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T h e  Role  of  P r o c o n v e r t i n  and  S t u a r t  F a c t o r  
in the  I n a c t i v a t i o n  of  T i s s u e  T h r o m b o p l a s t i n  

by  S e r u m  

I t  h a s  b e e n  found  in ou r  p r ev ious  s tud ies  ~ t h a t  t he  
t i ssue  t h r o m b o p l a s t i n  i n a c t i v a t i n g  c a p a c i t y  of n a t i v e  
s e r u m  was  s ign i f i can t ly  inc reased  b y  pa r t i a l  a d s o r p t i o n  
w i t h  kao l in  whe rea s  i t  was  los t  b y  s u b s e q u e n t  B a S O ,  
adso rp t ion .  These  r e su l t s  were  in good a g r e e m e n t  w i t h  
HJORT'S c o n c e p t i o n  ~, who  p r o v e d  in careful  e x p e r i m e n t s  
t h a t  t h e  p a r t i c i p a t i o n  of f ac to r  V I I  c o m p l e x - - e q u i v a l e n t  
to  his  p r o c o n v e r t i n  r e a g e n t - - i s  i nd i spensab le  for  t he  in-  
a c t i v a t i o n  of t i s sue  t h r o m b o p l a s t i n  b y  s e r u m  inh ib i to r .  
A t  t h e  s a m e  t ime ,  i t  b e c a m e  clear  t h a t  eve ry  s y s t e m  w i t h  
u n a d s o r b e d  or  p a r t i a l l y  a d s o r b e d  s e r u m  is u n s u i t a b l e  for  
t h e  s e p a r a t e  s t u d y  of t he  i n h i b i t o r  p rope r  a n d  of i t s  co- 
f ac to r  c o n t a i n e d  in  t h e  f a c t o r  V I I  c o m p l e x  as b o t h  these  
c o m p o n e n t s  p a r t i c i p a t i n g  in  t he  process  of i n a c t i v a t i o n  
r e a c t  d i f f e ren t ly  on  va r ious  p rocedures  ca r r i ed  o u t  w i t h  
s e r u m  or  in  pa tho log i c  s ta tes .  F o r  t h a t  reason ,  a s imple  
s y s t e m  was e l a b o r a t e d  for r o u g h  q u a n t i t i t i v e  a s s a y  of t he  
i n h i b i t o r  proper ,  w h i c h  r e p r e s e n t e d  t h e  on ly  v a r i a b l e  s . 
T h i s  s y s t e m  was  also su i t ab l e  for  t h e  e v a l u a t i o n  of t h e  
role  of p r o c o n v e r t i n  (i.e. f a c t o r  V I I  proper)  a n d  S t u a r t  
f a c t o r  in  t h e  t i ssue  t h r o m b o p l a s t i n  i n a c t i v a t i o n  b y  s e r u m  
inh ib i to r .  

Methods. As s u b s t r a t e ,  n o r m a l  f resh ly  p r epa red ,  
p l a t e l e t -poor ,  o x a l a t e d  p l a s m a  was  used.  N o r m a l  n a t i v e  
(i.e. u n t r e a t e d )  s e r u m  was  usua l ly  24 h old. T he  n o r m a l  
a d s o r b e d  se rum,  p r ac t i c a l l y  devo id  of al l  f ac to r  V I I  
c o m p l e x  ac t iv i ty ,  was  p r e p a r e d  b y  two-fo ld  a d s o r p t i o n  
w i t h  kao l in  (100 mg/ml )  a n d  a d d i t i o n a l  a d s o r p t i o n  w i t h  
B a S O ,  (100 mg/ml) .  I n  t h e  i n c u b a t i o n  sys t em,  m/lO CaC12 
was  used.  A c e t o n e - d r i e d  h u m a n  b r a i n  e x t r a c t  (200 m g  pe r  
1 0  ml  sal ine)  w i t h  t h e  a c t i v i t y  of 13 4- 1 sec in  t he  Quick  
t e s t  s e rved  as s u b s t r a t e  for i n a c t i v a t i o n .  

The  t e s t i n g  s y s t e m  was  s imi la r  to  ~:hat desc r ibed  pre-  
v ious ly  x, b u t  va r i ous  i n a c t i v a t i n g  m i x t u r e s  i n s t e a d  of 
p a r t i a l l y  a d s o r b e d  s e r u m  were  e x a m i n e d .  I n  w a t e r  b a t h  
a t  37°C, two p a r t s  of t he  m i x t u r e  t e s t e d  were a d d e d  to  
one  p a r t  of m/lO CaC1 v a n d  f ina l ly  one  p a r t  of t i s sue  
t h r o m b o p l a s t i n  was  b lown  in. Af t e r  1, 30, a n d  60 m i n  of 
i n c u b a t i o n ,  a s ample  of 0.2 ml  was  t a k e n  a n d  t e s t e d  for  
i t s  r e m a i n i n g  t h r o m b o p l a s t i n  a c t i v i t y  on  0.2 ml  s u b s t r a t e  
p l a sma .  The  sera  de f i c i en t  in  p r o c o n v e r t i n  or  S t u a r t  
f a c t o r  r e spec t ive ly  were  k i n d l y  supp l i ed  to  us  b y  Dr.  C A ~  
f rom Pa r i s  in  lyophi l ized  form.  I n  a d d i t i o n  to  t he  con t ro l  
w i t h  n o r m a l  n a t i v e  se rum,  t h e  n o r m a l  d r y  r e c o n s t i t u t e d  
s e r u m  was  also used.  

Results. N a t i v e  s e r u m  c o n t a i n s  b o t h  f a c t o r  V I I  
c o m p l e x  a n d  t h e  inh ib i to r .  On g r a d u a l l y  inc reas ing  t h e  
a m o u n t  of t h i s  s e r u m  in t h e  i n a c t i v a t i n g  m i x t u r e  w i t h  
c o m p l e t e l y  a d s o r b e d  se rum,  t h e  t h r o m b o p l a s t i n  in-  
h ib i t i on ,  expressed  b y  t h e  p r o l o n g a t i o n  of t h e  c l o t t i n g  
t i m e s  a f t e r  i h i n c u b a t i o n ,  rises f rom zero to  a m a x i m u m  
v a l u e  w h i c h  is r e a c h e d  a t  a level  of 15% of n a t i v e  s e r u m  in  
t h e  i n a c t i v a t i n g  m i x t u r e  (Fig.). A f u r t h e r  increase  a b o v e  
20% leads,  howeve r ,  t o  a g r a d u a l  decl ine in t h e  t h r o m b o -  
p l a s t i n  i n a c t i v a t i o n .  W h e n  t he  c o n t e n t  of n a t i v e  s e r u m  is 
k e p t  c o n s t a n t  a t  15%,  a n d  t h e  85% of adso rbed  s e r u m  in 
t h e  i n a c t i v a t i n g  m i x t u r e  is ser ia l ly  d i lu t ed  in  a d v a n c e  
b y  v e r o n a l  a c e t a t e  buffer ,  a d i l u t i on  cu rve  can  be  ob-  
t a i n e d  for  t he  i n h i b i t o r  p roper .  T he  p rope r t i e s  of t h i s  
i n h i b i t o r  a n d  i ts  b e h a v i o u r  in  va r ious  s t a t e s  are  pre-  
s e n t e d  e lsewhere  s-5. T h e  ava i l ab l e  a m o u n t  of def ic ien t  
sera  be ing  l imi ted ,  n o  de ta i l ed  q u a n t i t a t i v e  ana lys i s  
could be  p e r f o r m e d  a n d  the se  se ra  were  s u b s t i t u t e d  for 
n o r m a l  n a t i v e  or  dry ,  r e c o n s t i t u t e d  s e r u m  in  t h e  i n a c t i v a -  
t i ng  m i x t u r e .  

W h e n  p r o c o n v e r t i n - d e f i c i e n t  s e r u m  was  used,  no  in-  
a c t i v a t i o n  t o o k  place  (Table  I). As in p a t i e n t s  w i t h  S t u a r t  
fac tor -def ic iency ,  t h e  c o n t e n t  of p r o c o n v e r t i n  was  moder -  
a t e ly  decreased  (60~o accord ing  to Dr.  CAirN), 20% of t h i s  
r e c o n s t i t u t e d  s e r u m  a n d  of n o r m a l  red i sso lved  s e r u m  
(second cont ro l )  was  used i n s t e a d  of usua l  1 5 ~  of n a t i v e  
s e r u m  in t h e  i n a c t i v a t i n g  m i x t u r e .  I n s p i t e  of t h e  v i r t u a l  
absence  of S t u a r t  factor ,  no s u b s t a n t i a l  c h a n g e  in t he  in-  
a c t i v a t i o n  was  found  (Table  II).  

Discussion. P r e s e n t  r e su l t s  con f i rm  a g a i n  t h e  indis-  
pensab l e  p resence  of p r o c o n v e r t i n  for t i s sue  t h r o m b o -  
p l a s t i n  i n a c t i v a t i o n  b y  a n a t u r a l  i nh ib i to r ,  as was  f i rs t  
p o s t u l a t e d  b y  HJORT ~. I n  his  p r o c o n v e r t i n  r eagen t ,  how-  
ever ,  t he  S t u a r t  f a c t o r  was  also p r e s e n t  a n d  t he  poss ib i l i ty  
of i t s  i n v o l v e m e n t  was  d i s rega rded .  Never the less ,  t he  
s tud ies  of PUDLg.K et al. e i n d i c a t e d  t h a t  S t u a r t  f ac to r  m a y  
h a v e  a specia l  a f f in i ty  for  t i s sue  t h r o m b o p l a s t i n .  I n  v iew 
of ou r  resul ts ,  a f o r m a t i o n  of some  c o m p l e x  i n v o l v i n g  
b o t h  t he se  c o m p o n e n t s  does  no t ,  howeve r ,  seem necessa ry  
for t h e  ac t ion  of t he  i n h i b i t o r  in  c o n t r a s t  w i t h  t h e  role of 
c o n v e r t i n ,  i .e. p r o c o n v e r t i n - c a l c i u m - t i s s u e  t h r o m b o -  
p l a s t i n  c o m p l e x  wh ich  r e p r e s e n t s  m o s t  p r o b a b l y  t h e  on ly  
fo rm i n a c t i v a b l e  p rogress ive ly  b y  t he  n a t u r a l  i nh ib i t o r .  

Th i s  a s s u m p t i o n  is to  some e x t e n t  in  d i s a g r e e m e n t  w i t h  
o b s e r v a t i o n s  desc r ib ing  n o r m a l  i n a c t i v a t i o n  in B a S O  4 ad-  
so rbed  se ra  T-9. I t  seems,  howe~cer, t h a t  no  a t t e m p t  h a s  
b e e n  m a d e  in t he se  s tud ies  to  d e t e r m i n e  t h e  poss ib le  
s m a l l  res idue  of p r o c o n v e r t i n  a f t e r  ad so rp t i on .  Accord ing  
to  t h e  ana lys i s  of HJORT 2 a n d  of ourse lves  s, i t  is v e r y  
p r o b a b l e  t h a t  t i s sue  t h r o m b o p l a s t i n ,  p r o c o n v e r t i n ,  a n d  
i n h i b i t o r  r e a c t  in  q u a n t i t a t i v e  p ropor t ions .  I f  d i l u t ed  
t h r o m b o p l a s t i n  is used  for i n a c t i v a t i o n ,  a sma l l  per-  
c e n t a g e  of p r o c o n v e r t i n  m a y  be  suf f ic ien t  to  ' s a t u r a t e '  t h e  

hO 
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Percentage of native serum in the inactivating 

30 

mixture (diluted with completely adsorbed serum) 
Clotting times After 60 min i n c u b a t i o n -  
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a m o u n t  of th romboptas t in  present ,  since abou t  15% of 
fac tor  V I I  complex  sufficed for  m a x i m a l  i nac t iva t ion  of 
undi lu ted  th romboplas t in  under  our  expe r imen ta l  con- 
dit ions.  

Tab. I 

Inactivating mixture 

Normal native 
serum 
15% 

ReconstFeuted 
normal serum 

15% 
Proconvertin 

deficient serum 
15% 

Normal adsorbed 
s e r u m  

85% 
Normal adsorbed 

serum 
85% 

Normal adsorbed 
serum 
85% 

Clotting times after 
incubation of 

1 rain I a0 rain 160 miu 
t I 

12-6" 

12.7" 

15.3" 

30-0" 34-1" 

29-0" 31.2" 

16-5" 16'6" 

Tab. II 

Inactivating mixture 

Normal native 
s e r u  lq] 

15% 
Reconstituted 
normal serum 

2O% 
Stuart factor 

deficient serum 
2O% 

Normal adsorbed 
serum 
85% 

Normal adsorbed 
serum 
80% 

Normal adsorbed 
s e r u m  
8O% 

Clotting times after 
incubation of 

1 miu 130 min { 60 m!n 

26.8" 

27.4" 

26.2" 

12-6" 

11.8" 

11.6" 

33"9" 

34.6" 

32.6" 

F. HEI(MANSKX~ and J .  ViT~K 

Research Laboratory/or Hematology and Liver Diseases, 
Is, Medical Clinic, Charles University, Prague, March 22, 
1960. 

Rdsumd 

Le r61e de  la p roconver t ine  e t  du fac teur  S tua r t  dans  
l ' i nac t iva t ion  de la  t h rombop la s t ine  t issulaire  p a r  Fin- 
h ib i t eur  s6rique a 6t6 examin6 dans  un  syst~me ad6quat .  
Apr~s avoir  reconfirm6 l ' indispensabi l i t6  du complexe  
facteur  V I I  pour  Fact ion  de l ' inhibi teur ,  il a 6t6 consta t6  
que seule la p roconver t ine  est  n$cessaire pour  l ' inac t i -  
va t ion  tandis  que le fac teur  S tua r t  ne para l t  pas  par t ic iper  

ce processus, 

Bio log ica l  Propert ies  of Synthe t i c  B r a d y k i n i n  

I n  the  course of syri thet ie  work  on po lypep t ides  BoIs -  
SONNAS, GUTTMANN, andJAQuENOUD recent ly  synthes ized  ~ 
a nonapep t ide  wi th  t he  fo l lo~vings t ruc tnre :  H - L - A r g - L -  
P ro -L-Pro -Gly -L-Phe-L-  Se r -L-Pro-L-Phe-L-Arg-OH.  

A p re l imina ry  account  of its biological  a c t i v i t y  was 
g iven  in th is  journa l  * wi th  the  conclusion:  ' F u r t h e r  work  
will  demons t r a t e  if i t  is ident ical  wi th  or  closely s imilar  
to  pure  b radykin in  '. 

Active concentrations of different bradykinir~s on various biological 
structures. 

Isolated 
guinea pig ileum 
Isolated rat uterus 
Blood pressure in the 
anaesthetized cat 
Capillary 
permeability by 
intradermMinjection 
in the guinea pig 

Syalthetic 
bradykinin s 

1 nglml 
0.03 nglml 

500 ng]kg 

1 ng 

Natural bradykinin 
by the action of 

Trypsinn [ BothropSvenom T 

I 
1 ng/ml 1 ng/ml 

0.1 ng/ml 0.1 ng/mt 

400 ng]kg 30 ng]kg 

I n g  10 ng 

Since then  ELLIOTT, LEWIS, and HORTON have ,  in v i ew 
of t he  biological  proper t ies  of this syn the t ic  nonapept ide ,  
r e inves t iga ted  the i r  proposed  s t ruc tu re  for na tu ra l  b r ady -  
k le in  a and,  a f te r  new degrada t ion  studies,  p rov ided  
evidence  4 t h a t  na tu ra l  b radyk in in  is a nonapep t ide  
hav ing  the  s t ruc ture  depic ted  above.  Therefore ,  t he  
p rev ious ly  repor ted  syn the t ic  nonapep t ide  1, ~ is in fac t  
syn the t ic  bradykin in .  

F u r t h e r  expe r imen ta l  work  wi th  this  syn the t ic  b r ady -  
k inin  by  KONZETT and STORMER a has revea led  t h a t  i t  
behaves  like pure  na tu ra l  b radykin in  ~in several  t e s t s . F r o m  
a compar i son  of the  q u a n t i t a t i v e  da ta , . some of which  are  
g iven  in the  Table ,  i t  can  be seen t h a t  t he  va lues  for  t h e  
a c t i v i t y  of syn the t ic  b radyk in in  and of na tu r a l  pu re  
b radyk in in  ob ta ined  f rom ox p lasma b y  the  ac t ion  of  
t ryps in  are ident ica l  wi th in  t he  l imits  of biological  
var ia t ions .  The  conclusion therefore  follows tha t ,  in i ts  
biological  ac t iv i ty ,  syn the t ic  b radyk in in  is ident ical  w i th  
na tu ra l  b radyk in in  ob ta ined  f rom ox  p lasma  by  the  
act ion of t rypsin .  

D a t a  on the biological  character is t ics  of pure  na tu r a l  
b r adyk in in  ob ta ined  f rom ox p lasma by  the  ac t ion  of 
Bothrops ~araraca Venom, which  were repor ted  by  JAQUES 
and MEIER~, have  been included in the  Table.  T h e y  cor- 
respond reasonab lywel l  With the  figures for the  o the r  na tu -  
ra l  b radyk in in  and for syn the t ic  b r a d y k i n i n . W i t h  regard  to  
biological  a c t i v i t y  al l  th ree  b radyk in ins  behave  s imi lar ly  
and  canno t  be dis t inguished f rom one  another .  

The  synthesis  of b radyk in in  opens up  the  possibi l i ty  of  
using a pure  and  chemica l ly  def ined po lypep t ide  of h igh  
biological  a c t i v i t y  in medica l  research.  

H .  K O N Z E T T  s and IR. A. B O I S S O N N A S  

Pharmakologisches und pharmazeutisch-chemisches La- 
boratorium der Sandoz AG., Basel, August 22, 1960. 
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