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Some chemical changes associated with prothrombin act~'~ration 

In the ac t iva t ion  of purified pro thromMn prepar~rti,m~ .~everaI s tages in tile develop- 
merit of th rombin  ac t iv i ty  have been recognized t. First,  p ro thrombin  loses the ca- 
pac i ty  to become thronlbii~ in the Frcsence of lung thromboplas t in .  Ac-globulin and  
Ca ++ (z-stage analy t ica l  reagent.~). Then tile protein regains its sens i t iv i ty  to th~:.~e 
substances ,  and  last ly th rombin  ac t iv i ty  arises. The sequence which accounts  for 
exper iments  completed thu.~ far m a y  bc described as follows: Pro thrombin  (sensitive 
to Ca ++ + Ac-globu!in -i- brain thromhopta~tin)  --> Pmthrombin-der iva t ive  I (not 
sensitive to Ca ~ - . !- Ac-gtobulin + brain t hlxmabopl:,~ii,u -~ Prothrombin-der iva  t ire 
I I  (sensitive to Ca++ -+- Ac-glohulin : I,rain thrombopla , l in)  --- thrombin and other 
react ion products.  

This unique capac i ty  of the zymogen to undergo modifications implies an inter- 
mediate(s) in tt~e ac t iva t ion  process. For ii;s~,,ncc intermediati~s |lave been ft~un,[ in 
the au toca ta ly t i c  ac t iva t ion  of prothroml~in in 25 '7,, stadium citrate". We have now 
found  tha t  the first s tep in pro thrombin  ac t iva t ion  is ;tssoeiatcd with the appearance 
of N- terminal  proli~te, and  this  is t rue with the use of three di[fcrent mater ia ls :  
namely ,  th rombin ,  puritied platelet  factor  3. and  scdimctttablc tung thromboplas t in .  

In the ac t iva t ion  with sedimentablc  lung ext rac t  thromboplas t in  (x mg/ml) and 
Ca ++ (o.o23 M) about  5 o %  of the prothrornbin (2oo0 units/rot) was conver ted  to 
th romhin  in 5 h, and  tile remaining prothromt~in became a derivat  ire (not conver table  
to th rombin  in 2-stage ana ly t ica l  reagents).  We then removed the thromboplas t in  
by  high-speed centr i fugat ion and  precipi ta ted the protein by adding acetone to a 
eoncentra.tion of 50 % at 0% TI~e precipi tated protein wa_~ dried fr'.~m the frozen s ta te  
and  was found to conta in  N-terminM proline and  glutamic acid. From other  experi- 
ments  it is known tha t  the N-terminal  amino acid of bovine pro thrombin  is alanine a 
a n d  for th rombin  it is glutamic acid L A non- thrombin  derivz~tive of pro thrombin  
thus  has proline as the N-terminM amino acid. 
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Another  ac t ivat ion was stud!~d wi th  the  use of purilied platelet  factor 3 
(5{) unit~yml), prothroml~in (2,ooo uni ts /ml) ,  and  Ca4 + (o.o23:11). In 5 h half of the 
l)rotht'onlbin ac t iv i ty  was lost (not conver table  to th rombin  in z-stage analyt ieM 
reagents) while the rest remained as pro thrombin  act ivi ty .  There was no th rombin .  
The protein was precipi ta ted by adding  ccitt acetone to a eoneentt 'a t ion of ')/ 5o ~,, and  
then was dried from the frozen state.  The material  was only par t ia l ly  soluble in 
physiological .~aline solution, bu t  the sohflfle portion conta ined  N- terminal  proline. 

In a th i rd  way  of ac t iva t ion ,  purit led pro thrombin  (e,ooo units/nil)  w.'ts ]nixed 
with purified reMn thron}l)in (x. 7 units /ml)  at  pH 8.5. in water,  and  wi thout  added  
Ca +~ . \Vithin 2 h 8o % of the p ro thrombin  had  lo::t its ac t iv i ty  while the rest remained 
as prothronal)in. No tht'oml>in t i t re developed. The protein was precipi ta ted (So % 
acetone) and  dried from the  frozen state.  All the  mater ia l  w.'~s .,;oluble and  conta ined  
proline as N- terminal  amino acid. 

Our analysis  identifies a first stage in the ac t iva t ion  of p ro thrombin  wi th  the  
appearance of N-terminal  proline on the protein.  This is .~o whether  an enzyme such 
as thrombin  is used for the  ac t iva t ion  or whether  platelet  factor  25 or sedimcntabte  
lung thromboplas t in  are used. In previous work fl'om this  l abora to ry  it was found 
tha t  prothroml)in m a y  lose its ac t iv i ty  (capaci ty  to become th rombin  by e-s ta te  
analysis) m~d acquire accelerator properties~, 6. The changes descl ibcd in terms of 
bioassay are now suppor ted  in terms of tlae appearm~c- of proline as N-terrr, inal 
amino acid oa the protein.  

This invest igat ion was suppor ted  by  a research grant  H-3424 from the  Nat iona l  
Hear t  Ins t i tu te ,  Nat ional  Ins t i tu tes  of l_4ealth, U.S. Public Hea l th  Service. 
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