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4.4  Enzymes

We now see how cells use energy from ATP to power chemical reactions. But a second condition must 
be met before a chemical reaction can occur: The reacting molecules must collide with enough energy 
to get the reaction going—this activation energy is needed for the initial breaking of bonds. In fact, 
the activation energy for many essential chemical reactions in living organisms is very high. Some 
important reactions would take 100 years to happen on their own. Because of this, cells rely on catalysts, 
which lower the activation energy of reactions and allow them to happen more quickly. The catalysts in 
living cells are large, complex proteins called enzymes. With the help of enzymes, important chemical 
reactions can happen in milliseconds instead of taking 100 years. 

How does an enzyme work? An enzyme binds the reactants of a reaction—the enzyme’s substrate—at 
its active site and then releases the products (Figure 4.14). Enzymes, like other catalysts, are not altered 
or destroyed in the reactions they catalyze. This means they are available to catalyze the same reaction 
over and over again. Enzymes are involved in nearly all of the chemical reactions in cells; in fact, several 
thousand unique enzymes have been identified in living organisms. Each of these enzymes is highly 
specific for a certain reaction—that is, each enzyme is very picky about the substrate to which it binds 
and therefore about the reaction it catalyzes.

Cells regulate enzymes carefully in order to control chemical reactions. Regulation takes place in different 
ways. First, cells control the synthesis and degradation of enzymes. (Enzymes are not used up when they 
catalyze a reaction, so they must be actively degraded when they are no longer needed.) Second, how 
well an enzyme works depends on the chemical features of its environment—the temperature, pH, and 
other factors. For example, if the temperature is too high or too low, an enzyme’s shape may change and 
the reactants may not fit. Finally, enzymes can be blocked by inhibitors. 

FIGURE 4.14 

Enzymes are large proteins that function as 
catalysts. They are very specific, binding to 
only specific molecules and catalyzing only 
specific reactions. Note that the enzyme is 
not used up in the reaction it catalyzes, and 
so it is available to catalyze more of the same 
reaction again. 
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There are two types of inhibitors: Competitive and Noncompetitive. In competitive inhibition (Figure 4.15a), 
the inhibitor binds to the active site of an enzyme, preventing it from binding to its substrate. (If a substrate 
fits into an enzyme like a key in a lock, the inhibitor is like bubblegum stuck in the keyhole.) This type of 
inhibition is called competitive inhibition because the inhibitor and the substrate compete for the active 
site. Cyanides are toxic because they competitively inhibit enzymes that are critical for cellular respiration. 
In non-competitive inhibition (Figure 4.15b), an inhibitor binds to an enzyme somewhere other than at the 
active site, changing the enzyme so that it can no longer bind to its substrate. Lead is toxic because it binds 
to a number of enzymes in the body and disrupts their structures. 

Many medications work by inhibiting enzymes. The antibiotic 
penicillin kills bacteria by inhibiting an enzyme that bacteria 
need to build cell walls. Aspirin (Figure 4.16) works as a painkiller 
because it inhibits an enzyme needed to make prostaglandins, 
molecules that make us more sensitive to pain. 

READING CHECK 

What does an enzyme bind to when it catalyzes a chemical reaction?

CHECK YOUR ANSWER 

An enzyme binds the reactants of a reaction, also known as the enzyme’s substrate, when it catalyzes a 
reaction.

You can read more about enzymes, and see some examples of human enzymes, at the following website:

https://www.medicalnewstoday.com/articles/319704#the-basics

FIGURE 4.15 

(a) In competitive inhibition, the inhibitor binds to the 
enzyme’s active site and blocks the substrate from 
binding. (b) In noncompetitive inhibition, the inhibitor 
binds to the enzyme somewhere other than at the active 
site. This changes the active site so that the enzyme is no 
longer able to bind to the substrate. 

FIGURE 4.16 

Aspirin is an effective painkiller because it inhibits 
an enzyme that is needed to make prostaglandins. 
Prostaglandins make us more sensitive to pain. 


