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Although angiotensin I–converting enzyme (ACE) is well into
middle age (1) considering the years passed since its discovery,
it still provides investigators with novelties. (Of course, the en-
zyme has not changed in essentials in 600 million years since it
arose by gene duplication [2], but its image keeps changing.)
The article by Azizi et al. (3) in this issue of 

 

The Journal

 

 adds
another facet to ACE research and possibly additional appli-
cations of its inhibitors.

Since the discovery of ACE as a factor that converted an-
giotensin I (Ang I) to II, and as an inactivator of bradykinin by
the same peptidyl dipeptidase action (1), it turned out to be a
widely distributed enzyme, mostly bound to plasma mem-
brane, which cleaves peptides at protected (substance P) or
unprotected (enkephalin) COOH termini and even at NH
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terminus (luteinizing hormone releasing hormone [LHRH])
(1, 4). The development of ACE inhibitors led to their success-
ful clinical applications (5).

Somatic ACE contains active N- and C-domains (1). The
C-domain incorporates a transmembrane anchor peptide, and
the domains face the lumen of conduits, whether in blood ves-
sels, intestine, or proximal tubules. The two domains have a
high degree of homology at the active centers (2), but differ in
some properties. Cl
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 activates the N-domain less and kinetics
of inhibition of the two active centers are not identical. While
both domains cleave bradykinin, Ang I, and substance P, the
rate of hydrolysis can be dissimilar with each active site; for ex-
ample, Ang I is converted about three times faster by the
C-domain (6), and at low Cl
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the N-domain cleaves LHRH 12
times faster (4).

Recently, a short active ACE having only an N-domain was
recovered from human ileal fluid. It is probably a product of
protease(s), but resistant to degradation by the enzyme(s),
which cleaves the bridge section connecting the domains. Its
activity resembles that of the recombinant ACE with a single,
active N-domain (7).

Azizi et al. (3) used captopril, which has a higher affinity
for the N-domain active center, in their studies on 

 

N

 

-acetyl-
Ser-Asp-Lys-Pro (Ac-SDKP). The peptide has a protected
NH
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 terminus and proline at COOH terminus, thus, it should
be resistant to the common, garden variety amino- and car-
boxy-peptidases. It is released endogenously from the precur-
sor protein thymosin 

 

b
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 in bone marrow cells and is a negative
regulator of stem and other cells; by blocking G

 

1

 

-S transition,
it blocks DNA synthesis. The peptide is tested clinically to
ameliorate the toxicity of some cancer chemotherapeutic
agents (3), and, as suggested previously, is cleaved in human
plasma by the N-domain of ACE (8). Studies on the kinetics
by recombinant mutant ACE showed that Ac-SDKP is hydro-
lyzed 50 times faster by the N-domain than by the C-domain,
with a specificity constant approaching that of Ang I (6). A sin-
gle oral dose of captopril raised the level of endogenous Ac-
SDKP in circulation 5.5-fold in volunteers, from 3 pmol/ml to a
peak of 18 (3). The administered captopril also inhibited the
slow hydrolysis of Ac-SDKP in aliquots of the subjects’ plasma

in vitro. The peptide has a 4.5-min half-life in circulation, thus,
it is probably released continuously. ACE activity is low in
plasma but concentrated on plasma membrane of endothelial,
epithelial, and neuroepithelial cells (1). ACE should cleave
this substrate primarily on cell membranes, and not in plasma,
as shown decades ago by Vane with Ang I (1). The inhibition
of ACE in plasma samples can be an indicator of the inhibition
obtained in tissues.

Besides the suggested potential use of ACE inhibitors in
chemotherapy in combination with Ac-SDKP, the authors
speculate further. ACE inhibitors can block vascular tissue
proliferation, for example, neointima formation, probably by
blocking the release of the mitogenic Ang II and prolonging
the half-life of bradykinin, which can be antiproliferative. Ac-
SDKP is another substrate for ACE where its inhibitors could
affect cellular activity. On the negative side, Ac-SDKP may
delay regenerative tissue proliferation or potentially cause
anemia (3).

Without employing the too frequently used disclaimer,
“Undoubtedly, more experiments have to be done before . . .,”
which can negate the conclusions of a paper, some questions
raised by this initial report should be answered. Is the level of
circulating Ac-SDKP high enough to affect stem cells or is it a
spillover of a locally acting agent? Where is the peptide metab-
olized in bone marrow, and where do ACE inhibitors act?
Blood cells have low ACE activity. Would ACE inhibitors
without the SH group of captopril also raise the endogenous
peptide level? Nevertheless, it appears also from this report
that the active centers, the twin domains of ACE, located in a
single peptide chain, can have separate, important functions,
some of them shown here for the N-domain.
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