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How Enzymes Work
Enzymes
y
are highly
g y effective catalysts,
y , commonly
y enhancing
g reaction rates byy a
factor of 105 to 1017.
Enzyme-catalyzed reactions are characterized by the formation of a complex
between substrate and enzyme (an ES complex).
Substrate binding occurs in a pocket on the enzyme called the active site.
The function of enzymes and other catalysts is to lower the activation energy, ΔG‡,
for a reaction and thereby enhance the reaction rate.
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Enzymes Affect Reaction Rates, Not Equilibria

temperature 298 K;
partial
i l pressure off eachh gas 1 atm, or 101.3
101 3 kPa;
kP
concentration of each solute 1 M
= ΔG°, the standard free energy change.
Because biochemical systems commonly involve H concentrations far below 1 M,
bi h i t d
biochemists
define
fi a biochemical
bi h i l standard
t d d free-energy
f
change,
h
ΔG´°
The difference between the energy levels of the ground state and the transition
state is the activation energy, ΔG‡.
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‡rate-limiting step

R is the gas constant, 8.315 J/mol K
T is the absolute temperature, 298 K (25 °C).
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k is the Boltzmann constant
h is Planck’s constant

Two fundamental and interrelated p
principles
p p
provide a g
general
explanation for how enzymes use noncovalent binding energy:

1. Much of the catalytic power of enzymes is ultimately derived
from the free energy released in forming many weak bonds and
interactions between an enzyme and its substrate. This binding
energy contributes to specificity as well as to catalysis.
2. Weak interactions are optimized in the reaction transition state;
enzyme active sites are complementary not to the substrates per se
but to the transition states through which substrates pass as they are
converted to products during an enzymatic reaction.
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“lock and key” (Emil Fischer., 1894)

“Induced fit” (Michael Polanyi., 1921 and Haldane., 1930, Linus Pauling., 1946)
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Prominent physical and thermodynamic factors contributing to ΔG‡, the barrier to
reaction, might include…

(1) a reduction in entropy, in the form of decreased freedom of motion of two molecules
in solution; entropy reduction
(2) the solvation shell of hydrogen-bonded water that surrounds and helps to stabilize
most biomolecules in aqueous solution; desolvation
(3) the distortion of substrates that must occur in many reactions;
(4) the need for proper alignment of catalytic functional groups on the enzyme.
Binding energy can be used to overcome all these barriers.
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Specific Catalytic Groups Contribute to Catalysis

general acid-base catalysis,
covalent catalysis,
y ,
metal ion catalysis
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