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Atrial natriuretic peptide (ANP) receptors from Al 0 cultured 
vascular smooth muscle cells (VSMC) and rat olfactory bulbs 
have been solubilized and then pharmacologically and bio- 
chemically compared. The dissociation constant for ‘*% 
ANP(99-126) was 12.7 PM for the VSMC-derived receptor 
and 164 PM for the olfactory receptor. Competition binding 
between 1251-ANP(99-1 26) and several unlabeled ANP ana- 
logs with the soluble olfactory receptor, demonstrated a rank 
order potency of ANP(99-126) = ANP( 103-l 26) > > > 
ANP( 103-l 23). However, the rank order potency of the sol- 
uble VSMC ANP receptor was ANP(99-126) = ANP( 103-l 26) 
= ANP( 103-l 23). Therefore, the olfactory ANP receptor ap- 
pears to require the complete COOH-terminal sequence of 
ANP as compared with the VSMC ANP receptor. When the 
2 soluble receptor preparations were applied to a GTP-aga- 
rose column, a portion of the olfactory ANP receptor was 
retained on the column and could be eluted with 5 mM GTP, 
while the VSMC ANP receptor did not adsorb to the column. 
Since the olfactory bulb ANP receptor has been shown to 
contain a binding component of 116 kDa, while the VSMC 
ANP receptor binding component is 66 kDa, these receptors 
appear to be similar to the 2 receptor classes described 
recently in which the 120 kDa receptor that binds GTP is 
postulated to be coupled to guanylate cyclase, while the 60 
kDa receptor does not bind GTP, is not coupled to guanylate 
cyclase, and may possess a hormone clearance function. 
Taken together, these data indicate that cyclic GMP appears 
to be a second messenger for ANP in the brain. 

Atria1 natriuretic peptide (ANP) is generally thought to be a 28 
amino acid peptide released by cardiac atria that causes natri- 
uresis, diuresis, and vasorelaxation (DeBold et al., 198 1; Currie 
et al., 1983). Receptors for this hormone have been localized 
to the CNS by quantitative autoradiography (Quirion et al., 
1984; Gibson et al., 1986). In these earlier studies, the olfactory 
bulb was shown to contain high levels of ANP receptors, with 
the highest levels in the external plexiform layer. The binding 
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of ANP(99-126) to olfactory bulb slices was specific and dis- 
played high affinity [dissociation constant (KJ = 600 PM]. In a 
later study, this CNS-derived receptor was later assayed using 
olfactory bulb membranes and displayed similar binding char- 
acteristics (Kd = 400 PM). Also, it was shown by chemical affinity 
cross-linking with lZSI-ANP(99-126) that it contained a binding 
component with a molecular mass of 116 kDa (Wildey and 
Glembotski, 1986). In contrast, a vascular smooth muscle cell 
line derived from embryonic rat thoracic aorta (A10 VSMC) 
was shown to express ANP receptors, possessing a higher affinity 
for ANP(99-126) (Kd = 50-157 PM) than did the olfactory- 
derived receptor; the A10 cell ANP binding component was 
shown by photoaffinity labeling to have a molecular mass of 
only 60 kDa (Napier et al., 1986; Neuser and Bellemann, 1986; 
Glembotski et al., 1987). 

It has recently been hypothesized that there are 2 classes of 
ANP receptors: those that serve a clearance function (and may 
have other functions, yet unknown), and ANP receptors that 
mediate at least some of the known biological functions of ANP 
through the stimulation ofguanylate cyclase (Maack et al., 1987; 
Murad et al., 1987). It has been suggested that ANP clearance 
receptors [which might also be described as ANP binding sites, 
since the second messenger (if any) is presently unknown] pos- 
sess a binding component of 60 kDa, while the binding com- 
ponent of ANP receptors coupled to guanylate cyclase appear 
to be 120 kDa (Takayanagi et al., 1987). Also, differences in the 
relative affinities of various ANP ligands have been reported 
between these putative receptor groups, with the clearance re- 
ceptor possessing a greater affinity for COOH-terminally trun- 
cated forms of ANP (Lewicki et al., 1987). 

The ANP receptor from A10 smooth muscle cells appears to 
possess many of the proposed characteristics of the ANP clear- 
ance receptor, while the olfactory bulb receptor seems to be 
quite different. Therefore, it was of interest to examine both 
receptor species employing identical soluble receptor prepara- 
tions that allow the direct comparison of binding properties, as 
well as chromatographic characteristics. 

Materials and Methods 

Materials 
Synthetic peptides were obtained from Bachem [API11 (ANP( 103-l 26)), 
API (ANP( 103-123))] or Peninsula Labs [ANP-28 (ANP(99-126))]. (3- 
1*51-iodotyrosy128)ratANP(99-126) (1960-2090 Ci/mmol) was obtained 
from Amersham. All other reagents were obtained from Sigma Chemical 
Co. or Fisher Scientific and were reagent grade or better. 

Cell culture 
The smooth muscle cell line (AlO, ATCC CRL 1476) was grown in 
Dulbecco’s Modified Eagle’s Medium (Grand Island Biological Co.) 
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Figure 1. Number of ANP receptors on A10 VSMC cells in cultures 
of various cell densities. Cultures were seeded at various cell densities 
and harvested 5 d later. Each culture was treated as described in Ma- 
terials and Methods. The data are presented as the number of ANP 
receptors per cell (sites/cell) and as the number of ANP receptors per 
culture dish (ANP-R/dish) plotted against the culture density (cells/ 
dish). Each data point is the average of 2 culture dishes. 

containing 15% fetal calf serum (Hyclone). The cells were used for the 
preparation of soluble ANP receptor at approximately 75% confluence 
(2-3 x lo6 cells/l 35 mm petri dish) and were utilized within 15 passages 
(1:5 split) after obtaining the original culture. 

Solubilization of receptors 
The solubilization and column chromatography of ANP receptors were 
performed by modifying techniques described previously (Kuno et al., 
1986). All procedures were performed at 4°C. A10 cell membranes were 
prepared by first scraping the cells off the culture plates with a rubber 
policeman into 5 ml of buffer 1 (50 mM Tris, (pH 7.6, 1 mM EDTA, 1 
mM dithiothreitol, and 1 mM phenylmethylsulfonyl fluoride) per 700 
cm2 of culture area in 135 mm petri dishes. The plates were then washed 
with 5 ml of buffer 1, and the pooled cells were centrifuged (Dynac, 
Clay-Adams) at speed 50 for 5 min. The cells were resuspended in 12.5 
ml buffer l/gm of cells (wet weight) and then homogenized (Ultra- 
Turrax, Janke and Kunkle) at 70% power for 30 sec. Olfactory mem- 
branes were prepared by collecting rat olfactory bulbs immediately after 
decapitation. The tissue was resuspended in the same relative volume 
of buffer 1 as A10 cells (above) and then homogenized in a Teflon 
homogenizer until totally dispersed. 

The membranes derived from A 10 cells and olfactory bulbs were then 
washed by centrifuging for 10 min at 30,000 x x, resuspending in 8 ml 
buffer 1, and centrifuging again. The membranes were resuspended in 
the oriainal volume ( 12.5 ml buffer l/am cells). and 4% Lubrol-PX was 
added to a final concentration of 0.4% with stirring to solubilize mem- 
brane proteins. The mixture was stirred for 1 hr and then centrifuged 
at 100,000 x g for 1 hr to remove unsolubilized material. To the 
supernatant were added phosphatidyl choline (to 0.025%) glycerol (to 
20%) and NaCl (to 125 mM) in order to stabilize the solubilized receptor 
for storage at - 70°C. Solubilized receptor was kept at 20, 4, -20, and 
-70°C in the presence of various combinations of the additives listed 
above, and receptor stored under the above conditions was stable for 
several months (not shown). 

Soluble receptor binding assay 

In routine assays, receptor (normally 1 pg of VSMC-derived or 3.5 pg 
of olfactory-derived protein) was added to approximately 100 PM L251- 
ANP (28-32K cpm) in 50 ~1 of assay buffer (100 mM TES, 100 mM 
PIPES, pH 7.5, 1 mM EDTA, 5 mM MgCl,, 150 mM NaCl, 0.1% Lubrol- 

PX, and 0.015% phosphatidyl choline). Unlabeled ANP(99-126) (10 
nM) was added to assays determining non-specific binding. Assays were 
incubated for 1 hr at 30°C and the reaction stopped by dilution with 4 
ml of 10 mM Tris (pH 7.5). This mixture was then vacuum-filtered 
through glass fiber filters and quantified by gamma-counting. When 
binding of ‘z51-ANP(99-126) to the ANP receptor preparations was 
examined at various times of incubation, it was determined that equi- 
librium was attained after 20 min at 30°C (not shown). 

Receptor density vs cell number 
Culture dishes were seeded with A10 cells at different densities and 
allowed to grow for 5 d. The cells were then scraped into buffer 1, 
homogenized as described for receptor solubilization (above), and as- 
sayed for binding activity. Parallel dishes seeded at the same densities 
were used to determine the number of cells/dish by treatment with 
trypsin and hemacytometer counting. 

Column chromatography 
DEAE-ugarose. DEAE-agarose resin (Sigma Chemical Co.) was poured 
into 0.75 x 6 cm columns and equilibrated with a buffer containing 50 
mM Tris (pH 7.6), 1 mM EDTA. 1 mM dithiothreitol. 0.1 mM nhenvl- 
methylsulfonyl fluoride, 0.03% Lubrol-PX, 0.0 15% phosphatidyl cho- 
line, and 20% glycerol. Soluble ANP receptor (150 wg VSMC, 700 fig 
olfactory) was applied to the column, and lo-250 ~1 fractions were 
collected. The eluant was then changed to a similar buffer but one 
containing 0.05 M NaCl, and 10 fractions were again collected. This 
was repeated with buffers containing 0.1, 0.15, 0.2, and 0.25 M NaCl. 
An aliquot (100 ~1) of each fraction was then assayed for binding activity 
as described above. 

WGA-agurose. Wheat germ agglutinin-agarose (Sigma Chemical Co.) 
was poured into a 0.75 x 6 cm column and equilibrated with a buffer 
containing 20 mM HEPES (pH 7.4), 1 mM EDTA, 1 mM dithiothreitol, 
0.1 mM phenylmethylsulfonyl fluoride, 0.1% Lubrol-PX, 0.025% phos- 
phatidyl choline, 0.5 M NaCl, and 20% glycerol. Soluble ANP receptor 
(150 pg VSMC, 700 pg olfactory) was then applied to the column, and 
12-500 ~1 fractions were collected. The buffer was then changed to one 
containing 0.25 M N-acetylghrcosamine, and 12 more fractions were 
collected. An aliquot (100 ~1) was then assayed for binding activity as 
described above. 

GTP-ugurose. Application and elution of ANP receptor from GTP- 
agarose resin (Sigma Chemical Co.) was performed identically to the 
WGA-agarose resin (above) except. the column was equilibrated in a 
buffer containing 20 mM Tris (DH 7.6). 1 mM dithiothreitol. 0.1 mM 
phenylmethylsulfonyl fluoride, 0.1% Lubrol-PX, 0.025% phosphatidyl 
choline, 2 mM MnCl,, 1 mM NaN,, and 20% glycerol, and that after 
the first 12 fractions, the buffer was changed to one containing 5 mM 
GTP. GTP added to normal assays had no effect on the binding activity 
of the receptor preparations. 

Protein determination 

The concentrations of protein in the soluble ANP receptor preparations 
were determined by the BCA Protein Assay (Pierce Chemical Co.) uti- 
lizing BSA as a protein standard. 

Results 
Effects of culture density upon ANP receptor number 
The optimal density of A10 cells in culture was determined in 
order to produce the maximal number of VSMC ANP receptors/ 
culture. In Figure 1 it is apparent that the number of receptor 
binding sites per cell displayed an inverse relationship to the 
density of cells in the culture dish. Thus, although the maximal 
number of receptors per cell (about 182) was achieved at very 
low culture densities, the number of total receptors in these 
cultures was low. Therefore, cultures at densities of 2-3 x lo6 
cells/culture were used in later experiments in order to maximize 
the number of receptors/culture. 

Solubilization of VSMC and olfactory ANP receptors 

The solubilization of ANP receptors from the A10 vascular 
smooth muscle cell line (VSMC) and from olfactory tissue was 
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first modified to maximize the yield of ANP receptor. The pro- 
tein concentration of the membrane suspension and the Lubrol 
concentration during solubilization were varied, and 8-10 mg 
protein/ml and 0.3-0.6% Lubrol were found to provide optimal 
recoveries during solubilization of the A10 cell ANP receptor 
(not shown). 

This modified procedure was found to provide a 2- to 3-fold 
purification of the ANP receptor from both sources, as well as 
relatively high yields. The VSMC ANP receptor was obtained 
in about 50% yield (Table l), while the recovery of the olfactory 
ANP receptor was about 60% (Table 2). The solubilization pro- 
cedure did not appear to have a radical effect on the binding 
properties of the receptors since they maintained their high- 
affinity (PM) binding and rank order of potency (see below). 

Pharmacological characterization of 125 I-iodoANP binding to 
solubilized ANP receptors 

Scatchard analysis revealed that the Kd of lZSI-ANP(99-126) 
binding to the soluble olfactory receptor (164 PM) (Fig. 2) was 

Table 1. Solubilization of VSMC ANP receptor 

Total 
Protein ANP-R ANP-R Recovery 

Sample 6x59 (fmol) (fmol/mg) (%) 

Cells 200 15,300 16.5 100 
Homogenate 185 15,300 82.7 100 
Membranes 1 156 15,000 116.0 98 
Membranes 2 116 15,400 137.4 101 
Soluble ANP-R 40 7,000 172.4 46 

The cells from a hundred 135 mm culture plates were treated as described in 
Materials and Methods. Aliquots at each step were tested for specific 12T-ANP(99- 
126) binding as described in Materials and Methods. ANP-R, ANP receptor. 

Figure 2. Saturation analysis of sol- 
uble rat olfactory ANP receptor. The 
saturation binding of the soluble rat ol- 
factory ANP receptor preparation was 
determined using several concentra- 
tions of Y-ANP(99-126), followed by 
Scatchard analysis to determine the Kd 
and B,,,. 

somewhat lower than the previous determinations of ligand 
affinity, which were 600 PM in rat brain slices and 400 PM in 
olfactory bulb membranes (Gibson et al., 1986; Wildey and 
Glembotski, 1986). The Kd of the VSMC ANP receptor em- 
ploying the same ligand was also shown to be somewhat lower 
than previously described in other systems, 12.7 PM (Fig. 3) 
versus 50-l 57 PM (Napier et al., 1986; Neuser and Bellemann, 
1986). As expected, the B,,, of the VSMC ANP receptor prep- 
aration was greater than the olfactory-derived receptor, as can 
also be seen in Tables 1 and 2. The receptor appears to be present 
in lower concentration in olfactory tissue, since the entire bulb 
is homogenized for the preparation of soluble receptor, much 
of which contains relatively low levels of ANP receptor (Gibson 
et al., 1986). 

Inhibition constants for 2 ANP analogs, as well as ANP(99- 
126) were also determined. When the soluble olfactory ANP 
receptor was tested, the K, values for ANP(99-126) and 
ANP(l03-126) were 254 and 267 PM, respectively. However, 
the K, for ANP( 103-l 23) was 15 15 PM, significantly different 
from the competitors with intact COOH-termini (Fig. 4A). In 
contrast, the soluble VSMC ANP receptor yielded K, values for 
ANP(99-126), ANP(103-126), and ANP( 103-123) that were 

Table 2. Solubilization of rat olfactory bulb ANP receptor 

Total 
Protein ANP-R ANP-R Recovery 

Sample (mz) (fmol) (fmol/mg) (%) 

Homogenate 14 700 9.5 100 
Membranes 1 67 700 10.0 100 
Membranes 2 43 670 15.6 96 
Soluble ANP-R 15 420 28.0 60 

Olfactory bulbs from 20 rats were treated as described in Materials and Methods. 
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similar at 18, 30, and 48 PM (Fig. 4B). The larger K, values of 
the olfactory receptor also confirm the saturation binding data 
that demonstrates greater affinity of the VSMC ANP receptor 
for the various ligands. 

Biochemical characterization of VSMC and olfactory ANP 
receptors 

Since the binding and affinity cross-linking data indicated that 
the ANP receptor from these 2 sources may be different, several 
physical characteristics of these receptors were examined to es- 
tablish the nature of these differences. For example, if extensive 
sequence differences were present in VSMC and olfactory re- 
ceptors, the p1 of the 2 molecules would likely be different, and 
they would differentially elute from ion-exchange resin. The 
receptors from these 2 sources were thus applied to DEAE- 
agarose columns and eluted with step gradients of NaCl (Fig. 
54). The binding activity from each receptor source exhibited 
a major peak eluting at 0.15 M NaCl, with minor peaks flanking 
the primary peak. Therefore, no detectable charge differences 
were apparent at pH 7.5. 

Another possibility for the differences in binding properties 
might be differences in glycosylation between the 2 receptors. 
Both receptor preparations efficiently bound to wheat germ ag- 
glutinin-agarose and eluted with 0.25 M N-acetylglucosamine 
(Fig. 5B). Attempts to differentiate the degrees of glycosylation 
using gradient N-acetylglucosamine elution did not result in 
differential elution (not shown). Additionally, both receptor 
preparations bound efficiently to concanavalin A-agarose and 
eluted at similar concentrations of methyl a-D-mannopyrano- 
side (not shown). Other columns were also used (phenyl-aga- 
rose, blue dextran-agarose, reactive red-agarose), and the sol- 
uble VSMC and olfactory receptor eluted identically from these 
resins (not shown). This would indicate that the biochemical 
properties of the ANP receptors from these 2 sources are very 
similar, suggesting that these receptors may have amino acid 
sequences in common. 

200 300 400 500 

ANP (PM) 

However, when the VSMC and olfactory receptor prepara- 
tions were applied to GTP-agarose columns, the elution profiles 
were dramatically different. About 50% of the olfactory receptor 
bound to the resin and was eluted by 5 mM GTP (Fig. 6.4), 
whereas none of the VSMC ANP receptor bound to the resin 
under these conditions (Fig. 6B). Neither receptor preparation 
bound to GDP- or ATP-agarose, and the elution of the soluble 
olfactory ANP receptor from the GTP-agarose required GTP; 
ATP and GDP did not elute the receptor from the column. The 
proportion of olfactory receptor that bound to the GTP-agarose 
resin remained constant when different amounts of resin or 
receptor preparation were used. Therefore, it appears that the 
olfactory receptor preparation may be heterogeneous with re- 
spect to binding of GTP. The VSMC receptor, however, passed 
directly through the column in the void volume, and thus did 
not appear to have any GTP binding activity (Fig. 6B). 

Discussion 

Previous reports have indicated that ANP receptors from a 
variety of tissues possess different affinities for the circulating 
form of the hormone [ANP(99-126)] and its analogs (Hirata et 
al., 1984; Ballermann et al., 1985; De Lean et al., 1985; Hirose 
et al., 1985; Misono et al., 1985; Murphy et al., 1985; Schenk 
et al., 1987). It has also been shown that in several tissues the 
Kd for ANP, as measured in binding assays, can differ from the 
EC,, for guanylate cyclase stimulation by as much as loo-fold 
(Hirata et al., 1984; Leitman and Murad, 1986; Neuser and 
Bellemann, 1986). From these data it has been hypothesized 
that 2 classes of ANP receptors exist; one is of high affinity and 
is not coupled to guanylate cyclase, while the other displays a 
relatively low affinity and is coupled to guanylate cyclase (Scar- 
borough et al., 1986). 

The presence of 2 different ANP receptors has been demon- 
strated in cultured endothelial cells (Leitman et al., 1986). In 
that report, the ability of ANP( 10 l-l 26) to stimulate guanylate 



The Journal of Neuroscience, August 1988, 8(8) 3071 

I A. Olfactory 

\ ‘x 
Ki (PM) q \ \.. 

n (99-126) 254.2 k5.2 h\ -\ 

q  (103-126) 267.5 t36.5 q \ X\X 
x (103-123) 1515.4~73.4 

q -p-px 
-x 

3 -12 -11 -10 -9 -8 

I 

2 0 

I B. VSMC I 

80 - 

60 - 

- w (99-126) 
20 _ q (103-126) 

-11 -10 -9 

Log [Peptide] 

cyclase was examined after either ANP( 10 l-l 26) or ANP( 103- 
123) had been used to block the receptors by cross-linking. It 
was shown that blocking by ANP( 101-l 26) decreased the 
ANP( 10 l-l 26) stimulation of guanylate cyclase by 60%, while 
blocking by ANP( 103-l 23) had no effect. The authors conclud- 
ed that 1 of the 2 species of ANP receptor (shown to be 66 kDa) 
was not coupled to guanylate cyclase and possessed similar af- 
finities for ANP( 101-126) and ANP(l03-123). The other re- 
ceptor (shown to be 130 kDa) was capable of stimulating guan- 
ylate cyclase and required ANP( 101-126) for binding and 
activity. It has also been shown previously that guanylate cy- 
clase-coupled ANP receptors from rat lung and adrenal can 
copurify with particulate guanylate cyclase by affinity chroma- 
tography on GTP-agarose and possesses ANP binding com- 
ponents of approximately 120 kDa (Kuno et al., 1986; Paul et 
al., 1987; Takayanagi et al., 1987). It is not clear whether the 
120 kDa ANP receptor and particulate guanylate cyclase are a 
single polypeptide or if they are 2 separate proteins that are 
tightly bound. 

In the present study, a peripheral tissue-derived 66 kDa ANP 
receptor (from A10 vascular smooth muscle cells) and a CNS- 

-8 -7 

Figure 4. Soluble ANP receptor com- 
petition binding. The binding of Y- 
ANP(99-126) to the soluble VSMC and 
olfactory bulb ANP receptor prepara- 
tions was examined in the presence of 
various concentrations of unlabeled 
ANP(99-126) ANP(103-126) and 
ANP( 103- 123). The K, values were de- 
termined utilizing the Cheng-Prusoff 
correction (Cheng and Prusoff, 1973) 
using the Kd values determined in Fig- 
ures 2 and 3. The K, determinations are 
given +-SEM. An analysis of variance 
and Newman-Keuls post hoc analysis 
demonstrated significant differences @ 
< 0.01) between the K, values of all 
competitors of the olfactory ANP re- 
ceptor versus the VSMC receptor, and 
the K, value of ANP( 103-123) inhibi- 
tion of the olfactory receptor was sig- 
nificantly different (p < 0.01) from all 
other competitors from either source. 

derived 116 kDa ANP receptor (from rat olfactory bulbs) were 
examined to compare the binding and physical characteristics 
of the 2 receptor preparations. When the binding of 12*1-ANP(99- 
126) to the receptors was examined, the soluble VSMC ANP 
receptor had a greater affinity for the radioligand than did the 
soluble olfactory ANP receptor. Also, when unlabeled ANP and 
ANP analogs were used to compete for lz51-ANP(99-126) bind- 
ing, it was found that the inhibition constant for ANP(99-126) 
was lower for the VSMC ANP receptor than for olfactory ANP 
receptor. However, the olfactory receptor was inhibited by 
ANP( 103-l 23, K, = 15 15 PM) significantly less effectively than 
ANP(99-126, K, = 254 PM), in contrast to the VSMC ANP 
receptor (K, = 48 PM vs. 18 PM, respectively). Column chro- 
matography of the 2 soluble ANP receptor preparations in the 
present study yielded generally identical elution profiles, indi- 
cating that most physical characteristics of the examined recep- 
tors are very similar. Chromatography on GTP-agarose resin, 
however, produced a reproducible division of the olfactory ANP 
receptor preparation into 2 components, one of which did not 
interact with the resin and the other which was bound to the 
resin and could be eluted with 5 mM GTP. Thus, about one- 
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Figure 5. DEAE- and WGA-agarose elution profiles of VSMC and 
olfactory bulb soluble ANP receptor preparations. The chromatography 
was performed as described in Materials and Methods. The average 
recoveries of ANP binding activity were 99% (DEAE) and 65% (WGA). 

half of the olfactory ANP receptor preparation was capable of 
binding GTP as opposed to the VSMC ANP receptor, which 
apparently had no GTP binding capability. 

It appears, therefore, that the majority of high-affinity (PM) 

ANP receptors from A 10 VSMC cells do not bind to GTP, and 
thus may not be coupled to guanylate cyclase. However, cGMP 
levels can be increased in A10 VSMC cells by the addition of 
ANP (Napier et al., 1986). The EC,, for this stimulation is much 
higher than Kd reported here, and the receptors responsible for 
this stimulation would not be detected utilizing the methods 
described in this report. The uncoupled A10 VSMC receptor, 
with its relatively high concentration and similar affinities for 
a variety of ANP peptides, has been speculated to provide a 
clearance function, removing ANP from the circulation after it 
is no longer needed (Maack et al., 1987). However, other, as yet 
unknown functions for this receptor have not been ruled out 
(Inagami et al., 1987). In contrast, the olfactory bulb tissue 
appears to possess a complement of ANP receptors similar to 
the vascular endothelium or rat lung, and might be a mixture 
of receptors, some of which are coupled to guanylate cyclase 
and some of which are not. The stimulation of guanylate cyclase 
by ANP has been hypothesized to result in many of the known 
biological activities of ANP (Murad et al., 1987). In the CNS, 
ANP has been shown to increase cGMP levels in several neural 
cell lines (Fried1 et al., 1986). Since a component of the ANP 
receptors from the olfactory bulb binds to GTP, it is possible 
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Figure 6. GTP-agarose elution profile of VSMC and olfactory bulb 
soluble ANP receptor preparations. The chromatography was per- 
formed as described in Materials and Methods. The average recovery 
of ANP binding activity was 87%. 

that this tissue utilizes cGMP as an intracellular messenger fol- 
lowing ANP binding. Also, the olfactory bulbs are behind the 
blood-brain barrier, and the ANP receptors examined from this 
tissue would thus be expected to interact with CNS-derived 
ANP. It has recently been shown that ANP mRNA is present 
in various regions of the brain, indicating that ANP is produced 
within the CNS (Gardner et al., 1987) and that ANP is present 
within olfactory bulbs (Kawata et al., 1986). Thus, ANP may 
be acting as a neurotransmitter or neuromodulator in the ol- 
factory bulb, although its function in this tissue remains to be 
determined. 
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