
Active sites for enzymes:
The active site of an enzyme is the region that binds the substrates (and the cofactor, if any). It also
contains the residues that directly participate in the breaking and making of bonds. The residues are
called the catalytic groups. In essence, the interaction of the enzyme and substrate at the active site
promotes the formation of the transition state. The active site is the region of the enzyme that most
directly lowers the G# (Gibbs free energy of activation) of the reaction, which results in the rate
enhancement characteristic of enzyme action. Although enzymes differ widely in structure, specificity,
and mode of catalysis, a number of generalizations concerning their active sites can be stated:

1. The active site is a 3D cleft formed by groups that come from different parts of the amino acid
sequence- indeed, residues far apart in the sequence may interact more strongly than adjacent
residues in the amino acid sequence. In lysozyme, an enzyme that degrades the cell walls of some
bacteria, the important groups in the active site are contributed by residues numbered 35, 52, 62,
63, 101 and 108 in the sequence of 129 amino acids.
2. The active site takes up a relatively small part of the total volume of an enzyme. Most of the amino acid
residues in an are not in contact with the substrate, which raises the intriguing question of why enzymes
are so big? Nearly all enzymes are made up of more than 100 amino acid residues which give them a
mass greater than 10kD (1D = 1gm mol1) and a diameter of more than 25 Å. The extra amino acids
serve as a scaffold to create the 3D active site from amino acids that are far apart in the primary
structure. Amino acids near to one another in the primary structure are often sterically constrained
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from adopting the structural relations necessary to form the active site. In many proteins, the
remaining amino acids also constitute regulatory sites, sites of interaction with other proteins, or
channels to bring the substrates to the active sites.
3. Active sites are cleft or crevices. In all enzymes of known structure, substrate molecules are bound to
a cleft or crevice. Water is usually excluded unless it is a reactant. The nonpolar character of much of the
cleft enhances the binding of substrate as well as catalysis. Nevertheless, the cleft may also contain
polar residues. In the nonpolar microenvironment of the active site, certain of the polar residues
acquire special properties essential for substrate binding or catalysis. The internal positions of these
polar residues are biologically crucial exceptions to the general rule that polar residues are exposed to
water.
4. Substrates are bound to enzymes by multiple weak attractions. ES complexes usually have
equilibrium constants that range from 102 to108 M, corresponding to free energies of interaction
ranging from about -13 to -50 kJ mol1. The noncovalent interactions in ES complexes are much weaker
than covalent bonds, which have energies between -210 and -460 kJ mol1. Electrostatic interactions,
hydrogen bonds, van der Waals forces and hydrophobic interactions mediate reversible interactions
of biomolecules. van der Waals forces become significant when numerous substrate atoms
simultaneously come close to many enzyme atoms. The directional nature of hydrogen bonds
between enzyme and substrate often enforces a high degree of specificity, as seen in the RNA-
degrading enzyme ribonuclease.
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Figure: The enzyme ribonuclease forms hydrogen bonds with an uridine component of the substrate.

5. The specificity of binding depends on the precisely defined arrangement of atoms in an active site.
Because the enzyme and the substrate interact by means of short-range forces that require close
contact, a substrate must have a matching shape to fit into the site. Emil Fischer’s analogy of the lock
and key (lock-and-key model), expressed in 1890, has proved to be highly stimulating and fruitful. The
active sites of some enzymes assume a shape that is complementary to that of the transition state only
after the substrate is bound. This process of dynamic recognition is called induced fit.

Circe effect: The active site is only a
small part of the total enzyme
structure. Yet, for catalytically perfect
enzymes, every encounter between
enzyme and substrate is productive.
In these cases there may be attractive
electrostatic forces on the enzyme
that entice the substrate to the active
site. These forces are sometimes
referred to poetically as Circe effects.

3Dr. Jishnunil Chakraborty



Figure: Lock-and-key model of enzyme-substrate binding

Figure: Induced-fit model of enzyme-substrate binding 
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Figure: Enzymes decrease the activation energy.

The Michaelis-Menten model:

In this model, an enzyme (E) combines with a substrate (S) to form an enzyme-substrate (ES) complex,
which can proceed to form a product (P) or to dissociate into E and S.

The rate V0 of the formation of product is given by the Michaelis-Menten equation:

(1)
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In which Vmax is the reaction rate when the enzyme is fully saturated with substrate and KM, the
Michaelis constant is the substrate concentration at which the reaction rate is half maximal. The maximal
rate, Vmax, is equal to the product of k2 or kcat and the total concentration of enzyme. The kinetic
constant kcat, called the turnover number, is the number of substrate molecules converted into product per
unit time at a single catalytic site when the enzyme is fully saturated with the substrate. Turnover numbers
for most enzymes are between 1 and 104 per second. The ratio of Kcat/KM provides a penetrating
probe into enzyme efficiency.

Significance of KM and Vmax values:
KM and Vmax can be readily derived from rates of catalysis measured at a variety of substrate
concentrations if an enzyme operates according to the simple scheme given in equation (1). The KM value
for an enzyme depends on the particular substrate and on environmental conditions such as pH,
temperature and ionic strength. KM has two meanings:
1. KM is the concentration of the substrate at which half the active sites are filled. Thus it provides a

(2)

(3)

6Dr. Jishnunil Chakraborty



measure of the substrate concentration required for significant catalysis to occur. In fact, for many
enzymes, experimental evidence suggests that KM provides an approximation of substrate
concentration in vivo. When KM is known, the fraction of sites filled fES, at any substrate concentration
can be calculated from:

fES = V0/Vmax = [S]/{[S] + KM}
2. KM is related to the rate constants of the individual steps in the catalytic scheme given in equation (1).
KM is defined as (k1 + k2)/k1. Consider a limiting case in which k1 is much greater than k2. Under
such circumstances the ES complex dissociates to E and S much more rapidly than product is formed.
Under these conditions k1 >> k2. So KM = k1/k1.
The dissociation constant of the ES complex is given by: KES = [E][S]/[ES] = k1/k1
In other words, KM is equal to the dissociation constant of the ES complex if k2 is much smaller than
k1. When this condition is met, KM is the measure of the strength of the ES complex; a high KM
indicates weak binding, a low KM indicates a strong binding.

The maximal rate, Vmax, reveals the turnover number of an enzyme, which is the number of
substrate molecules converted into product by an enzyme molecule in a unit time at a single catalytic
site when the enzyme is fully saturated with the substrate. It is equal to the kinetic constant k2, which
is also called kcat. Vmax, reveals the turnover number of an enzyme if the concentration of the active
sites [E]T is known, because, Vmax = k2[E]T and thus, k2 = Vmax/[E]T.

For example, a 106 M solution of carbonic anhydrase catalyzes the formation 0.6 M H2CO3 per
second when it is fully saturated with the substrate. Hence, k2 is 6  105 s1. This turnover number is one
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