
Enzymes 
  Enzymes are biocatalysts – the catalysts of life. A catalyst is defined as 
a substance that increases the velocity or rate of a chemical reaction 
without itself undergoing any change in the overall process. 

 Enzymes may be defined as biocatalysts synthesized by living cells. 
They are protein in nature (exception – RNA acting as ribozyme), 
colloidal and thermolabile in character, and specific in their action. 

  In the laboratory, hydrolysis of proteins by a strong acid at 100°C takes 
at least a couple of days. The same protein is fully digested by the 
enzymes in gastrointestinal tract at body temperature (37°C) within a 
couple of hours. This remarkable difference in the chemical reactions 
taking place in the living system is exclusively due to enzymes. The very 
existence of life is unimaginable without the presence of enzymes. 

Enzymes are sometimes considered under two broad categories : (a) 
Intracellular enzymes – 
They are functional within cells where they are synthesized.  
(b) Extracellular enzymes – These enzymes are active outside the cell; 
all the digestive enzymes belong to this group. 

CHEMICAL NATURE OF ENZYMES: 
a. All the enzymes are proteins except ribozymes and a 

number of enzymes are obtained in the crystalline form. 
b. Enzymes cut big molecules apart and join small molecules 

to form big molecules. 
c. The substance upon which an enzyme acts is called as 

substrate. By the action of enzyme it is converted to 
product. An enzyme-catalyzed reaction consist of substrate, 
enzyme and product as shown below. Substrate → Product 

d. The enzymes are big particles. Their molecular (size) 
weight ranges from few thousands to millions. 

e. Enzymes have enormous power of catalysis. They increase 
rate of reaction to 105 to 1010 folds.  

f. Enzymes are far more efficient compared to non-enzyme 
catalysts. 
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g. Enzymes are not consumed in the overall reaction. 
h. Enzymes accelerate the rate of reaction but does not alter 

the equilibrium constant 

Catalysts 
  A catalyst does not change the chemical reaction but it accelerates 
the reaction. They are not consumed in overall reaction. But they 
undergo chemical or physical change during reaction and returns to 
original state at the end of reaction.  

Transition state theory 
Transition state theory was proposed to explain action of catalyst. 
     For a chemical reaction A → B to occur, energy is required. When 
enough energy is supplied. A undergoes to transition state which is an 
unstable state. So, it gets converted to product B which is more stable.     
The amount of energy needed to convert a substance from ground state to 
transition state is called activation energy.  

"  

Activation energy. 

The energy required by the reactants to undergo the Reaction. Enzymes 
lower activation energy.  
Enzymes are divided into six major classes.  
1. Oxidoreductases : Enzymes involved in oxidation-reduction reactions. 
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2. Transferases : Enzymes that catalyse the transfer of functional groups. 

3. Hydrolases : Enzymes that bring about hydrolysis of various 
compounds. 

4. Lyases : Enzymes specialised in the addition or removal of water, 
ammonia, CO2 etc. 

5. Isomerases : Enzymes involved in all the isomerization reactions. 

6. Ligases : Enzymes catalysing the synthetic reactions where two 
molecules are joined together and ATP is used. 

Monomeric enzyme is used if it is made up of a single polypeptide e.g. 
ribonuclease,trypsin.  

Oligomeric enzymes: Some of the enzymes which possess more than 
one polypeptide (subunit) chain e.g. lactate dehydrogenase, aspartate 
transcarbamoylase etc.  

There are certain multienzyme complexes possessing specific sites to 
catalyse different reactions in a sequence. 

CHARACTERISTICS OF AN ENZYME ACTIVE SITE 

All the enzymes are invariably proteins. In recent years, however, a few 
RNA molecules have been shown to function as enzymes. It consists of 
two parts. 

Catalytic site. It is the part of the enzyme that is responsible for catalysis. 
It determines reaction specificity. 

Binding  site. It is the part of the enzyme that binds with substrate. It 
determines substrate specificity. 

The active sites of enzyme are clefts within the enzyme molecule. Active 
site consists of few amino acid residues only.Active site is three 
dimensional. 

CO-FACTORS 
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   Cofactors are non-protein molecules required for activity of some 
enzymes. There are two types of cofactors: 

1. Organic cofactors, and 

2. Inorganic cofactors. 

The organic cofactors are further subdivided into.  

• Prosthetic groups    

• Co-enzymes 

    The cofactor can be a metal ion (iron, copper, magnesium, manganese, 
zinc, calcium, or cobalt) or a complex organic molecule known as a 
coenzyme (NAD+, NADP+, FMN, FAD, or coenzyme A).  

• Prosthetic Groups 

   These organic molecules are covalently attached to the enzyme and 
they undergo change during catalysis but return to native state at the end 
of the reaction. 

2. Co-enzymes 

    These organic molecules are loosely (non-covalent) attached to enzyme 
molecules. They undergo change during reaction. Since they undergo 
change along with substrate they are referred as co-substrates. 

The functional unit of the enzyme is known as holoenzyme which is 
often made up of apoenzyme (the protein part) and a coenzyme (non-
protein organic part). 

Apo-enzyme + Co-enzyme = Holo enzyme 

FACTORS AFFECTING ENZYME ACTIVITY 
1. Concentration of enzyme 
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The rate of enzyme catalyzed reaction is directly proportional to the 
concentration of enzyme.  

2. Concentration of substrate 
Increase in the substrate concentration gradually increases the velocity 
of enzyme reaction within the limited range of substrate levels. 

3. Effect of temperature 
  Velocity of an enzyme reaction increases with increase in temperature 
up to a maximum and then declines. A bell-shaped curve is usually 
Observed. 

Temperature coefficient or Q10 is defined as increase in enzyme 
velocity when the temperature is increased by 10°C. 

Increase in temperature results in higher activation energy of the 
molecules and more molecular (enzyme and substrate) collision and 
interaction for the reaction to proceed faster. 

The optimum temperature for most of the enzymes is between 35°C–
40°C. However, a few enzymes (e.g. Taq DNA polymerase) are active 
even at 100°C. Some plant enzymes like urease have optimum activity 
around 60°C. This may be due to very stable structure and conformation 
of these enzymes. 

4. Effect of pH 
Increase in the hydrogen ion concentration (pH) considerably influences 
the enzyme activity and a bell-shaped curve is normally obtained.  

Each enzyme has an optimum pH at which the velocity is maximum. 
Below and above this pH, the enzyme activity is much lower and at 
extreme pH, the enzyme becomes totally inactive. 

Most enzymes function between a pH of 6 and 8; however pepsin in the 
stomach works best at a pH of 2 and trypsin at a pH of 8. 
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5. Effect of product concentration 
The accumulation of reaction products generally decreases the enzyme 
velocity. 

For certain enzymes, the products combine with the active site of enzyme 
and form a loose complex and, thus, inhibit the enzyme activity. 

6. Effect of time 
Under ideal and optimal conditions (like pH,temperature etc.), the time 
required for an enzyme reaction is less. Variations in the time ofthe 
reaction are generally related to the alterations in pH and temperature. 

7. Effect of light and radiation 
Exposure of enzymes to ultraviolet, beta, gamma and X-rays inactivates 
certain enzymes due to the formation of peroxides. e.g. UV rays inhibit 
salivary amylase activity. 

Michaelis Constant or (Km) 
  Km or the Michaelis- Menten constant is defined as the substrate 
concentration (expressed in moles/l) to produce half-maximum 
velocity in an enzyme catalysed reaction. 
The enz. (E) reversibly combine with its substrate (S) to form (ES 
complex) that yields product (P), regenerating the free E: 
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"  

• It is an enzyme kinetic constant .It indicates the substrate 
concentration required for the enzyme to work efficiently. 

• A low Km value indicates a strong affinity between enzyme 
and substrate, whereas a high Km value reflects a weak 
affinity between them.Hence, Km and affinity are inversely 
related.(Km α 1/affinity). 

• Km is not dependent on the concentration of enzyme. 
• Km is required when enzymes are used as drugs. 
• Use of enzymes in immunodiagnostics (ELISA) require Km of 

the enzyme. 
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