
Each catalyzed reaction takes place in a time equal to 1/k2 which is 1.7 s for CA.

Allosteric enzymes:
The Michaelis-Menten model cannot account for the kinetic properties of many enzymes. An important
group of enzymes that do not obey Michaelis-Menten kinetics comprises the allosteric enzymes. These
enzymes consist of multiple subunits and multiple active sites. Allosteric enzymes often display
sigmoidal plots of the reaction velocity V0 vs. substrate concentration [S], rather than hyperbolic plots
predicted by Michaelis-Menten equation.

Figure: The figure on the left shows a plot of V0 as a function of the substrate concentration [S] for an
enzyme that obeys Michaelis-Menten kinetics. The figure on the right shows kinetics for an allosteric
enzyme.
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In allosteric enzymes, the binding of the substrate to one active site can affect the properties of other
active sites in the same enzyme molecule. A possible outcome of this interaction between subunits is
that the binding of substrate becomes cooperative; that is, the binding of substrate to one active site of
the enzyme facilitates substrate binding to the other active sites. Such cooperativity results in the
sigmoidal plot as mentioned. In addition, the activity of an allosteric enzyme may be altered by
regulatory molecules that are reversibly bound to specific sites other than the catalytic sites. The
catalytic properties of allosteric enzymes can thus be adjusted to meet the immediate need of a cell.
For this reason, allosteric enzymes are key regulators of metabolic pathways in the cell.

Enzyme inhibitors: The activity of many enzymes can be inhibited by the binding of specific small
molecules and ions. This means of inhibiting enzyme activity serves as a major control mechanism in
biological systems. The regulation of allosteric enzymes typifies this type of control. In addition, many
drugs and toxic agents act by inhibiting the enzymes. Inhibition by particular chemicals can be a source
of insight into the mechanism of enzyme action.

Enzyme inhibition can be reversible or irreversible. An irreversible inhibitor dissociates very
slowly from its target enzyme because it has become tightly bound to the enzyme, either covalently or
noncovalently. Some irreversible inhibitors are important drugs. Penicillin acts by covalently modifying
the enzyme transpeptidase, thereby preventing the synthesis of bacterial cell walls and thus killing the
bacteria. Aspirin acts by covalently modifying the enzyme cyclooxygenase, reducing the synthesis of
inflammatory signals. While reversible inhibition is characterized by a rapid dissociation of the
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In competitive inhibition, an enzyme can bind substrate (forming ES complex) or inhibitor (EI
complex) but not both (ESI complex). The competitive inhibitor resembles the substrate and binds to
the active site of the enzyme. The substrate is thereby prevented from binding to the same active site. A
competitive inhibitor diminishes the rate of catalysis by reducing the proportion of enzyme molecules
bound to a substrate. At any given inhibitor concentration, competitive inhibition can be relieved by
increasing the substrate concentration. Under these conditions, the substrate ‘outcompetes’ the
inhibitor for the active site. Methotrexate is a structural analogue of trtrahydrfolate, a coenzyme for
the enzyme dihydrofolate reductase, which plays a role in the biosynthesis of purines and pyrimidines.
It binds to dihydrofolate reductase 1000-fold more tightly than the natural substrate and inhibits
nucleotide base synthesis. It is used to treat cancer.

In noncompetitive inhibition, which is also reversible, the inhibitor and substrate can bind
simultaneously to an enzyme molecule at different binding sites. A noncompetitive inhibitor acts by
decreasing the turnover number rather than by diminishing the proportion of enzyme molecules that
are bound to the substrate. Noncompetitive inhibition, in contrast with competitive inhibition cannot
be overcome by increasing the substrate concentration. A more complex pattern, called mixed
inhibition, is produced when a single inhibitor both hinders the binding of substrate and decreases the
turnover number of the enzyme.
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Figure: Distinction between a competitive and a noncompetitive inhibitor. 
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Stereospecificity of enzymes:
Many enzymes possess different types of stereospecificity. They act on a specific stereoisomer of the
substrate and not on its other isomer. One such stereospecificity is called D-L stereospecificity. For
example, L(+)-3-hydroxyacyl-CoA dehydrogenase oxidizes L-stereoisomers of 3-hydroxyacyl-CoA
molecules during -oxidation, but not their D-isomers. Generally, most carbohydrate-metabolizing
enzymes are D-stereospecific while most amino acid-metabolizing enzymes are L-stereospecific.

Because the D and L stereoisomers are also the dextrorotatory and levorotatory (d and l)
optical isomers of each other, such enzymes may also be said to possess d-l optical specificity. For
example, L(+)-3-hydroxyacyl-CoA dehydrogenase specifically oxidizes the dextrorotatory isomers of 3-
hydroxyacyl-CoA molecules, but not their levorotatory isomers.

Because D and L stereoisomers of a substrate are mirror images of each other, existence of such
stereospecificity of enzymes indicates that there must be at least a three-point binding between the
substrate and the active site of the enzyme. This alone would cause the enzyme to bind to one of the
stereoisomers of a substrate in exclusion of its other stereoisomer.

Some enzymes such as racemases can act on both stereoisomers of the substrate. For
example, amino acid racemases can act on both D and L amino acids, isomerizing each to its other
stereoisomer.
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Geometric or cis-trans specificity:
This is another form of stereospecificity. Many enzymes, acting on substrates with double bonds in the
carbon chain, exhibit cis-trans specificity. They can bind to and act on either the cis or the trans
isomer alone of the substrate. For example, aconitase of mitochondria can act only on cis-aconitic acid
and not on trans-aconitic acid; fumarase of mitochondria acts only on fumaric acid (trans isomer), but not
on maleic acid (cis isomer). Some enzymes, however, can act on both cis and trans isomers of their
substrates. For example, 2-enoyl-CoA hydratase of mitochondria has no cis-trans specificity and can
hydrate both cis and trans isomers of 2-enoyl-CoA into respectively D() and L(+) stereoisomers of 3-
hydroxyacyl-CoA.

COVID-19 (the RNA VIRUS)…..Medical applications of polymerase chain reaction
RT-PCR:
In Reverse Transcription-Polymerase Chain Reaction, the RNA population is first converted to cDNA
(complementary DNA) by reverse transcription. The PCR employs a thermostable DNA polymerase
and appropriate oligonucleotide primers to produce thousands of copies of a definite segment of DNA
from a minute quantity of starting material. PCR enables medical, biological and forensic scientists
to detect and characterize DNA present initially at levels too low for direct detection.
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