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Thrombin, a P r o te o ly t ic  Enzyme.

In t ro d u c t io n

The n a tu re  o f  th e  chem ical changes invo lved  in  

th e  t r a n s fo rm a t io n  o f  f ib r in o g e n  in to  f i b r i n  has rem ained 

a  m a tte r  o f  co n tro v e rsy  s in c e  th e  work o f  Buchanan (1^2) 

who, in  1335 > showed t h a t  c e r t a i n  serous f l u i d s  co u ld  be 

c l o t t e d  by th e  a d d i t io n  of le u c o o y te s  o r  serum. E a r l i e r  

w orkers , n o ta b ly  Chaptal (3)» b e l ie v e d  t h a t  f i b r i n  ex­

i s t e d  in  th e  p lasm a and t h a t  c l o t t i n g  was due to  a  spon­

taneous s o l i d i f i c a t i o n .  In  1359 Denis (l|) found t h a t  

crude f ib r in o g e n  p r e p a r a t io n s  d o t t e d  on s ta n d in g ,  y i e l d ­

ing f i b r i n  and a  p r o t e in  l e f t  i n  s o lu t io n .  From t h i s  

he concluded t h a t  th e  p re c u r s o r  of f i b r i n  underwent 

c leav ag e  i n  th e  a c t  o f c l o t t i n g .  Two y e a rs  l a t e r  Schmidt 

(5^.6) p rep a red  f ib r in o g e n  and serum g lo b u l in  which he be­

l i e v e d  to  u n i t e  to  form f i b r i n .  F r a c t io n a t io n  o f  plasm a 

w ith  s a l t s  l e d  Hammarstein (7) to  th e  c o n c lu s io n  t h a t  n o t  

serum g lo b u l in ,  b u t  some o th e r  substance  i n . t h e  b lo o d  was 

r e s p o n s ib le  f o r  th e  c l o t t i n g  of f ib r in o g e n .  He confirm ­

ed th e  o b se rv a t io n s  of Denis (4-) and term ed th e  so lu b le  

p r o t e i n  f i b r i n o - g lo b u l in .  In  1392 Schmidt (3) p re p a re d

throm bin and named i t  “f i b r i n  fe rm en t" ,  th e reb y  in d ic a t in g  

h i s  b e l i e f  t h a t  i t  a c ted  as an enzyme.
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Many o f  th e  more r e c e n t  workers have c a s t  doubt 

upon th e  enzymic n a tu re  of throm bin . Kugelmass ( 9 ) con­

c luded  t h a t  c o a g u la t io n  was due to  th e  a d s o rp t io n  o f  

f ib r in o g e n  on p a r t i c l e s  o f throm bin, b u t  th e  r e s u l t s  on 

which t h i s  h y p o th e s is  was based  a re  open to  c r i t i c i s m .  

S tuber  and Sano (10) m a in ta in  t h a t  th e  a c t io n  o f  throm bin 

i s  m erely t h a t  o f changing th e  degree  o f  h y d ra t io n  o f  

f ib r in o g e n .  A very  d i f f e r e n t  i n t e r p r e t a t i o n  i s  o f f e re d  

by Hekma (1 1 ) .  He b e l ie v e s  t h a t  throm bin i s  an ag g lu ­

t i n i n  which p roduces c l o t t i n g  by th e  a g g re g a tio n  o f  th e  

p a r t i c l e s  of f ib r in o g e n .  However, th e r e  a re  s e v e ra l  

d i f f e r e n c e s  between thrombin and a g g lu t in in s .  Thus agg lu ­

t i n a t i o n  i s  q u i t e  r a p id  a t  0° C. and i s  somewhat reduced  

as th e  tem p era tu re  approaches lfO° C. ,  whereas throm bin 

has  alm ost no a c t i v i t y  a t  zero and i s  s a id  to  be most 

a c t i v e  a t  a  l i t t l e  above body te n p e r a tu r e .  Furtherm ore , 

a g g lu t in in s  in  serum r e t a i n  t h e i r  a c t i v i t y  f o r  months w hile  

under th e  same c o n d i t io n s  throm bin becomes in a c t iv e  a f t e r  

s ta n d in g  a  few h o u rs .  L a s t ly ,  au tohaem agg lu tin in s  a re  

r a r e l y  found i n  serum a lth o u g h  thrombin i s  always p r e s e n t  

in  f r e s h  normal serum.

Hekma a ls o  s t a t e s  t h a t  c o a g u la t io n  may be b ro u g h t 

about w ith o u t th e  i n t e r v e n t io n  o f  throm bin by th e  decom­

p o s i t i o n  o f  p l a t e l e t s  w ith  a  consequent d im inu tion  o f  

a l k a l i n i t y .  This h y p o th e s is  i s  a lm ost i d e n t i c a l  w ith
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t h a t  o f  Wadsworth, M aitane r,  and M aitaner (12) who say 

t h a t  ca lc ium  c h lo r id e  r e a c t s  w ith  c e p h a l in  w ith  th e  

l i b e r a t i o n  o f  h y d ro c h lo r ic  a c i d . ,  They b e l i e v e  th e  a c id ,  

c e p h a l in ,  and f ib r in o g e n  r e a c t  to  produce f i b r i n .  Ac­

co rd in g  to  t h e i r  th eo ry  throm bin does n o t  e x i s t . A sim­

i l a r  th eo ry  has been p o s tu l a t e d  by, Lewi (1 3 ) .  He s t a t e s  

t h a t  upon b e in g  shed th e  hydrogen io n  c o n te n t  o f  th e  

b lo o d  in c re a se s  to  approx im ate ly  th e  i s o e l e c t r i c  p o in t  o f  

f ib r in o g e n  a t  which p o in t  th e  l a t t e r  su b s tan ce  f l o c c u l a t e s  

upon th e  fragm en ts  o f  th e  p l a t e l e t s  and thus  beoomes 

f i b r i n .
«

These th r e e  th e o r ie s  a r e  open to  s e v e ra l  s e r io u s  

c r i t i c i s m s .  In  th e  f i r s t  p la c e  they  assume t h a t  th e  i s o ­

e l e c t r i c  p o in t  o f  f ib r in o g e n  i s  very  n e a r  n e u t r a l i t y .  Al­

though Kugelmass (9) p la c e s  t h i s  i s o e l e c t r i c  p o in t  a t  pH 

3 .0 ,  Mellanby (lty.) and S tuber and Funck (15) ag ree  t h a t  

i t  i s  between pH 5 .0  and pH 6 ,0  . KLinke and B a llo w itz  

(16) say t h a t  i t  i s  a t  pH and Howell p la c e s  i t  be­

tween pH 1(..0 and pH 5*0 * A dm itted ly , b lood  n ev er  ap­

p ro ach es  such an a c i d i t y  d u r in g  normal c l o t t i n g  and s e l ­

dom goes below a  pH o f  7*2 . Furtherm ore th e  a c i d i f i c a ­

t i o n  o f  p u re  f ib r in o g e n  may oause i t  to  p r e c i p i t a t e  b u t  

n o t  to  c l o t .  The assum ption o f  a  p u re ly  p h y s ic a l  change 

i s  n o t  j u s t i f i e d ,  as  Abderhalden and Buadze (17) have 

shown t h a t  f ib r in o g e n  and f i b r i n  g ive r i s e  to  d i f f e r e n t
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s p e c i f io  p r o t e c t i v e  enzymes. The appearance o f  f i b r i n o -  

g lo b u l in  d u ring  th e  c l o t t i n g  of(w hole b lood  o r  o f  p u r i ­

f i e d  c o n s t i tu e n t s  i s  a lso  p ro o f  o f  a  chem ical change. In  

r e g a rd  to  th e  b e l i e f  t h a t  throm bin i s  n o t e s s e n t i a l  to  

th e  c o a g u la t io n  o f  f ib r in o g e n ,  i t  has  been shown by M il ls  

and Mathews (IS) and by Sumner (19) t h a t  i t  i s  p r a c t i c a l ­

l y  im poss ib le  to  c l o t  s p e c i a l l y .p u r i f i e d  f ib r in o g e n  w ith ­

o u t th e  a d d i t io n  o f  a  s p e c i f io  c o a g u la n t .

Some o f  th e  c o n c lu s io n s  o f  th e se  a u th o rs  a re  so 

i r r e c o n c i l a b l e  w ith  o th e r s  t h a t  an ex p lan a t io n  o f  th e  

d is c re p a n c ie s  i s  d i f f i c u l t .  Many o f  th e  c o n t r a d ic t io n s  

a r e  d o u b t le s s  due to  th e  u se  o f  supposedly  pure  p re p a ra ­

t i o n s  which were contam inated  w ith  one o r  more su b s ta n c e s .  

Thrombin, p ro throm bin  (serozym e), t i s s u e  f ib r in o g e n ,  ‘ and 

c e p h a l in  have f r e q u e n t ly  been m is lead in g  con tam inan ts .

The la c k  of ex ac t methods of d e te rm in a t io n  o f c l o t t i n g  

t im e , and co n seq u en tly  o f  th e  a c t iv e  p a r t i c i p a n t s  in  

c l o t t i n g , ,  has  added somewhat to  th e  co n fu s io n . The in ­

s t a b i l i t y  o f  th e  d o t t i n g  f a c t o r s  as  u s u a l ly  p re p a re d  has 

proven a  s e r io u s  o b s ta c le  by making th e  d u p l ic a t io n  o f  

r e s u l t s  im possib le  in  many c a s e s .  However, th e re  a re  

s e v e ra l  a p p a re n t ly  w e ir  founded o b se rv a tio n s ,  which imply 

c o n t r a d ic t io n s  t h a t  cannot r e a d i l y  be ex p la in ed  by such 

d i s t u r b in g  f a c t o r s .  Thus R e t tg e r  (20) s t a t e  t h a t  pu re  

throm bin combines w ith  f ib r in o g e n  in  d e f i n i t e  p ro p o r t io n s
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and th e r e fo r e  i s  n o t an enzyme. On th e  o th e r  hand M ills  

(2 1 ) ,  Mellanby (2 2 ) ,  and Eagle (23) have shown t h a t  t h e i r  

p r e p a r a t io n s  o f  throm bin were capab le  of co n v e r t in g  a 

thousand  tim es t h e i r  w eigh ts  o f  f ib r in o g e n  in to  f i b r i n .

I t  i s  o f  i n t e r e s t  to  n o te  t h a t  o th e r  n a t u r a l  co a g u lan ts  

have been found by Kausenbach (2h) and Grohmann (25) in  

y e a s t  and c e r t a i n  fu n g i ,  by Loeb (2 6 ) ,  G ra t i a  (27 , 2& and 

(2 9 ) ,  and Cekada (30) in  b a c t e r i a ,  and by Lamb (31)»

M artin  (3 2 ) ,  B a r r a t t  (33)» and C o l l in s  (3h) in  th e  venoms 

of  th e  snake E ch is  c a r i n a tu s ,  Noteohis s e n t a t u s , C ro tu lu s  

t e r r i f i c u s ,  and L anchesis  l a n c e o la tu s .  A ll  o f  th e s e  sub­

s ta n c e s  a re  a c t iv e  in  such sm all amounts t h a t  t h e i r  en­

zymic n a tu re  can h a rd ly  be doubted . For exanple B a r r a t t  

(33) s t a t e s  t h a t  th e  venom o f  E chis  c a r in a tu s  i s  a c t iv e  

as  a  co ag u lan t in  a  c o n c e n tra t io n  o f  one p a r t  in  th r e e  

m i l l io n .

S ince th e r e  a re  s e v e ra l  substances  which a re  cap­

a b le  o f  c l o t t i n g  f ib r in o g e n ;  s in c e ,  in  some o f t h e s e ,  th e  

p r o p e r t i e s  o f  in  vivo and in  v i t r o  coagulant ion have been 

shown to  be d i s t i n c t ;  and s in c e  Cekada (35) b e l i e v e s  he 

has  s e p a ra te d  throm bin in to  two p h y s ic a l ly  and ch em ica lly  

d i f f e r e n t  b u t  a o t iv e  su b s ta n c e s ;  i t  i s  w i th in  th e  l i m i t s  

o f  p o s s i b i l i t y  t h a t  b lood  may o o n ta in  more th an  one throra- 

b i n - l i k e  su b s ta n ce ,  o r  t h a t  th e  throm bin m olecule may 

under some c o n d i t io n s  o f  p r e p a r a t io n  undergo a  s l i g h t
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d e n a tu r in g  e f f e c t  w ithou t t o t a l  d e s t r u c t io n  of i t s  c l o t ­

t i n g  fu n c t io n .  I f  e i t h e r  of th e s e  p o s s i b i l i t i e s  o ccu rs  

some of th e  re c o rd ed  d i f f e r e n c e s  i n  th e  manner o f  a c t io n  

o f  throm bin may be ex p la in e d .

The opponents o f  th e  th e o ry  th a t  thrombin i s  an 

enzyme p o in t  ou t t h a t  th e  time of c l o t t i n g  does n o t  f o l ­

low enzyme lawB a t  th e  extreme ranges o f thrombin and 

f ib r in o g e n  c o n c e n tra t io n s  a lthough  in te rm e d ia te  concen­

t r a t i o n s  in d ic a t e  enzyme a c t io n .  This has  been d i s ­

cu ssed  by Mellanby (22) who b e l i e v e s  t h a t  th e  d is c re p a n ­

c ie s  found when l a r g e  amounts o f  throm bin a re  used  a re  

due to  a  tim e i n t e r v a l  d u r in g  which th e  thrombin u n i t e s  

w ith  th e  f ib r in o g e n  b e fo re  a c t in g  upon i t .  I t  i s  a lso  

p o s s ib le  t h a t  th e  chem ical changes may ta k e  p lao e  w ith  

g r e a t  r a p i d i t y  a l though  a  few seconds more a re  re q u ire d  

fox  th e  com pletion  o f  th e  p h y s ic a l  changes n e c essa ry  f o r  

a c tu a l  c l o t t i n g .  He e x p la in s  e x c e s s iv e ly  pro longed  

c l o t t i n g  w ith  h igh  d i l u t i o n s  o f  throm bin as  due to  th e  

a d s o rp t io n  o f  th e  throm bin by th e  f i b r i n  p a r t i c l e s  f i r s t  

formed.

Eagle (23) has shown t h a t  a  d isappearance  o f 

throm bin ta k es  p la c e  a t  th e  moment o f  c l o t t i n g .  A l a r g e  

p a r t  o f  th e  chem ical t r a n s fo rm a t io n  of f ib r in o g e n  in to  

f i b r i n  tak es  p la c e  b e fo re  t h i s  a s  i s  shown by th e  forma­

t i o n  o f  f i b r i n  th re a d s  im m ediately  p r i o r  to  s o l i d i f i c a t i o n .
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I t  th u s  seems p ro b ab le  t h a t  th e  d isap p earan ce  o f  throm bin 

when c l o t t i n g  ta k e s  p la c e  i s  due, a s  M ellanby sa y s ,  to  

th e  a d s o rp t io n  o f  thrombin by f i b r i n  p a r t i c l e s .  This r e ­

moval of throm bin, to g e th e r  w ith  th e  im p u r i ty  o f  h i s  

m a te r i a l s ,  might r e a d i ly  accoun t f o r  th e  co n c lu s io n  of 

R e t tg e r  (20) t h a t  throm bin combined w ith  f ib r in o g e n  in  

d e f i n i t e  p ro p o r t io n s .

Another o b je c t io n  to  th e  th e o ry  t h a t  throm bin i s  

an enzyme a r i s e s  from th e  f a c t  t h a t  throm bin p re p a red  ac­

c o rd in g  to  th e  method o f  Schmidt (S) i s  s a id  by R e t tg e r  

( 20) n o t to  be  e n t i r e l y  d e s tro y e d  by r a p id  h e a t in g  to  

100° C. H iro se  ( 36 ) found th e  same th in g  t r u e  o f  throm­

b in  ma«/i from pro th rom bin  by th e  a c t io n  of c e p h a l in  and 

oalc ium  c h lo r id e .  The pro th rom bin  had been p re p a re d  by 

s a l t i n g  i t  ou t from plasm a. However, p u re r  p r e p a ra t io n s  

a r e  more th e rm o la b i le ,  th o se  of Morawitz ( 3 7 ) and Mellanby 

(3*5) b e in g  d e s tro y e d  a t  60° C. An even p u re r  throm bin more 

r e c e n t ly  p rep a re d  by Mellanby (22) i s  t o t a l l y  d e s tro y e d  by 

f i v e  m in u tes ' h e a t in g  a t  a  tem pera tu re  o f  50° C. Serum, 

o r  r e o a l c i f i e d  c i t r a t e d  plasm a i f  h e a te d  to  60° C. f o r  

f i f t e e n  m inutes e x h ib i t  no evidence o f e i t h e r  throm bin 

o r  p ro th rom bin . In  th e  p r e p a r a t io n s  s a id  to  be very  r e ­

s i s t a n t  to  h e a t  i t  i s  p o s s ib le  th a t  th e  l a r g e  amount o f  

c e p h a l in  p r e s e n t  had a  p r o t e c t i v e  a c t io n .

The c o r r e l a t i o n  between tim e o f  c l o t t i n g  and
1
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tem p era tu re  has been s tu d ie d  by Burker (39)» Addis ( M-0) ,  

Xuwashima ( I f l ) ,  and Mellanby (2 2 ) ,  a l l  o f  whom o b ta in e d  

th e  same type  o f  curve and concluded t h a t  t h e i r  r e s u l t s  

were h ig h ly  in d i c a t iv e  o f  enzyme a c t io n .  Tvro d is tu r b in g  

f a c t o r s  were p r e s e n t  however. In  the  f i r s t  p la c e  a t  

th e  h ig h  tem p era tu re  th e  d e s t r u c t io n  o f  throm bin, r a t h e r  

th a n  i t s  mere i n h i b i t i o n  by an o th e r  th a n  optimum cond i­

t i o n ,  might be r e s p o n s ib le  f o r  a  p a r t  of th e  in c re a se d  

tim e o f c o a g u la t io n .  Secondly the  ca lc ium  c o n te n t ,  

r a t h e r  th a n  th e  calcium  ion  c o n c e n tr a t io n ,  was h e ld  con­

s t a n t  i n  th e  experim ents o f  th e  f i r s t  th r e e  i n v e s t ig a to r s  

w ith  th e  in t r o d u c t io n  o f  a  second v a r i a b le  f a c t o r  as  a 

r e s u l t .  This c r i t i c i s m  does n o t s e r io u s ly  a f f e o t  th e  

work o f  Mellanby s in c e  th e  io n iz a t io n  of h i s  p u r i f i e d  

throm bin i s  p r a c t i c a l l y  n i l .

The r e c e n t  work o f  Hsif'l and Wu (M-2) shows t h a t  

f ib r in o g e n  lo s e s  weight upon convers ion  to  f i b r i n  and 

th u s  supports  th e  h y p o th e s is  o f  h y d r o ly s i s .  Fuchs and 

Zahrzewski (I4.3 ) tak e  th e  same v iew poin t on th e  b a s i s  o f  

t h e i r  f in d in g  t h a t  an in c re a s e  in  n o n -p ro te in  n i t r o g e n  

accompanies c l o t t i n g .  These changes a re  s i m i l a r . t o  

th o se  t h a t  ta k e  p la c e  as  a  r e s u l t  o f  th e  a u t o ly s i s  o f  

f i b r i n  and s t r e n g th e n  th e  co n c lu s io n s  o f  some i n v e s t i ­

g a to r s  who b e l ie v e  t h a t  c l o t t i n g  and f i b r i n o l y s i s  a r e  

two d i f f e r e n t  s te p s  of th e  same p ro c e s s .  That f ib r in o g e n
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can be d o t t e d  and subsequen tly  ly s e d  by th e  same sub­

s ta n ce  i s  c laim ed by Gengou. (44) who s t a t e s  t h a t  a  

s in g l e  a c t iv e  p r i n c i p l e  s e c r e te d  by c e r t a i n  s ta p h y lo ­

cocc i i s  cap ab le  o f  cau s in g  b o th  th e se  changes.

Haugardy (45) ha-s reviewed i r r e f u t a b l e  ev idence 

t h a t  f i b r i n o l y s i s  i s  a  phenomenon o f  chem ical d i s i n t e ­

g r a t io n  o f  th e  f i b r i n  m olecule in to  more simple p ro d u c ts ,  

among which have been d i s t in g u is h e d  two g lo b u l in s ,  and 

t r a c e s  o f  p ro te o s e ,  pep to n e , and amino a c id s .  He s t a t e s ,  

b u t  does n o t  p rove , t h a t  th e  p r o te o ly t io  a c t io n  o f throm­

b in  i s  r e s p o n s ib le  f o r  t h i s  h y d r o ly s i s .  I n v e s t ig a t i o n s  

o f  th e  g lo b u l in  f r a c t i o n  o f  th e  a u to ly s a te  have shown 

t h a t  in  a d d i t io n  to  th e  f i b r i n o - g l o b u l i n  o f  Hammarsten (7 ) 

a t  l e a s t  two o th e r  su b s tan ce s  a re  p r e s e n t .  M il ls  (l}.6) 

h as  found a  p r o t e in  co ag u lab le  a t  75° C- 1 and H irose  (4-7) 

h as  shown a  p r o t e i n  w ith  th e  p r o p e r t i e s  o f  pro throm bin  

to  be p r e s e n t .  Welker, Gilman, and Hektoen (4-3) p re s e n t  

r a t h e r  u n c e r t a in  evidence t h a t  p seu d o g lo b u lin  and f i b r i n ­

ogen a r i s e  from th e  l y s i s  o f  f i b r i n .

W aldschm id t-L eitz , S ta d le r ,  and S te ig e rw a ld  (49) 

found th a t  many substances  d ig e s te d  by t r y p s in - k in a s e  b u t  

n o t by e re p s in  have an i n h i b i t i n g  e f f e c t  upon b lood  c l o t ­

t i n g ,  w hile  s u b s t r a t e s  d ig e s te d  by e re p s in  b u t  n o t by 

t r y p s in - k in a s e  have no such e f f e c t .  They a lso  found 

t h a t  t r y p s in - k in a s e ,  b u t  n o t  t r y p s in ,  has  an a c c e l e r a t i n g
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e f f e c t  upon b lood  c l o t t i n g  and concluded t h a t  throm bin 

i s  r e l a t e d  to  t r y p s in - k in a s e  in  i t s  a c t io n .  On the  

o th e r  hand S tru g h o ld  and Wbhlisoh ( 50) deny t h a t  t r y p s i n -  

k in a se  a c c e le r a t e s  c l o t t i n g ,  s t a t e  th a t  th e  h y d r o ly t ic  

d e g ra d a t io n  o f  f ib r in o g e n .b y  throm bin i s  n o t dem onstrab le , 

and. say  t h a t  throm bin merely a c t s  as  a  d e n a tu r in g  enzyme 

s p e c i f i c  toward f ib r in o g e n .  This o b je c t io n  i s  so con­

t r a r y  to  th e  f in d in g s  o f most workers t h a t  i t  does n o t 

i n v a l id a t e  th e  work of W aldsohm idt-Leitz and h i s  a s s o c i ­

a t e s .

The b e l i e f  t h a t  throm bin a c t s  in  a  manner s im i l a r  

to  t h a t  o f  t r y p s i n ,  which Northrop and Kunitz ( 51 ) showed 

to  c o a g u la te  f ib r in o g e n ,  i s  r a th e r  h ard  to  r e c o n c i le  w ith  

th e  r e s u l t s  o b ta in e d  by Collingwood (52 ) and Hugounenq and 

L o is le u r  (53) • The former found th a t  th e  m e thy lena tion  

o f  th e  amino groups of th rom bin .and  f ib r in o g e n  w ith  fo rm al­

dehyde d e s tro y e d  th e  a c t i v i t y  of th e se  su b s ta n c e s .  The 

l a t t e r  showed t h a t  a lthough  amino groups were n e c essa ry  in  

p e p s in  s u b s t r a t e s ,  they  were n o t e s s e n t i a l  to  th e  sub­

s t r a t e s  of t r y p s i n . .. The work of Collingwood has been r e ­

c e n t ly  extended by Dunn (5^) who a g ree s  t h a t  f ib r in o g e n  

i s  t o t a l l y  d e s tro y e d  by even r e l a t i v e l y  sm all amounts o f  

form aldehyde, b u t  shows t h a t  th e  p a r t i a l  b lo c k in g  o f  th e  

am ino 'groups o f  throm bin causes  a  r e d u c t io n ,  r a t h e r  th a n  

a  d e s t r u c t i o n ,  of i t s  a c t i v i t y .  ■ <
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Many o f  th e  fo re g o in g  o b se rv e rs  d id  no t d i f f e r ­

e n t i a t e  between th e  a c t io n  of thrombin i n  c l o t t i n g  f i b r i n ­

ogen and t h a t  of t i s s u e  f ib r in o g e n .  I t  was shown b y  M il ls  

and Mathews (55) and by M il ls  (56 ) t h a t  th e se  su b s tan ces  

c l o t t e d  under s l i g h t l y  d i f f e r e n t  c o n d i t io n s ,  namely: 

throm bin c l o t s  a  f ib r in o g e n  s o lu t io n  c o n ta in in g  o x a la te ;  

t i s s u e  f ib r in o g e n  w i l l  n o t do so s in c e  ca lc ium  io n s  a re  

n e c e s s a ry  f o r  th e  e x h ib i t io n  o f  i t s  c l o t t i n g  powers; throm­

b in  decomposes v ery  r a p id ly  and r e q u i r e s  r e a c t i v a t i o n  by 

ca lc ium  and c e p h a l in ,  w h ile  t i s s u e  f ib r in o g e n  r e q u i r e s  no 

a d d i t io n  o f  c e p h a l in  a t  any tim e and does n o t decompose 

r e a d i l y .  On th e  o th e r  hand i t  was shown by Nakamura (57) 

t h a t  th e  f i b r i n  formed by thrombin and by t i s s u e  f i b r i n ­

ogen was c r y s t a l l i n e  and a p p a re n t ly  was th e  same i n  each , 

c a se .

These f a c t s  to g e th e r  w ith  th o se  c i t e d  above i n d i ­

c a te  th e  p o s s i b i l i t y  t h a t  many d i f f e r e n t  p r o t e o ly t i c  en­

zymes may c l o t  f ib r in o g e n ,  j u s t  as  they  w i l l  c l o t  c a s e in o -  

gen b u t  t h a t  throm bin and th e  t i s s u e  f ib r in o g e n  enzymes 

have a s p e c ia l  a c t i v i t y  on f ib r in o g e n  j u s t  as r e n n in  has 

on caseintfje/i.

Indeed i t  seemed p ro b ab le  t h a t  f i b r i n  was to  be 

reg ard ed  as th e  '•p ro tean1* of f ib r in o g e n ,  j u s t  a s  c a s e in  

i s  th e  p ro te a n  o f  oaseinogen and t h a t  as  sugges ted  by 

Osborne many y e a rs  ago, th e  p ro tea rn  arc. th e  f i r s t
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h y d r o ly t ic  c leav ag e  p ro d u c ts  o f  th e  p r o te in s .

At th e  su g g e s t io n  o f  P ro fe s s o r  Mathews th e  

p r e s e n t  work was undertaken  i n  an e f f o r t  to  determ ine 

more o e r t a i n l y  th e  mechanism o f  th e  a c t io n  of thrombin- 

upon f ib r in o g e n  w ith  p a r t i c u l a r  r e f e re n c e  to  th e  above 

h y p o th e s is .

Experim ental

M a te r ia l s .

Horse b lo o d  was o b ta in ed  by b le e d in g  th rough  a 

p a r a f f in e d  c a n u la  i n s e r t e d  in  th e  c a r o t id  a r t e r y .  The 

b lo o d  was re c e iv e d ,  w ith  s t i r r i n g ,  in to  s u f f i c i e n t  50$ 

sodium c i t r a t e  to  g ive a  f i n a l  c o n c e n tra t io n  o f  0 . 5$ .  

R abb it b lood  was o b ta in ed  by h e a r t  p u n c tu re  w ith  an o i l e d  

sy r in g e  c o n ta in in g  th e  r e q u i r e d  amount o f  sodium o i t r a t e .  

The c i t r a t e d  b lo o d  was tho rough ly  mixed and t r a n s f e r r e d  

from th e  sy r in g e  to  a  c e n t r i f u g e  tube coo led  w ith  a  s a l t -  

i c e  m ix tu re . In  b o th  cases  the  co rp u sc le s  and most of 

th e  p l a t e l e t s  were r e a d i ly  removed by c e n t r i f u g in g .  In  

th e  p r e p a r a t io n  of th e  p u r i f i e d  c l o t t i n g  f a c t o r s  th e  r e ­

m aining p l a t e l e t s  were removed by p a s s in g  th e  plasm a 

th rough  a  B e rk e fe ld  f i l t e r  o r  a f i b e r  f i l t e r  pad .

F ib rin o g en  was p re p a red  by p r e c i p i t a t i o n  from 

th e  plasm a by an equal volume o f  n e u t r a l ,  s a tu r a te d  

sodium c h lo r id e  c o n ta in in g  0 .1 $  sodium c i t r a t e .  S a tu ra te d
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s o lu t io n s  of many samples of sodium c h lo r id e  a r e  n o t 

q u i t e  n e u t r a l  and g iv e  a l e s s  so lu b le  p r e c i p i t a t e .  Re­

s o lu t io n  was e f f e c t e d  w ith  d i s t i l l e d  w a te r ,  s u f f i c i e n t  

s a l t  rem ain ing  in  th e  p r e c i p i t a t e  to  re n d e r  i t  s o lu b le .  

From th r e e  to  s i x  such p r e c i p i t a t i o n s  and r e - s o lu t io n s  

were c a r r i e d  o u t .  The f ib r in o g e n  so o b ta in ed  c o n ta in e d  

m inute q u a n t i t i e s  of p ro th rom bin  and c e p h a l in  s in c e  on 

r e c a l c i f i o a t i o n  i t  would u s u a l ly  form a  weak c l o t  w i th in  

tw en ty -fo u r  hours  i n  th e  in c u b a to r .  Most such p re p a ra ­

t io n s  became in c o ag u la b le  i n  from th r e e  to  seven days i n  

th e  r e f r i g e r a t o r ,  b u t  when r a b b i t  b lood  was u sed  and a l l  

o p e ra t io n s  c a r r i e d  ou t in  th e  c o ld  th e  p ro d u c t was much 

more s t a b l e .  One sample, kep t a t  5° C. ,  showed no ap­

p r e c i a b l e  d e t e r i o r a t i o n  a f t e r  fo u r  weeks and c l o t t e d  

f a i r l y  r e a d i ly  a f t e r  th e  s i x t h  week.

Prothrom bin was p re p a re d  by th e  a d d i t i o n  of one 

volume o f  s a tu r a t e d  ammonium s u l f a t e  to  fo u r  volumes o f  

p lasm a from which th e  f ib r in o g e n  had been  removed by p r e ­

c i p i t a t i o n  w ith  an equal volume of s a tu r a t e d  sodium c h lo r ­

id e .  The pro th rom bin  was c o l l e c t e d  by c e n t r i f u g in g ,  r e ­

d is s o lv e d  in  d i s t i l l e d  w ater and r e p r e c i p i t a t e d  i n  th e  

same manner. A f te r  th e  l a s t ,  u s u a l ly  th e  t h i r d ,  such 

p r e c i p i t a t i o n ,  th e  excess  s a l t  was p re s se d  out w ith  f i l ­

t e r  p a p e r  and th e  p r e c i p i t a t e d i a l y z e d  over n ig h t  a g a in s t  

ru nn ing  w a te r .  F in a l ly  th e  p ro throm bin  was r e d is s o lv e d
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i n  sodium c h l o r id e .  This p r e p a r a t io n ,  c o n ta in in g  

l a r g e  amounts o f  g lo b u l in ,  gave a  r a t h e r  u n s ta b le  p ro d u c t 

which c o n ta in e d  some c e p h a l in  as  was shown by i t s  a b i l i t y  

s low ly  to  c l o t  p u r i f i e d  f ib r in o g e n  on th e  a d d i t io n  o f  

ca lc ium  c h lo r id e .

The method o f  p r e p a r in g  c e p h a l in  was a  s l i g h t  

m o d if ic a t io n  o f  th e  unpu b lish ed  method o f  D. D. I r i s h  of 

t h i s  l a b o r a to r y .  F resh  sheep b r a in s  were ground th o r ­

oughly and r e f lu x e d  s e v e ra l  hou rs  w ith  each o f  t h r e e , s u c ­

c e s s iv e  p o r t io n s  of a c e to n e .  . The d r ie d  m a te r ia l  was ex­

t r a c t e d  w ith  a b s o lu te  e th e r  and the  e x t r a c t  c o n c e n tra te d  

i n  vacuo u n t i l  p r e c i p i t a t i o n  began to  tak e  p la c e .  I t  

was th e n  p l a c e d , i n  th e  r e f r i g e r a t o r  f o r  two days , a t  the  

end o f  which tim e a  r a t h e r  l a r g e  amount of very  s l i g h t l y  

a c t iv e  m a te r ia l  had s e t t l e d  o u t .  The p r e c i p i t a t e  was 

d is c a rd e d  by d e c a n ta t io n  and fo u r  volumes of a b s o lu te  

iso p ro p a n o l  were added to  th e  s u p e rn a ta n t  l i q u i d .  The 

p r e c i p i t a t e d  c e p h a l in  was r e d is s o lv e d  i n  a b s o lu te  e th e r  

and r e p r e c i p i t a t e d  a s  b e f o r e .  When a llow ed to  remain 

in  a  c lo se d  c o n ta in e r  under th e  e th e r - i s o p ro p a n o l  mix­

tu r e  th e  p ro d u c t was, ex trem ely  s t a b le  and r e t a in e d  most 

o f  i t s  a c t i v i t y  many months a f t e r  b e in g  d r ie d  and s to r e d  

i n  a  d e s ic c a to r .

S ev era l  methods were used  f o r  th e  p r e p a r a t io n  o f  

throm bin . In  th e  e a r ly  p a r t  of th e  work i t  was made by
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in c u b a t in g  th e  p re v io u s ly  d e s c r ib e d  p ro throm bin  w ith  

c e p h a l in  and ca lc ium  c h lo r id e  f o r  h a l f  an hour a t  room 

te m p e ra tu re .  L a te r  t h i s  method was superseded  by 

o th e r s  which y ie ld e d  a  f a r  more s t a b le  and a  p u r e r  p ro ­

d u c t .

The p ro ced u re  of Mellanby (22) was found to  g ive  

a  v e ry  s a t i s f a c t o r y  p ro d u c t b u t  was a t te n d e d  by c e r t a i n  

d i f f i c u l t i e s .  Beef plasma^ k ep t f l u i d  by th e  a d d i t io n  

o f  0 . 2$  sodium o x a la te ,  was d i l u t e d  w ith  10 to  15 volumes 

of d i s t i l l e d  w a te r ,  th e  h ig h e r  d i l u t i o n  b e in g  p r e f e r a b l e .  

The s o lu t io n  was b rough t to  pH 5*3 by th e  a d d i t io n  o f  1$ 

a c e t i c  a c id  (abou t 35 c c .  o f  a c id  p e r  l i t e r  of s o l u t i o n ) .  

The p ro th rom bin , to g e th e r  w ith  a  l a r g e  p a r t  o f  th e  f i b r i n ­

ogen, was p r e c i p i t a t e d .  A f te r  two ho u rs  th e  su p e rn a ta n t  

f l u i d  was poured  o f f  and th e  p r e c i p i t a t e  c o l l e c t e d  by 

c e n t r i f u g in g .  The compact mass was re -su sp en d ed  in  an 

amount of d i s t i l l e d  w ater equal to  h a l f  th e  volume o f  th e  

plasm a u sed . A 0 .1 68$ ca lc ium  hydroxide s o lu t io n  was 

made by s a tu r a t i n g  w ater  w ith  ca lc ium  ox ide  a t  16° C. and 

d i l u t i n g  t e n f o ld .  This was b rough t to  pH 7 -0  by c a u t io u s  

tre a tm e n t  w ith  carbon d io x id e .  Equal volumes o f  t h i s  

and th e  p ro throm bin  suspension  were mixed, a llow ed to  

s ta n d  te n  m in u tes , and f i l t e r e d  as  r a p id ly  as p o s s i b l e .  

This t re a tm e n t removes th e  p ro throm bin  from th e  f ib r in o g e n  

on which i t  was adso rbed . The c l e a r  f i l t r a t e  was a g a in
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b rough t to  pH 5*2 by th e  a d d i t io n  of 1$ a c e t i c  a c id  and 

c e n t r i f u g e d .  A f te r  2l\. hou rs  *. s ta n d in g  th e  p r e c i p i t a t e d  

pro th rom bin  was co n v erted  spon taneously  in to  a  h ig h ly  

a c t i v e  throm bin which, when d r ie d  w ith  a c e to n e ,  r e t a i n e d  

i t s  a c t i v i t y  w e l l  over a  y e a r .

Thrombin as  p rep a red  by Eagle (5&) was a lso  u sed . 

C i t r a t e d  h o rse  o r  r a b b i t  p lasm a was d i l u t e d  w ith  from 10 

to  15 volumes of c o ld  d i s t i l l e d  w ater and carbon d io x id e  

bubb led  th rough  f o r  f i v e  m inu tes . The p r e c i p i t a t e  was 

c o l l e c t e d  by c e n t r i f u g in g ,  r e d is s o lv e d  in  s a l in e  to  th e  

volume of th e  plasm a used  and made n e u t r a l  to  l i tm u s  

w ith  sodium b ic a rb o n a te .  The s o lu t io n  was r e c a l c i f i e d  

w ith  o n e - tw e n t ie th  i t s  volume of 0 .1  M ca lc ium  c h lo r id e  

and com ple te ly  d e f ib r in a te d '  by s t i r r i n g .  The r e s u l t i n g  

throm bin s o lu t io n  remained v e ry  a c t i v e  f o r  s e v e r a l  days 

when kep t in  th e  r e f r i g e r a t o r .
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The C lo t t in g  o f  F ib rin o g en

The f i r s t  q u e s t io n  to  be answered was w hether o r  

n o t  th e  t r a n s fo rm a t io n  o f  f ib r in o g e n  in to  f i b r i n  was due 

to  th e  h y d ro ly s is  o f  th e  fo rm er. To d ec id e  t h i s  p o in t  

th e  t o t a l  n i t r o g e n  and th e  f r e e  amino groups o f  equal a -  

mounts o f  f ib r in o g e n  b e fo re  and a f t e r  c l o t t i n g  were de­

te rm in ed .

Equal amounts o f  r a t h e r  d i l u t e  f ib r in o g e n  so lu ­

t i o n  were p la c e d  in  two tu b e s ,  one of which was h e a te d  to  

53° C. f o r  h a l f  an hour and th e  coagulum f i l t e r e d  and 

washed re p e a te d ly  w ith  sodium c h l o r id e .  To th e  o th e r  

tube  a  very  sm all amount o f  M ellanby 's  throm bin was added 

and th e  c o n te n ts  com ple te ly  d e f ib r in a t e d .  The serum 

from t h i s  c l o t t e d  a d d i t io n a l  f ib r in o g e n  in  each c a s e ,  

p ro v in g  th e  s u f f i c ie n c y  o f  th e  amount of throm bin added. 

The f i b r i n  removed was washed as had been th e  coagulum 

o b ta in e d  a t  5&° C. and th e  two were ana lyzed  f o r  n i t r o g e n .  

The h e a t  co a g u la ted  f ib r in o g e n  was washed from th e  harden­

ed f i l t e r  paper  in to  th e  d ig e s t io n  f l a s k  w ith  ammonia-free 

w ate r  to  e l im in a te  an a ly se s  o f  th e  f i l t e r  p ap e r .

A ll d e te rm in a t io n s  of t o t a l  n i t r o g e n  were made by 

th e  gasom etric  m ic ro -k je ld a h l  method o f  Van Slyke (59) 

w ith  a  m odified  p rocedu re  o f  d ig e s t io n .  To each 100 c c .  

f l a s k  c o n ta in in g  th e  m a te r ia l  to  b e  ana lyzed  were added 

2 c c .  o f  th e  d ig e s t io n  m ix tu re  which c o n s i s te d  o f  100
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p a r t s  o f  s a tu r a te d  po tassium  s u l f a t e  and 1 p a r t  o f  s e l e -  

neium o x y ch lo rid e  by volume. G lass beads were added to  

reduce  bumping and th e  d ig e s t io n  c a r r i e d  ou t over  micro 

b u rn e r s  u n t i l  th e  m ix tu res  were p e r f e c t l y  c l e a r  and c o lo r ­

l e s s .  10 c c .  of ammonia-free d i s t i l l e d  w ater  were added 

to  each f l a s k  and th e  s o l i d i f i e d  m a te r ia l  d is s o lv e d .  5 

drops o f  a l i z a r i n  red  were added to  each d ig e s t  and 4.0$ 

sodium hydroxide was run  in  from a  b u r e t t e  u n t i l  th e  i n d i ­

c a to r  tu rn ed  p in k .  At th e  same tim e th e  f l a s k  was kept 

immersed in  a  b eak er  o f  c o ld  w ater to  p re v e n t  th e  l o s s  of 

ammonia. 10$ s u l f u r i c  a c id  was th en  added u n t i l  th e  i n ­

d i c a t o r  tu rn e d  yellow  a g a in .  The c o n te n ts  o f  each f l a s k  

were then  washed in to  g ra d u a te  c y l in d e r s  and s u f f i c i e n t  

ammonia-free w a te r ,ad d ed  to  make th e  volume to  25 c c .  

B efore making a  s e r i e s  of a n a ly s e s ,  th e  Van Slyke appar­

a tu s ,  c lean e d , and w ith  th e  s topcocks w e ll  g rea se d ,  was 

c a r e f u l l y  t e s t e d  to  be  su re  no le a k s  e x i s t e d .  I t  was 

found b e s t  to  u se  a stopcock g rease  w ith  a  h igh  c o n te n t  

o f  ru b b er  and p a r a f f i n  and a  r a th e r  low c o n te n t  o f  v a se ­

l i n e .  The in g r e d ie n ts  were d is s o lv e d  in  to lu o l  which 

was l a t e r  evapo ra ted  a t  110° C .,  t h i s  p rocedu re  e l im i­

n a t in g  th e  c h a r r in g  which accompanies m e lt in g  o f  th e  i n ­

g r e d ie n t s  a t  h ig h e r  te m p e ra tu re s .

10 cc . o f th e  d ig e s t  to  be ana lyzed  was run  in to  

th e  e x t r a c t io n  chamber and th e  e x te rn a l  chamber was
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washed w ith  2 c c .  o f d i s t i l l e d  w a te r ,  making a  t o t a l  v o l -  

time o f  12 cc . in  th e  e x t r a c t i o n  chamber. The d is s o lv e d  

a i r  was pumped o u t by low ering  th e  mercury l e v e l  w i th in  

th e  e x t r a c t io n  chamber to  th e  50 00• ro&rk and shaking  f o r  

two m inu tes . The e x t r a c te d  gas was e j e c t e d  and 1 c c .  of 

a l k a l i n e  sodium hypobromite was drawn in to  th e  e x t r a c t i o n  

chamber. The e x te rn a l  c a p i l l a r y  o r i f i c e  was s e a le d  w ith  

mercury and th e  gas formed was pumped ou t of s o lu t io n .

A f te r  shaking th e  e x t r a c t io n  chamber f o r  th r e e  m inutes a l l  

th e  ammonia had been  co n v erted  in to  n i t r o g e n  b y . th e  a c t io n  

o f  th e  hypobrom ite . The l i q u i d  l e v e l  w i th in  th e  chamber 

was th e n  r a i s e d  to  th e  2 c c .  mark and th e  p r e s s u r e ,  P^, 

was r e a d  on th e  manometer s c a l e .  The e x t r a c te d  n i t r o g e n  

was e j e c te d  and th e  vapor p r e s s u r e  o f  th e  l i q u i d ,  Pg, was 

n o ted  w ith  th e  l i q u i d  a t  th e  2 oc. - le v e l .  The tem p era tu re  

o f  th e  w ater b a th  su rround ing  th e  e x t r a c t i o n  ohamber was 

re c o rd e d .  The q u a n t i ty  o f  n i t r o g e n  p r e s e n t  was c a lc u l a t e d  

acco rd in g  to  th e  form ula:

mg. Ng = (P^ -  Pg -  c ) f  , where c = P^ -  Pg

o f  a  b la n k ,  and f  i s  a  f a c t o r  v a ry in g  w ith  th e  tem p era tu re  

and ta b u la t e d  by Van S lyke . 1 mm. on th e  manometer s c a le  

co rresponds to  about 0.003  mg. of n i t r o g e n .

The r e s u l t s  o b ta in ed  by t h i s  p rocedu re  in  a  s e r i e s  

o f  d e te rm in a t io n s  a r e  expressed  in  Table I  and show t h a t  

f ib r in o g e n  l o s e s  about 9 .6 $  o f  i tB  n i t r o g e n  upon co n v e rs io n
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to  f i b r i n .  These r e s u l t s  a r e  very  s im i l a r  to  th o se  of 

Hs'lli and Wu (1|2) and in d ic a t e  th e  h y d r o ly s i s  o f  f i b r i n o ­

gen in to  fragm en ts  very  d i s s i m i l a r  in  s i z e ,  r a t h e r  th an  

in to  two alm ost equa l p a r t s  as  Schmiedberg (60) b e l i e v e d .

( i n s e r t  Table I . )

A few workers have found t h a t  f ib r in o g e n  in c re a s e s  

m arkedly in  w eigh t upon c l o t t i n g .  This may p o s s ib ly  have 

been due to  th e  a d s o rp t io n  of i n p u r i t i e s  p r e s e n t  in  th e  

throm bin o r  p ro throm bin  s o lu t io n  u sed , o r  to  th e  incom­

p l e t e  removal by washing o f  i n p u r i t i e s  surrounded by f i b r i n .  

That such an in c re a s e  i s  n o t  n e c e s s a r i l y  due to  th e  un ion  

o f  throm bin  w ith  f ib r in o g e n  i s  shown by th e  p re v io u s ly  

c i t e d  s ta tem en ts  of M il ls  (2 1 ) ,  Mellanby (2 2 ) ,  and Eagle 

( 23 ) t h a t  f ib r in o g e n  can be c l o t t e d  by o n e - te n th  of one 

p e r  .cen t .o f i t s  own w eight of th rom bin . These o b se rv a ­

t i o n s  have been  confirm ed by th e  p r e s e n t  worker w ith  

M ellanby1s throm bin and f ib r in o g e n  from which a l l  p ro ­

throm bin had been removed.

For th e  d e te rm in a t io n  o f  f r e e  amino g ro u p s , th e  

method o f  Van Slyke (6 l )  was f i r s t  employed w ith  whole 

p lasm a, one s a n p le  b e in g  an a ly zed  w hile  o i t r a t e d  and th e  

o th e r  b e in g  allow ed to  c l o t  in  th e  e x t r a c t i o n  chamber 

a f t e r  r e c a l c i f i c a t i o n .  In  a l l  c a se s  th e  v a lu e s  were im­

p o s s ib ly  h ig h  and in d ic a te d  an in c re a s e  of alm ost 50$
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Table I .

Loss o f  n i t r o g e n  o f  f ib r in o g e n  

upon convers ion  to  f i b r i n .

Sample
F ib rin o g en

n i t r o g e n
mg.

F ib r in
n i t r o g e n

mg.

$  n i t r o g e n  
l o s t

1 1 .92 3..71 10 .94
2 2.&L 2.59 7.S3
3 . 2 .65 2 .40 9.43
4 2,3.7 1 .91 H .9 S
5 2.lf6 2.27 7.72

Average
- ■/' 9 .5S
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a f t e r  c l o t t i n g .  Beyond doubt th e se  r e s u l t s  were due to  

th e  ex c ess iv e  and u n p re v e n ta b le  foaming in  th e  e x t r a c t io n  

chariber which made i t  im possib le  to  t r a n s f e r  th e  g as  to  

th e  Hemple p i p e t t e . a c c u r a t e l y  o r  w ith in  th e  r e q u i r e d  tim e 

l i m i t .  The l a r g e  ap p a ren t in c re a s e  in  th e  number o f  

amino groups a f t e r  c l o t t i n g  may have been p a r t l y  due to  

a  s l i g h t  d ec re ase  in  foaming dependent upon th e  reduced  

amount of s o lu b le  p r o t e i n .  This would r e s u l t  in  a  more 

com plete t r a n s f e r  o f  gas to  th e  p i p e t t e .

S o re n so n 's  t i t r a t i o n  method was a l s o  u sed  and 

found to g iv e  b e t t e r  r e s u l t s  th a n  th e  g aso m etr ic  p roced ­

u r e .  However, when th e  d e te rm in a t io n s  were made on whole 

p lasm a, th e  masking of th e  en d -p o in t by th e  o r i g i n a l  c o lo r  

o f  th e  s o lu t io n :a n d  th e  in c re a s e d  p e rc e n ta g e  of e r r o r  due 

to  t h e  p resen ce  o f  amino compounds o th e r  th a n  th o se  in ­

vo lved  in  c l o t t i n g  caused too  l a r g e  an e r r o r  in  th e  method. 

Because o f  t h i s  th e  d e te rm in a t io n s  were run  on p u r i f i e d  

sam ples 'O f f ib r in o g e n  to  which a sm all q u a n t i ty  o f  cepha- 

1 in  and p ro throm bin  had been added. D i lu te  s o lu t io n s  o f  

f ib r in o g e n  were u sed  as  i t  was found t h a t  in  d i l u t e  sam­

p le s  t h a t  were r e o a l c i f i e d  and allow ed to  c l o t  th e  f i b r i n  

co u ld  be broken  up in to  l e s s  compact masses th a n  co u ld  be 

o b ta in e d  w ith  c o n c e n tra te d  s o lu t io n s .

The t i t r a t i o n s  were C a rr ie d  ou t in' sm a ll ,  covered  

f l a s k s  to  reduce th e  in f lu e n c e  of a tm ospheric  carbon
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d io x id e .  S ince i t  was n e c e s s a ry  to  rea d  th e  f i n a l ,  

r a t h e r  th an  th e  i n i t i a l ,  e n d -p o in t ,  b o th  th e  c l o t t e d  and 

th e  u n c lo t t e d  samples were allow ed to  s ta n d  about th e  

same le n g th  of tim e b e fo re  th e  f i n a l  re a d in g .  0.005  N 

sodium hydroxide and h y d ro c h lo r ic  a c id  were u sed  f o r  t i ­

t r a t i n g .  Table I I  g ives  th e  r e s u l t s  o f  a  s e r i e s  o f  th e se  

d e te rm in a t io n s  and shows t h a t  an In c re a s e  o f  about h -  5& 

in  f r e e  amino groups ta k es  p la c e  when f ib r in o g e n  c l o t s . 

Each t i t r a t i o n  va lue  r e p r e s e n t s  th e  average of two t i t r a ­

t i o n s  on i d e n t i c a l  sam plesi th e  read in g s  o f  which v a r ie d  

by n o t more th an  0 .2 5  cc .

( I n s e r t  T a b l e ' l l . )

That f ib r in o g e n  lo s e s  alm ost a  t e n th  o f i t s  n i t r o ­

gen c o n te n t  upon c l o t t i n g  and t h a t  when f ib r in o g e n  c l o t s  

th e  number of amino groups in c re a s e s ,  i n d ic a t e  h y d r o ly s i s .  

S ince th e  r a t e  of c l o t t i n g  depends upon th e  throm bin con­

t e n t ,  thrombin must be th e  c a t a l y t i c  agen t o r  enzyme t h a t  

i s  r e s p o n s ib le  f o r  th e  h y d r o ly s i s .
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Table I I .

Sorensen t i t r a t i o n  va lues of f ib r in ogen  before  

and a f te r  d o t t i n g .

Sample
T itr a t io n  before  

c l o t t in g  
( c c .  NaOH)

T itr a t io n  a f te r  
c l o t t in g  

( c c .  NaOH)
$  in crease

1 2H-.32 25.9M- 6.25
2 21.00 22.^9 6.21
3 3 M 7 35.10 3-5.6
it- 23.6M- 2lj..5g 3.S3
5 32.79 34-.20 l|-.12

Average ^.79
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The A u to ly s is  o f  F ib r in  and o f  F ib rin o g en

The r e - s o lu t io n  o f f i b r i n  in  d i l u t e  s a l t  s o lu ­

t io n s  was f i r s t  observed  by Denis (6 2 ) . D astre  ( 6 3 ) 

confirm ed  th e  o b se rv a tio n  in  s t e r i l e  s o lu t io n  and c a l le d  

a t t e n t io n  to  th e  s im i la r i t y  o f  th e  spontaneous l y s i s  o f 

f i b r i n  to  i t s  d ig e s t io n  by t r y p s in .  As h as  been p r e ­

v io u s ly  m entioned, Haugardy (lj-5) shows f ib r i n o ly s i s  to  

be a  h y d ro ly tic  p ro c e ss  and b e l ie v e s  throm bin to  be th e  

enzyme which cau ses  i t .

F ib r in o g en  a lso  undergoes changes upon s ta n d in g  

in  s t e r i l e  s o lu t io n  a s  i s  shown by i t s  l o s s  o f  c l o t t i n g  

a c t i v i t y  and th e  appearanoe of a  more o r  l e s s  heavy p r e ­

c i p i t a t e .  That such changes might be due to  th e  p r e s ­

ence o f  amounts of throm bin too  sm all to  cause c l o t t i n g  

i s  e n t i r e l y  p o s s i b l e .  In  such a  case  th e  l y t i o  p ro ­

d u c ts  o f  bo th  f i b r i n  and f ib r in o g e n  might be expected  to  

be v e ry  s im i l a r  in  n a tu re  whereas i f  th e  d e n a tu r a t io n  o f 

f ib r in o g e n  were due to  a  d i f f e r e n t  f a c t o r  th e  p ro d u c ts  

o b ta in e d  would p robab ly  be d i f f e r e n t .  To compare the  

p ro d u c ts  o f  a u t o ly s i s  s e v e r a l  methods were u sed , th e  f i r s t  

o f  which was a  s tudy  o f  th e  tem p era tu re s  of c o a g u la t io n .

F ib rin o g en  was p re p a re d  from h o rse  b lo o d  as  p r e ­

v io u s ly  d e s c r ib e d ,  fo u r  p r e c i p i t a t i o n s  b e in g  c a r r i e d  o u t .

A p a r t  of t h i s  was f u r t h e r  p u r i f i e d  by a  com bination of 

th e  method o f M il ls  and Mathews ( lg )  and o f  Sumner (1 9 )•
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The c o n c e n tra te d  s o lu t io n  of f ib r in o g e n  was f i r s t  t r e a t ­

ed w ith  f r e s h ly  p r e c i p i t a t e d  t r i - c a l c iu m  phosphate  which 

had been  n e u t r a l i z e d  w ith  ca rb o n a te —f r e e  sodium hydrox ide . 

A f te r  shaking t h i s  su spension  f o r  f i f t e e n  m inutes th e  p r e ­

c i p i t a t e  was removed by c e n t r i f u g in g  and te n  grams o f N o ri te  

were added to  each hundred cub ic  c e n t im e te rs  of the  supe r­

n a t a n t  f l u i d .  A f te r  te n  m in u te s ’ shaking  th e  m ix tu re  was 

f i l t e r e d  and th e  ch a rco a l  washed w ith  s e v e ra l  p o r t io n s  o f 

1$  sodium c h lo r id e  th e  t o t a l  volume of which was equal to  

th a t  of th e  s o lu t io n  t r e a t e d  w ith  c h a rc o a l .  The washings 

were combined w ith  th e  f i l t r a t e  and co n ta in ed  most o f  th e  

f ib r in o g e n  b u t  no dem onstrab le  pro th rom bin . The f i b r i n o ­

gen was f i n a l l y  r e p r e c i p i t a t e d  w ith  sodium c h lo r id e  and 

r e d is s o lv e d  in  d i s t i l l e d  w ate r  to  c o n c e n tra te  i t .

R e-suspension  o f  th e  t r i - c a l c iu m  phosphate i n  d i s ­

t i l l e d  w ater fo llow ed  by th e  passage  o f carbon d io x id e  

th rough  th e  m ix tu r e , r e s u l t e d  in  th e  l i b e r a t i o n  o f  th e  ad­

sorbed  pro th rom bin . This was dem onstra ted  by f i l t e r i n g  

th e  ca rb o n a ted  l i q u i d ,  add ing  a  l i t t l e  c e p h a l in  and c a l ­

cium c h lo r id e  to  a  sm all p o r t io n  o f  th e  f i l t r a t e ,  and 

a l lo w in g  i t  to  s ta n d  t h i r t y  m inutes a t  room te m p era tu re .

At th e  end o f  t h i s  tim e i t  caused  c l o t t i n g  in  from f iv e  

to  f i f t e e n  m inutes when added to  an equal p o r t io n  of 

p u r i f i e d  f ib r in o g e n .  No s a t i s f a c t o r y  method was found 

f o r  e lu t in g  th e  pro throm bin  from th e  c h a rc o a l ,  b u t  when
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a  heavy suspension  o f  "the c h a rc o a l  was In cu b a ted  w ith  

ca lc ium  and c e p h a l in  th e  m ix ture  found a  weak c l o t ,  the  

serum from which c l o t t e d  p u r i f i e d  f ib r in o g e n  very  s low ly . 

This shows t h a t  n e a r ly  a l l  o f  th e  pro throm bin  i s  adso rb ­

ed by th e  ca lc ium  phosphate  and th a t  th e  r e s t  of i t ,  a s  

f a r  as  can be measured by c l o t t i n g  a c t i v i t y ,  i s  ta k e n  up 

by th e  c h a rc o a l .  I t  a l s o  shows tha,t some o f  th e  f i b r i n ­

ogen remains in  th e  c h a rc o a l .  However, i t  does n o t 

p rove th a t  p ro throm bin  i s  th e  on ly  su b s tan ce  removed by 

th e  p ro ced u re .

F ib r in  was p rep a red  by a llow ing  a  sm all q u a n t i ty  

o f  M ellanby*s .thrombin to  c l o t  th e  o rd in a ry  p r e p a r a t io n  

o f  f ib r in o g e n .  About one p a r t  o f  throm bin  to  e ig h t  hun­

dred  p a r t s  of f ib r in o g e n , ,  on th e  b a s i s  o f  dry  w e ig h ts ,  

was u sed . Both p r e p a ra t io n s  of f ib r in o g e n  gave heavy 

ooagu la  a t  56° C. and f a i n t e r 'o n e s  a t . 66° C. The th r e e  

p r e p a r a t io n s ,  -  f i b r i n ,  f ib r in o g e n ,  and p u r i f i e d  f i b r i n ­

ogen were covered  w ith  to lu e n e  and p la c e d  in  th e  in cu ­

b a t o r  a t  37° C. At i n t e r v a l s  samples were removed f o r  

th e  d e te rm in a t io n  o f  s a l t  p r e c i p i t a t i o n  and h e a t  coagu­

l a t i o n .  The d isap p ea ran ce  o f  d o t t i n g  a c t i v i t y  was 

measured by in o u b a tin g  p o r t io n s  of th e  f ib r in o g e n  w ith  

M ellanby*s throm bin f o r  two h o u rs .  Absence of c l o t t i n g  

w i th in  t h i s  p e r io d  was i n t e r p r e t e d  as  l o s s  o f  a c t i v i t y .  

S a l t  p r e c i p i t a b i l i t y  was determ ined  by adding  an equa l
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volume o f  s a tu r a te d  sodium c h lo r id e ;  O palescence w ith ­

o u t p r e c i p i t a t i o n  was n o t re c o rd e d . In  th e  d e te rm in a­

t io n  o f h e a t c o a g u la tio n  te m p era tu re s  th e  sam ples were 

slow ly  h ea ted  u n t i l  c o a g u la tio n  o cc u rred , and th e  tem per­

a tu r e  m a in ta in ed  a t  t h a t  p o in t  f o r  tw enty  m inu tes s in c e  

sm a lle r  tim e in te r v a l s  were i n s u f f i c i e n t  to  cause com­

p le t e  c o a g u la tio n  a t  any g iv en  tem p e ra tu re . The m a te r ia l 

was th en  f i l t e r e d  a n d .th e  p ro c e ss  re p e a te d  w ith  th e  f i l ­

t r a t e .

• The d isap p ea ran ce  o f throm bin c o a g u la b i l i ty  o f 

th e  o rd in a ry  p re p a ra t io n  o f f ib r in o g e n  was found to  be 

com plete in  th r e e  d ay s , w hereas th e  p u r i f i e d  p r e p a ra t io n  

rem ained a c t iv e  u n t i l  th e  s ix th  day. . P r e c i p i t a b i l i t y  

w ith  h a l f - s a tu r a te d  sodium c h lo r id e  and c o a g u la tio n  a t  

56° C. rem ained u n t i l  th e  f i f t h  day in  th e  impure f i b r i n ­

ogen and u n t i l  th e  n in th  day in  th e  p u r i f i e d  m a te r ia l .

This shows t h a t  th e  p u r i f i e d  m a te r ia l  i s  much more s t a b l e  

th an  t h a t  n o t so p u r i f i e d .  The p u r i f i c a t i o n  has appar­

e n t ly  removed a p r o t e o l y t i c  enzyme o f some k in d , p o s s ib ly  

p ro th rom bin .

W i t h i n t h i r t y  m inutes o f th e  tim e o f fo rm a tio n  

o f  th e  f i b r i n  th e  serum was found to  c o n ta in  su b stan ces  

c o a g u la tin g  a t  62°, 66 -  67°, 7 2 ° , 7 5 ° , and Slj.0 C. The 

second and fo u r th  of. th e  co ag u la  were q u i te  heavy w hile  

th e  o th e rs  were v ery  f a i n t  b u t d e f i n i t e .  The same
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su b s tan ces  were found in  th e  d ig e s t  of th e  impure f i b r i n ­

ogen b u t  d id  no t appear d e f i n i t e l y  f o r  over a  day and 

g ra d u a l ly  became more pronounced as th e  m a te r ia l  coagu- 

l a b l e  a t  56°  C. d isa p p e a re d .  In  th e  p u r i f i e d  f i b r i n o ­

gen th e  appearance o f  th e s e  su b s tan ce s  r e q u i r e d  two days 

and th e  coagulum a t  72° C. w as:never d e f i n i t e l y  p r e s e n t  

w h ile  t h a t  a t  glj.0 C. was ex trem ely  f a i n t .  The su b s tan ce  

c o a g u la t in g  a t  66 -  67°  C. was f i r s t  d isco v ered  by Ham- 

m ars ten  (7) and t h a t  c o a g u la t in g  a t  75° C* was found by 

M il ls  (l{.6 ) .

As 72° C. i s  reco g n ized  by some workers a s  th e  

tem p era tu re  o f  c o a g u la t io n  o f  p ro th rom bin r  th e  absence of 

c o a g u la t io n  a t  t h i s  p o in t  i n  th e  p u r i f i e d  f ib r in o g e n  i s  

n o t su jpriz ing . R a th e r ,  i t  te n d s  to  show t h a t  th e  method 

o f  p u r i f i c a t i o n  removed on ly  one h e a t  co a g u lab le  su b s tan ce , 

and t h a t  t h a t  was p ro th rom bin . , Furtherm ore i t  demonT 

s t r a t e s  t h a t  i f  th e  pro th rom bin  i s  d i r e c t ly ,  o r  i n d i r e c t l y  

r e s p o n s ib le  f o r  th e  d eg ra d a tio n  o f f ib r in o g e n ,  which seems 

h ig h ly  p ro b a b le ,  ex trem ely  minute amounts o f  i t  v.are cap­

a b le  o f  b r in g in g  about th e  change. Whether p ro th rom bin  

may have weak f i b r i n o l y t i c  p r o p e r t i e s ,  o r  w hether i t s  

a c t i v i t y  i s  dependent upon th e  fo rm a tio n  o f throm bin in  

very  sm all amounts by c e p h a l in  and a  t r a c e  o f  f r e e  ca lc ium  

i s  n o t  known, b u t  i n  e i t h e r  case  th e  m inute q u a n t i ty  of 

a c t iv e  s u b s ta n c e .p re s e n t  in  th e  p u r i f i e d  f ib r in o g e n

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



in d ic a te s  that i t  i s  an enzyme.

As H iro se  ( 36) had found r a t h e r  l a r g e  amounts o f  

a  substance  t h a t  appeared  to  be an albumose in  au to ly zed  

f i b r i n  s o lu t io n s  i t  appeared  p ro b ab le  t h a t  th e  h y d ro ly s is  

might go even f u r t h e r .  The f in d in g  o f  Fuchs and £ a h r -  

zewslci (lf3) t h a t  n o n -p ro te in  n i t r o g e n  in c re a se d  d u r in g  

c l o t t i n g 's t r e n g t h e n e d  t h i s  c o n c lu s io n .  ^ It was th e r e fo r e  

d ec ided  to  ana lyze  bo th  f ib r in o g e n  and r e d is s o lv e d  f i b r i n  

to  de term ine th e  e x te n t  o f  th e  h y d r o ly s i s .

The f i b r i n  and f ib r in o g e n  were p re p a re d  as p r e ­

v io u s ly  d e s c r ib e d  and allow ed to  s ta n d  in  th e  r e f r i g e r a t o r  

a t  50 c . \m der t o l u o l .  A f te r  p e r io d s  o f  one to  th r e e  

weeks samples wexe removed and examined b u t  no su b s tan ce  

s im p le r  th a n  m e tap ro te in  co u ld  be: found . As th e  f i r s t  

s ta g e s  o f  f i b r i n o l y s i s  had  been  found to  be com para tive ly  

r a p id  even a t  low te m p era tu re s  t h i s  was a t  f i r s t  b e l ie v e d  

to  be due to l a c k  o f  f u r t h e r  h y d r o ly s i s .  However, s im i­

l a r  samples were s to re d  f o r  lo n g e r  p e r io d s  o f time and 

o th e r s  were allow ed to  s ta n d  a t  h ig h e r  te m p e ra tu re s .  None 

o f  th e s e  samples co n ta in e d ; b e fo re  s to r a g e ,  d e te c ta b le  

amounts o f  n i t r o g e n  not p r e o i p i t a t e d  by 2 ,0$  t r i c h l o r ­

a c e t i c  a c id .  .

A f te r  v a r io u s  p e r io d s  o f  tim e th e  m a te r ia l s  were 

ana lyzed  by th e  method o f  Wasltfieys and Borsook ( 6lj.). The 

conjp iioated  p ro ced u re  may be v ery  b r i e f l y  o u t l in e d  as
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fo l lo w s .  T o ta l  n i t r o g e n  i s  de te rm ined , p r o t e i n  and 

m e tap ro te in  a re  p r e o i p i t a t e d  w ith  2 . 0'jo t r i c h l o r a c e t i c  

ao id  and th e  a c id  d es tro y e d  and i t s  p ro d u c ts  removed by 

b o i l i n g  a f t e r  f i l t e r i n g  o f f  th e  p r e o i p i t a t e .  Metapro­

t e i n  i s  p r e c i p i t a t e d  a t  i t s  i s o e l e c t r i o  p o in t  and f i l t e r ­

ed o f f . .  P ro te a s e  i s  p r e c i p i t a t e d  from th e  t r i c h l o r a c e t i c  

a c id  f i l t r a t e  by s a tu r a t i o n  w ith  sodium s u l f a t e  and r e ­

moved by f i l t r a t i o n .  From t h i s  f i l t r a t e  pep tones a re  

removed by a c i d i f i e d  ta n n ic  a c id  and f i l t r a t i o n .  A lcohol 

and z in c  c h lo r id e  a re  used  to  p r e c i p i t a t e  th e  subpeptone 

n i t r o g e n  from t h i s  f i l t r a t e .  The u n p r e c ip i t a t e d  n i t r o ­

genous m a te r ia l  c o n s i s t s  o f  amino a c id s  and sim ple pep­

t i d e s .  T o ta l  n i t r o g e n  d e te rm in a t io n s  a re  made on each 

f i l t r a t e  and th e  v a r io u s  f r a o t io n s  determ ined by d i f f e r ­

ence. The Van Slyke m ic ro -k je ld a h l  method was used  f o r  

th e  a n a ly s e s .  .

S ev era l  such s e r i e s  o f  f r a c t i o n a l  an a ly ses  were 

made and th e  r e s u l t s  found to  be q u i t e  comparable con­

s id e r in g  th e  d u ra t io n s  and th e  te m p era tu re s  o f  th e  v a r ­

io u s  in c u b a t io n s .  In  Tables I I I ,  IV, and V a re  g iven  

th e  r e s u l t s  o f  th r e e  s e r i e s  of a n a ly s e s .  Each number 

i s  th e  average o f  two a n a l y t i c a l  v a lu e s  d i f f e r i n g  by n o t 

more th an  th r e e  p e r  c e n t .

( I n s e r t  Tables I I I ,  IV, and V.)
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Table I I I .

N itrogen d is tr ib u t io n  in  a u to ly sa te s  o f fib r in ogen

and f ib r in  expressed as p ercen tages.

Samples a u to ly zed  6 months and 3 weeks a t  5° C.

,, ' ■ v F ib rin o g en ’ F ib rin o g en F ib r in

P ro te in 30.9 32.9 2 2 .6

M etap ro te in 32.0 30. a 11.7

P ro teo se ' 7 . 0 5 .6 29.7

Peptone ' 9.1 9 .1 1 0 .2

Subpeptone S . 6 9 .1 if. 7

Amino and
sim ple p ep tid e :

1 2 . If 12 .9 2 1 .1
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Table IV.

N itrogen d is tr ib u t io n  in  a u to ly sa te s  o f fib r in ogen

and f ib r in  expressed as percen tages.

Samples a u to ly z e d  th r e e  months a t  room temp.

F ib rin o g en F ib r in

P ro te in '1*2.5 2 3 . S

M etap ro te in 1 0 .9 1 1 . g

P ro te o se 9 .5 27.9

Peptone 1 2 . 14. 1 1 .2

Subpeptone 7 .1 IJ-.7 ;

Amino and sim ple 
peptide-.'

1 7 .6 2 0 .6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table V.

Nitrogen d is tr ib u t io n  in  a u to ly sa te s  o f fib r in ogen

and f ib r in  expressed as p ercentages.

Samples au to ly ze d  seven days a t  37° C.

F ib rin o g en
P u r i f i e d

F ib rin o g en F ib r in

P r o te in 67.1 76 .9 36.2

M etapro te in "■17.3 1 9 .4 23.1

• P ro te o se 3 .9 3 .1 19. *

Peptone 4 .0 0 . 6 7 .*

Subpeptone 3 .5 0 .0 5 .4

Amino and sim ple 
p e p t id e

4 .2 0 . 0 7 .7

\
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These r e s u l t s  show very  d e f i n i t e l y  t h a t  the  

breakdown o f  b o th  f i b r i n  and f ib r in o g e n  co n t in u es  un­

t i l  v e ry  sim ple su b s tan ces  a r e  formed. That t h i s  hy­

d r o ly s i s  i s  caused  by an enzyme i s  su p p o rted  by th e  de­

pendence of th e  speed o f  th e  r e a c t io n  upon th e  tem pera- , 

t u r e .  That throm bin, o r  p o s s ib ly  pro th rom bin , i s  th e  

su b s tan ce  which a c c e le r a t e s  th e  r e a c t io n  i s  s t ro n g ly  i n ­

d ic a te d  by th e  f a c t  t h a t  the  v e l o c i t y  o f  th e  h y d ro ly s is  

i s  dependent upon the:am ount p r e s e n t  o f  some su b s tan ce  

which i s  p r e c i p i t a t e d  and adsorbed u n d er  th e  same cond i­

t i o n s  a s  i s  p ro th rom bin .

I t  i s  o f  i n t e r e s t  to  n o te  t h a t  none of th e  more 

h ig h ly  d ig e s te d  p ro d u c ts  were d e te c ta b le  •un til long; a f t e r  

th e  i n i t i a l  changes had been  observed . This i n d ic a t e s ;  

t h a t  th e  f i r s t  h y d ro ly ses  do n o t ta k e  p la c e  a t  o r  very  

n e a r  th e  te rm in a l  p e p t id e  l in k a g e s .  S p l i t t i n g  a t  th e s e  

p o in t s  w ith  th e  fo rm a tio n  of sm all f ragm en ts  ta k es  p la c e  

much more s low ly .

I t  appears  q u i te  e v id en t t h a t  th e  a c t io n  o f  

throm bin  i s  one o f  h y d r o ly s i s ,  and th a t  th e  fo rm a tio n  o f  

f i b r i n  i s  on ly  an. in te rm e d ia te  s te p  in  th e  p ro o e s s .  For­

m ation  o f  a p p re c ia b le  amounts o f  f i b r i n  i s  u s u a l ly  th e  

most r a p id  s te p  in  th e  h y d r o ly s i s ,  b u t  may n o t occur even 

though th e  d ig e s t io n  proceeds much f u r t h e r  p ro v id in g  

s u f f i c i e n t l y  sm all amounts o f  throm bin a re  p r e s e n t .  This
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may p o s s ib ly  be due to  a  union  o f  th e  sm all amount o f  

throm bin p r e s e n t  w ith  th e  f ib r in o g e n ,  which un ion  i s  n o t 

b roken  u n t i l  th e  u n d e te c ta b le  amount o f  f i b r i n  formed as 

a  r e s u l t  o f  i t  h as  been f u r t h e r  hy d ro ly zed . This hy­

p o th e s i s  i s  ren d ered  more p ro b ab le  by th e  work o f  H irose  

( 36 ) ,  o f  Mellanby (2 2 ) ,  and of Eagle (23) who p r e s e n t  

s u b s t a n t i a l  ev idence t h a t  f i b r i n  p o s se sse s  to  a  m easurable 

e x te n t  th e  power o f  b in d in g  throm bin.

Whenever f i b r i n  o r  f ib r in o g e n  i s  a llow ed t o a u t o -  

ly z e  a more o r  l e s s  heavy f lo c c u le n t  p r e c i p i t a t e  i s  formed. 

In  samples o f  f i b r i n  t h i s  i s  u s u a l ly  n o t n o t ic e d  u n t i l  th e  

b u lk  of th e  f i b r i n  i s  g r e a t l y  reduoed,‘ b u t  i f  th e  s o lu t io n  

c o n ta in in g  th e  f i b r i n  i s  g e n t ly  shaken, th e  p r e c i p i t a t e  

may r e a d i ly  b e  d e te c te d  a f t e r  th e  f r e s h  f i b r i n  p r e p a r a t io n  

has  been in cu b a ted  f o r  tw e n ty -fo u r  hours  a t  37° C. In  

o r d in a ry  p r e p a r a t io n s  o f f ib r in o g e n  th e  p r e c i p i t a t i o n  ap­

p e a rs  to be com plete a f t e r  one d a y 's  in c u b a t io n  a t  t h a t  

tem p e ra tu re ,  b u t  in  samples o f  f ib r in o g e n  which have been 

f r e e d  as f a r  as p o s s ib le  from pro throm bin  th e  p r e c i p i t a t e  

oan be  d e te o te d  o n ly  a f t e r  th r e e  to  te n  days in c u b a t io n  

and rem ains very  f a i n t .

This o b se rv a t io n  suggested  th a t  th e  p r e c i p i t a t e  

might be an  a l t e r e d  form of p ro throm bin  o r  o f  throm bin.

Exam inations of th e  d r ie d  p r e c i p i t a t e s  from so lu ­

t i o n s  o f  f i b r i n  and o rd in a ry  f ib r in o g e n  were made b u t  n o t
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enough of th e  m a te r ia l  cou ld  he c o l l e c t e d  from th e  p u r i ­

f i e d  f ib r in o g e n  to  ana lyze  i t .  A ll  th e  p r e c i p i t a t e s  ex­

amined appeared  to  he i d e n t i c a l .  Between 4-0 and 50$ o f  

th e  m a te r ia l  was e th e r  s o lu b le  whereas on ly  25. to  35$  

was s o lu b le  in  c o ld  a lc o h o l .  The rem aining  m a te r ia l  

was f a i r l y  so lu b le  in  d i l u t e  sodium hydrox ide  and con­

t a in e d  from 13 to  1 6$  o f n i t r o g e n .  I t  th u s  appears  

t h a t  th e  p r e c i p i t a t e  c o n s i s t s  of a  l i p i d  and a  p r o t e i n .  

N e ith e r  th e  whole p r e c i p i t a t e  nor th e  f r a c t i o n s  o b ta in e d  

by e x t r a c t i n g  i t  w ith  e th e r  showed th e  c l o t t i n g  a c t i v i ­

t i e s  o f  p ro th rom bin , throm bin, o r  c e p h a l in .  However, i t  

seems p ro b ab le  t h a t  one o r  more o f  th e s e  th r e e  su b s ta n c e s ,  

in  an a l t e r e d  form , was p r e s e n t  in  th e  p r e c i p i t a t e .

\
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I s  Serum G lobu lin  o r  Serum Albumin 

Formed from F ibrinogen?

The o r i g i n  o f  serum g lo b u l in  and of serum a lb u ­

min i s  n o t d e f i n i t e l y  known b u t  th e re  i s  some ev idence 

t h a t  th e  fo rm er, and p o s s ib ly  th e  l a t t e r ,  i s  formed 

from f ib r in o g e n .  In  embryonic development albumin i s  

th e  f i r s t  su b s tan ce  to  ap p ear ,  b u t  serum g lo b u l in  has 

nev e r  been found u n t i l  a f t e r  b o th  f ib r in o g e n  and p ro ­

throm bin have been formed. In  many d is e a s e s  an i n ­

c re a s e  o f  f ib r in o g e n  i s  accompanied by an in c re a s e  o f  

serum g lo b u l in ,  and in  some c a ses  th e  serum albumin i s  

a l s o  in c re a se d .

More d i r e c t  evidence has  been found by Welker, 

Gilman, and Hektoen (ty£). These workers s t a t e  t h a t  

f i b r i n ,  d ig e s te d  w ith  p e p s in  o r  a llow ed to  a u to ly z e ,  

g iv e s  r i s e  to  m a te r ia l  p o s s e s s in g  th e  p r e o i p i t i n  r e ­

a c t io n s  of p seu d o g lo b u lin  o f  serum. ! No in d ic a t io n  o f  

th e  p re se n ce  o f  serum albumin was found . However, 

t h e i r  f i b r i n  was p rep a re d  by washing b lood  c l o t s  and 

c o u ld  h a rd ly  be expected  to  be p u re .  That serum a lb u ­

min was ab sen t may r e a d i l y  b e  un d ers to o d  in  view of the  

f in d in g  of K yiin  and K ris ten so n  ( 65 ) t h a t  album in, b e ­

cause; o f  i t s  s m a lle r  m o lecu lar  s i z e ,  p a s se s  more r e a d i ly  

in to  serum th a n  does g lo b u l in .  When th e  m a te r ia l  was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



washed w ith  w ate r and th e  s a l t  co n ten t' th e reb y  d ec re a se d , 

th e  d if fe re n c e  o f d i f fu s io n  r a te s  o f th e  two would be 

even g r e a te r .

The chem ioal ev idence i s  s tro n g ly  a g a in s t  th e  

tra n s fo rm a tio n  o f g lo b u lin  in to  album in o r  v ice  v e r s a  a l ­

though such changes have been s ta te d  to  have o cc u rre d .

The s e ro lo g ic a l  ev idence , w ith  th e  ex cep tio n  of th e  work 

o f  W elker and h i s  a s s o c ia te s ,  i s  e q u a lly  opposed to  th e  

o ccu rren ce  of such a  change. However, th e re  i s  no reaso n  

to  b e l ie v e  th a t  serum g lo b u lin  o r  serum album in m ight n o t 

a r i s e  from  f ib r in o g e n .

Both serum g lo b u lin  and serum album in a re  u s u a l ly  

c o n s id e re d  to  c o a g u la te  a t  about 75° C. ,  b u t H a ll ib u r to n  

( 6 6 , 6 7 , and 6 6 ) h as  found c o a g u la tio n  te m p era tu re s  o f 

th e  l a t t e r  su b stan ce  a t  73°> 72>°, and 35° C. I t  w i l l  be 

remembered th a t  in  th e  p re s e n t  work c o a g u la tio n  tem p era tu re s  

o f  f i b r i n  d ig e s ts  have been found a t  7 2°, 75°> and 61}.° C ., 

and th a t  sm all d if f e re n c e s  o f s a l t  o r hydrogen io n  con­

c e n t r a t io n  w i l l  cause a p p re c ia b le  d if fe re n c e s  in  th e  tem­

p e r a tu re s  of c o a g u la tio n , as w i l l  a ls o  v a ria tio n s*  in  h e a t­

in g  tim e .

To determ ine  w hether o r  no t serum g lo b u lin  and 

serum album in were among th e  p ro d u c ts  o f f i b r i n o l y s i s ,  

s a l t  p r e c i p i t a t i o n s ,  h e a t c o a g u la t io n s , and p r e c i p i t i n  

r e a c t io n s  were u t i l i z e d .
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Attempts to  f r a c t i o n a t e  d ig e s t s  w ith  ammonium 

s u l f a t e  proved u n s a t i s f a c to r y  because of th e  d i f f i c u l t y  

o f  com plete removal of th e  ammonia by d i a l y s i s .  Removal 

o f  ammonia by magnesium oxide caused such v io le n t  bumping 

d u r in g  th e  subsequent K je ld ah l d ig e s t io n  t h a t  i t  w as .n o t 

found p r a c t i c a b l e .  Sodium s u l f a t e  was found to  g ive  

f a i r l y  good r e s u l t s  as a p r e c i p i t a n t  and the  method o f 

Howe ( 69 ) ,  m odified  on th e  b a s i s  of l a t e r  work by th e  

same au tho r  (7 0 ) ,  was adop ted , A b r i e f  o u t l in e  o f  the  

method i s  as  fo l lo w s :

To tubes c o n ta in in g  0 .5  cc .  each o f  th e  substance  

to  be analyzed a re  added 15 cc .  sodium s u l f a t e  of such 

c o n c e n tr a t io n s  t h a t  the  f i n a l  c o n c e n tra t io n s  o f  th e  s a l t  

in  t h e  v a r io u s  tubes  w i l l  be  1 0 . 6 , 1 3 »5 > 1 7 .^» and 2 1 . 5$; 

F ib rin o g en  i s  p r e c i p i t a t e d  in  th e  f i r s t  o f  th e s e  w hile  

b o th  f ib r in o g e n  and e u g lo b u lin  a re  p r e c i p i t a t e d  i n  th e  

second. In  th e  t h i r d ,  in  a d d i t io n  to  th e se  su b s ta n c e s ,  

p se u d o g lo b u lin  I  was p r e c i p i t a t e d .  A ll g lo b u l in s  a re  

p r e o i p i t a t e d  in  th e  f o u r th .  P ro te in s  a re  com ple te ly  r e ­

moved w ith  t r i c h l o r a c e t i c  a c id .  Analyses o f  th e s e  f i l ­

t r a t e s ,  to g e th e r  w ith  a  t o t a l  n i t ro g e n  d e te rm in a t io n  en­

a b le s  th e  c a l c u l a t i o n  o f  th e  amount of n i t r o g e n  i n  each 

f r a c t i o n .  Analyses were by the  method o f Van S lyke.

The o r i g i n a l  p rocedu re  invo lved  th e  e s t im a t io n  

o f «f ib r in o g e n  by c o n v e r t in g  i t  in to  f i b r i n  and a n a ly z in g
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' i t  a s  such , and th e  m o d if ic a t io n  o f  s a l t i n g  ou t th e  f i ­

b r in o g en  was found by Howe to  g ive  th e  same r e s u l t s  when 

whole plasm a was u se d . T h is  was v e r i f i e d  in  th e  p r e s e n t  

work. I t  i s  th e r e f o r e  obvious t h a t  th e  q u a n t i t a t i v e  

d i f f e r e n c e s  between f r e s h  serum and plasm a d iv e s te d  o f  

f ib r in o g e n  a re  too  sm all to  be  de term ined  by t h i s  method. 

To d ec re ase  th e  p e rc e n ta g e  o f  e r r o r  caused  by th e  p re se n ce  

o f  o th e r  p r o t e in s  f ib r in o g e n  s o lu t io n s  were s u b s t i t u t e d  

f o r  whole p lasm a.

To th e  u s u a l  p r e p a r a t io n  of f ib r in o g e n ,  c o n ta in in g  

s u f f i c i e n t  sodium c i t r a t e  to  p rev en t  c l o t t i n g ,  was added 

o n e - f i f t i e t h  i t s  volume o f  p ro throm bin  as p re p a re d  by 

Eagle (5&). This was e q u iv a le n t  to  one mg. o f  pro throm ­

b in  to  two hundred o f  f ib r in o g e n .  The s o lu t io n  was th en  

d iv id e d  in to  two p o r t io n s  one o f  which was r e c a l c i f i e d  and 

a llow ed  to  c l o t .  Both were covered  w ith  to lu o l  and iri-  

cu ba ted  f o r  th re e  hours a t  37° C. At th e  end o f t h i s  

p e r io d  samples o f  th e  f ib r in o g e n  and of serum were removed 

and ana lyzed  by Howe’s method. The r e s u l t s  o f  a  ty p i c a l  

s e r i e s  o f  an a ly se s  a re  g iven  in  Table VI. Each number 

r e p r e s e n t s  th e  average o f  two an a ly ses  n o t  v a ry in g  by 

more th a n  th r e e  p e r  o e n t .

( I n s e r t  Table V I.)
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Table VI.

N itrogen d is tr ib u t io n  in  p ro te in  fra o tio n s  o f fib r in o g en

and serum from f ib r in ,  expressed as percen tages.

D ete rm ina tions  by s a l t  p r e c i p i t a t i o n .  

Samples a u to ly ze d  3 bours  a t  37° C.

F ib rin o g en Serum from 
f i b r i n

F ib rinogen 9 6 .0 0 . 0

E uglobu lin 2 .7 55 .3

P seudog lobu lin  I 1 . 0 2 9 .6

P seudog lobu lin  I I 0 .0 0 .0

N on-g lobu lin  p r o t e in 0*3' 9 .7

N on-pro te in 0 ,0 5 . r
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I t  I s  seen  from t h i s  t a b le  t h a t  p r a c t i c a l l y  a l l  

o f  th e  n i t ro g e n  o f  th e  f ib r in o g e n  rem ains p r e c i p i t a b l e  

by 1 0 . 6$  sodium s u l f a t e ,  whereas about 55$  of th e  n i t r o ­

gen o f  th e  serum i s  p r e c i p i t a t e d  in  th e  e u g lo b u lin  f r a c ­

t i o n  and 2 in  th e  p seu d o g lo b u lin  I  f r a c t i o n .  The ap­

p a r e n t  in c re a se  in  n o n -p ro te in  n i t ro g e n  a f t e r  c l o t t i n g  

i s  i n t e r e s t i n g  because  of th e  s im i l a r  f in d in g  o f Fuchs 

and Zahrzewski ( ^ 3 ) ,  b u t i s  too sm all to  be s i g n i f i c a n t .

The method o f  s a l t  p r e c i p i t a t i o n  i s  q u i t e  u s e fu l  

b u t  merely shows th e  c l a s s  to  w h io h a  p r o t e i n  b e lo n g s .

In  o rd e r  to  de te rm ine  o th e r  c h a r a c t e r i s t i c s  of th e  p ro ­

t e i n s  found, to  c o r ro b o ra te  th e  s a l t  p r e c i p i t a t i o n  d a ta ,  

and to  a s c e r t a in  whether o r  n o t albumin was p r e s e n t ,  

s im i l a r  an a ly se s  were made by means o f  h e a t  c o a g u la t io n .

Since c o n c e n tra te d  s o lu t io n s  o f  f ib r in o g e n  were 

found f r e q u e n t ly  to  give u n f i l t e r a b l e ,  g e la t in o u s  so lu ­

t io n s  upon h e a t in g ,  th e  s o lu t io n s  were d i l u t e d  b e fo re  

c o a g u la t io n .  F ib rinogen  p r e p a ra t io n s  c o n ta in in g  one- 

f i f t i e t h  volume o f  Eagle*s p ro throm bin  were d iv id e d  in to  

two p o r t io n s .  One p o r t io n  was r e c a l c i f i e d  and allow ed 

to  d o t ,  bo th  were in cuba ted  th re e  hours a t  37° and 

samples of .the  u n c lo t te d  m a te r ia l  and o f  th e  ex p ressed  

serum were taken  f o r  a n a ly s i s .  To each o f  s e v e ra l  t e s t  

tubes  g rad u a ted  a t  10 o c . were added 0 .5  c c .  o f  th e  f i ­

b r in o g e n ,  o r  of th e  serum, and 9 .5  c c .  of ammonia-free

\
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i s o to n ic  sodium c h lo r id e  s o lu t io n .  The tubes were then  

h e a te d  one to  two degrees  above the  v a r io u s  c o a g u la t io n  

te m p era tu res  p re v io u s ly  e s t a b l i s h e d .  In  eaoh case  th e  

tem p era tu re  was m a in ta ined  f o r  h a l f  an hour to  in s u re  

com plete c o a g u la t io n .  At th e  end o f  t h i s  tim e th e  tubes  

were cooled  and th e  w ater l o s t  by e v a p o ra tio n  re p la c e d .

The c o n te n ts  were th en  f i l t e r e d  th rough  d ry  f i l t e r s  and

1 .0  cc . samples o f  th e  f i l t r a t e s  ana lyzed  f o r  n i t r o g e n .

The t o t a l  n i t r o g e n  and th e  n o n -p ro te in  n i t r o g e n  were de­

te rm ined  a s  in  Howe*s p ro c e d u re .  U n fo r tu n a te ly ,  i n  many 

in s ta n c e s  a  p o r t io n  o f  th e  coagulum p assed  th rough th e  

f i l t e r  r e g a r d le s s  o f  p r e c a u t io n s .  This was always found 

t r u e  o f  th e  f r a c t i o n  c o a g u la t in g  a t  62° C. a l th o u g h  th e  

n ex t  h ig h e r  f r a c t i o n  u s u a l ly  gave a  c l e a r  f i l t r a t e .  F o r ; 

t h i s  reaso n  th e se  two f r a c t i o n s  were de term ined  to g e th e r .  

In  o th e r  oases in  which th e  f i l t r a t e s  were n o t p e r f e c t l y

c l e a r  i t  i s  b e l ie v e d  t h a t  th e  e r r o r  so in c u r re d  was no t
\

g r e a t  enough to  a f f e c t  the  r e s u l t s  s e r io u s ly .  Table VII 

g iv es  th e  d a ta  o b ta in e d  from a  ty p ic a l  s e r i e s  o f  a n a ly se s .

( I n s e r t  T able V I I .)

A comparison o f  t h i s  t a b l e  w ith  Table VI shows 

t h a t  somewhat l e s s  o f  th e  f ib r in o g e n  i s  c o a g u la ted  a t  $6°  

C. th a n  i s  p r e c i p i t a t e d  by 1 0 .6 ^  sodium s u l f a t e .  I t  i s  

a ls o  seen  t h a t  th e  heavy coagu la  formed a t  66 -  6 j °  and
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Table VII.

N itro g en  d i s t r i b u t i o n  i n  p r o t e i n  f r a c t i o n s  o f f ib r in o g e n

and serum from f i b r i n ,  expressed  as  p e r c e n ta g e s .

Determined by h e a t  c o a g u la t io n .

Samples au to ly ze d  3 hours a t  37°

C oagu la tion  tem peratu re F ib rinogen
Serum from 

f i b r i n

56° C. gg .g 0 .0

62° an d , 67° 6 .1

72 0 1 .5 9 .7

75° 2 .9 2H- .1

gi|° 0 .0 ! . 7

N on-coagulable p r o t e in ° .7

N on-pro te in 0 .0 6 .6
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a t  75° C. co rrespond  rough ly , b u t  n o t n e c e s s a r i ly  r e ­

s p e c t iv e ly ,  to  th e  eu g lo b u lin  and p seu d o g lo b u lin  I  

f r a c t i o n s .  This in d ic a t e s  t h a t  serum g lo b u l in  might 

be one of' th e  p ro d u c ts .  That n e a r ly  a l l  o f  th e  non- 

g lo b u l in  p r o t e i n  i s  in c o ag u lab le  by h e a t  in d ic a t e s  th e  

absence of any b u t  small; amounts o f  albumin. The un­

i d e n t i f i e d  f r a c t i o n  p o s s ib ly  c o n s i s t s  l a r g e l y  o f  th e  

albumose found by H irose  (36 ) .

Although th e  p reced in g  f in d in g s  a re  su g g es tiv e  

of th e  fo rm a tio n  of se ru m .g lo b u lin  a s  a  r e s u l t ,  o f  th e  

a c t io n  o f  throm bin on f ib r in o g e n  they, by: no means prove 

i t .  In  o rd e r  to  s e t t l e  t h i s  q u e s t io n  p r e c i p i t i n  r e ­

a c t io n s  were employed. For t h i s  pu rpose  ho rse  f i b r i n o ­

gen was p rep a red  and p u r i f i e d  by s ix  p r e c i p i t a t i o n s  w ith  

s o d iu m :c h lo r id e .  This p rooedure  sh o u ld , by d i l u t i o n ,  

reduce th e  serum g lo b u l in  p r e s e n t  to  l e s s  th a n  a  b i l l i o n t h  

o f  i t s  o r i g i n a l  c o n c e n t r a t io n .  This p r e p a r a t io n  was 

c l o t t e d  w ith  M ellanby’s throm bin and a l lo w e d , to  a u to ly z e  

two weeks under t o l u o l  a t  room te m p e ra tu re ,  p r a c t i c a l l y  . 

a l l  of th e  f i b r i n  b e in g  d is s o lv e d  w i th in  t h a t  t im e . The 

m a te r ia l  was f i l t e r e d ,  and to  th e  f i l t r a t e  was added an 

equal volume o f  s a tu r a te d  ammonium s u l f a t e .  . The p r e ­

c i p i t a t e  was c o l l e c t e d  by c e n t r i f u g in g  and r e d is s o lv e d  in  

d i l u t e  s a l t  s o lu t io n .  Three such p r e c i p i t a t i o n s  were 

c a r r i e d  o u t ,  th e  f i n a l  s o lu t io n  b e in g  o n e - fo u r th  th e
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volume o f  th e  plasm a from which th e  f ib r in o g e n  was made. 

Each o f  fo u r  normal male gu inea  p ig s  was in j e c t e d  i n t r a -  

p e r i t o n e a l l y  a t  fo u r  day in t e r v a l s  w ith  th r e e  su c cess iv e  

0 .5  oo. doses o f  t h i s  g lo b u l in .  Serum g lo b u l in  was 

s i m i l a r l y  p re p a re d  from h o rse  plasm a, th e  f ib r in o g e n  o f  

which had been  p re v io u s ly  removed w ith  sodium c h lo r id e .

Four weeks a f t e r  th e  f i r s t  i n j e c t i o n s  b lo o d  sam­

p le s  were taken  from each o f  th e  g u in ea  p ig s  and th e  

serums t e s t e d ,b y  means of p r e c i p i t i n  r e a c t i o n s ,  a g a in s t  

th e  i n j e c t e d  g lo b u l in  s o lu t io n  to  be c e r t a i n  t h a t  immun­

i t y  had  developed . As c o n t r o l s ,  b lo o d  samples from 

fo u r  non-lmmunized g u inea  p ig s  were s i m i l a r ly  t e s t e d .  

Samples o f  serum from a l l  e ig h t  an im als  were then  t e s t e d  

a g a in s t  th e  p r e p a r a t io n  of h o rse  serum g lo b u l in .  Table 

V III  g iv e s  th e  r e s u l t s .  Although th e r e  i s  an in d ic a t io n

( I n s e r t  Table V I I I . )

o f  th e  p resen ce  o f  th e  same su b s tan ce  in  bo th  th e  h o rse  

serum g lo b u l in  and th e  g lo b u l in  reco v e red  from th e  f i b r i n  

a u to ly s a t e ,  n o t  much of th e  substance  cou ld  have been 

p r e s e n t  u n le s s  i t  was somewhat d en a tu re d .  Since the  

globulins'p.sed were p u r i f i e d  on ly  by p r e c i p i t a t i o n  i t  i s  

q u i t e  p o s s ib le  t h a t  th e  h o rse  serum g lo b u l in  may have 

been  con tam inated  w ith  t r a c e s  of a u t o l y t i c  p ro d u c ts  o f 

f ib r in o g e n  formed b e fo re  th e  removal o f  t h i s  su b s tan ce .

\
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Table ‘ V II I .

D i lu t io n s  a t  which p r e c i p i t i n  r e a c t io n s  cou ld  be d e te c te d  

w ith  normal g u in e a -p ig s  and w ith  th o se  immunized 

a g a in s t  th e  g lo b u l in  reco v e re d  from au to ly zed  f i b r i n .

Substance Immunized anim als Normal anim als

t e s t e d 1 2 y 4- 1 2 ‘3 4-

Recovered g lo b u l in 1:300 1:500 1:4-00 1:4-00 .1:10 1 :10 1 :20  1:10

Horse serum g lo b u l in 1:10 1:20 1 :50 1:20 1 :10  1 :10 1:20  1 :10  .



Eaoh o f th e  f o u r  anim als s e n s i t i z e d  to  th e  g lobu­

l i n  d e r iv e d  from f ib r in o g e n  a s  s t a t e d  above was in j e c t e d  

i n t r a p e r i t o n e a l l y  w ith  an amount of th e  h o rse  serum g lob­

u l i n  r e p r e s e n t in g  2 c c .  of p lasm a. The second animal o f  

th e  s e r i e s  developed symptoms o f  shook and d ied  in  25 

m in u tes , b u t  th e  o th e r s  appeared  u n a f f e c te d .

A s im i la r  p ro ced u re  was made use  o f  to  determ ine 

th e  p rese n ce  o f serum albumin in  th e  f i b r i n  a u to ly s a t e .

In  t h i s  case  th e  "albumin" was p re p a red  by removing th e  

g lo b u l in  from th e  a u to ly s a te  by the  a d d i t io n  o f  s u f f i ­

c i e n t  s o l i d  ammonium s u l f a t e  to  make th e  s o lu t io n  h a l f  

s a tu r a t e d ,  and c e n t r i f u g in g .  The s u p e rn a ta n t  l i q u i d  

was d ia ly z e d  under  to lu o l  f o r  te n  hours  a g a in s t  runn ing  

w a te r  to  e l im in a te  excess  s a l t .  10 cc .  o f  t h i s  l i q u i d  

were u sed  f o r  each o f th e  th r e e  i n j e c t i o n s .  C r y s ta l l i n e  

h o rse  serum album in, made ac co rd in g  to  th e  methods o f  

Young (71) and A dair and Robinson (72) was used  as th e  

known p r o t e in .  The serum from  the  g u in e a  p ig s  s e n s i ­

t i z e d  to  th e  albumin p re p a red  from th e  f i b r i n  a u to ly s a te  

showed no s t ro n g e r  p r e c i p i t i n  r e a c t io n s  a g a in s t  th e  c ry ­

s t a l l i n e  serum albumin than  d id  th e  serum from th e  con­

t r o l  an im als .  The i n t r a p e r i t o n e a l  i n j e c t i o n  o f  0 .02  

grams o f  th e  c r y s t a l l i n e  serum albumin in to  each o f 

th e s e  s e n s i t i z e d  gu inea  p ig s  caused no ap p a ren t shook. 

These r e s u l t s  i n d i c a t e  t h a t  no un d en a tu red  serum albumin
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was p resen t in  th e f ib r in  a u to ly sa te  used .

E f f e c t  o f  Temperature on th e  V e lo c ity  o f  C lo t t in g .

The e a r l i e r  d i s c u s s io n  o f  th e  f in d in g s  in  re g a rd  

to  th e  r e l a t i o n  of tem p era tu re  to  c l o t t i n g  time showed 

t h a t ,  w ith  th e  p o s s ib le  ex cep tio n  o f  th e  work of M ellan- 

by (2 2 ) ,  t h e e f f e o t  o f th e  ca lc ium  ion  c o n c e n tr a t io n  had 

been  n e g le c te d .  For t h i s  reaso n  a  s tu d y  o f  t h i s  r e ­

l a t i o n s h i p  was made in  which optimum ca lc ium  c o n c e n tr a t io n s  

were u se d .  These optim a were e s ta b l i s h e d  f o r  a  sample o f  

c i t r a t e d  plasm a a t  each o f  a  number of d i f f e r e n t  tem per­

a t u r e s  by adding v a r io u s  q u a n t i t i e s  o f ca lc ium  c h lo r id e  

to  equal volumes o f  plasm a a t  a g iven  tem p era tu re  and de­

te rm in in g  th e  c l o t t i n g  t im es .  The a d d i t io n s  were such 

t h a t  th e  ca lc ium  c o n c e n tra t io n s  in c re a se d  in  0.005  molar 

s t e p s .  The plasm a volumes were kep t equal by th e  a d d i t io n  

o f  th e  n e c e ssa ry  q u a n t i ty  o f_ is o to n ic  s a l t  b e fo re  th e  c a l ­

cium was added. I t  was n o t ic e d  t h a t  as  th e  tem p era tu re  

in c re a s e d ,  th e  optimum q u a n t i ty  o f  ca lc ium  d ec reased  

s l i g h t l y .  Having determ ined  th e  optimum ca lc ium  concen­

t r a t i o n s  f o r  a g iven  sample, c l o t t i n g  tim e d e te rm in a t io n s  

were made on th e  same plasm a a t  th e  v a r io u s  te m p era tu re s  

and u s in g  th e  optimum amounts of ca lc ium . The d e t e r ­

m in a tio n s  were made s im u ltan eo u s ly  to  avo id  s l i g h t  b u t
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a p p re c ia b le  e r r o r s  due to  th e  slow d e te r io r a t io n  o f  th e  

p lasm a. The r e s u l t s  a re  ex p ressed  in  th e  graph on th e  

fo llo w in g  page and in d ic a te  t h a t  th e  r e a c t io n  i s  enzymic 

w ith  an optimum tem p era tu re  o f 39° C. The d e s t ru c t io n  

o f throm bin a t  a  l i t t l e  above 5°° C. i s  e v id e n t. That 

th e  d ec reased  speed o f c l o t t i n g  a t  te n p e ra tu re s  above 

th e  optimum was n o t e n t i r e ly  due to  th e  d e s t ru c t io n  o f 

throm bin  i s  shown by th e  fo llo w in g  experim en t. Two

sam ples o f plasm a were c lo t t e d ,  th e  one a t  39°  C. and

th e  o th e r  a t  1^6° C. The r a t i o  of c o a g u la tio n  timeB was

5 .5 J 19*0 o r  l:3«4-5 '. The serums from  each o f th e s e  sam­

p le s  were c o l le c te d  by c e n tr i fu g in g  and 0 .2  c c . o f  each 

serum was added to  d i f f e r e n t  1 .0  c c . sam ples o f  p lasm a. 

The c l o t t i n g  tim es o f th e se  sam ples were 0 .5  m inutes and 

0 .75  m in u tes , o r  in  a  r a t i o  o f  1 : 1 .5  . There was n e a r ­

ly  as  much throm bin  in  th e  serum from  4-6° C. a s  in  th a t  

from  39° • As M ellanby has shown th a t  th e  tim e o f c l o t ­

t in g  i s  in v e rs e ly  p ro p o r t io n a l  to  th e  amount o f throm bin  

p r e s e n t ,  i t  i s  seen  th a t  n o t a l l  o f  th e  in c re a se d  tim e 

o f  c o a g u la tio n  a t  4-5° C. i s  due to  th e  d e s t ru c t io n  o f 

throm bin .

( I n s e r t  F ig u re .)
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Thrombin A ction and Chemical C on stitu tion .

The work o f  Collingwood (52) and o f  Dunn (54-) 

showed t h a t  th e  tre a tm e n t  o f  f ib r in o g e n  w ith  even sm all 

amounts of form aldehyde d e s tro y e d  i t s  a c t i v i t y .  Small 

amounts of formaldehyde i n h ib i t e d  th e  a c t io n  of throm­

b in  and l a r g e r  amounts d e s tro y e d  i t  com ple te ly . Formal­

dehyde, however, i s  capab le  of causing  d r a s t i c  changes 

in  th e  p h y s ic a l  p r o p e r t i e s  of p r o t e in s ,  and f o r  t h i s  

reaso n  i t  was deemed a d v is a b le  to  b lo c k  th e  amino groups 

by some o th e r  means. For t h i s  purpose k e te n e ,  p rep a re d  

as d e sc r ib e d  by H e r r i o t t  (73) waB used  to  a o e ty la t e  th e  

amino and p o s s ib ly  o th e r  g roups .

F ib r in o g e n ,  p rep a red  from h o rse  b lood  by th e  

u su a l  p ro ced u re ,  and throm bin, p rep a red  by E a g le 's  

method, were p la c e d  in  s e p a ra te  c o l lo d io n  b ag s . 2 .0  M 

sodium a c e t a t e  was p la c e d  in  and around th e  bags to  a c t  

as a  b u f f e r .  D uring th e  p r e p a r a t io n  and tre a tm e n t o f  

th e  f ib r in o g e n  and throm bin th e  s o lu t io n s  were k ep t c o ld .  

Ketene was bubbled  through th e  s o lu t io n s  a t  th e  r a t e  of 

about th re e  bubb les  p e r  second. At v a r io u s  i n t e r v a l s  

samples were withdrawn, c a r e f u l l y  a d ju s te d  to  pH 7*?J- w ith  

d i l u t e  a c e t i c  a c id ,  and t e s t e d  f o r  a c t i v i t y  by a d d i t io n  

to  a  p o r t io n  o f  th e  o th e r  r e a c t a n t  which had n o t been so 

t r e a t e d .  The r e s u l t s  g iven  in  Table IX confirm  th e
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f in d in g s  o f  Dunn (5 ^ ) .  I t  i s  seen th a t  th e  a b i l i t y  o f  

f ib r in o g e n  to  o l o t  upon th e  a d d i t io n  o f  throm bin i s  com­

p l e t e l y  d es tro y e d  by te n  m in u tes ' exposure o f  the  f i b r i n ­

ogen to  k e te n e .  The a c t i v i t y  o f  throm bin i s  a lso  a f ­

f e c t e d  b u t  some a c t i v i t y  rem ains to  a  d e te c ta b le  e x te n t  

f o r  f o r t y  m inu tes .

( I n s e r t  Table IX.)

W ithin th e  p e r io d  o f  time employed i t  i s  p ro b a b le ,  

b u t no t a b s o lu te ly  c e r t a i n ,  t h a t  on ly  amino groups were 

a t ta o k e d  by th e  k e te n e .  The l o s s  o f  a c t i v i t y  o f  thrombin 

upon a c e ty l a t i o n  i s  q u i t e  p o s s ib ly  due to  the  d e s t r u c t io n  

o f  c e p h a l in  as r a p id ly  as  i t  was l i b e r a t e d  by th e  d i s s o c i ­

a t i o n  o f  throm bin a l though  t h i s ’ was no t de term ined . ; In  

any ev en t,  th e  r e l a t i v e  s t a b i l i t y  o f  throm bin and th e  

r a p id  i n a c t i v a t i o n  o f  f ib r in o g e n  by k e ten e  in d ic a t e  t h a t  

throm bin i s  an amino p r o te in a s e : a s  Dunn b e l ie v e d .
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Table IX.

E f f e c t  o f  k e tene  on throm bin and f ib r in o g e n .

Time o f  c l o t t i n g  ( i n  m inutes) a f t e r  a d d i t io n  o f  2 c c .  o f  throm bin 

t o  5 c c .  o f  f ib r in o g e n ,  one component h av ing  been t r e a t e d  w ith  k e te n e .

T o ta l  d i l u t i o n  9 cc . Temperature 25° C.

Substance 
exposed 

to  k e ten e

Time of exposure in  m inutes 

o 5 10  15 20  25 30 35 ij.o 14.5

F ib rin o g en

Thrombin

0 .2 5  3 ; -  -  -  -  -

0 .2 5  1 .2 5  2 .5  k  6  12  20 32  4-5

VJ1u i



The E ffe c t  o f Cyanide on C lo ttin g .

Since c e r t a i n  p r o t e o l y t i c  enzymes a re  a c t i v a t e d  

by c y a n id e s ,1 P ro fe s s o r  Mathews suggested  t h a t  cyan ides 

m ight have some e f f e c t  upon th e  a c t i v i t y  of throm bin. 

This p o s s i b i l i t y  was s t r e n g th e n e d  by th e  f a c t  t h a t  i t  

h as  lo n g  been known th a t  oxygen p la y s  a  p a r t  i n  th e  c l o t ­

t i n g  of b lood , and t h a t  cyan ides have th e  power o f  d i s ­

tu rb in g  o x y d a t io n - re d u c t io n  mechanisms.

D ilu te  s o lu t io n s  of po tass ium  cyanide were t i ­

t r a t e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  to  as  n e a r  pH 7*36 

as p o s s i b le ,  u s in g  bromthymol b lu e  as  an e x te rn a l  i n d i ­

c a t o r .  The s o lu t io n s  were th en  made up to  known v a lu e s  

w ith  a  b o r io  ac id -sod ium  b o r a te  b u f f e r  o f  pH 7*36 . 

E q u iv a len t s o lu t io n s  o f  p o ta ss iu m  c h lo r id e  in  th e  same 

b u f f e r  were then  p re p a re d .  To each of a s e r i e s  o f  t e s t  

tu b e s  was added th e  same amount o f  c i t r a t e d  plasm a and a  

v a ry in g  amount of th e  cyan ide  s o lu t io n .  The po tass ium  

c o n te n t  was made th e  same i n  each tu b e  by the  a d d i t io n  

o f  th e  n ec essa ry  amount o f  th e  po tass ium  c h lo r id e  s o lu ­

t i o n .  Any f u r t h e r  d i l u t i o n s  were made w ith  th e  b o ra te  

b u f f e r .  A f te r  d e f i n i t e  p e r io d s  o f  in c u b a t io n  i d e n t i c a l  

amounts of ca lc ium  c h lo r id e  were added to  each tube and 

th e  c l o t t i n g  tim es reco rd ed . The p e r io d  o f  in c u b a t io n  

w ith  th e  cyanide was found to  have no e f f e c t .  Marked 

p ro lo n g a t io n  of th e  c l o t t i n g  tim es was found to  tak e
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p la c e .

The degree  o f  ' I n h i b i t i o n  o f  c l o t t i n g  by a  g iven  

amount o f  cyanide v a r ie d  w ith  th e  sample o f  plasm a. That 

t h i s  might be  due to  th e  un ion  of some of th e  cyan ide  w ith  

f a c t o r s  no t invo lved  i n  c l o t t i n g  i s  p o s s i b l e ,  and th e  work 

should  be r e p e a te d  w ith  p u r e 'f i b r in o g e n  and throm bin.

Table X shows th e  degree of i n h i b i t i o n .

( I n s e r t  Table X.)

I f ,  i n  th e  above experim ent, th e  i n h i b i t i o n  by 

cyan ide  were due to  i t s  a c t io n  on su lfh y d r id e  g roups , th e  

a d d i t io n  of a  s u l fh y d r id e  compound should  l e s s e n  th e  i n ­

h i b i t i n g  e f f e c t  on d o t t i n g .  S im i la r ly ,  i f  th e  i n h i b i ­

t i o n  were due’ to  an in t e r f e r e n c e  w ith  o x id a t io n  e lsew here 

in  th e  m olecule, oxygenation  should  d ec rease  th e  “in h i b i ­

t i o n .  On th e  b a s i s  o f th e s e  c o n s id e r a t io n s  an experim ent 

was p e r fo rm e d ,s im i la r  to  th e  p rece d in g  one, b u t  in  which 

th e  cyanide c o n c e n tr a t io n  was h e ld  c o n s ta n t .  In  t h i s  ex­

perim en t oxygen was bubbled through some o f  th e  tu b es  f o r  

th r e e  m inu tes , a f t e r  th e  cyanide had been added; hydrogen 

s u l f id e  was bubbled  through o th e r  tubes  under th e  same 

c o n d i t io n s .  Table XI g iv e s  th e  r e s u l t s  o f  one o f  th e s e

experim en ts . In  th e  in s ta n c e  ta b u la te d  th e  pH o f  th e

tu b es  through which hydrogen s u l f id e  was p assed  changed

from 7»36 to  7»2 b u t  such a  change would have no
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Table X.

I n t u i t i o n  by oyanide.

5 o o . o f  p lasm a used  in  each c a se . 

T o ta l volume I .6 5  cc .

Sample C o n cen tra tio n  
o f HCN

C lo t t in g  tim e

1 0 .0 0 0 0  io 10  m inutes

2 0.0673 # 30 m inutes

3 0 .1 0 1  io 50 m inutes

* 0 .1 3 5  $ 2 l|. hours

5 o.i6g i None in  72 h r s .
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appreciable e f f e c t  on normal c lo t t in g .

( I n s e r t  T able X I .)

The d ec re ase  of i n h i b i t i o n  by oxygen and th e  in ­

c re a s e  by hydrogen s u l f i d e  a r e  s t ro n g ly  i n d ic a t iv e  of 

th e  dependence of throm bin n o t io n  upon an o x id a t io n  o r  

r e d u c t io n  mechanism. In  t h i s  co n nec tion  i t  i s  s i g n i ­

f i c a n t  t h a t  Kuhnan and Morgenst'ein (74-) have shown s u l f -  

hydrifle  compounds to  i n h i b i t  c l o t t i n g ,  and H irose  ( 36 ) 

has  shown th e  r e - s o l u t i o n  of f i b r i n  to  ta k e  p la c e  most 

< r a p id ly  when l a r g e  amounts o f  oxygen were p r e s e n t .  

Cyanide i s  known to  reduce c y s t in e  to  c y s te in e  and i t  

may be a c t in g  on g lu ta th io n e .  The r e l a t i v e l y  l a r g e  a -  

mounts of cyanide n e c e s s a ry  in d ic a te  some such a c t io n  

; r a t h e r  th an  i t s  combining w ith  minute amounts o f  i ro n  o r
i i ' . . . . . .

copper c a t a l y s t s .

\
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Table XI.

E f fe o t  o f  oxygen  and o f  hydrogen s u l f id e  

upon th e  in h ib i t io n  o f ; c l o t t i n g  by cy a n id e .

0 .5  c c .  o f  p lasm a u sed  in  eaoh c a s e .  

T o ta l d i l u t i o n  I .65  c c .  ,

Sample C o n c en tra t io n  
o f  HCN °2 C lo t t in g  tim e

1 0 .0 0  $ - - 3 .0  m inutes

2 0 .00  j> - - 3 .0  m inutes

3 0 .1 2  <t> - — 7 .5  m inutes

*»• .......0 .1 2  <j> «■* - 7 .7 5  m inutes

5 0 .1 2  <j, - 3 rain. IS  hours

6 0 .1 2  <f> - 3 min. 19 hours

7 0 .12  $> 3 rain. - K . 75 m inutes

S 0 .1 2  <jo 3 rain. - 5 .0  m inutes
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Summary and C onclusions.

1 . When a  s o lu t io n  o f  p u r i f i e d  f ib r in o g e n  i s  c l o t t e d  by 

thrombin about 9 *5i° o f  i t s  n i t ro g e n  rem ains in  th e  

s o lu t io n .  The f i b r i n  c o n ta in s  only  911° o f th e  n i t r o ­

gen in  f ib r in o g e n .  .

2. There i s  an in c re a s e  o f  about 5$ in  f r e e  amino groups 

as  determ ined  by th e  Sorensen method when p u r i f i e d  

f ib r in o g e n  c l o t s  to  f i b r i n .

3. Both f ib r in o g e n  and f i b r i n  a u to ly se  i n  s t e r i l e  d i l u t e  

s a l t  s o lu t io n ,  b u t  f i b r i n  more r a p id ly .

Ij.. P u r i f i e d  f ib r in o g e n  t r e a t e d  in  s o lu t io n  w ith  p r e c ip ­

i t a t e d  calcium  phosphate  and o h arco a l i s  much more 

s t a b le  and a u to ly s e s  v e ry  slow ly . Presumably p ro ­

throm bin o r  some o th e r  p r o t e o l y t i c  enzyme has  been  

removed from i t .

3. In  th e  p ro c e s s  o f  a u t o ly s i s  o f  f ib r in o g e n  and f i b r i n  

g lo b u l in s  a r e  formed which have th e  c o a g u la t io n  

tem p era tu res  o f  and appear to  be eu g lo b u lin  and pseudo- 

g lo b u l in .  No serum albumin cou ld  be found, b u t  p o s s i ­

b ly  lo n g e r  d ig e s t io n  might have y ie ld e d  i t .  Proteo-ses 

and lower peptideB  (n o n -p ro te in  n i t ro g e n )  a re  a ls o  s e t  

f r e e .

6 . The c l o t t i n g  of f ib r in o g e n  by throm bin and of i t s

a u t o ly s i s  i s  b locked  by a c e ty l a t i o n  o r  by fo rm a l in ! z a t io n  

o f  th e  f ib r in o g e n .
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7 . A c e ty la t io n  a l s o  i n a c t i v a t e s  thrombin b u t  a t  a  very  

much slower r a t e .  How t h i s  i s  done i s  u n d e te r  mined. 

Nor were a t te m p ts  made to  re g e n e ra te  th e  throm bin .

0. The marked slow ing of c l o t t i n g  o c c u r r in g  a t  tem pera­

tu r e s  of about l|*5° C. i s  no t due c h i e f l y  to  th e  de­

s t r u c t i o n  o f  throm bin.

9 . C lo t t in g  i s  p ro longed  by HCN and by HgS. Bubbling 

oxygen through th e  HCN plasm a b e fo re  r e c a l c i f i c a t i o n  

removes th e  i n h i b i t i o n  o f  th e  HCN; b u b b lin g  HgS 

g r e a t ly  in c re a s e s  th e  i n h i b i t i o n  due to  HCN.

1 0 . The g e n e r a l c o n c lu s io n  i s  th a t  throm bin i s  a p r o te o ­

l y t i c  enzyme; th a t  f i b r i n  i s  a  f i r s t  p r o t e o ly t i c  

o le a v a g e  p rod u ct o f  f ib r in o g e n ;  th a t  when f i b r i n  i s  

form ed some f ib r in o g lo b u l in  and o th e r  form s o f  p ro ­

t e i n  n itr o g e n  a re  s e t  f r e e ;  th a t  on fu r th e r  a c t io n  

o f  throm bin o th e r  g lo b u l in s  s im ila r  to  and p o s s ib ly  

i d e n t i c a l  w ith  e u g lo b u lin  and p se u d o g lo b u lin  ap p ear , 

a s  w e l l  a s  p r o te a s e s  and s im p le r  h y d r o ly t ic  s p l i t t i n g  

p r o d u c ts .

1 1 . Thrombin i s  so  f a r  a s  known s p e c i f i c  f o r  f ib r in o g e n ,  

and i s  an amino p r o te a s e .  An o x id a t io n -r e d u c t io n  

system  p o s s ib ly  in v o lv in g  g lu ta th io n e  seem s to  be in ­

v o lv e d  in  i t s  a c t i v i t y .

1 2 . Serum g lo b u lin  p o s s ib ly  o r ig in a t e s  from  th e  h y d r o ly s is  

* o f  f ib r in o g e n  o f  th e  b lo o d  by th e  a c t io n  o f  some
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p r o t e o ly t i c  enzyme. No l i g h t  has  been shed by 

th e se  experim ents as  to  th e  o r ig in  o f  serum albumin.
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