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2.4 Proteases

2.4.1 Angiotensin-Converting Enzyme and
the Discovery of Captopril. Thedesign of cap-
topril was a landmark in the application of
structural models for developing enzyme in-
hibitors (81,82). Thisdiscovery rapidly led to
thedevelopment of afamily of therapeutically
useful inhibitors of angiotensin-converting
enzyme for the treatment of hypertension
(83). The story has been reviewed thoroughly
(for a historical perspective, seeeither Ref. 84
or Ref. 85), and is briefly summarized here.
AngiotensinII, a circulating peptide with po-
tent vasoconstrictionactivity, is generated by
the C-terminal hydrolyticcleavage of a dipep-
tidefromangiotensin I, catalyzed by angioten-
sin-converting enzyme. Therefore, inhibitors
of angiotensi n-converting enzyme are vasodi-
lators. [Animportant aside: Angiotensin| is
generated from a precursor by the action of
renin, another exopeptidase that is an aspar-
tyl protease. An orally availablerenin inhibi-
tor remainsan elusivegod, althoughthereare
still effortsunder way that useSBDD methods
(86). Renin inhibitors were early toolsin the
study o the essential aspartyl protease of hu-
man immunodeficiency virus (HIV), which is
discussed | ater.]

10.8). This model was based on the already
known X-ray structure of bovine pancreatic
carboxypeptidaseA. Both enzymes are C-ter-
minal exopeptidasesthat require zinc ion for
activity, but differ in that carboxypeptidase A
releases an amino acid, rather than a dipep-
tide. Hence, the binding site for the angioten-
sin-converting enzyme was postulated to be
longer, and to contain groupsto interact with
the central peptide linkage. The suggestion
had been made (87) that theinhibition of car-
boxypeptidase A by benzylsuccinate could be
explai ned by viewingbenzylsuccinateasa " by-
product analog"” (Fig. 10.8, top). The hypothe-
siswasthat onedf the carboxylatesboundinto
a cationic site, whereas the other interacted
withtheactivesitezinc. If thisweretrue, then
asimilar model for angiotensin-converting en-
zymepredictedthat slightly longer diacids, de-
signed with someregard for the sequencepref-
erences of the converting enzyme, should
inhibit that enzyme. This hypothesis was
quickly confirmed by theinhibitory activity o
succinyl-proline(28a).

Peptide sequencesrelated to those of snake
venom peptides had already been used to de
fine the structural requirements for peptide
inhibitors of angiotensin-converting enzyme.
Peptides are unstable in vivo and poorly ab-
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A key tool in the discovery o captopril at
Squibb was the use o a model for the active
site d angiotensin-converting enzyme (Fig.
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sorbedintestinally, and thusare not good drug
candidates. However, the best peptide inhibi-
tor was 500-fold more potent than (28a). The





