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A b s t r a c t .  We d e s c r i b e  a  s o l i d  phase radioimmunoassay f o r  a t r i a l  
n a t r i u r e t i c  f a c t o r  (ANF) and i t s  a p p l i c a t i o n  f o r  measurement of t h i s  
p e p t i d e  i n  homogenates of r a t  a t r i a .  The method u s e s  a  s y n t h e t i c  
26 amino-acid fragment  (8-33 ANF) of t h e  n a t i v e  p e p t i d e .  Sample 
(o r  s t a n d a r d )  a r e  incuba ted  w i t h  t h e  r a b b i t  ant i -8-33 ANF a n t i s e r u m  
i n  p e p t i d e  (8-33 ANF)-coated w e l l s .  Then a n  e x c e s s  of goa t  
a n t i - r a b b i t  IgG i s  added. The r a d i o a c t i v i t y  bound i s  d i r e c t l y  pro- 
p o r t i o n a l  t o  t h e  amount of ANF p r e s e n t .  The c o n c e n t r a t i o n  of irnmu- 
n o r e a c t i v e  ANF h a s  been found t o  be about  4 t imes  h i g h e r  i n  t h e  
r i g h t  a t r i u m  than  i n  t h e  l e f t  a t r i u m  of t h e  r a t .  

I n t r o d u c t i o n .  It i s  now w e l l  e s t a b l i s h -  
ed t h a t  mammalian c a r d i a c  a t r i a  c o n t a i n  
a  b i o l o g i c a l l y  a c t i v e  p e p t i d e  c a p a b l e  of 
producing n a t r i u r e s i s ,  d i u r e s i s  (1-3),  
and v a s o r e l a x a t i o n  ( 4 , 5 ) ,  which has  been 
c a l l e d  a t r i a l  n a t r i u r e t i c  f a c t o r  (ANF). 
Recen t ly ,  t h i s  p e p t i d e  h a s  been p u r i -  
f i e d ,  sequenced and s y n t h e s i z e d  ( 3 , 6 , 7 ) .  
A  s y n t h e t i c  fragment (8-33 ANF), com- 
posed of t h e  26 amino a c i d s  from r e s i -  
dues  8  t o  33 of ANF, h a s  been found t o  
have t h e  same b i o l o g i c a l  a c t i v i t y  a s  t h e  
n a t i v e  p e p t i d e .  We now r e p o r t  a  rad io-  
immunoassay f o r  ANF u s i n g  t h e  s y n t h e t i c  
8-33 ANF fragment and i t s  a p p l i c a t i o n  i n  
t h e  measurement of ANF i n  r a t  a t r i a .  
M a t e r i a l s  and Methods. The s y n t h e t i c  
8-33 ANF p e p t i d e  has  been generous ly  
s u p p l i e d  by D r .  R.F. Nut t  (Merck, Sharp 
and Dohme Lab., West P o i n t ,  PA). 

Sprague-Dawley r a t s  weighing 200-250 g  
were d e c a p i t a t e d  and t h e  h e a r t s  q u i c k l y  
removed. A f t e r  washing i n  co ld  0.1 M 
PBS b u f f e r ,  pH 7.4,  t h e  a t r i a  were ca re -  
f u l l y  d i s s e c t e d .  The two a t r i a  from one 
r a t  o r  t h e  r i g h t  and l e f t  a t r i u m  sepa- 
r a t e l y  were homogenized i n  2  ml of l M 
a c e t i c  a c i d  f o r  1 0  seconds,  and c e n t r i -  
fuged f o r  20 min a t  30,000 rpm. The 
s u p e r n a t a n t  was l y o p h i l i z e d  o v e r n i g h t .  
The l y o p h i l i z e d  a t r i a  were d i s s o l v e d  i n  
500 1.11 0.01  M ammonium a c e t a t e  b u f f e r ,  
pH 5 .0 ,  and 100-p1 a l i q u o t s  were s t o r e d  
f r o z e n  a t  -200C u n t i l  assayed.  Dilu-  
t i o n s  of 1 :10  i n  0 . 1  M PBS c o n t a i n i n g  

1% ovalbumin were used f o r  t h e  assay .  
Produc t ion  of a n t i s e r a  t o  8-33 ANF: 

For  immunization, 8-33 ANF was coupled 
t o  bovine t h y r o g l o b u l i n  u s i n g  ca rbodi -  
imide (8) .  One hundred pg of t h i s  con- 
j u g a t e  i n  1 m l  s a l i n e  e m u l s i f i e d  w i t h  
1 m l  of complete Freund ' s  ad juvan t  was 
i n j e c t e d  i n t r a d e r m a l l y  a t  m u l t i p l e  s i t e s  
on t h e  shaved backs of New Zealand whi te  
r a b b i t s  (1 .5  kg) .  The an imals  were r e -  
immunized a t  monthly i n t e r v a l s  w i t h  
100 pg 8-33 ANF-thyroglobulin con juga te  
i n  incomplete  Freund ' s  ad juvan t  and b led  
by e a r  a r t e r y  1 0  days  a f t e r  t h e  i n j e c -  
t i o n .  Two of t h r e e  r a b b i t s  produced 
h i g h  t i t e r  a n t i s e r a .  For a l l  our  s tud-  
i e s  t h e  f o u r t h  b leed ing  from one r a b b i t  
was used (1714). 
P r e p a r a t i o n  of l a b e l l e d  g o a t  a n t i - r a b b i t :  

A n t i - r a b b i t  y -g lobu l in  were produced 
i n  g o a t s .  Goat a n t i - r a b b i t  IgG was pu- 
r i f i e d  by a f f i n i t y  chromatography on 
P r o t e i n  A-sepharose (Pharmacia I n c . ,  
Uppsala, Sweden) ( 9 ) .  

F i f t y  pg of a n t i - r a b b i t  IgG was l a -  
b e l l e d  w i t h  us ing  t h e  Chloramine-T 
method (10) .  P u r i f i c a t i o n  of r a d i o -  
l a b e l l e d  t r a c e r  was performed on an 
an ion  exchange r e s i n  (AG-1-X8, 100-200 
mesh, Chlor ide  form, Bio-Rad). 

P r e p a r a t i o n  of t h e  s t a n d a r d  curve :  
The s y n t h e t i c  8-33 ANF p e p t i d e  was 

used a s  a  s t a n d a r d .  A  s t o c k  s o l u t i o n  
of 1 mg/ml i n  0 .01  M ammonium a c e t a t e  
b u f f e r ,  pH 5 .0 ,  was f r a c t i o n a t e d  i n  10- 
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p1 a l i q u o t s  and s t o r ed  f rozen  a t  -200C. 
The s t ock  s o l u t i o n  (10 y l )  was d i l u t e d  
before  use  i n  0 .1  M PBS b u f f e r ,  pH 7.4, 
1% ovalbumin t o  a  concent ra t ion  of 1000 
nglml, t h e  most concent ra ted  po in t  of 
t h e  s tandard  curve.  S e r i a l  two-fold 
d i l u t i o n s  were then prepared  wi th  t h e  
assay  bu f f e r  t o  f i n a l  concen t r a t i ons  
ranging from 7.8 t o  1000 ng/ml. One 
hundred p1 of s t anda rds  were used f o r  
p repar ing  t h e  s tandard  curve.  
Radioimmunoassay procedure:  

The radioimmunoassay was performed i n  
Removawells (Dynateck Labo ra to r i e s  I nc . ,  
Alexandra, VA). The w e l l s  were coa ted  
wi th  200 p 1  of 1 pg 8-33 ANF/ml i n  
0.005 M g lyc ine  bu f f e r ,  pH 9.5, f o r  2  hr  
a t  room temperature.  The pept ide  solu-  
t i o n  was then d iscarded  and t h e  we l l s  
were exposed f o r  30 min a t  room temper- 
a t u r e  t o  400 p1  of 0 .1  M PBS bu f f e r  con- 
t a i n i n g  1% ovalbumin t o  s a t u r a t e  t h e  
p l a s t i c  i n  o rde r  t o  minimize t h e  qon- 
s p e c i f i c  binding of r a d i o a c t i v i t y .  The 
we l l s  were then washed i n  0.15 M NaCl 
conta in ing  0.025% Tween 20. The s tan-  
da rd s  o r  samples (100 p1) and t h e  a n t i -  
body a g a i n s t  8-33 ANF d i l u t e d  1:32,000 
(100 p1) were added and t h e  we l l s  were 
incubated 2 h r  a t  room temperature.  The 
we l l s  were next  washed i n  0.15 M NaCl 
0.025% Tween 20 and 200 y 1  of a n t i -  
r a b b i t  IgG d i l u t e d  i n  PBS bu f f e r  wi th  1% 
ovalbumin was added t o  t h e  wel l .  Non- 
s p e c i f i c  binding was determined i n  t h e  
w e l l s  coated only with PBS bu f f e r  1% 
ovalbumin o r  t he  we l l s  coated wi th  pep- 
t i d e  8-33 ANF. Af t e r  an overn ight  in -  
cuba t ion  a t  4OC the  we l l s  were washed 
i n  Tween 20 bu f f e r  and t h e  bound radio-  
a c t i v i t y  was determined i n  an LKB gamma 
counter .  Resu l t s  were expressed a s  BIB, 
where B = cpm of bound r a d i o a c t i v i t y  - 
cpm non-spec i f ica l ly  bound. Bo = cpm 
bound i n  absence of s tandard  - cpm non- 
s p e c i f i c a l l y  bound. 
Resul t s .  To determine t h e  opt imal  con- 
d i t i o n s  f o r  t h e  assay ,  t h e  e f f e c t s  of 
concent ra t ion ,  pH, time and temperature 
f o r  coa t ing  t h e  we l l s  with 8-33 ANF and 
f o r  t h e  incuba t ions  wi th  anti-ANF a n t i -  
body and goa t  a n t i - r a b b i t  IgG were 
s tud ied .  To e s t a b l i s h  coa t i ng  condi- 
t i o n s ,  concent ra t ions  of 8-33 ANF from 
0.01 t o  2 yg/ml (200 p l l w e l l )  d i l u t e d  
i n  bu f f e r  from pH 6.0 t o  10  were incu- 
bated a t  4 ' ~  o r  room temperature.  Bind- 
ing was determined us ing  excess  anti-ANF 
antibody.  The app rop r i a t e  d i l u t i o n  of 
anti-ANF was then  determined by incu- 

ba t ing  a t  e i t h e r  ~ O C  o r  room temperature 
doubling d i l u t i o n s ,  from 1000-fold t o  
128,000-fold ( i n  t h e  assay  bu f f e r  pH 7.4, 
1% ovalbumin), wi th  e i t h e r  t h e  most con- 
c en t r a t ed  ANF s tandard  100 ng/well  o r  
d i l u e n t .  Based on t he se  pre l iminary  
experiments ,  t h e  coa t ing  cond i t i ons  
chosen cons i s t ed  i n  a  2-hour incuba t ion  
a t  room temperature wi th  8-33 ANF a t  a  
concent ra t ion  of 1 pg/ml (200 p l / w e l l ) .  
Prolonged incubat ion  d id  no t  i nc r ea se  
t h e  binding.  Varying t h e  incuba t ion  
t ime from 30 min t o  8  h r  a t  4OC and room 
temperature f o r  t h e  f i r s t  ant ibody be- 
f o r e  adding t r a c e r  demonstrated t h a t  
2  h r  a t  room temperature i s  optimal .  
The second immunological r e a c t i o n  was 
slower and a n t i - r a b b i t  IgG had t o  
be incubated f o r  a t  l e a s t  16  h r  a t  4OC 
t o  ach ieve  t h e  maximum binding.  

The s tandard  curve ob ta ined  i n  t he se  
cond i t i ons  i s  shown i n  F igure  1. The 
d e t e c t i o n  l i m i t ,  de f ined  a s  t h e  lowest  
concent ra t ion  of ANF t h a t  g ive s  a  bind- 
ing  which d i f f e r s  s i g n i f i c a n t l y  from Bo 
a t  t h e  95% confidence i n t e r v a l ,  was 0.78 
nglwel l  which corresponds t o  t h e  lowest 
concent ra t ion  of t h e  s tandard .  The 
working range extends from 0.78 t o  100 
nglwel l .  

Fig. 1. Standard curve for radio- 
imrnunoassay of 8-33 ANF. 

The anti-8-33 ANF used i n  t h i s  s tudy  
showed c r o s s - r e a c t i v i t y  wi th  d i f f e r e n t  
fragments  of n a t i v e  ANF such a s  3-33 ANF 
(95%), 10-33 ANF (99%) and propept ide ,  
composed of 73 amino a c i d s  (23%). These 
pep t i de s  were i s o l a t e d  from r a t  a t r i a l  
homogenates dur ing  t he  p u r i f i c a t i o n  of 
ANF. 
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The wi th in  and between-run p r e c i s i o n  
were assessed  by measuring two r a t  a t r i a  
homogenates wi th  d i f f e r e n t  concentra-  
t i o n s  of ANF. The mean va lue s  f o r  10  
de te rmina t ions  i n  a  s i n g l e  run were 
151  5 15.4 ng/ml and 20.5 + 4.0 ng/ml. 
The between assay  CV f o r  t h e  same Sam- 
p l e s  assayed i n  d u p l i c a t e  i n  four  d i f -  
f e r e n t  runs  ranged from 9.5% t o  15%. 

The a n a l y t i c a l  recovery,  a s  determined 
by add i t i on  of 1 yg/ml of 8-33 ANF pep- 
t i d e  t o  6  r a t  a t r i a  homogenates, was 
between 75% t o  100Z (mean i SD 87 2 
14.2%).  

The d i f f e r e n t  d i l u t i o n s  of homogenates 
of r a t  a t r i a  showed p a r a l l e l i s m  wi th  t he  
s tandard  curve. 

This  assay  was app l i ed  f o r  measurement 
of ANF i n  homogenates of r a t  a t r i a .  We 
have found under t he se  cond i t i ons  about  
4  t imes h igher  concen t r a t i ons  of immuno- 
r e a c t i v e  ANF i n  r i g h t  r a t  a t r ium (means 

SD 0.74 i 0.14 p g l a t r i a )  than i n  l e f t  
a t r ium (0.17 i 0.08 p g l a t r i a ) .  When 
both  a t r i a  were ex t r ac t ed  t oge the r  from 
each r a t  (n = l o ) ,  t h e  concent ra t ion  of 
2.2 p g l l e f t  and r i g h t  a t r i a  of immuno- 
r e a c t i v e  ANF was found. 

Discussion.  To our knowledge t h e  pres -  
e n t  paper i s  t h e  f i r s t  r e p o r t  of a  
radioimmunoassay of a t r i a l  n a t r i u r e t i c  
f a c t o r .  Th i s  method is  s e n s i t i v e  enough 
t o  determine t h e  conten t  of immunoreac- 
t i v e  ANF i n  r a t  a t r i a .  The range f o r  
measurement of ANF by t h e  descr ibed  
method i s  0.78 t o  100 ng and is there-  
f o r e  broad enough t o  measure accu ra t e ly  
a  wide range of ANF concen t r a t i ons  i n  
r a t  a t r i a .  The procedure r equ i r e s  on ly  
a  2-hour incuba t ion  of anti-ANF antibody 
and sample i n  prev ious ly  prepared a n t i -  
gen-coated we l l s  followed by an over- 
n igh t  incuba t ion  wi th  t h e  l a b e l l e d  
second ant ibody.  The w e l l s  i n  s e v e r a l  
p l a t e s  can be coated s imultaneously and 
t h e  p l a t e s  s t o r ed  a t  4OC f o r  a t  l e a s t  
one week. 

The de te rmina t ion  of immunoreactive 
ANF by radioimmunoassay have shown much 
h igher  concen t r a t i ons  (about 4  t imes)  
i n  t h e  r i g h t  than  i n  t h e  l e f t  a t r ium.  
This  po t en t  a t r i a l  n a t r i u r e t i c  f a c t o r  
has been found t o  be s t o r ed  i n  t h e  spe- 
c i f i c  a t r i a l  g r anu l e s ,  which a r e  p r e sen t  
i n  a t r i a l  muscle of mammals (11) .  These 
s p e c i f i c  g ranules  a r e  of t h r e e  d i f f e r e n t  
types  A ,  B ,  and D,  and have morphologi- 
c a l  and h is tochemica l  p r o p e r t i e s  s i m i l a r  

t o  t h e  s t o r age  granules  of po lypept ide  
hormones (13) .  The number of t he se  
s p e c i f i c  g ranules  determined by quant i -  
t a t i v e  u l t r a s t r u c t u r a l  and cytochemical 
methods i s  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  
r i g h t  a t r ium of r a t  than i n  t h e  l e f t  
(12,13) . 

The d i f f e r e n c e  i n  concent ra t ion  of 
immunoreactive ANF between t h e  r a t  a t r i a  
may be r e l a t e d  t o  t h e  d i f f e r e n c e s  i n  
l e f t  and r i g h t  a t r i a l  p r e s su re  o r  t o  y e t  
u n i d e n t i f i e d  r e f l e x  mechanisms ope ra t i ng  
i n  t h e  a t r i a ,  inc lud ing  t h e  descr ibed  
granules  and s t r e t c h  o r  osmoreceptors. 
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