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BRADYKININ is the  n a m e  g i v e n  b y  its d i scovere r s ,  Rocha  e S i lva  et  al.,  

(1949) to  the  p o l y p e p t i d e  f o r m e d  b y  the  ac t ion  of  t r y p s i n  o r  s n a k e  v e n o m  
u p o n  the  p s e u d o g l o b u l i n  f r a c t i on  of  p l a s m a  pro te ins .  O t h e r  subs tances ,  
such  as p a i n - p r o d u c i n g  s u b s t a n c e  ( A r m s t r o n g  et  al. ,  1957) a n d  ka l l id in  
(Wer le  and  Be rek ,  1950), w h i c h  can  a lso  be  p r o d u c e d  f r o m  p l a s m a ,  re -  
s e m b l e  b r a d y k i n i n  v e r y  closely,  bu t  as none  of t hese  h a v e  y e t  been  ob-  
t a ined  in t he  p u r e  s t a t e  it c anno t  be  a s s u m e d  t h a t  t h e y  a r e  c h e m i c a l l y  
iden t i ca l  w i t h  it. T h e  k in in  f o u n d  in u r ine  (see refs .  in G a d d u m  and  
Hor ton ,  1 9 5 9 ) i s  also v e r y  s imi l a r  to b r a d y k i n i n ,  b u t  it has  no t  been  
c h e m i c a l l y  ident i f ied .  

DEFIBRINATED OX BLOOD 90 1. 

Centrifuging of red cells 
SERUM 44 I. 

I Addition of saturated (NH4hSO4 soln. (22 1.) 
Centrifuging 

SUPERNATAN' r  60 1. 

I Addition of saturated (NH4)2SO4 soln. (13 1.) 
Centrifuging 

PRECIPITATE 
Fic. 1. 

SOLN. OF p~r. 5 I. 
Dialysis 9 1. 
Heating at37 °, pH2, 30 rain 
Digestion with trypsin (15u mg) 37 ~, pH 75,  6 hr 
Addition to boiling ethanol 30 1. 
Centrifuging 

S U P E R N A T A N T  300 ml. 
Evaporation 
Counter-current distribution 
Freeze-drying 

CIIUDE BItAD'~'KININ P2 yield 5 g (15 mg) 

FIG. 2. 

In  o u r  l a b o r a t o r y  b r a d y k i n i n  was  p r e p a r e d  by  the  ac t ion  of  t r y p s i n  on  
the  p s e u d o g l o b u l i n  f r a c t i on  of  o x  s e r u m  wh ich  h a d  b e e n  p r e v i o u s l y  
h e a t e d  w i th  acid (Hor ton ,  1958) to i nac t iva t e  the  e n z y m e  wh ich  d e s t r o y s  
b r a d y k i n i n .  T h e  p r e l i m i n a r y  s t eps  in the  p u r i f i c a t i o n  fo l l owed  e s t ab -  
l i shed p r o c e d u r e s  as s h o w n  in Figs. 1 and  2. The  m a i n  n o v e l t y  in o u r  ap -  
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proach to the problem (Elliott, Horton and Lewis, 1960) was the use of 
carboxymethylcel lulose columns in the presence of a volatile buffer  and 
in three successive stages, start ing from P2. Fig. 3 shows the results 
obtained on the final column. The yield of bradykinin  in each tube was 
expressed in terms of the weight  of our s tandard crude preparation, P2, 
to which the whole tube contents were equivalent.  The slight break in 
the curve is believed to be due to a f law in our  exper imenta l  technique 
and is not due to incipient separation into two peaks. We have since ob- 
tained several curves in which this break does not occur. The final yield of 
pure bradykin in  was about 3.5 mg from 90 1. of ox blood, and this amount  
is about one-quar ter  of tha t  original ly present in the t rypsin  digest. At 
an earlier stage of the work, paper chromatography or paper electropho- 
resis were used instead of the third earboxymethylcel lulose  column, but  
these methods were less convenient  for preparative purposes. 

Pure Bradyklnin from P5 (1Stag.) 

Column diam. 9mm. Wt. of CM 4cj. 

Fraction volume 1.4 ml. 
75C 

250 

I 0 0  105 l iO 11"5 

50C 
Activity 
per tube 

(rag. P2) 

Tub¢ No. 

FIG. 3. 

Bradykinin  formed by the action of snake venom on ox plasma has 
been isolated by Zuber and Jaques (1960). These workers made use of 
oxycellulose columns, and high v~oltage paper  electrophoresis. 

Hydrolysis  of t rypsin b radykin in  gave only 5 amino acids and Fig. 4 
shows a two-dimensional  chromatogram of the hydrolysate  of the first  
sample of pure peptide which we obtained. Quant i ta t ive  est imation gave 
the following molar  ratios for the amino acids:- Arginine 2, Phenyla la-  
nine 2, Proline 2, Serine 1 and Glycine 1. 

The same resul t  was obtained by Zuber and Jaques on snake venom 
bradykinin.  Unfor tunate ly  this analysis contained an er ror  which led 
us as t ray in our  s t ructural  work. These studies led us to the conclusion 
tha t  the .sequence in bradykin in  was Arg Pro Pro Gly Phe Ser Phe  Arg, 
the position of each amino acid being positively identified. There was one 
observation which did not fit  in the picture, and that  was the presence of 
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a weak proline spot on a certain chromatogram which could only have 
been derived from a third proline residue between the serine and phenyl-  
alanine residues. Since we had already defini tely located two proline 
residues elsewhere in the molecule we concluded that  the proline spot 
was an artefact.  During the course of our  work we had received several 
enquiries about the s tructure from research groups who were interested 

FIG. 4. 

in synthesis, but  who had been unable to carry out  any structural  work. 
Without a t tempting to confirm the s t ructure  by synthesis we immediate-  
ly informed these research groups of our results and a few weeks later  
we gave a communicat ion to the Biochemical Society, (Elliott, Lewis and 
Horton 1960a). We very  much regret  the confusion which must  have been 
caused by the publication of this erroneous structure.  Dr. Boissonnas of 
San doz Laboratories wrote to us very  shor t ly  af terwards to say tha t  the 
octapeptide wi th  the s tructure given was inactive. In the course of the 
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d i scuss ions  w h i c h  fo l l owed ,  I m e n t i o n e d  the  p o s s i b i l i t y  of  a t h i r d  p r o l i n e  

b e t w e e n  the  s e r i n e  a n d  t h e  p h e n y l a l a n i n e ,  b u t  a p p a r e n t l y  Dr. Bo i s sonnas  

and  h is  c o l l a b o r a t o r s ,  Dr. G u t t m a n n  and  Dr. J a q u e n o u d ,  had  a l r e a d y  pu t  

in h a n d  the  p r e p a r a t i o n  of  the  n o n a p e p t i d e  (1960) a long  w i t h  s e v e r a l  

o t h e r  v a r i a n t s  of  the  o c t a p e p t i d e  s t r u c t u r e  b e f o r e  o u r  l e t t e r  r e a c h e d  them.  

W h e n  w e  c o m p a r e d  s a m p l e s  of  the  s y n t h e t i c  n o n a p e p t i d e  A r g  P r o  P r o  

G l y  P h e  S e r  P r o  P h e  A r g  k i n d l y  s u p p l i e d  b y  S a n d o z  L a b o r a t o r i e s  and  by  

P a r k e  D a v i s  a n d  C o m p a n y  (Nico la ides  and  De W a l d  1961) i t  was  ; o u n d  to 

be e q u i a c t i v e  on  e l e v e n  d i f f e r e n t  b io log i ca l  p r e p a r a t i o n s  w i t h  the  m a t e -  

r i a l  wh ich  we  h a d  i s o l a t e d  (Lewis ,  1960). The  i d e n t i t y  of t he  n o n a p c p t i d e  

w i t h  n a t u r a l  b r a d y k i n i n  s u p p l i e d  b y  us w a s  c o n f i r m e d  b y  two  o t h e r  

g r o u p s  of  w o r k e r s  (Co l l i e r  a n d  S h o r l e y ,  1960; K o n z e t t  and  S t f i r m e r ,  1960). 

M e a n w h i l e  we w e r e  ab le  to d e m o n s t r a t e ,  b y  f u r t h e r  d e g r a d a t i v e  w o r k .  

the  p r e s e n c e  a n d  t h e  p o s i t i o n  of  t he  t h i r d  p r o l i n e  in n a t u r a l  b r a d y k i n i n  

(El l io t t ,  L e w i s  a n d  Hor ton ,  1960b). We  a re  t h e r e f o r e  i n d e b t e d  t~ Dr  Bois -  

s o n n a s  and  his  c o l l a b o r a t o r s  for  p o i n t i n g  o u t  o u r  m i s t a k e  so q u i c k l y .  
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