohol. Neuberg introduced the term biochemistry in 1903. 
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The early part of 20th century witnessed a sudden outburst of knowledge in chemical 

analysis, separation methods, electronic instrumentation for biological studies (X ray 

diffraction, electron microscope, etc) which ultimately resulted in understanding the 

structure and function of several key molecules involved in life processes such as proteins, 

enzymes, DNA and RNA. 

In 1926, James Sumner established the protein nature of enzyme. He was responsible for the 

isolation and crystallization of urease, which provided a 

breakthrough in studying of the properties of specific enzymes. 

The first metabolic pathway elucidated was the glycolytic pathway during the first half of the 

20th century by Embden and Meyerhof. Otto Warburg, Cori and        

Parnas also made very important contributions relating to glycolytic pathway. Krebs 

established the citric acid and urea cycles during 1930-40. In 1940, Lipmann described the 

central role of ATP in biological systems. 

The biochemistry of nucleic acids entered into a phase of exponential growth after the 

establishment of the structure of DNA in 1953 by Watson and Crick followed by the 

discovery of DNA polymerase by Kornberg in 1956. 

From 1960 onwards, biochemistry plunged into an interdisciplinary phase sharing  much in 

common with biology and molecular genetics. 

Frederick Sanger’s contributions in the sequencing of protein in 1953 and nucleic acid in 

1977 were responsible for further developments in the field of protein and nucleic acid 

research. 

The growth of biochemistry and molecular biology was phenomenal during the past two 

decades. 

The development of recombinant DNA research by Snell and coworkers during 1980 allowed 

for further growth and emergence of a new field, the genetic engineering. 

Thus, there was a progressive evolution of biology to biochemistry and then to molecular 

biology, genetic engineering and biotechnology. 
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Table: Scientists and their major contribution to biochemistry and related fields 

 

1828 Wohler 
Synthesized the first organic compound, urea 

from inorganic components 

1854-1864 Louis Pasteur 
Proved     that     fermentation     is     caused     

by microorganisms 

1877 Kuhne Proposed the term ‘Enzyme’ 

1894 Emil Fischer 

Demonstrated the specificity of  enzymes and 

the lock  and  key  relationship  between  

enzyme  and substrate 

1897 Buckner 
Discovered alcoholic fermentation in cell-free 

yeast extract 

1902 Emil Fischer Demonstrated that proteins are polypeptides 

1903 Neuberg First used the term ‘biochemistry’ 

1913 Michaelis & Menten Developed kinetic theory of enzyme action 

1926 Sumner 
First crystallized an enzyme, urease and proved it 

to be a protein 

1933 
Embden Meyerhof 

& Parnas 

Demonstrated crucial intermediates in the 

chemical pathway of glycolysis and fermentation 

1937 Krebs Discovered citric acid cycle 

1940 Lipmann Role of ATP in biological systems 

1950 Pauling and Corey Proposed the α-helix structure for keratins 

1950-1953 Chargaff Discovered the base composition of DNA 

1953 Sanger & Thompson 
Determined the complete amino acid sequence 

of insulin 

1953 Watson & Crick 
Proposed   the   double-helical   model   for   

DNA structure 

1958 Meselson & Stahl 
Confirmed   the   Watson-Crick   model   of   

semi conservative replication of DNA 

1961 Jacob & Monod 

Proposed the operon hypothesis and postulated 

the 

function of messenger RNA 

1999 Ingo potrykus Golden rice- rich in β-carotene 
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� Significance/Importance of Biochemistry: 

 

1. It is useful in the treatment of animals and man. 

2. It is helpful to fix the need of food and nutrients in animals, so that the malnutrition in 

population may be avoided. 

3. It is helpful in developing the strategy for higher production of crops. 

4. Used in science of pharmacology and drugs.  

5. Preservation of fruits and vegetables can be prolonged with the help of biochemistry 

knowledge. 

6. Its study is helpful in understanding chemical changes during storage and processing of 

food material. 

7. The plant breeding and genetics branch of agriculture is based on biochemical mechanism 

of genes. 

8. Nutrition and care of cattle, cows and buffaloes. 

9. Metabolisms of different food nutrients are studied with the help of biochemistry. 

10. The problems of biology and medical science can be solved. 

11. Nutritional deficiency diseases, malnutrition, planning of balanced diet and energy 

requirement of human being involve the knowledge of biochemistry.        

12. Enzymatic reaction of metabolic pathway and its regulation for higher productivity i.e. 

photosynthesis, reduction of respiration rate. 

13. To improve the quality of starch through modification of regulatory enzyme. 

14. To assess the nutritional quality of starch, protein and carbohydrates etc of product. 

15. To enhance the N fixation in plants. 
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� Introduction: 

Compounds with empirical formula, (CH2O)n, were called as carbohydrates 

(hydrates of carbons). With the discoveries of many diverse carbohydrates it was 

noticed that many, but not all, carbohydrates have the above empirical formula; 

some also contain N, P or S. 

   There are some carbohydrates (derivatives) that do not possess (CH2O)n e.g. 

deoxyribose(C5H10O4). On the other hand, there are a few non-carbohydrate 

compounds like formaldehyde (HCHO), acetic acid (C2H4O2) and lactic acid with 

empirical formula (CH2O)n. 

Hence, carbohydrates are chemically defined as polyhydroxy aldehydes or ketones, 

their derivatives and their polymers. 

� Occurrence and importance: 

The carbohydrates comprise one of the major groups of naturally occurring 

biomolecules. This is mainly because; the light energy from the sun is converted 

into chemical energy by plants through primary production and is transferred to 

sugars and carbohydrate derivatives. The dry substance of plants is composed of 50-

80% of carbohydrates. The structural material in plants is mainly cellulose and 

related hemicelluloses. Starch is the important form of storage polysaccharide in 

plants.  Pectins and sugars such as sucrose and glucose are also plant constituents. 

Many non-carbohydrate organic molecules are found conjugated with sugars in    

the form of glycosides. The carbohydrates in animals are mostly found in 

combination with proteins as glycoproteins, as well as other compounds. The 

storage form of carbohydrates, glycogen, found in liver and muscles, the blood  

group substances, mucins, ground substance between cells in the form of 

mucopolysaccharides are few examples of carbohydrates playing important roles in 

animals. Chitin found in the exo-skeleton of lower animals, is a polymer of N-

acetyl glucosamine. Carbohydrates are also universally found in other polymeric 

substances. For example, Fats are fatty acid esters of a sugar alcohol, glycerol. 

Ribose and deoxyribose are constituent of nucleic acids. Moreover, in all living 

forms, the energy needed for mechanic work. Adenosine triphosphate and related 

substances that contain ribose as a constituent are key substances in energy storage 

and transfer. The carbon skeletons of almost all organic molecules are derived from 

carbohydrates. 
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Besides, the carbohydrates are the basic raw material of many important industries 

including sugar and sugar products, starch products, paper and wood pulp, textiles, 

plastics, food processing and fermentation. 

� Function Carbohydrates: 

1. Carbohydrates are the main sources of energy.  brain cells and RBCs are almost 

wholly dependent on carbohydrates as the energy source. Energy production 

from carbohydrates will be 4 kcal/g. 

2. Storage form of energy(starch and glycogen). 

3. Excess carbohydrate is converted to fat. 

4. Glycoproteins and glycolipids are components of cell membranes and receptors. 

5. Structural basis of many organisms: cellulose of plants; exoskeleton of insects, 

cell wall of microorganisms, mucopolysaccharides as ground substance in 

higher organisms. 

 

� Classification of carbohydrates: 

Carbohydrates are classified into three major groups: 

1. Monosaccharides 

2. Oligosaccharides 

3. Polysaccharides 

Monosaccharides 

(Simple   sugars) 
Oligosaccharides Polysaccharides (Glycans) 

Low molecular weight 

carbohydrates and can not 

be hydrolysed 

further 

Contain 2-10 

monosaccharides joined by 

glycosidic bonds. Low 

molecular weight 

carbohydrates which can be 

hydrolysed by enzymes or 

acids to yield 

monosaccharides 

Contain many 

monosaccharides joined by 

glycosidic bonds. They can 

be hydrolysed by enzymes 

or acids. 

Crystalline, soluble in 

water, and sweet in taste. 

Powdery or crystalline, 

soluble in water and sweet 

in taste 

Insoluble in water, 

tasteless, 

linear or branched 

Classified into triose, 

tetrose, pentose, hexose 

and heptose depending 

upon the number of 

Classified  into 

diisaccharide, trisaccharide, 

Tetrasaccharide and 

pentasaccharide depending 

Classified into 

homoglycans and 

heteroglycans depending 

upon the kind of 
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carbon atoms. They may 

be either aldoses or 

ketoses depending upon 

whether  they contain a 

free aldehyde or ketone 

group, respectively. 

upon the number of 

monosaccharides they 

Contain. 

 

monosaccharides present. 

Depending upon the 

function, they are classified 

as storage and structural 

polysaccharides. 

All monosaccharides are 

reducing in nature 

Some of them are reducing 

and some of them are non 

reducing in nature 

Non reducing in nature and 

give deep blue (amylose) or 

red colour (amylopectin) 

with iodine. 

  

� Monosaccharides: 

Monosaccharides are the simplest form that cannot be hydrolyzed further into 

smaller units. They are classified into  (a) simple monosaccharides  (b) derived 

monosaccharides.  Simple monosaccharides are further classified based on  

1. The type of functional group and 

2. The number of carbon atoms they possess. 

3. Derived monosaccharides include the derivatives of simple monosaccharides 

such as oxidation products, reduction products, substitution products and esters. 

 

Classification of monosaccharide: 

Monosaccharides 
No. of 

C 
Aldose Ketose Occurrence 

Simple 

Triose 3 D-Glycerose 
 Dihydroxy 

 acetone 

 Intermediary 

metabolites 

 in glucose 

metabolism 

Tetrose 4 D-Erythrose  D-Erythrulose           - 

Pentose 5 D-Ribose  D-Ribulose 

 Ribose is a 

constituent 

 of nucleic acid 

  L-Arabinose     - 

 Occurs in  

oligosaccharides, 

Gum arabic, 

cherry         

gums. 

  D-Xylose  D-Xylulose 
 woodgums, 

 proteoglycans 

Hexose 6 D-Glucose  D-Fructose 

 Hexose Fruit 

juices and           

cane sugar 

  D-Galactose         - 

  Lactose, 

constituent of  

lipids 
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  D-Mannose         - 

 Plant 

mannosans and    

glycoproteins 

Heptose 7 -  D-Sedoheptulose 

  Intermediate in       

carbohydrate 

metabolism 

Derived 

Deoxysugar 5 2-   Deoxyribose       - DNA 

 6 L-Rhamnose         - 
Component of 

cell wall 

Aminosugar 6 D-Glucosamine           - 

A major 

component of 

polysaccharide 

found in insects 

and crustaceans 

(chitin) 

Polyol 6 Sorbitol          -  Berries 

 6 Mannitol          - 

 Commercially    

prepared from      

mannose and 

fructose 

Aldonic acid 6 Gluconic acid          - - 

Uronic acid 6 Glucuronic acid         - 

Constituent of 

chondroitin 

sulfate 

 6 Galacturonicacid         - 
Constituent of 

pectin 

Aldaric acid 

(Saccharic acid) 
6 Glucaric acid          - 

Oxidation 

product of 

glucose 

 

 6 Mucic acid       - 

Oxdation 

product of 

Galactose 
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Table: Comparison of glucose, fructose and Galactose 

No. Glucose Fructose  Galactose 

1. Aldehyde sugar Keto sugar Aldehyde sugar 

2. C6 H12 O6 C6 H12 O6  C6 H12 O6 

3. Grape sugar, Dextrose Fruit sugar, Laevulose Brain sugar, Nerve sugar 

4. Reducing sugar   Reducing sugar Reducing sugar   

5. Osazone +Ve                        Osazone +Ve Osazone +Ve    

6. Can occur freely 
Occur in fruit and 

honey 

Doesn’t occur freely in 

nature. Can be obtained 

only from lactose. 

7. 

 

 

 

 

 

 

 

 

 

 

           

C

C OHH

C HHO

C OHH

C OHH

CH2OH

D-glucose

OH

  

C HHO

C OHH

C OHH

CH2OH

CH2OH

C O

D-fructose
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Oligosaccharides: They contain two to ten monosaccharide units joined by glycosidic 

linkages that can be easily hydrolyzed. 

Polysaccharides: They are high molecular weight polymers containing more than ten 

monosaccharides. They are either linear or branched in structure. 

Polysaccharides are further classified based on 

a.  The kind of polysaccharides present as: 

1. Homopolysaccharides when made from a single kind of monosaccharide,     

e.g., starch, cellulose, inulin, glycogen, chitin. 

2. Heteropolysaccharides are made up of more than one type of monosaccharides. 

Eg. Hemicellulose, Mucopolysaccharides – Chondroitin sulphate, Hyaluronic 

acid, Heparin and Keratan sulphate 

 

b.  Functional aspect as: 

1. Storage Polysaccharide e.g. Starch, glycogen, inulin, Galactomannan 

2. Structural Polysaccharide eg. Cellulose, Chitin, Hemicellulose. 

 

� Occurrence and Structure of Monosaccharide: 

The simplest monosaccharide that possesses a hydroxyl group and a carbonyl group 

with an asymmetric carbon atom is the aldotriose -glyceraldehyde. (A carbon is said 

to be asymmetric if four different groups or atoms are attached to it. The carbon is 

also called as a chiral centre). Glyceraldehyde is considered as a reference 

compound and it exists in two optically active forms, D and L. The two families of 

monosaccharides, D-and L occur based on the configuration of D and L 

glyceraldehydes. In general, the D-family of sugars occurs in nature. For 

monosaccharide with two or more asymmetric carbons, the prefixes D or L refer to 

the configuration of the penultimate carbon (i.e, the asymmetric carbon farthest 

from the carbonyl carbon).  If the hydroxyl group on the penultimate carbon is on 

the right-hand side of the carbon chain when the aldehyde or ketone group is written 

at the top of the formula it belongs to the D family and if on the left hand side it 

belongs to L family.  

The important monosaccharide containing aldehyde group belonging to the D 

family are 

� Derived monosaccharides: 

The important functional groups present in monosaccharide are hydroxyl and 

carbonyl groups. The hydroxyl group forms esters, usually with phosphoric acid or 
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is replaced by a hydrogen or amino group. The carbonyl group undergoes reduction 

or oxidation to produce number of derived monosaccharides. 

a.  Deoxy sugars:  

In sugars, the hydroxyl group is replaced by a hydrogen to produce deoxy sugars 

(devoid of oxygen). The important deoxy sugar is 2-deoxy ribose that occurs in 

deoxy ribonucleic acid. Other important deoxy sugars are L-fucose and L- 

rhamnose. The substitution of the hydroxyl group at C6 of L-galactose or L-mannose 

with hydrogen produces fuctose or rhamnose, respectively.  

b.  Amino sugars: 

The hydroxyl group, usually at C2, is replaced by an amino group to produce 

aminosugars such as glucosamine, galactosamine and mannosamine. The amino 

group may be condensed with acetic acid to produce N-acetyl amino  sugars, for 

example, N-acetyl glucosamine. This glucosamine derivative is important 

constituent of many structural polymers (chitin, bacterial cell wall 

polysaccharides, etc.). 

c.  Polyols (alditols): 

Both aldoses and ketoses are reduced to polyhydric alcohols (polyols) when treated 

with enzymes, sodium amalgam, and hydrogen under high pressure with catalyst or 

sodium borohydride. Each aldose yields the corresponding alcohol upon reduction. 

A ketose forms two alcohols because of the appearance of a new asymmetric carbon 

atom in the process. By this reduction process, the following sugars give rise to their 

respective alcohols  under specified conditions. 

                               Glucose                          Sorbitol 

                               Fructose                         Sorbitol and mannitol 

                               Mannose                        Mannitol 

                               Glyceraldehyde              Glycerol 

                               Erythrose                       Erythritol 

                               Ribose                           Ribitol 

                               Galactose                      Dulcitol 

 

Polyols occur in many plant products: 

1. Sorbitol was first isolated from the berries of mountain ash (Sorbus ucuparia). 

Commercially sorbitol is manufactured by the hydrogenation of glucose. 

2. Mannitol occurs in many terrestrial and marine plants. 

Potential food applications of polyols include confectionery products, bakery 

products, deserts, jams and marmalade. Sorbitol is an excellent moisture 

conditioner and is used in pharmaceutical preparations such as elixirs and syrups. 
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Sorbitol, as a humectant in creams and lotions helps to stabilize the water             

content, providing better moisture control. The use of sorbitol or xylitol in 

toothpaste and mouthwashes is highly desirable. 

d.  Oxidation products: 

When aldoses are oxidized under proper conditions with different types of oxidizing 

agents, three types of acids are produced, namely aldonic acids, uronic acids and 

aldaric acids or saccharic acids. 

- Aldonic acid: Oxidation of an aldose with bromine water at neutral pH converts 

the aldehyde group (C1) to a carboxyl group yields Aldonic acid. Hydrobromous 

acid formed by the reaction of water with bromine acts as an oxidizing agent. 

Ketoses are not readily oxidized by bromine water. Aldoses are not only oxidized by 

bromine water but also by the alkaline iodine solution. 

- Uronic acid: When aldoses are oxidised with hydrogen peroxide (H2O2) uronic 

acids are formed.  In this reaction only primary alcohol group(C6) is oxidized to 

carboxyl group, whereas the aldehyde group remains unchanged.  Uronic acids are 

constituents of pectic polysaccharides. 

- Aldaric or saccharic acid: When aldoses are oxidised with nitric acid, saccharic 

acids are formed. Both aldehyde (C1)and primary alcohol groups (C6) are oxidised 

to carboxyl groups. Glucose on oxidation with nitric acid produces glucaric or 

glucosaccharic acid. The aldaric acid produced from galactose is called as mucic 

acid. 
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� Oligosaccharides  

 

The oligosaccharides commonly encountered in nature belong to disaccharides. The 

physiologically important disaccharides are maltose, lactose, trehalose and sucrose. 

Disaccharides consist of two monosaccharides joined covalently by an O-glycosidic  

bond. The hydroxyl group formed as a result of hemiacetal formation is highly reactive   

when compared to other hydroxyl groups. This hydroxyl group present in one 

monosaccharide reacts with any one of the hydroxyl groups attached to C1, C2, C3, C4, or 

C6 of another monosaccharide to produce 1→1, 1→2, 1→3, 1→4, and 1→6 linked 

disaccharides. When only one anomeric carbon is involved in glycosidic bond formation, 

reducing disaccharides are formed. If both anomeric carbon atoms of monosaccharides 

are involved in glycosidic bond formation that results in the formation of a non-reducing 

disaccharides such as trehalose (aldosyl-aldosyl disaccharide) or sucrose (aldosyl-ketosyl 

disaccharide)'. In the case of reducing disaccharides, one end of the molecule having free 

anomeric carbon is called reducing end and the other end, where the anomeric carbon is 

involved in glycosidic bond, is called as non-reducing end. 

 

• Reducing disaccharides: 

 

� Maltose: 

Maltose is a disaccharide made up of two glucose 

residue joined by glycosidic linkage between C-1 of one 

glucose residue and C-4 of the other. The configuration 

of the anomeric carbon of glucose involved in the 

linkage is ∝∝∝∝ and hence the glycosidic linkage is ∝∝∝∝(1→4). 

The anomeric carbon atom of the second glucose is free 

and therefore maltose is  a reducing sugar. The second 

glucose residue is capable of existing in ∝ or β configuration. Maltose has been recorded 

occasionally in plants. It is usually obtained as a product of the enzyme hydrolysis of 

starch during germination or malting process. 

� Lactose: 

Lactose is a reducing disaccharide found only in milk. It 

is made up of galactose at the non-reducing end and 

glucose at the reducing end. They are connected by a 

ββββ(1→4) linkage. 

  

     

                                               



Biochem.2.1 Fundamentals of Plant Biochemistry | Dr. Narendra Garaniya 11 

 

Structure of Disaccharides, Composition, sources and properties of disaccharide 

 

 

Disaccharides 

Constituent 

mono 

Saccharides 

Linkage Source Properties 

Reducing disaccharides 

Maltose 

(Malt sugar) 

 

∝∝∝∝-D-glucose  

       + 

∝∝∝∝-D-glucose 

 

∝∝∝∝ 
(1       4) 

Germinating 

cereal and 

malt 

Forms osazone with  phenyl 

hydrazine. 

Fermentable by enzyme 

maltase present in yeast. 

Hydrolysed to two 

molecules of D-   glucose. 

Undergoes mutarotation 

Lactose 

(Milk sugar) 

ββββ-D-galactose 

        + 

∝∝∝∝-D-glucose 

 

 

 

ββββ 
(1      4) 

Milk. In trace 

amounts, it can 

be seen in 

urine 

During 

pregnancy 

It shows reactions of 

reducing sugars including 

mutarotation. 

Decomposed by alkali. 

Not fermentable by yeast. 

Hydrolysed to one molecule 

of galactose and one 

molecule of glucose by 

acids and the enzyme  

lactase. 

Non-reducing disaccharides 

Sucrose 

(Cane sugar) 

∝∝∝∝-D-glucose 

        + 

ββββ-D-fructose 

    

∝∝∝∝, ββββ 

 (1      2) 

Sugar beet, 

sugarcane, 

sorghum and 

carrot  roots 

Fermentable. 

Hydrolysed by dilute acids 

or enzyme invertase 

(sucrase) to one molecule of 

glucose and one  molecule 

of fructose. 

Relatively stable to reaction 

with   dilute alkali. 

Trehalose 

 

∝∝∝∝-D-glucose 

         + 

∝∝∝∝-D-glucose 

   

  ∝∝∝∝, ∝∝∝∝ 
 (1      1) 

Fungi and 

yeast. It is 

stored as a 

reserve food 

supply in 

insect's 

hemolymph 

It is hydrolysable by acids 

to glucose with difficulty. 

Not hydrolysed by 

enzymes. 
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• Non-reducing disaccharides: 

 

� Trehalose: 

Trehalose, a non-reducing disaccharide., occurs as a major constituent of the circulating 

fluid (hemolymph) of insects and serves as an energy storage compound. It is also present 

to a limited extent in the fat body of a variety of insects.  It gives twice the amount of 

energy as that of glucose and at the same time maintains the osmotic balance. It has been 

described as an important adaptation of insects engaged in flight. The anomeric carbons 

of both glucose moieties are involved in the formation of glycosidic bond. 

� Sucrose: 

Sucrose, a sugar of commercial importance, is 

widely distributed in higher    plants. Sugarcane 

and sugar beet are the sole commercial sources. It 

is made up of glucose and fructose. The anomeric 

carbon atom of glucose (C1) and fructose (C2) are 

involved in linkage and is therefore a non-

reducing disaccharide. Sucrose is a major 

intermediate product of photosynthesis and it is the principal  form in which sugar is 

transported from the leaves to other portions of plants via their vascular systems.  

� Invert sugar: 

The hydrolysis of sucrose when followed polarimetrically the optical rotation changes 

from positive (dextro-) to negative (laevo-). The dextrorotatory sucrose on hydrolysis 

yield laevorotatory mixture of glucose and fructose. The levorotaion is due to the 

presence of fructose which is by itself more laevorotatory (-92
o
) than dextrorototary 

glucose (+52.2
o
). This phenomenon is called inversion and the mixture of glucose and 

fructose is called invert sugar. This reaction is catalysed by the enzyme invertase. Invert 

sugar is sweeter than sucrose. Honey contains plenty of invert sugar and therefore is very 

sweet. 

� Raffinose: 

It occupies the second position next to sucrose in abundance in the plant kingdom. 

Raffinose occurs only at low concentration in the leaves of leguminous plants, but 

accumulates in the storage organs such as seeds and roots. Most of the leguminous seeds 

contain these oligosaccharides in large amounts. Bengal gram has higher amounts of 

raffinose. Red gam and green gram have significantly high amounts of verbascose and 

stachyose than Bengal gram and black gram. These sucrosyl oligosaccharides are 

responsible for flatulence following the consumption of these legumes. It serves as 

reserve material. It also contributes to frost resistance 
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� Polysaccharides: 

The polysaccharides found in nature either serve a structural function (structural 

polysaccharides) or play a role as a stored form of energy (storage polysaccharides). 

Storage polysaccharides: 

•  Starch, glycogen, galactomanans and inulin are important storage polysaccharides in  

plants. 

� Starch: 

The principal food-reserve polysaccharide in the plant kingdom is starch. It forms the 

major source of carbohydrate in the human diet. Starch has been found in some protozoa, 

bacteria and algae. But the major source is plants where it occurs in the seeds, fruits, 

leaves, tubers and bulbs in varying amount from a few percent to over 74%. Starch is an 

alpha-glucan that has structurally distinct components called amylose and amylopectin. A 

third component referred as the intermediate fraction has also been identified in some 

starches. Starch molecules are organized into quasicrystalline macromolecular aggregates 

called granules.  The shape of the granules is characteristics of the source of the starch. 

The two components, amylose and amylopectin, vary in amount among the different 

sources from less than 2% of amylose in waxy rice or waxy maize to about 80% amylose 

in amylo maize. The majority of starches contain 15 to 35% of amylose.  

� Amylose: 

Amylose is made up of ∝ - D-glucose units linked mostly in a linear way by   ∝ (1→4) 

linkage. It has a molecular weight of 150,000 to 1,000,000 depending on its biological 

origin.  It has been shown that amylose has some elements of nonlinearity. It consists of a 

mixture of linear molecules with limited, long-chain branching involving ∝( 1→6) 

linkage.  The branches contain several hundred glucose residues. Amylose gives a 

characteristic blue color with iodine due to the ability of the iodine to occupy a position in 

the interior of a helical coil of glucose units. Pure amylose binds 20% of iodine at 20
o
C 

� Amylopectin: 

Amylopectin is a branched, water-insoluble polymer comprised of thousands of D-

glucose residues.  The main chain of amylopectin consists of D-glucose residues joined 

by glycosidic bonds. Side chains of glucose residues are attached to the main chain by  

∝(1→6) glycosidic bonds.  Each chain contains 15-25 glucose residues joined by ∝ 
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(1→4) bonds. It contains 94 to 96%  ∝(1→4) linkages. and 4-6%  ∝ ( 1→6) . The 

molecular weight of amylopectin is in the order of 10
7
 - 10

8
. Robin and co-workers have 

proposed a model for amylopectin. In this model,  

� Comparison of Amylose and Amylopectin: 

Amylose      Amylopectin            

 Inner layer of starch    Outer layer of starch 

Straight chain      Branched 

Alpha 1- 4, linkage                 Alpha1-4 & 1- 6 linkages 

Mol. Wt. 1 K – 50 K               Mol. Wt. 500 K – 1000 K 

Blue color with I2                             Purple colour wilth I2 

Forms gel                            Doesn’t form gel 

20% in starch      80% in starch 

� Uses:     

1. It is used as food. It provides glucose upon hydrolysis to give the energy from the 

food of plant origin such as cereals and tubers. 

2. Used in cloth washing  

3. Used as explosive 

4. Used as indicator in the lab. 

5. Used in the preparation of gum 

6. Used as electrolyte medium in dry cell. 

 

� Inulin: 

Inulin is a non-digestible fructosyl oligosaccharide found naturally in more than 36000 

types of plants. It is a storage polysaccharide found in onion, garlic, chicory, artichoke, 

asparagus, banana, wheat and rye. It consists of mainly, if not exclusively, of β( 2→1) 

fructosyl-fructose links A starting glucose moiety can be present,but is not necessary. 

Inulin is a soluble fibre that helps to maintain normal bowel function, decreases 

constipation, lowers cholesrerol and triglycerides. It is used for fat replacement and 

fibre enrichment in processed foods. 
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• Structural polysaccharides: 

� Cellulose:     

Cellulose is the most abundant organic substance found in nature. It is the principal 

constituent of cell walls in higher plants. It occurs in almost pure form (98%) in cotton 

fibres and to a lesser extent in flax (80%), jute (60-70%), wood (40-50%) and cereal 

straws (30-43%). It is linear, unbranched homoglycan of 10,000 to 15,000 D-glucose 

units joined by β(1→4) linkages. The structure of cellulose can be represented as a series 

of glucopyranose rings in the chair conformation. Celluose molecules within the plant cell 

walls are organized into biological units of structure known as microfibrils.   

 

• Importance of cellulose:  

1. Cotton and textile industry: Production of wrapping, gunny bags. Ropes and 

netting are made from cellulose. The cotton clothes which involve the use of pure 

cellulose. 

2. Paper manufacture: The papers of all types are prepared either from low grade 

or pure cellulose, which are used as newspaper wrappers or better quality papers. 

3. Explosive: Fully nitrated cellulose (gum coated) in form of compressed blocks are 

used as explosives. When gun cotton + nitro-glycerine + Vaseline are prepared, it 

produces smokeless explosive which is called cordite.  

4. Used in making of celluloid: Toys, bangles, combs, knife, garlands etc.  

5. Used in preparing celluloid paper for motorcar. 

6. Used in artificial silk and in bamboo furniture 

7. Used in photographic films. 

 

The amylase enzyme cannot act upon cellulose. The animal gut (Cows, buffalo etc.) and 

microorganismss such as fungi and bacteria, which secrete cellulase enzyme which breaks the 

β 1,4 linkage to yield glucose. Human cannot digest cellulose because we do not have 

cellulase enzyme. 
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• Properties of carbohydrates: 

A. Physical properties of monosacchridies:  

1. Colourless, odourless, neutral, sweet in taste  

2. Soluble in water, insoluble in ether 

3. Optically active  

4. Melting point indefinite  

5. Heating effect: Melt on heating, on more heating , they are converted to black 

carbon. 

B. Chemical properties  : 

1. Oxidation with mild oxidising agent: In presence of weak oxidising agent such 

as alkaline CuSO4, Ammonical AgNO3 or bromine water give acid ( Gluconic 

acid), Glucosaccharic acid, Tri-hydroxy butyric acid . 

R-CHO  +  CuSO4   ------------���� R-COOH 

                              Oxidation       Red ppt. 

2. Reduction : When monosaccharide are heated in presence of catalyst with 

hydrous solution, they give sorbitol or mannitol. 

          R-CHO   + Reducing agent  -------------����  R-OH  

 

3. Reaction with HCN  : Upon reaction with HCN, they produce corresponding 

cyanohydrins 

4. Reaction with hydrazine  : Monosaccharides produce corresponding hydrazone 

with  phenyl hydrazine 

5. Reducing properties  : Some monosaccharide are strong reducing agents and 

they  reduce oxidising agents such as CuSO4 and they are converted  to acid 

• Other properties of monosaccharides:   

 

1. Acetylation  : When reacted with acetyl chloride, give acetyl derivative 

2. Fermentation  : Fermentation take place with the help of enzymes of  microorgs 

to yield alcohol, acetic acid, putrefaction of meat, sourness of milk etc   

a. Fermentation of sucrose from  molasses: 

C12H22O11 + H2O      --------------->           C6H12O6   +        C6H12O6  

      Sucrose         Invertase from yeast      Glucose              Fructose                    

C6H12O6 ---------------------------------> 2C2H5OH   + 2CO2                                      

   Zymase from yeast        ethanol 
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b.   Malting of barley (Beer fermentation): 

                 n ( C6H12O5 )  n  +  H2O     ----------------------->               n ( C12H22O11 ) 

                        Starch from barley       Hydrolysis by amylase                Maltose 

                         C12H22O11 + H2O -------->         C6H12O6   +          C6H12O6  

  Maltose        Maltase       Glucose  Glucose  

                       C6H12O6 ---------------------------------> 2C2H5OH   + 2CO2  

                      Glucose    Zymase from yeast                 ethanol 

 

c. Esterification : When monosaccharides  react with acid they yield Esters. 

d. Methylation  :   Methylating agents such as CH3I + Ag2O or CH3OH + HCl, 

CH3Cl to yield glycosides. 

C6H11 O5 OH + CH3OH  ------�      C6H12O5-OCH3       +     H2O  

              HCl          Methyl glycoside 

 

 

� Mutarotation, optical activity and physical properties of sugars 

 

A. Isomerism:  

In organic chemistry, isomerism is defined as the existence of more than one 

compound with the same molecular formula. A close observation of the structure of 

monosaccharides (hexoses) indicate that they possess same molecular formula 

(C
6
H

12
O

6
) but with different physical and chemical properties. There are different 

types of isomerism  

• D-glucose and D-fructose differ in the position of carbonyl group (aldehyde and ketone 

group). These two compounds are functional isomers.  

• Another type of isomerism exhibited by compounds possessing asymmetric carbon atom 

like monosaccharides, is stereoisomerism. These stereoisomer differ in the spatial 

arrangement of atoms or groups. There are two types of stereoisomerisms - geometrical 

and optical isomerism. 

 

� Geometrical isomers (cis-trans) differ in the spatial arrangement of atoms across a 

double bond. Geometrical isomerism is not noticed among carbohydrates.  
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� Optical isomers differ in the arrangement of atoms around an asymmetric carbon atom. 

The number of possible optical isomers can be calculated using the formula 2
n 

where 

n=number of asymmetric carbon atoms. For example, glucose contains four asymmetric 

carbon atoms and the possible optical isomers of glucose are 2
4 

= 16.  

 

B. Epimers, enantiomers and diastereomers:  

� Epimers are monosaccharide differing in configuration around a single carbon atom 

other than the carbonyl carbon. e.g. Mannose and glucose are epimers with respect to 

carbon 2. Galactose and glucose are epimers with respect to carbon 4.  

� Enantiomers are non- superimposable mirror images of each other. They differ in the 

ability to rotate the plane polarized light. A solution of one enantiomer rotates the 

plane of such light to the right, and a solution of the other to the left. D-glucose and 

L-glucose are examples of enantiomers.  

� Diastereomers are stereoisomers that are not mirror images of each other. D-glucose, 

Dmannose, D-galactose and other members of aldohexose are diastereoisomers. 

 

C.  Optical activity: 

A ray of ordinary light vibrates in all directions at right angles to the direction in 

which the ray is travelling. When this light is passed through a Nicol prism, the 

emerged light vibrates in only one direction and such light is called as a 'plane 

polarized light’  

When a beam of plane polarized light is passed through a sugar solution, that is 

optically active, the plane-polarized light will be rotated either to the right (clockwise) 

or to the left (anticlockwise).  

• When the plane polarized light is rotated to the right, the compound is 

dextrorotatory and is written as (+).  

• If the plane polarized light is rotated to the left, the compound is levorotatory (-)  

 

D.  Mutarotation:  

Mutarotation refers to the change or shift in optical rotation when an aqueous sugar 

solution is allowed to stand. Sugars having potential free aldehyde or keto group 

exhibit mutarotation. Many sugars exist in two crystalline forms. For example, when 

D-glucose is dissolved in water and allowed to crystallize out by evaporation of water, 
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one form of D-glucose is obtained. If D-glucose is crystallized from acetic acid or 

pyridine, another form of D-glucose is obtained. These two forms exhibit different 

physical and chemical properties. A freshly prepared aqueous solution of α-D glucose 

has a specific rotation of +113
o

. If the solution of α- D-glucose is allowed to stand, the 

specific rotation changes to +52.2
o

. Similarly, a fresh solution of β- D-glucose has a 

specific rotation of +19
o 

which changes to +52.2
o 

on standing. This change in optical 

rotation is called mutarotation. On standing in solution, the hemiacetal ring opens 

and reformed to give a mixture of ∝∝∝∝- and ββββ-D-glucose having a specific rotation of 

+52.2
o
. 
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• The word "Protein" word was coined by J.J. Berzelius in 1838 and was 

derived from the Greek word "Proteios" meaning the ‘primary’ or ‘first rank’ 

or ‘standing first’. As the name shows, the proteins are of paramount 

importance for biological systems. Out of the total dry body weight, 3/4th are 

made up of proteins.  

• Proteins are used for the body building; all the major structural and functional 

aspects  of the body are carried out by protein molecules.  

• Abnormality in protein structure will lead to molecular diseases with profound 

alterations in metabolic functions.  

• Proteins are macromolecular polymers composed of amino acids as the basic 

unit linked by peptide bonds.  

• Amino acids are the fundamental structural units of all proteins.   

• These biopolymers contain carbon, hydrogen, oxygen, nitrogen and sulphur.  

• The elementary composition of most proteins is very similar; approximate  

percentages are C=50-55, H=6-8, O=20-23, N=15-18 and S=Traces. 

 

♣ Occurrence: 

• Proteins are found in all living cells.  

• They form essential constituent of protoplasm, cell membrane and nuclear 

material. 

• They may be present as simple proteins or complexes with lipids or nucleic 

acids. Proteins from different tissues such as muscle, bone, brain, blood and 

other biological fluids differ in composition and properties.  

• In cereal and leguminous plants, seeds contain comparatively higher amounts 

of protein than stem, leaves and flowers.  

• Tuber crops usually contain less amounts of protein in all parts.  

• Enzymes are specialized proteins with catalytic activities and are present in all 

living organisms.  

• Proteins serve as regulators of metabolic reactions, directly as components of 

enzymes and indirectly in the form of chemical messengers known as 

hormones as well as receptors for hormones. They regulate and integrate the 

numerous physiological and metabolic processes in the body.  

• Proteins are the centre of action in many biological processes. 

 

♣ Amino acids: 
- All proteins are formed from 22 different amino acids. All the amino acids have 

trivial or common names based on the source from which they were first isolated 

or based on their properties. For eg. Asparagine was named so, as it was isolated 

from asparagus and glycine was so named because of its sweet taste 

(Greek:'glykos' meaning sweet). All the 22 amino acids, except proline, found in 

proteins have an amino group and a carboxyl group attached to the same carbon 

atom, namely the ∝-carbon. They differ only in the side chains (R groups). The 22 

amino acids found in proteins are referred as the standard or normal or protein 

amino acids. 

- There are many other amino acids found in nature but do not occur in proteins. 

They are referred as non-protein amino acids. 
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♣ Classification of protein amino acids: 
The protein amino acids are classified according to the chemical nature of their R 

groups as aliphatic, aromatic, heterocyclic and sulphur containing amino acids. 

More meaningful classification of amino acids is based on the polarity of the R 

groups. The polarity of the R groups varies widely from totally non-polar to highly 

polar. The 22 amino acids are classified into four main classes. 

 

a) Amino acids with non-polar or hydrophobic, aliphatic R groups:  
This group of amino acids includes Glycine, Alanine, Valine, Leucine, Isoleucine 

and Proline. The hydrocarbon R groups are non-polar and hydrophobic. The side 

chains of alanine, valine, leucine and isoleucine are important in promoting 

hydrophobic interactions within protein structures. The minimal steric hindrance of 

the glycine side chain (hydrogen) allows more flexibility than other amino acids. On 

the other hand, the imino group of proline is held in a rigid conformation and reduces 

the structural flexibility of the protein. 

b) Amino acids with non-polar aromatic R groups:  
This group includes Phenylalanine, Tyrosine and Tryptophan. All these amino 

acids participate in hydrophobic interactions, which is stronger than aliphatic R 

groups because of stacking one another. Tyrosine and tryptophan are more polar than 

phenylalanine due to the presence of hydroxyl group in tyrosine and nitrogen in the 

indole ring of     tryptophan. The absorption of ultraviolet (UV) light at 280 nm by 

tyrosine, tryptophan and to a lesser extent by phenylalanine is responsible for the 

characteristic strong absorbance of light by proteins. This property is exploited in the 

characterization and quantification of proteins. 

c) Amino acids with polar, uncharged R groups:  
This group of amino acids includes Serine, Threonine, Cysteine, Methionine,  

Asparagine and Glutamine. The hydroxyl group of serine and threonine, the sulphur 

atom of cysteine and     methionine and the amide group of asparagine and glutamine, 

contribute to the polarity. The R groups of these amino acids are more hydrophilic 

than the non-polar amino acids. 

d) Amino acids with charged R groups:  Acidic:  
The two amino acids with acidic R groups are Aspartic and Glutamic acids. These 

amino acids have a net negative charge at pH 7.0.  

Basic: This group includes Lysine, Arginine and Histidine . The R groups have a 

net positive charge at pH 7.0.  

 

♣ Properties of amino acids: 

 

� Physical: 

Amino acids are white crystalline substances. Most of them are soluble in water and 

insoluble in non-polar organic solvents (e.g., chloroform and ether).  Aliphatic and 

aromatic amino acids particularly those having several carbon atoms have limited 

solubility in water but readily soluble in polar organic solvents. They have high 

melting points varying from 200-300
o
C or even more. They are tasteless, sweet or 

bitter. Some are having good flavour. Sodium glutamate is a valuable flavouring agent 

and is used in the preparation of certain dishes and sauces. 

  



� Amphoteric nature of amino acids: 
- Amino acids are amphoteric compounds, as they contain both acidic (COOH) and 

basic (NH2) groups. They can react with both alkalies and acids to form salts. In 

acid solution amino acids carry positive charges and hence they move towards 

cathode in an electric field. In alkaline solution, the amino acids carry negative 

charges and therefore mo

- Amino acids possessing both positive and negative charges are called  

zwitterions. The zwitterion reacts as an acid with a base by liberating a proton 

(H
+
) from the NH3+ group and as a result possesses a net negative charge. On the 

other hand, zwitterions reacts with an acid as base, combining with the  proton 

(H
+
) of the acid resulting in the formation of a compound having a net positive 

charge. These reactions are reversible. 

- The pH at which the amino acid has no tendency to move eithe

or negative electrode is called 

pH, the amino acid molecule bears a net charge of zero.

 

� Isomerism: All amino acids except proline, 

found in protein are ∝-amino acids because NH

group is attached to the  

is next to the COOH group. Examination of the 

structure of amino acids reveals that except 

glycine, all other amino acids possess 

asymmetric carbon atom at the alpha position. 

Because of the presence of asymmetric 

atom, amino acids exist in optically active forms.

L-forms are more common than D

acids are L-amino acids. 

� Chemical properties:

a)  Reactions due to amino group:
1. Reaction with formaldehyde (Formal titration): 

zwitterion in aqueous medium. If an amino acid solution is treated with excess of 

neutralized formaldehyde solution, the amino group combines with formaldehyde 

forming dimethylol amino aci

Hence the amino group is protected and the proton released is titrated against 

alkali. This method is used to find out the amount of total free amino acids in 

plant samples.  

2. Reaction with nitrous acid: 

amino acids to form the corresponding hydroxyacids and liberate nitrogen gas.

3. Reaction with ninhydrin: 

solution of amino acid is boiled with ninhydrin, the amino acid is 

deaminated to produce ammonia and a ketoacid. The keto acid is decarboxylated 

to produce an aldehyde with one carbon atom less than the parent amino acid. The 

net reaction is that ninhydrin oxidatively deaminates and decarboxylates 

acids to CO2
,
 NH3 and an aldehyde. The reduced ninhydrin then reacts with the 

liberated ammonia and 

coloured compound known as Ruhemann's purple. This ninhydrin reaction is 

employed in the quantitative determination of amino acids. 

  

Amphoteric nature of amino acids:  
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All amino acids except proline, 

amino acids because NH2 

is attached to the  ∝-carbon atom, which 

is next to the COOH group. Examination of the 

structure of amino acids reveals that except 
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Chemical properties: 

Reactions due to amino group: 
Reaction with formaldehyde (Formal titration): Amino acid exists as 

zwitterion in aqueous medium. If an amino acid solution is treated with excess of 

neutralized formaldehyde solution, the amino group combines with formaldehyde 

forming dimethylol amino acid which is an amino acid formaldehyde complex. 

Hence the amino group is protected and the proton released is titrated against 

alkali. This method is used to find out the amount of total free amino acids in 

Reaction with nitrous acid:  Nitrous acid reacts with the amino group of 

amino acids to form the corresponding hydroxyacids and liberate nitrogen gas.

Reaction with ninhydrin:  Ninhydrin is a strong oxidizing agent. When a 

solution of amino acid is boiled with ninhydrin, the amino acid is 

deaminated to produce ammonia and a ketoacid. The keto acid is decarboxylated 

to produce an aldehyde with one carbon atom less than the parent amino acid. The 

net reaction is that ninhydrin oxidatively deaminates and decarboxylates 

and an aldehyde. The reduced ninhydrin then reacts with the 

liberated ammonia and another molecule of intact ninhydrin to produce a purple

coloured compound known as Ruhemann's purple. This ninhydrin reaction is 

employed in the quantitative determination of amino acids.  

Amino acids are amphoteric compounds, as they contain both acidic (COOH) and 

) groups. They can react with both alkalies and acids to form salts. In 

acid solution amino acids carry positive charges and hence they move towards 

cathode in an electric field. In alkaline solution, the amino acids carry negative 

mino acids possessing both positive and negative charges are called  

The zwitterion reacts as an acid with a base by liberating a proton 

) from the NH3+ group and as a result possesses a net negative charge. On the 

hand, zwitterions reacts with an acid as base, combining with the  proton 

) of the acid resulting in the formation of a compound having a net positive 

r towards positive 
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net reaction is that ninhydrin oxidatively deaminates and decarboxylates ∝- amino 

and an aldehyde. The reduced ninhydrin then reacts with the 
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b)  Reactions due to carboxyl group:
1. Decarboxylation:  The carboxyl group of amino acids is decarboxylated to yield the 

corresponding amines. Thus, the vasoconstrictor agent, histamine is produced from 

histidine. Histamine stimulates the flow of gastric juice into the stomach and the

dilation and constriction of specific blood vessels. Excess reaction to histamine causes 

the symptoms of asthma and various allergic reactions.

 

♣ Essential amino acids: 

Most of the prokaryotic and many eukaryotic organisms (plants) are capable of 

synthesizing all the amino acids present in the protein. But higher animals

man possess this ability only for certain amino acids. The amino acids, which are 

needed for normal functioning of the body but cannot be synthesized from metabolic 

intermediates, are called essential amino acids. These must be obtained from the diet 

and a deficiency in any one of the amino acids prevents growth and may even cause 

death. Methionine, Arginine, Threonine, Tryptophan, Valine, Isoleucine, Leucine, 

Phenylalanine, Histidine, and Lysine are the essential amino acids (Remember : A 

HILL MPTTV). 

♣ Peptide: 

Amino acids are linked together by formation of covalent bonds. The covalent bond is 

formed between the ∝-carboxyl group of one amino acid and the 

the next amino acid. The bond so formed between the carboxyl and the amino groups, 

after elimination of a water molecule is called as a peptide bond and the compound 

formed is a peptide. The peptide formed between two amino acids is a dipeptide; three 

amino acids is a tripeptide; few amino acids are 

a polypeptide.  

 

 

• Peptides of physiological interest:

1. Glutathione is a commonly occurring tripeptide (

many living organisms. It has a role in detoxification of toxic compounds in 

physiological system. The nanapeptides (nine amino acids), 

are important animal peptide hormones.

2. Oxytocin induces labor in pregnant women and controls contraction of uterine 

muscle. 

3. Vasopressin plays a role in control of blood pressure by regulating the

smooth muscles. 

4. A dipeptide L-aspartyl

dipeptide is about 200 times sweeter than cane sugar. The methyl ester of this             

dipeptide is called as aspartame and marketed as an artificial sweetener for

Reactions due to carboxyl group: 
The carboxyl group of amino acids is decarboxylated to yield the 

esponding amines. Thus, the vasoconstrictor agent, histamine is produced from 

histidine. Histamine stimulates the flow of gastric juice into the stomach and the

dilation and constriction of specific blood vessels. Excess reaction to histamine causes 

mptoms of asthma and various allergic reactions. 

Most of the prokaryotic and many eukaryotic organisms (plants) are capable of 

synthesizing all the amino acids present in the protein. But higher animals

ability only for certain amino acids. The amino acids, which are 

needed for normal functioning of the body but cannot be synthesized from metabolic 

intermediates, are called essential amino acids. These must be obtained from the diet 

y one of the amino acids prevents growth and may even cause 

death. Methionine, Arginine, Threonine, Tryptophan, Valine, Isoleucine, Leucine, 

Phenylalanine, Histidine, and Lysine are the essential amino acids (Remember : A 

are linked together by formation of covalent bonds. The covalent bond is 

carboxyl group of one amino acid and the ∝-amino group of 

the next amino acid. The bond so formed between the carboxyl and the amino groups, 

a water molecule is called as a peptide bond and the compound 

formed is a peptide. The peptide formed between two amino acids is a dipeptide; three 

amino acids is a tripeptide; few amino acids are oligopeptide and many amino acids is 

tides of physiological interest: 

is a commonly occurring tripeptide (ϒ-glutamyl cysteinyl glycine) in 

many living organisms. It has a role in detoxification of toxic compounds in 

physiological system. The nanapeptides (nine amino acids), oxytocin and vasopressin 

are important animal peptide hormones. 

induces labor in pregnant women and controls contraction of uterine 

plays a role in control of blood pressure by regulating the contraction of 

aspartyl-L-phenylalanine, is of commercial importance. This

dipeptide is about 200 times sweeter than cane sugar. The methyl ester of this             

dipeptide is called as aspartame and marketed as an artificial sweetener for

The carboxyl group of amino acids is decarboxylated to yield the 

esponding amines. Thus, the vasoconstrictor agent, histamine is produced from 

histidine. Histamine stimulates the flow of gastric juice into the stomach and the 

dilation and constriction of specific blood vessels. Excess reaction to histamine causes 

Most of the prokaryotic and many eukaryotic organisms (plants) are capable of 

synthesizing all the amino acids present in the protein. But higher animals including 

ability only for certain amino acids. The amino acids, which are 

needed for normal functioning of the body but cannot be synthesized from metabolic 

intermediates, are called essential amino acids. These must be obtained from the diet 

y one of the amino acids prevents growth and may even cause 

death. Methionine, Arginine, Threonine, Tryptophan, Valine, Isoleucine, Leucine, 

Phenylalanine, Histidine, and Lysine are the essential amino acids (Remember : A 

are linked together by formation of covalent bonds. The covalent bond is 

amino group of 

the next amino acid. The bond so formed between the carboxyl and the amino groups, 

a water molecule is called as a peptide bond and the compound 

formed is a peptide. The peptide formed between two amino acids is a dipeptide; three 

ligopeptide and many amino acids is 

glutamyl cysteinyl glycine) in 

many living organisms. It has a role in detoxification of toxic compounds in 

oxytocin and vasopressin 

induces labor in pregnant women and controls contraction of uterine 

contraction of 

, is of commercial importance. This 

dipeptide is about 200 times sweeter than cane sugar. The methyl ester of this             

dipeptide is called as aspartame and marketed as an artificial sweetener for diabetics. 
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� PROTEIN 

 

♣ Classification of protein: 

Proteins are classified based on their 

A. Solubility and composition 

B. Function 

C. Shape and size 

 

A. Classification based on solubility and composition: 

According to this classification, proteins are divided into three main groups as simple, 

conjugated and derived proteins. 

�  Simple proteins: 

Simple proteins yield on hydrolysis, only amino acids. These proteins are further 

classified based on their solubility in different solvents as well as their heat 

coagulability. 

1. Albumins: Albumins are readily soluble in water, dilute acids and alkalies. It is 

coagulated by heat. Seed proteins contain albumin in lesser quantities. Albumins may 

be precipitated out from solution using high salt concentration, a process called 

'salting out'. They are deficient in glycine. Serum albumin and ovalbumin (egg white) 

are examples. 

2. Globulins: Globulins are insoluble or sparingly soluble in water, but their solubility is 

greatly increased by the addition of neutral salts such as sodium chloride. These 

proteins are coagulated by heat. They are deficient in methionine. Serum globulin, 

fibrinogen, myosin of muscle and globulins of pulses are examples. 

3. Prolamins: Prolamins are insoluble in water but soluble in 70-80% aqueous alcohol.  

Upon hydrolysis they yield much proline and amide nitrogen, hence the name     

prolamin. They are deficient in lysine. Gliadin of wheat and zein of corn are examples 

of prolamins. 

4. Glutelins: Glutelins are insoluble in water and absolute alcohol but soluble in ilute 

alkalies and acids. They are plant proteins e.g., glutenin of wheat. 

5. Histones: Histones are small and stable basic proteins. They contain fairly large 

amounts of basic amino acid, histidine. They are soluble in water, but insoluble in 

ammonium hydroxide. They are not readily coagulated by heat. They occur in globin 

of hemoglobin and nucleoproteins. 

6. Protamines: Protamines are the simplest of the proteins. They are soluble in water 

and are not coagulated by heat. They are basic in nature due to the presence of large 

quantities of arginine. Protamines are found in association with nucleic acid in the 

sperm cells of certain fish. Tyrosine and tryptophan are usually absent in protamines. 

7. Albuminoids: These are characterized by great stability and insolubility in water and 

salt solutions. These are called albuminoids because they are essentially similar to 

albumin and globulins. They are highly resistant to proteolytic enzymes. They are 

fibrous in nature and form most of the supporting structures of animals. They occur as 

chief constituent of exoskeleton structure such as hair, horn and nails. 
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� Conjugated or compound proteins: 
These are simple proteins combined with some non-protein substances known as 

prosthetic groups. The nature of the non-protein or prosthetic groups is the basis for 

the sub classification of conjugated proteins. 

1. Nucleoproteins: Nucleoproteins are simple basic proteins (protamines or histones) in 

salt combination with nucleic acids as the prosthetic group. They are the important 

constituents of nuclei and chromatin. 

2. Mucoproteins: These proteins are composed of simple proteins in combination with 

carbohydrates like mucopolysaccharides, which include hyaluronic acid 

andchondroitin sulphates.  

3. Chromoproteins: These are proteins containing coloured prosthetic groups e.g., 

haemoglobin, flavoprotein and cytochrome. 

4. Lipoproteins: These are proteins conjugated with lipids such as neutral fat, 

phospholipids and cholesterol. 

5. Metalloproteins: These are metal-binding proteins. A ∝-globulin, termed transferrin 

is capable of combining with iron, copper and zinc. This protein constitutes 3% of the 

total plasma protein. Another example is ceruloplasmin, which contains copper. 

6. Phosphoproteins: These are proteins containing phosphoric acid. Phosphoric acid is 

linked to the hydroxyl group of certain amino acids like serine in the protein e.g., 

casein of milk. 

 

� Derived proteins: 
These are proteins derived by partial to complete hydrolysis from the simple or 

conjugated proteins by the action of acids, alkalies or enzymes. They include two 

types of derivatives, primary derived proteins and secondary derived proteins. 

- Primary derived proteins: 
These protein derivatives are formed by processes causing only slight changes in 

the protein molecule and its properties. There is little or no hydrolytic cleavage of 

peptide bonds. 

o Proteans: Proteans are insoluble products formed by the action of water, dilute 

acids and enzymes. These are particularly formed from globulins but are insoluble 

in dilute salt solutions e.g., myosan from myosin, fibrin from fibrinogen. 

o Metaproteins: These are formed by the action of acids and alkalies upon protein. 

They are insoluble in neutral solvents. 

o Coagulated proteins: Coagulated proteins are insoluble products formed by the 

action of heat or alcohol on natural proteins e.g., cooked meat and cooked 

albumin. 

 

- Secondary derived proteins: 
o These proteins are formed in the progressive hydrolytic cleavage of the 

peptide bonds of protein molecule. They are roughly grouped into proteoses, 

peptones and peptides according to average molecular weight.  

o Proteoses are hydrolytic products of proteins, which are soluble in water and 

are not coagulated by heat.  

o Peptones are hydrolytic products, which have simpler structure than 

proteoses.  They are soluble in water and are not coagulated by heat.  

o Peptides are composed of relatively few amino acids. They are water-soluble 

and not coagulated by heat.  
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B. Classification of proteins based on function: 

 Proteins are classified based on their functions as: 

 Catalytic proteins – Enzymes: The most striking characteristic feature of these 

proteins is their ability to function within the living cells as biocatalysts. These 

biocatalysts are called as enzymes. Enzymes represent the largest class. Nearly 2000 

different kinds of enzymes are known, each catalyzing a different kind of reaction.  

They enhance the reaction rates a million fold.  

 Regulatory proteins – Hormones: These are polypeptides and small proteins found 

in relatively lower concentrations in animal kingdom but play highly important 

regulatory role in maintaining order in complex metabolic reactions e.g., growth 

hormone, insulin, etc. 

 Protective proteins – Antibodies: These proteins have protective defense function. 

These proteins combine with foreign protein and other substances and fight against 

certain diseases.e.g., immunoglobulin. These proteins are produced in the spleen and 

lymphatic cells in response to foreign substances called antigen. The newly formed 

protein is called antibody which specifically combines with the antigen which 

triggered its synthesis thereby prevents the development of diseases. Fibrin present in 

the blood is also a protective protein.  

 Storage proteins: It is a major class of proteins which has the function of storing 

amino acids as nutrients and as building blocks for the growing embryo. Storage 

proteins are source of essential amino acids, which cannot be synthesized by human 

beings. The major storage protein in pulses is globulins and prolamins in cereals. In 

rice the major storage protein is glutelins. Albumin of egg and casein of milk are also 

storage proteins. 

 Transport proteins: Some proteins are capable of binding and transporting specific 

types of molecules through blood. Haemoglobin is a conjugated protein composed of 

colourless basic protein, the globin and ferroprotoporphyrin or haem. It has the 

capacity to bind with oxygen and transport through blood to various tissues. 

Myoglobin, a related protein, transports oxygen in muscle. Lipids bind to serum 

proteins like albumin and transported as lipoproteins in the blood. 

 Toxic proteins: Some of the proteins are toxic in nature. Ricin present in castor bean 

is extremely toxic to higher animals in very small amounts.  Enzyme inhibitors such 

as trypsin inhibitor bind to digestive enzyme and     prevent the availability of the 

protein. Lectin, a toxic protein present in legumes, agglutinates red blood cells. A 

bacterial toxin causes cholera, which is a protein. Snake venom is protein in nature. 

 Structural proteins: These proteins serve as structural materials or as important 

components of extra cellular fluid. Examples of structural proteins are myosin of 

muscles, keratin of skin and hair and collagen of connective tissue. Carbohydrates, 

fats, minerals and other cellular components are organized around such structural 

proteins that form the molecular framework of living material. 

 Contractile proteins: Proteins like actin and myosin function as essential elements in 

contractile system of skeletal muscle.  

 Secretary proteins: Fibroin is a protein secreted by spiders and silkworms to form  

webs and cocoons. 

 Exotic proteins: Antarctic fishes live in -1.9
o
C waters, well below the temperature at  

which their blood is expected to freeze. These fishes are  prevented from freezing by 

antifreeze glycoproteins present in their body. 

 Genetic proteins: eg. Histones. 
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C.  Classification based on size and shape: 

Based on size and shape, the proteins are also subdivided into globular and fibrous 

proteins. 

1. Globular proteins are mostly water-soluble and fragile in nature e.g., enzymes, 

hormones and antibodies. 

 

2. Fibrous proteins are tough and water-insoluble. They are used to build a variety 

of materials that support and protect specific tissues, e.g., skin, hair, fingernails 

and keratin. 
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♣ Conformation of proteins 

 

Conformation of a protein refers to the three-dimensional structure in its native state. 

There are many different possible conformations for a molecule as large as a protein. 

A protein can perform its function only when it is in its native condition. Due to the 

complexity of three-dimensional structures, the structure of protein is discussed at 

different levels of its organization. 

Four levels of structural organization can be distinguished in proteins: 

1. Primary 

2. Secondary 

3. Tertiary 

4. Quaternary 

 
���� Primary structure: Primary structure of protein refers to the number of amino acids 

and the order in which they are covalently linked together. It also refers to the location 

of disulfide bridges, if there are any, in a polypeptide chain. The peptide bond is 

covalent in nature, quiet stable and referred as backbone of the protein. They can be 

disrupted by chemical or enzymatic hydrolysis but are not directly influenced by salt 

concentration, change in pH or solvent. Frederick Sanger in 1953 determined the 

complete amino acid sequence of insulin for the first time.            

���� Secondary structure: 

Secondary structure refers to the steric relationship of amino acids that are close to 

one another in the linear sequence. The folding of a linear polypeptide chain occurs to 

form a specific coiled structure. Such coiling or folding is maintained by hydrogen 

bonds and hydrogen bond is the only bond responsible for secondary structure.  

� Helix structure: 

 The ∝-helix is the most stable arrangement of polypeptides. The helix 

structure of proteins is stabilized by intramolecular hydrogen bonding. In this 

structure, hydrogen bonds are formed between the C=O group of one peptide 

bond and the N-H group of another after 3 amino acid units.  

 The polypeptide chain constituted by L-amino acids form a right-handed helix, 

whereas the polypeptide chains made up of D-amino acids form a left-handed 

helix. In the ∝-helical conformation, all the side chains lie outside the helix 

whereas  C, N, O and H of the peptide bond lie in the same plane.  

 Certain amino acids tend to disrupt the ∝-helix. Among these are proline (the 

N atoms is part of the rigid ring and no rotation of the N-C bond can occur) 

and amino acid with charged or bulk R groups that either electrostatically or 

physically interferes with helix formation. 

� The β-pleated sheet structure: 

 Pauling and Corey also proposed a second ordered structure, the β-pleated 

sheet for polypeptide.  

 This structure is a result of intermolecular hydrogen bonding between the 

polypeptide chains to form a sheet like arrangement.  

 There are two ways in which proteins chains can form the pleated sheet 

structure. One is with the chains running in the same direction i.e. the -COOH 
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or NH2 ends of the polypeptide chains lying all at the top or all at the bottom 

of the sheet. This is called parallel pleated-sheet structure.  

 In another type, known as antiparallel β-pleated sheet structure, the 

polypeptide chains alternate in such a way that the -COOH end of the one 

polypeptide is next to the -NH2 end of the other i.e. polypeptide chains run in 

opposite directions. 

� The random coil: 

Regions of proteins that are not identifiably organized as helices or pleated  

sheets are said to be present in random coil conformation. Considerable 

portion of the protein may be present in this conformation. The term 'random' 

is unfortunate which imply less biological significance than more highly 

repeating regions. But in terms of biological function, the regions of random 

coil are of equal importance to those of helix and pleated sheet.  

���� Tertiary structure: 
Tertiary structure refers to the steric relationship of amino acid residues that are far 

apart in the linear sequence. This leads to the twisting of polypeptide chains into 

specific loops and bends which are maintained chiefly by five kinds of bonds. 

� Hydrogen bonds: 
Hydrogen bonds are formed between the side chain (R group) of amino acid having a 

hydrogen donor group and an acceptor group 

� Salt-linkages (electrostatic forces; ionic bonds): 
Salt linkages are due to the interaction between amino groups of basic amino acids      

and the carboxyl group of acidic amino acids present in the R group. 

� Disulfide bonds (S-S linkages): 
The S-S linkages are formed by the oxidation of sulfhydryl (-SH) group of two 

cysteine side chains 

� Hydrophobic bonds: 

Hydrophobic bonds are formed as a result of interaction between non-polar side 

chains. 

� Dipole-dipole interaction: 

This interaction occurs between polar unionized side chains.  The folding of a 

polypeptide chain due to different covalent and non-covalent interactions is shown 

below. Out of the above bonds, the disulfide bond (covalent bond) is the strongest and 

cannot be affected by solvent, pH, temperature and salts whereas the above   

conditions. The disulfide bond can be split and reformed by oxidation/reduction, 

respectively. The tertiary structure gains special importance in the case of enzymes. 

���� Quaternary structure: 

Proteins that have more than one subunit or polypeptide chains will exhibit quaternary 

structure. Quaternary structure refers to a functional protein aggregate (organization) 

formed by inter polypeptide linkage of subunits or polypeptide chains. These subunits 

are held together by non covalent surface interaction between the polar side chains. 

Myoglobin has no quaternary structure since, it is composed of a single polypeptide 

chain. Hemoglobin molecule, which consists of four separate polypeptide chains, 

exhibits quaternary structure. 
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♣ Physical and chemical properties of proteins: 

 

���� Physical: 

 Pure proteins are generally tasteless, though the predominant taste of protein 

hydrolysates is bitter.  

 Pure proteins are odourless.  

 Because of the large size of the molecules, proteins exhibit many properties 

that are colloidal in nature.  

 Proteins, like amino acids, are amphoteric and contain both acidic and basic 

groups. They possess electrically charged groups and hence migrate in an 

electric field. Many proteins are labile and readily modified by alterations in 

pH, UV radiation, heat and by many organic solvents.  

 

���� Properties of proteins: 
� U.V absorption: Heat and UV radiation supply kinetic energy to protein molecules 

causing the atoms to vibrate rapidly, thus disrupting the relatively weak hydrogen 

bonds and salt linkages. This results in denaturation of protein leading to coagulation.  

� Isoelectric point: Isoelectric point is also called as isoelectric pH. This is the pH at 

which the number of positive and negative charges is equal in the protein and they are 

electrically neutral. Solubility of proteins is least at isoelectric pH. 

� Zwitterions: Proteins contain both positive and negative charges and hence they are  

called as zwitterions.  

� Immunological properties: Proteins exhibit a special property called immunological 

property, which is useful in defence mechanism. Whenever any antigen enters into the 

body, immediately body releases a special class of proteins called as defence 

antibodies. Denaturation: It is a physical change in which there is a collapse of 

protein structure. The comparatively weak forces responsible for maintaining 

secondary, tertiary and quaternary structure of proteins are readily disrupted with 

resulting loss of biological activity. This disruption of native structure is termed 

denaturation.  

- Due to denaturation, there is a decrease in solubility and loss of biological activity of     

proteins. Denaturation occurs at extreme temperatures and pH and also by many 

chemicals like organic solvents, urea, ionic detergents etc. On denaturation, non-

covalent bonds in the protein are broken and its primary structure remains intact.    

When the favourable conditions are provided, some proteins i.e. a  reversibly     

denatured protein, will spontaneously return to its native biologically  active form and 

this process is called renaturation. 

� Renaturation: Renaturation refers to the attainment of an original, regular     Three 

dimensional functional protein after its denaturation.  

� Protein folding: Many proteins fold to their native conformation on their own by self 

assembly. However several other accessory proteins help in this process. They 

include; 

a. Enzymes: Eg: Peptidyl prolyl cis-trans isomerase introduces reverse bends. 

b. Molecular chaperons: They are a special class of proteins which will help in the 

folding of other proteins. Molecular chaperons will identify the improperly         

folded proteins and provide a microenvironment in which a polypeptide can         

progressively fold itself. Molecular chaperons will not impose a structure to 

proteins but only provide the required environment to the protein. They belong to 
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heat shock protein family which protects polypeptide from denaturation and 

aggregation at high temperature. 

� Solubility: Protein solubility is influenced by pH, heavy metals, salts and organic 

solvents. 

a) pH: Solubility of proteins is minimum at isoelectric point (PI). At acidic PH,     

proteins behave like cations. Anion forms of some compounds like 

Trichloroacetic acid are effective in precipitating the proteins. Solubility is 

influenced by the presence of polar hydrophilic groups on the surface.  Acidic and 

basic reagents cause changes in pH, which alter the charges present on the side 

chain of protein disrupting the salt linkages. 

c) Heavy metals: At alkaline pH, proteins behave like anions. Cationic forms of 

some heavy metals such as Mercury and Lead are attracted by the negative 

charges present on the free side chains of proteins and precipitate them.  Salts of 

heavy metal ions (Hg
2+

, Pb
2+

) form very strong bonds with carboxylate anions of 

aspartate and glutamate thus disturbing the salt linkages. This property makes 

some of the heavy metal salts suitable for use as antiseptics. 

d) Salts: By the addition of small quantity of salt like ammonium sulphate or sodium  

chloride, solubility of protein is usually increased due to increased ionic strength 

of  the solution. On further increase of salt, the solubility decreases. 

e) Organic solvents: Organic solvents like ethanol, acetone and butanol lower the     

dielectric constant of the medium and decrease the solubility. Organic solvents 

such as ethyl alcohol and acetone are capable of forming intermolecular hydrogen 

bonds with protein disrupting the intramolecular hydrogen bonding. This causes 

precipitation of protein. 

 

♣ Purification techniques: The following techniques are used for purification of 

proteins. 

1. Salting in and salting out:  
- Increase in the solubility of a protein by addition of small quantities of sodium 

chloride is called as salting in and this is due to increasing the ionic strength of the 

solution. On the other hand, when excess of salt is added to the solution, there is 

decrease in the solubility and this is called as salting out.  

- Salting out occurs due to hydrophobic effect. There are hydrophobic amino acids 

and hydrophilic amino acids in protein molecules. The hydrophobic amino acids 

generally are present in the interior of the protein but some are present on the 

surface also in small patches.  

- When the salt concentration is increased, a competition develops for the water 

between the protein and the salt. Some of the water molecules are attracted by the 

salt ions, which decreases the number of water molecules available to interact 

with the charged part of the protein.  

- As the salt concentration increases, the water on protein is removed thus exposing 

the hydrophobic area of protein molecule. These hydrophobic areas on the protein 

molecule get attracted to each other by hydrophobic effect. This results in increase 

in weight of the molecule and its aggregation. Larger the surface hydrophobic area 

on a protein molecule, quicker will be the precipitation of the protein at a lower 

concentration of the salt. 

 

2. Dialysis: Proteins can be separated by dialysis through a semi permeable 

membrane such as cellulose membrane which has pores in it. Bigger molecules 

are retained in the bag and smaller molecules pass through the membranes. 
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Occurrence and importance:  

 The word lipid is derived from the Greek word 'lipos' meaning fat. Lipids are defined 

as chemically heterogenous group of compounds of biological importance that are 

relatively insoluble in water but freely soluble in non-polar solvents such as 

chloroform, benzene, ether, hot alcohol, acetone, etc. 

 

� Functions of Lipids:  

 Storage form of energy (triglycerides). 

 It is a concentrated source of energy as it provides more than twice energy (9 kcal/ g) 

as compared to carbohydrates(4 kcal/ g) . 

 Structural components of  biomembranes (phospholipids and cholesterol) . 

 Metabolic regulators (steroid hormones and prostaglandins) . 

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

 Act electric insulators in neurons. 

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

 Give shape and contour to the body. 

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

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

 Improve taste and palatibility of food.            

 

 Occurrence: 

 

 Lipids occur in plants and animals as storage and structural components.  

 Structural lipids present in animals and plants are in the form of meat and vegetables 

respectively.  

 Storage fats occur in milk and adipose tissue of farm animals and in seed oils.  

 Fats supply more than double energy per unit weight as proteins or carbohydrates.  

 Lipids are anhydrous due to non-polar nature and represent more energy than 

carbohydrates which are heavily hydrated due to polar nature.  

 The presence of lipids in diet contributes considerably to palatability.  

 Lipids contribute palatability in two ways.  

 They induce olfactory responses, namely, taste in the mouth and aroma through nose. 

Secondly, they contribute to the texture of food and are responsible for the mouth-

feel.  

 Lipids also supply the essential fatty acids which are not synthesised in human 

beings but are essential for growth.  

 Lipids are essential for the effective absorption of fatsoluble vitamins A, D, E and 

K from intestine.  

 Many enzymes require lipid molecules for maximal activity. Examples are 

microsomal enzyme, glucose 6-phosphatase and mitochondrial enzyme, β-

hydroxybutyrate dehydrogenase.  

 Adrenal corticosteroids, sex hormones and vitamin D3 (Cholecalciferol) are 

synthesized from lipid derivative- cholesterol.  

 Much of the lipid of mammals is located subcutaneously and acts as insulation 

against excessive heat loss to the environment.  

 The subcutaneous lipid deposits also insulate the important organs against mechanical 

trauma. 
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 Classification of lipids: 
 

 Based on the chemical nature, lipids are broadly classified into simple, compound 

and derived lipids.  

 

1. Simple lipids:  

 They are esters of fatty acids with glycerol or other higher alcohols. 

a. Triacylglycerol or Triglycerides or Neutral fat 

b. Waxes 

 

2. Compound lipids: They are fatty acids esterified with alcohol; but in addition they 

contain other groups. Depending on  these extra groups, they are sub-classified in   

 

A. Phospholipids, containing phosphoric acid 

 

� Nitrogen containing glycerophosphatides: 

 Lecithin (Phosphatidyl choline) 

 Cephalin (Phosphatidyl ethanolamine) 

 Phosphatidyl serine 

 

� Non-nitrogen glycerophosphatides 

 Phosphatidyl inositol 

 Phosphatidyl glycerol 

 Diphosphatidyl glycerol (Cardiolipin) 

 

� Plasmalogens, having long chain alcohol 

 Choline plasmalogen 

  Ethanolamine plasmalogen 

 

� Phosphosphingosides, with sphingosine 

 Sphingomyelin 

 

B. Non-phosphorylated lipids 

1. Glycosphingolipids (Carbohydrate) 

 Cerebrosides (Ceramide monohexasides) 

 Globosides (Ceramide oligosaccharides) 

 Gangliosides (Ceramide+Oligosaccharide N-acetyl neuramic acid) 

2. Sulpholipids or sulfatides 

 Sulfated cerebrosides 

 Sulfated glycosides 

 Sulfated gangliosides 

 

3. Derived lipids:  

 They are compounds which are derived from lipids or precursors of lipids, eg. 

Fatty acids, Steroids, Prostaglandins, Leukotrienes, Terpenes, Dolichols, etc. 

 

4. Lipid complexed to other compounds: 

 Proteolipids and lipoproteins 



Biochem.2.1 Fundamentals of Plant Biochemistry – Dr. Narendra Garaniya 3 

 

 

Simple Lipids Compound Lipids Derived Lipids 

Esters of fatty acids 

with glycerol and 

monohydric alcohols. 

Esters Containing chemical groups 

in addition to alcohol and fatty 

acids. 

Substances derived 

from simple and 

compound lipids by 

hydrolysis. Alcohols, 

fatty acids, aldehydes, 

ketones, sterols and 

hydrocarbons. 

Depending upon the 

constituent alcohols 

they are further 

subdivided into fats or 

oils and waxes  

Depending upon the chemical 

groups they are further subdivided 

into phospholipids, glycolipids, 

sulpholipids and lipoproteins. 

- 

Fats, also termed as 

triacylglycerols are 

esters of fatty acids 

with glycerol e.g. 

Plants- vegetable oils; 

Animals-ghee and 

butter  

Phospholipids contain phosphate 

group. Phopholipids are further 

grouped as glycerophospholopids 

e.g., Lecithin if the constituting 

alcohol is glycerol or as 

sphingophospholipids if the 

alcohol is sphingosine e.g., 

sphingomyelin.  

- 

Waxes are esters of 

fatty acids and 

alcohols other than 

glycerol e.g., Plant 

wax-carnauba wax;  

Glycolipids contain hexose units 

preferably galactose alongwith 

fatty acids and alocohol e.g. 

Cerebrosides.  

- 

Insect wax-beeswax;  
Plant sulpholipids contain sulfated 

hexose with fatty acids and alcohol 
- 

Animal wax – lanolin  

Lipoproteins contain protein 

subunits along with lipids. 

Depending upon density and lipid 

compound they are further 

classified as VLDL, LDL and 

HDL. 

- 

 

 Fatty Acids: 

 

 Fatty acids are carboxylic acids with hydrocarbon chains of 2 to 36 carbons.  

 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. 

 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 fatty acids may vary. 

 Characteristics of fatty acids are shown in table below.  
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Palmitic acid  CH3-(CH2)14-COOH  Steric acid   CH3-(CH2)16-COOH 

 

 Some of the common fatty acids are noted in Table 

 Fatty acids having carbon atoms 4 t0 6 are called small chain fatty acids (SCFA); 

 Those with 8 to 14 carbon atoms are known as medium chain fatty acids (MCFA); 

 Those with 16 t0 18 carbon atoms are called long chain fatty acids (LCFA);  

 And those carrying 20 or more carbon atoms are named as very long chain fatty 

acids (VLCFA). 

 

 Small chain fatty acids (SCFA): Butyric acid (4C) and Capric acid(6C) are found 

in  butter and ghee.  

 Medium chain fatty acids (MCFA): Caproic acid (10C), Lauric acid (12C) and 

myristic acid (14C) are present in coconut oil and                                                      

human milk.  

 Normal skin has a very thin layer of sebum secretion with MCT (medium chain 

triglycerides) containing lauric acid which prevents bacterial entry into the body. 

 

 

 Classification of fatty acids: 

 

1. Depending on total number of carbon atoms: 

• Even chain: They have carbon atoms 2,4 ,6 and similar series. Most of the 

naturally occurring lipids contain even chain of fatty acids.  

• Odd chain: They have carbon atoms 3,5,7,etc. Odd numbered fatty acids are seen 

in microbial cell walls. 

 

2. Depending on length of hydrocarbon chain: 

• Short chain with 2 to 6 carbon atoms. 

• Medium chain with 8 to 14 carbon atoms.  

• Long chain with 16 and above, usually up to 24 carbon atoms.  

• Very long chain fatty acids (more than 24 carbon atoms). 

 

3. Depending on nature of hydrocarbon chain  

• Saturated fatty acids  

• Unsaturated fatty acids 

 mono-unsaturated (mono-enoic) having single double bond  

 poly-unsaturated (poly-enoic) with  2 or more double bonds 

 

• Branched chain fatty acids  

• Hydroxy fatty acids 
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Characteristics of Common Fatty Acids: 

Common Name No of 

“C” Atoms 

Chemical nature Occurrence 

A. Even chain, Saturated fatty acids 

Acetic 2 Saturated; small chain Vinegar 

Butyric 4 Saturated; small chain Butter 

Caproic 6 Saturated; small chain Butter 

Capric 10 Saturated; small chain Coconut oil 

Lauric 12 Saturated; small chain Coconut oil 

Myristic 14 Saturated; small chain Coconut oil 

Palmitic 16 Saturated; Odd chain Body fat 

Stearic 18 Saturated; Odd chain Body fat 

Arachidic 20 Saturated; Odd chain Peanut oil(Arachis oil) 

B. Odd chain, Saturated fatty acids 

Propionic 3 Saturated; odd chain Metabolism 

C. Even chain, Unsaturated fatty acids 

Palmitoleic 16 Monounsaturated (ω7) Body fat 

Oleic 18 Monounsaturated (ω9) Body fat 

Erucic 22 Monounsaturated (ω9) Mustard oil 

Nervonic 24 Monounsaturated (ω9) Brain lipids 

Linoleic 18 2 double bonds (ω6) Vegetable oils 

Linolenic 18 3 double bonds (ω3) Vegetable oils 

Arachidonic 20 4 double bonds (ω6) Vegitable oils 

Timnodonic 20 5 double bonds 

eicosa pentaenoic (ω3) 

Fish oils 

Clupanodonic 22 5 double bonds 

docosa pentaenoic (ω3) 

Fish oils, brain 

Cervonic 22 6 double bonds 

docosa hexaenoic (ω3) 

Fish oils, brain 

D. Branched fatty acids 

Iso valeric acid 5 Branched Metabolic intermediate 

E. Hydroxy fatty acids 

Cerebronic acid 24 Hydroxy acid Brain lipids 

 

 Saturated Fatty Acids: 
 They have the general structural formula CH3-(CH2)n-COOH. For example, Acetic 

acid CH3- COOH, Butyric acid CH3( CH2)2-COOH, Palmitic acid CH3-(CH2)14-

COOH, stearic acid CH3-(CH2)16- COOH.  

  They are named by adding the suffix 'anoic' after the hydrocarbon. 

 The two carbon acetic acid and 4 carbon butyric acid are important metabolic 

intermediates. 

 The C16 (palmitic acid) and C18 (stearic acid) are most abundant in body fat. 

 Each animal species will have characteristic pattern of fatty acid composition. Thus, 

human body fat contains 50% oleic acid, 25% palmitic acid, 10% linoleic acid and 5% 

stearic acid. 

 The carbon atoms of fatty acids are numbered as C1, C2, etc. starting from the COOH 

group. Or, starting from the methyl end, the carbon atoms may be numbered as (ω)-1, 

2, 3, etc. 

             



Biochem.2.1 Fundamentals of Plant Biochemistry – Dr. Narendra Garaniya 6 

 

6         5       4        3      2      1 

CH3 - CH2- CH2- CH2-CH2-COOH  

            ω1     ω2      ω3    ω4   ω5 

  

 The structure of fatty acids is also written as a symbol of two numbers separated by a 

colon: the first number denotes the carbon atoms in the chain and the second     

number denotes the number of unsaturation centres. 

 The positions of double bonds are specified by superscript numbers following ∆∆∆∆ 

(delta). 

 

                                 6      5      4       3      2      1 

                                 CH3-CH2-CH2-CH2-CH2-COOH 

                                 ω1      ω2       ω3      ω4      ω5 

 

 Thus, 18:2 (C9, 12) indicates an eighteen carbon fatty acid with two double bonds 

between C9 and C10, and between C12 and C13.  

 The double bonds of all naturally occurring unsaturated fatty acids are in the cis 

configuration.  

 The non-polar hydrocarbon chain accounts for the poor solubility of fatty acids in 

water. 

 

 Unsaturated fatty acids: 

 They are named by adding suffix'enoic' after the systematic name.  

 They are similar to saturated fatty acids in the reaction of the carboxylic group but 

also show properties due to presence of the double bond.  

 Unsaturated fatty acids exhibit geometrical isomerism at the double bonds. 

 

    CH3-(CH2)-CH 

 

         HOOC-(CH2)7- CH 

          Cis-form (Oleic acid) 

                       HC-(CH)7-CH3   

 

HOOC-(CH2)7- CH 

Trans-form (Elaidic acid) 

 

 All the naturally occurring fatty acids have the cis configuration.  

 However, in the body during metabolism trans fatty acids are formed.  

 The polyunsaturated fatty acids (PUFA) exist in cis configuration in naturally 

occurring lipids. 

 

 Monounsaturated fatty acids MUFA):  

 Palmotoleic acid (16C, 1 double bond) and oleic acid (18C, 1 double bond) are 

present in human body fat as well as many vegetable oils.  

 Erucic acid (22C, 1 double bond) is a constituent of mustard oil and rapeseed oil. 

 Nervonic acid (24C, 1 double bond) is present in substantial quantities in brain.  

 

 Poly unsaturated fatty acids (PUFA)/Essential fatty acids: 

 The important Poly Unsaturated Fatty Acids (PUFAs0 are  

� Linoleic acid (18C, 2double bonds) 

� Linolenic acid (18C, 3 double bonds)  

� Arachidonic acid (20C, 4 double bonds. 
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Linoleic acid (C18) ∆∆∆∆9, 12 (two double bonds) ωωωω6 family 

CH3-(CH2)4-CH=CH-CH2-CH=CH-(CH2)7-COOH 

18                 ωωωω6   12                9                 1 

 

Linolenic acid (C18) ∆∆∆∆9, 12, 15 (three double bonds) ωωωω3 family 

CH3-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-(CH2)7-COOH 

18            ωωωω3   15                12                  9                 1 

 

Arachidonic acid (C20) ∆∆∆∆5, 8, 11, 14 (four double bonds) ωωωω6 

family 

CH3-(CH2)4-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-

(CH2)3COOH 

20               ωωωω6   14                 11                 8                   5                

1 

 

� Essential fatty acids:  

 Human body is unable to synthesise all fatty acids found in the body.  

 Fatty acids which are not synthesised in the body but required for normal body 

growth and maintenance are called as essential fatty acids.  

 These fatty acids are to be supplied externally through diet.  

 Linoleic and linolenic acids are essential fatty acids.  

 The longer chain fatty acids can be synthesised by the body from dietary linoleic  and 

ϒ-linolenic acids. 

 Arachidonic acid is essential but it can be synthesised by the body from linolenic 

acid.  

 It is also present in the meat. Linoleic acid is grouped under n-6 family because the 

6th carbon from methyl end possesses the double bond.  

 Other fatty acids that are synthesised in the body from linoleic acid such as ϒ- 

linolenic and arachidonic acids also belong to n-6 family.(n-6= ω6 fatty acid).  

 ϒϒϒϒ-Linolenic acid belongs to n-3 family and is an essential fatty acid (ω3 fatty acid). 

 The third carbon from the methyl end possesses the double bond.  

 The organs and tissues that perform the more routine and generalized functions such 

as adipose tissue, liver, muscle, kidney and the reproductive organs tend to have 

membranes in which n-6 family of polyunsaturated fatty acids predominate.  

 Nervous tissue and retina of the eye have a larger proportion of the longer chain acids 

with 5 or 6 double bonds predominantly of the n-3 family.  

 Fish oils and spirulina are rich in fatty acids of n-3 family.        

 Arachidonic acid serves as precursor for the synthesis of   prostaglandins, 

thrombaxanes and prostacyclins.  

 These fatty acid derivatives are called as 'eicosanoid' meaning 20 C compounds.  

 The main source of these eicosanoids are the membrane phospholipids from which 

they are released by the action of phospholipase-A.  

 

� Significance or Functions of Polyunsaturate fatty acids (PUFA): 

 PUFAs are used for esterification and excretion of cholesterol. So, they are anti-

atherogenic. 

 Prostaglandins, thromboxanes and leukotrienes are produced from arachidonic acid. 



Biochem.2.1 Fundamentals of Plant Biochemistry – Dr. Narendra Garaniya 8 

 

 PUFAs form integral part of mitochondrial membranes. In deficiency of PUFA, the 

efficiency of biological oxidation is reduced. 

 They are components of membranes.  

 As double bonds are in cis configuration; the PUFA molecule will be sickle shaped. 

So PUFAs will increase the fluidity of the membranes. 

 As PUFAs are easily liable to peroxidation, the membranes containing PUFAs are 

more prone for damage by free radicales. 

 They are present in good amounts in vegetable oils such as sunflower oil.  

 Other PUFAs belonging to very long chain fatty acids (VLCFA) are timnodonic acid 

(20C, 5 double bonds); clupanodonic acid (22C, 5 double bonds) and cervonic acid 

(22C, 6 double bonds). They are important for development of human brain. 

 

� Plant fatty acids: 

 

 More than 200 fatty acids have been isolated from higher and lower plants. 

 Of these, only a few are present in large quantities in most plant lipids. These are 

referred as major fatty acids.  

 Fatty acids present in smaller proportions are called as minor fatty acids. Major and 

minor fatty acids are usually biosynthesised by analogous pathways.  

 Fatty acids that occur only in a few plant species are called as unusual fatty acids. 

 

 Major fatty acids: 

 The major fatty acids are saturated or unsaturated with an unbranched carbon chain. 

The saturated fatty acids are lauric (dodecanoic), myristic (tetradecanoic), palmitic 

(hexadecanoic) and stearic (octadecanoic) acid.  

 The unsaturated fatty acids are oleic (9-octadecenoic), linoleic (9, 12-    

octadecadienoic) and ϒ-linolenic (9,12,15- octadecatrienoic) acid. They are usually 

found in the lipids from all parts of plants. 

 

 Minor fatty acids: 

 The fatty acid composition of cow's and goat's milk are characterised by a high 

content of short and medium chain saturated fatty acids. 

 

Some minor fatty acids 

Common name Carbon skeleton Systematic name 

Butyric 4:0 Butanoic 

Caproic   6:0 Hexanoic 

Caprylic   8:0 Octanoic 

Capric  10:0 Decanoic 

 

 

 Unusual fatty acids: 

 The unusual fatty acids are found only in few individual species or genus or a whole 

family. Castor bean (Ricinus communis) seed oil is rich in ricinoleic acid (90%) 

which is 12-hydroxy oleic acid CH3(CH2)5-CH(OH)-CH2-CH=CH-(CH2)7-COOH. 

 Rape seed (Brassica napus) is rich in erucic acid (cis-13-docosenoic acid,    

CH3(CH2)7-CH=CH-(CH2)11-COOH).  

 Hydrocarpic and chaulmoogric acids are found in chaulmoogra oil which is used in 

the treatment of leprosy. 
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� Properties  of fatty acids: 
The composition of some of the common oils and fats are given in Table below. 

 

Name Saturated fatty 

acids (%) 

Mono-unsaturated 

fatty acids (%) 

PUFA  

(%) 

Coconut oil (*) 86 12 2 

Groundnut oil 18 46 36 

Gingelly oil(Til oil) 13 50 37 

Palm oil 42 52 6 

Corn oil 13 25 62 

Cotton seed oil 26 19 55 

Seasame oil 12 48 40 

Mustard oil(rapeseed) 34 48(**) 18 

Safflower oil(kardi) 9 12 79 

Butter 75 20 5 

Ox (Tallow) 53 42 5 

Pig (Lard) 42 46 12 

Fish oil 30 13 57 

(*) these saturated fatty acids are medium chain fatty acids 

(**) contains erucic acid, 22C, 1 double bond               

 

♣ Hydrogenation:  

 Unsaturated fatty acids may be converted to the corresponding saturated fatty acids by 

hydrogenation of the double bonds. 

                           (+2H)           (+2H)       (+2H) 

Linolenic  →  Linoleic  → Oleic  →  Stearic 

 Hydrogenation of oils can lead to solidification and saturation, e.g. Vanaspathi 

 

♣ Halogenation:  

 When treated with halogens under mild conditions, the unsaturated fatty acids can 

take up two halogen atoms, at each double bond to form the halogenated derivative of 

the fatty acid. For example, 

 Oleic acid + I2   →→→→  Di-iodooleic acid 

 The number of halogen atoms taken up will depend on the number of double bonds 

and is an index of the degree of unsaturation. 

 

♣ Melting point:  

 The short and medium chain fatty acids are liquids, whereas long chain fatty acids are 

solids at 25 
0
C. The solubility in water decreases, while melting and boiling points 

increase, with increase in chain length. 

 The unsaturated fatty acids have lower melting point compared to saturated fatty 

acids. For example, stearic acid(C18 fatty acid, no double bond) has the melting point 

69 
0
C, oleic acid (C18, 1 double bond) has 13 

0
C; linoleic acid(C18, 2 double bonds) 

has -5 
0
C and linolenic(C18, 3 double bonds) has -10 

0
C. 

 

♣ Salt formation:  

 Saturated and unsaturated fatty acids form salts with alkali. 

 CH3-COOH + NaOH  →   CH3- COONa + H2O 
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 Sodium and potassium salts of long chain fatty acids are called soaps. Calcium soaps 

are used in grease. 

 Alkyl sulfate (R-CH2-O-SO2-ONa) and alkyl sulfonate (R-CH2-SO2-O-Na) are not 

precipitated by hard water and are used as detergents. 

 

♣ Ester formation:  

 Both saturated and unsaturated fatty acids form ester with alcohols, especially with 

glycerol. Fatty acids can form mono-, di- or tri-esters with alcohol groups of glycerol. 

Triglycerides or triacyl glycerols are also known as neutral fat. 

  

 ∞∞∞∞(1)                                                   CH2-O-CO-R 

  

 ββββ(2)                                   R-CO- O-CH 

 

∞∞∞∞'(3)                                                  CH2- O-CO-R 

 

     Triacyl glycerol (Triglyceride) 

  

� Glecerol + Fatty acid  → Mono acyl glycerol 

� Monoglyceride + Fatty acid  → Diacyl glycerol 

� Diglyceride + Fatty acid  → Triglyceride or triacyl glycerol 

 

♣ Oxidation of fatty acids: 

 All fatty acids undergo oxidation in the body to give energy.  

 Beta oxidation is the major process by which Fatty acids are oxidized.  

 However, the unsaturated can undergo auto-oxidation, due to the presence of the 

highly reactive double bonds and a variety of products are formed. 

 

                                     Lipase                   Lipase 

 Triacyl glycerol  →  Diacylglycerol  → Triacylglycerol  

                     H2O, Fattyacid         H2O, Fatty acid          Lipase 

                                                                                                    + H2O 

                                                                                           Fatty acid 

                    + 

            Glycerol 

                             Hydrolysis of triglycerides 
 

� Simple lipids (Neutral Fats): 
� Neutral fats are called triacyl glycerols(TAG) or triglycerides (TG).  

� These are esters of the trihydric alcohol, glycerol with fatty acids. 

� Lipids containing only fatty acids and glycerol or long chain alcohols (monohydric) 

are called as simple lipids which include fats, oils and waxes. 

 

 Fats and Oils: 
� Triacylglycerols are the simplest lipids constructed from fatty acids and glycerol. 

� They are also referred as triglycerides, fats or neutral fats.  

� Triacylglycerols are composed of three fatty acids esterified to the three hydroxyl 

groups of glycerol.  
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� When all the 3 fatty acid molecules are of the same kind the triacylglycerol is said  to 

be simple triacylglycerol.  

� Mixed triacylglycerol possesses two or more different fatty acids.  

� Triacylglycerol that are solid at room temperature are called as fats.  

� Liquid triacylglycerols are called as oils.  

� Neutral fats or oils are mostly composed of mixed triacyl glycerol.  

� Fats are usually rich in saturated fatty acids and the unsaturated fatty acids 

predominate in oils.  

� Most oil-producing plants store their lipids in the form of triacylglycerols. 

 

� Comparison of Fats and Oils: 
 

 Fats      Oils 
1. Esters of fatty acids + glycerol 1. Esters of fatty acids + glycerol 

2. Solid at room temperature  2. Liquid at room temperature 

3. Low molecular weight  3. High molecular weight 

4. More saturated fatty acids  4. Higher unsaturated fatty acids 

5. High saponification value  5. Low saponification value 

6. Low iodine value   6. High iodine value 

  

� Nomenclature of carbon atoms: 
As per International Union of Biochemistry (IUB) the correct designations are 

monoacyl glycerol, diacyl glycerol and triacyl glycerol. But the old terminology of 

monoglyceride, diglyceride and triglyceride are still popular, especially among 

clinical laboratory workers. 

The carbon atoms of glycerol are designated as alpha, beta and alpha' or as 1, 2, 3 as 

shown in the above figure where R represents the side chain of fatty acids. Enzyme 

can distinguish between 1st and 3rd carbon atoms. 

 

� Mixed triglycerides: 

 Naturally occurring fats and oils are mixtures of triglycerides. 

 If all the three hydroxyl groups of the glycerol are esterified to the same fatty acid, 

a simple triacyl glycerol is formed, eg. Tripalmitin, Triolein, etc. 

 A mixed triglyceride is formed, when different fatty acids are esterified to the 

hydroxyl groups of glycerol.  

 Generally two hydroxyl groups are esterified to similar fatty acid and the  third 

with a different one, eg. 1,3-dipalmitoyl-2-olein; 1- palmitoyl-2,3- distearin, etc. 

When a PUFA is present, it is commonly esterified to the 2nd or beta carbon atom. 

 

� Properties of Triglycerides (Fats and oils) or Neutral Fat: 

 

A. Physical properties of Triacyl glycerol or Fat/Oils: 

 They are hydrophobic and insoluble in water but soluble in organic solvents. 

 Fats are greasy to touch and leave an oily impression on paper. 

 Pure triacylglycerols are tasteless, odorless, colorless and neutral in reaction. 

 They have lesser specific gravity (density) than water and therefore float in water. 

 Oils are liquids at 20 
0
C; they are gtriglycerides which contain a higher proportion 

of unsaturated fatty acids or short chain triglycerides.  

 Oils are generally of plant origin. 
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 Fats are solids at room temperature and contain mainly saturated long chain fatty 

acids. Fats are mainly of animal origin.  

 When the constituent fatty acids have a higher chain length and are 

predominantly saturated, 'hard fat' is formed, eg.pig fat. 

 Fats containing medium chain triglycerides or unsaturated fatty acids are soft fats, 

e.g. Butter, coconut oil. Coconut oil contains mainly medium chain TAG, e.g. 

Lauric and Myristic acids. 

 Though fats are insoluble in water, they can be broken down into minute droplets 

and dispersed in water. This is called emulsification.   

 A satisfactory emulsion is one highly stable and contains very minute droplets 

with diameter less than 0.5 µm.  

 Examples of naturally occurring emulsions are milk and yolk of egg.  

 But they are not mere fat droplets in water.  

 They contain hydrophilic colloidal particles such as proteins, carbohydrates and 

phospholipids which act as stabilizing agents.  

 Emulsification greatly increases the surface area of the fat and this is an  essential 

requisite for digestion of fat in the intestine. 

 The degree of unsaturation of the fatty acids present in triacylglycerol determines 

whether a fat is liquid or solid at room temperature.  

 The presence of more unsaturated fatty acids lowers the melting point. 

 

B. Chemical properties of Triacyl glycerols or Fat/Oils: 

 

 Enzyme Hydrolysis of triglycerides: 

 They are hydrolysed by super heated steam, strong alkali, dilute mineral acid or 

lipase enzyme. 

               Lipase enzyme                  

Lipids + H2O   →   Fatty acid    + glycerol 

 

 Hydrolysis of triacylglycerol may be accomplished enzymatically through the 

action of lipases.  

 Lipases are widespread in both plants and animals. 

 Hydrolysis occurs in the body during digestion of dietary fat and mobilization of 

TAG from adipose tissue.  

 Triglycerides in the body are hydrolyzed by enzyme, lipases which are hydrolases 

(class 3 enzymes).  

 Triacyl glycerol is sequentially hydrolyzed to diacylglycerol and monoacyl 

glycerol and finally glycerol plus 3 fatty acids. 

 

 Saponification: 

 When triglycerides are hydrolyzed by alkali, the process is known as            

saponification.  

 The neutral fat is hydrolyzed to yield  three molecules of alkali salt called soap.  

 The process of alkali hydrolysis is called 'saponification'.  

 The alkali salt of fatty acid resulting from saponification is soap. 

 The soaps we use for washing consists of Na or K salts of fatty acids like palmitic, 

stearic and oleic acid.  

 The potassium soaps are soft and soluble, whereas the sodium soaps are hard and 

less soluble in water. The glycerol is also produced as a byproduct. 
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Neutral fat + NaOH/KOH → Soap   + glycerol 

 

(+) 3NaOH 

         Triacylglycerol   →     Glycerol + 3 R-COONa 

 

 Hydrogenation: 

 Unsaturated fatty acids react with hydrogen in presence of nickel at 150-190 
0 
C to 

give saturated fatty acids. Liquid oil is converted to solid fat.  

 Hydrogenation is the process used for preparing the artificial ghee (vegetable oil).  

 The objective of hydrogenation is to reduce the degree of unsaturation and to 

increase the melting point of the oil.  

 The oil can be selectively hydrogenated by careful choice of catalyst and 

temperature. 

 

Unsaturated fatty acid + H2   →  Saturated fatty acid 

  

CH3 (CH2)7 CH = CH CH2COOH                  CH3(CH2)7 CH2 CH2CH2COOH 
 

 Hydrogenation of unsaturated fats in the presence of a catalyst is known as 

hardening.  

 Normally the process of hydrogenation is partial so as to get desired characteristics 

and to avoid products with high melting points.  

 Hydrogenation is carried out in a closed container in the presence of finely powdered 

catalyst (0.05 - 0.2% of nickel) at temperature as high as 180 
o
C.  

 The catalyst is usually removed by filtration. During hydrogenation process a 

proportion of the cis double bonds are isomerized to trans double bonds and there is 

also migration of double bonds.  

 The hydrogenation process has made it possible to extend the food uses of a number 

of vegetable oils and marine oils whose melting points are too low. 

 

 Halogenation: 

 When unsaturated fat is treated with halogens (I2 / Br2 /Cl2 ), the fat is converted to 

halogenated compounds. E.g. Iodine value is a useful tool to know the amount of 

unsaturation in the fat. 

 

  CH3 (CH2)7 CH= CH CH2COOH + I2 / Br2 /Cl2   →→→→ 

 

                 CH3 (CH2)7 CH - CH CH2COOH 

                             

                                                                                

                                                                                           I/Br/Cl   I/Br/Cl 

                                                                                  Halogenated compound 

 

 Rancidity of Fat: 

 Fats and oils have a tendency to become rancid.  

 The rancidity can be defined as the production of bad unpleasant smell and taste in oil 

or fat is called rancidity. 

 When butter/oil/fat is stored for a long time, they often become rancid due to 

hydrolysis/oxidation. The rancid fat gives off flavour, bad smell and unpleasant taste.  
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The rancidity is of two types: 

 

i. Hydrolytic rancidity 

ii. Oxidative rancidity                     Aldehydic rancidity 

 

                                                                Ketonic rancidity 

 

 Rancidity reactions may be due to hydrolysis of ester bonds (hydrolytic rancidity) or 

due to oxidation of unsaturated fatty acids (oxidative rancidity). Generally, 

disagreeable odour and taste of fats and oils are developed in fat or oil upon storage.  

 

i. Hydrolytic rancidity: 

 Hydrolytic rancidity is due to partial hydrolysis of the triacylglycerol molecules mono 

and diacylglycerol due to traces of hydrolytic enzymes present in naturally occurring 

fats and oils.  

 The hydrolysis is hastened by the presence of moisture, warmth and lipases present in 

fats or air.  

 In fats like butter which contains a high percentage of volatile fatty acids, hydrolytic 

rancidity produces disagreeable odor and taste due to the liberation of the volatile 

butyric acid.  

 Butter becomes rancid more easily in summer. 

 

Butter or butterfat + Lipase + 3H20   -----�  Glycerol     +   Butyric acid 

 

ii. Oxidative rancidity: 

 Oxidative rancidity is the result of partial oxidation of unsaturated fatty acids with 

resultant formation of epoxides and peroxides of small molecular weight fatty acids 

by peroxides and free radicals. 

 This type of rancidity develops due to oxidation of unsaturated fats to produce either 

the cleavage or polymerisation of fatty acid.  

 The presence of highly unsaturated fatty acids makes the oil more susceptible to 

oxidative deterioration.  

 The same process, if it occurs in vivo will affect the integrity of biomembranes, 

leading to cell death.  

 The oxidative rancidity is of two types: a) Aldehydic rancidity b) Ketonic rancidity. 

 

� Aldehydic rancidity:  

 There is production of peroxides when these peroxides are converted into aldehyde 

which gives bad smell in fat. 

 The unsaturated fatty acids are oxidised at the double bonds to form peroxides, which 

then decompose to form aldehydes and acids of objectionable odour and taste. 

� Ketonic rancidity:   

 When ketones are formed from the β oxidation of saturated fatty acid, then keto acids 

are formed. Elimination of CO2 leads to rancid ketone formation to produce bad 

smell. 
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 Many natural fats and oils may contain antioxidants (eg., vitamin E), which prevent 

the occurrence of oxidative rancidity. PUFA are more easily oxidised; so vegetable 

oils with a high content of PUFA are usually preserved with addition of antioxidants. 

 Rapeseed heating of oils would lead to theformation and polymerisation of cyclic 

hydrocarbons. These will impart an unpleasant taste and colour to the oil. Coconut oil 

having medium chain saturated fatty acids will withstand such polymerisation. 

 

� Waxes: 

 They are formed by the secretions of insects, leaves and fruits of plants, eg. Lanolin or 

wool fat, beeswax, whalesperm oil, etc.  

 Waxes are esters of long-chain saturated and unsaturated fatty acids with long chain 

alcohol.  

 Thus, they are esters of higher fatty acids with higher monohydroxy aliphatic 

alcohols.  

 The carbon number of fatty acids vary from 14 to 34 and that alcohol from 16 to 30.  

So, they have very long straight chains of 60-100 carbon atoms. For example, 

beeswax is an ester of palmitic acid with a 30 carbon alcohol, triacontanol.  

 Waxes are the chief storage form of metabolic fuel in marine phytoplanktons. 

 Biological waxes find a variety of applications in the pharmaceutical, cosmetic and 

other industries.  

 Lanolin from lamb's wool, beeswax, carnauba wax, spermacetic oil from whales is 

widely used in the manufacture of lotions, ointments, polishes, lubricants and candles. 

Waxes are not easily hydrolysed like fats or digested by lipases.  

 

� Compound lipids: 

 Compound lipids contain certain chemical groups in addition to alcohol and fatty 

acids. This group of lipids include glycerophospholipids, sphingo phospholipids, 

glycolipids, sulpholipids and lipoproteins. 

 

♣ Phospholipids: 
 They contain glycerol, fatty acids and a nitrogenous base. 

� Phosphatidates: 

 These are derivatives of phosphatidic acid which is the simplest phospholipid. 

 Phosphatidic acid is made up of one glycerol to which two fatty acid residues are 

esterified to carbon atoms 1 and 2. The 3rd hydroxyl group is esterified to a 

phosphoric acid. 

 The molecule has an asymmetric carbon atom and therefore, exhibits optical 

isomerism, L-isomer is found in nature. 

 

� Glycerophospholipids: 

 The important structural lipid in biological membrane is glycero phospholipid which 

contains glycerol, fatty acids, phosphoric acid and a nitrogenous base.  

 Without alcoholic residue (X), it is called as phosphatidic acid.  

 Depending on the alcoholic residue attached to phosphatidic acid, they are named as 

Phosphatidyl choline (lecithin), Phosphatidyl ethanolamine (cephalin), Phosphatidyl 

serine, Phosphatidyl inositol, Phosphatidyl glycerol (which include monophosphatidyl 

glycerol  and diphosphatidyl glycerol or cardiolipin). 
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� Phosphatidyl choline (lecithin): 

 Lecithin contains glycerol, fatty acids, phosphoric acid and a nitrogenous base, 

choline.  

 

� Functions of Lecithin:  

 Controls fat metabolism 

 Used as food product in the form of emulsifying agent 

 Acts as anti-oxidant to prevent rancidity 

 Regulate the permeability of cell membrane 

 

� Phosphatidyl ethanolamine (cephalin):  The cephalin differs from lecithin only in 

the nitrogenous group where ethanolamine is present instead of choline 

 

� Phosphatidyl serine: The hydroxyl group of the amino acid L-serine is esterified to 

the phosphatidic acid 

 

 

� Phosphatidyl inositol: Phosphatidyl inositol is an important constituent of cell 

membrane phospholipids; upon stimulation by a suitable animal hormone it is cleaved 

into diacylglycerol and inositol phosphate, both of which act as internal signals or 

second messengers. 

 

� Phosphatidyl glycerol and diphosphatidyl glycerol (Cardiolipin):  Cardiolipin is a 

phospholipid that is found in membranes of mitochondria. It is formed from 

phosphatidylglycerol. 

 
� Sphingophospholipids: The phosphate and fatty acids are attached to the alcohol 

sphingosine instead of glycerol in sphingophospholipids. The base present is normally 

choline.  

 

 Lipoprotein: 

 Protein molecules associated with triacylglycerol, cholesterol or phospholipids are 

called lipoproteins.  

 Triacylglycerols derived from intestinal absorption or from the liver are not 

transported in the free form in circulating blood plasma, but move as 

chylomicrons, as very low density lipoproteins (VLDL) or as free fatty acids 

(FFA) - albumin complexes.  

 Besides, two more physiologically important groups of lipoproteins are low 

density lipoprotein (LDL) and high density lipoprotein (HDL).  

 The major lipid components of chylomicrons and VLDL are triacylglycerol, 

whereas the predominant lipids in LDL and HDL are cholesterol and 

phospholipid, respectively.  

 HDL and LDL are called  good cholestero  and  bad cholesterol, respectively.  

 The protein part of lipoprotein is known as apoprotein.   

 Lipoproteins occur in milk, egg-yolk and also as components of cell membranes. 
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 Sterols: 

 Cholesterol is the most abundant sterol in animals.  

 Cholesterol is a major component of animal plasma membranes and occurs in 

lesser amounts in the membranes of their sub-cellular organelles.  

 It is also abundant in blood plasma lipoproteins where 70% of it is esterified to 

long chain fatty acids to form cholesteryl esters.  

 Plants contain little cholesterol. Rather, the most common sterol components of 

their membranes are stigmasterol and sitosterol which differ from cholesterol only 

in their aliphatic side chains.  

 Yeast and fungi have another sterol named ergosterol which has a double bond 

between C7 and C8.  

 In animal system, cholesterol functions as a precursor of various physiologically 

important compounds such as vitamin D, bile acids, female sex hormones and 

corticosteroids.  

 In plants, cholesterol functions as an intermediate compound in the synthesis of 

various phytosteroids such as saponins, cardiac glycosides, phytoecdysteroids and 

brassinosteroids. 

 

 

� Constants of fats and oils: 

 

 It is very essential to keep the oil in the pure, hygienic form.  

 Upon storage or adulteration (malpractice by the oil millers), there is a chance of 

adulteration in the purity of oils.  

 Analytical constants help in judging the quality of oil.  

 Since fats and oils form essential nutrient of human diet, it is necessary to  identify 

a pure fat or to determine the proportion of different types of fat or oil mixed as 

adulterant in edible oils and fats like butter and ghee.  

 With an adequate knowledge of the characteristic composition of fats or oils, it is 

possible to identify the fat or oil under investigation.  

 The chemical constants also give an idea about the nature of fatty acids present in 

fats or oils.  

 Even though gas chromatographic method is available to identify and quantify  the 

fatty acids present in fat or oil, the physical and chemical constants are still used 

in routine public health laboratories where such sophisticated facilities are 

lacking. 

 

� Physical Constants: 

 

♣ Specific gravity: Since different oils have different specific gravity, any 

variation from normal value shows mixture of oils. 

♣ Refractive index: Fats have definite angles of refraction. Variation from the 

normal value indicates adulteration of fats or oils. 

♣ Solidification point or setting point: Solidification point is the temperature 

at which the fat after being melted sets back to solid or just solidifies. Each fat 

has a specific solidification point. 
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� Chemical Constants: 

 

♣ Saponification number:  
- It is defined as milligrams of KOH required to saponify 1 gm of fat or oil. 

- Saponification number is high for fat or oil containing low molecular 

weight or short chain fatty acids and vice versa.  

- It gives a clue about the molecular weight and size of the fatty acid in the 

fat or oil.  

- It is an indication of the molecular weight of the fat, and is inversely 

proportional to it.  

- Human fat has a saponification number of 194-198, butter has 210-230 and 

coconut oil has 253-262. 

 

♣ Iodine Number:  
- It is defined as the number of grams of iodine taken up by 100 grams of fat 

or oil.  

- Iodine number is a measure of the degree of unsaturation of the fatty acid.  

- Since the quantity of the iodine absorbed by the fat or oil can be measured 

accurately, it is possible to calculate the relative unsaturation of fats or oil. 

- It is an index of the degree of unsaturation and is directly proportional to 

the content of unsaturated fatty acids.  

- Higher the iodine number, higher is the degree of unsaturation, e.g. Iodine 

number of butter is 28, and that of sunflower oil is 130. 

 

♣ Reichert-Meisel number (R.M.number):  
- This is a measure of the volatile soluble fatty acids.  

- It is confined to butter and coconut oil.  

- It is defined as the number of millilitres of 0.1 N alkali required to 

neutralise the soluble volatile fatty aicds contained in 5 gm of fat.  

- The determination of Reichert-Meisel number is important to the food 

chemist because it helps to detect the adulteration in butter and ghee. 

- Reichert-Meisel value is reduced when animal fat is used as adulterant in 

butter or ghee. 

 

♣ Polanski number:  
- Ghee may be adulterated by the addition of insoluble, non-volatile fatty 

acids (by addition of animal fat).  

- This can be tested by finding out the Polanski number.  

- It is defined as the number of millilitres of 0.1 N potassium hydroxide 

solution required to neutralise the insoluble fatty acids (not volatile with 

steam distillation) obtained from 5 gm of fat. 

 

♣ Acetyl number:  
- It is defined as the amount in millilitres of potassium hydroxide solution 

required to neutralise the acetic acid obtained by saponification of 1 gm of 

fat or oil after acetylation.  

- Some fatty acids contain hydroxyl groups. In order to determine the 

proportion of these, they are acetylated by means of acetic anhydride.  
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- This results in the introduction of acetyl groups in the place of free 

hydroxyl groups.  

- The acetic acid in combination with fat can be determined by titration of 

the liberated acetic acid from acetylated fat or oil with standard alkali. 

- Acetyl number is thus a measure of the number of hydroxyl groups present 

in fat or oil. 

 

♣ Acid number:  
- It is defined as the milligram of potassium hydroxide required to neutralise 

the free fatty acids present in one gram of fat or oil.  

- Acid number indicates the amount of free fatty acids present in fat or oil.  

- The free fatty acid content increases with age of the fat or oil. 

 

� Amphipathic nature: 

- Phospholipids in general are amphipathic, particularly Lecithin. They have 

both hydrophobic and hydrophilic portion in their molecule.  

- The glycerol along with the phosphoric acid and choline constitute the 

polar 'head' of a phospholipid molecule, whereas the hydrocarbon chains 

of the fatty acids represent the nonpolar 'tail'. 

 

� Molecular aggregation of phospholipids:  

 Glycerophospholipids are virtually insoluble in water. Depending on the precise 

conditions and the nature of lipids used, three types of lipid aggregates can form 

when amphipathic lipids are mixed with water.  

 

A. Micelles or Micellar formation:  
- When phospholipids are distributed in water, their hydrphobic parts keep 

away from water, forming molecular aggregates called micelle.  

- These are involved in solubilisation of lipids in aqueous media and help in 

digestion and absorption of lipids.  

- Micelles are relatively small spherical structures involving a few dozen to 

few thousand molecules arranged so that their hydrophobic regions 

aggregate in the interior excluding water and their hydrophilic head groups 

are at the surface in contact with water.  

- This molecular arrangement eliminates unfavourable contacts between 

water and the hydrophobic tails. 

B. Bilayer: 

- A second type of lipid aggregate in water is the bilayer in which two lipid 

monolayers combine to form a two dimensional sheet.  

- The hydrophobic portions in each monolayer interact excluding water.  

- The hydrophilic head groups interact with water at the two surfaces of the 

lipid bilayers form the structural basis of biological membranes 

 

C. Liposomes:   
- They may be prepared by sonication of mixtures of phospholipids and 

cholesterol.  

- Liposomes are microscopic vesicles.  

- When  mixed in water under special conditions, the phospholipids arrange 

themselves to form a bilayer membrane which encloses some of the water 

in a phospholipid sphere.  
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- Drugs, proteins, enzymes, etc

which could act as carriers for these substances to targ

- Liposomes have important applications in cancer chemotherapy, 

antimicrobial therapy, gene therapy, vaccines and diagnostic imaging. 

- The third type of

on itself to form a hollow sphere cal

- These bilayer vesicles enclose water creating a separate aqueous 

compartment. 

 

D. Biological membranes or
- The molecules 

pointing in one direction and the non

- Proteins and polar lipids account for mass of biological membranes. 

- The relative proportions of protein and lipid differ i

reflecting the diversity of biological roles. 

- Amphipathic molecules form a lipid bilayer with the non polar region of 

lipids facing outward. 

- In this lipid bilayer, globular proteins are embedded at regular intervals 

held by hydroph

- Some proteins protrude from one or other face of the membrane 

(peripheral proteins); some span its entire width (integral proteins).

- The individual lipid and protein subunits in a membrane form a fluid 

mosaic. 

- The membrane is fluid beca

lipids and proteins are non covalent, leaving individual lipid and protein 

molecules free to move laterally. 

- One of the key functions of a membrane is to control the passage of

substances across it. 

- They are said to be selectively permeable. 

- The different membranes of the cell have different selective permeability.
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Drugs, proteins, enzymes, etc. may be encapsulated by the liposomes 

which could act as carriers for these substances to target organs.

Liposomes have important applications in cancer chemotherapy, 

antimicrobial therapy, gene therapy, vaccines and diagnostic imaging. 

The third type of lipid aggregate is formed when a lipid bilayer folds back 

on itself to form a hollow sphere called a liposome or vesicle.

These bilayer vesicles enclose water creating a separate aqueous 

 

Biological membranes or Biomembranes: 
The molecules align themselves to form monolayer with the polar heads 

pointing in one direction and the non-polar tails in the opposite direction.

Proteins and polar lipids account for mass of biological membranes. 

The relative proportions of protein and lipid differ in different membranes, 

reflecting the diversity of biological roles.  

Amphipathic molecules form a lipid bilayer with the non polar region of 

lipids facing outward.  

In this lipid bilayer, globular proteins are embedded at regular intervals 

held by hydrophobic interactions.  

Some proteins protrude from one or other face of the membrane 

(peripheral proteins); some span its entire width (integral proteins).

The individual lipid and protein subunits in a membrane form a fluid 

The membrane is fluid because the interactions among lipids, between 

lipids and proteins are non covalent, leaving individual lipid and protein 

molecules free to move laterally.  

One of the key functions of a membrane is to control the passage of

substances across it.  

d to be selectively permeable.  

The different membranes of the cell have different selective permeability.
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� Industrial applications of lipids: 

 

1. Soaps and detergents:  
- Soaps and detergents are the most important cleansing agents in personal 

hygiene, hair care, dish washing and laundry. 

- Soaps are the alkali metal salts of fatty acids.  

- Since all of them contain an acyl group, acyl lipids mostly in the form of 

unconventional vegetable oils are used in the manufacture of soaps and 

detergents. 

 

2. Paints:  
- The paint industry uses acyl lipids in the form of vegetable oils as carriers of 

colorizing substances.  

- Such oils are drying oils and the special feature is that coloured organic 

substances are readily dispersed / dissolved in such oils.  

- After application to the surface, the oil gets oxidized by oxygen to form a thin 

film of solid layer keeping the colorizing matter also in the form of a thin film 

along with. Among such oils, the linseed oil is the most important. Such oils 

used in making paints must be highly unsaturated. 
 

3. Rubber:  
- Natural rubber is obtained from the latex (milky secretion) of a tree Hevea 

brasiliensis.  

- There are few other species also. Rubber is highly elastic, water repellent, 

resistant to weak acids and alkalies, tough, impermeable, adhesive and 

insulator.  

- These characteristics make rubber a very useful in industries.  

- Natural rubber in its latex form however, as such cannot be used.  

- To make it usable, it has to be vulcanized.  

- In other words, the naturally occurring polyterpenes rubber forms the basic 

material for the manufacture of better usable synthetic rubber. 
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One of the unique characteristics of a living cell is its ability to permit complex reactions to 

proceed rapidly at the temperature of the surrounding environment. The principal agents 

which participate in the remarkable transformations in the cell belong to a group of proteins 

named enzymes. In the absence of enzymes in the cell, these reactions would proceed too 

slowly.  The term enzyme has been coined by Kuhne (1878). James Summer isolated and 

purified urease in crystalline form. Later, Pasteur, Kunitz, Northop, Buchner and many other 

scientists studied and isolated enzymes in greater details in early 20th Century. Enzymes are 

proteins specialised to catalyse biological reactions with the     following characteristics: 

 

♣ Characteristics of enzymes: 

 Enzymes are being proteins, exhibit all properties of proteins. 

 They have their specific isoelectric points at which they are least soluble. 

 Like proteins, they can be denatured by changes in pH and temperature. 

 The enzyme-catalysed reactions occur below 100
o
C, at atmospheric pressure             

and nearby neutral pH. 

 Enzymes undergo physical changes during the reaction but revert to their             

original form at the end of the reaction. 

 Enzymes exhibit enormous catalytic power.The rates of enzymatically            

catalysed reactions are 10
6
 - 10

12
 times greater than those of the corresponding 

uncatalysed reactions and several times greater than those of the corresponding 

chemically catalysed reactions.For example the carbonic anhydrase enzyme 

catalyses the conversion of carbondioxide to carbonic acid. 

       CO2 + H2O   →   H2CO3 

In this reaction, each enzyme molecule can hydrate 10
5
 molecules of CO2 per 

second. 

 Enzyme activity is regulated in a variety of ways, ranging from controls over            

the amount of enzyme protein synthesised by the cell or modulation of           

activity through reversible interaction with metabolic inhibitors and           

activators or through isoenzymes. 

 

• Definition: 

“Organic biocatalysts, which are synthesised in living cells, protein in nature 

(exception RNA), colloidal and thermo labile in nature and highly specific in their 

action.” 

♣ Specificity of the enzymes: 

One of the characteristic feature which distinguishes enzymes from catalysts is their 

specificity. Enzymes are specific in the reaction catalysed and in their choice of 

substrates. It usually catalyses a single chemical reaction or a set of closely related 

reactions. Three kinds of specificities are observed: 

i. Absolute specificity: When enzymes catalyse only one particular reaction 

they are said to exhibit    absolute specificity e.g. Urease acts only on urea. 

Glucokinase converts only  glucose to glucose 6-phosphate. 

ii. Group specificity: Enzymes acting on a group of substances that possess a 

particular type of    linkage common to that group of substances are said to 

exhibit group specificity.  Amylase hydrolyses the group of substances like 
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starch, dextrin and glycogen, which have the same type of glycosidic linkages 

(α -1,4). Hexokinase acts on all hexoses and converts into their hexose 

phosphates. 

iii. Optical specificity: Almost all enzymes show a high degree of optical 

specificity. There are certain enzymes which catalyse the hydrolysis of same 

group of substances possessing same optical activity  Eg. D-amino acid 

oxidase acts on D-amino acid and L-amino acid oxidase acts on L-amino acid. 

Maltase catalyses the hydrolysis of α-but not β- glycosides. 

 

♣ Occurrence and Distribution: 
They are widely distributed in microorganisms, plants, animals and all living tissues. 

Some enzymes are found in specific organs only. 

♣ Classification of enzymes: 

There are two types of enzymes: 

• Endo-enzymes or intracellular enzymes: They work inside the cell and do not 

come out of these cells. They are not secreted outside the cells. e.g. glycolytic 

enzymes, TCA cycle enzymes. 

 

• Exo-enzymes or extra-cellular enzymes: The living cells produce them but they 

are secreted out of the cells for catalysing the reactions. e.g. Trypsin, Salivary 

amylase, cellulase. 

 

♣ Nomenclature of Enzymes: 
In olden days enzymes have been named by adding the suffix -ase to the name of the 

substrate (the molecule on which the enzyme acts)  Ex. Urease (Substrate urea) 

Arginase (Substrate arginine). Thus, 

� The names of enzymes can be framed by adding suffix ` ase’ to the end of substrate. 

     e.g.  Cellulase � Cellulose 

  Pectinase �  Pectin 

  Proteinase � Protein 

  Sucrase �  Sucrose 

Exception:  Trypsin, chymotrypsin, amylase 

� Name of the enzyme can be given according to the reaction catalysed:  

     e.g.   Reductase � Reduction process 

             Oxidase    �  Oxidation process 

             Dehydrase � Dehydration (removal of water) 

              Carboxylase � Addition of CO2  

� According to the name of organ which produce them: 

     e.g.   Salivary amylase � Produced by salivary gland 

             Gastric lipase �  Produced by gastric gland 

             Pancreatic amylase � Produced by pancreas 

� By arbitrary (Unsystematic ) and uninformative way: 

     e.g   Trypsin, amylase, pepsin, rennin, diastase 

� By combining names of substrate and reactions catalysed 

     e.g   Alcoholic dehydrogense, Pyruvate oxidase, Malate dehydrogenase 



The International Union of Biochemists (IUB)  in 1964 

new system of classification of enzymes based on reactions catalysed with a four 

number code. The first digit denotes the types of reaction. The second one the sub

class. The third one denotes t

about particular enzyme. 

the existing and yet to be discovered enzymes.

This system is based on the substrate and reaction specificity.

International Union of Biochemistry system is complex, it 

informative.  

IUB system classifies enzymes into six major classes (should be written in specific 

order only): 

1. Oxidoreductases

2. Transferases 

3. Hydrolases 

4. Lyases 

5. Isomerases 

6. Ligases 
 

Again each class is divided into subclasses according to the type of reaction catalysed. 

Each enzyme is assigned a recommended name usually a short for everyday use, a 

systematic name which identify the reaction it catalyses and

which is used where accurate and unambiguous identification of an enzyme is 

required. 

n of Biochemists (IUB)  in 1964 have revised and approved   a 

new system of classification of enzymes based on reactions catalysed with a four 

number code. The first digit denotes the types of reaction. The second one the sub

class. The third one denotes the sub-subclass and the fourth one gives the information 

about particular enzyme. This is a systematic classification and nomenclature of 

existing and yet to be discovered enzymes. 

This system is based on the substrate and reaction specificity. Although, this 

International Union of Biochemistry system is complex, it is precise, descriptive and 

IUB system classifies enzymes into six major classes (should be written in specific 

Oxidoreductases 

Again each class is divided into subclasses according to the type of reaction catalysed. 

Each enzyme is assigned a recommended name usually a short for everyday use, a 

systematic name which identify the reaction it catalyses and a classification number 

which is used where accurate and unambiguous identification of an enzyme is 

have revised and approved   a 

new system of classification of enzymes based on reactions catalysed with a four 

number code. The first digit denotes the types of reaction. The second one the sub-

subclass and the fourth one gives the information 

This is a systematic classification and nomenclature of all 

Although, this 

, descriptive and 

IUB system classifies enzymes into six major classes (should be written in specific 

Again each class is divided into subclasses according to the type of reaction catalysed. 

Each enzyme is assigned a recommended name usually a short for everyday use, a 

a classification number 

which is used where accurate and unambiguous identification of an enzyme is 



♣ Mechanism of Enzyme Action:

A chemical reaction such as A 

substrate possesses enough energy to attain an activated condition called 

state. This transition state is at the top of the energy barrier separating the 

and products. The rate of a 

concentration of this transition state species. The energy of activation is the amount of 

energy required to bring all the molecules in 1 mole of a substance at a given 

temperature to the transition state. Enz

produce a transition state intermediate having a lower energy of activation than the 

uncatalysed reaction. Thus, they accelerate chemical reactions by lowering the energy 

of activation. 

It is generally believed that the catalytic reactions occur in at least two steps.

Step 1: A molecule of enzyme (E) and a molecule of substrate(S) collide and react to 

form an intermediate called the enzyme

Step 2: The decomposition of ES complex to

[S] + [E]    

The formation of an ES complex affords lower activation energy.

♣ Active site: 
The substrate binding site in the enzyme is referred as active site. 

where substrate binding and transformation of substrate to product occurs is called as 

active site.  

Many attempts have been made to implicate specific amino acid residues (

or R groups) as being part of the active site of variou

acids occurring at the active site of enzymes are hydroxyl group of serine, sulfhydryl 

group of cysteine, imidazole group of histidine and carboxyl groupof aspartic acid.

Two theories were proposed to explain the mechanism of e

1.  Fischer’s lock and key theory (Rigid template model):
During 1890, Emil Fischer proposed this theory. According to this, the active site 

possesses a unique conformation which is complementary to the structure of the 

substrate thus enabling the two molecules to fit together in much the same way as a 

key fits into a lock. An unfortunate feature of this model is the implied rigidity of the 

catalytic site. 

 

 

Mechanism of Enzyme Action: 

A chemical reaction such as A → P takes place because a certain fraction of the 

substrate possesses enough energy to attain an activated condition called 

state. This transition state is at the top of the energy barrier separating the 

products. The rate of a given chemical reaction is proportional to the 

concentration of this transition state species. The energy of activation is the amount of 

energy required to bring all the molecules in 1 mole of a substance at a given 

temperature to the transition state. Enzymes combine transiently with the substrate to 

produce a transition state intermediate having a lower energy of activation than the 

uncatalysed reaction. Thus, they accelerate chemical reactions by lowering the energy 

d that the catalytic reactions occur in at least two steps.

A molecule of enzyme (E) and a molecule of substrate(S) collide and react to 

form an intermediate called the enzyme-substrate complex (ES). 

The decomposition of ES complex to give product(s) and the active 

[S] + [E]    →→→→    [ES]    →→→→    P  +   [E] 

The formation of an ES complex affords lower activation energy. 

The substrate binding site in the enzyme is referred as active site. Section of enzyme 

where substrate binding and transformation of substrate to product occurs is called as 

Many attempts have been made to implicate specific amino acid residues (

or R groups) as being part of the active site of various enzymes. Some of the amino 

acids occurring at the active site of enzymes are hydroxyl group of serine, sulfhydryl 

group of cysteine, imidazole group of histidine and carboxyl groupof aspartic acid.

Two theories were proposed to explain the mechanism of enzyme action:

Fischer’s lock and key theory (Rigid template model): 
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2. Koshland’s induced-fit theory:
Koshland had advocated a theory to account for the 

postulated that the essential functional groups on the active site of the free enzyme are 

not in their optimal positions for promoting catalysis.

bound by the enzyme, the catalytic groups assume fav

form the transition state. The enzyme molecule is unstable in this active conformation 

and tends to revert to its

model, the substrate induces a conformational change

amino acid residues or other groups for substrate binding, catalysis or both.

 

                                 

♣ Factors affecting enzymatic reaction:

The factors that mainly influence any enzyme

1. Substrate concentration

2. Enzyme concentration

3. Concentration of endproducts

4. Temperature 

5. pH 

6. Activators 

7. Inhibitors 

8. Radiant energy 

9. Effect of oxidising agents

 

1. Substrate concentration:

Keeping the factors such as pH, temperature and enzyme concentration at       

optimum levels, if the substrate concentration is increased, the velocity of the      

reaction recorded a rectangular hyperbola. At very low substrate concentration the 

initial reaction velocity (v) is nearly proportional to the substrate concentration

However, if the substrate concentration is increased the rate of increase slows down.

With a further increase in the substrate concentration the reaction rate approaches 

constant. At initial point, 

than  enzyme on molar basis, not all the enzyme molecules present combine with the 

fit theory: 
Koshland had advocated a theory to account for the specificity of enzymes.

postulated that the essential functional groups on the active site of the free enzyme are 

not in their optimal positions for promoting catalysis. When the substrate molecule is 

bound by the enzyme, the catalytic groups assume favourable geometrical position to 

form the transition state. The enzyme molecule is unstable in this active conformation 

to its free form in the absence of substrate. In the induced fit 

model, the substrate induces a conformational change in the enzyme which aligns the 

amino acid residues or other groups for substrate binding, catalysis or both.

Factors affecting enzymatic reaction: 

The factors that mainly influence any enzyme-catalysed reaction are: 

Substrate concentration 

Enzyme concentration 

Concentration of endproducts 

Effect of oxidising agents 

Substrate concentration: 

Keeping the factors such as pH, temperature and enzyme concentration at       

optimum levels, if the substrate concentration is increased, the velocity of the      

reaction recorded a rectangular hyperbola. At very low substrate concentration the 

reaction velocity (v) is nearly proportional to the substrate concentration
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substrate. Hence, increasing the substrate concentration will increase the amount of 

enzyme associated with substrate as ES and thus v will depend on [S].

the enzyme molecules are saturated with substrate molecules so 

in [S] cannot result in increased reaction rate.

 

                           

2.  Enzyme concentration:
When compared to substrate concentration, the concentration of enzyme is always 

very low on molar basis. Hence, increasing the enzyme concentration will always 

increase the reaction rate unless until that the substrate becomes a lim

order to study the effect of increasing the enzyme concentration upon the reaction 

rate, the substrate must be present in an excess amount; i.e., the reaction must be 

independent of the substrate concentration. Any change in the amount of 

formed over a specified period of time will be 

dependent upon the level of enzyme present. 

Graphically this can be represented as: if 

substrate concentration is kept constant then the 

reaction may end as all the substrate is converted 

to product and no reaction takes place.
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concentration will always increase the reaction 

rate. 
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synthesis. The slow down process could be also due to accumulation of toxic 
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Enzymes, being proteins, are 

denatured by heat and become 

inactive as the temperature 

increases beyond a certain 

point. The velocity of 

enzyme-catalysed reactions 

roughly doubles with a 10

rise  in temperature over a 

limited range of temperature 

(above 40 
o
C).  Most of the 

enzymes are inactivated at 

temperatures above 60

The temperature at which the 

reaction rate is maximum is 

known as optimum 

temperature. 

5. pH: 
Enzymes are affected by changes in pH. 

The most favourable pH value, the point 

where the enzyme is most active is known 

as the optimum pH. Extremely high or low 

pH values generally result in complete 

loss of activity for most enzymes. pH is 

also a factor in the stability of enzymes. 

The optimum pH value will vary greatly 

from one enzyme to another. Most 

enzymes have a characteristic pH at which 

their activity is maximum;

this pH, the activity declines. The

frequently that of the substrate also. If a negatively charged enzyme (E

positively charged substrate (SH

protonated and ESH is not formed. Similarly, at very high pH values SH

and lose its positive charge.

(denaturation) of enzyme at extreme pH values.

In addition to temperature and pH there are other factors, such as ionic strength, 

which can affect the enzymatic reac

parameters must be considered and optimized in order for an enzymatic reaction to be 

accurate and reproducible.

6.  Activators:  The substances (organic or inorganic) which increase the activity of 

enzyme is called activators or promoters. The activator facilitate the 

resulting in a tight ES complex.

 

 Organic activators: NAD, FAD, NADP etc. increase the dehydrogenase activity 

because they are the co-enzymes in the dehydrogenation. Cysteine and glutathionine 

increase the papain activity.
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7.  Inhibitors 

The chemical substances which retard / reduce the rate of enzyme reaction are called 

Inhibitors. There are three types of inhibitors: 

 Those, which act on the protein part of the enzyme: HNO2, HCHO, Iodine, etc. 

 Those which act on the non-protein part of enzyme : Carbon monoxide, HCN,  H2S  

 Those, which compete with the substrate for the binding on the enzyme. They are    

the substrate analogue. They have the structural similarity with the substrate, e.g.   

Glucose is a competitive inhibitor for succinate dehydrogenase because the   structure 

of glucose and succinic acid is similar. 

 

Compounds that have the ability to combine with certain enzymes but do not  serve 

as substrates and therefore block catalysis are called inhibitors. 

The important types of inhibitors are competitive and non-competitive inhibitors. 

a) Competitive inhibitor:  Any compound which possesses a close structural 

resemblance to a particular substrate and which competes with that of substrate for the 

same active site on the enzyme is called as competitive inhibitor. 

The inhibitor is not acted upon by the enzyme and so remains bound to the enzyme 

preventing the substrate to bind. This is a reversible process. It depends upon the 

relative concentration of substrate and inhibitor.  

Competitive inhibition can be completely reversed by addition of large excess of 

substrate.                          

E.g. the enzyme, succinate dehydrogenase converts succinate to fumarate. For this 

reaction, malonic acid is a competitive inhibitor as it structurally resembles     that of 

succinate 

 In case of competitive inhibition, Km is increased but Vmax is not altered. 

 

b) Non-competitive inhibitor: Non-competitive inhibitors bind to a site other than the 

active site on the enzyme often to deform the enzyme, so that, it does not form the ES 

complex at its normal rate. Once formed, the ES complex does not decompose at the 

normal rate to yield products. These effects are not reversed by increasing the 

substrate concentration. 

Some enzymes possessing an essential -SH group are non-competitively inhibited by 

heavy metal ions (Hg
2+

, Pb
2+

). 

Some metalloenzymes are inhibited non competitively by metal chelating agents like 

ethylenediaminetetraaceticacid (EDTA). Inhibitors are used as tools to probe the 

mechanism of enzyme - catalysed reactions and as therapeutic agents. In case of non-

competitive inhibition, Vmax is lowered but Km is not altered. 

 

c) Uncompetitive inhibitor:  In case of uncompetitive inhibition, the inhibitor binds 

only to enzyme substrate [ES] complex. 

 

8.  Radiant energy: UV, X-rays, β and γ (gamma) rays are the causes for the formation 

of peroxides which oxidize the enzyme making it inactive. 
 

9. Effect of oxidising agents: The activity of reductase depends on –SH group. If the –

SH group is oxidized to –S-S, then the activity of enzyme may be affected. 
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♣ Apoenzymes, Coenzymes and Cofactors, Isozymes 
 

� A complete, catalytically active enzyme together with its coenzyme and/or 

metal ions is called holoenzyme.  

� The protein part of an enzyme is called apoenzyme or apoprotein.  

� Enzymes require an additional non-protein component to carry out its catalytic 

functions. Generally these non-protein components are called as cofactors.  

� The cofactors may be either one or more inorganic ions such as Fe
2+

, Mg
2+

, 

Mn
2+

 and Zn
2+

 or complex organic molecules are called coenzymes.  

� A coenzyme or metal ion that is covalently bound to the enzyme protein is 

called prosthetic group.  

� Some enzymes require both coenzyme and one or more metal ions for their 

activity. Coenzymes function as transient carriers of specific functional 

groups. 

 

♣ Isoenzymes: 
Enzymes which exist in multiple forms within a single species of organism or even in 

a single cell are called isoenzymes or isozymes. Such multiple forms can be detected 

and separated by gel electrophoresis of cell extracts. Since they are coded by different 

genes, they differ in amino acid composition and thus in their isoelectric pH values. 

Lactate dehydrogenase is an example for the isoenzymes which occur as five different 

forms in the tissues of the human and other vertebrates. All the five isozymes catalyze 

the same reaction. 

    Lactate + NAD
+
 →→→→ Pyruvate + NADH + H

+ 

They have the molecular weight of about 134,000 and contain four polypeptides.The 

five isozymes consist of five different combinations of two different kinds of 

polypeptides M and H. Kinetic study of lactate dehydrogenase isozymes has revealed 

that although they catalyze the same reaction, they differ significantly in their Km 

values for their  substrates as well as Vmax values. The two polypeptide chains in 

LDH are coded by two different genes.  

♣ Measurement of enzyme activity: 
The presence or absence of an enzyme is typically determined by observing the rate of 

the reaction(s) it catalyzes. The goal of most enzyme assays is to quantitatively 

measure the amount of enzyme activity present in a sample. Thus, assay results are 

typically reported in “activity” units. A unit of activity may be defined in various 

ways, but all such units are ultimately based on rates of substrate consumption and/or 

product formation. The most common units for expressing catalytic activity are the 

International Unit (U) and the Katal (Kat).  

The International Union of Biochemistry (IUB) originally defined a standard unit of 

enzyme activity (1 U) as that amount of enzyme that catalyzes the formation of 1 

µmol product (or the conversion of 1 µmol substrate) per minute under standard 
conditions. In 1979, the Nomenclature Committee of the IUB recommended the use 

of the Katal as the fundamental unit of enzyme activity.  
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The Katal is defined as that amount of enzyme that catalyzes the formation of 1 mol 

product (or the conversion of 1 mol substrate) per second under defined conditions. 

1 U = 1/60 micro katal = 16.67 nano katal; 60 U= 1µkat and 1 nanokat=0.06 U; 1 U= 

1 µkat/Minute = 16.67 nanokat.  

 

• Specific activity: Specific activity is the number of enzyme units present per 

milligram of protein. It is measure of the purity of preparation. 

• Turn over Number: Turn over number is the number of substrate molecules 

transferred per unit time by a single catalytic site. The turn over number of catalase is 

40,000,000; that of carbonic anhydrase is 400,000 and fumarase is 800. 

                       

♣ Industrial application of enzymes: 

 

 Starch hydrolysis: The traditional acid hydrolysis of starch was completely replaced 

by α -amylases and glucoamylases, which could convert starch with over 95% yield to 

glucose. α-amylase cuts rapidly the large alpha- 1, 4-linked glucose polymers into 

shorter oligomers in high temperature. Glucoamylase hydrolyses the oligomers into 

glucose. β-amylase is commercially produced from barley grains and used for the 

production of the disaccharide maltose. 

 Baking: ∝∝∝∝-amylases have been most widely studied in connection with improved 

bread quality and increased shelf life. In addition to starch, flour typically contains 

minor amounts of cellulose, glucans and hemicelluloses like arabinoxylan and 

arabinogalactan. The use of xylanases decreases the water absorption and thus reduces 

the amount of added water needed in baking. This leads to more stable dough. 

Proteinases can be added to improve dough handling properties. Glucose oxidase has 

been used to replace chemical oxidants and lipases to strengthen gluten, which leads 

to more stable dough and better bread quality. 

 Detergents: Detergents were the first large scale application for microbial enzymes. 

Bacterial proteinases are still the most important detergent enzymes. Lipid degrading 

enzymes were introduced in powder and liquid detergents. Lipases decompose fats 

into more water soluble compounds by hydrolyzing the ester bonds between the 

glycerol backbone and fatty acid. Amylases are used in detergents to remove starch 

based stains. In textile washing, cellulases remove cellulose microfibrils. Thus, glue, 

gelatin and starch are removed with suitable enzyme. 

 Pulp and Paper: The major application is the use of xylanases in pulp bleaching. 

Xylanases liberate lignin fragments by hydrolyzing residual xylan. This reduces 

considerably the need for chlorine based bleaching chemicals. Paper making enzymes 

are used especially in modification of starch, which is used as an important additive. 
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Starch improves the strength, stiffness and erasability of paper. The starch suspension 

must have a certain viscosity, which is achieved by adding amylase enzymes in a 

controlled process. 

 Leather: Leather industry uses proteolytic and lipolytic enzymes in leather 

processing. The use of these enzymes is associated with the structure of animal skin 

as a raw material. Enzymes are used to remove unwanted parts. Alkaline proteases are 

added in the soaking phase. This improves water uptake by the dry skins, removal and 

degradation of protein, dirt and fats and reduces the processing time. In dehairing and 

dewooling phases enzymes are used to assist the alkaline chemical process. This 

results in a more environmentally friendly process and improves the quality of the 

leather (cleaner and stronger surface, softer leather, less spots). The used enzymes are 

typically alkaline bacterial proteases. 

 Animal feed industry: Enzymes are used in the preparation of poultry feed, pig feed 

and turkey feed. 

 Use of Rennet (rennin )  �  Cheese industry 

 Retting of Flax � Cellulose is freed from the encrusting gums of flax. 

 Removal of adhering gums from coffee bean for producing instant coffee. 

 Processing of fruit juice: Removal of pectic substances from fruit by pectinase 

enzyme. 

 Desizing woven fabrics: Starch is removed by amylase from the woven fabrics. 

 Production of beer and alcohol with the help of enzymes. Protease enzyme is used to 

remove the `haze’ from wine. 

 Baking industry: Amylase is used to hydrolyze the starch.  

 Photography: Pepsin is used to digest gelatin for the recovery of silver from 

photographic films. 

 Medicinal use: Children suffering from non-digestion of milk can be treated with β- 

galactosidase therapy. During the diarrhoea and dysentery, the gut walls are damaged 

which are treated with the enzyme therapy. 

 Analytical use: Amylase and maltase are assayed in starch analysis. 

 Natural protection: Sugarcane tops contain invertase, which reduces the sugar % 

from sugarcane. So the sugarcane tops are removed at the time of harvest to remove 

the invertase. Thus the sugar % can be increased. 

 

 



 

CHAPTER-6 

NUCLEOTIDES AND NUCLEIC ACIDS 

 
 

The DNA of one human genome (22 

chromosomes plus X and Y or two X 

chromosomes), placed end to end, would extend 

for about a meter. Most human cells are diploid 

and each cell contains a total of 2 m of DNA. 

An adult human body contains approximately 

10
14

 cells and thus a total DNA length of 2 x 10
11

 

km. Compare this with the circumference of the 

earth (4 x 10
4
 km) or the distance between the 

earth and the sun (1.5 x 10
8
 km)—a dramatic 

illustration of the extraordinary degree of DNA 

compaction in our cells. 
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Nucleic acids were first discovered in 1868 by Friedrich Meischer. Nucleic acids are high 

molecular weight polymers which store and transfer genetic material from generation 

generation. Knowledge of how genes are expressed and how they can be manipulated is 

becoming increasingly important for understanding nearly every aspect of biochemistry. 

These macromolecules are present in all living cells. Nucleic acids fall into two 

classes according to the type of sugar they contain: the Deoxyribonucleic acids (DNA) & 

Ribonucleic acids (RNA). 

 

� Functions of nucleic acids:

 DNA stores and transmits genetic information

 DNA expresses its encoded genetic information for the synthesis 

for metabolic function. 

 DNA controls all cellular activities.

 RNA is necessary for protein biosynthesis.

 

Nucleic acids are polymers of repeating units called nucleotides. Nucleotides are

composed of Nitrogenous base, sugar and phosphori

acids are linked by 3’5’phospho diester linkages.

 

� Nitrogen Bases: The five bases present in nucleic acids have carbon 

structures, hence they are called Nitrogen bases. There are two types of ring structures 

purines and pyrimidines. 

Adenine and Guanine are called 

purine nitrogen bases and 

Thymine, Cytosine and Uracil 

are called pyrimidine nitrogen 

bases. Pyrimidine nitrogen base 

present in both RNA & DNA is 

Cytosine, present only in RNA 

is Uracil and present o

DNA is Thymine. 
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� Nucleosides: The nitrogen bases are combined with ribose/deoxyribose to form 

nucleosides. In RNA, the nucleosides have ribose as sugar component and are called 

ribonucleosides, whereas they are called deoxyribonucleosides in DNA as the sugar in 

DNA is deoxy ribose. Nucleoside is formed by forming a bond between C1 of β sugar 

and N1 of the pyrimidine base or N9 of the purine base. This linkage is called as β - N 

glycosidic linkage 

� Nucleotide: A nucleotide is a phosphate ester of nucleoside. It consists of a phosphate 

group joined to a nucleoside at hydroxyl group attached to the C5 group of the sugar 

that is 5’-nucleotide. In DNA, the nucleotides have deoxyribose as the sugar and 

hence are called deoxyribonucleotides. In RNA, the nucleotides have ribose as sugar 

moiety and hence are called ribonucleotides. Deoxyribonucleotides & ribonucleotides 

can have a single phosphate group, two phosphate groups or three phosphate groups. 

 

Adenosine triphosphate [ATP] 

 

� Functions of nucleotides: 

� They play a major role in energy metabolism. Eg ATP 

� They are the building blocks of nucleic acids. 

� They play a role as physiological mediators.  

� AMP plays an important role as a secondary messenger. 

� The nucleotides also serve as carrier of activated intermediates. Eg: UDP glucose, 

CDP choline 

� Many of the regulated steps of metabolic pathways are controlled by the 

intracellular concentration of nucleotides. Hence they behave as allosteric 

effectors. 
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� Nucleic acids:  

 In nucleic acids, the different nucleotides are joined to form a long polymer by 

3’-5’ Phosphodiester bond between phosphates and sugars.  

 Each sugar has at least two hydroxyl groups, the 3’ and 5’ hydroxyl groups of 

ribonucleotides and deoxyribonucleotides.  

 Each phosphoric acid has three esterifiable acidic groups.  

 The 3’-5’ Phosphodiester bond between nucleotides joins only the 3’ hydroxyl 

of one nucleotide to 5’ hydroxyl of another nucleotide.  

 The first nucleotide has a free 5’ phosphate and the last nucleotide has a free 

3’ hydroxyl group. 

 
 

                                   3’-5’ Phosphodiester bond formation 

 

� Structure of DNA 

 DNA is composed of four deoxyribonucleotides, i.e. deoxyadenylate (A), 

deoxygyanylate (G), deoxycytidylate (C) and thymidylate (T).  

 These units are combined through 3’ to 5’ phosphodiester bonds to polymerise 

into a long chain.  

 The nucleotide is formed by a combination of base + sugar + phosphoric acid.  

 The 3’-hydroxyl of one sugar is combined to the 5’-hydroxyl of another sugar 

through a phosphate group.  

 In this particular example, the thymidine is attached to cytidine and then 

cytidine to adenosine through phosphodiester linkages.  
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 In the DNA, the base sequence is of paramount importance. The genetic 

information is coded in the specific sequence of bases; if the base is altered, 

the information is also altered.  

 The deoxyribose and phosphodiester linkages are the same in all the repeating 

nucleotides. Therefore, the messege will be conveyed, even if the base 

sequences alone are mentioned below as: 

5’P-Thymine-T-C-A-3’  OR 5’-T-C-A-3’ 

 This would convey all the salient features of the polynucleotide. 

 

� Watson and Crick Model of DNA structure: 

 In 1953, Watson and Crick worked out the three-dimensional structure of 

DNA. 

� The salient features of Watson and Crick model of DNA:  

1. Right handed double helix: DNA consists of two polydeoxyribonucleotide 

chains twisted around one another in a right handed double helix similar to a spiral 

staircase. 

2. The base pairing rule: Always two strands are complementary to each other. So, 

the adenine of one strand will pair with thymine of the opposite strand, while 

guanine will pair with cytocine. The base pairing (A with T; G with C) is called 

Chargoff’s rule, which states that the number of purines be equal to the number of 

pyrimidines. 

3. Hydrogen bonding: The DNA strands are held together mainly by hydrogen 

bonds between the purine & pyrimidine bases. There are two hydrogen bonds 

between A and T while there are three hydrogen bonds between C and G. The GC 

bond is therefore stronger than the AT bond. 

4. Antiparallel: The two strands in a DNA molecule run antiparallel, which means 

that one strand runs in the 5’ to 3’ direction. This is similar to a road divided into 

two, each half carrying traffic in the opposite direction. 

5. Other features: In the DNA, each strand acts as a template for the synthesis of 

the opposite strand during replication process.  

6. The spiral has a pitch of 3.4 nm per turn. Within a single turn, 10 base pairs are 

seen. Thus, adjacent helix bases are separated by 0.34 nm.  

7. The diameter or width of the helix is 1.9 to 2.0 nm.  
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8. A major groove (1.2 nm) and a minor groove (0.6 nm) wind along the molecule, 

parallel to the phosphodiester backbone. 

9. In these grooves, proteins interact with the exposed b

 

 

 

 

 

 

 

 

 

 

 

 

 

� Forms of DNA: 

Character  

Helical Shape 

Number of base pairs 

Helix pitch  

Base tilted tonormal axis 

Helix rise per base pair 

Occurance.  
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A major groove (1.2 nm) and a minor groove (0.6 nm) wind along the molecule, 

parallel to the phosphodiester backbone.  

In these grooves, proteins interact with the exposed bases. 

A- DNA B- DNA Z- DNA

Right Handed Right Handed Left Handed

11  10   12 

2.8 nm  3.4 nm 4.5 nm

20 A
o
   6 A

o
 7Ao 

2.4 A
o
 3.4 A

o
 3.7A

o

Sprouting bacteria Common E. coli
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� Denaturation of DNA strand: 

The double stranded DNA will be denatured and separated by heat. This is called 

melting of DNA. Tm or melting temperature is the temperature when half of the 

helical structure is denatured. At lower temperature, the melted strands are 

reassociated, this is called annealing. 

� Higher organisation of DNA (Packing of DNA into chromosomes): 

DNA is a very long molecule and a cell cannot accommodate such long molecules. 

DNA does not normally exist as the simple double helix. Instead, eukaryotic DNA is 

packaged in a series of steps with protein, to form chromosomes. In higher 

organisation, DNA is organised inside the nucleus. Double stranded DNA is first 

wound over histones this is called nucleosomes. Chromatin is a loose term employed 

for a long stretch of DNA in association with histones. Chromatin is then further and 

further condensed to form chromosomes. Similarly, the DNA molecule is folded and 

compressed to 10,000 fold to generate chromosomes. 

Histones:  

 They are proteins containing usually higher concentrations of basic amino 

acids. There are five different types of histone proteins: H1, H2A, H2B, H3, and 

H4.  

 The H1 histone is loosely attached to the DNA. Others are called core histones.  

 H2A and H2B are lysine rich histones. H3 and H4 are arginine rich.  

 Histone synthesis stops when DNA synthesis ceases.  

 Histone synthesised in the cytoplasm migrate to the nucleus.  

 Histones are modified by acetylation, methylation and phosphorylation.  

 Of these, two molecules each of H2A, H2B, H3, and H4 combine to form a 

histone octamer. DNA wraps around the octamer, making 1.8 turns around the 

protein complex. 

Nucleosomes:  

 The double stranded DNA wraps twice around a histone polymer formed by 

H2A, H2B, H3, and H4.  

 The super twisted helix forms a spherical particle of 10 nm diameter; called 

nucleosome.  

 The function of nucleosome is to condense DNA; this arrangement also 

stabilizes DNA. 
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� Structure of RNA:  

Ribonucleic acid (RNA) is also a polymer of purine and pyrimidine nucleotides linked 

by phosphodiester linkage. Chemically, RNA is very similar to DNA but there are 

some important differences.  

� Difference between RNA and DNA: 

Sr. No. RNA DNA 

1 Mainly seen in cytoplasm Mostly inside nucleus 

2 Usually 100-5000 bases Millions of base pairs 

3 Generally single stranded Double stranded 

4 Sugar is ribose Sugar is deoxyribose 

5 Purines: Adenine, Guanine Adenine, Guanine 

6 Pyrimidine: Cytocine, Uracil Cytocine, Thymine 

7 Easily destroyed by alkali Alkali resistant 

 

 Thus, RNA consists of the sugar ribose instead of deoxy ribose and nitrogen base 

uracil in place of thymine. Most RNA is single stranded. 

 About 50% of cellular RNA is distributed in the ribosomes and endoplasmic 

reticulum; 25 % in cytoplasm; 15 % in mytochondria and the rest 10 % in nucleus.  

 There are three distinct types of RNAs: Messenger RNA, Transfer RNA and 

Ribosomal RNA. These differ from one another in size and function. The synthesis of 

these is catalysed by enzymes called RNA Polymerases.  

 

� Messenger RNA (mRNA):  

 mRNA is the copy of the information carried by a gene on the DNA.  

 The role of mRNA is to carry the information present in the DNA molecule to 

the translation machinery.  

 This type of RNA makes up to 2% of the total RNA.  

 It consists of the sequences of bases needed to determine the order in which 

the amino acids will be assembled in to each type of protein.  
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 There are several thousand types of mRNA in most cells.  

 In eukaryotes, one type of mRNA corresponds to each type of protein but in 

prokaryotes, some mRNAs are polycistronic.  

 In this case, an mRNA molecule may carry the code for several different 

proteins. 

 In prokaryotic cells, mRNA is made within the nucleoid region of cytoplasm 

and is then used immediately to code for protein synthesis. In eukaryotes, most 

of the mRNA is made in the nucleus, from where it passes out through the 

nuclear envelope to the cytoplasm. 

� Ribosomal RNA (r RNA):  

 Ribosomal RNA makes up to more than 80% of the total RNA of the cell.  

 It is the major component of the ribosomes, the organelles on which protein 

synthesis takes place.  

 Each ribosome consists of two unequal subunits, a small subunit and a large 

subunit, each of which is a multi component complex of ribosomal RNAs and 

ribosomal proteins.  

 A prokaryotic ribosome has a sedimentation coefficient of 70 S whereas the 

large and small subunits have sedimentation coefficients of 50 S and 30 S, 

respectively.  

 In eukaryotes, the ribosomes are larger and more complex; the ribosome 

monomer is 80 S and consists of 60 S and 40 S subunits. 

� Transfer RNA (t RNA):  

 tRNA is the information adaptor molecule.  

 It is the direct interface between amino acid sequence of a protein and the 

information on DNA.  

 There are more than 20 different t RNA molecules.  

 Transfer RNA makes up about 16% of the total RNA.  

 They are small, uniform in size having 75-90 nucleotides.  

 These molecules play an important role in protein biosynthesis.  

 Each tRNA becomes covalently bonded to a specific amino acid to form 

aminoacyl - tRNA which recognizes the corresponding codon in mRNA and 

ensures that the correct amino acid is added to the growing polypeptide chain. 

 The tRNAs are small molecules, with a distinctive clover leaf secondary 

structures by internal pairing. The stem-loops of the cloverleaf are known as 

arms. 

 There are 4 arms and 3 loops in t RNA molecule: 

o The anticodon arm contains in its loop the three nucleotides of the anti-

codon which will form base-pairs with the complementary codon in 

mRNA during translation. 
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o The D or DHU arm (with its D loop) contains dihydrouracil, an 

unusual  pyrimidine;

o Some tRNAs also have a variable arm (optional arm) which is 3

size. The other notable feature is the amino acid acce

where the am

CCA sequence. 

o The three 

shown in figure because of additi

units of secondary  structure.

o The T or Tψ

pseudouraci
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The D or DHU arm (with its D loop) contains dihydrouracil, an 

unusual  pyrimidine; 

Some tRNAs also have a variable arm (optional arm) which is 3

size. The other notable feature is the amino acid acceptor stem. This is 

where the amino acid becomes attached, at the 3' OH group of the 3'

CCA sequence.  

 dimensional structure of tRNAs is even more complex as 

shown in figure because of additional interactions between the various 

units of secondary  structure. 

The T or TψC arm (with its T loop) contains another unusual base 

pseudouracil (denoted ψ) in the sequence TψC. 
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♣ Secondary metabolites 

 

 Secondary metabolites unlike the primary metabolites are not essential for growth and 

development of living organisms. Many of them do not have any known function too. 

However, with the research results pouring in, more and more functions of secondary 

metabolites are being noticed and the differences between the primary and secondary 

metabolites are being narrowed down. 

 Organic compounds produced by the plants which have no direct role in the growth 

and development are called as secondary metabolites. There are about 100,000 

secondary compounds that are produced by the plants and the structures of more than 

15000 alkaloids, 30000 terpenes, several thousand  Phenylpropanoids, 1000 

flavoniods, 500 quinones, 700 polyacetylenes and 800  non-protein amino acids have 

already been characterised. These secondary compounds produced by plants are 

grouped into five major groups. 

1. Phenolics 

2. Terpenoids 

3. Alkaloids 

4. Special nitrogen metabolites 

5. Cuticular compounds 

 

1. Phenolics: 

� Phenolics are a group of compounds possessing an aromatic ring containing one or 

more hydroxyl groups. Phenolics are water insoluble substances. However, the water 

solubility increases with the increase in the number of OH groups. Phenolics absorb 

electromagnetic radiation strongly - many of them in the visible part of the spectrum 

(anthocyanins) and are coloured.Most of the thousands of phenolics known to date is 

of plant origin. 

Biogenesis: Phenolics are produced in plants by 

 Shikimate pathway through phenylalanine (C6.C3) 

 Acetate/ malonate pathway 

� Shikimate pathway is an important pathway in plants through which many secondary 

plant products are synthesised. The key starting materials are phosphoenolpyruvate 

(PEP) and erythrose 4P derived from glycolysis and pentose phosphate pathways, 

respectively. These two compounds condense to produce a six carbon cyclic 

compound with one carbon (COOH) side chain namely shikimate. Then shikimate is 

phosphorylated and condensed with another molecule of PEP to produce cyclic 
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compound containing a three carbon and one carbon side chains. This is finally 

converted to aromatic amino acids phenylalanine and tyrosine. These amino acids are 

deaminated followed by hydroxylation at different carbon atoms in the aromatic ring 

to form cinnamic acid derivatives. These cinnamic acid derivatives are utilised for the 

synthesis of different phenolic compounds. 

♣ Classification of phenolics: The phenolics are classified based on their carbon 

skeletons: 

 

Sr. 

No 

No. of 

carbon 

atoms 

Carbon 

skeleton 
class  example 

1 6 C6 Simple phenols Hydroquinone, catechol 

2 7 C6.C1 Hydroxybenzoates 4-Hydroxybenzoate 

3 8 C6. C2 Phenylacetates 4-Hydroxyphenyl acetate 

4 9 C6.C3 

1. Hydroxy cinnamates 

2. Phenylpropenes 

3. Coumarins 

2. Chromones 

1. Caffeate 

2. Eugenol 

3. Esculetin 

3. 4. Eugenin 

5 10 C6.C4 Naphthoquinones Juglone 

6 13 C6.C1.C6 Xanthones Mangiferin 

7 14 C6.C2.C6 Stilbenes Resveratrol (eucalyptus) 

8 15 C6.C3.C6 Flavonoids Rutin 

9 18 (C6.C3)2 Lignans Pinoresinol 

10 30 (C6.C3.C6)2 Biflavonoids Amentoflavone 

11 N (C6)n Melanins  

12 N (C6.C3)n Lignins  

13 N (C6.C3.C6)n 
Condensed tannins 

 
 

 

♣ Functions of phenolics: 

 Phenolics are of great importance as cell wall components. 

 They form part of cell wall structures such as lignins, cutins and suberins,Which 

provide mechanical support and function as barriers against microbial attack. 

 Pigmenatation: The flavonoids and anthocyanins contribute to flower and fruit 

colours.  

 This is important for attracting insects and animals to the plant for pollination and 

seed dispersal. Pigmentation of the outer surface and inner parts of plants and animals 

is one of the important functions of phenolics. Thus, melanin is responsible for the 

darkening of the skin in human beings. Chlorogenic acid imparts darkening of the 

potato tuber. Browning of the cut tissues of many fruits is also due to the presence of 

phenolic substances. 
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 Regulation of plant growth: Important phenolics regulating plant growth are ferulic 

acid and phytoalexins. 

 Phenolics also play a defensive role in plants by protecting against predators. 

 Simple phenolic acids, polyphenolics like tannins and phenolic resins at the plant 

surface are effective feeding deterrents. 

 Phenolics are accumulated as post-infectional low molecular compounds called 

phytoalexins as a result of microbial attack. 

 Among the phenolic phytoalexins, hydroxycoumarins and hydroxycinnamate 

conjugates contribute to disease resistance mechanism in plants. Protocatechuric acid 

imparts resistance to smudge caused by Colletotrichum circinam in onions. 

 Phenolic compounds also produce allelopathic effect.  

 A well known compound from Juglans species is juglone which is highly toxic for a 

wide range of plants. It occurs in the plant as a non-toxic glucoside and is made active 

by deglucosylation and oxidation after leaching from the leaves into the soil.   

 Gallotannins obtained from gallic acid is an allellochemical in many plants. 

 Insects control: A number of coumarins act as juvenile hormones in insects by   

preventing metamorphosis and hold promise in future insects control. 

 Salicylic acid is strongly implicated as a signal molecule which induces active defense 

responses in several plant species against many types of pathogens. 

 Electron carrier: Some phenolics act as electron carriers e.g. ubiquinone /ubiquinol  in 

Electron Transport System. 

 Phenolics also function as signal molecules in the interaction between nitrogen fixing 

bacteria and leguminous plants. 

 These plants exude flavonoids which act selectively in Rhizobia as inducers of 

nodulation gene transcription. 

 Uv protection: Phenolics help protect animals / plants against damage by Ultra Violet 

radiation. 

 Recently, it has been shown that phenolic compounds function as effective 

antioxidants. 

 Polyphenolics are important in foodstuffs, wines and herbal teas because of their 

astringent taste. 

 Plants rich in polyphenolics were used as tanning agents in leather industries. 

 Phenolic pigments (anthocyanins, flavones etc) of fruits are most widespread food  

colours occurring in fruit juices, wines and jams. 
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 Anthocyanins have considerable potential in the food industry as safe and effective 

food additives. 

 

2. Essential oils and Terpenoids: 

 

 Essential oil or ethereal oil is defined as the volatile oil obtained by the steam 

distillation of plants. There is a distinction between fixed or fatty oils and volatile oils. 

Their volatility (boiling point) and plant origin are characteristic properties of these 

oils. 

 Bitter almond and Mustard oil � Obtained enzymatically followed by  steam 

distillation 

 Lemon oil and Orange oil �  Obtained by pressing the fruits. 

 Ocimum or Eucaliptus oil �  Extraction by organic solvents. 

 All are included in essential oils. The oldest of volatile oil ` EAU DE COLOGNE’ 

prepared in 1725 by Johann Maria Farina in Cologne is still extracted in same fashion 

and is being used in the cosmetics.  

 Essential oil can be broadly classified in to four groups depending upon the reactive 

groups. 

A. Esters:  This group include methyl esters of salicylic acid; Oil of winter green. 

B. Aldehydes:  This group include cinnamic aldehyde of cinnamon. 

C. Ethers: This group contain oil of clove (eugenol). 

D. Terpenes:  Camphor, menthol, oil of lemon, etc. are included in this group. 

 

The name terpene was given by Kekule.  Terpenes are hydrocarbon based natural 

products, the structures of which are derived from isoprene units. Isoprene is a 5 C 

unsaturated hydrocarbon i.e. 2 – Methyl 1, 3 – butadiene. Terpenes are organic 

compounds containing an integral number of 5 C units. The name ‘terpene’ has now 

almost been replaced by the more accepted term ‘terpenoids’, since a large number of 

their oxidized products like alcohols, aldehydes, ketones etc are derived from 

terpenes. Terpenes constitute one of the most diverse and numerous classes of organic 

compounds. Also, they are very widespread and abundant too. Terpenes are thus 

referred to as isoprenoids also.                                                                                                                     

In simpler terms, 

Thyme camphor�  Thymol 

Peppermint� Menthol 
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The β- carotene and Vitamin E also falls under this group of terpenes with several 

isoprene ring structure. On isomerisation, eugenol can be converted to Vanillin, the 

flavouring principle of Vanilla bean.

Geraniol   (  C10  H18  O ) 

Linalool   (  C10  H18  O )  : Component of Lavender oil

α- terpeniol  :  Oil of hyacinth

 

There are basic differences between fixed or fatty oils and volatile or essential oils.

 

Essential or Volatile oil

Boiling points are less than 100

Can be steam distilled without any 

change in its biological property.                                  

Produce temporary greasy spot on           

paper 

Example: Eugenol, Cinnamic aldehyde,

etc.    

Uses: Fragrance, perfume, etc

 

There are several difficulties in 

 Terpenes are unstable and tend to re

an obstacle in their studies.

 They are liquids so that thorough fractionation is necessary to separate the 

constituents, which boil within a restri

 The boiling point difference between several essential oils is 

to improper purification of active principles.

O. Wallach who is considered as 

essential oils on the basis of their crystallisation properties.

 

♣ Classification: Terpenes are classified depending on the number of 5 C units they 

contain. Accordingly, they are classified as follows:
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carotene and Vitamin E also falls under this group of terpenes with several 

isoprene ring structure. On isomerisation, eugenol can be converted to Vanillin, the 

flavouring principle of Vanilla bean.   

O ) :  Chief constituent of rose and geranium oil. 

O )  : Component of Lavender oil 

terpeniol  :  Oil of hyacinth 

There are basic differences between fixed or fatty oils and volatile or essential oils.

Essential or Volatile oil Fixed oil or Fatty oil 

Boiling points are less than 100
 0

C Boiling points are higher than 100 

Can be steam distilled without any 

change in its biological property.                                  
Decompose prior to   volatisation

greasy spot on           
Produce permanent greasy spot on

Example: Eugenol, Cinnamic aldehyde, 
Example: Linoleic acid, Arachidonic

Uses: Fragrance, perfume, etc Uses: Edible oil in food    

There are several difficulties in studying the terpenes: 

Terpenes are unstable and tend to re-arrange intra-molecular groups. This property is 

an obstacle in their studies. 

They are liquids so that thorough fractionation is necessary to separate the 

constituents, which boil within a restricted range. 

The boiling point difference between several essential oils is very narrow leading    

to improper purification of active principles. 

who is considered as `Mesiah of Terpenes’ differentiated around 500 

essential oils on the basis of their crystallisation properties. 

Terpenes are classified depending on the number of 5 C units they 

Accordingly, they are classified as follows: 
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Terpenes are classified depending on the number of 5 C units they 
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� Miscellaneous Group: 

The representatives of this group are the compounds, which are not included in the 

above mentioned three groups. They are incidental and often rather specific for a few 

spp. or genera of the plants.  

 Allyl isothiocyanate: CH2 = CH – CH2 – N  =  C = S                Mustard oil 

 Di-allyl sulphide: CH2 = CH – CH2 – S -  CH2 – CH = CH2    Oil of Garlic                                            

 Butyl propenyl di-sulphide:   CH3 –CH2 – CH – S – S – CH = CH – CH3   

| 
CH3                   Asafoetida 

 Indole          

 Methyl  anthranilate 

      

Note: Last two are pleasant smelling principle of orange blossom and jasmine 

flavour respectively. 

♣ Functions of terpene in plants: 

 As plant growth regulators – Important among them are abscisic acid, gibberellins and 

brassinolide which is a sterol. 

 As electron carriers e.g. ubiguinone in electron transport system. 

 As photosynthetic pigments e.g. β – carotene 

 As constituents of cell membranes e.g. steroids. 

 Plants defence: e.g. damaged plants exude resinous materials. The role of such resins 

(mostly terpenes) is to seal to the wound, so that the infecting and attacking microbes 

fail to enter inside. Arbutin, a terpenoid, is an allellopathic chemical inhibiting the 

growth and germination of other plants nearby. Even, the major insecticidal principles 

of neem are terpenoids e.g. Azadirachtin.  

 The presence of essential oils in the plant makes the plant unpalatable e.g. there is 

little insect /      animal damage to Ocimum plants because of the presence of eugenol. 

 Act as bactericidal/ fungicidal agent in some cases. Insect repellents e.g. Citronellal in 

citronella oil. 

 Pollination helpers e.g. perfumes present in many flowers help attract insects and 

result in pollination. 

 Fungal antibiotics e.g. β -Phellandrenes. 

 In some cases, these oils act as reserve food material 

 It acts as varnish (oily layer) to prevent excessive evaporation of water. They         

cause reversible lowering of permeability of water and water-soluble substances,   

thereby decreasing the transpiration in plants. 
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♣ Functions of terpene in animals: 

 Carriers of sugars e.g. Dolichol. 

 Constituents of cell membranes e.g. Steroids. 

 Ants and termites use terpenoid trail pheromones to mark a path. This explains why 

ants are often seen marching in a single line over long distances. 

 As Juvenile hormones in insects. 

 As sex attractants in a number of insects. 

 

♣ Uses of terpene: 

 Natural rubber (a polyterpene - major source- Hevea brasiliensis) is used in the 

manufacture of vulcanized and high strength less friction rubber. 

 As flavouring agents in foods, drinks, ice creams, and even cigarettes. A widely   

used  such material is Vanillin present in vanilla beans. 

 Perfumer e.g. Geraniol is widely used as a perfumery material. 

 Oil of terpentine is used as a solvent in paints. 

 As fragrances in soaps, talcum powders and cosmetics. 

 Insects’ repellents e.g. oil of citronella. 

 Insect control agents e.g. as juvenile hormones which prevent metamorphosis in  

insects and neem based insecticidal preparations. 

 In medicines: Ex. 

 Santonin has been used in India since long for the control of intestinal worms. 

 Digitoxin is used in heart beat regularization. 

 Cineole is used as a nasal decongestant. 

 Terpenes act as mild irritant. 

 It acts as bactericidal and fungicidal agent used in the preparation of ointments. 

 It stimulates repair of tissues and assist in the removal of mucous from trachea or 

bronchia. 

 Relieves the tension of the stomach and colon. 

 It acts as anthelmintic (Anti-worms) agent. e.g. Chenopodium oil is used to 

remove round-worms, hook-worms and intestinal amoebas (santonine which is 

sesqui-terpene used for this purpose). 

 When the action of heart muscle is depressed, camphor may improve cardiac 

conditions and remove arrhythmia (Any deviation from the normal rhythm of 

heart). 
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♣ Industrial uses of Essential  Oils: 

 They have a wide and varied use in perfumery, cosmetics and additive in food 

industry. In the course of a single day, from morning to night, we use or consume a 

great variety of volatile oils either in spices and condiments or in perfumes or in toilet 

soap or as scent or in food.  

 Here is the list some industries, wherein, the essential oils are used. Please take note; 

the list is still not complete. 

- Animal feed industry: Cat food, cattle feed,  dog foods etc. 

- Baking goods industry:  Biscuit, cake, icings,  minced meat, puddings, sandwich, 

pies etc. 

- Canning industry:  Meat, fish, sauces, soups  

- Chewing gum industry: Variety of chewing  gums and chocolates. 

- Condiments: Chilli sauces, salad dressing, pickled     fish, table sauce,  vinegar etc. 

- Confectionary: Chocolates, jellies, soft centre   candies. 

- Food industry:  Cheese, puddings, dehydrated  soups, rennet desserts. 

- Household: Deodorant, furniture polish, laundry  soap, room spray. 

- Ice-cream industry: Used in the preparation of icecream. 

- Insecticide industry: Attractants, insect repellents. Disinfectant sprays. 

- Paint industry: Bituminous paint, enamels,  paint and varnish removers, synthetic   

coatings, varnish 

- Pharmaceutical industry:  Cough drops, antacids, elixir, hospital sprays, laxatives, 

ointments, tonic, vitamin flavour preparation. 

- Perfume and toilet industry:  Baby soap,  Face cream, cologne, lip-stick, lotion,  

shaving cream, eye shadow, mask etc. 

- Pickle industry: Sweet and sour pickle   preparation 

- Wine industry: Rum, whisky, wine etc. 

- Rubber industry: Toys, waterproofing, glove,  surgical supplies. 

- Soap industry: All kind of ordinary and luxury soaps. 

- Soft drink: Cola drinks, syrups and soft drink powder. 

- Tobacco industry: Chewing and smoking tobacco. 

The list of industries, where the essential and volatile oils are used, is endless 

suggesting its industrial demand and the potential in driving the economy of the 

country. 
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3. Alkaloids: 

The term ‘alkaloid’ was originally used to refer to naturally occurring complex 

substances of plant origin that are alkaline in reaction, optically active, contain 

nitrogen as part of a heterocyclic ring and do have varying degrees of psychological  

and pharmacological responses in man and animals. 

♣ Nomenclature of alkaloids: 
Alkaloids are normally named by adding the suffix ‘ine’ to various distinguishable 

features such as sources, physiological action in animals, their properties etc. Thus, 

 The name of the genera of the plants containing them e.g. Atropine (Atropa),  nicotine 

(Nicotiana) etc. 

 The names of the species of the plants producing them e.g. cocaine (Erythroxolon 

coca). 

 The common name of the organism producing them e.g. ergotamine (ergot fungus). 

 The specific physiological activity observed in animals e.g. emetine (emetic-causing 

vomiting), narcotine (narcotic-alters mind). 

♣ Classicisation of alkaloids: 
Various criteria are used for classifying alkaloids. Thus, those alkaloids for which the 

precursors are the amino acids are grouped as True alkaloids, while others are 

grouped as Pseudo alkaloids. Further, those alkaloids which contain nitrogen atom 

present in a side chain are called Proto alkaloids. 

However, the most widely used classification system of alkaloids is base on their 

skeleton rings. Accordingly, the alkaloids are classified as follows: 

Sr. 

No. 
Class Examples 

1 Pyridine and Piperidine 
Conine (Dhatura), nicotine (Tobacco), Ricidine 

(Castor seed) 

2 Tropane Atropine (Atropa belladonna), Cocaine (Coca) 

3 Quinoline 
Quinine (Cinchona officinalis), Cinchonine 

(Cinchona plant) 

4 Isoquinoline  
Papaverine (Papaver somniferum), Barberine 

(Barberine plant) 

5 Phenanthrene Morphine (Opium poppy),  

6 Indole  
Codeine  (Opium alkaloid), Strychnine (Strychno 

alkaloid),  Ergotamine and Ergotine (Ergot alkaloid) 

7 Purine Caffeine (tea and coffee) 

8 Pyrolidine Hygrine (Aswagandha) 

9 Imidazole  Pilocarpine 

10 Phenylalkylamine  Ephedrine 

11 Pyrolizidine  Retronecine 

12 Quinolizidine Lupinine 

13 Steroidal  Solanidine 
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14 Terpenes  Aconitine 

15 Rauwolfia Raserpine (Rauwolfia alkaloid) 

16 Miscallaneous Colchicine (Tropolane alkaloid, Colchium seeds) 

 

Based on the precursor amino acids also, the alkaloids can be classified which is 

given below: 

S. 

No. 
Precursor amino acids Alkaloids 

1 Tryptophan Indoles, Quinolines 

2 Lysine Piperidines 

3 Ornithine Tropanes, Pyrrolidines 

4 Tyrosine Isoquinolines, Phenylalkylamines 

5 Histidine Imidazoles 

6 Asparagine Pyridines 

 

♣ Functions of alkaloids in plants (Biological significance) : 

 Act as protective agents against herbivorous animals due to their bitter taste and     

toxicity. The earlier adaptations like thorns and stinging hairs proved inadequate   and 

then over the years, the plants learnt to produce such phytochemicals for the said 

purpose. Among such phytochemicals, the alkaloids rank the number one.  

 Possessing alkaloids thus became an evolutionary development. 

 Alkaloids protect the plants from infection of plant disease. 

 Some alkaloids act as the source of nitrogen in case of deficiency of nitrogen. It is 

suggested that plants which cannot store excess nitrogen and cannot afford to throw 

the element either temporarily store the excess nitrogen in the form of alkaloids, 

especially in vacuoles, and redraw the nutrient element later when necessary. 

Alkaloids serve as reservoir of N and help the protein synthesis. 

 Some alkaloids act as plant growth regulators like hormones. 

 Some alkaloids act as the final products of detoxification of various Nitrogen 

containing substances. Excretory products plants, thereby excess of NH3 is lost. 

 Colchicin is used in the multiplication of chromosome i.e artificial production of 

polyploidy by which new varieties of crops are developed. 

 Helpful to neutralize harmful effects of plant acids. 

 Morphine is essential in the formation of poppy seeds. 

 Alkaloids inhibit enzyme activity and seed germination. Some remove bad effects     

of tannins. 

 Alkaloids are known as co-product in the metabolism of protein in plants. 
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♣ Uses of alkaloids: 

 In medications: Alkaloids are particularly known for their therapeutic value. 

Accordingly, alkaloids find use in treating various health disorders. Some such uses 

are furnished below: 

S. No.  Alkaloid                                     Use 

1 Aconitine Antipyretic 

2 Cocaine Vasoconstrictor, local anesthesia 

3 Codeine Cough suppressants 

4 Reserpine Anti high blood pressures 

5 Emetine 
Antiamoebic, emetic, Used as cough expectorant and 

also used to prevent vomitting. 

6 Morphine Analgesic, narcotic (Used as pain killer) 

7 Quinine Antimalarial drug 

8 Ajmalicine Antihistamine 

9 Atropine 

Boosting nerve systems, Used to extend the size of 

Iris (widening of Iris) in the treatment of eye ailment 

during eye surgery.  

10 Ergotine Used to stimulate the function of uterus. 

11 Colchicine Used to control rheumatic disease 

12 Raserpine 
Used in the treatment of hypertension, tension, 

fevers, dizziness and insomnia. 

 

 As flavor and taste enhancing agents: Capsaicin is the active ingredient of red    

pepper, and is used as flavor and taste enhancing agent. 

 In Plant Biotechnology: Colchicine is used to produce polyploidy in plants along with 

swollen and sterile seeds. Polyploid fruits and vegetables are now very common in 

super markets. 

 As psychoactive agents: 

o Stimulants e.g. nicotine and caffeine 

o Hallucinogens e.g. ergot alkaloids (LSD, lysergic acid and heroin) 

o Tranquilizers e.g. morphine and codeine 

 As pain killers e.g. aconitine and morphine 

 As poisons e.g. conine and stachydrine (Medicago sativa). 

 Several alkaloids are used as insecticides and pesticides (Nicotine sulphate from 

tobacco and azadirachtin from neem). 

♣ Removal of  Alkaloid Toxicity: 

 
If someone takes alkaloids orally in high concentrations, he should be directed for 

vomiting immediately and drink dilute tannic acid. The tannic acid precipitates out the 

alkaloid and thus acts as Antidote. This is the reason that tea or coffee (containing 

tannin) acts as antidote to alkaloid poisoning. 
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 The sum total of all the enzymatic reactions occurring in the cell is collectively called 

as metabolism.  

 The reaction sequence occurring within organisms in an orderly and regulated way are 

known as metabolic pathways and the compounds formed as a result of metabolism 

are called metabolites.  

 Reactions comprising the total metabolism of any cell can be broadly divided into two 

phases- catabolism and anabolism. 

Thus, metabolism of carbohydrates is of two types: 

 

���� Catabolism: The process of breakdown of complex polymeric substances into simple 

monomeric units with release of energy. The chemical energy of metabolites is 

conserved in the form of ATP. 

OR 

Catabolism refers to the reactions involving the degradation or breakdown of various 

complex molecules to smaller and simpler molecules. 

���� Anabolism: The process of formation of complex polymeric substances from simple 

monomeric units involving the energy is known as anabolism. 

OR 
Anabolism refers to all the reactions involving synthesis of various molecules from 

smaller and simpler precursor molecules. This process requires the input of chemical 

energy in the form of ATP. 

 

            Sun light, Chlorophyll 

CO2   +  H2O    →    HCHO → C6H12O6  → Oligosaccharide → Polysaccharide 

                 Photosynthesis 

 

 In living system, both catabolism and anabolism occur concurrently and 

simultaneously.  

 The energy released during catabolism is required for anabolic reactions and for many 

other cellular activities.  

 Catabolic reactions are oxidative where as anabolic reactions are reductive in nature. 

 

���� Stages of metabolism: 

 Catabolic reactions take place in three major stages.  

 Large molecules are broken down to their building blocks in the first stage of 

metabolism. Polysaccharides are hydrolyzed to yield monosaccharides, lipids are 

converted to glycerol and fatty acids, and proteins are broken down to amino acids.  

 In stage II of catabolism, the various products of stage I are collected and converted to 

number of still simpler intermediates. Thus, the monosaccharides and glycerol are 

degraded via the three carbon intermediate pyruvic acid to yield a two carbon species, 

the acetyl CoA. Similarly, various fatty acids and amino acids are broken down to 

form acetyl CoA and few other products.  

 Finally the acetyl CoA and other products of stage II are channelled in stage III in 

which they are oxidized into carbon dioxide and water followed by oxidative 

phosphorylation. 
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GLYCOLYSIS 
 

- Glycolysis, also called as Embden-Meyerhof-Parnas pathway (EMP pathway), 

consists of a series of reactions through which glucose is converted to pyruvate with the 

concomitant production of relatively small amounts of adenosine triphosphate (ATP).  

- It is derived from the Greek stem 'glykys' meaning sweet and 'lysis' meaning splitting.  

- It is the primary pathway occurring in the cytoplasm of all the tissues of biological 

systems. All the enzymes responsible for the catalysis are found in the extra-

mitochondrial soluble fraction of the cells (cytoplasm). 

- In plants, glucose and fructose are the main monosaccharide catabolised by glycolysis 

although others are also converted into these sugars.  

- Glucose entering the glycolysis is derived from starch or sucrose, and fructose is derived 

from sucrose.   

- The starch is either from seeds or chloroplasts of matured plants.  

- Glycolysis normally takes place in the presence of O2 in higher plant cells.  

- The enzymes in the cytoplasm catalyse the reactions involved in the conversion of 

glucose to pyruvate. 

 

- The breakdown of the six-carbon glucose into two molecules of the three-carbon 

pyruvate occurs in ten steps, the first five of which constitute the preparatory phase.  

- In these reactions, glucose is first phosphorylated at the hydroxyl group on C-6 (step 1).  

- The D-glucose 6-phosphate thus formed is converted to D-fructose 6-phosphate (step 2), 

which is again phosphorylated, this time at C-1, to yield D-fructose 1,6- bisphosphate      

(step 3).  

- For both phosphorylations, ATP is the phosphoryl group donor.  

- As all sugar derivatives in glycolysis are the D isomers, we will usually omit the D 

designation except when emphasizing stereochemistry. 

- Fructose 1,6-bisphosphate is split to yield two three-carbon molecules, 

dihydroxyacetone phosphate and glyceraldehyde 3-phosphate (step 4 ); this is the 

“lysis” step that gives the pathway its name.  

- The dihydroxyacetone phosphate is isomerized to a second molecule of glyceraldehyde 

3-phosphate (step 5 ), ending the first phase of glycolysis.  

- Note that two molecules of ATP are invested before the cleavage of glucose into two 

three-carbon pieces; later there will be a good return on this investment.  

- To summarize: in the preparatory phase of glycolysis the energy of ATP is invested, 

raising the free-energy content of the intermediates, and the carbon chains of all the 

metabolized hexoses are converted into a common product, glyceraldehyde 3-

phosphate.  

- The energy gain comes in the payoff phase of glycolysis.  

- Each molecule of glyceraldehydes 3-phosphate is oxidized and phosphorylated by 

inorganic phosphate (not by ATP) to form 1,3-bisphosphoglycerate (step 6 ).  

- Energy is then released as the two molecules of 1,3-bisphosphoglycerate are converted 

to two molecules of pyruvate (steps 7 through 10).  

- Much of this energy is conserved by the coupled phosphorylation of four molecules of 

ADP to ATP.  

- The net yield is two molecules of ATP per molecule of glucose used, because two 

molecules of ATP were invested in the preparatory phase.  

- Energy is also conserved in the payoff phase in the formation of two molecules of 

NADH per molecule of glucose. 
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- In the sequential reactions of glycolysis, three types of chemical transformations are 

particularly noteworthy: (1) degradation of the carbon skeleton of glucose to yield 

pyruvate, (2) phosphorylation of ADP to ATP by high

formed during glycolysis, and (3) transfer of a hydride ion to NAD, forming NADH.

 
- The net reaction in the transformation of glucose to pyruvate is

 

Glucose + 2Pi +2ADP+2 NAD

 

- Once pyruvate is formed, further degradation is determined by the 

of oxygen. 
- Under anaerobic conditions

yielding lactic acid.  

- The formation of lactic acid is very rare in plants with exception of potato tubers 

maintained under anaerobic condition and some green algae.

- In the second pathway, pyruvate is converted to 

The alcoholic fermentation 

- Under aerobic conditions

which is then completely oxidised to CO

 

� Energetics of glycolysis:
- From glucose, two molec

stage of glycolysis from which two molecules of pyruvate are obtained as end 

products of glycolysis. Hence energetic of glycolysis is calculated by taking into 

account two molecules of glyceraldeh
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) phosphorylation of ADP to ATP by high-energy phosphate compounds 

formed during glycolysis, and (3) transfer of a hydride ion to NAD, forming NADH.

The net reaction in the transformation of glucose to pyruvate is 

Glucose + 2Pi +2ADP+2 NAD
+                    

2 pyruvate + 2 ATP+2NADH+2 H
+

Once pyruvate is formed, further degradation is determined by the presence or absence 

Under anaerobic conditions, in one of the pathways, pyruvate undergoes reduction 

formation of lactic acid is very rare in plants with exception of potato tubers 

maintained under anaerobic condition and some green algae. 

In the second pathway, pyruvate is converted to ethyl alcohol and carbon dioxide

alcoholic fermentation is the basis of the beer and wine-making industries.

aerobic conditions, pyruvate is oxidatively decarboxylated to acetyl CoA 

which is then completely oxidised to CO2 and water through the citric acid cycle.

Energetics of glycolysis: 
From glucose, two molecules of glyceraldehyde 3-phosphate are formed in the second 

stage of glycolysis from which two molecules of pyruvate are obtained as end 

products of glycolysis. Hence energetic of glycolysis is calculated by taking into 

account two molecules of glyceraldehyde 3-phosphate. 

Energetic of glycolysis 
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Importance or Significance of Glycolysis: 

 

 Glycolysis is an almost universal central pathway of glucose catabolism occurring in 

the cytoplasm of all the tissues of biological systems leading to generation of energy in 

the form of ATP for vital activities. 

 Many types of anaerobic microorganisms are entirely dependent on glycolysis.      

 Glycolysis is the only source of energy in erythrocytes. 

 It is the pathway through which the largest flux of carbon occurs in most cells. Thus, 

Glycolysis pathway provides carbon skeletons for the synthesis of non-essential amino 

acids as well as glycerol part of fat. 

 In plants, glycolysis is the key metabolic component of the respiratory process, which 

generates energy in the form of ATP in cells where photosynthesis is not taking place. 

 Mammalian tissues such as renal medulla and brain solely dependent on glycolysis for 

major sources of metabolic energy. 

 In strenuous exercise, when muscle tissue lacks enough oxygen, anaerobic glycolysis 

forms the major source of energy for muscle. 

 The Glycolysis pathway may be considered as the preliminary step before complete 

oxidation. 

 Most of the reactions of the Glycolysis pathway are reversible, which are also used for 

gluconeogenesis. 
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Regulation of 

Pyruvatekinase 
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Hexokinase

Phosphofructokinase
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HEXOSE MONOPHOSPHATE SHUNT 
 

 The hexose monophosphate shunt (HMP shunt), also called as pentose phosphate 

pathway (PPP) and phosphogluconate pathway. 

 It is an alternate pathway for the oxidation of glucose.  

 In 1930, Otto Warburg discovered the first evidence for the existence of this pathway, 

which was later, elucidated in 1950 by Frank Dickens group. 

 The pathway is important during the hours of darkness and in non-photosynthetic 

tissues such as differentiating tissues and germinating seeds.  

 In animal system, it occurs in certain tissues, notably liver, lactating mammary gland 

and adipose tissue in addition to the Embden - Meyerhof pathway.  

 About 10 % of glucose molecules per day are entering in this pathway.  

 The liver and RBC metabolise about 30 % of glucose by this pathway.  

 The major purpose of this pathway is the generation of reduced NADPH and 
pentose phosphate for nucleotide synthesis. 

 The enzymes of the shunt pathway are found in the extra mitochondrial soluble 

portion of the cell. It is in effect, a multi cyclic process whereby three molecules of 

glucose 6-phosphate give rise to three molecules of CO2 and three 5-carbon residues.  

 The latter are rearranged to regenerate two molecules of glucose 6-phosphate and one 

molecule of glyceraldehyde-3-phosphate. 

 Since two molecules of glyceraldehyde 3-phosphate can regenerate a molecule of 

glucose 6-phosphate by reactions, which are essentially a reversal of glycolysis, the 

pathway can account for the complete oxidation of glucose.  

 Here oxidation is achieved by dehydrogenation using NADP and not NAD as in 

Embden-Meyerhof's glycolytic pathway. 

 

� This pathway consists of a series of reactions taking place in three stages: 

 

• Stage I: Formation of NADPH and ribulose 5-phosphate: The first three reactions 

of the pathway, catalysed by glucose-6-phosphate dehydrogenase, 

phosphogluconolactonase and phosphogluconate dehydrogenase ultimately result in 

the formation of ribulose 5-phosphate and NADPH. 

 

• Stage II: In this stage, the ribulose 5-phosphate is converted to ribose 5-phosphate by 

ribulose 5-phosphate isomerase and then to xylulose-5 phosphate by ribulose 5- 

phosphate epimerase. The ribose 5-phosphate is essential precursor in the biosynthesis 

of nucleotides. 

 

• Stage III: In the third stage, three molecules of the 5-carbon sugars are converted to 

two molecules of 6-carbon sugars and one molecule of 3-carbon sugar,  

glyceraldehydes-3-phosphate catalysed by two enzymes, transaldolase and 

transketolase. 
- Transketolase catalyses the transfer of a C2 unit from xylulose 5-phosphate to ribose 

5-phosphate yielding glyceraldehyde 3-phosphate and sedoheptulose 7- phosphate. 

- Transaldolase catalyses the transfer of a three carbon unit from sedoheptulose 7-

phosphate to glyceraldehyde 3-phosphate yielding erythrose 4-phosphate and fructose 

6-phosphate. 
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� Control of the HMP shunt:

 Ribose 5-phosphate and NADPH are the 

principal products of the HMP shunt. 

 In this pathway, excess amount of ribose 

5-phosphate is converted into glycolytic 

intermediates when the need for NADPH 

exceeds that of ribose 5

nucleotide biosynthesis. 

 If ribose 5-phosphate is needed more than 

NADPH, fructose 6-

glyceraldehyde 3-phosphate are used for 

the synthesis of ribose 5

reversal of the transaldolase and 

transketolase reactions. 

 The rate of NADPH formation in the 

pathway is controlled by the rate of the

glucose 6-phosphate dehydrogenase 

reaction. 
 

� Metabolic significance of the HMP Shunt:

- Major function of HMP shunt appears to be the production of reduced NADP       

(NADPH) required by anabolic (synthetic) processes such a

outside the mitochondria .

- The pathway provides ribose (pentose phosphate) for nucleotide and nucleic acid 

synthesis. 

- It also provides erythrose required for the synthesis of phenolics and other    

aromatic compounds through shi

 

o Glucose 6-phosphate can be used as a substrate either for glycolysis or for the pentose 

phosphate pathway.  

o On the basis of the cell's needs, it makes this choice for biosynthesis and for energy 

from catabolism.  

o If glucose 6-phosphate is 

but if it is channelled into pentose phosphate pathway, NADPH and ribose 5

phosphate are produced. The fate of glucose 6

extent of phosphofructokinase and glucose

 

- There are few principal possibilities in which, depending upon the cell's need, 

HMP shunt operates: 

 
1. More ribose 5-phosphate than NADPH is required. Most of the glucose 6

converted into fructose 6-phosphate and glyceraldehyde 3

pathway. Two molecules of fructose 6

phosphate are converted into three molecules of ribose 5

reactions catalysed by transaldolase  and transketolase reactions.

 

2. Both ribose 5-phosphate and NADPH are needed by the cell
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3. In this, the first four reactions of the pentose phosphate pathway predominate. Ribose 5-

phosphate is the principal product of the metabolism and NADPH is also produced. The 

net reaction for these processes is 

 

Glucose 6 P + 2 NADP
+
 + H2O         Ribose 5-Phosphate + CO2 + 2 NADPH + H

+ 

 
4. More NADPH than ribose 5-phosphate is needed by the cell 

Under this situation, glucose 6-phosphate is completely oxidized to carbon dioxide. Three 

reactions are active. First, two NADPH and one ribose 5-phosphate are formed by the 

oxidative branch of the pentose phosphate pathway. Then, ribose 5- phosphate is 

converted into fructose 6-phosphate and glyceraldehyde 3-phosphate by transketolase and 

transaldolase. In the final reaction, glucose 6-phosphate is re-synthesized from fructose 6-

phosphate and glyceraldehyde 3-phosphate by the gluconeogenic pathway. The sum of 

these reactions is 

 

Glucose 6-phosphate + 12 NADPH
+ 

+ 7H2O             6 CO2 + 12 NADPH + 12H+ + Pi 

 

5. Both NADPH and ATP are needed by the cell: 
In this, fructose 6-phosphate and glyceraldehyde 3-phosphate derived from ribose 5-

phosphate enter the glycolytic pathway and form pyruvate. ATP and NADPH are 

concomitantly generated and five of the six carbons of glucose 6-phosphate emerge in 

pyruvate. 

3Glucose 6-phosphate + 6 NADP
+
 + 5NAD

+
 + 5 Pi + 10ADP            5 pyruvate  

                                          + 3CO2 + 6NADPH + 5NADH + 10ATP + 2H2O + 10H
+ 

 

� Comparative account of Glycolysis and HMP shunt: 
- These two major pathways are meant for the catabolism of glucose.  

- They have little in common, e.g. the presence of metabolites likes glucose 6-

phosphate.  

 

The major differences are 

• ATP is not generated in the HMP pathway, whereas in glycolysis, ATP molecules are 

generated. 

• Pentose phosphates are generated in the HMP pathway but not in glycolysis. 

• NADH is produced in glycolytic pathway whereas NADPH is produced in HMP 

shunt. 
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 The enzymes of TCA cycle are located in mitochondria.

 In 1937, Sir Hans Krebs, an English biochemist proposed a pathway consisting of a 

cycle of reactions through which acetyl CoA is converted to carbon dioxide and  

water and hence the cycle was named as Kreb's cycle.

 All the enzymes catalyzing the reactions of th

(mitochondrial matrix) in contrast with those of glycolysis, which occur in the  

cytosol. 

 Before pyruvate can enter the citric acid cycle, it must be oxidatively

to acetyl CoA (Bridge reaction

 Three different enzymes working sequentially in a multi

this reaction.  

Bridge step between Glycolysis and TCA
 

� Reactions of the TCA cycle:

 Acetyl CoA, derived mainly from the oxidation of carbohydrates, lipids and proteins, 

combines with oxaloacetate to form 

cycle. Subsequently, citrate is oxidised in a series of reactions liberating carbon 

dioxide and reducing equivalents (NADH, FADH

 The oxaloacetate is regenerated and functions therefore in a catalytic manner in the 

oxidation of acetyl CoA to two molecules of carbon dioxide.

 

� The citric acid cycle has eight steps as described below:

 

1. Formation of citrate: The first step is the reaction between the four

oxaloacetate and the two-

and coenzyme A catalysed 

reaction is recycled. 

2. Formation of isocitrate via cis

catalysed by aconitase occurs in two steps with the formation of cis

intermediate. This formation of isocitrate involves both dehydration and hydration. 

3. Oxidation of isocitrate to 

oxidatively decarboxylates isocitrate to 

of carbon dioxide. The intermediate in this reaction is oxalosuccinate, an unstable 
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The enzymes of TCA cycle are located in mitochondria.  

7, Sir Hans Krebs, an English biochemist proposed a pathway consisting of a 

cycle of reactions through which acetyl CoA is converted to carbon dioxide and  

water and hence the cycle was named as Kreb's cycle.  

All the enzymes catalyzing the reactions of this cycle occur inside mitochondria 

(mitochondrial matrix) in contrast with those of glycolysis, which occur in the  

Before pyruvate can enter the citric acid cycle, it must be oxidatively decarboxylated 

Bridge reaction) by pyruvate dehydrogenase (PDH) enzyme.

Three different enzymes working sequentially in a multi-enzyme complex catalyse 

Bridge step between Glycolysis and TCA 

Reactions of the TCA cycle: 

derived mainly from the oxidation of carbohydrates, lipids and proteins, 

combines with oxaloacetate to form citrate which is the first reaction of the citric acid 

cycle. Subsequently, citrate is oxidised in a series of reactions liberating carbon 

nd reducing equivalents (NADH, FADH2). 

The oxaloacetate is regenerated and functions therefore in a catalytic manner in the 

oxidation of acetyl CoA to two molecules of carbon dioxide. 

The citric acid cycle has eight steps as described below: 

The first step is the reaction between the four

-carbon unit, acetyl CoA resulting in the formation of citrate 

and coenzyme A catalysed by citrate synthase. The coenzyme A formed in this 

Formation of isocitrate via cis-aconitate: The isomerization of citrate to isocitrate 

occurs in two steps with the formation of cis-aconitate as an 

intermediate. This formation of isocitrate involves both dehydration and hydration. 

Oxidation of isocitrate to ∝∝∝∝-ketoglutarate: The enzyme, isocitrate dehydrogenase 

oxidatively decarboxylates isocitrate to ∝-ketoglutarate with simultaneous liberation 

of carbon dioxide. The intermediate in this reaction is oxalosuccinate, an unstable 
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ketoacid. While bound to the enzyme, it loses carbon dioxide to form 

There are two different forms of isocitrate dehydrogenase (isozymes), one requiring 

NAD+ and other requiring NADP

4. Oxidation of ∝∝∝∝-ketoglutarate to succinyl CoA: 

oxidative decarboxylation forming succinyl

of ∝-ketoglutarate dehydrogenase complex, 

of enzymes. The mechanism of this reaction is very similar to the reaction 

by pyruvate dehydrogenase complex

an inhibitor of TCA cycle by inhibiting the action of 

complex. 

5. Conversion of succinyl CoA to succinate: 

reaction from succinyl CoA catalysed by the enzyme, 

succinate thiokinase with the simultaneous formation of GTP and coenzyme A. 

Succinate thiokinase utilises GDP in animal tissues whereas it uses ADP 

predominantly in plants and bacteria. The 

substrate level phosphorylation reaction.
6. Formation of fumarate by oxidation of succinate: 

succinyl CoA is oxidised to fumarate by 

participation of FAD. Malonate, 

inhibitor of succinate dehydrogenase, blocks the citric acid cycle.

7. Formation of malate by hydration of fumarate: 

fumarate to L-malate is catalysed by 

8. Oxidation of malate to oxaloacetate: 

citric acid cycle. NAD-linked malate dehydrogenase catalyses the oxidation of L

malate to oxaloacetate. 

 

� Regulation of TCA cycle:

 Increased Acetyl CoA inhibits E2 in PDH. 

use pyruvate to switch on gluconeogenesis, etc… 
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ketoacid. While bound to the enzyme, it loses carbon dioxide to form ∝-

There are two different forms of isocitrate dehydrogenase (isozymes), one requiring 

NAD+ and other requiring NADP
+
. 

ketoglutarate to succinyl CoA: ∝-Ketoglutarate, undergoes 

oxidative decarboxylation forming succinyl-CoA and carbon dioxide in the presence 

ketoglutarate dehydrogenase complex, an assembly consisting of three kinds 

of enzymes. The mechanism of this reaction is very similar to the reaction 

pyruvate dehydrogenase complex. This reaction is irreversible. Arsenite 

an inhibitor of TCA cycle by inhibiting the action of ∝-ketoglutarate dehydrogenase 

Conversion of succinyl CoA to succinate: Succinate is formed in a reve

reaction from succinyl CoA catalysed by the enzyme, succinyl CoA synthetase or 

with the simultaneous formation of GTP and coenzyme A. 

Succinate thiokinase utilises GDP in animal tissues whereas it uses ADP 

s and bacteria. The formation of GTP in this reaction is a 

substrate level phosphorylation reaction. 
Formation of fumarate by oxidation of succinate: The succinate formed from 

succinyl CoA is oxidised to fumarate by succinate dehydrogenase 

Malonate, an analogue of succinate being a strong competitive 

inhibitor of succinate dehydrogenase, blocks the citric acid cycle. 

Formation of malate by hydration of fumarate: The reversible hydration of 

malate is catalysed by fumarase. 

Oxidation of malate to oxaloacetate: This reaction forms the last reaction of the 

linked malate dehydrogenase catalyses the oxidation of L

Regulation of TCA cycle: 

etyl CoA inhibits E2 in PDH. High Acetyl CoA, switch off respiration, 

use pyruvate to switch on gluconeogenesis, etc…  
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� Energetics of tricarboxylic acid cycle:

 

 From one molecule of glucose, two molecules of pyruvate are formed which in turn 

give rise to two molecules of acetyl CoA. When two molecules of acetyl

undergo oxidation through TCA cycle, the following 

(ATPs) is produced. 

 The energy release in TCA cycle is as follows:
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Energetics of tricarboxylic acid cycle: 

From one molecule of glucose, two molecules of pyruvate are formed which in turn 

give rise to two molecules of acetyl CoA. When two molecules of acetyl

undergo oxidation through TCA cycle, the following number of high-energy bonds 

The energy release in TCA cycle is as follows: 
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From one molecule of glucose, two molecules of pyruvate are formed which in turn 

give rise to two molecules of acetyl CoA. When two molecules of acetyl-CoA 

energy bonds 
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Significance of the TCA cycle: 

 

 The major significance of the citric acid cycle is to act as the final common pathway 

for the oxidation of carbohydrates, lipids and proteins, since glucose, fatty acids and 

many amino acids are all metabolised to acetyl CoA. 

 This cycle serves as the mechanism by which much of the free energy liberated during 

the oxidation of carbohydrate, lipids and amino acids is made available. 

  TCA cycle is of further significance since it has dual or amphibolic role thus 

providing precursor compounds for biosynthesis of other biomolecules (amino acids, 

fatty acids, and glucose. 

 ATP generation. 

 Integration of major metabolic pathways. 

 Fat is burned on the wick of carbohydrates. 

 No net synthesis of carbohydrates from fat. 

 Carbon skeletons of amino acids finally enter the TCA cycle. 

 Anaplerotic role of TCA cycle 
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GLYOXYLATE CYCLE 
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 Plants and bacteria employ a modification of the TCA cycle called the glyoxylate 

cycle to produce four carbon dicarboxylic acids from acetyl CoA.  

 The glyoxylate cycle bypasses the decarboxylations of the TCA cycle.   

 The enzymes of the glyoxylate cycle in plants are present in glyoxysomes.  

 Isocitrate lyase and malate synthase are the additional enzymes required for this cycle 

in addition to TCA cycle enzymes.   

 Glyoxysomes do not contain all the enzymes needed for the glyoxylate cycle.  

 The enzymes succinate dehydrogenase, fumarase and malate dehydrogenase are 

absent. Hence glyoxysomes, with the help of mitochondria run their cycle. 

 Succinate molecules formed in glyoxysomes are transported to mitochondria where it 

is converted to oxaloacetate with the help of TCA cycle enzymes.  

 The oxaloacetate is then converted to asparate and transported to glyoxysomes where 

it is transaminated to oxaloacetate.  

 The oxaloacetate is converted to malate through glyoxylate cycle.  

 The malate then enters the cytosol and converted into glucose via gluconeogenesis 

pathway. 

 The existence of glyoxylate cycle is important for the germinating seeds where 

photosynthesis is not possible.  

 Triacylglycerols rich in oilseeds are degraded to acetyl CoA. Glyoxysomes formed 

during germination convert the acetyl CoA to oxaloacetate, which is then utilised for 

the conversion to glucose through gluconeogenesis.  

 Once the growing seedling begins their photosynthesis to produce carbohydrates, the 

glyoxysomes disappear. 
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OXIDATION OF FATTY ACIDS 
 

Fatty acids obtained by hydrolysis of fats, undergo different oxidative pathways designated as 

alpha (∝), beta (β) and omega (ω) pathways. 

 

� ∝-oxidation: 
- It is a process by which fatty acids are oxidised by removing carbon atoms, one at a 

time, from the carboxyl end.  

- The process is important in brain as ∝-oxidation of fatty acids has been found in 

certain tissues especially in brain tissue of mammals and plant systems.   

- The fatty acid does not need activation.  

- Hydrxylation occurs at the ∞-carbon atom.  

- It is then oxidised to ∞-keto acid.  

- The keto acid then undrgoes decarboxylation yielding a molecule of CO2 and a fatty 

acid with one carbon atom less.  

- This process occurs in the endoplasmic reticulum, and does not require CoA, but does 

not generate energy that is no high-energy phosphates are generated.  

- ∞-oxidation is mainly used for fatty acids that have methyl group at the β-carbon, 

which blocks β-oxidation.  

- A major dietary methylated fatty acid is phytanic acid. It is derived from phytol 

present in chlorophyll, milk and animal fat. 

- ∞-oxidation occurs in plants where odd number of carbon containing fatty acids are 

present.  

                                     ∞-oxidation                         Decarboxylation 

  CH2       CH2               CH2 

 

R-CH2-CH-CH2-COOH → R-CH2-CH-CO-COOH  →  R- CH2-CH-COOH 

 

- The physiological role of ∝-oxidation in plants is not yet fully established but it has 

been suggested that it may be involved in the degradation of long chain fatty  acids as 

observed in many animal tissues. ∝-oxidation is clearly the main source of oxidation 

for the odd-carbon fatty acids and their derivatives that occur in some plant lipids. In 

this process, sequential removal of one carbon at a time from free fatty acids of chain 

length ranging from C13 to C18 occur. 

 

� ω-Oxidation: 
- It is a very minor pathway taking place in the endoplasmic reticulum, with the help of 

hydroxylase enzymes involving NADPH and cytochrome P-450. It occurs in the 

endoplasmic reticulum rather than the mitochondria, the site of beta-oxidation. The ω-

carbon in a fatty acid is the carbon farthest in the alkyl chain from the carboxylic acid. 

In the ω-oxidation pathway, this carbon is progressively oxidized first to an alcohol 

and then to a carboxylic acid, creating a molecule with a carboxylic acid on both 

ends. Thus, the CH3 group is converted to CH2OH and subsequently oxidised with the 

help of NAD
+ 

to a COOH group to produce dicarboxylic acids. 

 

CH3-CH2-CH2-CH2-COOH    →    CH2OH-CH2-CH2-CH2-COOH     →                                                                                  

    COOH-CH2-CH2-CH2-COOH 
 

- ω-oxidation becomes important when β-oxidation is deffective and dicarboxylic acids 

(6C and 8C acids) are excreted in urine causing dicarboxylic aciduria. 
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� β-Oxidation of fatty acids: 
 

- In 1904, Franz Knoop made a critical contribution to the elucidation of the mechanism 

of fatty acid oxidation and demonstrated that most of the fatty acids are degraded by 

oxidation at the β-carbon. 

- In β-oxidation, the fatty acid is broken down to release acetyl-CoA.  

- The process involves 4 main steps: dehydrogenation, hydration, oxidation, 

thiolysis.  
- The process repeats until the fatty acid has been completely degraded to acetyl-CoA.  

- Each round of β -oxidation yields 1 molecule of acetyl CoA and requires 1 molecule of 

NAD+ and 1 molecule of FAD+.  

- Hence each round of β -oxidation releases 5 ATP molecules.  

- For example, the β -oxidation of a C16 fatty acid will generate 8 molecules of acetyl 

CoA and 7 molecules of NAD
+
 and FAD

+
.  

- β-Oxidation of fatty acids takes place in mitochondria. Fatty acids are activated 

before they enter into mitochondria for oxidation. 

 

 

� Activation of fatty acids: 

 
- Fatty acids are converted into active intermediate 

in a reaction with ATP and coenzyme A.  

- This activation reaction takes place on the outer 

mitochondrial membrane catalysed by acyl CoA 

synthetase.  

- In the activation of fatty acid almost 2 ATP 

molecules are utilized.  

 

 

 

 

 

� Penetration of long chain fatty acids into mitochondria: 

 Long chain acyl-CoA molecules do not readily get into the inner mitochondrial 

membrane and are carried across the inner membrane by conjugating with 

carnitine(β-hydroxyϒ-trimethyl ammonium butyrate), a zwitterionic compound 

formed from lysine.  

 Activation of lower fatty acids and their oxidation within the mitochondria occur 

independently of carnitine, but long-chain acyl CoA will become oxidised unless they 

form acylcarnitines.  

 The acyl CoA combines with carnitine in the presence of carnitine cyltransferase I, 

which is bound to the outer mitochondrial membrane.  

 Acylcarnitine is transported in, coupled with the transport out of one molecule of 

carnitine. The acylcarnitine then reacts with coenzyme A catalyzed by carnitine 

palmitoyl transferase II, located on the inside of the inner membrane.   

 Acyl CoA is reformed in the mitochondrial matrix and carnitine is liberated. 
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� Oxidation: 

 

 A saturated acyl CoA is oxidised by a recurring sequence of four reactions: 

 Oxidation in presence of FAD, hydration, oxidation in presence of NAD
+
, and 

thiolysis by CoASH.  

 In β-oxidation, 2 carbons are cleaved at a time from acyl CoA molecules, starting 

from the carboxyl end.  

 The chain is broken between the ∝-and β-carbon atoms.  

 The two-carbon units formed are acetyl CoA.  

 

� The first reaction in β-oxidation of acyl CoA is the formation of trans  2- enoyl CoA or  

∝ , β-unsaturated acyl CoA in presence of acyl-CoA dehydrogenase and the coenzyme, 

FAD. 

� The next step is the hydration of the double bond between C2 and C3 by enoyl CoA 

hydratase with the formation of β-hydroxy acyl CoA (L-isomer). 

� In the third step, the -hydroxy acyl CoA is dehydrogenated in the presence of β-hydroxy 

acyl CoA dehydrogenase and NAD+ forming β-ketoacyl CoA. 

� In the last step of β-oxidation, β-ketoacyl CoA reacts with coenzyme A in the presence of 

the enzyme, thiolase, leaving behind a fatty acid with 2 carbon atom less than the original 

acyl CoA molecule that underwent oxidation. 

 

 By the above steps of β-oxidation fatty acids are completely degraded to acetyl CoA 

units. The acetyl CoA formed can be oxidised to carbon dioxide and water via citric 

acid cycle. 
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ββββ-oxidation of fatty acid 
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 Energetics of β oxidation 

 

 The energetic or the energy conserved in terms of ATP by oxidation of a molecule of 

palmitic acid is given below: 

 Palmitic acid (16C) undergoes β-oxidation forming eight molecules of Acetyl CoA by 

undergoing seven oxidation spirals.  

 When one cycle of β-oxidation takes place, one molecule of FADH2, one molecule of 

NADH and one molecule of acetyl CoA are produced.  

 Electrons from these reducing equivalents (FADH2 and NADH) are transported 

through the respiratory chain in mitochondria with simultaneous regeneration of high-

energy phosphate bonds.  

 Mitochondrial oxidation of FADH2 eventually results in the net formation of about 2 

ATP. Likewise, oxidation of electrons from NADH yields 3 molecules of ATP.  

 Hence, a total of 5 ATP molecules are formed per cycle and 12 molecules of ATP are 

formed through Krebs’s cycle from each molecule of acetyl CoA. 

 

� 8 Acetyl CoA through TCA cycle yield (8x12)  = 96 ATP 

� 7 β-oxidation spiral reactions yield (7x5)   = 35 ATP 

     -------------- 

     Total 131 ATP 

     ------------- 

� ATP utilized in the activation step = 2 ATP 

� Hence, complete oxidation of palmitic acid yields 131 – 02 = 129 ATP. 

 

 Oxidation of odd chain fatty acids: 
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ELECTRON TRANSPORT CHAIN  
 

 The mitochondrion is the aerobic organelle in which the final stage of the oxidation of 

food occurs.  

 It is the site of the citric acid cycle, fatty acid oxidation and oxidative 

phosphorylation, processes that are responsible for the formation of ATP under 

aerobic condition.  

 The two most important energy transductions in the biological systems are the 

oxidative phosphorylation (ATP synthesis driven by electron transfer to oxygen) and 

photophosphorylation (ATP synthesis driven by light).  

 Oxidative phosphorylation is the process in which ATP molecules are formed as a 

result of the transfer of electrons from the reducing equivalents, NADH or FADH2 

(produced by glycolysis, the citric acid cycle and fatty acid oxidation) to oxygen by a 

series of electron carriers in the form of a chain located in the inner membrane of  

mitochondria.  

 This is the final reaction sequence of respiration.   

 Since the electrons are transferred by a series of electron carriers in the form of a  

chain, it is known as electron transport chain (ETC).  

 In plants, ATP is mainly derived through photosynthesis utilizing the energy derived 

from the sun.  

 In non-photosynthetic tissues, ATPs are derived through respiration. 

 The electrons are transferred along a set of cytochromes in the form of a chain in steps 

from the more electronegative components (NADH/FADH2) to the more 

electropositive oxygen. 

 The respiratory chain consists of a number of protein complexes that are remarkably 

complicated in nature.  

 They are known as NADH- ubiquinone reductase, succinate-ubiquinone reductase, 

ubiquinone-cytochrome c reductase and cytochrome c oxidase.  

 These complexes are also called as NADH dehydrogenase, succinate dehydrogenase, 

cytochrome b-c complex and cytochrome c oxidase respectively or as complexes I - 

IV. 

 All the three reductases are also known as iron-sulphur proteins since they contain Fe-

S centres as their critical components.  

 Iron in these enzyme complexes can exist in two forms as Fe
2+

 and Fe
3+

.  

 Each cytochrome in its oxidised form (Fe
3+

) accepts one electron and becomes 

reduced to Fe
2+

 form. Fe
2+

 donates electron to the next carrier. 

 Oxidation of one molecule of NADH results in generation of 2.5 molecules of ATP 

whereas oxidation of one molecule of FADH2 generates 1.5 molecules of ATP. 

(During travelling some of the energy is used that’s why it is 2.5 & 1.5 ATP) 

 

� Sites of ATP formation 

 When electrons are transported along the respiratory chain, due to high amount of 

energy released, ATP molecules are synthesised at the following three sites. 

 

1. Transfer of electrons from NADH to ubiquinone via flavoprotein (FMN). 

2. Transfer of electrons from cyt b to cyt c. 

3. Transfer of electrons from cyt a to cyt a3. 
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� Mechanism of ATP formation: 

 

 Two principal hypotheses have been proposed for the mechanism of oxidative 

phosphorylation. 

 

A. Chemical hypothesis 

B. Chemiosmotic theory 

 

A. Chemical hypothesis: 

 

 Many attempts have been made since 1920 to identify an energy-rich metabolite 

linking oxidation and phosphorylation. No such intermediates was isolated and in 

1960, Peter Mitchell suggested that no possibility of existence of such an intermediate 

compound. So, the chemical hypothesis has become discredited. 

 

B.  Chemiosmotic theory: Electron transport chain in mitochondria:  
 

 The chemiosmotic theory states that the coupling of oxidation to phosphorylation is 

indirect.  

 According to this, the hydrogen ions (protons) generated by the oxidation of 

components in the respiratory chain are ejected to the outside (matrix) of the inner 

membrane.  

 The electrochemical potential difference resulting from the asymmetric distribution of 

the hydrogen ions (protons or H
+
) is used to drive a membrane-located ATP synthase 

which in the presence of Pi + ADP forms ATP.                                                                                        

 Reduced cofactors like NADH and  FADH can be oxidized back to NAD and FAD 

and in the process energy liberated is used to form ATP molecules at electron 

transport chain.  

 This chain is located in the mitochondrion on the inner membrane.  

 All the enzymatic steps in the oxidative degradation of carbohydrates, fats and amino 

acids in aerobic cells converge at the final stage of cellular respiration in which 

electrons flow from the catabolic intermediates to molecular oxygen.  

 This yields energy for the generation of ATP from ADP + Pi. 

 ATP synthesis in mitochondrion and chloroplast is based on a hypothesis introduced 

by Peter Mitchell in 1961. It is now widely accepted and is called chemi-osmotic 

theory. 

 

 Mitochondrial electron flow:  
 

 Here electrons pass from lower to higher reduction potential.  

 Many of the proteins involved in electron flow are embedded in the inner 

mitochondrial membrane.  

 They are organized into 4 respiratory complexes – I, II, III, and IV.  

 Electrons are carried from I & II to III by Coenzyme Q (Ubiquinone) and from III to 

IV by Cytochrome c.  

 Most of the electrons entering into mitochondrial respiratory chain arise from the 

action of dehydrogenases which collect electrons from oxidative reactions of 

Glycolysis,TCA cycle, β-oxidation and amino acid catabolism. 
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1. Complex I contains FMN and iron sulphur clusters also called NADH   

dehydrogenases. Complex I catalyses the oxidation of NADH by Coenzyme Q(Co Q) 

 

NADH + Co Q (oxidized)    →  NAD
+  

+ CoQ (reduced) 

 

2. Complex II contains Succinate dehydrogenase and 3 small hydrophobic units called 

SDH complex. Complex II catalyses the oxidation of FADH2 by CoQ. It passes the 

electrons from succinate to Co Q. 

 

FADH2 + Co Q (oxidized)   →  FAD
 +

   + Co Q (reduced) 

 

3. Complex III contains 2 cytochrome b molecules and 1 cytochrome c1 called 

ubiquinone – cytochrome c oxidoreductase. Complex III catalyses the oxidation of 

CoQ by Cytochrome c 

 

                   Co Q (reduced) + Cyt c  →  Co Q (oxidized) + Cyt c (reduced) 

 

4. Complex IV contains 2 cytochrome a molecules and 2 copper atoms called as 

cytochrome oxidase. Complex IV catalyses the oxidation of Cytochrome c by O2 (the 

terminal electron acceptor of ETC). 

 

Cyt c (reduced) + ½ O2   →        Cyt c ( oxidized) +   H2O 

 

 The proton consuming steps are located towards the matrix side and the proton 

releasing steps are located towards the inter membranes space. Protons accumulate in 

the inter membrane space whenever electrons flow through the chain. This proton 

gradient is dispersed by back flow of protons through ATP synthase. As a result, 3 

ATP molecules are generated when NADH is oxidized and 2 ATP molecules are 

generated when FADH is oxidized. The terminal electron acceptor in ETC is O2 or 

the common electron sink is O2. Flow of electrons from cytochrome a3 to O2 is 

inhibited by cyanide. Cytochromes are iron containing electron transfer proteins of 

inner mitochondrial membrane. 
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UREA CYCLE 

 
- If not reused for the synthesis of new amino acids or other nitrogenous products, 

amino groups are channelled into a single excretory end product.  

- Most aquatic species, such as the bony fishes, are ammonotelic, excreting amino 

nitrogen as ammonia.  

- The toxic ammonia is simply diluted in the surrounding water.  

- Terrestrial animals require pathways for nitrogen excretion that minimize toxicity and 

water loss.  

- Most terrestrial animals are ureotelic, excreting amino nitrogen in the form of urea; 

birds and reptiles are uricotelic, excreting amino nitrogen as uric acid.  

- Plants recycle virtually all amino groups, and nitrogen excretion occurs only under 

very unusual circumstances. 

- In ureotelic organisms, the ammonia deposited in the mitochondria of hepatocytes 

(liver cell) is converted to urea in the urea cycle.  

- This pathway was discovered in 1932 by Hans Krebs (who later also discovered the 

citric acid cycle) and a medical student associate, Kurt Henseleit. 

- Urea production occurs almost exclusively in the liver and is the fate of most of the 

ammonia channelled there. 

- The urea passes into the bloodstream and thus to the kidneys and is excreted into the 

urine. 
 

� Urea Is Produced from Ammonia in Five Enzymatic Steps 

 

- The urea cycle begins inside liver mitochondria, but three of the subsequent steps take 

place in the cytosol; the cycle thus spans two cellular compartments.  

- The first amino group to enter the urea cycle is derived from ammonia in the 

mitochondrial matrix. 

- The liver also receives some ammonia via the portal vein from the intestine, from the 

bacterial oxidation of amino acids.  

- Whatever its source, the NH4
+
 generated in liver mitochondria is immediately used, 

together with CO2 (as HCO3
+
) produced by mitochondrial respiration, to form 

carbamoyl phosphate in the matrix.  

- This ATP-dependent reaction is catalyzed by carbamoyl phosphate synthetase I, a 

regulatory enzyme.  

- The carbamoyl phosphate, which functions as an activated carbamoyl group donor, 

now enters the urea cycle. 

- The cycle has four enzymatic steps.  

- First, carbamoyl phosphate donates its carbamoyl group to ornithine to form 

citrulline, with the release of Pi. (Step-1) 

- Ornithine plays a role resembling that of oxaloacetate in the citric acid cycle, 

accepting material at each turn of the cycle.  

- The reaction is catalyzed by ornithine transcarbamoylase [OTC], and the citrulline 

passes from the mitochondrion to the cytosol. 

- The second amino group now enters from aspartate (generated in mitochondria by 

transamination and transported into the cytosol) by a condensation reaction between 

the amino group of aspartate and the ureido (carbonyl) group of citrulline, forming 

argininosuccinate. (Step-2) 
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- This cytosolic reaction, catalyzed by argininosuccinate synthetase, requires ATP and 

proceeds through a citrullyl-AMP intermediate.  

- The argininosuccinate is then cleaved by argininosuccinase to form free arginine and 

fumarate, the latter entering mitochondria to join the pool of citric acid cycle 

intermediates. This is the only reversible step in the urea cycle. (Step-3) 

- In the last reaction of the urea cycle, the cytosolic enzyme arginase cleaves arginine 

to yield urea and ornithine. (step 4) 

- Ornithine is transported into the mitochondrion to initiate another round of the urea 

cycle. 
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Links between the urea cycle and citric acid cycle.
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CHAPTER-8 

VITAMINS & MINERALS 

 

� VITAMINS 
 

� INTRODUCTION 

• Vitamins have a back-dated history. Hopkins in collaboration with Casimer Funk of 

Poland, who was working at the Lister Institute of London, suggested the vitamin 

theory which postulates that ‘specific diseases such as beriberi, scurvy and rickets 

are each caused by the absence from the diet of a particular nutritional factor.’ 

• Funk, for the first time, also isolated the dietary factor from rice polishing which acted 

as anti-beriberi substance. Since this factor was an amine and necessary to life, Funk 

at the suggestion of Dr. Max Nierenstein introduced the term ‘vitamine’ (vitaL = life) 

to denote it. 

• Since subsequent studies showed that not all these substances are amines, the terminal 

letter ‘e’ was dropped from its spelling at the suggestion of Sir. J.C. Drummond 

(1919), who also proposed their alphabetical nomenclature.  

• In fact, the various vitamins have no structural resemblance to each other, but because 

of a similar general function in metabolism, they are studied together.  

• Although these molecules serve nearly the same roles in all forms of life, but higher 

animals have lost the capacity to synthesize them. 

 

� DEFINITION 

• The vitamin concept has undergone extensive revisions during the history of 

biochemistry. However, Franz Holfmeister’s (LT, 1850-1922) definition—  

‘vitamins are substances which are indispensable (Essential) for the growth and 

maintenance of the animal organism, which occur both in animals and plants and 

are present in only small amounts in food’— still holds good, although it has been 

interpreted in various ways.  

• The term ‘vitamin’, in its modern sense, usually refers to  

“The substances distinct from major components of food, required in minute 

quantities and whose absence causes specific deficiency diseases.”  

 

As the living organisms cannot synthesize most of these compounds, their ultimate 

source is the plant or bacterial world. 
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� GENERAL CHARACTERISTICS 

The vitamins are characterized for some general facts, which are listed below : 

 

���� Vitamins are of widespread occurrence in nature, both in plant and animal worlds. 

���� All common foodstuffs contain more than one vitamin. 

���� The plants can synthesize all the vitamins whereas only a few vitamins are 

synthesized in the animals. 

���� Human body can synthesize some vitamins, e.g., vitamin A is synthesized from its 

precursor carotene and vitamin D from ultraviolet irradiation of ergosterol and 7- 

dehydrocholesterol. Some members of the vitamin B complex are synthesized by 

microorganisms present in the intestinal tract.  

���� Vitamin C is also synthesized in some animals such as rat. 

���� Most of vitamins have been artificially synthesized. 

���� All the cells of the body store vitamins to some extent. 

���� Vitamins are partly destroyed and are partly excreted. 

���� Vitamins are non antigenic. 

���� Vitamins carry out functions in very low concentrations. Hence, the total daily 

requirement is very small. 

���� Vitamins are effective when taken orally. 

���� Synthetically-made vitamins are just as nutritionally good as natural vitamins. 

���� Old people need about the same amounts of vitamins as young people. 

 

� CLASSIFICATION 

 

In 1913, McCollum and Davis described a lipid-soluble essential food factor in butter 

fat and egg yolk. In 1915, a water-soluble factor in wheat germ necessary for the 

growth of young rats was also described. Since then, two categories of vitamins are 

usually recognized : fat-soluble and water-soluble. These two groups discharge rather 

different functions. 

 

Fat Soluble Vitamins    Water Soluble Vitamins 
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A. Fat-soluble vitamins.  

- These are oily substances, not readily soluble in water and their biochemical 

functions are not well understood.  

- They contain only carbon, hydrogen and oxygen.  

- Their examples are vitamins A, D, E and K.  

- They, however, play more specialized roles in certain group of animals and in 

particular type of activities. For instance, they function in the formation of a visual 

pigment (vitamin A), in the absorption of calcium and phosphorus from the 

vertebrate intestine (vitamin D), in protecting mitochondrial system from 

inactivation (vitamin E) or in the formation of a blood clotting factor in 

vertebrates (vitamin K).  

- The individual fat-soluble vitamins bear a closer resemblance to each other 

chemically.  

- In fact, the 4 fat-soluble vitamins can be regarded as lipids. Vitamins A, E and K 

are terpenoids, and vitamin D is a steroid.  

- Unlike the water- soluble vitamins (B and C), fat-soluble vitamins can be strored 

in the body, e.g., an adult's liver can store enough vitamin A to last several months 

or longer. However, because fat-soluble vitamins are storable, their excessive 

intakes can result in toxic conditions (hypervitaminoses). 

 

B. Water-soluble vitamins.  

- Most of these are universally vitamins since they perform the same general 

functions wherever they occur.  

- Besides C, H and O, they also contain nitrogen.  

- They are catalytic factors and as such form vital links in the chains of biochemical 

reactions characteristic of all living objects. For instance, thiamine is required 

whenever sugars are oxidized aerobically to release energy.  

- The individual water-soluble vitamins bear no closer resemblance to each other 

chemically.  

- The biochemical or coenzyme function of nearly all of these is known.  

- The common water-soluble vitamins are vitamins of B complex and vitamin C.  

- Choline, inositol, p-aminobenzoic acid, bioflavonoids and α-lipoic acid are 

frequently included in this category.  
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- Many nutritionists, however, do not consider them as true vitamins, although their 

dietary deficiencies in animals lead to the development of characteristic 

symptoms.  

- Moreover, none of them except α-lipoic acid is a part of the coenzyme system. 

- The B-series of vitamins, being water-soluble and are required daily in meagre 

amounts (in milligrams or even less) for the normal growth and good health of 

humans and many other organisms.  

- It is virtually impossible to ‘overdose’ on them. 

 

� STORAGE OF VITAMINS IN THE BODY 

- The vitamins can be stored in the body to a slight extent.  

- The liver cells are, however, rich in certain fat-soluble vitamins. For instance, the 

amount of vitamin A contained in the liver is sufficient enough to meet its 

requirement without any additional intake for about 6 months.  

- Similarly, the quantity of vitamin D stored ordinarily in the liver is sufficient to 

maintain a person without any additional intake of vitamin D for about 2 months. 

The storage of vitamin K is, however, relatively slight. 

- The water-soluble vitamins are stored even in lesser amounts in the cells. 

- Evidently, in cases of deficiency of vitamin B compounds, clinical symptoms 

appear rather early, that is within a few days. Similarly, absence of vitamin C can 

induce deficiency symptoms within a few weeks.  

- Vitamin C is stored in the adrenal cortex. 

 

� DAILY HUMAN REQUIREMENTS OF VITAMINS 

The requirement of vitamins varies from person to person. Some general facts 

regarding vitamin requirement may be listed below: 

 

1. Greater the size of the individual, higher is his vitamin needs. 

2. Younger ones require higher quantities of vitamins than do the elders. 

3. The vitamin requirements increase when a person performs exercise. 

4. During illness, the vitamin requirements are ordinarily enhanced. 

5. Under certain specific conditions of metabolic disorders when the vitamins cannot 

be properly utilized, the requirement for one or more specific vitamins is at 

extreme. 

6. Growing children require comparatively high quantities of vitamin D. 
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7. During pregnancy and lactation, the vitamin D requirement by the mother is 

greatly enhanced. 

8. The requirements of vitamin B complex (esp., that of vitamin B1) are increased 

under conditions of greater utilization of carbohydrates. 

9. Most of the vitamins of B complex group (such as thiamine, riboflavin, nicotinic 

acid, pyridoxine, biotin, folic acid) and vitamin K are some of the vitamins 

synthesized by the intestinal organisms.  

10. These may be absorbed to varying extents and utilized.  

11. Certain organisms, however, destroy vitamins. Supplementing the diet with 

certain antibiotics and sulpha drugs enhances the growth of these organisms. 

 

� AVITAMINOSES (Deficiencies of Vitamins) 

A lack of one or more vitamins leads to characteristic deficiency symptoms in man. 

Multiple deficiencies caused by the lack of more than one vitamin are, however, more 

common in human beings. Vitamin deficiencies occur rather frequently in certain 

parts of the world for socioeconomic reasons. Avitaminosis may be of following 2 

types: 

• Primary or direct— This arises due to inadequate intake of vitamins resulting 

from chronic alcoholism, dietary fads etc. 

• Secondary or ‘conditioned deficiency’— This arises due to other factors such as 

malabsorption, increased excretion, allergies, anorexia, gastrointestinal disorders 

etc.  

 

Vitamin deficiency, whether primary or secondary, leads to: 

a) A gradual decrease in tissue levels of the vitamin(s) deficient, 

b) A biochemical lesion, 

c) An anatomic lesion, and 

d) Finally cellular pathology and disease. 
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MINERALS 

 

 Many mineral elements have important functions in living organisms. 

 Major mineral elements: Living organism require some elements in quite large 

quantities where they may have a structural role as well as important biochemical 

functions, e.g. calcium, chlorine, magnesium, phosphorus, potassium, sodium and 

sulphur. These are usually present in tissues in quantities varying from 15 g/kg 

tissue for calcium to 0.4 g/kg for magnesium 

 The remaining mineral elements are usually referred to as trace elements, e.g. 

cobalt, copper, iodine, iron, manganese, molybdenum, selenium and zinc 

 The concentration of trace elements varies considerably, from iron, between 20 

and 80 mg/kg tissue, to cobalt present at concentrations as low as 0.02-0.1 mg/kg 

 

♣ Calcium 

 Calcium is the most abundant mineral found in vertebrates.  

 Bone constitutes the major body reserve.  

 It also acts as an important intracellular messenger. 

 Many of the functions of calcium are mediated via the multipurpose calcium 

binding protein calmodulin, and may be initiated hormonally via activation of 

plasma membrane G proteins. 

 In nervous tissue, calcium is involved in transmission of nerve impulses.  

 Calcium is involved are blood clotting, control of gap junction closure between 

interconnecting cells, and cell-to-cell adhesion. 

 

� Deficiency: Abnormalities in calcium metabolism can occur due to poor dietary 

intake or to physiological and metabolic disturbances, which causes the conditions 

like Rickets, osteoporosis, osteomalacia and In lactating females, particularly high 

yielding dairy cows it cause milk fever (parturient hypocalcaemia) which can be 

fatal if untreated. 

 

♣ Phosphorus 

 Phosphorus is widespread in living organisms and has functions in more 

biochemical processes than any other minerals. 

 It is vital to energy transduction and oxidation-reduction reactions. 

 It is a component of nucleic acids, phosphoproteins and phospholipids. 

 The phosphorus in vertebrate bone constitutes more than 80% of the total body 

phosphorus, and acts as a useful store which can be used to buffer phosphorus 

requirements during periods of dietary insufficiency 

 Regulates enzyme activity by phosphorylation and dephosphorylation  

 Phosphorus is particularly important in the metabolism of sugars and 

polysaccharides. 

 

 In plants, Phosphorus is needed for export of sugars from the chloroplast.  

� Deficiency: Reduced growth, reduced tillering in cereals, and particularly in 

reduced fruit and seed development. 
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♣ Magnesium 

 Magnesium is a minor component of bones (0.5-0.7 mg/kg bone) and this 

accounts for approximately 60-70% of the magnesium in the body. 

 Almost all of the ATP and ADP found in cells are complexes to magnesium. 

 Magnesium is a coenzyme for dehydrogenases and enolase.  

 Magnesium is a component of chlorophyll and deficiency leads to interveinal 

chlorosis  

 It activates other enzymes such as RUBISCO and may play a role in control of 

carbohydrate synthesis in chloroplasts 

 

♣ Sodium, Chloride and Potassium 

 These three elements provide the major electrolytes of physiological fluids. 

 Sodium constitutes over 90% of the total cations and chloride 65% of the anions 

in blood. 

 Potassium is the major intracellular cation.  

 The osmotic pressure of extracellular and intracellular fluid can be markedly 

changed by excessive intake and loss of one or more of these ions. 

 The importance of maintaining the correct electrolyte balance in intracellular and 

extracellular fluids is illustrated by the fact that a major portion of the energy 

expenditure in cells is directed towards ion pumping 

 Potassium responsible for the opening and closing of stomata. 

 It is the only essential mineral cation which is taken up by active transport. 

 It activates many enzymes e.g. starch synthetase, and promotes the synthesis of 

enzymes such as RUBISCO, thus enhancing the rate of photosynthesis. 

 

� Deficiency: Causes chlorosis of leaves and weakens the stems of cereals 

 

♣ Sulphur 

 Sulphur occurs as a component of a wide range of molecules e.g. sulphur 

containing amino acids methionine, cystine and cysteine.  

 The SH groups of cysteine stabilize the tertiary and quaternary structure of 

proteins. 

 Cysteine is also found in glutathione, a tripeptide (γ glutamyl-cysteinyl-glycine), 

which serves as a redox buffer, keeping -SH groups in their reduced state. 

 SH groups also participate in the binding and transformation of substrates and 

products on the active sites of enzymes. 

 Sulphur occurs in a number of other biomolecules e.g. component of 

glycosaminoglycans, chondroitin sulphate, dermatan sulphate, heparan sulphate 

and keratan sulphate, which form the extracellular matrix surrounding cells in 

tissues. 

 It is also found in the coenzymes lipoic acid and coenzyme A, in acyl carrier 

protein and glutathione, and in the vitamins biotin and thiamine.  

 Animal tissue cannot reduce sulphate to the SH form found in most proteins and 

therefore animals are dependent on reduced sulphur compounds in the diet. 

 Iron-sulphur proteins, such as ferredoxin and those involved in electron transport, 

contain inorganic sulphur. 

 The characteristic flavours and odours of onion, garlic and some brassicas is due 

to the mercaptans, sulphides and sulphoxides which they contain. 
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♣ Iron 

 Iron is found in a number of proteins in plants and animals. 

 In many cases it is coordinated in the haem prosthetic group, also called Fe 

protoporphyrin IX 

 This gives the red colour to myoglobin and haemoglobin. 

 It is a component of the respiratory chain cytochromes.  

 A number of non-haem proteins also contain iron e.g. in animals transferrin is the 

major iron transport protein found in the blood, and it also mediates the uptake of 

iron by cells. 

 Iron-sulphur centres function as electron carriers. 

 In chloroplasts the final transfer of electrons from photosystem I to NADP 

reductase is mediated by another iron-sulphur protein, ferredoxin.  

 Iron-sulphur centres are also found in a number of enzymes such as aconitase and 

xanthine oxidase. 
 

♣ Copper 

 A number of enzymes require copper e.g. cytochrome oxidase, tyrosinase, 

ascorbate oxidase and polyphenol oxidase.  

 Copper is involved in the desaturation of fatty acids, and is a component of 

cytoplasmic superoxide dismutase which catalyses the rapid removal of the toxic 

superoxide radical anion O2
.- 

, the active centre of this enzyme contains two 

copper and two zinc atoms. 

 Copper deficiency blocks the formation of cross-links essential for structural 

proteins, e.g. elastin contains many cross-links between lysine residues in adjacent 

polypeptide chains which render the protein insoluble. 

 The key copper-containing enzyme required for normal cross-linking is lysyl 

oxidase.  

 In animal nutrition copper, molybdenum and sulphur are often considered together 

because of the interaction between these elements in the digestive tract, which can 

reduce their availability, this is due to the formation of highly insoluble copper 

thiomolybdates.  

 

♣ Cobalt 

 All the known functions of cobalt are related to its role as a component of vitamin 

B12. 

 Non-ruminant animals cannot utilize cobalt and require a supply of preformed 

vitamin B12. 

 Because rumen microorganisms can incorporate inorganic cobalt into the vitamin, 

these animals are able to take advantage of dietary cobalt. 

 

♣ Molybdenum 

 A number of molybdenum-dependent enzymes have been identified in animals 

and plants. 

 In animals it is a component of xanthine oxidase, aldehyde oxidase and sulphite 

oxidase.  

 In desert irrigation water, the concentration of molybdenum is often high and may 

lead to a serious risk of secondary copper deficiency. 
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♣ Iodine 

 In animals iodine is required for the synthesis of the thyroid hormones, 

triiodothyronine (T3) and tetraiodothyronine or thyroxine (T4). 

 For this reason over 90% of the iodine in the body is concentrated in the thyroid 

gland 

 Most dietary iodine is absorbed in the form of iodide (I
-
) 

 It is transferred from the circulation to the thyroid gland by an active transport 

process associated with the plasma membrane Na
+
, K

+
-ATPase.  

 A characteristic symptom of iodine deficiency is goitre, an enlargement of the 

thyroid gland. 

 As the gland is unable to synthesize T3 and T4, a hypothyroid state terminates the 

role of thyroid hormones in the regulation of many metabolic processes. 

 Iodine is found in plant tissues, and marine plants are a particularly rich source. 

 However, iodine does not appear to be an essential element in plant nutrition.  

 

♣ Manganese 

 In animals, it is an activator of a number of enzymes e.g. hydrolases, kinases, 

decarboxylases and transferases, activation is not always manganese-specific, and 

other divalent ions may have a similar effect. 

 For glycosyltransfeases manganese is essential for activation. 

 A deficiency of manganese can lead to bone and joint abnormalities, reflecting the 

role of glycosyltransferases in the synthesis of bone matrix and cartilage.  

 Mitochondria contain manganese-dependent superoxide dismutase, and increased 

lipid peroxidation and membrane dysfunction may be related to a decrease in the 

activity of this enzyme in manganese deficiency. 

 Steroid and terpene biosynthesis may also be affected by manganese deficiency as 

it required for the enzyme farnesyl pyrophosphate synthase. 

 

♣ Zinc 

 Zinc is a component of a large number of enzymes in animal tissues e.g. 

carboxypeptidase, thermolysin, alkaline phosphatase, alcohol dehydrogenase, 

carbonic anhydrase, lactate dehydrogenase and cytoplasmic superoxide dismutase. 

 In both plants and animals, zinc also plays an important role in the regulation of 

DNA and RNA metabolism. 
 

♣ Selenium 

 Glutathione peroxidase is the only enzyme known to contain selenium in animals. 

 This enzyme is part of the intracellular antioxidant mechanism and works in 

concert with superoxide dismutase, catalase, vitamin E and vitamin C. 

 

� Deficiency: Many of the selenium deficiency symptoms observed in animals are 

related to tissue damage associated with increased levels of lipid peroxides.A 

number of other seleno-proteins have been identified in animal tissues, some of 

which may be selenium transport proteins; however, no specific functions have 

been assigned to these proteins.Unlike animals, higher plants do not contain 

glutathione peroxidase and no other selenium containing enzymes have been 

identified 
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