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Pre- and postnatal aminopeptidase activities
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ABSTRACT Research concerning the functional role of brain peptides is performed. in
part, by studying peptidase enzymes which might be involved in brain peptide processing
or inactivation. Aminopeptidase (API activity has been proposed as a candidate regulator
of the degradation of these peptides. In this paper. changes in Lys- and leu-aminopeptidase
activities in rat brain hemispheres. cerebellum and medulla were examined in 20 day
fetuses and one day postnatal subjects. Aminopeptidase activities were studied by meas-
uring the rate of hydrolysis of the artificial substrates Lys- and Leu.2-naphthylamides
(fluorimetrically detected in triplicate!. Both enzyme activities increase from the last fetal
stage up to the first day of birth in all the brain areas examined except for the case of Leu-
AP activity in the medulla. It is suggested that these activities playa part in the neurochem-
ical changes that take place during rat brain maturation, possibly by regulating the activity
of several neuroactive peptides.

Protein turnover is highly active in the brain, and most
proteins are in a dynamic state. Although changes in
proteolytic enzymes in developing rat brain have been
reported by several groups IHui and Lajtha, 1978; Kato et
al., 1979; Faivre-Bauman et al.. 1981). the physiological
role of the peptidases is still unknown. It has been sug-
gested that some of these enzymes (the aminopeptidases)
could regulate the levels of several neuropeptides (NP).
such as enkephalins and endorphins (Hayashi, 1978; Hersh
and McKelvy, 19811, angiotensin IIIKelly et al., 1983) and
substance P (Benuck and Marks, 1975), In our laboratory
the physiological role of aminopeptidases IAPI has been
studied in several brain regions during the estrual cycle of
female rats (de Gandarias et al., 1988, 1989a; Casis et a/..
19891. It has been suggested that AP activities could be
related with the surge of gonadotropin.

Recently we have also described some developmental
alterations in AP activities, showing changes from two
week to three month periods (de Gandarias et al., 1989dl,
without further modifications in older animals (de Ganda-
rias et a/., 1989b).lt has been suggested that these changes
could be related to some of the processes of brain matura-
tion. To complete our present study, in this paper we report
the presence and the changes, during pre- and postnatal
stages of rat brain, of Lys- and Leu.AP activities. These pro-
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teolytic enzymes, as well as hydrolyzing NP, are also
capable of hydrolyzing chromogenic substrates of the
aminoacyl-2-naphthylamides type, first introduced by
Gomori (19541. The study was performed by measuring the
rate of hydrolysis of the substrates Leu~2-naphthylamide
(Leu-NA) and Lys-2-naphthylamide (Lys-NA\. by neutral
and basic aminopeptidase activities respectively.

Fig. 1 (upper) shows the Lys-AP activity levels of embryo
(20 days) In=121 and neonatal 11 day) (n=12) male rats (not
female because some sexual differences in AP activities
have been recently describedl (de Gandarias et al., 1989c).
In all structures, activity with Lys-NA showed significant
increase with age. The neurochemical changes were found
to be higher in the cerebral hemispheres (p < 0.001). The
other regions showed a comparable developmental profile
but with different statistical significance: p< 0.005 for cere-
bellum and p < 0.05 for medulla.

Fig. 1 (lower) shows the Leu-AP activity levels at the
same stages of Lys-AP. The activity also developed post-
partum. There is a significant increase in the right (p<0.005)
and left hemisphere (p < 0.011 and in the cerebellum
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Fig. 1. Brain aminopeptidase activity. Enzimaticacriviryof Lys- (LYS-APJ
and Leu-aminopeptidase (LEU-AP) in discrete brain regions (RH: right
hemisphere; LH: left hemisphere; Cb: cerebellum: Md: medulla) of fetuses
(n= 12) and newborn (n= 12) male rats Vertica/lines denote the standard
error.

(p<O.051. but the activity was constant in the medulla when
both stages were compared.

The aim of this report ;s to communicate the changes in
activity of two neuropeptide degrading enzymes, the Lys-
and Leu-AP, during rat brain development. This activity
increases from the last fetal stage up to the first day of birth
in both brain hemispheres, cerebellum and medulla, ex-
cept for Leu-AP activity in the medulla. Recent studies
report that AP activities increase progressively during
postnatal stages Ide Gandarias et al., 1989d) and that they
reach maximum levels at two months postnatal. This is
followed by a decline until three months, after which the
activities are maintained without further changes in older
animals (de Gandarias et a/., 1989b)' These results suggest
that AP activities may be related to the development of the
nervous system.

However, because we have no knowledge, even during
adulthood, of the morphological site of brain peptidases
and of their relationship to the sites of peptide breakdown,
and because the involvement of peptidases in the NP
catabolism is still relatively unknown, it would be prema-
ture to draw any precise conclusion on the possible role of
such AP in controlling the level of available peptides. The
increase observed in AP activity could be related to a
decrease in the activity of diverse neuropeptides. Recent
studies have observed that the concentration of several NP
is high at the embryonic stage and declines in adulthood
(Bartolome et al., 1986; Hayashi, 1987). These changes are
possibly related to the electrical inactivity in the cerebral
tissue during the embryonic stage and/or to the possible
actuation of the NP as a growth regulatory factor. To
support this view, it has been recently suggested that these
neuropeptides (enkephalins, angiotensin II, neuropeptide
V, etc.) are also involved in the control of hormonal pitui-
tary secretion IAIlen et al., 1987; Berglund et al., 1988). Due
to the fact that AP I Lys-, Leu-, Arg- and Tyr-AP) change their
activity in contrast to what happens to NP during the
estrous cycle Ide Gandarias et al., 1988; 1989a; Casis et al.,
1989;), it could be the case that these proteolytic enzymes
playa part in the regulation of these NP.

Experimental procedures

Male Sprague-Dawley rats, at 20 days of embryonic (n=12) and
one day postnatal (n=12) development were used in this research.
Animals were killed by decapitation between 9 and 10 a.m., and
brains were quickly removed and rinsed twice in phosphate buffer
saline !pH 7.4) to remove blood.

Brain samples were rapidly removed from the cerebral hemi-
spheres, cerebellum and medulla. Samples were homogenized in
10 vol. of 10 mM Tris HCI buffer, pH 7.4. The homogenate was
centrifuged at 100,000 xg for 35 min and the supernatant aspirated
and used as the enzyme and protein source. All preparatory steps
were carried out at 4 "C.

Brain aminopeptidase activities were fluorimetrically meas-
ured in triplicate using Lys- and Leu-NA as substrates (Sigma
Chern. Co., St. Louis, Mo.) by the method of Greenberg (1962) with
a slight modification (Alba et al., 1986): 10 III aliquots of soluble
fraction were incubated for 30 min with 1 ml of either Leu-NA (0.8
mg/dl) or lys-NA (0.9 mg/dll. bovine serum albumin (10 mg/d1)
and Dithiothreitol (10 mg/dl) in 50 mM phosphate buffer, pH 7.4.
The reaction was stopped by the addition of 1 ml of 0.1 M acetate
buffer solut;on. pH 4.2. The 2-naphthylamine (NA) released was
determined by measuring the fluorescent intensity at 412 nm with
excitation at 345 nm. Relative fluorescence was converted to
picomoles of NA by comparison with a standard curve (NA was
purchased from Sigma). Results were expressed as units of AP per
mg protein (mean:t SEMI. One unit of AP activity was defined as
the amount of enzyme that hydrolyzes 1 pmol of Leu-NA or Lys-NA
per minute. at 37°C. Protein concentration was measured in tripli-
cate by the method of Bradford (1976).

Statistical analysis was performed by the Student's t test.
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