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Introduction!
+

+

+

Enzymes are biological catalysts that speed up the rate of the
biochemical reaction.

Most enzymes are three dimensional globular proteins (tertiary an
quaternary structure). 

Some special RNA species also act as enzymes and are called
Ribozymes e.g. hammerhead ribozyme.

3



structure
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Structure of Enzyme
The active site of an enzyme is the region that binds substrates, co-

factors and prosthetic groups and contains residue that helps to
hold the substrate.

 
Active sites generally occupy less than 5% of the total surface area of

enzyme.
 

Active site has a specific shape due to tertiary structure of protein.
 

A change in the shape of protein affects the shape of active site and
function of the enzyme.
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Active sites
It is further divided into two sites
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

Binding Sites
It chooses the substrate and

binds it to active site.
 
 



Catalytic Sites

It performs the catalytic action
of enzyme.



“CO-FACTORS
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Co-factor is the non protein molecule which
carries out chemical reactions that can not be

performed by standard 20 amino acids.
 

Co-factors are of two types:
Organic co-factors
Inorganic cofactors



CO-FACTORS
It is further divided into two types
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






Inorganic Co-Factors
These are the inorganic molecules

required for the proper activity of
enzymes.
Examples
Enzyme carbonic anhydrase

requires Zn++ for it‟s activity.
Hexokinase has co-factor Mg++

 
 






Organic Co-Factors
These are the organic molecules

required for the proper activity of
enzymes.
Example
Glycogen phosphorylase requires

the small organic molecule pyridoxal
phosphate.



 
 TYPES OF ORGANIC CO-FACTORS

A prosthetic group is a tightly
bound organic co- factor. E.
g. Flavins, heme groups and
biotin.
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A coenzyme is loosely bound organic
co-factor. E.g. NAD+



 
 TYPES OF ORGANIC CO-FACTORS

An enzyme with it‟s co-factor
removed is designated as
Apoenzyme.
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The complete complex of a protein with all
necessary small organic molecules, metal
ions and other components is termed as
Holoenzyme  orHoloprotein.



“Substrates
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The reactant in biochemical
reaction is termed as
substrate.
 
When a substrate binds to an
enzyme it forms an enzyme-
substrate complex.

Substrate Enzyme



Characteristics of Enzyme
+

+
+

+
+

+

Enzymes speed up the reaction by lowering the activation energy of the
reaction.

Their presence does not effect the nature and properties of end product.
They are highly specific in their action that is each enzyme can catalyze one
kind of substrate.

Small amount of enzymes can accelerate chemical reactions.

Enzymes are sensitive to change in pH, temperature and substrate
concentration.

Turnover number (6x106/min)  is defined as the number of substrate
molecules transformed per minute by one enzyme molecule.
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CATALYTIC PROPERTIES OF ENZYMES
 
 
+
+

+
+

+

They accelerate the rate of catalysis by lowering the activation energy.

They are highly specific in nature, because they only catalyse a specific
biochemical reaction.

Enzymes accelerate the forward and reverse reactions to attain the equilibrium.

Temperature: Optimum temperature of enzymes is 20-35°C. They become
inactivated at very low temperature and denaturedat very high temperature
(greater than 45°C).

pH: Most enzymes exhibit optimal activity at pH value between 5 and 9. High or
low pH value than optimum value will cause ionization of enzyme which result in
denaturation of enzyme.
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Classification
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Classification
+

+
+
+

A systematic classification of enzymes has been developed by International
Enzyme Commission.

This classification is based on the type of reactions catalyzed by enzymes.

There are six major classes.

Each class is further divided into sub classes, sub sub-classes and so on, to
describe the huge number of different enzyme- catalyzed reactions.
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table to show the classification
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ENZYME CLASS REACTION TYPE EXAMPLES

Oxidoreductases Reduction-oxidation (redox) Lactate dehydrogenase

Transferases Move chemical group Hexokinase

Hydrolases Hydrolysis; bond cleavage with transfer of functional group of water Lysozyme

Lysases Non-hydrolytic bond cleavage Fumarase

Isomerases Intramolecular group transfer (isomerization) Triose phosphate isomerase

Ligases Synthesis of new covalent bond between substrates, using ATP hydrolysis RNA polymerase



Enzyme
kinetics
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+

+

+

“It is a branch of biochemistry in which we study the rate of enzyme
catalyzed reactions.”

 Kinetic analysis reveals the number and order of the individual steps
by which enzymes transform substrate into products

Studying an enzyme's kinetics in this way can reveal the catalytic
mechanism    of     that     enzyme,     its     role     in metabolism, how
its activity is controlled, and how a drug or an agonist might inhibit
the enzyme

Introduction
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RATES OF REACTION AND THEIR DEPENDENCE ON
ACTIVATION ENERGY

 +

+

+

+

Activation Energy (Ea):  “The least amount of energy needed for a chemical
reaction to take place.”

Enzyme (as a catalyst) acts on substrate in such a way that they lower the
activation energy by changing the route of the reaction.

The reduction of activation energy (Ea) increases the amount of reactant
molecules that achieve a sufficient level of  energy, so that they reach the
activation energy and form the product.

Example: Carbonic anhydrase catalyses the hydration of 10⁶ CO₂ molecules
per second which is 10⁷x faster than spontaneous hydration.
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MICHAELIS-MENTEN MODEL FOR ENZYME KINETICS
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+

+
Michaelis–Menten kinetics is one of the simplest and best-known models of
enzyme kinetics.
This model explain how an enzyme can cause kinetic rate enhancement of a
reaction and why the rate of a reaction depends on the concentration of enzyme
present.

 



+

+

+
+
+

According to this model the enzyme reversibly bind with substrate to
form an ES complex that subsequently yields product.

 

 

 

 

 

 

The mechanism of enzyme catalyzed reactions is studied by making

kinetic measurements on enzyme-substrate reaction systems.

The simple kinetic model is obtained, when plotting the rate of catalysis,
V (reaction velocity), v/s the substrate concentration, [S] (fixed enzyme
concentration).
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where:

S- Substrate; E- Enzyme; ES-Enzyme substrate complex ; P- product;
K1, K-1  K2- Rate constants

 



PLOT OF REACTION VELOCITY WITH RESPECT TO
SUBSTRATE CONCENTRATION
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+

+
+

From this plot,

reaction velocity,V can be expressed as:

V = V max [S] /Km +[S]

K m =K -1 + K 2/K 1

 



Km and vmax

+

+

+

Vmax

It is the maximum velocity of
reaction or rate at which the
enzyme catalyzed a reaction
under given conditions.

Vmax is reached when all
enzyme sites are saturated
with the substrate.

This will happen when
substrate concentration [S] is
greater than K m.
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+

+
+

+

+

Km

It is the substrate concentration, [S] at
which half maximum

velocity of reaction is observed.

K m implies that half of the active sites on
the enzymes are filled.

It is the measure of the binding strength
between substrate and the enzyme. 

where lower K m value indicates a strong
affinity between the substrate and
enzymes.

 



KINETIC DATA
 

+

+
+
+

LINEWEAVER–BURK PLOT 
The Lineweaver–Burk plot is a graphical representation of
the Lineweaver–Burk equation of enzyme kinetics,
described by Hans Lineweaver and Dean Burk in 1934.

V = V max [S] /Km +[S]

Taking the reciprocal of this equation gives

1/V= Km +[S]/V max [S]Km= [Km /V max].1/[S]+1/Vmax
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LINEWEAVER–BURK PLOT
 

+ This plot was widely used to determine Km and Vmax, before the wide availability
of powerful computers and non-linear regression software.
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Kinetics: its Advantage and
Disadvantage

+
Advantage

This plot estimate the values
of Km  and Vma more
precisely and in best precision.

 

+

+

Disadvantage
It emphasizes points at lower
concentration and
compresses data

points obtained at high
concentration.
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EADIE–HOFSTEE PLOT
 
 

+

+

Eadie–Hofstee diagram is a
graphical representation of
enzyme kinetics in which
reaction velocity is plotted as
a function of the ratio of
velocity and substrate
concentration.

V = V max.(-K m V/[S])
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HANES – WOOLF PLOT
 +

+

Another linear representation of the
Michaelis-Menten equation is he
Hanes- Woolf plot.

Thus a plot of [S]/V v/s [S] is linear, with
a slope of l/V max, The y- intercept
gives K m/V max, and the x-intercept
gives –K m.
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EISENTHAL AND CORNISH-BOWDEN PLOT
 
 

+
+

+

+
+

This plot provide the best estimates of Km and Vmax.

‘V’ is plotted on the y-axis and a corresponding
negative value of [S] is plotted on the x-axis.

A straight line is then drawn, passing through the
points on the two axis and extending beyond the "
point of intersection.“

This is repeated for each set of V and [S] values.

A horizontal line drawn from the point of intersection to
the y-axis provides the V max, value, whereas a
vertical line from the point of intersection to the x-axis
provides the K m value.
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Inhibition
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HANES – WOOLF PLOT
 + Enzyme inhibitors are low molecular weight compounds that combine with the

enzyme to form an enzyme-inhibitor complex, either reducing or completely
inhibiting the catalytic activity of the enzyme.
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CLASSIFICATION OF ENZYME INHIBITOR
+

+
1.
2.

Enzyme inhibitors are low molecular weight compounds that combine with
the enzyme to form an enzyme-inhibitor complex, either reducing or
completely inhibiting the catalytic activity of the enzyme.

Based on the type of binding of enzyme and inhibitor 

Reversible inhibitor

Irreversible inhibitor

 

 



Based on the binding between enzyme
and inhibitor
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REVERSIBLE INHIBITOR
 
+

+

Reversible inhibitors are bind to enzyme with non-covalent
interactions, such as hydrogen bonds, ionic bonds, and
hydrophobic interactions.

Three types. Described in detail in the following slides.
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a. COMPETITIVE INHIBITOR
 +
+

+

+

This inhibitor has structural similarities with the substrate so, the
inhibitor competes with the substrate for the active site.

If the inhibitor binds more tightly than the substrate, then it is an
effective competitive inhibitor.

In competitive inhibition, the inhibitor can bind only to the free
enzyme and not with the enzyme-substrate complex.

Hence inhibition can be overcome by increasing the concentration
of substrate in the reaction mixture.
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Example: The antibacterial action of sulfanilamide which is a structural analog of
PABA. Sulfanilamide inhibits the bacterial enzyme dihydropteroate synthetase
which catalyzes the incorporation of PABA into 7,8-dihydropteroic acid.
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b. NON COMPETITIVE INHIBITOR
 +

+

+

+

In noncompetitive inhibition, the binding of
the inhibitor reduces enzyme activity, but
does not affect the binding of substrate.

These inhibitors bind non covalently to
sites other than the substrate binding site.

Inhibitor binding does not influence the
availability of the binding site for substrate.

Binding of the substrate and the inhibitor
are independent of each other and
inhibition cannot be overcome by
increasing substrate concentration.
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c. UNCOMPETITIVE INHIBITOR
 +

+

Uncompetitive inhibitors bind only
with the enzyme-substrate
complex.

The inhibitor does not bind to the
active site of the enzyme and it
does not have to resemble the
substrate. 
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IRREVERSIBLE INHIBITOR
 +
+
+
+
+

This type of inhibition involves the covalent attachment of the

Inhibitor to the enzyme.

The catalytic activity of enzyme is completely lost.

It can only be restored only by synthesizing molecules

It is of two types.
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a. SUICIDAL INHIBITOR
 +
+

They are relatively un-reactive until they bind to the active site of the enzyme.

In the first few steps of the reaction it functions like a normal substrate, but then
it is converted into a very reactive compound that combines with the enzyme
to block its activity.
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b. TIME-DEPENDENT INHIBITORS
 +

+
Time-dependent inhibitors are those that exhibit slow binding to the enzyme.

The observed onset of inhibition is slower.

 



Enzyme
Modulation
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What is enzyme modulation
 +
+

An enzyme’s catalytic activity can be directly controlled through structural
alterations that influence the enzyme’s substrate-binding affinity.

The Mechanism of modulation is as follows:
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Enzyme modulation
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Enzyme modulation mechanism
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What are enzyme regulator or modulator?
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What are enzyme regulator or modulator?
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Which is the regulatory enzyme in the multistep
metabolic pathway?
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1. Allosteric regulation
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1. Allosteric regulation
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1. Allosteric regulation
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1. Allosteric regulation
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1. Allosteric regulation
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1. Allosteric regulation
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1. Allosteric regulation

53



1. Allosteric regulation
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1. Allosteric regulation by feedback
inhibition
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1. Allosteric regulation by feedback
inhibition
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1. Example of Allosteric regulation by feedback
inhibition
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1. Example of Allosteric regulation by feedback
inhibition
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1. Example of Allosteric regulation by feedback
inhibition
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2. Regulation by reverse covalent modification

60

How



2. Regulation by reverse covalent modification
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How



2. Regulation by
reverse covalent

modification
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Example



2. Regulation by
reverse covalent

modification by
phsphorylation
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Mechanism



3. Regulation of enzyme
by proteolytic enzyme
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Mechanism



3. Regulation of enzyme by proteolytic enzyme
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Mechanism



3. Regulation of enzyme by proteolytic enzyme
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Mechanism
examples



3. Regulation of enzyme by proteolytic enzyme
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Significance
 



4. Regulation of enzyme by feedback regulation
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5. Regulation of enzyme by isozyme
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5. Regulation of enzyme by isozyme
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5. Regulation of enzyme by isozyme
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Thank you !!
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