
makes curvature harder to detect. If oxygen 
was consumed primarily from the oxygenat- 
ed bottom water, then the oxygen could 
have been resupplied from the surroundings 
at a high rate. This would prevent any large 
curvature from appearing and oxygen would 
seem to behave conservatively. Oxygen up- 
take by the hydrothermal vent clam Calypto- 
Bena appears to occur at near ambient condi- 
tions, whereas sulfide is consumed in warm- 
er water with higher sulfide concentrations 
(19). 

There was 27 pA4 less sulfide and 37 p l 4  
less oxygen at location B than at location C 
at a silicate concentration of 400 pM. The 
extra sulfide and oxygen consumed at loca- 
tion B was removed in a ratio of0.73 to l. It 
is difficult to determine the oxidation prod- 
uct of sulfide from these results, however, 
because community oxygen demand will 
consume oxygen without sulfide. Anaerobic 
sulfide oxidation is also possible. 

Our in situ measurements demonstrate 
large variability in sulfide and silicate con- 
centrations in the vicinity of the animals of 
this hvdrothermal vent cornmunitv. Con- 
sumption of sulfide by the vent animals was 
also evident. Direct calculations of the com- 
munity metabolism will be possible when 
measurements of flow rates around these 
animals become available. 
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Endonucleolytic Activity That Cleaves 
Immunoglobulin Recombination Sequences 

An endonucleolytic activity has been identified in nuclear extracts of chick embryo 
bursa and mouse fetal liver cells. The activitv introduces a double-strand cut in the 
vicinity of the recombination site of immunoglobulin joining gene segments. The 
cleavage occurs at the dinucleotide pair ATE. This activity is a good candidate for the 
putative endonuclease involved in recombination of the immunoglobulin variable, 
diversity, and joining regions. It is distinct from the endonuclease activities previously 
reported by others. 

MMUNOGLOBULIN (IG) VARIABLE RE- 
gion genes are generited by site-specific 
DNA recombinations during the differ- 

entiation of B lymphocytes (1). I n  the light 
chain genes, the recombination takes place 
between two DNA segments, V and J (2-5). 
In the heavy chain genes, an additional 
DNA segment D (diversity) is involved (6- 
8); thus, two recombination events, V-D 
and D-J joinings are necessary to generate a 
complete heavy chain gene. 

Nucleotide sequence analysis of the germ- 
line DNA segments revealed that two 
consensus sequences, CACTGTG and 
GGTTITTGT, are always found at the re- 
combination site, and the spacer separating 
the two sequences is either 12 or 23  base 
pairs (bp) long (3, 6-8). DNA recombina- 
tion takes place between two pairs of palin- 
dromic conserved sequences, with one pair 
being separated by a 12-bp spacer and the 
other by a 23-bp spacer (12-23 bp spacer 
rule) (6, 7). 

In order to better understand the molecu- 
lar mechanism of Ig gene recombination, we 
have attempted to-identify a recombination 
enzyme which mediates V-(D)-J joining. 
Our studies are based on the assum~tion 
that three main activities should be involved 
in Ig gene recombination: a DNA binding 
activity, an endonucleolytic activity, and a 
ligase activity. The binding activity could 

bring the two recombination sites together 
into the proper orientation, satisfying the 
12-23 bp spacer rule. The endonucleolytic 
activity is then required to cut or nick the 
germline DNA around the recombination 
site. Finally, the ligase activity must join the 
two Ig sequences covalently. 

We first attempted to identify a specific 
endonucleolytic activity that cleaves Ig gene 
sequences at or  near the recombination site 
(9). We used mouse fetal liver and chick 
embryo bursa as enzyme sources because B- 
cell progenitors are assumed to first appear 
in these tissues during embryonic develop- 
ment (1 0, 11). We prepared nuclear extracts 
from these tissues (12), and fractionated 
them by column chromatography. An en- 
donucleolytic activity that cleaves in the Ig 
joining segment region was identified by a 
Southern blot hybridization assay. To ascer- 
tain where the joining region cleavage oc- 
curs we used a DNA sequencing gel system 
(13) to analyze the cleavage products with 
chemically cleaved DNA as a size marker. 
We now report that mouse fetal liver nuclei 
contain an endonucleolytic activity that 
cleaves mouse JAl (A,  lambda chain) DNA 
between the consewed heptamer and the JAl 
coding sequence. 

Depamnent of Microbiologv and Immunology, Univer- 
sity of California, Berkeley, %A 94720, 
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Fig. 1. In vitm cleavage of mouse J. DNA with m o w  fetal liver nuclear emact detected by Southern 
hybridization (14). Phage DNA carrying a 16-kb Eco RI insert containingthe mouse J, gene locus was 
incubated with DE52 fractionated nudear extracts of 17- to 19-day-old mouse fetdliver. The reaction 
volume was 2Xl pI and contained 0.5 (rg of Jx phage DNA, 50 pg of sonicated salmon sperm DNA as a 
carrier, 2 pI 1 0 ~  cleavage reaction buffer (100 mM Tris-C1,pH 7.5,lOO.mM MgCI, 60 mM D m ,  200 
mM NaCI), and 5 pI of the DE52 flow through fraction of fetal liver nuclear extract, The reaction 
mixture was incubated for 30 minutes at 37°C. The reaction was stopped by heating at 65°C for 10 
minutes. Denatured proteins were removed by cenmfugauon. The supernatant was then completely 
digested with Eco RI. The reacted DNA was then separated in an 0.8 percent agarose gel, transferred to 
a niuocdulose filter and was hybridized with the Hind III5' Jx probe. Southe~n hybridization with a 
5' J, probe revealed several discrete DNA fragments in which the cleavage sites correspond to the five J. 
genes. Nuclear extracts were prepared by a modification of the salt extraction of nuclei (11). Cells and 
homogenates were kept on ice throughout the procedure. Tissue was minced and washed twice in 
chilled buffer A (10 mM HepespH 7.9,1.5 mM MgCI, 10 mM KCI, 0.5 mM D m ) .  Washed cells were 
cenmfiged for 10 minutes at 7508 at 4°C and resuspended in twice the original cell volume buffer A. 
CeHs were disrupted in a Dounce homogenizer (ten strokes). The hornogenate was centrifuged at 7508 
for 10 minutes at 4°C to separate the nuclei. Nuclei were resuspend& in 2 x  cell v o h e  buffer A and 
centrifuged at 25,000 for 20 minutes at 4"C, to remove cytoplasmic debris. Nuclei were resuspended 
in 2. original cell v o L  with salt extraction bUBer (20 nulf HepespH 7.9,25 percent (by volume) 
glycerol, 420 mM NaCI, 0.5 mM D m ,  0.5 mM PMSF) with ten strokes of the Dounce tissue 
homogenizer. The resulting suspension was stirred with a magnetic bar for 30 minutes on ice and 
cenaifuged at 25,0008 for 30 minutes at 4°C. The clear supernatant was dialyzed against (20 mM 
HepespH 7.9,20 percent (by volume) glycerol, 0.2 mM EDTA, 0.5 mM DTT10.5 mM DMSF). The 
rtialyzate was centrihged at 25,0008 for 20 minutes at 4°C. The resulting nuclear extract was separated 
into measured portions and fnnen in liquid nitrogen and stored at - 70°C where it is quite stable. 

Fig. 2. In vitro cleavage of JAl gene segment detected by sequencing gel assay. A 300-bp Bam HI-Xba I 
fragment was labeled at the Xba I end with 32P. A cleavage is evident at the 5' end of the Jhl coding 
region. The reaction mixture contained 1 pg of sonicated salmon sperm DNA, 1 4 of 10x cleavage 
reaction buffer, "P end-labeled Jkl DNA, and 5 pl of tk DE52 flow through fraction of m o w  fetal 
liver nuclear extract in a 10-4  volume. The mixture was incubated for 3Q minutes at 3PC. The sample 
was then separated on a urea-containing 6 percent polyauylamide gel along with a Maxam-Gilbert G 
reacted sample of the same end-labeled fragment as a size marker. 

For the cleavage assay, JK (K, kappa chain) 
containing DNA was used as a substrate in 
the initial experiments (Fig. 1). Phage DNA 
(charon 4A) containing the five f, gene seg- 
ments (3) was incubated with fetal liver nucle- 
ar extract from 17- to 19-day-old mouse 
embryos. Nudear extracts were prepared by 
the extraction of isolated fetal liver nuclei with 
420 mM NaCl and subsequent dialysis (12). 
The reacted DNA was digested with Eco RI, 
and analyzed (14). If a specific cleavage. tmk 
place at the recombination site of each J, gene 
segment, we would expect to detect a series of 
DNA fragments starting with the Eco RI site 
upstream of the J, region (Fig. 1). The 
cleavage products would be detected with a 
probe containing the 5' J, sequence. The 
standard reaction mivture contained 5 pl of 
nuclear extract, 10 mM ms-Ci, pH 7.5, 10 
mM MgCI, 20 mM NaCI, 1 mM EDTA, and 
10 pg d ofcated salmon sperm DNA in a 
20-ul reaction mixture. Since the extract con- 
tairid a considerabk amount of nonspecific 
nuclease activity, an excess amount of salmon 
s w m  DNA was added to the reaction mix- 
t;re, which was then incubated fbr 30 min- 
utes at 37°C. The mouse fetal liver nuclear 
extracts were fractionated on DE52 (What- 
man) to separate nonspeafic nuclease activi- 
ties. Several discrete bands were produced 
speufidy with digestion by the DE52 flow- 
through fraction (Fig. 1). This suggested that 
a cleavage was taking place at each of the J, 
gene segments. 
- The exact location of the cleavage site was " 
determined in a series of experiments with 
fetal liver extract. The cleavage products 
were analyzed in a urea-containing poly- 
acrylarnide gel. For this analysis, a 300-bp 
Bam HI-Xba I fragment containing the Jh1 
(3) sequence was labeled at the Xba I end, 
and the end-labeled DNA was incubated 
with the mouse fetal liver nuclear extract 
(Fig. 2). The reacted DNA was then ana- 
&d on a 6 percent DNA sequencing gel 
along with a size marker (G reacted Jhl 

DNA). A strong cleavage site was detected 
between the conserved heptamer and the JAl 
coding sequence. The faint bands that were 
present were due to a nonprotein mediated 
reaction. Prolonged incubation revealed 
lighter bands adjGent to the main cleavage 
band; these may be caused by contaminating 
exonucleolytic activities. - 

- 

Of the various column resins used to 
eliminate the DNA degrading activities 
from the extract, heparin agarose (Bio-Rad) 
gave the best preparation after the DE52 
column. The activity was detected in the 
100 mM KC1 eluate from the heparin aga- 
rose column. but not in the 500 mM eluate 
(Fig. 3). Many secondary cleavages were 
detected both with the 100 rnM and 500 
mM eluates. To test the possibility that the 
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faint cleavages might be due to the chemical 
nicking of DNA, we incubated the extract at 
65°C for 10 minutes before the reaction 

cleavage extract and separated on a sequenc- 
ing gel, with chemically reacted portions as 
markers. The cleavage site consists of a 3' 
overhanging guanidine nucleotide (IG) gen- 
erated at the dinucleotide pair xg (Fig. 4). 
The same results were obtained when a 
similar experiment was done by labeling the 
JAI fragment at the dam H I  end. 

Using the JAl  DNA as a substrate, we 
examined the cleavage activity in different 
types of cells and tissues (16). The myeloma 
line MPCl 1 (1 7) was tested for JAl cleaving 
activity. Although chemical cleavages were 
detected, no specific cleavage in the JAl  

DNA was observed. A similar result was 
obtained with the lymphomas 231R (18) 
and K46R (19). The activity was not present 
in mouse L cells; it was present in adult 
mouse liver cells, but not in spleen, brain, 
and kidney nuclear extracts. The activity in 
the extract was relatively stable at O°C, al- 
though it could be easily inactivated by 
treatment at 65°C for 30 seconds. The cleav- 
age was inhibited by high concentrations of 
salt (300 mM Na+) or dmxynucleotides 
(100 (or both) (16). 

In birds, B cell differentiation takes place 
in the bursa of Fabricius (11). To test 
whether the bursa cells contain a similar 
endonuclease, we prepared nuclear extract 

from the bursas of 12- and 14-day-old chick 
embryos. Chicken Ig genes also contain the 
conserved heptamerand nonarner sequences 
at the recombination site (20). Using mouse 
Ig DNA as a substrate, we tested the bursa 

began, or treated it with proteinase K. The 
secondary cleavages were not inactivated by 
~roteinase K or bv heat treatment. In con- cell extract for cleavage activity. Three 

strong cleavages are detected in the D region 
with both extracts. Although the chicken 

trast, the main cleavage a c t i ~ t y  is both heat 
labile and sensitive to proteinase K (Fig. 3). 
These observations indicate that the s~ecific extract is less contaminated with the exonu- 

cleolytic activity, both patterns are basically 
the same. Similar results were obtained 

cleavage occurring at the 5' end of the JA1 

gene segment is mediated by a protein, 
while the secondary cleavages are probably when the cleavage assay was done on the 

mouse J, and JH gene segments (20). The 
cleavage often occurs at CCA or TGG (Figs. 
2 and 5), although not all the CCA or TGG 

due to a chemical nicking. This is supported 
by the fact that the reaction buffer alone can 
generate these nicks. A similar nicking was 
also observed with a sequencing gel assay to 
study a rec BC cleavage activity in Eskberrchia 
wli (15). A reaction buffer control was then 
always used in the cleavage assay to distin- 
guish enzymatic cleavages from chemical 
cleavages. 

This sequencing gel assay only detects the 
cleavage on one of the two DNA strands. In 
order to characterize the cleavage on the 
sense and anti-sense strands at the same 
time, the JAl fragment was labeled at the Xba 
I end either with polynucleotide kinase or 
the Klenow fragment of DNA polymerase. 
Both the sense (3' labeled) and anti-sense 
(5' labeled) fragments were reacted with the 

sites are cleaved; Some cleavages take place 
at the dinucleotide pair as well (20), 
indicating a probable specificity of this en- 
donuclease for this dinucleotide pair. This 
suggests that cornea cleavage in vivo not 
only requires a particular primary sequence 
at the cleavage site but also specific second- 
ary or tertiary strumire of the chromatin. 

The immunoglobulin genes are activated 
bv somatic DNA recombination. Althoueh 

V 

the developmentally regulated gene rear- 
rangement has been extensively analyzed, 
these analvses have revealed little about the 
molecular mechanisms of Ig gene recombi- 
nation but have provided sequence informa- 

eluate 

30 60 ' 

Control 

Nano 

mer- ( 

,\ \ 
GGTG CACAC 

G G T G  3 '  
> C C A C  5 '  Fig. 3 (above). Partial purification of the endonucleolytic activity. Crude extract of mouse fetal liver 

nuclei was passed through a DE52 column to remove nonspecific DNA degradation activities. The flow 
through eluate (-KCI) was then further purified by salt washes of a heparin agarose column. The 
activity was eluted from the column with 100 mM KCI. The specific cleavage is detected in the JAl DNA 
with the 100 mM eluate, but not with the 500 mM eluate (although many faint chemical cleavages 
occur even with the 500 mM eluate). If the extract is treated with proteinase K or heated at 65OC for 5 
minutes prior to the cleavage reaction, the specific cleavage reaction does not occur, while the secondary 
cleavages still take place. 

t 
G T G T C A C G A C  

C Marke 
Fig. 4 (right). Characterization of in v i m  cleavage site of JAl gene segment. The JA1 gene segment was 
labeled at the Xba I end using kinase to label the 5' overhanging strand and Klenow fragment to label 
the 3' end of the other strand. G or C reacted samples were used as s i x  markers. Contaminating 
exonucleolytic degradation normally causes multiple banding in this assay. To avoid this problem we 
reacted the end-labeled samples for only 5 minutes in this experiment. The enzymatic cleavage level is 
almost the same as the chemical cleavage detected in this limited reaction. These results indicate that the 
cleavage product consists of a 3' overhanging guanidine nucleotide generated by cleavage at the 
dinucleotide TG. The same results were obtained when the experiment was repreated by labeling at the 
Barn HI end. 

Control 
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also noted when the frequency of the use of 
the J, gene segments in mouse K loci rear- 
rangement was analyzed (24). The resdts 
show that those gene segments with a sec- 
ond TG dinucleotide near the conserved 
heptamer rearrange at a much higher fre- 
quency. A similar correlation can also be 
seen in the preferential involvement of those 
gene segments that have a second TG dinu- 
cleotide in the murine A and human K gene 
segments. It is also interesting that the dinu- 
cleotide pair 1: can ofien be seen at the site 
of myc oncogene mlocat ions (25,26) and 
heavy chain switch recombinations (27,28), 
which take place in B lymphocytes. 

In our study, a specific endonuclease ac- 
tivity was found in mouse fetal and adult 
liver cells, as well as chick embryo bursa. 
Although the activity is expected in mouse 
fetal liver and chick embryo bursa, the unex- 
pected finding of the activity in adult mouse 
liver might be due to the presence of con- 
taminating lymphocytic populations, The 
activity exhibits a scpecificity for the dinucle- 
otide base pair xc. Recent studies of the 
recombination of retrovirally inserted K 

gene segments suggest that a cleava e is 
8G taking place just afier the dinucleotide AC in 

the conserved heptamer (29). Because the 
activity that we report has a specificity for 
xg we suggest that this is a good candidate 
for the endonuclease involved in immuno- 
globulin gene rearrangement. 

X :k burra , 

I r e  llver 

C'r 

Fig. 5. In vitro cleavage of the Xho I-Bam HI DQSZ gene segment with nuclear extracts of mouse fetal 
liver and chick embryo bursa cells. A Maxam-Gilbert C-reacted sample was separated as a size marker 
with the cleavage products. The cleavage patterns with the mouse fetal liver and chick embryo bursa 
nuclear extracts are basically the same. 

tion for the DNA around the recombination 
site. In our studies of Ig gene recombina- 
tion, we assume that three activities are 
associated with the putative recombinase; 
(i) a DNA binding activity that recognizes 
the two signal sequences and orients the 
DNA for recombination, (ii) an endonucle- 
ase activity that cuts or nicks the DNA, and 
(iii) a ligase activity that covalently joins the 
cleaved DNA. To initiate these studies, we 
looked for a recombinase-associated cleav- 
age activity. 

We have identified a specific endonucleo- 
lytic activity that cleaves Ig genes at an 
appropriate site. This activity is distinct 
fiom those of others who looked for a 
similar recombinase activity (21, 22). The 
activity reported by Desiderio and Balti- 
more cuts double-stranded DNA in 2 rich 
areas in J, DNA (21). The activity (21) was 
found in an Abelson transformed p reB  cell 
line and in mouse L cells. Kataoka et ul. (22) 
fbund an activity similar to that reported by 
Desiderio and Baltimore (21) in natural 
tissues (adult mouse liver and chick embryo 
bursa) but did not detect the endonuclease 
that we now report (22). This could be due 
to the 5 mM adenosine triphosphate (ATP) 
they used to inhibit nonspecific nucleases. 
This concentration of ATP inhibited our 
specific cleavage completely. 

The activity that we describe can be dis- 
tinguished from the previously identified 
endonuclease (21, 22) by several criteria. 
The activity that we report is only present in 
mouse liver and chick embryo bursa, where- 
as the other one is present in all cells and 

tissues analyzed. Our activity is inhibited by 
100 concentrations of any deoxynucleo- 
tides whereas the other nuclease can func- 
tion under conditions of at least 5 rnM 
adenosine triphosphate (ATP). These facts 
along with differences in cleavage specificity 
indicate that the activity we describe is quite 
distinct from that identified in two previous 
studies. Although it is not proved that the 
cleavages we observe are part of the normal 
recombination mechanism, this activity is a 
good candidate for the nuclease associated 
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Atrial Natriuretic Peptide Elevation in Congestive 
Heart Failure in the Human 

A sensitive radioimmunoassay for atrial natriuretic peptide was used to examine the 
relation between circulating atrial natriuretic peptide and cardiac filling pressure in 
normal human subjects, in patients with cardiovascular disease and normal cardiac 
filling pressure, and in patients with cardiovascular disease and elevated cardiac filling 
pressure with and without congestive heart failure. The present studies establish a 
normal range for atrial natriuretic peptide in normal human subjects. These studies 
also establish that elevated cardiac filling pressure is associated with increased 
circulating concentrations of atrial natriuretic peptide and that congestive heart failure 
is not characterized by a deficiency in atrial natriuretic peptide, but with its elevation. 

R ECENT INVESTIGATIONS HAVE (ANP) in animals results in natriuresis, de- 
documented the existence of specif- crease in arterial pressure, and inhibition of 
ic secretory granules that have vaso- the renin-angiotensin-aldosterone system, 

active properties (1-6). Studies from various supporting a role for the atrial peptide sys- 
laboratories have established that adrninis- tem in cardiovascular volume regulation (7, 
tration of synthetic atrial natriuretic peptide 8). Thrasher and colleagues have reported 

Dilution of human plasma extract 1.1 

Fraction number Human a-ANP (picograms per tube) (0) 
(0.5 minutes per fraction) 

Fig. 1. Radioimmunoassay for human a-AWP. Synthetic human a-ANP (2 kg in 20 p1 of 0.5M sodium 
phosphate buffer, pH 7.4) was iodinated with 2 mCi of Na12'I (Arnersharn) by 2.5 yg of Iodogen 
(Pierce Chemical), which had been dissolved in dichloromethane and evaporated to dryness in a test 
tube. The reaction mixture was first purified on a Bio-Rad P-2 column (0.8 by 15 cm) eluted with 0. M 
acetic acid containing 0.1 percent bovine serum albumin (BSA). Then it was further purified on a 
pBondapak CIS  column with a linear gradient of 25 to 35 percent acetonitrite in a solution of 0.1 
percent trifluoroacetic acid. Four peaks showing radioactivity were obtained (A), all of which had 
equivalent irnmunobinding ability with rabbit antiserum to human a-ANP. The second peak was used 
for the radioimmunoassay. The purified, labeled human a-ANP was diluted in assay buffer ( 0 . M  
sodium phosphate, 0.05M NaCI, 0.1 percent BSA, 0.1 percent Triton X-100, and 0.01 percent sodium 
azide) to a concentration of 10,000 counts per minute per 100 yl as total count per tube. Rabbit 
antiserum to human a-AN? was also diluted in assay buffer to a concentration such that 100 p1 of the 
solution would bind 35 percent of the total count in the absence of standard. The standard curve was 
constructed by serial dilution of synthetic human a-ANP from 500 pg to 1.8 pg per 100 yl. The 
antibody and standard were incubated together for 24 hours at PC, after which labeled human a-ANP 
was added to incubate for an additional 16 hours, both at 4°C. Free and bound fractions were separated 
by precipitation with the second antiserum in the presence of 2 percent polyethylene glycol 8000. The 
mixtures were incubated for 30 minutes at 4°C and then centrifuged. The supernatants, or free fractions, 
were aspirated and discarded; the precipitates, or bound fractions, were counted in a gamma counter, 
and standard cunres were calculated (open circles in B). A curve constructed from results of a serial 
dilution of a human plasma extract with assay buffer showed parallelism to the standard curve (closed 
circles in B). 
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that acute increases in cardiac filling pres- 
sures in conscious dogs result in enhanced 
release of circulating ANP, suggesting that 
cardiac volume or pressure or both may be 
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important in determining the release of 
ANP (9). Chimoskey and co-workers have 
reported that hamsters with familial cardio- 

I I I I I  
B 

miopathy and congestive heart failure are 
deficient in ANP as determined by bioassay 
(1 0). These investigators speculated that 
failure to ~roduce  sufficient ANP bv the 
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degenerating hearts of cardiomyopathic 
hamsters contributes to the retention of 
sodium and water with formation of edema. 
No studies have been performed to define 
the relation in humans between circulating 
levels of ANP and cardiac filling pressures. 
Further, no studies have established whether 
the syndrome of congestive heart failure is 
characterized by a deficiency in ANP. 

We determined circulating concentrations 
of ANP in normal human volunteers with 
no history of cardiovascular disease (group 
1, n = 14), patients with cardiovascular dis- 
ease but normal cardiac filling pressures 
(group 2, n = l l ) ,  patients with cardiovas- 
cular disease and markedlv elevated cardiac 
filling pressures but without congestive 
heart failure (group 3, n = 6), and patients 
with cardiovascular disease. markedlv elevat- 
ed cardiac filling pressures, and congestive 
heart failure (group 4, n = 6). 

We determined the circulating concentra- 
tions of ANP with a newly developed, sensi- 
tive, nonequilibrium radioimmunoassay for 
human a-ANP. The synthetic peptide of 
human a-ANP (Peninsula Laboratory) was 
used to prepare standard and tracer. We 
labeled human a-ANP with ~ a ' ~ ' 1  bv the 

i 

Iodogen procedure. The crude, labeled pep- 
tide was purified first on a Bio-Rad P-2 
column and then by high-performance liq- 
uid chromatography (HPLC) on a Cls col- 
umn (Fig. 1A). For the radioimmunoassay, 
we first incubated rabbit antiserum to hu- 
man a-ANP (US-8798,  Peninsula Labora- 
tory) in the presence of standard or sample 
for 24 hours and then added the labeled 
ANP for an additional 16 hours of incuba- 
tion, both at 4°C. Free and bound fractions 
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