LibreTextsw

8.5: Enzymes - Biological Catalysts

Learning Outcomes

o Explain the role of an enzyme in the body.

o Define active site and substrate.

e Describe the lock and key vs. induced-fit model of enzymes.
e Provide the characteristics of a cofactor and a coenzyme.

All living cells carry out a great variety of chemical reactions essential for maintenance of life. Chemical reactions in living cells
are different from chemical reactions in most other systems in that they are much faster and are highly ordered and regulated. The
source of these differences is that the chemistry of living things is carried out by proteins functioning as specific biological
catalysts, called enzymes. Enzymes accelerate and regulate biochemical processes allowing reactions to occur in the milliseconds
necessary to maintain life.

The first enzyme to be isolated was discovered in 1926 by American chemist James Sumner, who crystallized the protein. The
enzyme was urease, which catalyzes the hydrolytic decomposition of urea, a component of urine, into ammonia and carbon
dioxide.

H,NCON, (ag) +H,0 (1) "= 2NH, () + CO, (9) (8.5.1)
His discovery was ridiculed at first because nobody believed that enzymes would behave the same way that other chemicals did.
Sumner was eventually proven right and won the Nobel Prize in Chemistry in 1946.

Enzyme-Catalyzed Reactions

Most chemical reactions within organisms would be impossible under the conditions in cells. For example, the body temperature of
most organisms is too low for reactions to occur quickly enough to carry out life processes. Reactants may also be present in such
low concentrations that it is unlikely they will meet and collide. Therefore, the rate of most biochemical reactions must be
increased by a catalyst. A catalyst is a chemical that speeds up chemical reactions. In organisms, catalysts are called enzymes.
Essentially, enzymes are biological catalysts.

Like other catalysts, enzymes are not reactants in the reactions they control. They help the reactants interact but are not used up in
the reactions. Instead, they may be used over and over again. Unlike other catalysts, enzymes are usually highly specific for
particular chemical reactions. They generally catalyze only one or a few types of reactions.
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Figure 8.5.1: Enzymes catalyze specific reactions.

Enzymes are extremely efficient in speeding up reactions. They can catalyze up to several million reactions per second. As a result,
the difference in rates of biochemical reactions with and without enzymes may be enormous. A typical biochemical reaction might
take hours or even days to occur under normal cellular conditions without an enzyme, but less than a second with an enzyme.

The first step in an enzyme-catalyzed reaction is that the substrate binds to a specific part of the enzyme molecule. A substrate is
the molecule(s) on which the enzyme acts. The binding of the substrate is dictated by the shape of each molecule. Side chains on
the enzyme interact with the substrate in a specific way, resulting in the making and breaking of bonds. The active site is the
specific part of an enzyme where the substrate binds. An enzyme folds in such a way that it typically has one active site, usually a
pocket or crevice formed by the folding pattern of the protein. Because the active site of an enzyme has such a unique shape, only

https://chem.libretexts.org/@go/page/342727

LICENSED UNDER 66 s
CiN K2 Foundaton Vit usa i2rg



https://libretexts.org/
https://www.ck12info.org/curriculum-materials-license
https://chem.libretexts.org/@go/page/342727?pdf
https://chem.libretexts.org/Courses/Georgia_Southern_University/CHEM_1152%3A_Survey_of_Chemistry_II_(GSU_-_Dr._Osborne)/08%3A_Proteins/8.05%3A_Enzymes_-_Biological_Catalysts

LibreTextsm

one particular substrate is capable of binding to that enzyme. This substrate specificity means that each enzyme catalyzes only one
chemical reaction with only one substrate. Once the enzyme-substrate (ES) complex is formed, the reaction occurs and the
substrate is transformed into products. Finally, the product molecule(s) are released from the active site. Note that the enzyme is
left unaffected by the reaction and is now capable of catalyzing the reaction of another substrate molecule.
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Figure 8.5.2: The sequence of steps for a substrate binding to an enzyme in its active site,
reacting, then being released as products.
For many enzymes, the active site follows a lock and key (Figure 8.5.3 4) model where the substrate fits exactly into the active
site. The enzyme and substrate must be a perfect match so the enzyme only functions as a catalyst for one reaction. Other enzymes
have an induced fit (Figure 8.5.3 B) model. In an induced fit model, the active site can make minor adjustments to accommodate
the substrate. This results in an enzyme that is capable of interacting with a small group of similar substrates. Look at the shape of
the active site compared to the shape of the substrate in B of the figure below. The active site adjusts to accommodate the substrate.
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Figure 8.5.3: (A) Lock and key enzyme model and (B) induced fit enzyme model.

Cofactors and Coenzymes

Some enzymes require the presence of another substrate as a "helper" molecule in order to function properly. Cofactors and
coenzymes serve in this role. Cofactors are inorganic species and coenzymes are small organic molecules. Many vitamins, such as
B vitamins, are coenzymes. Some metal ions which function as cofactors for various enzymes include zinc, magnesium, potassium,
and iron.

Classes of Enzymes

Enzymes are named consisting of the root of the name of its substrate(s) with the -ase suffix and classified by the types of reaction
they catalyze.

Table 8.5.1: Classes of Enzymes

Class Type of Reaction Catalyzed Examples

Dehydrogenases catalyze oxidation-
. A . . reduction reactions involving hydrogen and
oxidoreductases oxidation-reduction reactions o .
reductases catalyze reactions in which a
substrate is reduced.

. Transaminases catalyze the transfer of

transfer reactions of groups, such as ) )
transferases amino group, and kinases catalyze the

methyl, amino, and acetyl
transfer of a phosphate group.

(K
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Class

hydrolases

lyases
isomerases

ligases

v/ Example 8.5.1

a. lactase
b. cellulase

c. peptidase

Solution
a. lactose
b. cellulose
c. peptides

? Exercise 8.5.2

a. lipase
b. amylase
c. maltase

v/ Example 8.5.2

a. decarboxylase
b. protease

C. transaminase

Solution
a. lyase
b. hydrolase
c. transferase
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Identify each type of enzyme.

Type of Reaction Catalyzed

hydrolysis reactions

reactions in which groups are removed
without hydrolysis or addition of groups to
a double bond

reactions in which a compound is
converted to its isomer

reactions in which new bonds are formed
between carbon and another atom; energy
is required

Identify the substrate catalyzed by each enzyme.

Identify the substrate catalyzed by each enzyme.

Examples

Lipases catalyze the hydrolysis of lipids,
and proteases catalyze the hydrolysis of
proteins

Decarboxylases catalyze the removal of
carboxyl groups.

Isomerases may catalyze the conversion of
an aldose to a ketose, and mutases catalyze
reactions in which a functional group is
transferred from one atom in a substrate to
another.

Synthetases catalyze reactions in which two
smaller molecules are linked to form a
larger one.
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? Exercise 8.5.2

Identify each type of enzyme.

a. dehydrogenase
b. isomerase
c. lipase

Summary

An enzyme is a biological catalyst, a substance that increases the rate of a chemical reaction without being changed or consumed in
the reaction. A systematic process is used to name and classify enzymes. A substrate binds to a specific region on an enzyme
known as the active site, where the substrate can be converted to product. The substrate binds to the enzyme primarily through
hydrogen bonding and other electrostatic interactions. The induced-fit model says that an enzyme can undergo a conformational
change when binding a substrate. Enzymes exhibit varying degrees of substrate specificity.

Supplemental Resources

e Enzymes: https://youtu.be/E90D4BmaVIM

Contributors and Attributions
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