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Day – 1 

 

Biomolecules 

Introduction 

Carbohydrates:- Old definition, general formula, Cx(H2O)y, and were considered as hydrates of carbon 

from where the name carbohydrate was derived. For example, the molecular formula of glucose (C6H12O6) 

fits into this general formula, C6(H2O)6. But all the compounds which fit into this formula may not be 

classified as carbohydrates. Acetic acid (CH3COOH) fits into this general formula, C2(H2O)2 but is not a 

carbohydrate. Similarly, rhamnose, C6H12O5 is a carbohydrate but does not fit in this definition.  

 

New Definition:- The carbohydrates may be defined as optically active polyhydroxy aldehydes or ketones 

or the compounds which produce such units on hydrolysis. 

Classification of Carbohydrates 

(i) Monosaccharide:- A carbohydrate that cannot be hydrolysed further to give simpler unit of 

polyhydroxy aldehyde or ketone is called a monosaccharide. About 20 monosaccharides are 

known to occur in nature. Some common examples are glucose, fructose, ribose, etc. 

Monosaccharides are further classifies as:- 

Aldoses: Those which contain aldehyde group. Ex:- Glucose 

Ketoses: Those which contain ketone group. Ex:- fructose 

They are also classified based on number carbon atoms.  

Trioses: which contain three carbon atoms e.g.: glyceraldehydes 

Tetroses: which contain four carbon atoms e.g.: Erythrose 

Pentoses: which contain five carbon atoms e.g.: Ribose, deoxiribose 

Hexoses: which contain six carbon atoms e.g.: Glucose, fructose 

 

(ii) Oligosaccharides:- Carbohydrates that yield two to ten monosaccharide units, on hydrolysis, 

are called oligosaccharides. They are further classified as disaccharides, trisaccharides, 

tetrasaccharides, etc., depending upon the number of monosaccharide, they provide on hydrolysis. 

Amongst these the most common are disaccharides. The two monosaccharide units obtained on 

hydrolysis of a disaccharide may be same or different. For example, sucrose on hydrolysis gives 

one molecule each of glucose and fructose, whereas maltose gives two molecules of glucose only.  

BIOMOLECULES 
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(iii) Polysaccharides:- Carbohydrates which yield a large number of monosaccharide units on 

hydrolysis are called polysaccharides. Some common examples are starch, cellulose, glycogen, 

gums, etc. Polysaccharides are not sweet in taste; hence they are also called non-sugars. 

Another Classification 

Reducing sugars All sugars that can reduce Tollen’s reagent and Fehling’s solution are called 

reducing sugars.eg- all monosaccharides and those disaccharides in which the aldehydic or ketonic 

group are free like maltose and lactose.  

Non-reducing sugars Disaccharides in which the aldehydic or ketonic groups are bonded and 

cannot reduce either Tollen’s or Fehling’s reagent are called non-reducing sugars.eg-Sucrose.  

Some Important Definitions 

Epimers:- Are diastereomers which differ in orientation of hydroxyl group at C2 e.g. D-glucose 

and D-mannose. 

Anomers:- Are diastereomers which differ in orientation of hydroxyl group at C1 e.g. -D-

glucose and -D-glucose. 

Inversion of sugar:- On hydrolysis of sucrose (which is dextrorotatory) it changes to Glucose ( + 

52.5 ) and Fructose (-92.4) whose overall rotation is laevo. This process is called inversion 

because solution changes from dextro to laevo. 

Mutarotation:- Glucose exists in two forms, D glucose and D-glucose. D glucose has 

specific rotation of +112 and D-glucose has rotation of + 19. When either of these forms is 

dissolved on water it will give an equilibrium mixture of  ,  and open chain glucose and the 

specific rotation of this equilibrium mixture is +52.7. This change in specific rotation is called 

mutarotation.  

Glucose 

Preparation and Properties 
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Conclusion:- Based on above we can draw glucose structure as:- 
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Conclusion:- Glucose has both open chain as well as cyclic structure:- 
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Fructose 

Fructose also has the molecular formula C6H12O6 and on the basis of its reactions it was found to 

contain a ketonic functional group at carbon number 2 and six carbon in straight chain as in the 

case of glucose. It belongs to D-series and is a laevorotatory compound. It is appropriately written 

as D-(–)-fructose. Its open chain structure is as shown.   

 

 

 

 

 

Cyclic structure of fructose is as following  

 

 

 

Glycosidic Linkage 

The two monosaccharides are joined together by an oxide linkage formed by the loss of a water 

molecule. Such a linkage between two monosaccharide units through oxygen atom is called 

glycosidic linkage. 

 

 

Disaccharides 

(i) Sucrose:- One of the common disaccharides is sucrose which on hydrolysis gives equimolar 

mixture of D-(+)-glucose and D-(-) fructose. For structure see yellow booklet.  These two 

monosaccharides are held together by a glycosidic linkage between C1 of α-glucose and C2 of β-

fructose. Since the reducing groups of glucose and fructose are involved in glycosidic bond 

formation, sucrose is a non reducing sugar. 
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(ii) Maltose: -Another disaccharide, maltose is composed of two α-D-glucose units in which C1 of 

one glucose (I) is linked to C4 of another glucose unit (II). The free aldehyde group can be 

produced at C1 of second glucose in solution and it shows reducing properties so it is a reducing 

sugar. 

 

 

 

(iii) Lactose:- It is more commonly known as milk sugar since this disaccharide is found in milk. 

It is composed of β-D-galactose and β-D-glucose. The linkage is between C1 of galactose and C4 

of glucose. It is also a reducing sugar. 

 

 

 

 

Polysaccharides 

(i) Starch:- Starch is the main storage polysaccharide of plants. It is the most important dietary 

source for human beings. High content of starch is found in cereals, roots, tubers and some 

vegetables. It is a polymer of α-glucose and consists of two components—Amylose and 

Amylopectin. 

Amylose Amylopectin. 

Amylose is water soluble component Amylopectin is insoluble in water 

constitutes about 15-20% of starch constitutes about 80-85% of starch 

long unbranched chain with 200-
1000 α-D-(+)-glucose units held by 
C1– C4 glycosidic linkage 

branched chain polymer of α-D-
glucose. 
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(ii) Cellulose:- Cellulose occurs exclusively in plants and it is the most abundant organic 

substance in plant kingdom. It is a predominant constituent of cell wall of plant cells. Cellulose is 

a straight chain polysaccharide composed only of β-D-glucose units which are joined by 

glycosidic linkage between C1 of one glucose unit and C4 of the next glucose unit. 

 

 

 

 

 

 

 

 

(iii) Glycogen:- The carbohydrates are stored in animal body as glycogen. It is also known as 

animal starch because its structure is similar to amylopectin and is rather more highly branched. It 

is present in liver, muscles and brain. When the body needs glucose, enzymes break the glycogen 

down to glucose. Glycogen is also found in yeast and fungi. Structural difference between 

starch and cellulose. Starch is a polymer of α-D-glucose while cellulose is a polymer of β-D-

glucose and thus is completely indigestible. 
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Proteins 

Proteins are polymers of α-amino acids connected to each other by peptide bond or peptide 

linkage.. Proteins are the most abundant biomolecules of the living system. Chief sources of 

proteins are milk, cheese, pulses, peanuts, fish, meat, etc. They occur in every part of the body and 

form the fundamental basis of structure and functions of life. 

 

Amino Acids 

Amino acids contain amino (–NH2) and carboxyl (–COOH) functional groups. Depending upon 

the relative position of amino group with respect to carboxyl group, the amino acids can be 

classified as α, β, γ, δ and so on. Only α-amino acids are obtained on hydrolysis of proteins. 

 

 

 

 

 

R is a side chain which may be simply H in case of glycine or CH3 in case of Alanine or  

C5H9NO2 in case of proline. See Table:-  
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Nonessential Amino Acids:-   

The amino acids, which can be synthesised in the body. eg- Glycine, Alanine. 

Essential Amino Acids:- 

Essential amino acis are the amino acids which cannot be synthesised in the body and must be 

obtained through diet. eg- Valine, Leucine. 

Properties  

Amino acids are usually colourless, crystalline solids. These are water-soluble, high melting solids 

and behave like salts rather than simple amines or carboxylic acids. Zwitter ion Amino acids 

contain both acidic(-COOH) and basic( -NH2) groups in the same molecule. In aqueous solution, 

the carboxyl group loses a proton and amino group accepts a proton to form a dipolar ion called 

zwitter ion. It is amphoteric in nature. 

 

 

Isoelectric Point 
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The pH at which a protein carries no net charge. Below the isoelectric point proteins carry a net 

positive charge, above it a net negative charge. Due to a preponderance of weakly acid residues in 

almost all proteins, they are nearly all negatively charged at neutral pH. Except glycine, all other 

naturally occurring α-amino acids are optically active, 

Structure of Proteins  
Proteins are the polymers of α-amino acids and they are connected to each other by peptide bond 

or peptide linkage. Chemically, peptide linkage is an amide formed between –COOH group and –

NH2 group. 

 

 

 

 

When carboxyl group of glycine combines with the amino group of alanine we get a dipeptide, 

glycylalanine. If a third amino acid combines to a dipeptide, the product is called a tripeptide. 

When the number of such amino acids is more than ten, then the products are called polypeptides. 

A polypeptide with more than hundred amino acid residues, having molecular mass higher than 

10,000u is called a protein. Structure and shape of proteins can be studied at four different levels, 

i.e., primary, secondary, tertiary and quaternary.  

Classification of Proteins  

Fibrous proteins Globular proteins 
Polypeptide chains run parallel to form 

fibre-like structure  
polypeptides coil around to give a spherical 
shape 

Hydrogen-bonds and disulphide bonds 

hold the chains together.  

Mainly hydrogen bonded  

 
Generally insoluble in water  usually soluble in water 

Eg- keratin (present in hair, wool, and 
silk) and myosin (present in muscles), 
etc. 

Eg-Insulin and albumins 

(i) Primary Structure of Proteins:- Proteins may have one or more polypeptide chains. Each 

polypeptide in a protein has amino acids linked with each other in a specific sequence and it is this 

sequence of amino acids that is said to be the primary structure of that protein. Any change in this 

primary structure i.e., the sequence of amino acids creates a different protein. 

 

 



  

 

Organic Chemistry Part - II Page 117 
 

(ii) Secondary Structure of Proteins:- The secondary structure of protein refers to the shape in 

which a long polypeptide chain can exist. They are found to exist in two different types of 

structures viz. α-helix and β-pleated sheet structure.  

 

 

 

α-helical structure β-pleated sheet structure 

Regular folding of the 
backbone of the polypeptide 
chain occurs due to 
intramolecular H-bonding 
between C=O and –NH groups 
of the peptide bond 

Extended polypeptide chains lying side by 

side are held together by intermolecular 

H-bonds.  

 

 

Found in α-keratin, myosin Keratin in hair, silk fibroin 
 

 

 

 

 

 

 

(iii) Tertiary Structure of Proteins:- The tertiary structure of proteins represents overall folding 

of the polypeptide chains i.e., further folding of the secondary structure. It gives rise to two major 

molecular shapes viz. fibrous and globular. The main forces which stabilize the 2° and 3° 

structures of proteins are hydrogen bonds, disulphide linkages, Vander Waals and electrostatic 

forces of attraction. 
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(iv) Quaternary:-  Structure of Proteins: Some of the proteins are composed of two or more 

polypeptide chains referred to as sub-units. The spatial arrangement of these subunits with respect 

to each other is known as quaternary structure. 

Denaturation of Proteins 

When a protein in its native form, is subjected to physical change like change in temperature or 

chemical change like change in pH, the hydrogen bonds are disturbed. Due to this, globules unfold 

and helix gets uncoiled and protein loses its biological activity. This is called denaturation of 

protein. During denaturation 2° and 3° structures are destroyed but 1º structure remains intact. The 

coagulation of egg white on boiling is a common example of denaturation. Another example is 

curdling of milk. 

Enzymes 

Enzymes are globular proteins that catalyse specific biochemical reactions.eg-lipase, maltase 

Enzymes which catalyse the oxidation of one substrate with simultaneous reduction of another 

substrate are called oxidoreductase enzymes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanism of enzyme catalysis 

Enzyme catalyzed reactions take place in two steps as follows:-  

Step1:- Formation of enzyme-substrate complex.  

 

 

Different Enzymes and their Action 
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Vitamins 

Vitamins are organic compounds required in the diet in small amounts to perform specific 

biological functions for normal maintenance of optimum growth and health of the organism. 

Vitamins are classified into two groups depending upon their solubility in water or fat. 

 

(i) Fat soluble vitamins:- Vitamins which are soluble in fat and oils but insoluble in water are kept 

in this group. These are vitamins A, D, E and K. They are stored in liver and adipose (fat storing) 

tissues. 

(ii) Water soluble vitamins:- B group vitamins and vitamin C are soluble in water so they are 

grouped together. Water soluble vitamins must be supplied regularly in diet because they are 

readily excreted in urine and cannot be stored (except vitamin B12) in our body. 

Some Important Vitamins, their Sources and Diseases Caused by their Deficiency s 

Name of  
Vitamins 

Sources Deficiency diseases 

1. Vitamin A 
(retinol) 

Fish liver oil, carrots, butter 
and milk 

X e r o p h t h a l m i a 
(hardening of cornea of eye); 
Night blindness 

2. Vitamin B1 
(Thiamine) 

Yeast, milk, green vegetables 
and cereals 

Beri beri (loss of appetite, 
retarded growth) 

3. Vitamin B2 
(Riboflavin) 

Milk, egg white, liver, 
kidney 

Cheilosis (fissuring at corners of 
mouth and lips), digestive 
disorders and burning 
sensation of the skin. 

4. Vitamin B6 
(Pyridoxine) 

Yeast, milk, egg yolk, 
cereals and grams 

Convulsions 
 

5. Vitamin B12 
(cyanocobalamin) 

Meat, fish, egg and curd Pernicious anemia (RBC 
deficient in hemoglobin) 

6. Vitamin C 
(Ascorbic acid) 

Citrus fruits, amla and 
green leafy vegetables 

Scurvy (bleeding gums) 

7. Vitamin (D) 
(calciferol) 

Exposure to sunlight, fish and 
egg yolk 

Rickets (bone deformities in 
children) and osteomalacia 
(soft bones and joint pain in 
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adults) 

8. Vitamin E 
(Tocopherol) 

Vegetable oils like wheat 
germ oil, sunflower oil, 
etc. 

Increased fragility of RBCs and 
muscular 
weakness 

9. Vitamin K 
(Phylloquinones) 

Green leafy vegetables Increased blood clotting time 

Nucleic Acids 

Chromosomes are made up of proteins and another type of biomolecules called nucleic acids. 

These are mainly of two types, the deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). 

Since nucleic acids are long chain polymers of nucleotides, so they are also called 

polynucleotides.  

 

 

 

 

 

 

 

 

 

 

Nucleosides A nucleoside is formed when a base (pyrimidine or purine) is attached to C-1 of 

sugar (ribose or deoxyribose) by a β-linkage.  

 

 

Nucleotide A nucleotide is formed by the combination of a nitrogeneous base, pentose sugar and 

phosphoric acid .  

 

 

Nitrogeneous bases are of two kinds:- 

(a)Purines –Adenine and Guanine  

(b)Pyrimidines-Cytosine, thymine and Uracil 

 

Basic Structure of Nucleic Acid 
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1:- Suger is of Two Types   

 

 

 

 

2:- Basic Structure of Nucleic Acid  

 

 

Nucleosides 

Nucleohides 

 

 

 

 

Structure of DNA 

 

 

 

H-bonds between the nitrogenous bases in DNA 

(i):- Adenine and thymine are paired through two H-bonds i.e A=T  

(ii):- Cytosine and guanine pair through three H-bond i.e C≡ G 

Different Types of RNA Formed in the Cell  

Messenger RNA(m-RNA), ribosomal RNA(r-RNA) and transfer RNA(t-RNA). 

H-bonds between the nitrogenous bases in RNA 

(i):- Adenine and thymine are paired through two H-bonds i.e A=T 
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(ii):- Uracil and guanine pair through three H-bond i.e U≡G 

Differences between DNA and RNA 

DNA RNA 
Sugar present is 2-deoxy-D-ribose  Sugar present is D-- ribose  

Contains cytosine and thymine as 

pyrimidine bases  

Contains cytosine and uracil as 

Pyrimidine bases  

Has double stranded α-helix structure.  Has single stranded α-helix structure  

It can replicate.  It is formed by DNA and cannot 

replicate itself  

It transfers hereditary characters from 

generation to generation.  

It regulates protein synthesis.  

 

Replication of two DNA  
 

 

 

 

 

 

 

 

  


