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3 Rational Design of Covalently Binding Enzyme Inhibitors

3.1.2 Criteria for the Study of Mechanism-
Based Inactivators. Inaddition totherequire-
ments described abovefor an affinity label, a
mechanism-based inhibitor should also dem-
onstrate thefollowing:

1. Occurrence d a catalytic step. The maor
difference between the mechanism of inac-
tivation of mechanism-based inactivators
vs. that of any other typedf inhibitor isthe
obligate involvement of a catalytic step,
that is, step 2 in Equation 17.46. Initially,
the mechanism-based inhibitor binds re-
versibly toformtheE. | complex. The en-
zymethen startsits normal catalytic cycle,
resulting in the conversion of theinhibitor
into a reactive species (1). If the reactive
speciesiselectrophilic,it may react with an
active-site nucleophile, much like an affin-
ity label. If the reactive speciesis nucleo-
philic, it may react with an electrophilic
species on the enzyme, probably an oxi-
dized cofactor. Finally, a radical species
may be generated that hasthe potential to
react with an enzyme radical, or generate
one by hydrogenatom abstraction. The ex-
periments necessary to provide evidence
for a catalytic step are obvioudy strongly
dependent on the individual catalytic
mechanism involved. The experiments
may include spectrophotometric detection
of oxidized or reduced cofactor, observing
C-H bond cleavage by monitoring the re-
lease o tritium, or the detection d some
component of cleaved inhibitor (such as
fluoride ion as in some examples shown
below).

2. Noreleased theactivated species beforeen-

zyme inactivation. For a mechanism-based
inactivator to retain its high specificity

duringinactivation, release o thereactive 3

gpecies from the active site must not be
part of the normal mechanism of inactiva:
tion. A time-dependent increasein therate
of inactivation points to the release of an
activated species before inactivation. This
increase in the rate of inactivation is
brought about by the accumulation of free
reactive speciesin solution. Inhibitors gen-
erated in this manner have been termed
metabolically activated affinity labels
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(171). Inthese cases, aswith affinity |abels,
nonspecific covalent modification of resi-
dues other than those located in the active
site cannot be excluded. A second test for a
metabolically activated affinity label is to
add an additional aliquot of fresh enzyme
totheincubation buffer. Thefresh enzyme
should beinactivated at ahigher ratethan
that of the first equivalent of enzyme be-
causethereismorereactivespeciespresent
in solution. By contrast, the mechanism-
based inhibitor should show no difference
in rate until the concentration of inhibitor
isdepleted. It should alsobe noted that the
observation of such rate increases necessi-
tates that the reactive speciesis relatively
stable and is not immediately quenched by
theincubation buffer.

Additional tests such asthe addition of
nucleophilicscavengers(e.g., thiolssuch as
dithiothreitol or B-mercaptoethanol) can
providefurther evidencefor thepresencecdt
a free, reactive electrophilic species. The
scavengersshould quench all of thefreere-
active species, thereby protecting the en-
zyme from inhibition. Unfortunately, this
method cannot exclude the possibility that
a nucleophilic thiol may even attack the
bound reactive species at the activesite o
the enzyme (which would also giverise to
protection from inactivation). However,
the use of a bulky thiol, such as reduced
glutathione, should limit that possibility.
An alternative scenariooccurswherein the
rel eased reactivespeciesreturnsand reacts
faster with an active-site nucleophilethan
with the added thiol. Clearly thisisa com-
plex problem and, consequently, it isadvis-
able to use severa different tests to avoid
misleadingconclusions.

Partition ratio. The partition ratio is the
ratio o product releaseto enzymeinactiva
tionandisameasure of theefficiency of the
mechanism-based inhibitor. Formally, it
refers to the ratio &%k, (Equation 17.46).
The most efficient inactivators will have
partition ratio of zero. I n those cases, the-
oretically, every enzymatically processed
inhibitor moleculewill result in theinacti-
vation o a molecule & enzyme. Even
though the partitionratioisindependent of





