
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. 2Dr. Jishnunil Chakraborty



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.
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4. Substance that is synthesized: A few enzymes have been named by adding the suffix -ase to the name
of the substance synthesized. For example, fumarase that forms fumarate irreversibly from L-malate.
5. Chemical composition of the enzyme: Based on their chemical composition, the enzymes have been
named as pepsin, trypsin, papain etc. as these enzymes are consisted of proteins only.
6. Substance hydrolysed and the group involved: For carbohydrate hydrolysing enzymes glycosidases,
examples are cellulase, amylases, sucrase, lactase etc. For ester hydrolyzing enzymes – phosphatases,
sulphatases etc.
7. Overall chemical reaction taken into consideration: To bring some consistency to the classification of
enzymes, in 1964, the International Union of Biochemistry established an Enzyme Commission to
develop a nomenclature for enzymes. Reactions were divided into six major groups numbered 1 through
6. These groups were subdivided and further subdivided, so that a four-digit number preceded by the
letter EC for Enzyme Commission could precisely identify all enzymes.

Consider as an example nucleoside monophosphate (NMP) kinase, it catalyzes the reaction:
ATP + NMP ⇌ ADP + NDP

NMP kinase transfers a phosphoryl group from ATP to NMP to form a nucleoside diphosphate (NDP) and
ADP. Consequently, it is a transferase or member of Group 2. Transferases that shift a phosphoryl group
are designated 2.7. various functional groups can accept the phosphoryl group. If a phosphate is the
acceptor, the transferase is designated 2.7.4. The final number designates the acceptor more precisely.
In regard to NMP kinase, a nucleoside monophosphate is the acceptor, and the enzyme’s designation is EC
2.7.4.4. Although the common names are used routinely, the classification number is used when the
precise identity of the enzyme might be ambiguous. 5Dr. Jishnunil Chakraborty



Table: Six major classes of enzymes
Class Type of reaction Example

1. Oxidoreductases Oxidation-reduction Lactate dehydrogenase

2. Transferases Group transfer Nucleoside 
monophosphate kinase 
(NMP kinase)

3. Hydrolases Hydrolysis Chymotrypsin

4. Lyases Addition or removal of 
groups to form double 
bonds

Fumarase

5. Isomerases Isomerization 
(intramolecular group 
transfer)

Triose phosphate 
isomerase

6. Ligases Ligation of two 
substrates at the 
expense of ATP 
hydrolysis

Aminoacyl-tRNA 
synthetase
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