
D. Enzymes 

Enzymes are proteins that catalyze (i.e., increase or decrease the rates of) chemical reactions.  In 
enzymatic reactions, the molecules at the beginning of the process are called substrates, and they 
are converted into different molecules, called the products. Almost all processes in a biological cell 
need enzymes to occur at significant rates. 

"Lock and key" model of enzymes 
Enzymes are very specific because both the enzyme and the substrate possess specific 
complementary geometric shapes that fit exactly into one another. This is often referred to as "the 
lock and key" model.  
 

 

 

Mechanism of Enzyme actions 

Enzymes can act in several ways, all of which lower ΔG‡: 

 Lowering the activation energy ΔG‡ by creating an environment in which the transition state 
is stabilized (e.g. straining the shape of a substrate—by binding the transition-state 
conformation of the substrate/product molecules, the enzyme distorts the bound substrate(s) 
into their transition state form, thereby reducing the amount of energy required to complete 
the transition). 

 Lowering the energy of the transition state, but without distorting the substrate, by creating 
an environment with the opposite charge distribution to that of the transition state. 

 Providing an alternative pathway. For example, temporarily reacting with the substrate to 
form an intermediate ES complex, which would be impossible in the absence of the enzyme. 

 Reducing the reaction entropy change by bringing substrates together in the correct 
orientation to react. Considering ΔH‡ alone overlooks this effect. 

 Increases in temperatures speed up reactions. Thus, temperature increases help the enzyme 
function and develop the end product even faster. However, if heated too much, the 
enzyme’s shape deteriorates and the enzyme becomes denatured. Some enzymes like 
thermolabile enzymes work best at low temperatures. 

Interestingly, this entropic effect involves destabilization of the ground state, and its contribution to 
catalysis is relatively small.  
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Cofactors 
Some enzymes do not need any additional components to show full activity. However, others 
require non-protein molecules called cofactors to be bound for activity. Cofactors can be either 
inorganic (e.g., metal ions and iron-sulfur clusters) or organic compounds (e.g., flavin and heme). 
Organic cofactors can be either prosthetic groups, which are tightly bound to an enzyme, or 
coenzymes, which are released from the enzyme's active site during the reaction. Coenzymes 
include NADH, NADPH and adenosine triphosphate. These molecules transfer chemical groups 
between enzymes.  
An example of an enzyme that contains a cofactor is carbonic anhydrase, and is shown in the ribbon 
diagram above with a zinc cofactor bound as part of its active site.  

Enzyme Thermodynamics 

 
 
 
The energies of the stages of a chemical reaction. Substrates need a lot of energy to reach a 
transition state, which then decays into products. The enzyme stabilizes the transition state, 
reducing the energy needed to form products. 

As all catalysts, enzymes do not alter the position of the chemical equilibrium of the reaction. 
Usually, in the presence of an enzyme, the reaction runs in the same direction as it would without 
the enzyme, just more quickly. However, in the absence of the enzyme, other possible uncatalyzed, 
"spontaneous" reactions might lead to different products, because in those conditions this different 
product is formed faster. 

Furthermore, enzymes can couple two or more reactions, so that a thermodynamically favorable 
reaction can be used to "drive" a thermodynamically unfavorable one. For example, the hydrolysis 
of ATP is often used to drive other chemical reactions.  

Enzymes catalyze the forward and backward reactions equally. They do not alter the equilibrium 
itself, but only the speed at which it is reached. For example, carbonic anhydrase catalyzes its 
reaction in either direction depending on the concentration of its reactants. 
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(in tissues; high CO2 concentration) 

(in lungs; low CO2 concentration) 

 

Nevertheless, if the equilibrium is greatly displaced in one direction, that is, in a very exergonic 
reaction, the reaction is effectively irreversible. Under these conditions the enzyme will, in fact, only 
catalyze the reaction in the thermodynamically allowed direction. 

 

Enzyme Kinetics 

 
 
 
Mechanism for a single substrate enzyme catalyzed reaction. The enzyme (E) binds a substrate (S) 
and produces a product (P). 

Enzyme kinetics is the investigation of how enzymes bind substrates and turn them into products. 
The rate data used in kinetic analyses are obtained from enzyme assays. 

The enzyme reactions are in two stages. In the first, the substrate binds reversibly to the enzyme, 
forming the enzyme-substrate complex. This is sometimes called the Michaelis complex. The 
enzyme then catalyzes the chemical step in the reaction and releases the product. 

 
 
Saturation curve for an enzyme reaction showing the relation between the substrate concentration 
(S) and rate (v) 
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Enzymes can catalyze up to several million reactions per second. Enzyme rates depend on solution 
conditions and substrate concentration. Conditions that denature the protein abolish enzyme 
activity, such as high temperatures, extremes of pH or high salt concentrations, while raising 
substrate concentration tends to increase activity. To find the maximum speed of an enzymatic 
reaction, the substrate concentration is increased until a constant rate of product formation is seen. 
This is shown in the saturation curve on the right. Saturation happens because, as substrate 
concentration increases, more and more of the free enzyme is converted into the substrate-bound ES 
form. At the maximum reaction rate (Vmax) of the enzyme, all the enzyme active sites are bound to 
substrate, and the amount of ES complex is the same as the total amount of enzyme. However, Vmax 
is only one kinetic constant of enzymes. The amount of substrate needed to achieve a given rate of 
reaction is also important. This is given by the Michaelis-Menten constant (Km), which is the 
substrate concentration required for an enzyme to reach one-half its maximum reaction rate. Each 
enzyme has a characteristic Km for a given substrate, and this can show how tight the binding of the 
substrate is to the enzyme. Another useful constant is kcat, which is the number of substrate 
molecules handled by one active site per second. 
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