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Rdsumd. L' in jec t ion  in t ravent r icu la i re  d 'ace ty lchol ine  
p rovoque  chez le ra t  m~le une s6cr6tion accrue de LH.  
Cet effet de l ' acetylchol ine  est illhib6 par  l ' admin is t ra t ion  

in t raventr iculMre d 'a t r0pine ,  e t e s t  augment6  par  l ' injec- 
t ion in t ravent r icu la i re  de prost igmine.  
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Purification of Rabbit Angiotensin II-Antibodies 

Antibodies  against  angiotensin I I  have  been used 
repea ted ly  for in v ivo  exper iments ,  in which the part ic ipa-  
t ion of the  renin-angiotensin  sys tem in var ious forms of 
exper imenta l  hyper tens ion  was s tudied (for review see 
CIIRISTLIEB and HICKLER 1). In  most  of these studies crude 
ant isera  have  been injected into the  tes t  animal  wi th  the  
obvious d i sadvantage  t h a t  no t  only  the  ant ibody,  bu t  
also considerable amount s  of heterologous protein,  
renin, renin substra te  and angiotensin I I  (up to 300 ng/ml) 
were injected.  In  order  to provide  a more def ined  basis for 
in v ivo  studies, the  condit ions for purif icat ion of angio- 
tensin-ant ibodies  by  aff ini ty  ch roma tog raphy  were 
studied. 

Materials and methods. Anti-sera  were raised in male 
whi te  New Zealand rabbits ,  weighing 2000-2500 g, by  
immuniza t ion  wi th  aspl-ileu~-angiotensin I I  (Schwarz/  
Mann, Orangeburg,  USA) coupled to porcine y-globulin 
by  the  carbodi imide method,  as described by  GooD- 
FRIEND et al. a. Af te r  3 to 5 months  all animals  developed 
an t ibody  t i ters  ranging be tween  1:13000 and 1:180000. 

Affi l l i ty columns for most  of the  separat ion exper iments  
were prepared by  coupling angiotensin I I  to the  sepharose 
m a t r i x  v ia  a lbumin  as a spacer, a principle first  proposed 
by  CUATRECASAS et  al. ~. In  a typica l  expe r imen t  3 g of 
cyanogenbromide-ac t iva ted  Sepharose 4]3 (Pharmacia,  
Uppsala,  Sweden) were washed ill 1 m M  tris-HCl buffer 
p H  6.0, and adjus ted  to p H  8.0 wi th  NaHCO 3 buffer. 
Bovine  serum a lbumin  (Behring Werke,  Marburg),  20 mg 
in 0.1 M NaHCO~ buffer  p H  8.0, conta ining 0.5 M NaC1, 
was added. After  2 h of incubation,  about  65% of the  
a lbumin  had been bound to the  sepharose as judged by  the 
decrease in absorbancy a t  280 n m  and prote in  con ten t  ill 
the  superna tan t  5. Fol lowing t r e a t m e n t  wi th  1 M ethanol-  
amine a t  p H  8 for 2 h, the  p roduc t  was washed 4 t imes 
a l te rna te ly  wi th  0.1 M bora te  buffer p H  8.0, and 0.1 M 
aceta te  buffer  p H  4.0, and f inal ly ad jus ted  to p H  6.0. 
subsequent ly  2 mg angiotensin  I I  were coupled to the  
sepharose bound a lbumin  by  the  addi t ion of 1.2 g of 
N-e thy l -N-d imethy l -aminopropyl -ca rbodi imide  a t  p H  6.0. 
A small  a m o u n t  of I*25-1abelled angiotensin I I  was added 
to the  react ion mixture ,  and the  rad ioac t iv i ty  of the  
sepharose-free superna tan t  was de termined  a t  var ious  
t ime  intervals.  Fur thermore ,  the  a m o u n t  of angiotensin I I  
remaining in the  superna tan t  was es t imated  by  ra t  blood 
pressure bioassay% The coupling p roduc t  was again 
washed a l te rna te ly  wi th  acidic and alkaline buffer was 
described above,  and packed in a 1.1 • 21 cm column and 
equi l ibra ted  wi th  0.1 M tris-HC1 p H  7.4. Angiotensin  I I -  
an t i serum (9 ml) was di luted 1 : 3 wi th  the  same buffer and 
poured th rough  the  column at  a flow rate  of about  0.5 ml /  
mill. The  co lumn was washed wi th  50 ml  0.1 M tris-HC1 
p H  7.4 and Muted in batches  wi th  50 ml  each of 0.1 M 
Na-ci t rate-HC1 buffer  of p H  5, 4, 3, 2, 1.2 and finally 
p H  1.2 conta ining 0.5 M NaC1. The  eluate was collected in 
10 ml  fract ions into tubes kept  a t  0 ~ and containing 2 ml  
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3 M tris-HC1 p H  7.4, to immedia te ly  neutral ize the  acidic 
eluate. 

In  a separate  exper iment  angiotensin I I  was coupled 
direct ly  to CNBr-ac t iva ted  Sepharose wi thou t  using 
a lbumin  as a spacer. 

An t ibody  concentra t ions  were es t imated  by  t i ter  
de terminat ion .  The  t i ter  is arbi t rar i ly  defined as the  
di lut ion of an an t ibody  preparat ion,  a t  which exact ly  half  
of 10 pg of I125-angiotensin I I  is bound  to the  an t ibody  
in a s tandard  rad io immunoassay  sys tem v (250 ~1 of 0.1 M 
tris-acetate buffer  p H  7.4 wi th  0.1% human  serum albu- 
min, 20 h equi l ibrat ion at  0~ Assuming t h a t  under  these 
condit ions of ex t reme dilut ion (e.g. an t i serum is di luted 
a t  least  15000-fold), there  is no interference by  substances 
present  in the  original material ,  the  a m o u n t  of an t ibody  
which binds 5 pg of angiotensin I I  can be taken  as an 
a rb i t ra ry  an t ibody  unit,  p rovided  t h a t  no significant 
differences in aff ini ty  exist. Thus,  the  an t ibody  con- 
cent ra t ion  of a given prepara t ion  can be expressed as the  
reciprocal  of the  t i ter.  The rad io immunoassay  sys tem for 
angiotensin I I  and the  es t imat ion  of cross r eac t iv i ty  wi th  
analogous pept ides  has been described previous lyL The 
apparent  aff ini ty  constants  of the  an t ibody  prepara t ions  
were es t imated  f rom double-reciprocal  plots according to 
NISONOFF and PRESSMAN 8. 

Results and discussion. The coupling of allgiotensin I I  
to the  sepharose-albumin complex  appeared to be complete  
after  2 h of incubation,  since a t  t h a t  t ime  there  was no 
detec table  biological ac t iv i ty  in the  supernatant ,  as 
judged  by  ra t  blood pressure assay. However ,  a t  the  
same t ime,  half  of the  rad ioac t iv i ty  of P25-1abelled 
angiotensin II ,  which had been added at  the  beginning 
of the  coupling reaction,  was still in the  soluble form. This  
discrepancy be tween  biological  ac t iv i ty  and rad ioac t iv i ty  
m a y  find its explanat ion  in a par t ia l  po lymer iza t ion  of 
angiotensin,  i.e. the  format ion  of dimers or t r imers  Of 
angiotensin I I  by  the  carbodi imid reaction, since the  
immobil ized a lbumin  is less readi ly  avai lable as a react ion 
partner .  This  in te rpre ta t ion  is supported by  the  following 
exper iment .  The  p roduc t  of a react ion mix tu re  ident ical  
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to t h a t  descr ibed  above ,  excep t  for omiss ion  of sepharose-  
a lbumin ,  was  c h r o m a t o g r a p h e d  on  a s e p h a d e x  G 15 
co lumn.  Most  of t h e  r a d i o a c t i v i t y  was Muted  w i t h  t he  
vo id  vo lume,  i nd i ca t i ng  a molecu la r  w e i g h t  of more  t h a n  
1500, whereas  r a d i o a c t i v i t y  due  to  u n r e a c t e d  ang io t ens in  
I I  Muted  l a t e r  in t he  f r ac t i ona t i on  r a n g e - c l e a r l y  s epa ra t e  
f rom t h e  vo id  vo lume.  I t  is the re fore  conce ivab le  t h a t  t he  
f inal  sepharose  c o u p l i n g - p r o d u c t  con t a in s  n o t  on ly  
ang io t ens in  m o n o m e r s  coupled  to a lbumin ,  b u t  also 
d imers  and,  to  a lesser ex t en t ,  o t h e r  po lymer i zed  con-  
j uga t e s  of ang io t ens i n  l inked  to  t h e  ma t r ix .  

C h r o m a t o g r a p h y  of ang io t ens in  I I - a n t i s e r a  b y  a 
d i scon t inuous  p H - g r a d i e n t  resu l ted  in t h e  e lu t ion  of 
severa l  d i s t i nc t  f rac t ions .  A typ ica l  e lu t ion  profi le  i s  
s h o w n  in t he  Figure.  Main  peaks  a p p e a r  a t  an  e lu t ion  p H  
of 5, a t  p t I  4 and  1.2. These  peaks  were seen in all exper i -  
men t s ,  t he  q u a n t i t a t i v e  d i s t r i b u t i o n  of an t ibod ie s  a m o n g  
these  peaks,  however ,  va r i ed  a m o n g  d i f fe ren t  expe r imen t s .  

To ta l  r e cove ry  of a n t i b o d y  f rom t h e  c o l u m n  was 
a b o u t  60~o. The  pur i f i ca t ion  was more  t h a n  100-fold in 
t e r m s  of a n t i b o d y  c o n t e n t  per  m g  pro te in .  T he  pur i f ied  
a n t i b o d y  p r e p a r a t i o n  was  free of r en in  subs t r a t e ,  b u t  
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Affinity chromatography of angiotensin II-antibody on sepharose- 
albumin-angiotensin II-columns. Elution by discontinuous pH- 
gradient. Antibody concentration was estimated by titer determina- 
tion. 

c o n t a i n e d  still  some ang io tens in  II ,  wh ich  was r e m o v e d  b y  
e x t r a c t i o n  w i t h  a ca t ion  exchange  res in  (Biorad  A G  
50 W X 2  H+- fo rm)L I n  con t ras t ,  t h e  r ecove ry  f r o m  
sepha rose -ang io t ens in  I I - c o l u m n s  (wi thou t  a lbumin )  was  
on ly  20~o, m o s t  of wh ich  Muted  a t  p H  1.2. I t  was  n o t  
possible  to  increase  t he  yield f rom these  co lumns  b y  
us ing  more  d ras t i c  e lu t ion  cond i t ions  such  as a lka l ine  
e lu t ion  media ,  s tepwise  increase  of ac id i ty  to  3 N I-IC1 - a 
p rocedure  used  succesful ly b y  CUATRECASAS9 w i t h  
insu l in  an t ibod ie s  - or w i t h  laury l -su l fa te .  

The  e lu t ion  of ang io tens in  an t ibod ie s  in  severa l  d i s t i nc t  
f rac t ions  m a y  ref lect  a n t i b o d y  he te rogene i ty ,  i.e. separa -  
t ion  of d i f fe ren t  a n t i b o d y  popu l a t i ons  b y  differences  in  
a f f in i ty  for ang io t ens in  I I .  However ,  besides  a m o d e r a t e  
increase  in a p p a r e n t  a f f in i ty  b y  t he  pu r i f i ca t ion  f rom 
2.5 • 10 l~ 1/mole to 5 • 101~ 1/mole, t h e r e  was no  dif ference 
in a f f in i ty  b e t w e e n  a n t i b o d y  f rac t ions  Muted  a t  p H  4 
a n d  5 (combined  to pool  1) a n d  p i t  1.2 (pool 2), wh ich  is 
also ref lected in c o m p a r a b l e  s ens i t i v i t y  in  t he  s t a n d a r d  
r a d i o i m m u n o a s s a y  sys tem.  

I n  addi t ion ,  on ly  m i n o r  differences in  specif ic i ty  were 
found  (Table) w h e n  t he  cross- reac t ions  w i t h  severa l  
ang io t ens in  ana logues  were  e s t ima ted .  These  m i n o r  
differences  in  t he  p roper t i e s  of pool  1 a n d  2 an t ibod ie s  do 
n o t  sa t i s fac to r i ly  exp la in  t h e  d ras t i c  di f ference in t h e  
e lu t ion  behav iour ,  i.e. e lu t ion  a t  p H  5 versus  p H  1.2. I t  
h a s  to  be  cons idered  t h a t  t h e  f r a c t i o n a t i o n  of an t i body ,  as 
shown  in t he  Figure,  is p a r t l y  due  to h e t e r o g e n e i t y  of t he  
a f f in i ty  l igands  on t he  column,  as ha s  been  po in t ed  ou t  
above .  Since t he  a im  of t he  p r e sen t  s t u d y  was p r i m a r i l y  
to  o b t a i n  pur i f ied  a n t i b o d y  for in  v ivo  s tudies ,  t h i s  
p r o b l e m  was  n o t  f u r t h e r  i n v e s t i g a t e d  lo. 

Zusammen/assung. Ant i s e r a  gegen Ang io t ens in  I I  
w u r d e n  d u r c h  I m m u n i s i e r u n g  yon  K a n i n c h e n  m i t  Angio-  
t ens in  I I - S c h w e i n e g l o b u l i n - K o n j u g a t e n  e rha l t en .  Aus  
diesen An t i s e r en  k o n n t e n  Ang io t ens in  I I  A n t i k 6 r p e r  
d u r c h  Aff ini t~Ltschromatographie  auf  Sepha rose -A lbumin -  
Ang io t ens in  I I -S~u len  m e h r  als 100-fach ange re i c he r t  
werden.  D u r c h  d i skon t inu ie r l i che  p H - G r a d i e n t e n - E l u t i o n  
w u r d e n  ve r sch iedene  A n t i k 6 r p e r - F r a k t i o n e n  e rha l t en ,  die 
sich j edoch  n u r  geringfi igig in  Aff in i t / i t  u n d  Spezif i t~t  
un te r sch ieden .  Die m6gl iche  Be te i l igung  un te r sch ied l i che r  
L i g a n d e n  der  A f f i n i t ~ t s m a t r i x  an  der  F r a k t i o n i e r u n g  
wird  d i sku t ie r t .  
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Crossreactivity of angiotensin II-antiserum and purified antibody 
fractions with some angiotensin analogues 

Angiotensin II Crossreaetion of antibody of ileu "~- 
analogue angiotensin II (%) 

Untreated antiserum Pool i Pool 2 

lleuS-angiotensin If i00 i00 I00 
VaP-angiotensin If 67 69 41 
Ileu~-angiotensin I 0.6 0.5 0.2 
Argl-heptapeptide 40 48 28 
Vall-hexapeptide 35 44 35 

9 p. CUATRECASAS, Biochem. biophys. Res. Commun. 35, 531 (1969). 
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