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Dehydration increases the density of C receptors
for ANF on rat glomerular membranes

MARGIT C. KOLLENDA, ANGELIKA M. VOLLMAR,
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KOLLENDA, MARGIT C., ANGELIKA M. VOLLMAR, GLENN A.
MCENROE, AND ALEXANDER L. GERBES. Dehydration increases
the density of C receptors for ANF on rat glomerular membranes.
Am. J. Physiol. 258 (Regulatory Integrative Comp. Physiol.
27): R1084-R1088, 1990.—The present study determined the
presence of two types of binding sites for atrial natriuretic
factor (ANF), the B and C receptor, on rat glomerular mem-
branes. The effect of short-term salt loading and dehydration
on these two receptor populations was investigated consecu-
tively. Salt-loaded rats did not show significant changes in
plasma ANF concentrations or in the number of ANF binding
sites. Water-deprived rats presented significantly lower plasma
ANF concentrations (22.0 + 1.9 vs. 34.4 + 3.8 fmol/ml, P <
0.01) and an increase in total receptor density (1,860 + 398 vs.
987 + 143 fmol/mg protein) as compared with the control
group. Differentiation of both receptor populations showed that
it was the C receptors that accounted for this increase (1,772
+ 369 vs. 901 + 151 fmol/mg protein, P < 0.05), whereas B-
receptor density was unchanged (89 + 31 vs. 87 + 44 fmol/mg
protein). These data suggest that C receptors for ANF are
affected by changes of body fluid volume.

water deprivation; salt loading; plasma atrial natriuretic factor
concentration; B and C receptors for atrial natriuretic factor

ATRIAL NATRIURETIC FACTOR (ANF), a hormone synthe-
sized and secreted by cardiac atrial myocytes (6) is in-
volved in the regulation of body fluid and electrolyte
balance. ANF is released into the circulation in response
to atrial distension caused by volume expansion (11, 12,
16). Its natriuretic and diuretic activities are mediated
by interaction with specific renal receptors. Previous
studies demonstrated that two distinct receptor types are
present in kidney, a high-affinity binding site (B recep-
tor) and a low-affinity binding site (C receptor) (7, 21).
It has been suggested that the B receptor, which is tightly
coupled to particulate guanylate cyclase, acts as the
biologically active receptor (5), whereas C receptors seem
to function as a hormonal buffer system by modulating
plasma concentrations of ANF (2).

Studies on rat glomerular receptor status during phys-
iological changes in sodium and water metabolism dem-
onstrated an inverse relationship between plasma ANF
concentration and density of ANF receptors (3, 9, 10),
indicating that both plasma ANF concentration and
glomerular receptor density are influenced by alterations
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of body fluid volume. So far studies on the effect of
changes in extracellular volume referred only to the total
ANF binding sites. However, regarding the different
properties of B and C receptors, the present study aimed
at describing the influence of changes in body fluid
volume on both receptor types in renal glomeruli.

METHODS

Animal preparation. Male Sprague-Dawley rats (280-
320 g) were kept at constant room temperature and in
controlled dark-light periodicity. They received regular
pelleted chow and tap water ad libitum for 3 days before
the experiment. Then the water-deprived group (n = 12)
was left without water for 3 days but had free access to
food. Salt loading (n = 12) was produced by offering 1%
saline as a drinking solution for 3 days together with a
regular diet. The controls (n = 12) were fed a standard
rat chow and given tap water ad libitum for 3 days. The
animals were decapitated, trunk blood was collected in
precooled tubes with EDTA (1 mg/ml), and the kidneys
were rapidly excised.

Radioimmunoassay (RIA) for ANF. Blood samples were
centrifuged at 1,500 g for 10 min at 4°C, and the plasma
was stored at —70°C until assayed. Extraction of plasma
samples and RIA procedures were modified from (1, 11).
Briefly, 200 ul plasma samples were extracted by adsorp-
tion to activated Amberlite XAD-2 adsorbent resin (par-
ticle size 0.3-1.0 mm, Serva, Heidelberg, FRG) and eluted
with acetonitrile-0.1% trifluoracetic acid (80%-20%). Re-
covery was 70%, and the detection limit of the RIA was
0.5 fmol/tube.

Preparation of glomerular membranes. Rat glomeruli
were isolated according to a graded sieving method (22)
with some modifications. Kidneys were cut longitudi-
nally, the medulla was removed, and the cortical tissue
was filtered through 250-, 140-, and 75-um sieves. Glo-
meruli were then suspended in ice-cold phosphate-buff-
ered saline (PBS), pH 7.5, and centrifuged (10,000 g,
4°C, 10 min). Membranes were prepared by resuspending
the glomeruli in 50 mM tris(hydroxymethyl)aminometh-
ane (Tris)-HCI (pH 7.4) and 1 mM NaHCO; and by
homogenizing with a Polytron (Kinematica, Littau, Swit-
zerland) at 4°C, setting 6, for 3 X 20 s. The homogenate
was diluted (1:1) with 50 mM Tris-HCI (pH 7.4), 1 mM
EDTA, and 1 mM MgCl; and was sedimented at 30,000

0363-6119/90 $1.50 Copyright © 1990 the American Physiological Society
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g for 15 min at 4°C. The pellet was washed once and
resuspended in 50 mM Tris-HCI (pH 7.4) and 250 mM
sucrose. The membranes were frozen and stored at
—70°C. Protein concentration was determined by the
method of Lowry et al. (18) using bovine serum albumin
(BSA) as standard.

Binding assay. Binding as a function of time at 4°C
showed binding equilibrium after 4 h, which remained
stable for at least 5 h more. Consequently, binding studies
were performed in triplicate at 4°C for 5 h in a buffer
containing 50 mM N-2-hydroxyethylpiperazine-N’-2-
ethanesulfonic acid (HEPES), pH 7.5, 5 mM MgCl,, 0.2%
BSA, 0.1% bacitracin and the following protease inhibi-
tors: 4 uM aprotinin, 8 ug/ml phosphoramidon, 2 ug/ml
bestatin, and 40 ug/ml chymostatin (Sigma, Deisenho-
fen, FRG). Incubation volume was 0.5 ml. For competi-
tive binding studies (in triplicate) the unlabeled peptides
of rat ANF (rANF) rANF-(99—126) (Novabiochem,
Laufelfingen, Switzerland) or des[GIn'® Ser!®,Gly®,
Leu®,Gly**]rANF-(4—23)-NH,, a truncated ANF ana-
logue that binds to C receptors only (21), were present
in increasing concentrations (107*2-10~® M). Displace-
ment with these two unlabeled ANF peptides allowed
differentiation of both receptor types. *I-rANF-(99—
126) (Biotrend, Cologne, FRG; specific activity 2,200 Ci/
mmol) concentration was 20 pM for displacement curves
and 10-2,000 pM for saturation studies. Specific binding
of ANF increased with increasing protein concentration,
showing linearity between 5 and 30 ug. Accordingly,
binding reactions were initiated by adding 15 ug of glo-
merular membrane protein, a concentration well within
this linear range. Reactions were stopped by dilution
with 2.5 ml ice-cold 50 mM Tris- HCI (pH 7.4) and rapid
filtration through 1% polyethylenimine-treated What-
man GF/C filters. Filters were washed with 5 ml of 50
mM Tris-HCI (pH 7.4), allowed to dry, and radioactivity
was measured in an LKB 1261 Multigamma counter
(Turku, Finland) with 80% efficiency.

Affinity cross-linking of ANF receptors. Glomerular
membrane proteins (30 ug) were incubated for 5 h at 4°C
with 60 pM '#I-rANF-(99—126) in the presence or ab-
sence of unlabeled rANF-(99—126). After incubation,
the membranes were washed, resuspended in ice-cold
PBS buffer (pH 7.5), and incubated with 0.1 mM bis-
(sulfosuccinimidyl)suberate (Pierce, Beijerland, Nether-
lands) for 25 min at 4°C. The reaction was quenched by
adding 10 mM ammonium acetate, and the membranes
were centrifuged in an Eppendorf centrifuge for 7 min.
The pellet was resuspended in 30 ul sample buffer [62
mM Tris-HCl (pH 6.8), 2% sodium dodecyl sulfate
(SDS), 10% glycerol, 0.001% bromphenol blue] contain-
ing 5% 2-mercaptoethanol and heated for 3 min at 100°C.
The membranes were resolved on a 7.5% SDS polyacryl-
amide gel under constant voltage conditions (Hoefer
Scientific Instruments, San Francisco, CA). Standard
molecular weight markers were used for calculation of
molecular weights of labeled bands (Serva). Gels were
stained, dried, and exposed to Kodak X-OMAT AR film
with a Kodak X-OMAT regular enhancing screen at
—70°C for 14 days.

Analysis of data. The results are expressed as means =
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SE. Binding data were analyzed using the LIGAND
program (23) to determine the density and affinity of
binding sites from competition experiments. The disso-
ciation constant (K3) and maximum binding sites (Bpmay)
were calculated for each animal, and results from each
group were compared by the unpaired Student’s ¢ test.
Data from saturation experiments were analyzed by
ENZFITTER (Elsevier, BIOSOFT, Cambridge, UK).

RESULTS

Receptor binding characteristics. Figure 1 illustrates
that binding of *I-rANF to glomerular membranes was
saturable in a biphasic manner. Scatchard analysis, as
shown in the inset of Fig. 1, demonstrated the presence
of a high-affinity binding site (K4 8 pM), as reported for
the B receptor, and a low-affinity binding site with Ky
500 pM, as shown for the C receptor (8, 21). Receptor
density was 249 fmol/mg protein for the high-affinity
binding site and 1,865 fmol/mg protein for the low-
affinity binding site.

To verify the identity of these binding sites as B and
C receptors, we characterized their molecular weight by
affinity cross-linking studies. Autoradiography of the
dried gel (Fig. 2) showed two bands with the apparent
molecular masses of 65 kDa, as reported for the C recep-
tor, and 130 kDa, as shown for the B receptor, respec-
tively. The specificity of *I-rANF cross-linking was
demonstrated by displacement with increasing concen-
trations of unlabeled ANF (Fig. 2). These data most
probably identified the two ANF binding sites deter-
mined in our experiments as B and C receptors.
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FIG. 1. Saturation binding curve of '*I-rANF-(99—126) to renal
glomerular membranes. Membranes were incubated in triplicate in
presence of increasing concentrations of '*I-rANF. Inset: Scatchard
analysis of same data, suggesting two binding sites.
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Short-term salt loading. Salt loading for 3 days signif-
icantly increased body weight from 293 + 11 to 335 = 7
g (P < 0.01). Plasma ANF concentrations of the salt-
loaded group did not change significantly as compared
with the control group (Table 1). Displacement binding
studies with rANF-(99—126) and des(18—22)-rANF-
(4—23)NH,, respectively (Fig. 3), showed no significant
difference of B- or C-receptor density as compared with
controls (Table 1). No change in receptor affinity to ANF
was observed (Table 1).

Dehydration. Water-deprivation for 3 days signifi-
cantly decreased body weight from 314 + 12 to 277 £ 8
g (P < 0.05). As seen in Table 1 the plasma ANF
concentration was reduced from 34.4 + 3.8 to 22.0 £ 1.9
fmol/ml (P < 0.01). Analysis of competition binding
curves (Fig. 3) showed that the total receptor density
increased from 987 + 143 to 1,860 + 398 fmol/mg protein
(Table 1). Quantification of both receptor types showed
that the increase in receptor density only affected the C-
receptor population, which increased significantly from
901 + 151 to 1,772 + 369 fmol/mg protein (P < 0.05),
whereas the density of B receptors remained unchanged
(Table 1). There was no significant difference in affinity
of B or C receptors to ANF between control and dehy-
drated rats (Table 1).

TABLE 1. Effects of salt loading and dehydration
on plasma ANF concentrations, density,
and affinity of glomerular ANF receptors

Controls  Dehydration High Salt
Plasma ANF concentration, 34.4+3.8 22.0+1.9*} 35.9+3.2*§
fmol/ml
Total binding sites, 987+143 1,860+398 924+1561§
fmol/mg protein
B receptor
Binax, fmol/mg protein 87+44 89+31 55+14
K, pM 45+36 2514 21411
C receptor :
Binex, fmol/mg protein 901+151 1,772+369t% 869+1551§
KispM 311+30 380104 32567

Values are means + SE; n = 12 rats. Bpay, maximum binding sites;
K,, dissociation constant. * P < 0.01, ¥ P < 0.05, compared with i:
controls, §: dehydration.
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10° [M] rANF(99-126)

Mrx10 "3
- 205 FIG. 2. Autoradiogram of SDS-poly-
acrylamide gel electrophoresis-resolved
116 rat glomerular membrane protein cross-
97.4 linked to '®I-rANF in absence and pres-
: ence of increasing concentrations of un-
66 labeled rANF-(99—126). Specifically la-
beled bands are at 130 and 65 kDa. Mo-
bilities of molecular weight (M;)
standards are shown.
45
29
DISCUSSION

In the present study we demonstrated in a first step
the presence of B and C receptors for ANF on rat
glomerular membranes. This conclusion is supported by
the following observations. 1) Saturation binding exper-
iments and Scatchard analysis clearly demonstrated two
distinct ANF binding sites differing in their affinity for
ANF (Fig. 1). Dissociation constants calculated for the
high- and low-affinity binding sites agreed with those
reported for B and C receptors (8). 2) SDS-polyacryl-
amide gel electrophoresis-resolved glomerular mem-
branes cross-linked to ***I-rANF showed two specifically
labeled bands at 65 and 130 kDa (Fig. 2). Therefore, in
accordance with previous studies (17, 24), these two ANF
binding sites could be regarded as C receptors (65 kDa)
and B receptors (130 kDa), respectively.

Binding studies with displacement by two different
ligands were used to differentiate B and C receptors. The
discrimination between these two receptor populations
allowed us in a second step to address in greater detail
the known influence of extracellular volume changes on
glomerular ANF binding sites and on plasma ANF con-
centrations (3, 9, 10, 15, 25). Short-term salt loading,
increasing body weight by 14%, and dehydration, de-
creasing body weight by 12%, were used to induce
changes in extracellular volume. Salt loading did not
change the total number nor the proportion of B and C
receptors on glomerular membranes nor the plasma ANF
concentration. In contrast, plasma ANF concentration
after water deprivation was significantly reduced while
the number of total ANF binding sites increased mark-
edly. The significant increase in total receptor density
observed in water-deprived rats was caused by a striking
increase in C-receptor density, whereas B-receptor den-
sity was not affected (Table 1).

Our results agree with the autoradiographic demon-
stration that the total number of ANF binding sites was
much more affected by dehydration than by salt loading
(20). Our findings are in keeping with another observa-
tion, that 3 days of salt loading did not affect plasma
ANF concentration (19) but are in contrast to other
studies, showing that salt loading for between 2 and 14
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FIG. 3. Representative competition binding curves of '*I-rANF-(99—-126) to glomerular membranes. Membranes
from control, dehydrated, and salt-loaded rats were incubated in triplicate with increasing concentrations of unlabeled
rANF-(99—126) or des[GIn'®,Ser'?,Gly*,Leu®,Gly**])rANF-(4—23)-NHo. Results are expressed as bound-total (B/T)
vs. total (unlabeled peptide). Left: binding of '*I-rANF in presence of unlabeled rANF-(99—126). Right: binding of

11.rANF in presence of unlabeled des(18—22)-rANF-(4—23)-NH,.

days increased circulating ANF (3, 9, 13, 15, 25, 26).
Therefore, whereas different results with a longer period
of salt loading cannot be excluded, our results demon-
strate that short-term dehydration affects the ANF sys-
tem more markedly than short-term salt loading.

Our results show that dehydration leads to decreased
plasma ANF concentrations and simultaneously to an
increase in the number of C receptors. In an effort to
teleologically explain these findings, we offer the follow-
ing hypothesis. Dehydration induces changes in the ANF
system (decrease of plasma concentration, increase of
clearance receptors), which result in reduced ANF-me-
diated diuresis. An increase of circulating ANF, e.g., after
drinking, during dehydration would cause less renal ef-
fects than in normal hydration, due to an augmented
removal of ANF by the increased density of C receptors.
This again would aim at replenishing body volume. Thus
a regulation of plasma ANF concentration and C-recep-
tor density in the way observed by us could reflect an
adaptation system for maintaining fluid homeostasis.

Furthermore, our findings might explain several so far
poorly understood observations of a blunted biological
response to exogenous ANF despite an increase in total
glomerular receptor density after various experimental
procedures (3, 4, 14). Conditions such as dehydration,

low-salt intake, or adrenalectomy would result in low
extracellular volume with reduced ANF release. Because
all these volume-depleted conditions have been found
related to an increase in total glomerular receptor den-
sity, the lack of renal response to exogenously adminis-
tered ANF could be explained by selective alterations of
receptor subtypes. An enhancement of C receptors only,
at unchanged density of the biologically active B recep-
tors, could account for this seeming contradiction.

In conclusion, our results confirmed the presence of
two distinct ANF receptor types on rat glomerular mem-
branes. We demonstrated that after dehydration plasma
ANF concentration decreased while total receptor den-
sity increased. Quantification of both receptor types
showed that C-receptor density was enhanced, whereas
the density of B receptors was unaffected, suggesting
that C-receptor density might be regulated by plasma
ANF concentration. This inverse relationship between
plasma ANF concentration and C-receptor density might
reflect a mechanism possibly involved in the control of
body fluid volume.
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