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SUMMARY. 
-S. 

A radioimmunoassay was developed for rat atria1 natriuretic poly- 
Using the radioimmunoassay and gel filtration in reducing and 

dissociating conditions, extracts of rat atria were found to contain mainly a 
15000-dalton immunoreactive material, probably corresponding to pronatriodfla- 
tin. However, when isolated beating atria were incubated in plasma-free 
conditions, the secreted immunoreactive material consisted almost exclusively 
of 2500-3500-dalton peptide( These results show that rat atria1 cells 
secrete a low molecular weight natriuretic peptide which is highly active, but 
store the less active large molecular weight form(s). D 1985 Academic Press, Inc. 

The heart atria contain potent natriuretic, diuretic and vasoactive polypep- 

tides (atria1 natriuretic polypeptides, ANPsl (1). All the peptides are 

derived from a 126-amino acid atria1 protein called pronatriodilatin (21, 

atriopeptigen (31 or gamma-ANP (41. A large number of homologous ANPs have 

been isolated from rat and human atria (4-11). It is not known which of these 

is responsible for the biological activity observed in intact animals. It 

appears that the full biological activity of the ANPs requires the 25 C- 

terminal residues of pronatriodilatin and does not tolerate long N-terminal 

extensions of this fragment (7, 121. Therefore, it is surprising that rat and 

human atria have been reported to contain a very large amount of pronatrio- 

dilatin, which clearly has lower biological activity than the C-terminal frag- 

ments (4,71. We report here that rat atria indeed store mainly the large mole- 

cular weight ANP, pronatriodilatin, but secrete almost exclusively processed 

ANP with a molecular weight of 2500-3500 daltons. 

ABBREVIATIONS: ANP: atria1 natriuretic polypeptide, RIA: radioimmunoassay. 
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MATERIALS AND METHODS 

Preparation of antisera to ANP. 

Synthetic rat ANP (the 26 C-terminal residue fragment of rat pronatrio- 
dilatin, H-Arg-Arg-Ser-Ser-C~s-Phe-G1y-Gly-Arg-I1e-Asp-Arg-I1e-Gly-Ala-G1n- 
Ser-Gly-Leu-Gly-C$s-Asn-Ser-Phe-Arg-Tyr-OH) was prepared by solid phase 
methodology as in (131. The peptide was conjugated to bovine thyroglobulin 
with water-soluble carbodiimide as described previously for beta-endorphin 
(141. The conjugate was emulsified in an equal volume of Freund's complete 
adjuvant and applied subcutaneously at multiple sites on the backs of five 
rabbits (0.3 mg of the conjugate in 2 ml per rabbit). 

Radioiodination of ANP. 

lz51-ANP was prepared by the chloramine-T technique (151 and purified by 
reverse-phase extraction with Sep-Pak Cl8 cartridges (161. The iodinated pep- 
tide was recovered from the cartridge with 3 ml of 50% P-propanol in 0.1 M 
acetic acid. The specific activity of the tracer prepared this way was 
approximately 150 mCi/mg. the iodinated peptide could be stored for at least 
a month at +4OC. 

Radioimmunoassay procedure. 

The radioimmunoassays (RIA) were performed in Minisorp (NUNC) polyethyl- 
ene tubes. The RIA buffer was 0.1 M sodium phosphate, 0.05 M NaCl, 0.1% 
Triton X-100, 0.02% sodium azide and 0.3% human gamma-globulin, pH 6.0. Stan- 
dards, controls and unknowns were pipetted in 0.1 ml in duplicate followed by 
0.1 ml of the diluted antiserum and 10000 cpm of Iz51-ANP. Incubation was at 
+4OC overnight. The bound and free antigens were separated with 1 ml of 20% 
polyethylene glycol 6000 (Fluka) in 0.05 M disodium phosphate followed by cen- 
trifugation (4500 g, 25 mini. The radioactivity in the precipitates was 
counted in a LKB-Wallac 12-channel gamma-counter. 

Extraction of tissue. 

Heart atria (the combined block of atria and auricles) were excised 
immediately after decapitation from male Sprague-Dawley rats (400 91. They 
were snap-frozen and stored at -2OOC or used for the incubations (see 
below). The atria were homogenized with an Ultra-Turrax in 9 volumes of 
boiling 1 M acetic acid, containing 0.5% P-mercaptoethanol, 10 mg/l phenyl- 
methylsulfonyl fluoride, 1 mg/l pepstatin-A (Sigma). The extracts were kept 
in a boiling water bath for 10 min, then cooled and centrifuged (1000 g, 30 
min, t40C). The supernatants were stored at -2OOC. The recovery of added 
radioiodinated ANP was >90%. On some occasions fresh atria were homogenized 
in 9 volumes of boiling 4 M guanidine-HCl, 0.02% bovine serum albumin, 0.5% 2- 
mercaptoethanol (171. 

Incubation of isolated rat atria. 

Beating atria were incubated in physiological salt solution (154 mM NaCl, 
5.6 mM KCl, 5.0 mM Hepes, 2.2 r&l CaCl,, 0.12 mM MgClf and 2.5 mM glucose, pH 
7.4) at 340 with continuous gassing (100% Oil. Aliquots of 0.25 ml of the 
incubation medium (30 ml total volume) were removed at 5 min intervals for ANP 
RIA. At the end of the incubation (35-60 min) the medium was lyophilized and 
the atria1 fragment was snap-frozen and stored at -2OOC. The atria were 
viable during the whole incubation period as judged from the regular beating 
and they remained functional for at least four hours in these conditions. 
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Gel filtration. 

Gel filtration of the atria1 extracts and the incubation media was per- 
formed in Sephadex G5OSF columns (0.7 X 46 cm). Elution was performed with 
50% acetic acid, 0.02% P-mercaptoethanol at +4OC. The flow rate was 2.5 ml/h 
and fractions of 0.5 ml were collected. The columns were loaded with 0.2 mg- 
equivalent of the atria1 extracts or a lyophilizate from 5 ml equivalent of 
the incubation media in 0.2-0.5 ml 50% acetic acid and 0.5% 2-mercaptoethan- 
01. Aliquots of the collected fractions were dried in a Savant Speed-Vat with 
0.1 mg bovine serum albumin for use in RIA. Trace quantities of Blue Oextran 
(Pharmacia), radioiodinated ANP and NaCl were included in the samples as in- 
ternal standards. Recovery of radioactivity and immunoreactivity was 80-105%. 
In addition, the columns were calibrated with human beta-lipotropin (18), (M, 
;;7002~oo;uman beta-endorphin (131, (Mr 3500) and beta-endorphin (l-18) (181, 

. Guanidine-HCl extracts of fresh atria were chromatographed in 
BigGel PlO columns 10.7 X 46 cm) eluted with 4 M guanidine-HCl as described by 
Rossier et al. (171. This type of chromatography was not used for the 
incubation medium because of the extensive dilution required for RIA. 

RESULTS 

A sensitive RIA for rat ANP was developed in order to study the secretion 

of ANP. Antiserum designated 7-44-4-l-85 at a final dilution of l/35000 was 

used in the present study. The RIA had a sensitivity of 5 pg/tube and the 

usable range was between 5 and 500 pg/tube (Fig. 1). Intra- and inter-assay 

coefficients of variation were always 40% and <15%, respectively, at 10 pg to 

250 pg ANP/tube. Rat atria1 extracts and the medium from incubation of isola- 

ted atria gave displacement curves parallel to that produced by synthetic rat 

ANP (Fig. 1). Using this RIA, acetic acid extracts of rat atria were found to 
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Figure I. Dose-response curves showing the displacement of the Ilz5 -ANP from 
binding to the specific ANP antibody by the synthetic rat ANP 
standard, 
medium 

heart atria1 and ventricular extracts and lyophilized 
from the incubation of isolated rat atria. 
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contain 100-300 ng ANP-equivalents of immunoreactivity/mg tissue (n=lO). Rat 

heart ventricles did not contain any detectable amounts of immunoreactivity 

(Fig. 11, demonstrating the specificity of the RIA. Similar recovery of 

immunoreactivity was obtained for the guanidine-HCl extracts. Sephadex G5OSF 

gel filtration of the acetic acid extract from either native or incubated 

atria in reducing and dissociating conditions showed that most of the 

immunoreactivity corresponds to a high molecular weight material eluting at 

the void volume (Fig. 2, upper panel). Only about 5-10% of the material was 

of a smaller molecular weight. The exclusion limit of the gel under these 

conditions is about 10000 daltons. The same elution pattern was obtained when 

guanidine-HC1/2-mercaptoethanol extracts of rat atria were chromatographed in 

BioGel P60 with guanidine-HCl as the solution medium (data not shown). The 

BioGel chromatography suggested a M, of 15000 for the principal immunoreactive 

material from the atria1 extract. 
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Figure 2. Gel filtration in Sephadex G-50SF of an extract from rat atria 
(upper panel) or lyophilized medium (lower panel) obtained from a 
45-minute incubation of the isolated, beating atria1 fragment. 
The column was eluted at +4OC with 50% acetic acid and 0.02% 2- 
mercaptoethanol at a flow rate of 2.5 ml/h. Fraction size 0.5 
ml. The arrows show the elution positions of human beta-endorphin 
(3.5K) and beta-endorphin(l-18) (2K). Human beta-lipotropin 
elutes in the void volume. The elution of radioiodinated ANP, 
used as an internal standard, is also shown (cpm). 
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Incubation of isolated atria resulted in the release of immunoreactive 

ANP into the incubation medium and the rate of release was linear for at least 

up to one hour. The secretion rate was 74 f 24 rig/h/fragment (n=7), which 

corresponds to about 0.25% of the total amount of ANP-like immunoreactivity 

present in an atria1 fragment. When lyophilized aliquots of the media were 

chromatographed in Sephadex G5OSF in reducing and dissociating conditions, a 

completely different elution pattern was obtained in comparison with that from 

atria1 extracts: most of the secreted immunoreactive material eluted at the 

2500-3500-dalton region with only a very small peak at the void volume (Fig. 

2, lower panel). The chromatography was repeated ten times with seven samples 

from atria1 extracts and three samples from incubation media. Identical 

results were obtained among all the atria1 extracts. The same finding also 

held for the incubation media. 

DISCUSSION 

The present results show that there is a difference between the molecular 

forms of rat atria1 ANP that is being stored versus that which is being secre- 

ted. Our experimental design eliminated the possibility that the processing 

of secreted pronatriodilatin could have taken place in plasma or in the target 

cells. The atria appear to store huge amounts of a 15000-dalton pronatriodi- 

latin-like material, which is reported to be biologically less active than the 

smaller ANPs (7,121. The secreted ANP, on the other hand, has an apparent 

molecular weight of 2500-3500 daltons corresponding to peptides with about 20- 

35 amino acids. However, since the full biological activity of ANP requires 

the 25 C-terminal residues of pronatriodilatin, it seems reasonable to propose 

that the secreted ANP(s) contains at least these residues. Although the 

secreted ANP elutes in gel filtration as a symmetrical peak, the broadness of 

the peak suggest that it could consist of multiple components (see Fig. 2). 

Our antiserum is directed towards the C-terminus of pronatriodilatin and, 

although its cross-reactivity with the larger molecular forms are not known, 

it probably recognizes with similar avidity all ANPs containing the lOI-126 

sequence of pronatriodilatin, because the antigen used was the synthetic rat 
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pronatriodilatin (101-126). In a recent paper, Nakao et al (20) have also 

shown that the major molecular form of ANP from rat atria1 extract is the high 

molecular weight gamma-ANP. 

At present we do not have an explanation for the seemingly paradoxical 

finding that the rat atria store mainly a relatively inactive form of ANP, 

namely pronatriodilatin (4,71, but secrete a much lower molecular weight but 

biologically active peptide. It seems that either the processing of pro- 

natriodilatin to the more active peptides is closely connected with the secre- 

tion process or that the atria1 cells have the capability of secreting selec- 

tively the small proportion of processed ANP which is present in the atria1 

extract (see Fig. 21. In another paper we have shown by immunohistochemical 

method that most of the ANP containing granules in rat atria are located in 

the sarcoplasmic core near the nuclei of the atria1 cells and that only a very 

small proportion of the granules-reside near the plasma membrane (19). It is 

tempting to speculate that pronatriodilatin maturates to the secreted form(s) 

during the transport of the granules from the sarcoplasmic core to the plasma 

membrane. In this way the selective secretion of the processed form(s) could 

easily be achieved. In any case our novel findings show that the processing 

of pronatriodilatin takes place in the atria1 cells and that it follows a 

rather unusual course. In future studies it would be very important to study 

the exact mechanism of the processing and determine the precise molecular 

nature of the secreted ANP(s). 
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