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SHORT COMMUNICATIONS

Degradation of angiotensin I to [des-Asp']angiotensin I by a novel aminopeptidase
in the rat hypothalamus

(Received 3 December 1993; accepted 16 May 1994)

Abstract—The particulate enzyme that degrades angiotensin I (ANG I) to [des-aspartate'jangiotensin
I ([des-Asp']ANG 1) in the hypothalamic homogenate of the rat has been established as a specific
aminopeptidase. The major characteristic is its resistance to inhibition by 107* M amastatin, bestatin
and EDTA. Among the four amino acyl-f-naphthylamides (aspartyl-, glutamyl-, arginyl- and leucyl-$-
naphthylamide), aspartyl-g-naphthylamide is the most susceptible substrate of the enzyme; being
degraded at twice the rate of arginyl- and leucyl-f-naphthylamide, and six times that of glutamyl-g-
naphthylamide. Although the precise role of this aminopeptidase has yet to be determined, its presence
establishes the existence of a specific pathway for the degradation of ANG I that bypasses the formation
of ANG II. The relationship between degradation and hypertension is shown by our recent findings
that the formation of [des-Asp'JANG I form ANG I in the hypothalamic homogenate of the
spontaneously hypertensive rat (SHR) is significantly enhanced, and the findings of other investigators
that the production of ANG II by neuronal cultures of the SHR is significantly decreased.
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It has been known for some time that mammalian tissue
degrades ANG I* to [des-Asp'|ANG I besides ANG 11
[1,2]. [des-Asp!]ANG I has also been detected in the rat
[3] and human [4] circulation. However, the importance
of this pathway and the specific aminopeptidase involved
in the formation of [des-Asp']JANG I has remained
unknown. The paucity of information is probably due to
the fact that, unlike ANG II, [des-Asp'|ANG I is a
relatively inactive peptide. Studies with [des-Asp!]ANG I
tend to indicate that it has pressor and steroidogenic
actions, but that a major portion of these actions is
dependent on its conversion to ANG III [5-8]. In a recent
study, we found that homogenates of the rat aorta [9] and
hypothalamus [10] degrade exogenous ANG T to mainly
[des-Asp'JANG 1 instead of ANG 1I and that the enzyme
involved in the degradation was an uncharacterized
aminopeptidase. The activity of this aminopeptidase in the
hypothalamus of two models of hypertensive rats has also
been found to be significantly higher than in the
corresponding normotensive controls [10]. The present
study established the hypothalamic enzyme to be a specific
aminopeptidase that is involved in the formation of [des-
Asp'JANG 1. For ease of reference throughout the text,
this aminopeptidase is referred to as either hypothalamic
aminopeptidase or aminopeptidase.

Materials and Methods

Preparation of tissue homogenates. Three to four month
old male Sprague-Dawley rats (body weight between 250
and 300 g) were obtained from the local University Animal
Centre. The animals were killed by decapitation. Each
brain was removed and placed in cold saline solution. The
hypothalamus was dissected according to the method of
Glowinski and Inversen [11]. Four pooled hypothalami

* Abbreviations: ANG, angiotensin; [des-Asp']ANG
I, [des-aspartate'langiotensin I; SHR, spontaneously
hypertensive rat.

were sonicated in 4 volumes (v/w) of 0.1 M Tris—-HCl buffer
pH 7.5 (5 min at maximum speed in a Vibra Cell sonicator)
to obtain the homogenate. Three hundred microlitres of
homogenate were introduced into dialysing tubing
(10,000 Da molecular mass cutoff) and dialysed against
1000 mL of the same Tris buffer for 2 hr. The remainder
of the homogenate was then centrifuged at 100,000 g and
4° for 60 min using the Beckman TL 100 ultra centrifuge.
The supernatant was decanted and the pellet resuspended
in equal volume of buffer. Both the supernatant and
resuspended pellet were dialysed as with the homogenate.
The protein concentration in the tissue solutions was
determined by the method of Lowry er al. [12].

Aminopeptidase assay. The assay of hypothalamic
aminopeptidase was carried out using ANG 1, arginyl-g-
naphthylamide, glutamyl-g-naphthylamide, lucyl-S-naph-
thylamide and aspartyl-g-naphthylamide as substrates. The
assay protocol using ANG [ as substrate was as described
previously [10]. Briefly, 105uL of each homogenate,
supernatant or resuspended pellet were added to a 210 uL
solution of ANG I in 0.1M Tris-HCl buffer, pH 7.5,
containing 300 uM ANG I in a final volume of 315 uL.
Incubation was carried out at 37° and three sequential
aliquots of 100 uL of this incubation solution were pipetted
into three separate vials containing 100yl of 0.5M
perchloric acid at 5, 10 and 15 min, respectively. These
three solutions were then centrifuged at 100,000 g and 4°
for 2 hr. The angiotensins in each supernatant were then
separated and quantitated by capillary electrophoresis, as
described previously [10, 11]. The assay of hypothalamic
aminopeptidase was also carried out in the presence of
107*M amastatin, bestatin and EDTA.

Preliminary experiments showed that the homogenate
and resuspended pellet, but not the supernatant, degraded
ANG I to [des-Asp'JANG 1, and that the degradation was
not affected in the presence of a combination of 107*M
amastatin, bestatin and EDTA. This indicates that
hypothalamic aminopeptidase is a particulate enzyme that
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Fig. 1. pH optima of aminopeptidase X. The enzyme was

assayed as described in the text. Each point is the mean

value of four separate sets of determination. The vertical

bars represent SEM. Sodium phosphate buffer was used
for pH 5.5 to 7 and Tris-HCI for pH 7.5 to 10.

is resistant to the two common aminopeptidase inhibitors
and EDTA. Hence, substrate characterization of the
enzyme i.e. assay of the enzyme using and the four amino
acyl-B-naphthylamides was carried out using only the
hypothalamic homogenate. As amino acyl-S-naphthyl-
amides are substrates of alarge number of aminopeptidases,
the incubation was carried out in the absence and presence
of a combination of 107* M amastatin, bestatin and EDTA
to determine the activity of total aminopeptidases and
aminopeptidase X, respectively. The protocol for the assay

Short communications

of total hypothalamic aminopeptidases was as follows. Fifty
microlitres of homogenate was added to 2.45 mL of a Tris—
HCI buffer, pH 7.4, containing 750 uM of one of the four
amino acyl-g-naphthylamides in the final volume of 2.5 mL.
For assay of hypothalamic aminopeptidase, the homogenate
was incubated with 10 * M amastatin, bestatin and EDTA
for 10 min prior to the addition of the substrate. Incubation
was carried out at 37° and three sequential aliquots of
800 uL. of the mixture were then transferred to scparate
stoppered tubings at 0, 20, 40 and 60 min. respectively.
The tubings were then immersed in boiling water for 10 min
to kill the enzyme and the mixture centrifuged for 10 min
at 5000 g. Each supernatant was then transferred to a
quartz cuvette and the amount of S-naphthylamine formed
was measured by its absorption at 336 nm. The reading of
the O min sample was used as the control. The conversion
of aspartyl-f-naphthylamide to S-naphthylamine by soluble
aminopeptidases was followed spectrophotometrically in
an earlier experiment to determine the extinction coefficicnt
of the conversion.

To test whether the degradation of ANG II to ANG 111
in the same hypothalamic homogenate reported in our
earlier study [10] was brought about by hypothalamic
aminopeptidase or aminopeptidase A, an assay using
300 uM ANG II as substrate was carried out in the presence
of 10"* M of the three inhibitors. In addition, hypothalamic
aminopeptidase activity was tested after 60min pre-
incubation with 80 mM MnCl, (to compare it to a soluble
aminopeptidase from the dog kidney, sce Discussion for
details). In this assay only amastatin and bestatin, but not
EDTA, were included in the assay mixture.

Effect of pH. The assay of hypothalamic aminopeptidase
using ANG I and aspartyl-#-naphthylamide as the substrate
was also conducted at different pHs (see Fig. 1 for details).
In an earlier experiment, the UV absorption of f-
naphthylaminc at the same pHs was also determined. This
was carried out to establish that within the pH range the
UV absorption of the amine remained constant.

Effect of Triton X-100, trypsin and 0.5 M NaCl. To test
whether this particular enzyme is a bona fide integral
membrane protein, the homogenate was treated with
Triton X-100(0.1-0.2%, w/v). trypsin (0.01-0.025% . w/v).
0.5 M NaCl and a combination of Triton X-100 and trypsin,
respectively. It was then centrifuged at 100,000 g and the
enzyme activity in the 100,000 ¢ supernatant was
determined.

Drugs. ANG I. ANG 11, ANG III, amastatin, bestatin,
the amino acyl-g-naphthylamides, p-naphthylamine and
trypsin were purchased from the Sigma Chemical Co. (St
Louis, MO, U.S.A.). [des-Asp'|ANG I was purchased
from BACHEM Feinchemikalien AG (Switzerland).

Results
The maximum UV absorption of f-naphthylamine at
336 nm does not vary with pH (from pH 5.5 to 10). Similar

Table 1. Hydrolysis of synthetic substrates by particulate aminopeptidase X
from the rat hypothalamus

Aminopeptidase activity
(nmol/min/mg protein)

Substrate Total* Aminopeptidase Xt
Arginyl-f-naphthylamide 342x20 8.0 £ 0.04
Aspartyl-B-naphthylamide 35715 185+ 0.11
Glutamyl-g-naphthylamide 33.8 = 1.8 3.0 +0.01
Lucyl-B-naphthylamide 219+ 1.2 9.5+ 0.07

The values are the means = SEM of three separate determinations. Assayed
in the *absence and tpresence of 10 M amastatin, bestatin and EDTA.
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findings have also been reported by Lee er al. [13]. The
£336 and &4 for the formation of S-naphthylamine from
aspartyl-#-naphthylamide were found to be 1850 and 1775,
respectively. The latter is close to the value of 1780 reported
by Lee et al. [13].

Table 1 shows that hypothalamic aminopeptidase exhibits
substrate specificity; having aspartyl-B-naphthylamide as
the most susceptible substrate. Figure 1 shows that
hypothalamic aminopeptidase has a pH optima of 7.8. The
value remained constant, irrespective of whether ANG I
or aspartyl-g-naphthylamide was used as the substrate.
This, together with the fact that the assay was carried out
in the presence of amastatin, bestatin and EDTA indicates
that it is hypothalamic aminopeptidase that degrades the
two substrates. The degradation of ANG II to ANG Il in
the hypothalamic homogenate was not inhibited by 1074 M
amastatin, bestatin and EDTA indicating that hypothalamic
aminopeptidase also degrades ANG II to ANG IIL
However, compared with the rate of formation of [des-
Asp']ANG I, the rate of ANG III formation is about 65%
of the former. Preincubation with 80 mM MnCl, for 60 min
inhibited hypothalamic aminopeptidase activity by about
20% (from 7.3 = 0.5 t0 5.8 = 0.4 nmole/min/mg protein).

Less than 10% of hypothalamic aminopeptidase activity
was detected in supernatant of homogenate treated with
0.1-0.2% Triton X-100. Fifty per cent of activity was
detected in supernatant of homogenate treated with 0.015%
trypsin but higher concentrations of trypsin inactivated the
enzyme. A combination of 0.2% Triton X-100 and 0.015%
trypsin yielded a supernatant containing 75% of enzyme
activity. The low activity in Triton X-100-treated
preparations could be due to the association of the detergent
form of the enzyme with sedimentable cytoskeleton. This
association was probably prevented by trypsin which
converted the detergent to the protease form of the
solubilized enzyme. The enzyme was not solubilized by
0.5M NaCl, indicating that hypothalamic aminopeptidase
was not a cytosolic protein that had associated itself with
membrane fragments.

Discussion

The present data show that the degradation of ANG I
to [des-Asp']ANG I in the rat hypothalamic homogenate
is brought about by a specific aminopeptidase that has not
been described before. As with most aminopeptidases, the
hypothalamic aminopeptidase appears to be an integral
membrane protein. The currently known particulate amino-
peptidases that are able to degrade ANG I and aspartyl-
B-naphthylamine to their respective [des-Asp] compounds
include the ubiquitous aminopeptidase N (EC 3.4.11.2),
aminopeptidase A (EC 3.4.11.7) and aminopeptidase W
(EC3.4.11.-) [14]. However, these enzymes are susceptible
to inhibition by amastatin and or bestatin, having K; or iCs,
values in the nano to lower umolar range [14, 15], whilst
hypothalamic aminopeptidase is not affected by 100 uM of
the two inhibitors. In addition, the substrate specificity of
these three particulate aminopeptidases [14] is different
from that of hypothalamic aminopeptidase, which degrades
aspartyl-B-naphthylamide at six times the rate of glutamyl-
B-naphthylamide. However, there are two reports of an
aminopeptidase which readily hydrolysed the aspartyl
residue from ANG I. One is a soluble aminopeptidase
from dog kidney which is also not inhibited by EDTA but
is stimulated by MnCl, [16], and another is detected in the
intact perfused rat lung which has been shown to hydrolyse
ANG I'but not ANG II[17]. Hypothalamic aminopeptidase
is unlikely to be the soluble dog kidney aminopeptidase as
60 min preincubation with 80 mM MnCl, (which increased
the activity of the kidney enzyme by 200%, [16]) inhibited
the activity of hypothalamic aminopeptidase by about 20%.
Hypothalamic aminopeptidase is also unlikely to be the
lung enzyme as it hydrolyses ANG II to ANG III while
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the lung enzyme does not. However, definitive identification
of these enzymes requires further study.

Hypothalamic aminopeptidase together with angiotensin
converting enzyme and aminopeptidase N may, thus, be
part of a specific pathway for the degradation of ANG 1
that bypasses the formation of ANG II. The importance
of such a pathway has yet to be determined. However,
based on our recent finding that the hypothalamus of the
SHR exhibits enhanced level of this aminopeptidase [10],
it is possible to theorise that the degradation of ANG I in
certain critical tissues of the SHR is shunted in favour of
the [des-Asp'JANG 1 pathway. In such a scenario the
formation of the pressor ANG II would be curtailed while
its degradation enhanced. This hypothesis may then account
for the findings that the production of ANG II in neuronal
cultures of the SHR as compared to that of the WKY
decreased by 71% [18] and that intracerebroventricularly-
administered losartan, an AT, antagonist, is not effective
in lowering the blood pressure of the SHR [19].
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