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ABSTRACT. Receptors for atria1 natriuretic peptide (ANP) in isolated bovine adrenal chromaffin cells were 
characterized. lz51-ANP specifically bound to the cells with a Kd of 103 pM and a B,,, of 5.6 fmol/lO’ cells (16.4 

fmol/mg of cell protein). C-ANF, a highly selective ligand for ANP-C receptors of natriuretic peptides, did not 

compete for 1251-ANP binding at concentrations up to 10 nM. Chemical cross-linking of tZ51-ANP to the cells 

showed a single molecular size of the 120 kDa binding site on SDS gel electrophoresis under reducing conditions. 

CNP, a specific peptide for the ANP-B receptor, was much less potent than ANP in inhibiting 1251-ANP binding 

and in displacing iZ51-ANP from the 120 kDa band. These results suggest that ANP specifically binds to the 

ANP-A receptor of 120 kDa and that there is no ANP-C receptor in bovine adrenal chromaffin cells. BIOCHEM 

PHARMACOL 51;6:855-858, 1996. 
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A family of natriuretic peptides has been shown to consist of 
ANW, BNP, and CNP [l-3]. Three types of receptors for 
these natriuretic peptides have been cloned: (1) ANPR-A 
containing a guanylyl cyclase domain that preferentially rec- 
ognizes ANP and BNP, (2) ANPR-B containing a guanylyl 
cyclase domain that is fairly selectively activated by CNP, and 
(3) ANPR-C, which lacks a guanylyl cyclase domain that 
interacts with these three peptides with similar affinities [4-61. 
In various tissues, ANPR-A and ANPR-B exist as a single 
polypeptide of 120-180 kDa, and ANPR-C is a disulfide- 
linked homodimer consisting of 60-70 kDa subunits [5, 7, 81. 
The different distribution and density of natriuretic peptide 
receptor subtypes among various tissues and during develop- 
ment suggest that the physiological functions of these recep- 
tors are different [6, 91. 

In bovine adrenal chromaffin cells, ANP [lo], BNP [ll] and 
CNP [12] are cosecreted with catecholamines following ace- 
tylcholine receptor stimulation. Of all the natriuretic peptides, 
ANP is the most highly concentrated in the adrenal medulla 
[13]. ANP stimulates the synthesis of catecholamines [14, 151 
uia the cGMP-dependent phosphorylation and activation of 
tyrosine hydroxylase [15], the enzyme catalyzing the rate-lim- 
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iting step in catecholamine synthesis. Although the existence 
of ANP receptors in adrenal medulla has been reported [16], 
the properties of the receptors have not been fully analyzed. 

To characterize ANP receptors in the adrenal medulla, we 
examined ‘251-ANP binding and the effects of natriuretic pep- 
tides on cGMP synthesis in isolated bovine adrenal chromaffin 
cells. The binding sites were further characterized by cross 
linking of ‘251-ANP to the receptors. 

MATERIALS AND METHODS 
Chemicals 

Human ANP-[l-28] (ANP) and human CNP-[l-22] (CNP) 
were obtained from the Peptide Institute, Osaka, Japan. Des- 
[Gln18, Ser19, Gly20, Leu21, Gly22lrat ANP-[4-23]-NH2 (C- 
ANF) was from Peninsula Laboratories, Belmont, CA. IBMX 
and disuccinimidyl suberate were from Sigma Chemical Co., 
St. Louis, MO. ‘251-Human ANP (2000 Ci/mmol) was from 
Amersham Japan, Tokyo, Japan. The cGMP radioimmunoas- 
say kit was from Yamasa, Choshi, Japan. 

Binding to Isolated Bovine Adrenal Chromaffin Cells 
Bovine adrenal chromaffin cells (1 x 106) were isolated as 
reported previously [14, 151. The cells were incubated with 
0.01-0.5 nM of lz51-ANP in 1 mL of KRP buffer (mM) (NaCl, 
154; KCl, 5.6; MgSO,, 1.1; CaClz, 2.2; NaH2P0,, 0.85; 
NazHPO,+, 2.15; glucose, 10; pH 7.4) containing 0.1% BSA in 
the absence or presence of the ANP analogues. The incuba- 
tion was carried out in polypropylene centrifuge tubes at 4°C 
for 180 min. After centrifugation at 2700 g for 5 min at 4”C, 
the supernatant was aspirated and the tip of the tube cut for 
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the measurement of radioactivity by multigamma counter 
(Aloka, Tokyo, Japan). Specific binding was defined as total 
binding minus nonspecific binding, determined in the pres- 
ence of 100 nM unlabeled ANP. 

Affinity Cross-linking 

The cells (5 x 105) were incubated with 4.2 nM lz51-ANl’ for 
180 min at 4°C in 100 /tL KRP buffer in the absence or 
presence of 1 l.tM ANP, C-ANF, and CNP, and centrifuged at 
2700 g for 5 min. The resultant cell pellet was suspended in 
100 l_tL KRP buffer, and incubated with 0.2 mM disuccini- 
midyl suberate at 4°C for 60 min. After centrifugation at 
10,000 g for 5 min, the cell pellet was solubilized in 50 yL SDS 
sample buffer (62.5 mM Tris-HCl, pH 6.8; 10% glycerol; 5% 
2-mercaptoethanol; 2% SDS), and boiled for 5 min. The sol- 
ubilized sample (40 PL) was electrophoresed on 10% poly- 
acrylamide gel containing SDS (SDS-PAGE). After drying, 
the gel was exposed to a phosphor imaging plate for 72 hr, and 
the plate was scanned with phosphorimager (BAS 2,000, FU- 
JIX, Tokyo, Japan). 
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The cells (2 x 106) were preincubated for 10 min at 37°C with 
0.3 mM IBMX in 1 mL KRP buffer containing 0.5% BSA and 
were further incubated with various concentrations of ANP or 
CNP for 10 min in the presence of IBMX. After addition of 
100 l.tL 1 M HCL, the reaction mixture was centrifuged and the 
supernatant was subjected to the radioimmunoassay of cGMP 
as reported previously [14, 151. 

FIG. 1. 

’ 251-ANP Bound (fmol/l 06cells) 

Specific binding of ‘Z51-ANP to isolated adrenal chro- 
maf8n cells. (A) Cells (1 x 106) were incubated with 0.01-0.5 
nM of ‘Z51-ANP at 4°C for 180 min in the absence or presence 
of 100 nM unlabeled ANP. Specific binding was calculated as 
the difference between total binding and nonspecific binding, 
and represented 74% of total binding at 0.1 nM ‘251*ANP. Data 
are the mean of 3 separate experiments, each performed in 
duplicate. (B) Scatchard plot. 

RESULTS 

When the adrenal chromaffin cells were incubated with var- 
ious concentrations of 1251-ANP, 1251-ANP bound specifically 
to the cells. The binding was of high affinity and saturable 
(Fig. 1A). A Scatchard plot of the data revealed that the 
binding sites were composed of a single class of sites with a Kd 
of 103 f 13 pM and a B,,, of 5.6 f 0.9 fmol/106 cells (16.4 f 
2.6 fmol/mg of cell protein) (N = 3) (Fig. 1B). 

DISCUSSION 

Unlabeled ANP, at 10-1000 pM, inhibited iZ51-ANP bind- 
ing with an IC,, of 80 pM (Fig. 2A) and increased cGMP level 
in a dose-dependent manner (Fig. 2B). CNP raised cGMP to 
a greater extent than ANP, but did not compete effectively for 
1251-ANP binding. C-ANF, a synthetic ligand that binds se- 
lectively to ANPR-C [6], also failed to inhibit “‘1-ANP bind- 
ing, except at high concentrations (>lO nM). 

Affinity cross-linking of cells with ‘251-ANP followed by 
SDS-PAGE under reducing conditions showed that the recep- 
tor for ‘251-ANP migrated as a single band at a position of 120 
kDa (Fig. 3). The addition of an excess concentration (1 PM) 
of unlabeled ANP totally displaced “‘1-ANP from the 120 
kDa band, whereas CNP and C-ANF, even at 1 /_tM, had 
considerably less effect. 

In the present study, we have characterized ‘251-ANP binding 
sites in bovine adrenal chromaffin cells. Although autoradio- 
graphic studies with ‘251-ANP did not detect ANPR-A in 
adrenal medullary tissue of six different species [17, 181, the 
existence of ‘251-ANP binding sites was reported in mem- 
branes of bovine adrenal medulla [16]. The characterization of 
‘251-ANP binding sites in the present report provides good 
evidence for the existence of ANP receptors in bovine adrenal 
chromaffin cells. The binding sites were saturable and of high 
affinity. They were displaced by low concentrations of unla- 
beled ANP but not by CNP nor C-ANF. The molecular 
weight of ‘251-ANP binding sites was 120 kDa on SDS-PAGE. 
These results suggest that the receptors recognized by 1251- 
ANP in the bovine adrenal chromaffin cells can be classified 
as ANPR-A, but not as ANPR-B nor ANPR-C. 

The molecular weight of 120 kDa for the ANP receptor in 
the adrenal medulla is comparable with that of ANP receptors 
coupled to guanylyl cyclase in the brain [19]. ‘251-ANP bind- 
ing sites were not visualized at the position of 60-70 kDa 
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FIG. 2. Effects of peptides on lz51-ANP binding and cGMP pro- 
duction in isolated adrenal chromaffin cells. (A) Cells were 
incubated with 6 pM of ‘%ANP at 4°C for 180 min in the 
absence or presence of various concentrations of ANP (O), 
CNP (0) or C-ANF (A). Each point is the mean of 3 separate 
experiments, each carried out in duplicate. (B) Cells (2 X 106) 
were preincubated with 0.3 mM IBMX in KRP buffer at 37°C 
for 10 min, and then incubated for an additional 10 min with or 
without various concentrations of ANP (0) or CNP (0) in the 
presence of IBMX. Each point is the mean of 2 separate exper- 
iments, each carried out in duplicate. 

corresponding to subunits derived from homodimeric disulfide- 

linked ANPR-C. The absence of ANPR-C in the bovine adre- 

nal medulla is consistent with an in situ hybridization study in 

monkey adrenal medulla showing that mRNA encoding 
ANPR-C is absent in adrenal chromaffin cells [20]. Of the 
target tissues of ANP, the adrenal medulla is one shown to be 
lacking ANPR-C, as in some regions of the brain [21]. In 
conclusion, ANP interacts with ANPR-A in adrenal chromaf- 
fin cells, and ANPR-A plays a role in the regulation of cell 
functions, such as catecholamine synthesis, in response to 
ANP secreted from these same cells [15]. 
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FIG. 3. Cross linking of lz51-ANP to adrenal chromaffln cells. 
Cells (5 x 10’) were incubated with 4.2 nM ‘Z51-ANP in the 
absence (lane 1) or presence of 1 pM ANP (lane 2), 1 pM 
C-ANF (lane 3) and 1 pM CNP (lane 4) at 4°C for 180 min, 
then cross&nked by 0.2 mM disuccinimidyl suberate for 60 
min. The cells were solubilized with SDS sample buffer con- 
taining 2.mercaptoethanol and subjected to SDS-PAGE, and 
the dried gel was exposed to a phosphor imaging plate for 3 
days. Arrow indicates 120 kDa band. 
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