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pected carboxylate anion, provided evidence
that cation-# interactionsmay play an impor-
tant rolein ligand binding (65, 66). Modd sys-
tems suggest that, energetically, the cation-
interaction can competewith full aqueoussol-
vation in binding cations (61), and there is
now significant effort being expended in
studying the contribution of these interac-
tionsto molecular recognition (62, 66).

In summary, the K; providesan indication
d the relative stability d the enzyme-inhibi-
tor complex compared to stability of the en-
zymeand inhibitor freein solution. Moreover,
it is clear that entropy, enthalpy, and water
will all have a mgor impact on the binding of
an inhibitor to an enzyme.

2.2 Steady-State Enzyme Kinetics

Just as an appreciation of theforcesinvolved
Is essential to comprehending the binding of
an inhibitor to an enzyme, so is an under-
standing of the kinetic analysisof an enzyrne-
catalyzed reaction essential to any kinetic
evaluation of an inhibitor. In this section we
provide a brief introduction to the study of
enzyme kinetics, particularly steady-state ki-
netics. Regardless, the reader isadvised to re-
fer to other sourcesfor morein-depth reviews
d the kinetic equations and mathematical
derivationsinvolved (38, 60, 67-71).

221 The Michaelis-Menten Equation. In
the ssimplest case, an enzyme-catalyzed reac-
tion involves the conversion o a single sub-
strate to asingle product, as shown in Equa-
tion 17.8.

E+S=E-S=E-P=E+P (17.8)

Thefreeenzyme(E) bindsthesubstrate (S)
to form a noncovalent enzyme-inhibitor com-
plex (E . S). Thisisassumed to be arapid, re-
versible process, not involving any chemical
changes, and with the affinity o thesubstrate
for the enzyme's active site being determined
by thebinding forcesdiscussed above. A chem-
ical transformation of substrate to product
(P),initially in complex with enzyme (E . P),
then takes place. Finaly, the product (P) is
released into the medium with concomitant
regeneration of free enzyme (E).

As can be seen from the following discus-
sion, it is not difficult to carry out a Kinetic
analysisof asingle-substrate reaction such as
that described in Equation 17.8. However, as
more substrates are added the task becomes
morecomplex. Fortunately, kinetic analysisdof
enzymatic reactions involving two or more
substrates can be made easier by varying the
concentration of only one substrate at atime.
By keeping all but one o the substrates at
fixed, saturating concentrations, the reaction
rate will depend only on the concentration of
the varied substrate. This permits the use of
thekinetic analysis employed for enzyme-cat-
ayzed, single-substrate reactions even for
complex multisubstratereactions. | nafurther
simplification, the dissociation of the E.P
complex is assumed not to be rate limiting,
and the reversion d product to substrate is
assumed to be negligible. The latter assump-
tion isvaid under what are known as initial
velocity conditions, that is, when less than
about 5%0f substrate hasbeen consumed. Un-
der these conditions, theconcentration of Pis
low, and Equation 17.8 simplifiesto Equation
17.9.
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Generally, kinetic analyses are carried
out by studying the reaction under steady-
state conditions, that is, when the concen-
tration of the enzyme is well below that of
the substrate. Under those circumstances,
following a brief preequilibrium period, the
concentrationsof thevariousenzyme-bound
species, E.Sand E . Pin Equation 17.8, be-
come effectively constant and the rate of
conversion of substrate to product will
greatly exceed the change in concentration
of any enzyme species. Thisisan approxima-
tion but, provided the substrate concentra-
tion does not greatly change (e.g., under ini-
tial velocity conditions), it is a very useful
approximation. Given steady-state condi-
tions, the Michaelis-Menten equation
(Equation 17.10) is a quantitative descrip-
tion of the reaction described by Equation
17.9.





