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por t ion  moindre ;  pour  I.OO mol6cule  de DNP-a rg in ine ,  on t rouPe  DNP-s~r ine  o.14, D N P - t h r d o n i n e  
o.I 3, D N P - a s p a r t i q u e  o. 12; des  coupures  abe r r an t e s  s ' e f fec tuen t  donc  en faible p ropor t ion  au  n iveau  
des  acides  amines  hyd roxy l e s ;  ceci exp l iquera i t  que  LANDMAN et alfl, ut i l i san t  u n i q u e m e n t  la t e chn ique  
d ' E d m a n ,  a ien t  observ6 une  l ib6rat ion de s6rine £ la c inqui~me scission. L ' i s o l e m e n t  d ' u n  pep t ide  
Val. Phe. Gly. Arg apr6s hyd ro lyse  t r y p s i q u e  concorde  avec  la sp6cificit6 admise  pour  cet  enzyme ,  
et  d ' a u t r e  pa r t  est  en  accord avec  l ' e n c h a i n e m e n t  init ial  Lys. Val. Phe. Gly. Arg t rouvd  pa r  les 
m6 thodes  ch imiques .  

Le d6tail  de ces inves t iga t ions  pa r a i t r a  u l t d r i eu remen t  dans  ce journal .  
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The  role of ca lc ium in t he  physiological  coagula t ion  of blood has  been a m u c h  d i spu ted  ques t ion  
for m a n y  yea r s  (for a review see WOHLISCI~I). Th i s  p re l imina ry  repor t  p resen t s  d a t a  which  indica tes  
t h a t  ca lc ium is an  ac t iva to r  of t he  t h rombop l a s t i c  enzyme.  I t  has  been a f r equen t  obse rva t ion  in 
our  L a b o r a t o r y  us ing  one-s tage  c lot t ing s y s t e m s  2,3 t h a t  i ncuba t ion  of h u m a n  bra in  t h r o m b o p l a s t i n  
w i th  ca lc ium grea t ly  increases  i ts  c lo t t ing ac t iv i ty .  

T A B L E  I 

A RECONSTRUCTED COAGULATION SYSTEM COMPOSED OF PUR=FIED CLOTTING FACTORS 
ISOLATED FROM HUMAN BLOOD AND TISSUES 

C~ott ing factor Concentration A ctivity Method of preparation 

P r o t h r o m b i n  0.09 m g  p ro te in /ml  142 un i t s /ml*  (4) 
P l a s m a  Ac-Globul in  o. 18 m g  p ro te in /ml  94 % : ,  (4), (5) 
Bra in  T h r o m b o p l a s t i n  o.81 m g  pro te in ]ml  IOO % (3) 
F ib r inogen  IO m g  clot table  protein,/ml - -  (6) 
Calc ium chloride 0.008 M - -  

* A c t i v i t y  comparab l e  to n o r m a l  h u m a n  p lasma .  
** Ac t i v i t y  g iv ing 13.o secs in r econs t ruc t ed  c lot t ing sys t em.  

* Suppor t ed  by  the  Medical  Resea rch  and  D e v e l o p m e n t  Board,  Office of t he  Surgeon General ,  
D e p a r t m e n t  of the  A r m y ,  unde r  Cont rac t  =~c DA-49-oo7-MD-I93 and  by  the  U S P H S  RG 2684. 
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In  order t h a t  th is  p h e n o m e n o n  could be s tud ied  in more  detail, a purified coagula t ion s y s t e m  
composed  of the  h u m a n  blood c lot t ing factors  was devised.  This  r econs t ruc ted  c lot t ing s y s t e m  is 
p resen ted  in Table  1. All the  componen t s  l isted in the  
table  were added  in o.I ml  vo lumes  to 75 × io m m  tes t  
t ubes  a t  3 7 ° C  and  the t ime  of coagula t ion  noted .  
Var ia t ion  in the  t h r o m b o p l a s t i n  concen t ra t ion  f rom 
ioo % (arb i t ra ry  value) to 0. 5 % produced  clot t ing t i mes  
the  loga r i thm of which  were direct ly propor t iona l  to 
the  logar i thm of the  e n z y m e  concent ra t ion .  Such a 
pseudo-f i rs t  order  kinet ic  re la t ionship  served to s t and -  
ardize enzyme  concen t ra t ions .  

W h e n  the  t h r o m b o p l a s t i n  and  ca lc ium were incu-  
ba ted  toge ther  a t  3 7 ° C  before add ing  t h e m  to the  
o ther  componen t s ,  t he  c lot t ing t ime  became  progres-  
s ively shorter .  Such an  e x p e r i m e n t  is p resen ted  in 
Fig. i .  The  r ight  and  left o rd ina tes  of the  Figure  demon-  
s t ra te  t he  re la t ion be tween  t h r o m b o p l a s t i n  concen t ra -  
t ion and  c lot t ing t ime.  W h e n  t h r o m b o p l a s t i n  of v a r y i n g  
concen t ra t ions  is ac t iva ted  m a x i m a l l y  wi th  calcium, 
the  c lot t ing t imes  still exhibi t  a log-log re la t ionship  to 
concent ra t ion .  

One of the  necessa ry  po in t s  which  m u s t  be criti- 
cally examined  before one m a y  pos tu l a t e  an  ac t iva t ing  
effect of ca lc ium on t h r o m b o p l a s t i n  is t h a t  the  e n z y m e  
prepara t ion  is no t  c o n t a m i n a t e d  wi th  some  o ther  c lo t t ing  
componen t .  This  does no t  appea r  to be the  case. In  t he  
first place, pur i f icat ion of the  enzyme  does no t  appea r  
to al ter  the  ca lc ium ac t iva t ing  proper ty .  Secondly,  the  
presence of p ro th romb in ,  th rombin ,  accelera tor  g lobul in  
or conve r t i n  (SPCA, Fac to r  VII)  in the  t h rombop l a s t i n  
could no t  be detected.  Thirdly ,  e x p e r i m e n t s  employ ing  
par t i a l  d e n a t u r a t i o n  of the  enzyme  p repara t ion  wi th  
iooo kc u l t rasonic  waves  indica ted  t h a t  t he  degree of 
ca lc ium ac t iva t ion  of the  e n z y m e  was  paral lel  in bo th  
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Fig. I. The  effect of i ncuba t ion  of h u m a n  
bra in  t h r o m b o p l a s t i n  wi th  ca lc ium on the  
clot t ing t ime  and  th rombop la s t i c  ac t iv i ty  
of a r econs t ruc ted  purified coagula t ion  

sys tem.  

pa r t i a l ly  dena tu r ed  and  u n t r e a t e d  p repara t ions  of comparab le  init ial  ac t iv i ty .  This  would  be ve ry  
un l ike ly  if the  ac t iva t ion  of t h r o m b o p l a s t i n  wi th  ca lc ium were due to t he  presence of some o ther  
p rocoagulan t .  

In  the  two-s tage  de t e rmina t ion  of p r o t h r o m b i n  7 the  ac t iva ted  e n z y m e  appears  to speed up 
the  ra te  in the  ear ly  s tages  of convers ion  of p r o t h r o m b i n  to t h r o m b i n  b u t  does no t  increase  the  f inal  
t h r o m b i n  yield. S t r o n t i u m  ion, wh ich  is capable  of c lo t t ing decalcified blood in a physiological  
m a n n e r  t h o u g h  less efficiently t h a n  calcium, is also an  ac t iva to r  of h u m a n  bra in  t h r o m b o p l a s t i n  in 
a m a n n e r  s imilar  to t h a t  described above.  
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