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06 Introduction to Enzymology

Executive Summary

Enzymes are the essential biological catalysts responsible for accelerating the vast majority of
chemical reactions necessary to sustain life. With the exception of a few catalytic RNA
molecules, all known enzymes are proteins. Their function can be understood through five
core principles. First, enzymes are extraordinarily powerful catalysts that dramatically
increase reaction rates by lowering the activation energy barrier of a reaction; crucially, they
do not alter the reaction's overall thermodynamic equilibrium. Second, they are highly
specific, typically catalyzing only a single, specific chemical reaction or a few closely related
ones. Third, these reactions take place within a specialized three-dimensional pocket on the
enzyme known as the active site. Fourth, the immense catalytic power of enzymes derives
from their ability to bind most tightly to the high-energy transition state of the reaction,
effectively stabilizing it and facilitating the conversion of substrate to product. Finally, to
ensure metabolic balance and responsiveness, the activity of enzymes within the cell is
subject to tight and complex regulation.

Many enzymes cannot function alone and require non-protein components to perform their
catalytic roles. These helpers are broadly classified as cofactors, which are inorganic metal
ions (like Zn2* or Mg?*), and coenzymes, which are more complex organic molecules that
act as transient carriers of specific chemical groups. Many coenzymes are derived from
essential dietary vitamins.

To bring order to the study of the thousands of known enzymes, a systematic classification
system has been established. This system categorizes enzymes into seven major classes
based on the type of reaction they catalyze, providing a logical and unambiguous framework
for the field of enzymology.

1. The Fundamental Importance of Catalysis for Life

For life to exist, the chemical reactions that build, maintain, and power an organism must
occur on a biologically relevant timescale—seconds or milliseconds, not years or centuries.
Many thermodynamically favorable reactions proceed far too slowly on their own to support
life's dynamic processes. Enzymes solve this fundamental challenge by providing a
mechanism for efficient and selective biological catalysis.

A simple example illustrates this point: the oxidation of sucrose (table sugar). A bag of sugar
is stable for years on a shelf, even though its conversion to carbon dioxide and water is a
highly favorable, energy-releasing process. In an organism, however, enzymes break down
sucrose to release its chemical energy in a matter of seconds. This stark contrast highlights
the indispensable role of enzymes. Without their ability to accelerate reactions, the chemistry
of life would be too slow to sustain it.

The study of these remarkable molecules, enzymology, has a rich history that parallels the
development of modern biochemistry itself.
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o Eduard Buchner (1897): In a landmark experiment, Buchner demonstrated that cell-
free extracts from yeast could still ferment sugar into alcohol. This proved that
catalysis was performed by specific molecules, not by a mysterious "vital force"
inherent to living cells, and disproved the prevailing theory of vitalism.

o The term "Enzyme": Following this discovery, Frederick W. Kithne coined the name
"enzyme" from the Greek enzymos, meaning "leavened," to describe these biological
catalysts.

o Enzymes as Proteins: It was not until 1926 that James Sumner successfully isolated
and crystallized the enzyme urease, providing the first definitive proof that enzymes
were proteins. This was confirmed by subsequent work in the 1930s.

This historical journey from recognizing a biological process to identifying the specific
molecules responsible for it leads us to the core principles that govern how all enzymes
function.

2. The Five Guiding Principles of Enzyme Function

The immense diversity of enzyme structure and function can be distilled into five
fundamental principles. Understanding these concepts provides a robust framework for
comprehending what enzymes are, what they do, and how they accomplish their remarkable
catalytic feats.

2.1 Principle 1: Powerful Biological Catalysts

Enzymes are powerful catalysts that dramatically accelerate the rate of chemical reactions. It
is essential to understand that, like all catalysts, they do not affect reaction equilibria. They
do not change whether a reaction is thermodynamically favorable; they only increase the
speed at which the reaction reaches its equilibrium point.

Their power comes from their ability to lower the activation energy barrier of a reaction. By
creating an alternative, lower-energy reaction pathway, they make it vastly easier for
substrate molecules to be converted into products. The scale of this rate enhancement can be
staggering. For example, the enzyme orotidine phosphate decarboxylase accelerates its
reaction by a factor of 10"7. A process with an uncatalyzed half-life of 78 million years is
completed in milliseconds on the enzyme.

2.2 Principle 2: High Degree of Specificity

Enzymes are highly selective catalysts. Most enzymes catalyze only a single chemical
reaction or, in some cases, a small number of very closely related reactions. This high degree
of specificity is a direct result of the precise three-dimensional structure of the enzyme's
active site, which is tailored to recognize and bind its specific target molecule while
excluding others. For instance, hexokinase phosphorylates glucose but discriminates against
water (present at 55 M concentration) by a factor of 10°, illustrating how binding energy
contributes to both catalysis and specificity. This ensures that cellular resources are directed
efficiently and that metabolic pathways proceed without wasteful or harmful side reactions.

2.3 Principle 3: The Active Site
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The catalytic activity of an enzyme occurs within a specific region of its structure. This region
has several key terms associated with it:

o Active Site: A specialized three-dimensional pocket or cleft on the enzyme where the
substrate binds and the chemical reaction takes place.

o Substrate: The molecule that is acted upon by the enzyme and binds to the active site.

e Product: The molecule that results from the enzymatic reaction.

The active site is far more than a simple binding pocket. It is a unique microenvironment,
formed by precisely arranged amino acid residues, that is optimized to facilitate the chemical
transformation of the substrate into the product.

2.4 Principle 4: The Mechanism of Catalytic Power
Two core concepts explain where the tremendous catalytic power of enzymes comes from:

1. Transition State Binding: The primary source of catalytic power is the binding energy
(AG of binding) released when the enzyme interacts with the substrate. Crucially,
enzymes are structured to bind most tightly not to the initial substrate but to the high-
energy, unstable transition state of the reaction. The enzyme uses the energy derived
from these binding interactions to lower the activation energy barrier, effectively
stabilizing the transition state more than the ground-state substrate.

2. Multiple Catalytic Mechanisms: The amino acid residues within the active site are
evolutionarily organized to employ several chemical strategies simultaneously to
facilitate the reaction. These can include mechanisms like acid-base catalysis and
metal ion catalysis.

2.5 Principle 5: Regulation of Enzyme Activity

The thousands of chemical reactions occurring in a cell must be tightly coordinated to
maintain cellular health and respond to changing conditions. Therefore, the activity of many
enzymes is carefully regulated. This control is achieved through several mechanisms,
including:

« Reversible covalent modification (e.g., phosphorylation)

« Binding of allosteric modulators at sites other than the active site
« Proteolytic activation of inactive precursors

« Noncovalent binding to regulatory proteins

« Elaborate regulatory cascades that can amplify signals

This intricate regulation allows for exquisite control over every chemical process within the
cell.

These principles describe what enzymes do. We now turn to what enzymes are made of that
enables these functions.

3. The Chemical Nature of Enzymes: Proteins and Their Helpers
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To fully comprehend how enzymes function, it is essential to understand their chemical
composition. With the rare exception of some catalytic RNA molecules, all enzymes are
proteins. Their catalytic activity is entirely dependent on the integrity of their native, correctly
folded three-dimensional conformation. If an enzyme is denatured (unfolded) or dissociated
into its subunits, its catalytic function is lost.

While the protein structure provides the fundamental framework for catalysis, many enzymes
require additional non-protein components to function. These "helpers" expand the chemical
repertoire of the enzyme beyond what is offered by the 20 standard amino acids. They fall
into two main categories:

Component

Functional Role & Examples
Type

One or more inorganic ions required for enzyme activity. They can help orient
the substrate (e.g., Mg2* positioning ATP), stabilize charged reaction
intermediates (e.g., Zn?*), or mediate electron transfer. Examples: Zn2*, Mg2*,
Fe2*.

Complex organic or metalloorganic molecules that expand the catalytic
repertoire of enzymes by providing chemical functionalities not available from
Coenzymes |the 20 standard amino acids. They act as transient carriers of specific functional
groups. Most are derived from dietary vitamins. Examples: Coenzyme A, NAD?,
Biocytin.

Cofactors

This leads to specific terminology used to describe the composition of a functional enzyme:

o Apoenzyme (or Apoprotein): The protein part of an enzyme, which is catalytically
inactive on its own.

« Holoenzyme: The complete, catalytically active enzyme, consisting of the apoenzyme
plus its bound coenzyme and/or metal ions.

o Prosthetic Group: A coenzyme or metal ion that is very tightly or even covalently
bound to the enzyme protein.

Now that we understand what enzymes are made of, we can explore how they are
systematically named and organized.

4. Naming and Classifying Enzymes

Historically, enzymes were often given "trivial" names that provided some hint of their
function or source. For example, pepsin was named from the Greek pepsis ("digestion"),
while trypsin was named in part from the Greek tryein ("to wear down"). While convenient,
this practice led to ambiguity, with some enzymes having multiple names and different
enzymes sharing the same name. To ensure clarity and precision, the international
biochemical community adopted a standardized system for naming and classifying enzymes.

This system, established by the Enzyme Commission (E.C.), divides all enzymes into seven
major classes based on the type of reaction they catalyze. Each enzyme is assigned a unique
four-part E.C. number that precisely identifies its function. For example, the enzyme
hexokinase has the number E.C. 2.7.1.1.
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2: The class (Transferases)

7: The subclass (Phosphotransferases)

1: The sub-subclass (a phosphotransferase with a hydroxyl group as acceptor)
1: The specific enzyme (D-glucose is the acceptor)

The seven international classes of enzymes provide a comprehensive organizational

framework:

[il;lss Class Name Type of Reaction Catalyzed

1 Oxidoreductases(Transfer of electrons (hydride ions or H atoms)

2 Transferases Group transfer

3 Hydrolases Hydrolysis (transfer of functional groups to water)
Cleavage of C—C, C—O, C—N, or other bonds by elimination,

4 Lyases leaving double bonds or rings, or addition of groups to double
bonds

5 [somerases Transfer of groups within molecules to yield isomeric forms

6 Ligases Formgtion of C—C, C—S, C—O, and C—.N 'bonds by condensation
reactions coupled to cleavage of ATP or similar cofactor
Movement of molecules or ions across membranes or their

7 Translocases . e
separation within membranes

This systematic classification provides a powerful and logical framework for navigating the
vast and diverse world of enzymes, ensuring that researchers everywhere can communicate
about their work with clarity and precision.




