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This paper compares the localization of neurotensin recep- 
tors and of endopeptidase 24-16, a peptidase likely involved 
in the inactivation of neurotensin in primary cultures of neu- 
rons. Neurotensin binding sites were radiolabeled with lz51- 
TyP-neurotensin, whereas endopeptidase 24-16 was stained 
by immunohistochemical techniques using a monospecific 
polyclonal antibody. Endopeptidase 24-16 is present in 60- 
65% of the nondifferentiated neurons. The proportion of im- 
munoreactive neurons decreased during maturation to reach 
35-40% after 4-6 d of culture. By contrast, neurotensin re- 
ceptors were not detectable in nondifferentiated cells and 
appear during maturation. Specific 1251-Tyr3-neurotensin la- 
beling is maximal after 4 d of culture and is located on about 
10% of differentiated neurons. Double-labeling experiments 
show that about 90% of cortical, hypothalamic, and mes- 
encephalic neurons bearing the neurotensin receptor also 
contained endopeptidase 24-16, supporting the hypothesis 
that one of the functions of endopeptidase 24-16 is the phys- 
iological inactivation of neurotensin. However, the presence 
of endopeptidase 24-16 on numerous neurons that do not 
contain neurotensin receptors also suggests that the en- 
zyme could be involved in the degradation and/or maturation 
of other neuropeptides. 

The tridecapeptide neurotensin (NT) is distributed in discrete 
regions of the CNS of mammals (Carraway and Leeman, 1976; 
Cooper et al., 198 1; Emson et al., 1982; Manberg et al., 1982), 
where this peptide likely plays an important role as a neuro- 
transmitter or neuromodulator in neuronal signaling (Goedert, 
1984; Nemeroff and Cain, 1985). Radioligand binding experi- 
ments on membrane preparations (Kitabgi et al., 1977; Uhl et 
al., 1977; Mazella et al., 1983; Sadoul et al., 1984a) and ra- 
dioautographic studies on brain slices (Young and Kuhar, 198 1; 
Quirion et al., 1982; Sadoul et al., 1984b; HervC et al., 1986; 
Moyse et al., 1987) have detailed the biochemical properties 
and localization of specific high-affinity NT binding sites in the 
mammalian brain. In vitro studies on the mechanisms of NT 
inactivation in various membrane preparations or cell cultures 
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(DuPont and Merand, 1978; McDermott et al., 1982; Checler 
et al., 1983, 1985) led to the detection of several peptidases that 
can be divided into 2 groups: (1) peptidases that are responsible 
for primary cleavages of the parent peptide, leading to degra- 
dation products totally devoid ofbiological activity (i.e., proline 
endopeptidase and endopeptidases 24- 11, 24- 15, and 24- 16), 
and (2) enzymes that are involved in the secondary processing 
of NT degradation products that cannot be considered as in- 
activating peptidases, such as aminopeptidase(s), postproline 
dipeptidylaminopeptidase, and angiotensin-converting enzyme 
(Checler et al., 1988). We previously reported that primary cul- 
tures of differentiated neurons from mouse-embryo brains (Che- 
cler et al., 1986a) contain specific high-affinity NT receptors and 
the necessary enzymatic equipment to rapidly inactivate the 
peptide. Among the peptidases involved in the inactivation of 
the peptide, the recently purified endopeptidase 24- 16 (Checler 
et al., 1986b) was particularly interesting with respect to the fact 
that this enzyme was previously shown to be the only peptidase 
present in all the tissues where NT receptors have been detected 
(Checler et al., 1988). This enzyme behaves as a good candidate 
for a physiological inactivation of NT and therefore was selected 
to examine whether such proteolytic activity could be associated 
with neuronal cells possessing NT binding sites that likely cor- 
respond to NT target cells. This was achieved by using an im- 
munohistochemical approach with specific polyclonal antibod- 
ies developed against the enzyme and with radioactive labeling 
of receptors with 1Z51-Tyr3-NT in neurons from the cerebral 
cortex and other brain regions. 

Materials and Methods 
Cell cultures. Neuronal cells were prepared from the cerebral cortex, 
striatum, hypothalamus, and mesencephalic area of 14-d-old mouse 
embryos. Briefly, cells were mechanically dissociated with a pipet in a 
HAM-F1 2 medium (Gibco BRL) supplemented with 0.6% glucose, 10% 
fetal calf serum (Boehrinaer Mannheim). 100 U/ml nenicillin. and 100 
pg/ml streptomicin. Dissociated cells were then plated at a density of 
3. lo6 cells in 35-mm (or 5. lo5 cells in 12-mm) plastic tissue-culture 
dishes precoated for 2-4 hr with polylysine (10 &ml) and grown in a 
humidified atmosphere of 5% CO,, 95% air. Between days 3 and 4 of 
culture, cytosine arabinofuranoside (40 PM) was added to prevent glial- 
cell proliferation (Yavin and Yavin, 1974). Neurons were used for la- 
beling of NT receptors and endopeptidase 24- 16 throughout the differ- 
entiation process from day 0 (plating) to day 5-8. 

We have previously demonstrated that glial cells as well as nondif- 
ferentiated neurons are devoid of NT binding sites (Checler et al., 1986a). 
Therefore, differentiated neurons can be characterized not only by their 
morphological shape (see Fig. l), but also by their ability to bind 1251- 
Tyr3-NT. 

Neurotensin degradation. Tritiated NT ( lo5 cpm, 40 Ci/mmol) was 
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Figure 1. Labeling of endopeptidase 24- 16 during differentiation of cortical neurons. Neurons obtained at different maturation states were fixed 
and cryoprotected as described in Materials and Methods, then incubated overnight at 4°C with immune (u-e) or preimmune (f) rabbit IgG 
fractions. After exposure with goat anti-rabbit IgG coupled to peroxidase, positive cells were revealed with DAB (brown cells). Nonreactive cells 
were further stained with cresyl violet (blue cells). Differentiation times were a, 3 hr; b, 8 hr; c, 15 hr; d, 24 hr; e andf; 48 hr. Magnification, 200 x . 

incubated at 37°C with cortical neurons (5.1 OS cells/well) after 1 hr (non- details on iodination and purification, see Sadoul et al., 1984a) for 60 
differentiated) or 4 d (differentiated) of plating, alone or in the presence min in an Earl-HEPES-Tris buffer (pH, 7.5), supplemented with 0.01% 
of various mixtures of inhibitors. The reaction was stopped after dif- glucose and 0.2% bovine serum albumin (standard conditions). Peptide 
ferent times by acidification, and tritiated products were analyzed by degradation was prevented by addition of 1 mM o-phenanthroline and 
high-pressure liquid chromatography (HPLC) as initially described 0.1 PM Z-pro-prolinal (N-benzyloxycarbonyl-prolyl-prolinal) (Checler 
(Checler et al., 1986a). et al., 1986a). Nonspecific binding was determined in the presence of 

Neurotensin-receptor lubeling. NT binding to attached neuronal cells 1 PM unlabeled NT and represented, in all cases, less than 2% of the 
was carried out at 37°C with 0.1 nM 1ZSI-Tyr3-NT (2000 Ci/mmol; for total binding. At the end of incubations, cells were washed twice with 



3918 Chabry et al. * Neurotensin Receptor-Endopeptidase 24-16 Colocalization 

Table 1. Degradation of neurotensin by differentiated and nondifferentiated neurons in culture 

Initial rate of cleavage (fmol/min/ 1 O6 cell& 

Peptide bond 
cleaved 

Product 
generated Enzyme responsible (identification) 

Differentiated 
neurons 

Nondifferentiated 
neurons 

Pro’-Args NT(l-7) 

A@-Arg9 NT(l-8) 

Prolo-Tyrll NT(l-10) 

Proline endopeptidase 
(inhibited by 0.1 PM Z-pro-prolinal) 

Endopeptidase 24- 15 
(inhibited by 2.5 PM CPE-Ala-Ala-Phe-pAB) 

Proline endopeptidase 
(inhibited by Z-pro-prolinal) 
with endopeptidase 24- 16 
(insensitive to a mixture of inhibitors)b 

27.4 + 2.3 24.8 k 2.7 

27.0 + 3.1 22.9 3~ 2.4 

30.4 + 3.7 29.3 k 2.8 

Neurons (5. lo5 cells/well) were incubated at 37°C with “H-NT ( lo5 cpm, 40 Ci/mmol) after 1 hr (nondifferentiated) or 4 d (differentiated) of plating. The degradation 
reaction was stopped after different times by acidification. Tritiated products were separated by HPLC. Initial rates of appearance of NT( l-7), NT( l-8), and NT( I - 10) 
are. expressed in final peptide generated per min per lo6 plated cells. Values are the mean f  SEM of 3 experiments. 
4 Differences observed between differentiated and nondifferentiated neurons were not statistically significant. 
b The endopeptidase 24- 16 activity was evaluated by measuring the amount of NT( 1 - 10) formed in the presence of Z-pro-prolinal (1 pi), CPE-Ala-Ala-Phe-pAB (2.5 
MM), bestatin (10 FM), thiorphan (1 WM), captopril(1 MM). 

1 ml incubation buffer, then immediately fixed by immersion in 3.5% 
glutaraldehyde in phosphate buffer for 10 min at 4°C. This procedure 
led to cross-linking of 60-70% of lz51-Tyr3-NT bound to neurons. 

Endopeptidase 24-16 labeling. The glutaraldehyde-fixed cells were 
processed for detection of endopeptidase 24- 16 using the IgG-purified 
fraction of a monospecific rabbit polyclonal antiserum prepared from 
the rat-brain purified enzyme (Checler et al., 1989). Briefly, cells were 
cryoprotected by incubation for 30 min in a phosphate buffer (1 ~010.2 
M NaH,PO,, 5 ~010.2 M K,HPO,) containing 30% sucrose, then frozen 
for 15 set at -40°C in methyl-2-butane. In order to block nonspecific 
sites for IgG, neurons were rinsed with a 50-mM Tris-HCl buffer (pH, 
7.5) containing 140 mM NaCl (Tris-NaCl buffer) and incubated for 30 
min in this Tris-NaCl buffer in the presence of 3% skim milk and 0.2% 
Triton X- 100. Fixed cells were rinsed twice with 1% skim milk in Tris- 
NaCl buffer and exposed in the same buffer overnight at 4°C to a 1:300 
dilution of the immune or preimmune IgG fractions. Finally, dishes 
were exposed for 90 min to a 1:200 dilution of goat anti-rabbit IgG 
coupled to peroxidase according to the manufacturer’s recommenda- 
tions (Pharmacia). Cells were rinsed as above and the IgG-antigen com- 
plexes were revealed with diaminobenzidine (DAB). After dehydration 
with graded ethanols, neurons that were only exposed to the antibodies 
against endopeptidase 24-16 were stained with cresyl violet. Neurons 
processed for both peptidase and NT-receptor detections were directly 
radioautographed, after cutting off the sides of the Petri dishes, by dip- 
ping in Kodak NTB-3 emulsion diluted 1: 1. Radioautograms were de- 
veloped with D-19 (2 min, 17°C) after l-4 weeks of exposure. Cells 
were then stained with cresyl violet, coverslipped with glycerol, and 
examined with a Leitz Aristoplan microscope. 

Statistical analyses were carried out according to the Student’s t test. 

Results 
Identification of peptidases involved in neurotensin 
degradation by nondlferentiated neurons 
Primary cultures of differentiated neurons contain both NT re- 
ceptors of high affinity and proteolytic activities that can effi- 
ciently degrade NT (Checler et al., 1986a). Because NT binding 
sites were not detectable in nondifferentiated neurons, it was 
important to assess whether the same NT-degrading activities 
were present in neuronal cultures before and after in vitro dif- 
ferentiation. Table 1 indicates that, whatever the time of mat- 
uration in vitro, incubation of NT with neuronal cells leads to 
primary cleavages at the 7-8, 8-9, and 10-l 1 peptide bonds of 
the NT molecule. Proline endopeptidase is responsible for the 
cleavage of the Pro’-Arg8 bond and contributes to the hydrolysis 
of the ProlO-Tyrl’ bond, because productions of NT( l-7) and 

NT( 1- 10) can be entirely and partially prevented, respectively, 
by the specific proline endopeptidase inhibitor Z-pro-prolinal 
(Wilk and Orlowski, 1983). The remaining formation of NT( l- 
10) can be likely attributed to the recently purified endopepti- 
dase 24- 16 (Checler et al., 1986b). Indeed, this fraction of NT( l- 
10) appeared resistant to a mixture of inhibitors devel- 
oped against all the previously purified NT( 1 -lo)- and NT( ll- 
13)-generating activities, namely, endopeptidase 24- 11 (blocked 
by thiorphan) and proline endopeptidase (inhibited by Z-pro- 
prolinal). Furthermore, Western blot analysis demonstrated the 
presence of endopeptidase 24- 16 in homogenates of differenti- 
ated neurons and was corroborated by the immunohistochem- 
ical approach described in the present study. Finally, cleavage 
of the Args-Arg9 bond is due to endopeptidase 24- 15, because 
formation of NT( l-8) is inhibited by CPE-Ala-Ala-Phe-pAB (N- 
[ 1 (R,S)-carboxy-2-phenylethyl]-alanyl-alanyl-phenylalanyl-p- 
aminobenzoate), a specific inhibitor of endopeptidase 24- 1.5 (Chu 
and Orlowski, 1984). Neither thiorphan (Roques et al., 1980) 
nor captopril (Ondetti et al., 1977) affect the profile of NT deg- 
radation, indicating that endopeptidase 24- 11 and angiotensin- 
converting enzyme are not involved in the hydrolysis of NT by 
nondifferentiated neurons. 

Table 1 also shows that the initial rates of appearance of 
products generated by primary cleavages are virtually identical 
for differentiated and nondifferentiated neurons. In addition, 
the same secondary processing of products generated by primary 
cleavages that have been characterized with differentiated neu- 
rons (Checler et al., 1986a) can also be observed immediately 
after plating (results not shown). Finally, the half-life of NT in 
the presence of cultured neurons is about 15 min, whatever the 
degree of maturation. Taken together, these results clearly show 
that the set of proteolytic activities involved in NT inactivation 
remains qualitatively or quantitatively very similar during the 
course of the in vitro differentiation process of cultured neurons. 
Among the 3 peptidases described in Table 1, endopeptidase 
24-16 was chosen as a marker of NT metabolism because this 
enzyme is present in all tissues, cells, or membrane preparations 
where NT receptors have been detected and therefore behaves 
as a putative candidate for a physiological inactivation of the 
peptide (Checler et al., 1988) 



The Journal of Neuroscience, December 1990, IO(12) 3919 

Labeling of endopeptidase 24-16 during the dzxerentiation of 
neurons 

In the presence of polylysine, cortical neurons are rapidly at- 
tached on the culture dishes. Therefore, growth cones can be 
observed as early as l-3 hr after seeding (Fig. 1 a). These initial 
processes grow rapidly in length and in the number of small 
neurites until 24 hr of plating (Fig. 1 a-d), then form a continuous 
network between 1 and 4 d in vitro (Fig. le,j). Between 1 and 
15 hr of in vitro differentiation, SO-85% of cells are positive to 
anti-endopeptidase 24- 16 antibodies (Fig. 1 a-c, brown cells). It 
is interesting to note that, until 5-8 hr after seeding, almost all 
neurons showing extended neurites contain the metallopepti- 
dase (Fig. la,b). Nonpositive cells begin to differentiate later 
(Fig. lc). The amount of immunopositive neuronal cells de- 
creases from 80% at 15 hr of seeding to 35-40% at the advanced 
differentiated state of 4 d (Fig. 1 a-e). This proportion does not 
change until 8 d (Fig. 2). Note that the enzyme labeling of cortical 
differentiated neuronal cells appears both in perikarya and in 
extended processes. When cells are incubated with the preim- 
mune serum in identical conditions of dilution (Fig. lfl, no 
labeling appears with DAB, demonstrating the absolute speci- 
ficity of antibodies as previously described (Checler et al., 1989). 

Figure 2 illustrates the various proportions of cortical neurons 
containing endopeptidase 24- 16 during differentiation in vitro. 
Taking into account the plateau value of 35% at maturation, 
the half-life of the endopeptidase in neurons during differenti- 
ation is about 35 hr. 

Double labeling of neurotensin receptors and endopeptidase 
24-16 

We have previously demonstrated that, in cortical neurons, NT 
receptors reached a maximal capacity after 4 d of culture without 
any change of affinity (Checler et al., 1986a). Therefore, in order 
to have sufficient radioactive labeling, all experiments of colo- 
calization have been carried out after 4 or 5 d of seeding. In 
light microscopic radioautograms from cortical preparations (Fig. 
3a,b), one can observe a selective accumulation of silver grains 
(i.e., NT receptors) over a subpopulation of nerve cell bodies 
and neuronal processes of neurons that contain endopeptidase 
24- 16 (brown cells). The proportion of NT-receptor-labeled cells 
is estimated at approximately 10%. Silver grains observed over 
fields between cell bodies are actually localized on fine processes 
that cannot be visualized on this figure. Preparations incubated 
in the presence of 1 PM unlabeled NT (Fig. 3c) are totally devoid 
of silver grains. When several fields of vision are examined, 
some neurons totally negative to the enzyme antibodies show 
a labeling for NT receptors. The amount of this population of 
cells never exceeds 1.5%. 

3h 8h 15h 24h 2d 4d 8d 

Time of culture 

Figure 2. Proportion of cortical cells immunostained with anti-en- 
dopeptidase 24 16 antibodies during in vitro differentiation. Immuno- 
positive cells detected as described in Materials and Methods at the 
indicated times of seeding were expressed as a percentage of the total 
counted cells. Each bar corresponds to the mean + SEM of 4-6 different 
determinations carried out in 3 different cultures. *, significantly dif- 
ferent from the 3-hr value (p -C 0.01); **, significantly different from 
the 3-hr value (p < 0.005). 

Double labeling in d@erent brain areas 
Table 2 summarizes the proportions of neuronal cells that con- 
tain endopeptidase 24-16 and NT receptors in different brain 
areas. As described above for the cortex, 35-40% of in vitro 
differentiated neurons express the enzyme in the hypothalamus 
as well as in the mesencephalic area and striatum. By contrast, 
the density of NT-receptor-labeled cells seems to be greater in 
the cortex (11%) than in other regions studied (about 6%). It is 
important to note that, except for the mesencephalic area, 80- 
90% of neurons containing NT receptors also contain endopep- 
tidase 24- 16. 

Discussion 

The present report demonstrates the colocalization of specific 
NT binding sites and endopeptidase 24- 16, one of the enzymes 
responsible for the degradation of the peptide, in neurons orig- 
inating from various brain areas. This evidence has been ob- 
tained using a double-labeling technique involving immuno- 
histochemical staining of the enzyme and radioactive labeling 
of the receptor. 

In contrast to NT receptors, peptidases involved in the in- 
activation of the neuropeptide are present in the mouse brain 

Table 2. Distribution of endopeptidase 24-16 and NT binding sites in primary cultured neurons from various cerebral areas of mouse embryos. 

Endopeptidase 24- 16- 12SI-Tyr3-NT labeled cells 
Endopeptidase 24 16- 1251-Tyr3-NT and lz51-Tyr3-NT positive to 

Brain area positive cells (%) labeled cells (%) labeled cells (%) endopeptidase 24- 16 (%) 

Cortex 38.8 + 2.9 12.7 + 2.2 11.2 + 1.6 88.7 k 3.2 
Hypothalamus 32.5 + 5.2 6.8 + 0.6 6.1 + 0.8 89.4 1- 5.6 
Mesencephalon 35.6 + 7.8 7.6 + 1.0 5.0 + 0.9 65.7 f  5.3* 
Striatum 31.0 + 4.1 7.1 + 1.0 6.0 + 1.4 83.4 + 7.6 

Neurons cultured from different brain areas were used after 4 d differentiation for the detection of endopeptidase 24-16 by using specific polyclonal antibodies and 
detection of NT binding sites with 1251-Tyr3-NT (see Materials and Methods). Values are means + SEM from 3 different experiments. 

*, Significantly different from the cortex @ i O.OOS), hypothalamus @ < O.Ol), and striatum (p i 0.05). 
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Figure 3. Immunochemical staining of endopeptidase 24- 16 and ra- 
diolabeling of NT receptors on cortical neurons. Differentiated neuronal 
cells (5 d) were incubated with 0.1 nM 1ZSI-Tyr3-NT in the absence (a, 
b) or in the presence (c) of 1 PM unlabeled NT. After incubation, cells 
were rinsed, fixed in 3.5% glutaraldehyde, then processed for immu- 
nochemical detection of endopeptidase 24- 16 as described in Materials 
and Methods. The sides of the Petri dishes were cut off, and neurons 
were radioautographed by dipping in Kodak NTB-3 emulsion and re- 
vealed after 1 week of exposure. The radiolabeling of NT receptors (dark 
grains in u, b) was essentially localized on neurons and neurites bearing 
endopeptidase 24- 16 (brown cells) and selectively protected by unlabeled 
NT (c). Magnification, 200 x . 

at the embryonic state, because they are able to degrade NT 
added to neurons as early as 1 hr after seeding (Table 1). As 
initially described (Checler et al., 1986a), NT binding sites are 
not detectable in nondifferentiated cortical neurons and appear 
only during the in vitro differentiation procedure to reach a 
maximal value after 4 d of plating on polylysine-coated dishes. 
The presence of endopeptidase 24- 16 in immature neurons has 
first been suggested by the fact that, as in differentiated neurons, 
part of the cleavage at Pro lO-Tyr” leading to NT( 1- 10) formation 
is insensitive to a mixture of inhibitors developed against all 
the previously purified NT( 1 -lo)- and NT( 1 1 - 13)-generating 
activities and by immunochemical detection of the peptidase 
in homogenates of differentiated neurons prepared from primary 
cultures of cerebral hemispheres of mouse embryos (Checler et 
al., 1989). The presence of the peptidase is clearly demonstrated 
by immunohistochemistry using monospecific polyclonal an- 
tibodies prepared from the rat brain purified enzyme (Checler 
et al. 1989). Interestingly, the proportion of immunopositive 
neuronal cells varies all along the differentiation process. Indeed, 
from plating and during the first 12 hr, 80-85% of cortical neu- 
ronal cells are immunologically stained and thus’contain the 
metallopeptidase. The amount of these labeled cells decreases 
during maturation and reaches a value of about 3 5-40% between 
4 and 8 d, a value that may represent the amount of peptidase- 
containing neurons in the cortical area of the intact brain. 

The metalloendopeptidase 24-l 6 has been described as an 
enzyme present in both the cytosoluble and the membrane- 
bound fractions of differentiated cultured neurons from mouse- 
embryo cerebral cortex (Checler et al., 1989). Accordingly, the 
immunohistochemical labeling is detected all over cell bodies 
and nerve processes of neurons because light microscopy cannot 
discriminate between the cytosol and the membranes (Fig. 1). 
The immune serum against the peptidase is specific to a 70- 
kDa protein present in the murine brain (Checler et al., 1989). 
The specificity of IgG fractions to immunostain neurons con- 
taining this 70-kDa protein has been demonstrated elsewhere 
and is confirmed here by use of the preimmune serum that shows 
no labeling of either cell bodies or neurites (Fig. lj). 

On differentiated cortical neurons, the labeling of NT recep- 
tors is observed on nerve cell bodies and large processes, and 
also on small neurites (Fig. 3a.b). This specific labeling appears 
over a subpopulation of cells estimated to 1 l%, taking into 
account the difficulty of assigning silver grains to a determined 
cell when several nerve processes intersect. The important point 
to stress (Table 2) is that NT receptors are almost always lo- 
calized on neurons containing the metallopeptidase (80-90%) 
supporting the hypothesis that the enzyme must be present on 
NT target cells in order to terminate the peptide action. This 
colocalization not only appears on cell bodies, but also on ex- 
tended neurites (Fig. 3a,b). However, as detailed in Table 2, the 
amount of NT-receptor-positive neurons represents about 35% 
of the endopeptidase-containing cells, suggesting a possible role 
of the enzyme in other degradation or maturation processings. 
This hypothesis is in agreement with a previous study (Barelli 
et al., 1988) demonstrating the ability of the purified endopep- 
tidase 24-16 to degrade other peptides such as bradykinin, dy- 
norphin l-8, and angiotensins I and II with potencies identical 
with that found for NT. Moreover, the presence of the peptidase 
in nondifferentiated neurons while NT receptors are not yet 
expressed could be explained by a possible involvement of this 
and other peptidases in the differentiation program or matu- 
ration processes. 
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Only 10% of cells showing a labeling with iz51-Tyr3-NT are 
devoid of endopeptidase 24-16 (Table 2). The most probable 
explanation is that, in the absence of endopeptidase 24- 16, the 
process of NT degradation is carried out by other enzymes pres- 
ent in cortical neurons. The low proportion of this kind of cell 
indicates that endopeptidase 24- 16, though not absolutely nec- 
essary, is most often involved in NT degradation. 

Finally, we have also attempted to examine the distribution 
of NT receptors and endopeptidase 24- 16 in neuronal cultures 
from the midbrain, hypothalamus, and striatum (Table 2). No 
important difference appears concerning the detection of the 
peptidase because similar proportions of stained cells (about 
40%) were obtained, whatever the brain area analyzed. This 
result could explain the preliminary experiments demonstrating 
a rather homogeneous label of the enzyme obtained after im- 
munohistochemical approaches on intact brain slices, particu- 
larly if one assumes that the proportion of labeled cells remains 
constant in other brain areas. In comparison to the cerebral 
cortex, the amount of neurons labeled with lZSI-Ty+NT is less 
important in the hypothalamus, midbrain, and striatum (Table 
2). The presence of NT binding sites in these regions and the 
higher proportion of receptors in cortical neurons confirm pre- 
vious findings obtained in the course of an autoradiographic 
study of brain NT-receptor ontogeny (Palacios et al., 1988) in 
which an intense labeling was observed in the cortex of newborn 
rats. 

The localization of NT receptors on endopeptidase 24-16- 
positive cells remains in identical proportion in cortical, hy- 
pothalamic, and striatal neurons (Table 2) except in the mid- 
brain, where this proportion is only 65%. 

In conclusion, this study demonstrates that in cultured neu- 
rons from mouse-embryo brains, NT receptors are colocalized 
with the NT-degrading enzyme endopeptidase 24- 16. Further 
studies are required to identify the neurotransmitter content of 
neurons possessing NT receptors and/or endopeptidase 24- 16, 
for example, by using double immunostaining and radioactive 
labeling. Such experiments should be important to study the 
physiological action and inactivation of endogenous NT. 
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