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D I G E S T I O N  O F  F I B R I N O G E N  B Y  T R Y P . q l N  

I, K I N E T I C  .qTUI)IE.q OF T I t E  R E A C T I O N  

E L E M E I {  M l i i A l , k ' l  AND J .XMIE if.. ( ; O L H : | { E Y  

Laboradt.,~,t 'o] Cell l t lal ,  I ' hv s ,u ! t ,K t  t .n~  3.1el:e#:,A: ~m. , \ 'al:o~zal t t e a r t  l ~estitt~te. 
.N'ats,;nat lnshtrf~.es ol  I t r a l t h .  Methe-*da. .~ld.  ( l_:~ %...I g~ 

( l~ecetved May t~ th .  ~¢9*~Z) 

."; L" ,M M ,% R h" 

The  digest ion o f  f ibr inogen b_,- zz..~:-,r., a~ f, Al,;wcd ii; ~Lc pll-~ta~, ,.~..~ b,. d ~ r i t , , d  
in t e rms  of  th ree  d is t inc t  react ion classes: (at .k fast react ion involving the  spli t t ing 
o f  z2 pep t ide  bonds  du r ing  which c lo t t ab i l i ty  i.s lost, (b) a slower react ion involx mg 
80 pep t ide  bonds,  associa ted  x~ith the  appea rance  of  a slower sediment  ing c o m p - n c n t  
in the  u l t r acen t r i fuge  anti indicat ing the l>r,~h,ctJon o f  large f ragments ,  and ~:1 ; t  

slow reac t ion  which  covers  the  remain ing  bonds  suscept ible  to  t ryps in  and which 
r~,~ults in the  f r a gmen t a t i on  of  the  molecule  intto small peptides.  

T h e  digest ion was also followed in the  ~ isc-s imeter ,  u l t racen t r i fuge  and polari- 
meter ,  and  the  l iberat ion (if n,_n-prtJteilt mtr~,g,su measured .  2he  d i sappearance  of  
c lo t t ing  ab i l i ty  a.~stx:iated with the first pha.~-~ of  the  react ion wa~ studied,  and 
ce r ta in  conclusions were d rawn ctmcerni:~g th,; mechanisar, t~l this inat:tivati,  m 
l)r()ce~. 

I.XTI,'O Dt Jcr (o.x 

In inx'c~igations of the breakdown of pruteins by endopeptida~es, far more attenti(m 
has been paid thu~ far  to  the  isolat ion and  cha rac te r i za t ion  o f  low molecular  weight  
pep t ides  t h a n  to  the  ea r |v  alteration.~ d0r ing  digest ion of  the protein molecule.  TI,c 
n a t u r e  o f  such a l te ra t ions ,  however ,  w h e t .  moni to red  ch~cely, (fften yield signifi(-ant 
clues as tu the  s t r uc t u r e  and  somet imes  the mechanism of  biolngical a c t i v i t y  o f  the  
pro te in  undergo ing  degrada t  inn !-2 

T h e  general  p a t t e r n  o, ~ pre)tein degrada t ion  is de t e rmined  by  tl,e re la t ive  rate~ 
o f  spl i t t ing  of  the  pep t ide  bonds  it, the  variou-~ .'¢egment..~ Lff the- ,i,ult:,tile ~. T;,,-*- 
ra tes ,  in their  tu rn ,  will be de te rnf ined  pa r t l y  bv  the  primarTy" s tnacture ,  but ai.~o to 
a large e x t e n t  by  the  .-a~ccmdary and  t e r t i a ry  s t r uc tu r e  eft the  polylxq-ptide chains.  
Genera l ly ,  t he  n a t i v e  confit.;uratiun of  a prote in  molecule i.¢ much  more  rezfi.~tant to 
p ro t ea ly t i c  a t t a c k  t han  the  unfo lded  s t n t c t u r e  cff its d e n a t u r e d  farm 4-~. XVe may  
assume,  however ,  t ha t  some pro te ins  havc  part~ t h a t  are hx~se, a p p r o x i m a t i n g  the 
xandom s t r u c t u r e  o f  the  d e n a t u r e d  form, and par ts  which are t i gh t ly  coiled in .-w~me 
specific conf igura t ion .  An endopeptida.~e, such as t ryps in ,  will split r ap id ly  thrcmgh 

A~ff)r~viation: T A M E .  N - p . t o l u e n c ~ u l f o n y l L - a r g i n i n e  m e t h y l  ~ t e r .  

F3i,u~hi,n. B iopky ,~ . . -~c ta ,  67 (xc~3)  7 3 - 8 0  



7 4  I~ MIHALYI. J .  E. GODFREY-" 

the :oose parts and if tile secondary and tertiary, s t ructure  of  the t ight  segments 
remain stable, the enzyme might  leave these fragments  relatively intact  °-it. 

Some proteins, like myosin re, y-gi0bulin 18, and tl ',yroglobulin tt  are split very 
quickly into large fragments  by endopeptidases with the production of very little 
non-protein nitrogen and the fragments  then are relat ively resistant  to further 
degradation. I t  appears that  ixl such ca~es the protein molecule has narrow accessible 
region.~ through which the enzyme cuts like a knife, thus  separat ing the large frag- 
ments. The mechani.~m of formation of  the so-called "cores" ,  on the other  hand,  is 
somewhat different l~-xe. Here the parent  protein molecule poss~ses a large segment 
in which the pcptidc bonds are inacce~iblc to the proteolytic enzyme. This core. 
is " sur rounded"  by  a number  of digestible segments which the enzyme removes as 
smaller or larger peptides. Therefore, the core appears late in digestion and is ac- 
companied by a large amount  of peptide material .  On the  basis of the  above con- 
siderations it can be expected tha t  the fast f ragmenta t ion  will yield products  which 
are more homogeneous than  the "cores"  and which retain most  of  their  original 
secondary and tert iar  3, s tructure.  These expectat ions  are borne out  by  the fact t ha t  
such fragments often have the original or some modified form of  the  biolo~cai  ac- 
t iv i ty  of the parent molecule ' ,  sa-'~" 

The mechanism of protein f ragmenta t ion  can be elucidated only by  following 
closely the kinetics of peptide bond spli t t ing {in the pH-stat) ,  the formation of  non- 
protein nitrogen, and the appearance of  f ragments  (in the ultracentrifuge).  Kinezic 
.~tudit~ wi th  other physiochemical (viscosity, optical rotation) or chemical method-~ 
(end-group analysis) m a y  also yield valuable clues to the reconstruct ion of  the mole- 
cular breakdo~n.  T h e e  p rocedur~  can then  be followed b y  the isolation and charac- 
terization of the fragments  produced with respect to size, shape, and  biological 
activity.  \Vilh all the.~e da ta  at  hand,  a gross s t ructural  picture of the protein mole- 
cule c:m ofte~x be constructed. 

Such a multi lateral  approach to the enzymic degradat ion of  proteins ha.s been 
applied to only a very few proteins. In the present paper we want  to report the 
application of these princip[~'~ to the digestion of  fibrinogen by trypsin.  I t  will be 
sht~-n tha t  tr2/psin splits fibrinogen very rapidly into f ragments  wi th  concomitant  
production of only small amounts  of non-protein nitrogen. The reaction has been 
followed by a number  of techniques and  the results will be discussed in terms of the 
structure of the fibrinogen molecule. A prel iminary account of  this work has been 
already published t4. 

I t  m a y  be mentioned here tha t  several authors  m-a~ have i nv~ t iga t ed  the frag- 
menta t ion  of fibrinogen by plasmin; however, the  process aprea~-s to be more com- 
plex than  x~-ith trypsin and ha~ not been studied as yet  in sufficient detail. 

MATERIALS 

Bovine fibrinogen wa.~ purified from Armour 's  Bovine Fraction I. Lot  T4xo5 
according to LAKI's metht~d 28. "['he fibrinogen solutions were dialyzed extensively in 

" Large  fraL~nnents a re  a l so  obUt ined  by  o n e - b y - o n e  r e m o r a [  o f  a m i n o  ac ids  f r o m  t h e  e n d s  
of  t he  l~olypept ide  cha in s  by  exopept idases+ The i r  r o c c h a n i s m  o f  f o r m a t i o n ,  however ' ,  is e o t i r e l y  
d i f f e ren t  f rom tho.~e desc r ibed  a b o v e  a n d  d i scuss ion  o f  t h e m  is o m i t t e d .  

Biockim. Bioptys~ .~c;-,. b 7 09~3) 73-89 



DIGESTION" OF F1BRINOGEN BY TRYPSIN. I 7'5 

t h e  co ld  a g a i n s t  0.3 M KCI  a d j u s t e d  t o  p H  7.0 w i t h  K O H  a n d  c la r i f ied  b y  c e n t r i f u g a -  
t ion  for  3 ° ra in  a t  13 o o o  rev . . fmin  in the  Se rva ] l  ~%.% I: c e n t r i f u g e .  T h e  p u r i t y  o f  t i le 
p r e p a r a t i o n s ,  in t e r m s  o f  p e r c e n t a g e  o f  p r o t e i n  m a t e r i a l  c l0 t~ab ie  b y  t h r o m b i n ,  
d e t e r m i n e d  b y  t h e  m e t h o d  o f  LAKt .8, r a n g e d  f r o m  92 to  9 5 ' ~ .  P r o t e i n  c o n c e n t r a t i o n s  
w e r e  d e t e r m i n e d  b y  a b s o r b e n c y  m e a s u r e m e n t s  in the  B e c k m a n  D U  ~ p e c t r o p h o t o -  
m e t e r  a t  28o  rn/x. T h e  specif ic  a b s o r p t i o n  o f  f i b rb logen  a t  th i s  w a v e l e n g t h ,  c o r r e c t e d  
for  t u r b i d i t y ,  is x . sz  pe r  rng /ml .  T h e  in t r ins ic  visc, o s i t v  o f  o u r  p r e p a r a t i o n  w a s  o .24  d l !g  
a v a l u e  in g o o d  a g r e e m e n t  w i t h  t hose  f o u n d  in t he  k i t e ra tu re  m. O u r  sedLrnen ta t ion  
d a t a  were ,  h o w e v e r ,  s o m e w h a t  d i f fv ren t  fr<~m t h o s e  tmbli.~ht~t b y  o t h e r  w o t k e r s ~ - a x ;  
t h e r e f o r e ,  a s t u d y  o f  t h e  c o n c e n t r a t i o r i  d e p e n d e n c o  o f  the  s e d i m e n t a t i o n  coef f ic ien t  
o f  f i b r i n o g e n  w,'L,; u n d e r t a k e n .  Fig.  ,f s h o w s  .,:~.,,, p l o t t e d  ag:~inst c o n c v n t r a t i o n  in 
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Fig. t. Concentration dependence of s~.,e of fibrinogen Sectimentation a t  59 780 rev./mi n. at 
~x ~. in o..z6 ~'kl KCI, o. t33 .~,t pot~L~ium phosphat~ bui|er Ipll  7. r). The equatio.,~ of the [!ae. 

calculated hy the tnt:tht~l of least square~ i~: *=0.,v = 8-I4 I .53 " Co. 

o 2 6 / I t  K C | ,  o. x 3 3 M  p t~ tas s ium pho .~pha te  bu f fe r  ( p H  7.z2).  T h e  eoncent ra t io rL  
d e p e n d e n c e  w a s  f o u n d  to  b e  m o r e  p r o n o u n c e d  t h a n  a n y  r e p o r t e d  b y  o t h e r  w o r k e r s ,  
a n d  t h e  8 . I 4  v a l u e  o f  sa0,w, t h o u g h  in t h e  r a n g e  o f  v a l u e s  f o u n d  in t h e  l i t e r a t u r e ,  i.~ 
s l i g h t l y  h i g h e r  t h a n  t h e  c u r r e n t l y  a c c e p t e d  v a l u e  o f  7-9 (see ref.  32). 

I ' h e  t r y p s i n  u s e d  w a s  ". cf3,s ta l l ized,  | y o p h i l i z e d  p r e p a r a t i o n  purcha_~ed f r o m  
"~Vorthington Biochemic=. ;  Co., F ree t io ld ,  N . J . ,  L o t  T L 7 2 5 .  I t  w a s  dis~solved in 0.005 N 
H C I  a n d  i t s  c o n c e n t r a t i o n  e s t i m a t e d  ,_,.,1 t h e  ba s i s  o f  i t s  a b s o r b e n c y  a t  28o  m/~ us ing  
a p r e v i o u s l y  d e t e r m i n e d  c o n v e r s i o n  f a c t o r :  a b s o r b a n c y  of  a x.o m g / m l  ~ l u t i o n  a t  
28o mt~ e q u a l  t o  1.66o (see ref.  xo). T h e  c o n c e n t r a t i o n  d e t e r m i n e d  th i s  w a y  a m o u n t e d  
t o  74- ' ]5~/o o f  t h e  c o n c e n t r a t i o n  c a l c u l a t e d  on  t h e  bas i s  o f  t h e  w e i g h t  o f  t h e  m o i s t  
l y o p h i U z e d  e n z y m e  p o w d e r .  T h e  a c t i v i t y  o f  t h e  e n z y m e  w a s  d e t e r m i n e d  in t h e  p H -  
s i a t  u n d e r  t h e  c o n d i t i o n s  r e c o m m e n d e d  b y  EHRENPREI5 LLND ~CI~IERAGA ~ (IO mi  
O.OZ M T A M E  in o . z5  M K C I  ( p H  8) a t  25°), de f i n ing  o n e  u n i t  e q u a l  t o  t h a t  a m o u n t  
w h i c h  w o u l d  h y d x o l y z e  o . z p m o l e  o f  T A M E l m i n .  T h e  a c t i v i t y  o f  t h e  e n z y m e  re-  
m a i m e d  u n c h a n g e d  fo r  v -eeks  a t  4 ~ in t h e  o .oo  5 N H C L  I m g  o f  e n z y m e  (concen-  
t r a t i o n  d e t e r m i n e d  b y  a b s o r b e n c y )  h a d  a n  a c t i v i t y  o f  245 o u n i t s  a n d  t h e  specif ic  
a c t i v i t y  o f  t h e  e n z y m e  p o w d e r  d i d  n o t  d e c r e a s e  o v e r  it p e r i o d  o f  one  a n d  o n e - h a l f  
y e a r s  o f  s t o r a g e  a t  - - x 5  °. I n  s o m e  e x p e r i m e n t s  a t r y p s i n  p r e p a r a t i o n  w a s  u s e d  in 

B;oclt~m. 8iopA~..s. ..tea. 67 (t963) 73-89. 
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which  the c h y m o t r y p t i c  a c t i v i t y  was  d e ~ u o y e d  p r e f e r e n t i a l l y  b y  p a r t i a l  i nh ib i t i on  
of  the  enzx, atie w i th  d i i ~ ) p r o p y i t h i o r o p h o s p h a t e  (k ind ly  s u p p l i e d  b y  Dr.  W . J .  
D R Y E R )  . 

~ > y b e a n  inh ib i to r ,  c rys t a l l i zed  f r o m  etixanol a n d  o b t a i n e d  f r o m  W o r t h i n g t o n  
l~,iochemic~xl t_'o., w a s  d i s so lved  in d is t i l led  w a t e r  b y  a d j u s t i n g  t h e  p H  to  a p p r o x .  7 
wi th  d i lu te  a lkal i .  T h r o m b i n  w a s  pur i f i ed  b y  RASMtJSSE~"S m e t h o d  3. f r o m  P a r k e ,  
D a v i s  T h r o m b i n ,  Topica l .  I t s  a c t i v i t y  was  d e t e r m i n e d  on  T A M E  u n d e r  t he  s a m e  
condi t  ion.~ u~ed for  t r y p s i n  a n d  the  a c t i v i t y  e x p r e s s e d  in the  s a m e  w a y .  T h e  pur i f i ed  
e n z v m e  had  an a c t i v i t y  of  29o un i t s /mR.  

All the  o t h e r  r e a g e n t s  used  were  c o m m e r c i a l  p r e p a r a t i o n s  o f  r e a g e n t  g rade .  

. M E T H O I ) ~  

pH-stat rl , ,s  

A " lq t ra to r  l y p e  i T ' |  I a ,  f r o m  R a d i o m e t e r  Corp . ,  ( :openhi~3en,  wa~ used  in 
c o n n e c t i o n  xshth a T i t r i g r a p h .  T y p e  S B R  zb ,  f r o m  the .same c o m p a n y .  I n  m o s t  o f  
the  d e t e r m i n a t i o n s  a " m i n i a t u r e  p H  e l e c t r o d e " ,  Leed.~ a n d  N o r t h r u p ,  ca t .  No.  xz4x38,  
was  u.c~d. T h e  g lass  e l ec t rode  w a s  c o a t e d  x~-ith B e c k m a n  I )es ico te  x877z as  desc r ibed  
in the  l~ockman  Bul le t in  262-C. T h e  T i t r i g r a p h  a c t i v a t e d  a R a d i o m e t e r  S y r i n g e  
B u r e t t e ,  T y p e  .'~i~l,J In ,  e q u i p p e d  wi th  a n  " A g l a "  M i c r o m e t e r  S y r i n g e  f r o m  B u r r o u g h s  
XVelicome a n d  Co. (Grea t  Br i ta in) ,  o f  0. 5 ml  d e l i v e r e d  v o l u m e .  T h e  r~ac t ion  w a s  
ca r r i ed  ou t  in a b e a r e r  su r romxded  b3: a j a c k e t  t h r o u g h  w h i c h  w a t e r  o f  24.5 ° was  
c i rcu la ted .  S t i r r ing  wiL~ a c h i e v e d  b y  a m a g n e t i c  ~t irrer ,  a n d  a vigorou.s  c u r r e n t  o f  
nitr:~gcn, xva.~hcd t]:rougl~ 4o'J,.-o N a O H  al td  w a t e r ,  e x c l u d e d  CO t f r o m  t h e  r eac t i on  
vessel,  l h e  p i t  szale was  .~tandar¢tized w i t h  s t a n d a r d  bu f~c~  of  f~.Sf~ a n d  9 . I 9  p H  
before  a n d  a f t e r  each  .~erics of  r uns ;  no d r i f t  in t h e  p H  w a s  e v e r  o b s e r v e d .  

A t y p i c a l  rut.  was  m a d e  as  fol lows:  xo m l  o f  f ib r inogen  so lu t ion  in o. 3 ~f  KCI  
t xS.3 mg/ml~ wns pil>etted in to  the  r e a c t i o n  vessel .  Af t e r  t e m p e r a t u r e  e q u i l i b r a t i f m  
,and wi th  t he  s t i r r e r  a n d  , l i t rogen  s t r e a m  on,  t h e  p H - s t a t  was  "allowed to  b r i n g  the  
p t l  of  the  .,~dution tt. t he  des i r ed  v-xlu~_. In  ¢t few m i n u t e s  a s t a b l e  b a s e  l ine w a s  ob-  
t :f ined fat  all  p H  va lues  used) ; 0.5 m l  o f  trylx~in so lu t ion  {494 o u n i t s / m l )  w a s  a d d e d  
w i t h  a bl¢~w-cmt p i p e t t e  a n d  the  r e a c t i o n  a l lowed  to  p r o c e e d  for  2o rain.  o ,166 N 
K O H  ~ d u t i o n  was  u.md as  t i t r a n t ,  d i l u t ed  f r o m  F i she r  Cer t i f ied R e a g e n t ,  CO, - f r ee  
x N K O H .  

l~hyMcochemical and chemical studie.~ of samples inhidited at various stages of the diges- 
tion 

The  genera l  p r o c e d u r e  for o b t a i n i n g  s a m p l e s  i nh ib i t ed  a t  v a r i o u s  t i m e s  d u r i n g  
the  d iges t ion  was  t h e  ~ol!,~x;-ing: 40 m l  o f  f ib r inogen  of  x7.8 m g / m l  c o n c e n t r a t i o n  in 
0. 3 .,%f KCI was  mix~:d w i t h  5 ml  o f  x M p o t a s s i u m  p h o s p h a t e  buf fe r  ( p H  7.xz) .  T h e  
m i x t u r e  was  p l a c e d  in a w a t e r  b a t h  a t  24.5 ° a n d  3 m l  o f  t r y p s i n  so lu t ion  of  x.56 m g  
(3820 u n i t s ) / m l  c o n c e n t r a t i o n  added .  I n  t h e  m i x t u r e  the  t r y p s i n  to  f ib r inogen  we igh t  
r a t i o  was  x to  x52. A t  v a r i o u s  t i m e  i n t e r v a l s  5 -ml  .-manples were  w i t h d r a w n  a n d  
m i x e d  wi th  I ml  o f  s o y b e a n  t r y p s i n  i n h i b i t o r  so lu t ion  of  I l g ]mi  c o n c e n t r a t i o n .  
F o r  t h e  zero t i m e  s a m p l e ,  a s imi l a r  f ib r inogen  m i x t u r e ,  sea led  o o w n  to  5 mi  w a s  
p r e p a r e d ,  b u t  w i t h  the  i n h i b i t o r  a d d e d  first  t o  t h e  f ib r inogen  be fo r e  t h e  t r y p s i n .  T h e  

Biod~i)n, Biopkys. Acta. 67 (x963) 73-89 
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s a m p l e s  were  k e p t  at  4", a n d  no  c h a n g e s  itt the i r  p rope r t i e s  were  ob.~er~'ed over  a 
pe r iod  o f  o n e  wee.k. T h e y  were  a n a l y z e d  in the  u l t r acen t r i f uge ,  vi .gcosimeter,  a n d  
p o l a r i m e t e r ,  a n d  the i r  he r r -p ro te in  n i t r o g e n  c o n t e n t  w a s  e s t i m a t e d .  :MI m e a s u r e -  
m e n t s  were  p e r f o r m e d  wi th in  th ree  d a y s  o f  s a m p l e  p r e p a r a t i o n .  For  a l imi ted  ptir- 
po.c~e i nh ib i t ed  s am p le s  were  also p r e p a r e d  b y  a . ~ m e w h a t  d i f fe ren t  7, .... :<,h, te des-  
c r i bed  later .  

Viscos i ty  measz,r~_ n, ent.s 

An O~twa ld  t y p e  v i . ~ o s i m e t e r  wa.~ u~etl wi th  an  o u t f l . w  t ime  o f  95 . I  se~. a t  
24-~5" wi th  a ~JlutioL~ uf  0 .208 M KCI ir] o.~8[) .~I p h n s p h a t e  buffer  [pH 7.x)+ Vis- 
cos i t ies  were  c a l c u l a t e d  re la t ive  to  the  aln~ve ~>lvent neg lec t ing  the  s l ight  d e n s i t y  
a n d  k i n e m a t i c  co r rec t ions .  

S e d i m e u t a t i o n  s tudies  

S e d i m e n t a t i o n  rams were  m a d e  in tile Spinc¢~ .Model F. u l t racen t r i fuge ,  a t  5 9 7 . ~  
r e v . / m i n ,  e m p l o y i n g  a s t a n d a r d  4 ~ cell wi th  a KeL-F cen te rp iece ,  a n d  u~ing the  
Sch] ieren  o p t i c a l  sy s t em.  T e m p e r a t u r e  vva~ m a i n t a i n e d  c o n s t a n t  d u r i n g  each  rtnl 
in t h e  r a n g e  x i  ° t o  z.l ° w i t h  the  R o t a r y  T e m p e r a t u r e  I n d i c a t o r  a n d  Con t ro l  Un i t  
supp l i ed  b y  the  m a n u f a c t u r e r .  T h e  p h o t o g r a p h i c  p l a t e s  w e r e  mea-~ux'ed in a B a u s c h  
a n d  L o m b  ~-i-,~l, C o m p a x a t o r ,  Cat .  No. 3 3 - i 2 - i  z. T h e  s e d i m e n t a t i o n  coeff icients  
were  c o n v e r t e d  t o  s t a n d a r d  conditi ,qn~ o f  w a t e r  a t  2o ° w i t h  the  use o f  the  vi~:ositie_g 
a n d  dens i t i e s  o f  the  s o l v e n t  a t  t he  ~'ariou~ t e m p e r a t u r e s  o f  the  run'; .  

T h e  re la t iv~ c o n c e n t r a t i o n s  o f  the  s ed i : nen t i ng  c o m p o n e n t s  were  d e t e r m i n e d  
f r o m  t h e  a reas  u n d e r  the  Sch l i e ren  cu rves .  "l'hese areiL,~ w'ere m e a s u r e d  b y  t r a c i n g  the  
c u r v e s  p r o j e c t e d  b y  an  O m e g a  Type. D2 p h o t o g r a p h i c  e n l a r g e r  {found to  be free 
f r o m  d i s t o r t i ons )  un a th in  c~trdbt~ard S*.Tathmore paper ,  s ingle ply,  c u t t i n g  t h e m  
o u t  w i t h  scissors  a n d  w e i g h i n g  t h e m  on *he a n a l y t i c a l  ba lance .  The  we igh t  per  u n i t  
a r e a  o f  t h e  c a r d b o a r d  a n d  its c o n s t a n c y  were  detert tLined b y  c u t t i n g  o u t  a n d  we igh ing  
.~luares o f  m e a s u r e d  sur faces .  The  w e i g h t  was  c o n s t a n t  t o  b e t t e r  t h a n  x ~b, a n d  ~.Jte 
r e p r o d u c i b i l i t y  o f  the  a r e a s  u n d e r  the  c u r v e s  was  also o f  thi~ o rde r  o f  p r ~ i s i o n .  
R u n s  u s i n g  o n l y  the  so lven t  u n d e r  e v e r y  se t  o f  e x p e r i m e n t a l  c o n d i t i o n s  were  m a d e  
to  de l i nea t e  t h e  base  line u n d e r  the  arelt.~. T h e  acca  m e a s u r e m e n t ~  ",','ere m a d e  ~,q t,~,'d 
p a t t e r n s  o b t a i n e d  a f t e r  80 min  of  c e n t r i f u g a t i o n .  T h e  areas  were  c o r r e c t e d  for rad ia l  
d i lu t ion ,  bu t  no  a t t e m p t  was  m a d e  to  corvecz f~r ~he J o h n s t o n - O g s t o n  effect. 

Optical  rotation m e a s u r e m e n t s  

R o t a t i o n  m e a s u r e m e n t s  were  p e r f o r m e d  wi th  the  R u d o l p h  Precis ion u~tr~vi<~!ct 
p o l a r i m e t e r ,  Model  8o, e q u i p p e d  wi th  the  l / u d o l p h  p h o t o e l e c t r i c  p o l a r i m e t e r  a t t a c h -  
m e n t  a n d  an  osciLlating p o h r i z e r  pr ism.  T h e  R u d o l p h ,  Model  61o x e n o n - a r c  l a m p  
w a s  u s e d  as  a l ight  source .  R e a d i n g s  were  m a d e  a t  37o m #  wi th  the  s ampIes  con-  
t a i n e d  in a r - r im tube .  

N o n - p r o t e i n  ni lrogen daerminat ioJ~s 

In  p r e l i m i n a r y  e x p e r i m e n t s  it was  e s t ab l i shed  t h a t ,  w i t h  n a t i v e  f ib r inogen ,  
va_riation o f  the  t r i c h l o r o a c e t i c  ac id  c o n c e n t r a t i o n ,  i n c u b a t i o n  t ime ,  a n d  t e m p e r a t u r e  
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had lit t le effect upon the absorbancy  of  the  supe rna tan t  solution, which was of the  
order  of o: o .2 /o  of  the  total .  On the  o ther  hand,  var ia t ion  of the above condi t ions had 
a pronounced effect on the amount  of  absorbing materiai~ in the  supe rna tan t s  of 
trTv-ptic digests o f  fibrino~en. Increasing the  trichlt~roacetic acid concent ra t ion  from 
5 to zS'~b decreased the  absorbancy of the superna tan t s  by  abou t  40%,  and a fur ther ,  
but  smarter, decrease was ob ta ined  by lowering the t e m p e r a t u r e  to o ° and prolonging 
the incubation.  Thus  a clear-cut  separat ion of  nnn-prote in  ni trogen and protein 
nitrogen is not  possible. Arbi t rar i ly ,  for the non-prote in  n i t rogen determination.% 
the following condi t ions were chosen: 15°/o final t r ichloroacet ic  acid concent ra t ion  
and 45 rain incubat ion  t ime a t  o ¢. After  incubat ion the  sample.~ were centr i fuged in 
the .Ker~-all .MMel $5 x centr ifuge for 2o rain and the  absorbancies of  the  super-  
natant.~ measured.  Aliquots were then digested with HsSO, and C u S O , - K H S O ,  
ca ta lys t ;  the  ~tmnlollia was l iberated in Conway dishes and  es t imated  with Nessler 's 
reagent.  

Reaait~ty toward ~hrombin 

The d o t t i n g  abi l i ty  of  fibrinogen a t  various stages of t ryp t i c  digestion was 
te-~ted with t h r o m b h ,  B c c a ~  ~,f the r ap id / ty  with which t ryps in  des t roys  clot ta-  
bility, t he  digestion was run with a much  lower t ryps in  concent ra t ion  than  tha t  
described eaxlier. 4 m|  o! fibrinogen of  zg.x 5 mg/rnl concen t ra t ion  was ndxed  with 
o. 5 ml of  x M putassium phospha te  buffer (pH 7.z). To the above  mix ture ,  held at 
25 ° and st irred by a magnet ic  stirrer,  was added  o. 5 ml of  t ryps in  of  o.o9I mg 
(223 mfits)/ml concentra t ion ,  resulting in a t ryps in  to  fibrinogcn rat io  of x : x{>8o. 
At a t imed  interval ,  as short  as xo ~ for some runs, x.o ml of inhibi tor  solution of 
x.o mg/ml concent ra t ion  was added to the  mLxture. The  procedure  was repeated  
with different digestion t imes to ccmaplete the sample serie.g. 

2-ml al iquots  f rom each .sample were p ipe t t ed  into 5o-ml Servall  centr i fuge 
tubes, each conta in ing  8.o rnl of a solution of  0.3 M KCI and o.oz5 Ai r KH~PO,.  
The resulting n d x t m c  had a I~lt of  app rox ima te ly  6. 5 which is well within the raqge 
m which fibrinogen forms a compre.~,~ible clnt o.I  rnl of  th rombin  solut ion of 3o units/  
m! concent ra t ion  was then added to each tube  and  the tubes  were allowed to  incuba te  
overn izh t  at  4% The  tubes  were spun down for 2o rain in the  Servall  SS r centr i fuge 
in the cold and  the  SUlx:rnatant ~dut ions  from which the  clots ~-parated well were 
read at  280 rr~u in the  Beckman DU spect rophotorneter .  The  readings were correc ted  
for the amount  of  non-c |o t tab le  mater ia l  originally present in the  fibrin~gen solution. 

RESULTS 
p H-st~2 struties 

The  digestion react ion was followed in the pI4-stat  at  o .5-pH intervals  over  the 
range of  pH  7.o--9.5. The  curve~ obta ined  were analyzed in the manner  proposed by  
L t o ~ t s  ss. I t  was immedia te ly  apparen t  t h a t  the prolonged digestion of  fibrinogen 
very  likely involves all the bonds  in the  molecule theoret ical ly  susceptible to  t rypsin,  
di,~fided into three,  or p n ~ i h i y  more di:~tinct react ion rate cl~,~ses. A kit, eric analysis 
of  exhaus t ive  digestion did not  seem feasible, for. ob~-iou.~ly, complex kinetic curves  
of  this t ype  axe su.,~:eptible to  ma themat i ca l  descript ion in t e rms  o f  var ious combi-  

Bwckim, Biophys. Acta, 67 (19(~3) 73-89 
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n ~ t h m ~  , , f  .~ in ,u | t an ie~us  [ir.,,t ot '~ t : l  r e a c t i o n s ,  n ( m e  t)f w h i c h  m a y  h a v e  a n y  r e t i ec t i a )n  
i n  r e a l i t y .  H o w e v , , r ,  t h e  f i r s t  20  3 o mirn ~)f t h e  [)~t~t~ u p t a k e  c a n  b e  a n a l y z e d  in  t e r m s  
o f  o n l y  t w o  d i s t i : a c t  f i r s t  o r d e r  r e ac t i on .~  Mxnce, a~ wi l l  b e  s h o w n ,  t h e  s l o w e r  r e a c t i o n s  
h a v e  p r o g r e s s e d  i n s i g n i f i c a n t l y  in  t h i s  s h o r t  t i m e  i n t e r v a l .  T h e ~ e  t w o  r e a c t i ( m s  c :m  I:e 
c o r r e l a t e d ,  m o r e o v e r ,  w i t h  c e r t a i n  w t , l l - d e t i n e d  | )hy .~ica l  a l t e r a t i , m . ~  tlnu.~ l e n d i n g  
c r e d e n c e  t o  t h e  a n a l y r ,  i_q a s  a t r u e  d e s c r i p t i o n  . f  t h e  d i g e s t i v e  p r o c e s s .  B e c a u s ~  a t t e n -  
t i o n  w a s  focusec l  u l ) t m  t h e s e  i n i t i a l  r e a c t i o n s ,  tht~ d i g e s t i o n  w a s  f o l l o w e d  in. t h e  p i l -  
s t a t  fo r  o n l y  2o  r a i n .  

T h e  rt:a<'ti~m c u r v e s  a r e  shown in  l : ig .  2. K ' ( . p r t , d u c i b i l i t v  ~ f  t h e  ('t~r~'('~ wa< e x -  

. ~:7.~ ~ - '  
° °  . . . . .  

.x'r 

m • o .~ o- * " "  [ 
it ? 0  

• o L *  " * . . . .  • " .. 

x - .  ~ - - ~  i I 

p~ r . L j T ~  g 

Fig. 2. lka.se u p t a k e  du r ing  the d iges t ton  of t ibnnogen  at  var ious  p H  valut.~. Cur~'t-s shown wet t- 
t r aced  hy  the  pFl-~ta t ,  whih. thlT po in t~  x~'t~rt, t-atculat~.(l ,~in the basis  of  the  assumc~! r~>acti,n 
mechan i sm,  a~ ~-,xplaint.<t in the  t,,xt.. "The- ntlrnl,t,r t)n ,,;tt'h c"tlT~.'e indica~,~s the  pH of  the  cxl:cr i-  
mont .  In t,;itch t, Xl~t-rirnent there: ~t~i~ lS j  nl K t~f f i t ~ t ' i n 4 ~ g t ' I I  :rod "47 ° uni t s  of t ryps in  in to. 5 an] 

~ . o ]  tl  zFItd. 

c e l l e n t ,  o f  t h e  o r d e r  o f  o . z - o . 4 / t m o l e s , ' z 5 o m g  t~f f i b r i n o g e n .  Tim. m a t h e m a t i c a l  
a n a l y . ~ i s  c a n  he. o u t f i n t ~ l  a s  f o l h ) w s :  F , w  a f i r s t  o r d e r  r e a c t i o n :  

log dr/al l  -- h~g .-I,ke g¢td t I )  

T h u s  a p l o t  o f  l og  r a t e  v e r s , s  t i m e  s h o u l d  g i v e  a .~ t ra igh t  l i ne  w i t h  t h e  sh)i .~ e q u a l  
t o  - k t 0  ( r a t e  c o n s t a n t  c a l c u l a t e d  ~ i t h  ~.omm~,Ja d v t : i m a ;  l o g a r i t h m s )  a n d  int t -~ccpL 
t . 'quid  t o  l o g  Aoke,  i.e., t h e  t o t a l  n u m t ~ e r  o f  b o n d s  t a k i n g  p a r t  in t h e  r e a c t i o n  m u l t i -  
p l i e d  b y  t h e  r a t e  c o n s t a n t  c a l c u l a t e d  w i t h  n a t u r a l  l o g a r i t h m s .  S u c h  a p l o t  is  s h o w n  
in  F i g .  3- T h e  p r o j e c t e d  s t r a i g h t  l i ne  r e p r e ~ e n t ~  t h e  s l o w  r e a c t i o n  a n d  f r o m  i t  w a s  
c a l c u l a t e d  .,10akct. T h e  d e v i a t i o n  f r o m  t h e  s t r a i g h t  l i ne  in  t h e  i n i t i a l  p h a ~ e  c o r r e s p o n d s  
t o  t h e  f a s t  r e a c t i o n .  T o  a ~ e r t a i n  it.-; e x t e n t  t h e  s l o w  r e a c t i o n  w a s  r e c o n s t r u c t e d  f r o m  
t h e  c a l c u l a t e d  A0a a n d  k~o,~ a n d  t h e n  s u b t r a c t e d  f r o m  t h ~  e x p e r i m e n t a l  c u r v e .  T h e  
r e s u l t i n  K d i f f e r e n c e  c u r v e ,  c o r r e s p o n d i n g  t o  t h e  f a s t  r e a c t i o n ,  l e v e l s  of f  a t  a v a l u e  
c o r r e s p o n d i n g  t o  t h e  e x t e n t  o f  t h e  f ~ t  r e a c t i o n ,  A0n. T h e  l o g  o f  t h e  u n r e a c t e d  b o n d s  
is  p l o t t e d  ; a g a i n s t  t i m e  in  t h e  i n s e t  o f  b ' ig.  3. F r o m  t h e  s l o i m  o f  t h e  s t r a i g h t  l i n e  t l i u s  
o b t a i n e d ,  t h e  r a t e  c o n s t a n t ,  k to . t ,  o f  t h e  fa_-~t r e a c t i o n  w a s  c a l c u l a t e d .  W i t h  t h e  

U,o~hi.~÷ Biophys..4Ma. b7 {tO~3) 7~ ~ 
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Fig+ 3, Analy.~is of  the pH-stat etltx'e obtained at pH 8.$: Logari thm of the r~te of base uptake 
plotted against time. Straight line e0n'e~ponds to slow reaction; dcviation from it is caused l)y 
fast reaction. Insert" plot of the fast reaction calculated from the difference of the slow and the 

overall reaction. For details SL-'¢' text. 

cons t an t s ,  A0t a n d  h~o,t, the  fast  r eac t ion  was  r e c o n s t r u c t e d ;  then the  s u m  of  t hc  
two reac t ions  was  ca lcu la ted  and  c o m p a r e d  wi th  the  e x p e r i m e n t a l  curve .  As shown  
in Fig.  z, t he  a g r e e m e n t  is excel lent .  S a v e  for  a s h o r t  middle  sect ion where  ~ m e  o f  
the  expe r imen t a l  curve~ are  s l ight ly  f la t ter  t h a n  the  ca l cu la t ed  ones,  t he  ca l cu l a t ed  
po in t s  fall on the  e x p e r i m e n t a l  line. 

The  Ao's and  k~¢s found  for the  two  reac t ions  a t  va r ious  p H ' s  are  g iven  in T a b l e  I. 

TA BLF_, I 

RATES ANt) BASE CON.gUMPTIONS PER MOLE OF ¥[BR:[NOGEN [ N  THE .gLOW ANI~ FAg'q[" IZEACTIONS 

t ~ A L C U L A T E D  F R O M  -irR[l~. p H - s T A T  C U I R V ] E S  

Rate ctmstants arc calculated with decimal logarithms and time is expressed in minutes. The 
ba.~ uptake is given as mol,~ of base lmr 34~ o4.,o g of llbrtnogen. Fibri~ogen concentration 

was I4.92 mglml; fibrinogcn to trypsin ratio, tSZ " x. 

F a ~  .¢<v.J*a~ ~ 1 ~  r/z#tCli~n 
p t t  - -  

J~ ~ , f~4~  ~,LS¢ k X l 0  t & tob ts  b ~ f  

7.0 o.~t~ 4 ~ 2.f~ :7-3 
7.5 °*57 6,8 4.3 3z,9 
8 . 0  o . s z  z o . ±  .5.1 51 .3  
8. 5 o.97 I2.2 5.9 69,0 
9 . o  O.i~c~ 1 2 . 2  5 .5  8Z.z 
O~S 0 . 8 6  z 2 . 5  4 .9  80 .5  

The  ra te  o f  the  fast r eac t ion  i.g a p p r o x i m a t e l y  ten  Limes t h a t  o f  the  slow. a.nd the  r a t e s  
o f  b o t h  Lhe fast  a n d  slow reac t ions  are  increased  2 -z .5 - fo ld  w h e n  the  pH is increased 
f rom 7.0 to  8. 5 ; a b o v e  8.5 t h e  ra tes  decrease  again.  T h e  m a g n i t u d e  o f  each  A s d e p e n d s  
u p o n  the  n u m b e r  o f  b o n d s  spli t  a n d  their  degree  o f  t i t r a t ion .  I f  tile s ame  set  o f  pe W 
t ide  b o n d s  were split  r e g a x d l e ~  of  p H ,  the  base  u p t a k e  shou ld  fol low the  t i t r a t i ~ l  
c u r v e  o f  the  a m i n o  g r o u p s  l ibera ted  b y  the  spl i t t ing.  Converse ly ,  it is an  ind ica t ion  
t h a t  t h e  s a m e  set  o f  b o n d s  is spli t  a t  each  pH w h e n  the  base  uptake follows a t i t r a t i on  
~:.'~:e. The  m a x i m u m  A o a t tadned a t  p H  h igher  t h a n  9.0 for  b o t h  reac t ions  c o r r e ~  

B/ock~m. B~p~ys. .4a~,  67 (,963) 73-ttq 
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p o n d s  t o  t h e  n u m b e r  o f  b o n d s  spl i t .  I t  is .~een f r o m  T a b l e  I t h a t  t h e r e  a r e  z2 b o n d s  
sp l i t  i n  t h e  fas t  a n d  8o in t h e  s low r e a c t i o n  pe r  m o l e c u l e  o f  f i b r i n o g e n  o f  34 ° o n e  
m o l e c u l a r  we igh t .  

I n  Fig .  4 t h e  b a s e  u p t a k e s  b y  e a c h  react iolz ,  e x p r e s s e d  a_~ f r ac t i on~  o f  t h e  m a x i -  
m u m  a r e  p l o t t e d  a g a i n s t  p H .  T h e  p o i n t s  fit t h e  t h e o r e t i c a l  t i t r a t i o n  c u r v e s  d r a w n  o n  
th i s  f igure  r e a s o n a b l y  well.  As  i n d i c a t e d  b y  t he se  cuAves, t h e  groupc~ l i b e r a t e d  b y  the  
f a s t  r e a c t i o n  h a v e  a p K  o f  7 . 3 7  a n d  t hose  l i b e r a t e d  b y  t h e  s low r e a c t i o n  a p K  o f  7.67. 
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Fig. 4- .Maximal base uptake  of the slow and uf tht-_ fa.~t reaction, calculated as indicatt~d irz Fig. 3 
and plott¢.~cl against p t l .  The curvc~ drawn are theoretical tzt-r-~tion c u r v ~  with the-Jr pJ'~"s zn- 

dicated. 

T h e s e  a r e  r e a s o n a b l e  v a l u e s  for  a - a m i n o  g r o u p s  ~*. T h e y  d o  n o t  d i f fe r  su f f i c ien t ly ,  
h o w e v e r ,  t o  p e r m i t  c o n c l u s i o n s  c o n c e r n i n g  the  e!t~ctrostaLi~ viLit,iLy o f  Liie g r o u p s  
sp l i t  in t h e  t w o  d i f f e r e n t  r e a c t i o n  clm,~e_~. 

X, Ve h a v e  n e g l e c t e d  in o u r  a m t l y s i s  t h e  r e a c t i o n  c lasses  s l ower  t h a n  the  t w o  
fast~,~t ones .  T h e s e  h a v e  a lso  c o n t r i b u t e d  to  t h e  n u m b e r  o f  l>onds b r o k e n  in t h e  
f i rs t  2o ra in ,  a n d  o u r  e x p e r i m e n t a l  A 0 v a l u e s  m u s t  i nc lude  t h e  c o n t r i b u t i o n  fn~m 
t h e s e  s l ower  r e a c t i o n s .  T h e  A o v a l u e  fo r  t h e  s low r e a c t i o n  i~ m u c h  m o r e  a f f e c t e d  b y  
t h i s  e r r o r  t h a n  t h e  v a l u e  fo r  t h e  fa.~t r e a c t i o n .  An e s t i m a t e  o f  i t s  m a g n i t u d e  c a n  b e  
m a d e  b y  e x a m i n i n g  t h e  cur~-es o b t a i n e d  in p r o l o n g e d  runs .  A p rec i se  k i n e t i c  a n a l y s i s  
o f  t h e s e  c u r v e s  is i m p o s s i b l e  b e c a u s e  t h e  d i g e s t i o n  is s l o w  a n d  c o n s i d e r a b l e  i n a c t i v a -  
t i o n  o f  t h e  e n z y m e  o c c u r s  d u r i n g  t h e  p rocess .  H o w e v e r ,  an  a p p r o x i m a t e  e v a l u a t i o n  
s h o w s  t h a t  a t h i r d  r e a c t i o n  cla.~s is p r e s e n t  in w h i c h  a b o u t  25 ° b o n d s  a r e  sp l i t  
a t  a r a t e  s~mme 7 ° t i m e s  s l o w e r  t i t an  tho.~e in t h e  s e c o n d  class.  T h e  c o n t r i b u t i o n  
t , f  Lh~ t l , i rd  c]a_~s ~n t im f i rs t  xo ra in  e l  t tae r e a c t i o n ,  c a i c u i a t e d  f r o m  t im a b o v e  
r e a c t i o n  c o n s t a n t s ,  a m o u n t s  t o  7 - 8 %  o f  t h e  t o t a l  n u m b e r  o f  b o n d s  sp l i t  o v e r  

- - -  ~ t  . *= thi~ izariocl o f  t ime .  O u r  A o ~-alucs fu,  ~,l~'t'" scco i id  i'6:&ctiolt ¢1~--~ d t c ,  u t ~ t t ~ a u t ¢ ~ ,  

o v e r e s t i m a t e d  b y  a b o u t  7 - 8 % .  I n  all, t h e s e  t h r e e  r e a c t i o n  c l m ¢ , ~  a c c o u n t  fo r  
a p p r o x .  9 3 %  o f  t h e  t o t a l  t h e o r e t i c a l l y  s u s c e p t i b l e  b o n d s  t o  tr3q~sin in t h e  f ibri-  
n o g e n  m o l e c u l e .  

O v e r  t h e  z o - m i n  r e a c t i o n  p e r i o d  t h e r e  w a s  n e i t h e r  s ign i f i can t  i n a c t i v a t i o n  o f  
t r y p s i n ,  n o r  i n h i b i t i o n  b y  r e a c t i o n  p r o d u c t s .  B y  a d d i n g  T A M E  or  f resh  f i b r i n o g e n  
t o  t h e  r e a c t i o n  m i x t u r e  a f t e r  20  m i n .  i t  w a s  f o u n d  t h a t  t h e  r a t e s  o b t a i n e d  d id  n o t  
d i f f e r  b y  m o r e  t h a n  a p p r o x .  I O %  f r o m  t h e  r a t e s  o b t a i n e d  w i t h  t h e  s a m e  c o n c e n t r a -  
t i o n s  o f  s u b s t r a t e  a n d  . enzym e  f r e s h l y  c o m b i n e d .  

~io¢/~m B/o~kys. Ac-ta. 6 7 (t963) 73-8g 
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Sedi~t:c~:tatio~ s ludi~ 

S a m p l e s  for  the  u l t r a c e n t r i f u g e  r u n s  w e r e  o b t a i n e d  f r o m  t w o  ser ia l ly  i nh ib i t ed  
d iges t ions :  one u~ing the  u sua l  r a t i o  of  f ib r inogen  to  t r y p s i n  o f  x5z to  I wh ich  con-  
v e n i e n t l y  a l lowed for the  fol io~ ' ing o f  the  c h a , g e s  a~soc ia ted  w i t h  t h e  s low reac t ion ,  
a n d  a second  wi th  a four - fo ld  r e d u c e d  t r y p s i n  c o n c e n t r a t i o n  for  t h e  s t u d y  o f  t he  
fas t  reat : t ion.  Fig.  5 s h o w s  the  p a t t e r n s  o b t a i n e d  ~Sth  t h e  lower  t r y p s i n  c o n c e n t r a -  
t ion.  I t  is a p p a r e n t  t h a t  t h e  s e d i m e n t a t i o n  c~eff~cient o f  f ib r lnogen  c h a n g e s  bu t  l i t t le  

Omla I ,;,t~1 n Z n,,l* 5ra in  I0 ,l~n 

Pig. 5 ~ d i m e n t a t i o n  pattttrl3s of  f ib r inogen  d iges t s .  T i m e  o f  t l igc~tion in m i n u t e s  is i~ltlicatctl 
und~r each frame. Fibrinogen concentration, 7-50 mglml: trypsin to fibrinogen ratio, i : ¢x3ft. 
Solvent: t~.26 hf KCI in 0.035 ,V/ potassium phosphate buffer (pH 7.x). Patterns obtained after 
32 mir~ centrffugation at 59 780 rcv-/t"in at  23 e. s,.u. of f&stcr pr-ak: I rain, 9.fl.~; 2 mi.q, 9.83; 

5 rain. 9.80; xo rain. 9.09. 

du r ing  the  fas t  r eac t ion .  T h e  l)ri t , , i ; , le ch ; ,nge  is f r o m  a h y p e r s h a r p  b o u n d a r y  *.o 
one  s p r e a d i n g  fa i r ly  r ap id ly .  AI~o, a ~ntah p e a k  a p p e a r s  on t h e  fas t  side o f  t he  m a i n  
p e a k  which  d i s a p p P a r s  aga in  t o w a r d  the  end  c f  t h e  r e a c t i o n .  

As sho~m in Fig. 6 m u c h  m o r e  p r o n o u n c e d  c h a n g ~  a re  u b s e r v e d  w i t h  m o r e  
a d v a t l c e d  d iges t ion .  Af t e r  t he  c h a n g e  of  the  h y p e r s h a r p  i n t o  t h e  s p r e a d i n g  b o u n d a r y  
(occur r ing  ";:~ the. first 2 -  3 rain) a new.  s lower  m o v i n g  b o u n d a r y  a p p e a r s  wh ich  in- 
c r e a ~  in size a t  lhe  expen.~e, t>f the  or ig ina l  peak .  T h i s  t r ans f i~ rma t ion  s eems  to  b e  

" i ' w+ 
0 rain 

IY 
9 M|h 

2 ~) mtrt 4 m~n 

13 rain 2 4  rr.ln 

min 

40ndn 

Fig. G. Scdimcntatlon patterns of fibrinogen digested wi th  trypsin ~,t an enzyme to protein 
ratio  o f  x : s52.  T i m e  o f  d iges t ion  in minutea  is  i n d i c a t e d  onder  e a c h  frame.  F i b r i n o s e n  coocen-  
t~ration, i 2 . 3 6  rag Iml+PaCterns obtaJued af ter  80  rain centrtfugatix ,n at  59  780 r e v . / m i n  a n d  22 °. 

~ o l v e n t :  o .2x M KCt in o,o 9 M p o t a s s i u m  phQ~phate  b u l l e t  (pH 7-~L 

Biock~m, BWphFs, .4eta. 67 (t9~3} 73-8C 
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near ly  complete  af ter  z4 rain of  dige~stion. On the z4-min digcstion p a t t e r a  one can 
also see a barely  visible, still ~lower peak, which becomes more  apparen t  a f te r  4 ° rain 
of d iges t ion .  

The  s~Simentat ion ecwefficients of  the various components  are li~ted in Table  I1. 
A modera te  increase in the sso, w of the original peak is noticeable as the digestion 
proceeds, p robab ly  becau_~, o f  diminLshing interact ion of  the particles. The  s20.~, of 
the slow component ,  on the o ther  hand,  ~fLc~ ,t ~light initial drop (which may  be a 
reflection of  minor molecular  t ransformat ions  still going o.~ at this stage) remains 
essential ly constant .  

T.X L g L E  !1. 

R E I . A T I V E  ( ' O N C F ; , ~ T R , ~ , * I  I O N S  . '~ND S E D I M E N T A T I O N  C O E F F I C I E N  t %  t } F  THI%" C O M P O N F ; N ' f ' - 3  

O F  D I G E S T E D  . ~ A M I ' L t L ~  D E r ; : . R : ~ I I N t - . D  I N  U L r K ~ . C E N T R I F U G A L  RU. 'NS  

F i b r i n o g e n  c o n c e n t r a t i o n  W,'LS [ Z.3~p l u g / m }  T r y p ~ i ¢ l  t o  r i b r i n o g c n  r a t i o ,  ] : z 5-" ( p l  ! 7+ i )  T e m p .  : 4 . . 3 "  

r i,.~¢ . , [  F t h t t ~ t ~ t ~  I ' . a C * e , * . ~  .[ .l" Fugt r t t t t .~  I I  .-I r , ' a  "teACZI 

4 i e g ' s t b m  Kcq;it  r ~(- t ' tCq:il 0"¢ [~r [~t t t ' ;  t ~£¢'le~'z I "t 
/ $ ¢ t J ]  i ' - p / J / ( ~ t / t { J s t J l  • ~>' :*"  ¢ l nc t ' q t r~ l : r , ) t s  c . .~ CO;jC~.Itt~It~.~I i ~ w~;/" ¢:o~t¢~-,..tl.,~ti.a~.l 

O ] o o  ( ) .  2 9 . . . . . .  o 

l . o  9 b  6 . 0 0  . . . . . . .  4 
z . 3  9 5  6 . 1  ( 3 o 
4 , o  8 2  6 . 4 5  t [ 7 
6 . 0  6H G . 3 u  z:~ 5 , 7 9  - 7 
O . o  .5 ! G..17 ;r> :5~48 3 

1 3 . 0  3 2 6 . 0 o  .5 ~ 4~98 "" 17  

2 4 - 0  7 G - 7 6  74  -t ,qG 6 "-- ! 3 
4 o  o o (~} i . q 4 )  R 3.73 -'3 

The  relat ive areas under  the curves, c(>rrccted fl)r radial  dilution, are also given 
in TabIe I I. By  the end of  4o rain o f  digestion the  t(,tal area h ~  decrea.~d by about  
2o%,  which corresponds approx ima te ly  to  the non-protein  nitrogen de termined  at  
this s tage with tr ichloroacet ic  acid prec ip i ta t i .n .  The  decrease in the area of the 
fast  peak  follows fairly closely an apparen t  first order  react ion scheme but seems to 
have an initial lag period app rox ima te ly  equal  to the dura t ion of the  f~gt reaction. 
From a plot of  log of  remaining fast comImnent  versus time, a rate con.~tant of 
5.0- to-Z/rain can be calculated. 

Viscosily studi~ 

The  dig~ition of  fibrinogen is accompanied  by  a viscosi ty drop which appears  
to follow the disappearance o f  the fibrinogen in the ultracentrifuge.  As is f requent ly  
observed wi th  e longated  particles,  the logar i thm of  the relat ive viscosity of fibrinogen 
is a l inear funct ion of the  concentra t ion.  Therefore,  in analyzing the viscosity change, 
the  logar i thm of  the relat ive vi .~osity WaLS used instead of  the viscosity itself. Because 
the xd.seosity cont inues  to  de(.area~ slowly even af ter  the complet ion o f  the react ion 
.~q seen in the  ul t racentr i fuge,  it is difficult to  choose an end point  corresponding to  
this complet ion.  Guided by  the ul t racentr i fuge pat terns  one can ta'~e the  viscosi ty 

Biochtm. B iopkvs . .4c~ .  6 7  (*.9,f, J J  7 3 - ~ s 9  
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of  the  4e-ra in  digest  as t h a t  c o r r e s p o n d i n g  t o  t h e  end of  the  reac t ion  ( a l though  the 
p a t t e r n  a l r e ady  shows  ~light s e c o n d a r y  changes) .  The  f rac t ion  o f  u n r e a c t e d  f ibr inogen 
wiU then be g iven  byS~: 

C:, '-- I_O_K ~ :  - -  log l r i t -  {Z} 

log ~14~, - log 

Fig. 7 show.~ the  usua l  fiist o rder  plot  o f  this  q u a n t i t y ,  a n d  f rom it a r a t e  con-  
s t an t  of  5-5" x o - t / m i n  was  ob ta ined .  A l t e rna t i ve ly ,  one  can  use the  dlog~ r~Udt versus 
t ime  plut to ob ta in  the  ra te  c o n s t a n t  a n d  the  end  point .  A p lo t  of  th is  k ind  shows  a 
fair ty good adhe rence  to  first o rder  kinet ics  a n d  a r a te  c o n s t a n t  o f  5 . o " i o - a / m i n ,  
which is in good  a g r e e m e n t  wi th  the  va lue  o b t a i n e d  b y  the  s impler  ca lcu la t ion .  The  

r.O 

i l l  

| D  

G |  

0 4  

0 4  
0 

1 

m T ~ l  

Fig. 7- First order plot of the visct~ity chang., as defined in text. ~gainst time. Trypsin to fi- 
brinogen ral2"., I : iSz (pH 7"]). 

viscosity change follnwed first order kinetics very closely when the observations were 
limited to the first 4o rain of the reaction. After this period of time there was a very 
slow change in viscosity corr~lmnding to the complete dig~,~tion of the fibrinogen', 

Optical rotation changes 
- v . t  _ 

t h a t .  as the  reac t ion  p roceeded ,  the  op t i ca l  r o t a t i o n  decreased  f rom an init ial  lae- 
v o r o t a t o r y  value.  A log ra te  versus t i m e  plot  s h o w e d  a good  fit to  a first o rde r  k inet ic  
~:urve wi th  no  ev idence  o f  a fas te r  reac t ion ,  T h e  m a x i m u m  r o t a t i o n a l  c h a n g e  cal-  
cu la t ed  f rom this p le t  is 6.3 ° a n d  t he  r a t e  c o n s t a n t  is 7.8-  to-Z/rain.  

" %Vith ~ome trypsin preparations that  contained a higl~r than usual chymotrypsin con- 
tatIRir.&tioo, the srtraight line of the logarithmic plot gave an extrapolated zero time viscosity 
vaJue below the ooe obtadned with a tTy~n-free  b~nk,  suggestlng the pr~ence of i f ~ t  inlti~ 
re~ct/on. ThLs apparent fast reaction w ~  probably ¢~med, however, by the incomplete inhibition 
o f  the chymotrypsln impurity by the soyb~n  inhi1~tor, because i t  w a s  a b s e n t  w h e n  e h y n , o t ~ y p s / n -  
free trypAn prepa~tions were ur~d. 

Biochin,. BiopAy~, Acts, 67 (x965) 7 3 - 8 9  
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Non-protein nitrogen delerminations 

Fig. 8 shows the a m o u n t  o f  non-pro te in  ni t rogen p roduced  dur ing  digestion as 
d e t e m f i n e d  by  a b s o r b a n c y  mea~urement.~ at  28o m/~ aazd b y  ni t rogen de t e rmina t i ons  
o f  the  t r ich loroace t ic  acid supernatant.~.  It is seen tha t  the  f ract ion o f  n i t rogen liber- 
a t ed  i~, a p p r o x i m a t e l y  twice as high a_s the. f ract ion t~f the to ta l  u l t rav io le t  absorp t ion  
a.,~st~ciated wi th  the  non-pro te in  nitrc~gen. Appa ren t l y  the low molecular  weight  
p roduc t s  ha ve  a Lower rr~ntcnt o f  ar~,matic amino  acids t han  the  l)arent f ibr ino~ 'n .  
l ~ e  lng r a t e  versus t ime  t;[ot in'.~.icated the p r e ~ n c c  ~ff a fast and  a slow react ion with 

i 
J l l  ~ l l  T i l l  I T I 

I ,p 

, a  / 

g ] 
. ~ .~.._...__......._._e~ 

r l [ 5  

Fig,  8. A m o u n t  o f  nitr<)t~cn ( H )  a n d  o f  t h e  a t m o r b a n c v  a t  zSo mtz ( C>= fD). t~oth ('xl)rt~.~-d 
as  p e r c e n t a g e s  o f  t h e  t o t a l ,  in  ~ u p e r n a t a r . t s  o f  t r ichlor t~:¢t ; t ic  ac id  p r c c i p i t a t c s  o f  d i g e s t e d  s a m p l e s  
plotta~d a g a i n s t  t i m e  o f  d i g e s t i o n .  T r y p s i n  to  f ih r ino~en  rz t io ,  z : t5~. F i b r i n o g e n  concentra t ion ' . .  

n- ' .3b m g ] m l  (pH 7-t)- 

the ra te  c ons t a n t s :  o .6 /min and 5.9" z 0 z / m i n ,  respect ively ,  wi th  o.92'Vo ~f the 
to t a l  n i t rogen  being liberatcwl in the f~L',t and I3.3'].b in the  slow react ion.  

Clottability ~'ith theombin 

Clot t ing  was comple t e ly  absen t  in the  sample  digested for z rain with the usual 
x : xsz  t ryps in  to  f ibr inogen rat io.  Therefore .  as indica ted  in ~lE'rHor~s, the t~ 'ps in  
c o n c e n t r a t i o n  was r educed  a p p r o x i m a t e l y  zo-fold to  a t ryps in  to f ibrinogcn ra t io  of  
x : 1665. T h e  series of  inh ib i t ed  mi x t u r e s  was then  t e s t ed  ~dth th rombin .  Soybean  
t ryT~in inh ib i to r  d.~e~ no t  in te r fe re  wi th  the  ac t ion  o f  thrombinSal 

%Vhen t h e  a m o u n t  of  f ibrinogen c lo t tab le  by  t h r o m b i n  was p lo t t ed  against  t ime  
o f  digest ion wi th  t ryps in  a s t r a igh t  line wa~ obtahaed suggest ing zero order  kinet ics  
for  t he  i nac t i va t i on  process.  However .  the d a t a  also fit r easonably  well a first o rde r  
p lo t  o v e r  more  t h a n  50°.'o of  the  inac t iva t ion .  In  m a k i n g  a choice be tween  the  two 
k ine t ics  the  poin ts  t owar d  the  end  nf the  react ion would  be o f  decisive impor tance ,  
bu t  o b v i o u ~ y  these  axe also the  least accu ra t e  nnes. Incomple te  c lo t t ing  because of  
the  low f ibr inogen concen t r a t i on ,  inhibi t ion by  the  i n a c t i v a t e d  mnlecutessL or over-  
co r rec t ion  for  the  or iginal ly  p resen t  unc io t t ab t e  mater ia l ,  would  all t end  to increase  
the  a m o u n t  o f  a p p a r e n t l y  unc lo t t ab l e  matecia t  found,  t hus  shi f t ing the  reac t ion  
towards  a n  a p p a r e n t  zero o rde r  kinetics.  Fo r  the  sake o f  more  r eady  compar i son  

Bi~Ai~ .  B i~kys.  A~ra. ( 7 (z963) 7 3 ~  
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l:rg, ~p I.~,g.rithnl c,t ixnaount of clottable fibrinogen plotted against  digesti(m timid. Tryl~sl. t~ 
fibriztogcnt rati,,~ ] nG~G 5. Fibrinogcn ¢onccrttration t5-5, rag/rot (pll  7-])- 

w i t h  t i le r~'.~t o f  t h e  k ine t i c  d a t a ,  we h a v e  d e s c r i b e d  t h e  p roce s s  b y  a f i rs t  o r d e r  p lo t  
()f the  d a t a  (Fig. t)). Thu  r a t e  c o n s t a n t  f o u n d  w a s  o . 3 9 / m i n  a t  a t r y p s i n  c o n c e n t r a t i o n  
(}t" 22.~J ~nit.~/unl. 

DISCUSSION" 

T h e  ~equence  t>f e v e n t s  d u r i n g  the  e a r l y  p h a s e  o f  t h e  d i g e s t i o n  o f  f i b r i n o g e n  b y  t r y p -  
Mn c a n  be  d e s c r i b e d  as  fo l lows:  T h e r e  is a f a s t  r e a c t i o n  i n v o l v i n g  t h e  s p l i t t i n g  o f  
x2 p e p t i d e  b o n d s  pe r  m o l e c u l e  of  f i b r i n o g e n  o f  34o o o o  m o l e c u l a r  w e i g h t ,  a c c o m p a n i e d  
})3' v e r y  l i t t l e  a p p a r e n t  c h a n g e  in the  g ros s  s t r u c t u r e  o f  t h e  m o l e c u l e ;  viscrx~ity a n d  
s c c l i m e n t a t i n n  coef f ic ien t  d e c r e a s e  s l i gh t ly ,  t h e r e  is g r e a t e r  s p r e a d i n g  o f  t h e  m a i n  
| ~ u n d a r y  d u r i n g  m d i m e n t a t i o n ,  a n d  a f a s t e r  "nut s m a l l e r  b o u n d a r y ,  a p p e a r s ,  w h i c h  
c i i~appears  b e f o r e  t i le e n d  o f  t h e  r e a c t i o n .  H o w e v e r .  t h e s e  s u b t l e  c h a n g ~  a re  c o u p l e d  

T A B L E  I I i  

S U M M A R Y  O F  T i l l ;  K I N ~ . . T T I C  C O N S T A N T ~  A T  p ] ' ~  7 *  

l;ibrinugen concentration was ]2.3~ mg/ml;  ftbrinogen t o  t rypsin r~tio, t5-" : I. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

it x tot 

pl  l - ~ t a t  o . 3 8  z .b  
Sedimentation Absent 5.5 
V iscosit y Absent 5- 5 
Optical rotation Absent 7.8 
Nen-protein nitrogen formation 0.6 5-9 
ClcJtOtbility with thrt)mbin .t.~ --- 

• ALthough,  t h e  k i n e t i c  c o n s t a n t s  ] i~t~d in th i s  T a b l e  w e r e  o b t a i n v d  ur ,~cr  s l i g h t l y  v a r y i n g  
c o n d i t i o n s  ( p H - s t a t  run~ i n  0.  3 M KCI. all  t h e  o t h e r  i ~  0 .3  M KC1 p l u s  o.  t ,~/ p h o s p h a t e  buffer) ,  
the i r  c o m p a r a b i l i t y  w a s  j u s t i f y t ,  d b y  t h e  s m a l l  c f f ~ t  o f  p h o s p h a t e  i o n s  o b s e r v e d  in  p H - s U t t  
r u n s  p : r f o r m c ( l  ia  the  p r e s e n c e  at, d in  abeen~u o f  o.  l M p h o s p h a t e .  T h e ~ e  e x p e t , m e n t s  w e r e  run  
a t  p H  8.4  w h e r e  t h e  buSerin0t  e f f e c t  o f  phemphe.t~ i o n s  is  n e g l i g i b l e .  
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with  a d r a m a t i c  los~ o f  c lo t t ab i l i ty .  Para l le l  to  this  reac t ion  a s lower rea~=tion pr<x:ec-xts 
t h a t  involves  the  sp l i t t ing  o f  8o pep t ide  bond s  per  molecule  o f  f ibr inogen and  con- 
s iderable  mo lecu l a r  a l t e ra t ion .  ThLs r eac t ion  is a .~x : i a t ed  wi th  t h e  a p p e a r a n c e  in the  
u l t r a c e n t r i f u g e  p a t t e r n  of  a p e a k  ~ d i m e ~  ting m o re  s lowly t h a n  the  n a t i v e  f ibr inugen.  
p r o d u c t i o n  o f  i o n - p r o t e i n  n i t rogen ,  a p r o n o u n c e d  decrease  in the  x4scosity,  and  a 
sl ight  dec rease  in the  op t i ca l  ro ta t ion .  T o  faci l i ta te  co m p a r i so n  o f  the  k ine t ic  d a t a .  
all the  c o n s t a n t s  uf  the var ious  m e a s u r e m e n t s  o f  the  reac t ion  are  assembled  in 
T a b l e  I I I .  

Focus ing  a t t e n t i o n  u p o n  the  molecu la r  changes  effe~ted b y  t h e  .~low reac t ion ,  it  
is seen t h a t  the  r a t e  of  a c c u m u l a t i o n  of  the  s lower s ed imen t ing  mate r ia l ,  as well  as 
t he  r a t e s  o f  t h e  v i scos i ty  and  op t ica l  r t , t a t ion  changes  are  a b o u t  twice  as fas t  a~s the  
slow reac t ion  in t he  p H - s t a t .  One can a rgue  t h a t  the re  is a ~mall n u m b e r  ,,f specific 
bonds ,  b u r i e d  in t he  g r o u p  of  8o, the  b r e a k i n g  o f  which cause~ t h e e  c h a r  ..... :,nd 
whose  r a t e  o f  sp l i t t ing  is t ~ c c  t h a t  o f  t he  whole  group .  A l t e rna t ive ly ,  one  ca,.  , i , . . . . ,  
the  p r o f ~ s i t i c u  t h a t  t he  s p l i t 0 n g  of  on ly  ha l f  of  the bonds ,  t a k e n  r a n d o m l y ,  is suffi- 
c ien t  to  cause  the  a b o v e  m e n t i o n e d  effects,  t h u s  leading ag am  to  a two- fo ld  increa_se 
o f  r e a c t i o n  r a t e  o v e r  t h a t  o b s e r v e d  in the  pH-s t a t .  

T h e  resu l t s  c a n n o t  be  u n a m b i g u o u s l y  i n t e rp r e t ed .  H o w ev e r .  regard less  of  the  
specific b r e a k d o w n  process,  t he  decreases  in s e d i m e n t a t i o n  r a t e  a n d  v iscos i ty  appt~ar 
to  be too  la rge  to  be a t t r i b u t a b l e  to  a c h a n g e  in f r ic t ional  res i s tance  alone,  and  
sugges t  r a t h e r  a f r a g m e n t a t i o n  o f  the  molecule .  T h e  a m o u n t  of  n o n -p ro t e in  n i t rogen  
fi~rmed du r ing  th is  p rocess  is small ,  i nd i ca t ing  t h a t  t h e  enzsqne r emoves  a smal l  
n u m b e r  o f  p e p t i d e  s e g m e n t s  l rom the  molecule ,  t h e r e b y  se t t ing  tree large f r agmen t s .  
S igni f ican t ly ,  t he r e  is no  increase  in h tevormtat ion du r ing  th is  phase  o f  t h e  digest ion : 
on  the  c o n t r a r y ,  a sl ight  dec rease  occurs .  Th is  d e m o n s t r a t e s  t h a t  unfi~lding o f  the  
s e c o n d a r y  s t r u c t u r e  n f  the  p ro t e in  dnes no t  t ake  p lace ' .  

Conce rn ing  t h e  s ignif icance o f  the  fa.~t reac t ion ,  it seems qu~te p robab le  t h a t  
loss o f  c lo t t ab i l i t y ,  wh ich  we shall  cal l  i nac t i v a t i o n ,  a n d  th is  ea r ly  molecu la r  b reak-  
d o w n  are  c o n n e c t e d .  H o w e v e r ,  th i s  r e l a t i onsh ip  is n o t  r ead i ly  a p p a r e n t  in the  d a t a  
a n d  a m o r e  t h o r o u g h  discussion is neces~ary  to  es tabl i sh  ~t. In  the  fas t  r eac t ion ,  as 
m e n t i o n e d  earl ier ,  ~2 p e p t i d e  bonds  are  split .  " l 'he~ shou ld  inc lude  the  4 bonds  
su . s~p t ib l e  to  t h r o m b i n ,  because  a t  t he  end  o f  thi.~ r eac t ion  no  f u r t h e r  sp l i t t ing  b y  
t h r o m b i n  is d e m o n s t r a b l e  in t he  p H - s t a t .  S ince  the i r  sp l i t t ing  causes  d o t t i n g ,  these  
4 b o n d s  o b v i o u s l y  are  n o t  c o n n e c t e d  wi th  t h e  inac t iva t ion .  The re fo re .  i nac t i va t i on  
m u s t  be  assoc ia ted  s o m e h o w  wi th  t he  sp l i t t ing  o f  t h e  r ema in ing  8 b o n d s  in th is  
gr~mp. AI.~ the  r a t e  o f  i n a c t i v a t i o n  is st, me  zo t imes  fa-~ter t h a n  the  uveraU ra te  of  
~ p l l t t i n q  o f  th~  h~m~t~ ;n th~ fa~t r e a r t i o n  

W i t h  the  a b o v e  fac to r s  in mind .  two s imple  a l t e rn a t i v e  h y p o t h e s e s  m a y  he 
of fered  : (a) I n a c t i v a t i o n  follows t he  sp l i t t ing  o f  a n y  b o n d  f rom this  g ro u p  o f  8 b o n d s  
and  t he r e  is no d i s t inc t ion  as to  r a t e  a m o n g  t h e  m e m b e r s  o f  the  group .  Th is  will 
resuR in an  8 t imes  fas te r  r a t e  of  i n a c t i v a t i o n  t h a n  the  overa l l  r a t e  o f  sp l i t t ing  of  

" A s imi la r  cunclu.~hm wa9 rc~achc~d f r o m  a s p ec t ro s co p i c  i n v ~ t i g a t i o n  o f  t he  p r o c e ~ .  A 
l a r g e  f r ac t ion  o f  t he  t y r (~ inc  rcsi t lucs in na t i ve  hbrir~ogen h , ~  an  a b n o r m a l  u t t r av io l e t  Sl~-C- 
t r o scop i c  titt~atinr.m. ~.  W e  f o u n d  by d i f fe ren t ia l  9pec t rcs~opv .  t h a t  t he re  ig no  c h a n g e  in t h e  t i t r a -  
t ' gn  char-,tctcristi¢~ of  t l ~  8rOUl~ w h e n  the  f ib r i aogen  moiecuie  | s  f r a g m e n t e d  by  tt',y-]~in. T~is  
f ind ing  i n d i c a t e s  t h a t  thv  s~conda ry  a n d  t e r t i a r y  s t r u c t u r e  o f  t h e  p ro t e i n  c~ust bc  la rge ly  ~ , - -  
s c r v c d :  i t  a l so  d c m o , ~ t r a t c ~  t h a t  n~ ba_~c u p t a k e  in t h e  p H - s t a t  c a n  be a t t r i b u t e d  to  a o r m a l i z a -  
t i on  o f  t y r o s i n e  t ~ s i d u ~ .  
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the peptide bonds. (b) Inactivatiov Ls caused by the spli t t ing of a .single specific 
gnmp which is split a t  a rate ao t imes faster than  the overall spli t t ing rate. The 
specific group is buried in the fast reaction because our methods  of  analysis are not  
sensitive enough to discover its pr~ence.  Unfor tuna te ly  the two mechanisms have 
identical mathemat ica l  forms, thereby  preventing any  attempt to establish one or 
the other a~ the more likely mechanism by  test ing them against  the kinetic data .  

With either t)f the two mechanisms there will be some molecules iB which only 
the hoods susceptible to thr.~mbin are split, and  these will be able to polymerize. 
Indeed, inspecting Fig. 4 one can see tha t  there is a substant ia l  build-up of  faster 
:~dimenting material  on the ul t racentr i fuge pa; terns ,  which then disappears com- 
pletely in the later stages. I ts  m a x i m u m  area, reached after  two to  three minutes  
digestion, is approx. 33°,/0 of  the  total.  

The proportion of  polymerizable molecules at  any  time could be calculated if  
the reaction r.~te.~ and the  number  of  splits necessary for inact ivat ion and for Italy - 
merization were known. But  only  the  number  of  splits involved in each can be 
es t imated with confidence. Thus,  the number  of  bonds broken in the inact ivat ion reac- 
tion probably cannot  be larger than  one, because the  pH-s ta t  shows the  spl i t t ing of  
only 4 bonds in the period necessary for complete inact ivat ion.  Two of  these bonds 
are from the slow reaction group and  at  least one is o f  the  non- inac t iva t ing  kind 
(at tacked by thrombin) of  the fast reaction. Thus,  it is fair ly certain t ha t  the  spli t t ing 
of  only one bond r ende~  the molecule incapable of  polymerizing. By the  same 
reasoning, one bond must  be responsible for the polymerizing reaction also, since this 
reaction takes place aL,~o within the period when the initial 4 bonds are broken. 
Therefore. at  least for the restricted kind of polymerizat ion leading only to the  appear- 
ance of the faster sedimenting mater ia l  and very  likely dist inct  f rom the  poly- 
merization brought about  by thrombin,  the spli t t ing of  only one peptide bond seems 
to be sufficient. 

Pu t t ing  aside the  question of whether  the  rates of the inact ivat ion and poly- 
merization rcac'cions are highe_" because of  the presence of  one specific group of higher 
susceptibili ty to trypsi.% or tmcause of the identical effect of  any  single split taken 
at ran,lore in a larger group, the acc: 'mulat ion of heavy  mater ia l  during this  reaction 
can be used to est imate the ratit~ of  the apparent  rates  of the two processes. Assum- 
ing tha t  both  reactions obey first order kinetic~s and  ran  independent ly  side-by-side, 
the fraction which was non-inact ivated would be given by e-*, * and the fract ion of  
this rendered p~)lymerizable by (x --e-~,~). Therefore, the polymeri/.able fraction 
at  any  time would be: 

a ~ e-t,, (z -- e-k,t) (3) 
and 

The experimental value of 0.33 for a inu.  gives, according to Eqn. 4, a ratio 
of 0.65 for kt/kz; thus,  the reaction producing poly~merizable molecules appears to 
be slightly faster t han  the inact ivat ion one. 

I t  is instruct ive to compare the  da t a  on the  digestion of  fibrinogen presented in 
this paper with those previously reported for myosinJ under  similar conditions. Both  
proteins show a fast and a slow reaction in the pH-s ta t ,  bu t  with the same t ryps in  
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to  p r o t e i n  rat io  t h e  ra te  o f  t h e  s luw r e a c t k m  o f  the. t ibr inogen d iges t ion  is the  s a m e  
as  that  o f  the  fast  reac t ion  o f  the  ~'liyobiit digestit,n+ T h e  p~tmber o f  pept ide  b o n d s  
spl i t  is a l so  comlxarable  : [b in m y o s i n  a n d  -'3 in f ibr iuogen for an arbi trary  m o l e c u l a r  
w e i g h t  o f  z o o  ~oo.  F i b r i n o g e n .  as  ; n e n t i o n e d  earlier,  has  a large n u m b e r  o f  i xmds  
spl it  at  an  e v e n  s l ower  rate  t h a n  th<yse in the  s tow reac t ion  s tud ied  herein,  and  t h e e  
are t h e  c u u n t e r p a r t  o f  the  s l o w  reac t ion  - f  m y ( ~ i n .  
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