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sin seems to ind ica te  t h a t  i t  resembles  m u c h  more  t he  
t r o p o m y o s i n - t r o p o n i n  t y p e  of r e g u l a t o r y  p ro t e in s  found  
in ske le ta l  musc le  t h a n  t he  myos in - l i nked  t y p e  p r e s en t  in  
t he  muscles  of molluscs.  

Zusammen/assung. Die Mg-ATPase  des k o n t r a k t i l e n  
Sys t ems  yon  Blutpl~Lttchen, T h r o m b o s t h e n i n ,  wi rd  d u r c h  
S p u r e n  yon  Ca lc iumionen  regul ier t .  E ine  Regula t ionse i -  
weisse e n t h a l t e n d e  F r a k t i o n  k a n n  yon  T h r o m b o s t h e n i n  
a b g e t r e n n t  werden.  Zugabe  dieser  E iwe i s s f r ak t ion  zu 
s o g e n a n n t e m  <~desensibilisierten~> T h r o m b o s t h e n i n  abe r  

15 R. S. ADELSTEIN, J. E. GODFREY" and W. W. KIELLEY, Biochem. 
biophys. Res. Commun. 12, 34 (1963). 

a u c h  zu ~desensibilisiertem>> A c t o m y o s i n  aus  Ske le t t -  
muske l  v e r m a g  die Mg-ATPase  be ider  Sys t eme  wieder  
yon  S p u r e n  yon  Ca lc iumionen  abh~ng ig  zu machen .  Die 
Regula t ionseiweisse ,  d .h .  der  T r o p o m y o s i n - T r o p o n i n -  
K o m p l e x  aus  Ske le t tmuske ln ,  ve rmSgen  ebenfa l ls  ~desen- 
sibilisiertes~) T h r o m b o s t h e n i n  wieder  Calcium-abh/~ngig 
zu machen .  

S. THORENS, M. C. SCHAUB a n d  E. F. Lf3SCItER 

Theodor Kocher Institut, Freiestrasse 1, CH-3072 Bern 
(Switzerland), and 
Pharmakologisches Institut der Universitiit Zi~rich, 
Gloriastrasse 32, CH-8006 Zarich (Switzerland), 
73 October 7972. 

Immunoassay for LysineS-Vasopressin (LVP): Comparison of Biological and Immunological Activ- 
ity of Lysine-Vasopressin and Some of its Synthetic Analogues 

I n  r a d i o i m m u n o s s a y  of vasopress in  a l r eady  r epo r t ed  
(KLEIN 1; PERMUTT2; MILLERa; EDWARDS et  al. ~; 
IROBnRTSON 5 ; JOHNSr0N 6) no  de ta i l s  a b o u t  t he  biological  
a c t i v i t y  of r a d i o i o d i n a t e d  molecule  a n d  t h e  role of t he  
va r ious  amino-ac id  res idues  in  t he  immuno log i ca l  
r e a c t i v i t y  are given.  I n  t h i s  repor t ,  t h e  an t i d i u r e t i c  
a c t i v i t y  of ~25I-LVP is m e a s u r e d  a n d  t h e  cross r e a c t i v i t y  
of vasopress in  ana logues  w i t h  a L V P  a n t i s e r u m  s tud ied  
w i t h  a v iew to  i den t i f i ca t ion  of t h e  an t igen ic  si tes of 
a n t i d i u r e t i c  h o r m o n e  a n d  to  c o m p a r i n g  t he  s t r u c t u r a l  
r e q u i r e m e n t s  for i ts  i m m u n o l o g i c a l  a n d  biological  ac t iv -  
i ty.  

Materials and methods. S y n t h e t i c  L V P  (Sandoz)  is 
c o n j u g a t e d  to  r a b b i t  s e rum a l b u m i n  b y  t he  m e t h o d  of 
GOODFRIEND et  al. 7. 0.5 m l  of con juga t e  c o n t a i n i n g  100 U 
L V P  is emuls i f ied  w i t h  a n  equa l  v o l u m e  of F r e u n d ' s  
a d j u v a n t .  A b o u t  0.4 ml  is in j ec ted  d i rec t ly  in to  r a b b i t  
sp leen a n d  t h e  o the r  p a r t  i n to  t he  toe  pads .  S u b s e q u e n t  
weekly  i.m. a n d  i.p. in jec t ions  are admin i s t e red ,  as well  as 
toe  p a d  in jec t ions  (on t h e  whole  100 U). 10 days  a f t e r  
t h e  6 th  i m m u n i z a t i o n ,  t he  s e rum is screened.  In j ec t i ons  
of s imi la r  ma te r i a l s  are  car r ied  ou t  a t  3 week  in terva ls .  

S y n t h e t i c  L V P  (5 to  8 tzg) is l abe l led  accord ing  to  
HUNTER and  GREENWOOD s us ing  2 mC 125I N a  specific 
r a d i o a c t i v i t y  h ighe r  t h a n  14 mC/Fg  (Rad iochemicaI  
Center ,  A m e r s h a m ) .  I~SI-LVP is s e p a r a t e d  f rom free 125I 
b y  passage  t h r o u g h  a 1 •  cm c o l u m n  (I) of D E A E  
cellulose deve loped  w i t h  0.02 M a m m o n i u m  ace t a t e  
buf fe r  p H  = 5.4. For  a f u r t h e r  pur i f ica t ion ,  125I-LVP f rom 
c o l u m n  I (1 ml) is app l ied  to  a G15 S e p h a d e x  co lumn  
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Fig. 1. Comparison between gel filtration of labelien 
I~SI-LVP (O--Q) and antidiuretie activity of non 
labelled LVP (O--O) on a G15 Sephadex eolumd 
(30 • 0.9 era). 
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Table I. Biological activity, immunoreaetivity,  specific radioactivity and iodination level of I~5I-LVP after different stages of purification 

I~5I-LVP after different LVP evaluated by bioassay LVP evaluated Specific Levelof iodination 
purifications by radioimmunoassay radioactivity 

After DEAE cellulose 90 mU/ml  92 mU/ml  470 [zC/nM 0.23 
After G15 Sepbadex 0.63 mU 7.48 mU 1580 ~zC/nM 0.79 
(17 ml of peak are together) 1.12 mU (in the peak) 7.75 mU (in the peak) 1660 F.C/nM 0.83 
After G15 Sephadex 
(13 ml of peak are together) 0.73 mU (in the peak) 5.46 mU (in the peak) 1800 [zC/nM 0.90 

In each experiment, 1 ml of 125I-LVP from the DEAE cellulose column is chromatographed on G15 Sephadex gel. 

(0.9 •  cm)  a n d  is  e l u a t e d  w i t h  0.02 M a m m o n i u m  
f o r m i a t e  b u f f e r  p H  = 4.5. A l l  t h e s e  o p e r a t i o n s  a r e  c a r r i e d  
o u t  a t  4 ~ F o r  t h e  r a d i o i m m u n o a s s a y ,  50 V1 ~25I l a b e l l e d  
L Y P  (10,000 c p m )  a n d  50 ~1 of  t h e  a n t i b o d y  a t  t h e  f i n a l  
c o n c e n t r a t i o n  1 /3000  a re  i n c u b a t e d  a t  4 ~  for  18 t o  24 h 
w i t h  100 ~1 of  s t a n d a r d  L V P  d i l u t i o n s  (10 p g  t o  400 pg)  o r  
d i l u t i o n s  of  o t h e r  v a s o p r e s s i n  a n a l o g u e s  (25 p g  I ~zg) 
in  b u f f e r  (0.01 M p h o s p h a t e -  0.15 M NaC1-  0 . 3 %  ly s -  
o z y m e )  t o  g ive  a t o t a l  v o l u m e  of 500 ~1. 0.1 m l  of  a 
s u s p e n s i o n  of  1 0 %  c h a r c o a l  a n d  1~o d e x t r a n  in  e q u a l  
p a r t s  is  a d d e d  to  e a c h  r e a c t i o n  m i x t u r e  t u b e ,  in  o r d e r  t o  
s e p a r a t e  b o u n d  f r o m  free  L V P .  0.3 m l  of  t h e  s u p e r n a t a n t s  
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Fig. 2. Comparison of the antigenic reactivity of 125I-LVP with 
s tandard unlabelled LVP. Each increment of labelled LVP to the 
system reduces the percentage of I=SI-LVP bound to antibody. The 
experimental points fall on the standard curve. This indicates tha t  
the I~SI-LVP reacts with ant ibody. in  the same way as synthetic 
LysS-vasopressin. 

a r e  c o u n t e d .  W h e n  c o n t r o l  t u b e s  w i t h o u t  a n t i b o d y  a r e  
s e t  u p ,  t h e  r a d i o a c t i v i t y  m e a s u r e d  is l ess  t h a n  3 %  of  
t h e  t o t a l  c o u n t s .  T h e  l o w e s t  d o s e  d e t e c t e d  is 2 ~ U / t u b e .  

Spec i f i c  a c t i v i t y  is  m e a s u r e d  b y  t h e  m e t h o d  of  G o c x E  
e t  al.  9. T h e  m e t h o d  of  JEFrERS 10 m o d i f i e d  b y  GHARIB 11 
is u s e d  for  e s t i m a t i o n  o f  a n t i d i u r e t i c  a c t i v i t y .  

Results and discussion. F i g u r e  1 s h o w s  t h a t  i t  is p o s s i b l e  
t o  s e p a r a t e  n o n - i o d i n a t e d  L V P  f r o m  125I-LVP t h r o u g h  a 
G 15 S e p h a d e x  c o l u m n .  M e a s u r e m e n t s  o f  spec i f i c  a c t i v i t y  
s h o w  t h a t ,  a f t e r  p a s s a g e  o n  D E A E  ce l lu lose  or  f u r t h e r  
p u r i f i c a t i o n  b y  f i l t r a t i o n  o n  G 1 5  S e p h a d e x ,  I=5I -LVP 
r e a c t s  w i t h  t h e  a n t i b o d y  i n  a m a n n e r  i n d i s t i n g u i s h a b l e  
f r o m  t h a t  of  u n l a b e l l e d  L V P  ( F i g u r e  2). I t  is  t h u s  p o s s i b l e  
to  d e t e r m i n e  t h e  c o n c e n t r a t i o n  of  ~=SI-LVP a n d  conse -  
q u e n t l y  i t s  spec i f i c  r a d i o a c t i v i t y  ( T a b l e  I).  A f t e r  gel  
f i l t r a t i o n ,  t h e  i o d i n a t i o n  l eve l  is  0 .79 to  0.90 m o l e s  of  
125iodine p e r  m o l e  of  L V P .  T h e  a n t i d i u r e t i c  a c t i v i t y  
e v a l u a t e d  in  v a r i o u s  f r a c t i o n s  a f t e r  t h e  p a s s a g e  of  10 I U  
L V P  d e n o t e s  t h a t  o n l y  2~o c h r o m a t o g r a p h e d  L V P  a r e  
f o u n d  in  4 4 - 5 4  f r a c t i o n s  c o r r e s p o n d i n g  to  m a x i m u m  
125I -LVP p e a k  (13 ml) .  T h i s  f a c t  a g r e e s  w i t h  t h e  o b s e r v a -  
t i o n  of  LEGROS e t  al. ~2. T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  

9 D. J. COCKE, J. GERTEN, L. M. SHERWOOD and J. H. LARAGH, 
Circulation Res. 14, 131 (1969). 

10 W. A. JEFFERS, M. M. LIVEZEY and J. H. AUSTIN, Proc. Soc. exp. 
Biol. Med. 50, 184 (1942). 

11 G. GEARIB, Revue fr. Etud, elin. biol. /2, 398 (1967). 
12 j .  j .  LEOROS and P. FRANCHIMONT, in Radioimmunoassay Methods 

(Eds. K. E. KIRKHAM and W. H. HUNTER, Churchill Publishers 
Livingstone 1971), p. 40. 

Table II. Cross reactivity studies using peptides containing one or two amino-acids different in composition from LVP 

Analogue 1 2 3 4 5 6 7 8 9 Cross reactivity Antidiuretic 
(18pg to 1000pg) activity (%) 

Cys Tyr Phe Glu Asn Cys Pro Lys Gly-NH~ 
I I 

LysS-vasopressin 

Phe2-LysS-vasopressin Phe 

Gly3-LysS-vasopressin Gly 

Ile~-LysS-vasopressin Ile 

HomovaF/S-Lys-vasopressin 

ArgS-vasopressin 
IleS-ArgS-vasopressin Ile 
Ile2-Leue-vasopressin Ile 
Len2-LeuS-vasopressin Leu 

Val Val 
Arg 

Arg 

Len 
Leu 

Lys 

~oo% lOO 

15% to 20% 8 ~ 
0 ,-~ 41 

0 9,6 ~ 
GIy-NH 2 100% ~-~ 1,5 

100% 167 ~ 

0 100 ~ 
0 1,9 ~ 

0 ,~  0,4 ~ 

All data are calculated on the basis of 100~o activity for Lys-vasopressin. ~ Data for biological activity (rat antidiuresis) of these analogues 
are taken from BERDE and B O I S S O N N A S  1 5 .  
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125 I - L V P  p e a k  con t a in s  m o n o i o d i n a t e d  L V P  which  has  
lost  i ts  an t i d iu r e t i c  ac t iv i ty .  S imi la r ly  a d i m i n u t i o n  of 
b iological  a c t i v i t y  of m o n o i o d i n a t e d  ang i o t ens i n  is ob-  
se rved  b y  LIN 13. 

The  s u b s t i t u t i o n  of an  a l ipha t i c  amino-ac id  for a 
p h e n y l a l a n i n e  r ing  p r e v e n t s  t h i s  pep t ide  f rom c o m p e t i n g  
w i t h  t25 I - L V P  for  b i n d i n g  to a n t i b o d y  (Figure  3). This  
res idue  the re fore  seems essent ia l  to  h o r m o n e  an t igen ic  
ac t iv i ty .  Th i s  f ind ing  agrees w i t h  VORHERR'S 14 as sump-  
t ion.  The  h y d r o x y l  group of t y ro s ine  in pos i t ion  2 looks 
i m p o r t a n t  also since Phe~-LysS-vasopress in  is 5 to  7 t i m e s  
less i n h i b i t o r y  t h a n  LVP.  W h e n  p h e n y l a l a n i n e  is p r e sen t  
in  pos i t ion  3, t h i s  same a n t i - L V P  se rum has  no specif ic i ty  
w i t h  r e g a r d  to  amino-ac ids  in  pos i t ion  7 a n d  8 (Figure 4). 
However ,  i n h i b i t i o n  obse rved  w i t h  v e r y  h i g h  concen t r a -  
t ions  of ana logues  whose  p h e n y l a l a n i n e  has  been  replaced  
(Figure  3) impl ies  t h a t  o the r  s i tes  bes ides  t h i s  l as t  are 

50 x L,~sS-vasopressin 
~c % 0 ArgS-vasopressin 

.J 
& 

10 2'0 5? 1(30 5;0 
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Fig. 4. Cross reacting of anti-LVP antiserum with ArgS-vasopressin 
and HomovaF/S-Lysine-vasopressin. Immunoassay is carried out by 
the addition of increments of synthetic peptide to a constant amount 
of antibody (1/3000 dilution) and I~SI-LVP (10.000 cpm) in a tots 
volume of 0.5 ml. 

i m m u n o r e a c t i v e ,  b u t  t he i r  a f f in i ty  for a n t i b o d y  is ve ry  
weak.  The  d i f f e r e n c e  in a c t i v i t y  b e t w e e n  Ilea-Arg s- 
vasopres s in  and  IleS-LeuS-vasopressin en t i t i e s  one to 
suppose  t h a t  res idue 8 pa r t i c i pa t e s  in  t he  reac t ion .  

F u r t h e r m o r e ,  t he re  are no  precise  cor re la t ions  b e t w e e n  
biological  p o t e n c y  and  an t igen ic i ty .  Indeed ,  h o m o v a F / s -  
Lys -vasopress in  a n d  ArgS-vasopress in  h a v e  t h e  same  
i m m u n o r e a c t i v i t y  b u t  t h e i r  b iological  ac t iv i t i e s  are v e r y  
di f ferent .  The  same  is t r u e  for  A V T  wh ich  cross- reac ts  
v e r y  poor ly  in  t he  i m m u n o a s s a y  b u t  w h i c h  has  an  an t i -  
d iu re t i c  effect  c o m p a r a b l e  to  t h a t  of L V P  (Table  II) .  

Rdsumd. Ces r6su l ta t s  sugg~rent  d ' u n e  p a r t  que  125I-LVP 
monoiod6e  a peu  d ' a c t i v i t 6  an t id iu r6 t ique ,  d ' a u t r e  p a r t  que  
le n o y a u  p h 6 n y l a l a n i n e  en  pos i t ion  3 est  essent ie l  p o u r  la 
l ia ison de l ' an t iggne  ~ l ' an t i co rp s  et  que les s i tes  i m m u -  
no log iques  et  b io logiques  de l ' h o r m o n e  son t  diff6rents .  
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R a d i o i m m u n o a s s a y  of A n g i o t e n s i n  II in Rat  P l a s m a  

Var ious  e x p e r i m e n t a l  p rocedures  for t he  r a d i o i m m u n o -  
assay  of a n g i o t e n s i n  I I  in  h u m a n  p l a s m a  h a v e  been  
descr ibed,  b u t  no i n f o r m a t i o n  is ava i l ab le  on p l a s m a  levels 
in  t he  ra t ,  t h e  l a b o r a t o r y  a n i m a l  m o s t  wide ly  used in 
s tudies  on  t he  p a t h o p h y s i o l o g y  of t he  r e n i n - a n g i o t e n s i n  
sys tem.  I n  th i s  r e p o r t  a sens i t ive  a n d  specific r ad io im-  
munolog ica l  m e t h o d  is p r e sen t ed  t h a t  is su i t ab l e  for t he  
d e t e r m i n a t i o n  of ang i o t ens i n  I I  c o n c e n t r a t i o n  in un-  
e x t r a c t e d  p lasma .  

Male w h i t e  New Zea land  r a b b i t s  were i m m u n i z e d  w i t h  
Asp l - I l euS-angio tens in  I I  (Schwarz /Mann)  coupled  b y  t he  
ca rbod i imide  m e t h o d  1 to  porc ine  y-globul in .  I o d i n a t i o n  

was pe r fo rmed  accord ing  to  GREENWOOD et  al.~; the  
labe l led  m a t e r i a l  was  pur i f ied  on a D E A E  S e p h a d e x  A 25 
c o l u m n  3. 

The  i m m u n o a s s a y  tubes ,  c o n t a i n i n g  a n t i s e r u m  in a 
1 : 80,000 di lu t ion,  4 pg  of labe l led  angio tens in ,  a n d  0.05 ml 
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