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8.6: Enzyme Activity

Describe how substrate concentration, pH, and temperature affect enzyme activity.
Interpret graphs of reaction rate vs. reaction conditions.

The most important property of enzymes is the ability to increase the rates of reactions occurring in living organisms. Determining
how fast an enzymatic reaction occurs is a measure of enzyme (or catalytic) activity. Because most enzymes are proteins, their
activity is affected by factors that disrupt protein structure, as well as by factors that affect catalysts in general. These factors
include concentration, pH of the surroundings, and temperature.

Concentration 

As with most reactions, the concentration of the reactant(s) affects the reaction rate. This is also true in enzyme concentration.
When either substrate or enzyme concentration is low, the rate of the reaction will be slower than where there are higher
concentrations. The two species must interact for a reaction to occur and higher concentrations of one or both will result in more
effective interactions between the two.

Concentration of Substrate 

In the presence of a given amount of enzyme, the rate of an enzymatic reaction increases as the substrate concentration increases
until a limiting rate is reached, after which further increase in the substrate concentration produces no significant change in the
reaction rate (Figure ). At this point, so much substrate is present that essentially all of the enzyme active sites have substrate
bound to them. In other words, the enzyme molecules are saturated with substrate. The excess substrate molecules cannot react
until the substrate already bound to the enzymes has reacted and been released (or been released without reacting). When the
enzyme becomes saturated with substrate, it would operate at steady state, the condition in which an enzyme is operating at
maximum activity.

Figure : Concentration versus Reaction Rate. (a) This graph shows the effect of substrate concentration on the rate of a
reaction that is catalyzed by a fixed amount of enzyme. (b) This graph shows the effect of enzyme concentration on the reaction
rate at a constant level of substrate.

Let’s consider an analogy. Ten taxis (enzyme molecules) are waiting at a taxi stand to take people (substrate) on a 10-minute trip to
a concert hall, one passenger at a time. If only 5 people are present at the stand, the rate of their arrival at the concert hall is 5
arrivals in 10 minutes. If the number of people at the stand is increased to 10, the rate increases to 10 arrivals in 10 minutes. With
20 people at the stand, the rate would still be 10 arrivals in 10 minutes. The taxis have been “saturated.” If the taxis could carry 2 or
3 passengers each, the same principle would apply. The rate would simply be higher (20 or 30 people in 10 minutes) before it
leveled off.
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Concentration of Enzyme 

When the concentration of the enzyme is significantly lower than the concentration of the substrate (as when the number of taxis is
far lower than the number of waiting passengers), the rate of an enzyme-catalyzed reaction is directly dependent on the enzyme
concentration (Figure ). This is true for any catalyst; the reaction rate increases as the concentration of the catalyst is
increased.

pH 
Some enzymes work best at acidic pHs, while others work best in neutral environments. For example, digestive enzymes secreted
in the acidic environment (low pH) of the stomach help break down proteins into smaller molecules. The main digestive enzyme in
the stomach is pepsin, which works best at a pH of about 1.5. These enzymes would not work optimally at other pH levels. Trypsin
is another enzyme in the digestive system, which breaks protein chains in food into smaller particles. Trypsin works in the small
intestine, which is not an acidic environment, and has an optimum pH is about 8.

Different reactions and different enzymes will achieve their maximum rate at certain pH values. An enzyme is most active at its
optimum pH, which is the pH where it maintains the native tertiary structure. As shown in Figure , the enzyme achieves a
maximum reaction rate at a pH of 4. Notice that the reaction will continue at lower and higher pH values because the enzyme will
still function at other pH values but will not be as effective. At very high or very low pH values, denaturation will occur because an
enzyme is just a protein with a specific function.

Figure : Relationship between rate and pH.

Temperature 

As with pH, reactions also have an optimum temperature where the enzyme functions most effectively. It will still function at
higher and lower temperatures, but the rate will be less. For many biological reactions, the optimum temperature is at physiological
conditions which is around  which is normal body temperature. Many enzymes lose function at lower and higher
temperatures. At higher temperatures, an enzyme's shape deteriorates. Only when the temperature comes back to normal does the
enzyme regain its shape and normal activity unless the temperature was so high that it caused irreversible damage.

Figure : Relationship between temperature and rate.
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An enzyme has an optimum pH of 7.4. What is most likely to happen to the activity of the enzyme if the pH drops to 6.3?
Explain. 

Solution
The activity will decrease; a pH of 6.3 is more acidic than 7.4, and one or more key groups in the active site may bind a
hydrogen ion, changing the charge on that group.

An enzyme has an optimum pH of 7.2. What is most likely to happen to the activity of the enzyme if the pH increases to 8.5?
Explain.

Summary 
Initially, an increase in substrate concentration leads to an increase in the rate of an enzyme-catalyzed reaction. As the enzyme
molecules become saturated with substrate, this increase in reaction rate levels off. The rate of an enzyme-catalyzed reaction
increases with an increase in the concentration of an enzyme. At low temperatures, an increase in temperature increases the rate of
an enzyme-catalyzed reaction. At higher temperatures, the protein is denatured, and the rate of the reaction dramatically decreases.
An enzyme has an optimum pH range in which it exhibits maximum activity.

Supplemental Resources 
Enzymes: https://youtu.be/E90D4BmaVJM
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