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Introduction:
Enzymes, the catalysts of biological systems, are remarkable molecular devices that determine the
patterns of chemical transformations. They also mediate the transformation of one form of energy into
another. The most striking feature of enzymes are their catalytic power and specificity. Catalysis takes
place at a particular site on the enzyme called the active site. Nearly all enzymes are proteins. Notable
exceptions include ribosomal RNAs.

The term ‘enzyme’ was coined in 1878 by Friedrich Wilhelm Kuhene to designate these
biological catalysts that had previously been called ferments. As they quicken most of the chemical
reactions occurring in the body, the enzymes have been designated as the manifestations of nature’s
impatience.

The name enzyme (enG = in; zymeG = yeast) literary means in yeast. This was referred to denote
one of the most noteworthy reactions wherein the production of ethanol and CO2 through the agency of an
enzyme, the zymase, present in yeast takes place. The reaction is most popularly known as alcoholic
fermentation.

Biomedical importance:
Enzymes, which catalyze the chemical reactions that make life on the earth possible, participate in the
breakdown of the nutrients to supply energy and chemical building blocks. The ability to detect and to
quantify the activity of specific enzymes in blood, other tissue fluids, or cell extracts provides information
to diagnose many diseases. Many pathological conditions are the direct consequence of changes in quantity



or in the catalytic activity of key enzymes that result from genetic defects, nutritional deficits, tissue
damage, toxins or infection by viral or bacterial pathogens e.g. Vibrio cholerae.

In addition to serving as the catalysts for all metabolic processes, the impressive catalytic activity,
substrate specificity and stereospecificity of enzymes enables them to fulfill unique roles in human health
and well-being. The protease rennin, for example, is used in the production of cheeses, while lactase is
employed to remove lactose from milk to benefit lactose-intolerant individuals. Proteases and amylases
augment the capacity of detergents to remove dirt and stains, while other enzymes can participate in the
stereospecific synthesis of complex drugs or antibiotics.

Enzymes are powerful and highly specific catalysts:
Enzymes accelerate reactions by factors of as much as a million or more. Indeed, most reactions in
biological systems do not take place at perceptible rates in the absence of enzymes. Even a reaction as
simple as hydration of CO2 is catalyzed by an enzyme- carbonic anhydrase (CA). The transfer of CO2 from
the tissues into the blood and to the alveolar air would be less complete in the absence of this enzyme. In
fact, CA is one of the fastest enzymes known. Each enzyme molecule can hydrate 106 molecules of CO2
per second! This catalyzed reaction is 107 times faster than the uncatalyzed one. Enzymes are highly
specific both in the reactions that they catalyze and in their choice of reactants, which are called
substrates. An enzyme usually catalyzes a single chemical reaction or a set of closely related
reactions. Side reactions leading to the wasteful formation of by-products are rare in enzyme catalyzed
reactions, in contrast to the uncatalyzed ones.
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Chemical nature of enzymes:
Enzymes may be defined as colloidal, thermolabile, organic catalysts, synthesized by living cells, but
active both inside and outside the cell and even in a cell-free extract.

Enzymes are biosynthesized on free ribosomes or on ribosomes attached to the endoplasmic
reticulum in cytoplasm.

Nature of most enzymes:
Most enzymes known to us are proteins. Some of them are simple proteins, made solely of amino acids
and having no nonprotein part. Others are conjugated proteins. Each of the latter has a protein part
called the apoenzyme and a nonprotein part called the prosthetic group or coenzyme. The complete
molecule, made of the apoenzyme and the prosthetic group or coenzyme, is known as the holoenzyme.

Endoenzymes and exoenzymes:
Most of the enzymes usually act within the cells in which they are produced and hence are called
intracellular enzymes or endoenzymes, e.g. most of the plant enzymes. All these enzymes catalyze the
metabolic reactions of the cell, they are also called metabolic enzymes. On the other hand, certain
enzymes which are liberated by living cells, catalyze useful reactions outside the cell in its environment
and hence are known as extracellular enzymes or exoenzymes, e.g. enzymes found in bacteria, fungi and
some insectivores like Drosera and Nepenthes. They act chiefly as digestive enzymes, catalyzing the
breakdown of complex substances to simpler ones which can readily be absorbed by the cell.
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RNA-enzymes or ribozymes:
A few RNA molecules have been found which function as enzymes. They are called ribozymes and occur
in both prokaryotes (e.g. E. Coli) and eukaryotes (e.g. the protistan Tetrahymena thermophila).
Ribozymes generally catalyze the excision of extra ribonucleotides from pre-RNA transcripts such as the
pre-tRNA of E. coli and the pre-rRNA of T. thermophila, and subsequent splicing together of their
remaining segments. Even when carrying a protein part in its molecule, it is the RNA part of ribozyme that
functions as its catalytic subunit and continues active catalysis even when free from the protein. For
example, RNase P of E. coli is made of a polyanionic RNA and a small basic protein, but it is the RNA
subunit which catalyzes the excision of extra ribonucleotides from the 5’-end of pre-tRNA molecules.

Comparison between enzymes and inorganic catalysts:
1. Like inorganic catalysts, enzymes bind to their substrates to form highly reactive and unstable enzyme-
substrate intermediates which subsequently dissociate to release the products.
2. Like inorganic catalysts enzymes remain unchanged in mass and form on completion of the reaction
they catalyze. So, very small amounts of an enzyme may be repeatably used to change large amounts of its
substrates.
3. Neither enzymes nor inorganic catalysts can alter the equilibrium constant of the reaction, because they
influence the forward and reverse reactions to the same extent. Nor do the enzymes and inorganic
catalysts alter the overall free energy change (G) of the reaction.
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4. Neither enzymes nor inorganic catalysts can initiate any reaction that does not occur spontaneously at
even a low rate in their absence.
5. Like the inorganic catalysts, enzymes catalyze the reactions by lowering the activation energy
required for forming or cleaving the covalent bonds.
6. In contrast to tiny ions or molecules inorganic catalysts, enzymes are macromolecular proteins and
RNAs, with specific 3D molecular conformations. Enzyme activity depends on this 3D higher order of
structure.
7. An inorganic catalyst can bind to a wide variety of substrates and catalyze diverse types of
reactions. In contrast, each enzyme catalyzes a specific reaction of either a single specific substrate or
a few specific substrates only, because its substrates must have specific 3D forms to fit into the 3D
substrate-binding site of the enzyme and must possess groups capable of binding to specific groups
at the binding site of the enzyme by covalent or noncovalent bonds. This is known as substrate-
specificity of the enzymes.
8. Unlike inorganic catalysts, the activity of an enzyme is altered by changes in pH, temperature and
ionic strengths and also on binding with specific substances (ligands) because these factors affect its
3D higher order structure, the ionized states of its groups and other properties needed for optimum
catalysis. Thus such factors regulate enzyme activities in vivo, while inorganic catalysts cannot be so
regulated.
9. In contrast to inorganic catalysts, enzymes are synthesized under the direction of genes. So their
synthesis may be regulated by factor affecting the genes or influencing the transcription of mRNAs and the
translation of peptides.



7

Cofactors for activity:
The catalytic activity of many enzymes depends on the presence of small molecules termed cofactors,
although the precise role varies with both of the cofactor and the enzyme. Such an enzyme without its
cofactor is referred to as an apoenzyme; the complete, catalytically active enzyme is called a
holoenzyme.

Apoenzyme + Cofactor = Holoenzyme
Cofactors can be subdivided into two groups: metals and small organic molecules. The enzyme CA,
for example, requires Zn2+ ion for its activity. Glycogen phosphorylase which mobilizes glycogen for
energy, requires the small organic molecule pyridoxal phosphate (PLP).

Cofactors that are small organic molecules are called coenzymes. Often derived from
vitamins, coenzymes can be either tightly or loosely bound to the enzyme. If tightly bound, they are
called prosthetic groups. Loosely associated coenzymes are more like cosubstrates because they bind
to and are released from the enzyme just as substrates and products are. Enzymes that use the same
coenzyme are usually mechanistically similar.

Vitamins as precursor to coenzymes:
Many enzymes require cofactors to be catalytically active. One class of these cofactors, termed
coenzymes, consists of small organic molecules, many of which are derived from vitamins. Vitamins
themselves are organic molecules that are needed in small amounts in the diets of some higher animals.
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These molecules serve the same roles in nearly all forms of life, but higher animals lost the ability to
synthesize them in the course of evolution. For instance, whereas E. coli can thrive on glucose and
organic salts, human beings require at least 12 vitamins in the diet. The biosynthetic pathways for
vitamins can be complex, thus it is biologically more efficient to ingest vitamins than to synthesize the
enzymes required to construct them from simple molecules. This efficiency comes at the cost of
dependence on other organisms for chemicals essential for life. Indeed, vitamin deficiency can generate
diseases in all organisms requiring these molecules.

Nomenclature and classification of enzymes:
1. Substrate acted upon by the enzyme: Duclaux named the enzymes by adding the suffix -ase in the
name of the substrate catalyzed. For example, enzymes acting upon carbohydrates were named as
carbohydrases, upon proteins as proteases, upon lipids as lipases, upon nucleic acids as nucleases and
so on.
2. Type of reaction catalyzed upon by the enzyme: The enzymes are highly specific as to the reactions
they catalyze. Hence this has necessitated their naming by adding the suffix -ase in the name of their
reaction. For example, hydrolysases (catalyzing hydrolysis), isomerases (isomerization) oxidases
(oxidation) transaminases (transamination), phosphorylases (phosphorylation) etc.
3. Substrate acted upon and type of reaction catalyzed: The names of some enzymes give clue of both
the substrate utilized and the type of reaction catalyzed. For example succinic dehydrogenase catalyzes
the dehydrogenation of the substrate succinic acid.


