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Biomolecules 

*The living organisms are made of different types of compounds. 
*The chemical analysis reveals that it is composed of elements like carbon, hydrogen, oxygen. 
*A piece of non living matter also contains same type of elements.  
*In fact the living things and non living things are made up of the same elements.  
*However the relative abundance of carbon & H is higher in the living organisms than in the 
nonliving matter. 

ANALYSIS FOR CHEMICAL COMPOSITION  
The chemical composition of living organisms can be found out by chemical analysis.  

1. The living tissue is grinded in trichloroacetic acid  
2. The thick soup is strained through cotton. 
3. As a result the soup is separated in to 2 fractions 

 a, The acid soluble pool (the filtrate) 
 b, The acid insoluble pool 

Analysis of inorganic elements and compounds in a living tissue. 
Take a small piece of living tissue and dry it to all the water evaporates. 
Then the tissue fully burnt, so that all the carbon compounds are removed in gaseous form.  
The ash contains inorganic elements. 

THE ACID INSOLUBLE POOL  
 Contains Macromolecules 

Macromolecules-    compounds having molecular wt. more than one thousand dalton.  
It includes protein, nucleic acid polysaccharides 
Lipids are small molecular mass compounds having molecular wt below 800dalton. But Lipids 
are found in insoluble fraction. Because when a living tissue is grinded, the cell membranes (in 
which the lipids are present) broken into pieces and form vesicles which are not water soluble. 
Then vesicles separated as the acid insoluble pellet. Lipids are indeed not macromolecules 
strictly. 
Acid soluble pool 

It contains Micromolecules, 
Micromolecules:- Compounds having molecular wt. below 800 daltons. 

Each compound of the acid soluble pool can be separated out form all other compounds by 
using separation techniques (eg. Chromatography) 
It includes aminoacid, nucleotide bases, fatty acids and mono and disaccharides etc. 
Amino acids 
General structure 



 

HSSLIVE.IN RAJINI A.P, HSST Z

        
The amino group and acidic group attached to the same carbon
. Hence they are called   ‘α’amino acids
They are substituted methane. (CH4)
20 amino acids are commonly found in proteins.
R group varies from one amino acid t
Glycine --‘H’ in the place of R group.
 Alanine   ---Methyl group(CH2) in the place of R group
Serine-    CH2-OH in the place of  R group.

 
Based on the number of amino and carboxyl group 3 types of amino acids.
Acidic, Basic and Neutral 
1.Acidic 
Having 2 COOH group and one NH2 group
2.Basic 
Having 2 amino group and one carboxyl group
3.Neutral amino acid 
Contain one NH2 and one COOH group. Eg. Valine
Aromatic aminoacids- 
having an aromatic ring in their structure. 

Zwitter ion  
Amino acid contains both amino groups
In alkaline solution they lose one proton 

   R  

 

       NH2-C-COO
- 

 
    H 

In Acid  solution they gain one proton and 
   R  

 

   NH3
+  -C-COOH 
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The amino group and acidic group attached to the same carbon-hence it is called the 
amino acids. 

(CH4)  
amino acids are commonly found in proteins. 

R group varies from one amino acid to another. 
‘H’ in the place of R group. 

Methyl group(CH2) in the place of R group 
OH in the place of  R group. 

 
Based on the number of amino and carboxyl group 3 types of amino acids.

Having 2 COOH group and one NH2 group   Eg:- Glutamic acid 

Having 2 amino group and one carboxyl group   Eg:- Lysine 

one NH2 and one COOH group. Eg. Valine 

having an aromatic ring in their structure. eg. tyrosine, tryptophan and phenyl alanine
 

contains both amino groups and carboxylic group.  
ution they lose one proton from COOH and become negatively charged

solution they gain one proton and become positively charged
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hence it is called the ‘α’carbon 

Based on the number of amino and carboxyl group 3 types of amino acids. 

eg. tyrosine, tryptophan and phenyl alanine 

negatively charged. 

positively charged.  
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    H 

In neutral solution they occurs as a dipolar ions with positive charge and negative charge in the 
molecule They are also called zwitter ions 
 

   R  

               NH3
+  -C-COO

-
 

     
    H 

The amino gp is protonated (NH3
+) and the carboxylic gp is dissociated (COO-). Although 

charged the zwitter ion bears no net charge. 
Essential amino acids 
Amino acids that cannot be synthesized in our body and so they have to be supplied through our 
diet. 
Non essential amino acids 
Amino acids that can synthesized in our body and hence they need to be supplied through our 
diet is called non essential amino acids. 

Lipids 

They are generally water insoluble,   contains 
Fatty acid 
general structure 
R-COOH 
Eg:-   1, CH3-COOH(Acetic acid) 

2, CH3-CH2-COOH(Propionic acid) 
3, Palmitic acid with 16 carbon atoms 

CH3-CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2-COOH   
(C15H31COOH) 

4, Arachidonic acid (With 20 Carbon Acid) 
The fatty acids are of 2 types 
1, Saturated 
2. Unsaturated 
1.Saturated  Chain contain no double bonds eg. palmitic acids 
2.Unsaturated   Chain contain one or more double bonds eg. Arachidonic acid 
Triacyl glycerol 
Many fatty acids are esterified with glycerol 
Glycerol structure 
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3 Types 

            
1, Monoglycerides 

1 glycerol+1 fatty acids 
2 Diglycerids 
1 glycerol+2 fatty acids 
3,Triglycerids  
1glycerol+3 fatty acids 
Based on the melting point there are 2 types of lipids 

1.Fat Fats have high melting points and occur in solid form in room temp. 
2.Oil Have low melting points and occurs in liquid form in room temperature. 
 PHOSPHOLIPIDS 
Have phosporous in their structure. They are found in cell membrane 
eg. Lecithin 
Nucleotides and nucleosides 
A Nucleotide contain  

Nitrogen bases, 
Phosphoric acid  

and  Sugar 
Nitrogen bases 
1, Adenine     1, Adenine 
2, Thymine     2, Uracil 
3, Guanine     3, Guanine 
4, Cytosine     4, Cytosine 
There are of 2 types of skeletal heterocyclic rings in nitrogen bases – 
Purine (Adinine and Guanine)  
Pyramidine (Thymine, Cytosine and Uracil) 
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Sugar 
 

 

Phosphoric acid  
Nucleotide 
Nitrogen base +Sugar+Phoshoric acid 
1, 1, Adenine+Sugar+Phosphoric acid=Adinilic acid 
2, Guanine+Sugar+Phosphoric acid =Guanilic acid,  
3Cytosine+Sugar+Phosphoric acid =Cytidylic acid 
4, Thymine+Sugar+Phosphoric acid =Thymidylic acid 
5, Uracil+Sugar+Phosphoric acid =Uridylic acid 
Nucleoside 
Nitrogen base+Sugar 
1, Adenine+Sugar=Adenosine 
2, Guanine+Sugar=Guanosine,  
3Cytosine+Sugar=Cytidine 
4, Thymine+Sugar=Thymidine 
5,Uracil+Sugar=Uridine 

Biomacromolecules 
Proteins 

Proteins are polypeptides. 
They are linear chains of amino acids.ie they are polymer of amino acids. 
 They are linked by peptide bonds. 
The peptide bond is formed between COOH group of one Aminoacid and NH2 group of the 
next amino acid 
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(by the process of dehydration) 

                
There are 20 types of amino acids. 
Protein is a heteropolymer ie. made of different types of aminoacids. 
Homopolymer has only one type of monomer repeating ‘n’ number of times. 
Protein functions 
(table 9.5 in text book) 
Collagen is the most abundant protein in animal world. 
Ribulose biphosphate Carboxylate Oxygenase(RUBISCO) is the most abundant protein in biosphere. 

Structure of proteins 
Scientists describe the protein structure at four levels 

1 Primary structure  
A protein is a linear chain of amino acids. The first amino acid (left side) is the N-

terminal amino acid. 
The last amino acid (in right side) is the C-terminal amino acid. This structure gives the 
positional information of amino acid in a protein. 

2.Secondary structure 

The protein thread is folded in the form of a right handed helix.  
 3.Tertiary structure  

The long protein chain is folded upon itself like a hollow woolen ball giving a three 
dimensional view of a protein 

4 Quarternary structure 
Some proteins are an assembly of more than one polypeptide or subunits. The different 

folded chains fit or pack together in the form of a sphere or plate etc. 
Eg;-Large protein such as hemoglobin has quaternary structure. It has 4 four chains, 2 alpha 

chains and 2 beta chains. 
POLYSACCHARIDE  
They are long chains of sugars. 
The individual monosaccharides are linked by glycosidic bond. 
The bond is formed between 2 carbon atoms by dehydration. 
In a polysaccharide chain the right end is called the reducing end and the left end is the non-
reducing end. 
Two types 
1, Homopolymeric polysacharide 
2, Heteropolymer 
Homopolymer consists of only one type of monosaccharide 
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Eg.1  STARCH 

Starch is a homopolymer of glucose. 
It is the store house of energy in plant tissue. 
Starch forms helical structure. So it can hold I2 molecules in its helical portion. The starch –
I2 is blue in colour. 
Eg;-2  CELLULOSE  

Cellulose is a homopolymer of glucose. 
Plant cell walls are made of Cellulose. Paper made from plant pulp and cotton fibers are 
cellulose. 
Cellulose does not contain complex helices and hence cannot hold I2. So negative to I2 test. 

Eg;-3 Glycogen -Homopolymer of glucose 
Glycogen is the store house of energy in animals. 

.Eg:-4 Inulin  -Inulin is homopolymer of fructose. 
Hetero polymer 
Eg:-Chitin 

It is hetero polymer polysaccharide is present in the exoskeleton of arthropod. 
NUCLEIC ACID  

This is polynucleotide chain ie  made of many nucleotides. 
DNA and RNA are polunucleotide chains.and acts as the genetic material. 
DNA contain     RNA contain 
Nitrogen bases 

1, Adenine     1, Adenine 
2, Thymine     2,Uracil 
3, Guanine     3, Guanine 
4, Cytosine     4, Cytosine 
SUGAR 
 Deoxyribose Sugar    Ribose sugar 
Phosphoric acid     Phosphoric acid    

The bonds in nucleic acid 

1.  Ester bond:-       The bond between the phosphate and the hydroxyl group of sugar is an 
ester bond.   (3’5’phosphodiester bond :- Phosphoric acid links the 3’ carbon of one sugar of 
one nucleotide to the 5’carbon of the succeeding nucleotide.). 
2. N-Glycosidic bond- The bond between sugar and nitrogen base.  
3, Hydrogen bond:- The 2 chains are held together by hydrogen bonds. 
4 
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 2 hydrogen bonds between A and T, 3 hydrogen bonds between G and C 
Secondary structure of nucleic acid 
Watson crick model 
*DNA exists as a double helix structure. 
*The two strands are anti parallel in direction. 
*The backbone is made up of sugar and phosphates. 
* The nitrogen bases are attached to sugar, facing inside. 
*The adenine always pairs with thymine and guanine with cytosine. 
*The 2 chains are held together by hydrogen bonds. 
* 2 hydrogen bonds between A and T and 3 hydrogen bonds between G and C 
*One full turn of helix would measure 34 A and it includes 10 base pairs. 
Dynamic state – Concept of Metabolism 
• All the Biomolecules are constantly being changed into some other biomolecules. It is 

referred as turnover. 

• The continuous process of breakdown and synthesis of biomolecules through chemical 
reactions occurring in the living cell is called metabolism. 

• Most of these metabolic reactions do not occur in isolation but are linked with some other 
reactions 

• The flow of a metabolite through a metabolic pathway is called the dynamic state. 
METABOLIC BASIS FOR LIFE  

In living systems metabolism involves 2 types of pathways 
1 ANABOLIC PATHWAY (biosynthetic pathway) 

Pathways that synthesize complex structure from a simpler structure. 
It consumes energy. 
Example:-the pathway involving conversion of acetic acid into cholesterol 

2 CATABOLIC PATHWAYS 
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It leads to a simple structure from a complex molecule. 
This lead to release of energy 
Eg:-glucose to lactic acid 
The important form of energy currency in living systems is the bond energy in a chemical called 
adenosine phosphate (ATP) 
THE LIVING STATE  
All metabolites occur in the living system in a concentration, characteristics of each of them. 
All living organisms exist in a steady state characterized by concentrations of each of these 
biomolecules. 
The steady state is a non equilibrium state. 
In terms of physics a system at equilibrium cannot perform the work. 
Hence, the living state is a non equilibrium steady state, which is able to perform work. 
This is achieved by energy input. 

ENZYMES 
Enzymes are biological catalysts produced by living cells.  
They catalyze metabolic reactions.  
All enzymes are proteins. There are some exceptions ie nucleic acids that behave like 

enzymes are called ribozymes  
Difference between inorganic catalyst and enzyme 
Inorganic catalysts- Work efficiently at high temperatures and high pressures. 

� Enzyme catalysts:- Enzymes get damaged at high temperatures (above 40°C  
Chemical compounds undergo two types of changes. 

� Physical changes. 
� Chemical changes (Chemical reaction).  

1.PHYSICAL CHANGES 
Change in shape without breaking of bonds  Eg;- ICE—WATER—VAPOUR 

2.Chemical reactions - Bonds are broken and new bonds are formed during transformation. 
Eg:-1. Ba(OH)2 + H2SO4 → BaSO4 + 2H2O  

RATE OF REACTION 
Rate of a physical or chemical process refers to the amount of product formed per unit 
time.  

Metabolic reactions take place in cells all the time. Some reactions are 
so slow that they need an enzyme to speed them up. 
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� In the absence of any enzyme this reaction is very slow.
� I.e. 200 molecules of H2CO
� When a catalyst is present, the speed of the chemical reaction is faster.
� In the presence of the carbonic anhydrase
� Accelerated the reaction rate by about 10 million times.

Nature of enzymatic action 
The substrate on which an enzyme act
The final product formed is 

Eg;- Lactose  Glucose + Galactose 
       Substrate               Products 

  S        P 
 In the tertiary structure of enzyme, the back bone of the protein chain folds upon itself, 
hence many pockets or crevices are made. One such pocket is the active site. 
The substrate “S” has to bind the enzyme at its active site within a given pocket. 
The steps of Enzyme substrate reaction are,

1. First the substrate binds to the active site of the enzyme.
2. Binding of the substrate changes the shape of enzyme, fitting more t
3. The active site of the enzyme, now in close proximity of the substrate, breaks the 

chemical bonds of the substrate and the new 
4. The enzyme releases the products of the reaction 
5. Now free enzyme is ready to bin

E+S  ES EP E+P
Activation Energy 
The minimum amount of energy required to convert a normal stable molecule into a reactive 
molecule  
EXOTHERMIC REACTIONS
The energy of the products is higher than the energy of the 
Energy in the form of heat RELEASES
Endothermic reactions 
ABSORB  heat from its surroundings.
The energy of the products is higher than the energy of the reactants
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absence of any enzyme this reaction is very slow. 

CO3/Hour.  
When a catalyst is present, the speed of the chemical reaction is faster.

carbonic anhydrase, the reaction speeds is 600,000 mole
ed the reaction rate by about 10 million times. 

The substrate on which an enzyme acts is substrate (S).  
The final product formed is product (P) 

Glucose + Galactose  
 

In the tertiary structure of enzyme, the back bone of the protein chain folds upon itself, 
hence many pockets or crevices are made. One such pocket is the active site. 
The substrate “S” has to bind the enzyme at its active site within a given pocket. 
The steps of Enzyme substrate reaction are, 

First the substrate binds to the active site of the enzyme. 
Binding of the substrate changes the shape of enzyme, fitting more t
The active site of the enzyme, now in close proximity of the substrate, breaks the 
chemical bonds of the substrate and the new enzyme- product complex 
The enzyme releases the products of the reaction  
Now free enzyme is ready to bind to another molecule of substrate.

E+P 

The minimum amount of energy required to convert a normal stable molecule into a reactive 

EXOTHERMIC REACTIONS  
The energy of the products is higher than the energy of the reactants (
Energy in the form of heat RELEASES to its surroundings. 

heat from its surroundings.   
he energy of the products is higher than the energy of the reactants
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When a catalyst is present, the speed of the chemical reaction is faster. 
reaction speeds is 600,000 mole /second. 

In the tertiary structure of enzyme, the back bone of the protein chain folds upon itself, 
hence many pockets or crevices are made. One such pocket is the active site.  
The substrate “S” has to bind the enzyme at its active site within a given pocket.  

Binding of the substrate changes the shape of enzyme, fitting more tightly. 
The active site of the enzyme, now in close proximity of the substrate, breaks the 

product complex (EP) is formed. 

molecule of substrate. 

The minimum amount of energy required to convert a normal stable molecule into a reactive 

H is negative) 

he energy of the products is higher than the energy of the reactants 
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� Enzymes bring down this activation energy barrier

� 

Factors affecting Enzymes activity
 The activity of an enzyme can be affected by various factors which can alter the 
tertiary structure of the protein. These include temperature, pH, 
concentration 
Temparature 
� The velocity of an enzyme reaction increases with increase 
� The rate of reaction doubles for each 10 C rise in temperature. 
� At high temperature proteins are denatured by heat, so above 50 C their enzymatic 

activity slows down and stops. 
An enzyme works its best in a particular temperature. This T
temperature. Enzymatic activity declines both below and above the optimum value.
2.  pH. 
 An enzyme works its best in a particular pH. This pH is called optimum pH. 
Enzymatic activity declines both below and above the optimum p
(GRAPH) 
Substrate concentration 
 The velocity of an enzyme reaction increases with the concentration of the substrate first.
 The velocity of the reaction cannot be increased beyond a certain stages. 
This is because the enzyme molecules are fewer than 
molecules, there are no free enzyme molecules to bind to form ES complex
(GRAPH) 
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this activation energy barrier.  

 

Factors affecting Enzymes activity 
The activity of an enzyme can be affected by various factors which can alter the 

tertiary structure of the protein. These include temperature, pH, 

The velocity of an enzyme reaction increases with increase in temperature. 
The rate of reaction doubles for each 10 C rise in temperature. 
At high temperature proteins are denatured by heat, so above 50 C their enzymatic 
activity slows down and stops.  

An enzyme works its best in a particular temperature. This Temperature is called 
. Enzymatic activity declines both below and above the optimum value.

An enzyme works its best in a particular pH. This pH is called optimum pH. 
Enzymatic activity declines both below and above the optimum pH.

The velocity of an enzyme reaction increases with the concentration of the substrate first.
The velocity of the reaction cannot be increased beyond a certain stages.  
This is because the enzyme molecules are fewer than the substrate molecules. So after the saturation of these 
molecules, there are no free enzyme molecules to bind to form ES complex 

This makes the transition of
product  more easily
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The activity of an enzyme can be affected by various factors which can alter the 
tertiary structure of the protein. These include temperature, pH, and change in substrate 

in temperature.  
The rate of reaction doubles for each 10 C rise in temperature.  
At high temperature proteins are denatured by heat, so above 50 C their enzymatic 

emperature is called optimum 
. Enzymatic activity declines both below and above the optimum value. 

An enzyme works its best in a particular pH. This pH is called optimum pH. 
H. 

The velocity of an enzyme reaction increases with the concentration of the substrate first. 

the substrate molecules. So after the saturation of these 

This makes the transition of substrate to 
product  more easily 
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Inhibition  
 The binding of certain specific chemicals with the enzymes shuts of their enzymatic activity. 
The process is called inhibition. And the chemical is called an inhibitor. 

Competitive inhibitor  
 When the inhibitor closely resembles the substrate in its molecular structure and 
inhibits the activity of the enzymes, it is known as competitive inhibitor.  
*Due to its structural similarity with the substrate the inhibitor competes with the substrate 
for binding site of the enzyme  
*Forms EI complex instead of ES complex.  
* Substrate cannot bind with,  
*The enzyme action decreases. 
Eg for competitive Inhibition 
Succinate        succinic dehydrogenase       fumarate 
 
Malonate resemble succinic dehydrogenase in structure. It inhibits the enzymatic activity of 
succinic dehydrogenase, by competitive inhibition. 
Use in the control of bacterial pathogens. 
Classification and Nomenclature of Enzymes 
Enzymes are divided into 6 classes 
Oxidoreductases/dehydrogenases:-   are enzymes that catalyze oxidation-reduction 
reactions between two substrates.  
S reduced+S’ oxidized S oxidized+S’ reduced 
Tranferases     are enzymes that catalyze the  transfer of a functional group between two 
 substrates. 
S-G+S’      S+S’-G 
Hydrolases:-   Enzymes catalyzing hydrolysis of the substrate.  
Lyases:-  Enzymes that catalyse removal of groups from their substrates (not by hydrolysis) 
leaving behind double bonds. 
Isomerases :-These are enzymes which catalyse the interconversion of isomers. 
Ligases:-Enzymes which catalyse the joining together of two molecules  
Co factors 
Some enzymes require one or more non-protein components to make the enzyme 
catalytically active. These non protein portions are called co-factors and the protein portion 
are called apoenzyme,  
3 kinds of cofactors  
1,Prosthetic groups, 2. co-enzymes 3, metal ions. 
Prosthetic group 
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Prosthetic group is organic compounds and they are tightly bound to the apoenzyme. 
For eg. Haem is the prosthetic group and it is tightly bound to the active site of the enzyme 
peroxidase which catalyse the breakdown of hydrogen peroxide to water and oxygen. 
2. Coenzymes  
Co- enzymes are also organic compound but their association with the apoenzyme usually 
occurs during the course of catalysis.  
 The components of many coenzymes are vitamins, eg. Coenzyme Nicotinamide 
adenine dinucleotide (NAD) and NADP contain vitamin Niacin.  
3.Metal ions 
� A number of enzymes require metal ions for their activity. 
� Zinc is a cofactor for the proteolytic enzyme carboxypeptidase.  

 
 
 
  
 
 
 


