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OUR GLOBE

*CONTINENTS, SUB-CONTINENTS,
COUNTRIES, STATES, CITIES, VILLAGES,
ETC.

*OCEANS, SEAS, MOUNTAINS, HILLS,

VALLEYS, DESERTS, RIVERS, LAKES,
WATER-FALLS, FORESTS,
ETC.
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COMPONENTS OF OUR BIOLOGICAL GLOBE

OUR BIOLOGICAL GLOBE IS BASICALLY COMPOSED
OF CERTAIN GROUPS (OF COURSE WITH A LARGE
NUMBER OF SUB-TYPED DIVERSITIES) OF
COMPOUNDS ONLY..... WHICH ARE CALLED

** 4+ BIOMOLECULES* ****

*NUCLEIC ACIDS
*PROTEINS
*LIPIDS
*CARBOHYDRATES

*HORMONES
*VITAMINS
*OTHERS.........




OUR METABOLIC GLOBE




A brief recap of Enzymology

» Life is an intricate meshwork involving a perfect coordination of a vast
majority of chemical reactions. Some of these reactions result in
synthesizing large molecules; others in cleaving large molecules and still
others either utilize energy or liberate energy. All these reactions occur
very slowly at the low temperatures and the atmospheric pressures —
the conditions under which living cells carry on their life processes. Yet
in the living cells these reactions proceed at extremely high rates. This is
due to the presence of some catalysts produced and synthesized inside
the cells. The term “ Enzyme” was first used by Frederick W. Kuhne
(1878) to designate these biological catalysts.

»The name ‘enzyme’ [en® = in ; zyme® = yeast] initially means ‘in yeast’.
This was referred to denote one of the most noteworthy reactions
wherein the production of ethanol and CO, through the agency of an
enzyme Zymase, present in yeast takes place.



> In the year 1926, James Summer first isolated and crystallized Urease,
which provided a breakthrough in early enzyme studies, and he found that
Urease crystals consisted entirely of protein.

»In 1930s, J.B.S. Haldane wrote a treatise entitled “Enzymes”. Haldane
suggested that weak-bonding interactions between an enzyme and its
substrate(s) might be used to distort the substrate and catalyze a reaction.
This insight lies at the heart of our current understanding of enzymology.

>In the latter part of the 20t Century, research on the enzymes of cellular
metabolism has been intensive. It was led to purification and
characterization of thousands of enzymes, elucidation of the structure and
chemical mechanism of many of these, and a general understanding of how
enzymes work.

»Virtually all enzymes are proteins, although some catalytically active RNAs
(Ribozymes) have been identified.



Basic Features

»Enzymes are bio-catalysts

»Enzymes are bio-macro molecules

» The molecular weight of enzymes ranges from 12 kDa to 500 kDa or even more

» Metabolic Enzymes are principally made up of proteins

> The primary, secondary, tertiary and quaternary structures of proteins are
essential to their catalytic activity

»Enzymes are synthesized within the cell and they are operative at the site of their
synthesis

» Enzymes change the rate or velocity of a biochemical reaction without being used
up themselves

»Enzymes are highly specific and their activity can be regulated

» For a biochemical reaction to proceed, the energy barrier needed to transform
the substrate molecules into the transition state has to be overcome

» The transition state has the highest free energy in the reaction pathway. The
difference in free energy between the substrate and the transition state is termed
the Gibbs free energy of activation (AG?).

> An enzyme stabilizes the transition state and lowers AG?, thus increasing the rate
at which the reaction occurs



The concept of ACTIVE SITE

»The active site is the region of the enzyme that binds the substrate, to
form an enzyme-substrate complex, and forms it into product.

»The active site is a three-dimensional entity, often a cleft or crevice on
the surface of the protein, in which the substrate is bound by multiple
weak interactions

»The substrate specificity of an enzyme is determined by the properties
and spatial arrangement of the amino acid residues forming the active
site

»The active centre is like a recess or pocket. The active centre of a
conjugated enzyme includes cofactors. The number of active centers in
oligomeric enzymes (those possessing a quaternary structure) may be
equal to the number of subunits, i.e., one centre per subunit.
Occasionally, two enzyme subunits can participate in the buildup of a
functionally active centre.



Structure of the Active centre:

There are distinguished, in the active centre, a contact site (anchor site) for binding a
substrate, and a catalytic site at which the conversion of the bound substrate takes
place. However, this functional differentiation is somewhat arbitrary, since the
binding of a substrate at the contact site does not leave unaffected the specificity
and the rate of substrate conversion at the catalytic site.

Usually, the enzyme active centre is made up of 12 to 16 amino acid residues of a
polypeptide chain; occasionally their number may be larger. The amino acids that
constitute the active centre are located at various sites of the polypeptide chain,
often at its opposite ends. When folded in space, they approach one another and
form the active centre. The remaining amino acid residues of the enzyme
polypeptide chain provide for an appropriate spatial configuration of the active
centre and exert influence on the reactivity of its constituent groups.

The amino groups found in a close proximity of the active centre and capable of
influencing the reactivity of its functional groups are sometimes called accessory
groups. Remote amino acid residues that exert a conformational influence on the
enzyme molecule are called facilitating groups. About 1/2 to 2/3 of the total number
of enzyme protein amino acids are engaged, directly or indirectly, in the functioning
of the active centre.
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Hence, the definition of enzyme can be coined:

A biomolecule, either protein or RNA, that catalyzes a
specific biochemical reaction. It does not affect the
equilibrium of the catalyzed reaction; it enhances the rate
of a reaction by providing a reaction path with lower
activation energy.
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Mechanism of enzyme reaction: The key concepts

*Enzymes affect reaction rates, not equilibria

*Reaction rates and equilibria have precise thermodynamic definitions

A few principles explain the catalytic power and specificity of enzymes
*Weak interactions between enzyme and substrate are optimized in the
transition state

*Enzymes use binding energy to provide reaction specificity and catalysis
*Specific catalytic groups contribute to catalysis

*Enzyme kinetics as an approach to understanding mechanism
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