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SUMMARY 

The large f ragment  (~f the fibrinogen molecule produced  by short  t r yp t i c  (ligesti~n 
ha~ been is~lated in a hc~mogenoous state.  The  physico-chemical  pa ramete r s  of  the 
f ragment  were de te rmined:  s =: 5.z2, D ~ 5. x2-xo -~, 0 = 0.735. From these value~ 
and from the results of approach to  ~<limentatit~n-equilibrium studies an average  
mohwuIar weight of  95 oo0 was calculated.  The  complete  amino acid and hexo.~. 
c~tttent of the  f ragment  was also determined.  The  relat ionship of the  f ragments  to  
the paren t  fibrln<~gen molecule are d i~n .~ed .  

INTRODUCTION 

I n the preceding paper  t the fragmentatiol~ o f  fibrinogen by  t .rypsin has  been rept~rted. 
The  fragment~ were s u b ~ q u e n t l y  i.~>lated in a reasonably homt~eneous  s ta te  and 
th~'ir m:~lecular parantetera de termined  with the  usual physico-chemieal  techniques.  
The details of  these invest igat ions ¢re descrihed in the  pre.~ent paper ,  and the  relation- 
~tlip of the fra,qments to the pa t en t  fibrinogen molecule are di-~cussed. 

MA'FERIAL~. AND MI~THODS 

The mater ia ls  u ~ d  in these studies, fibrinogen, tryp.~in and soybean t rvps in  inhibitor,  
were the same a.~ those de.~:ribed in cletaii in the previous cc~mmunication ~. 

Isolat io~ e l  ~Je large f ragmen t  

l ) ige~ ion  procedure: Guided hy  the  kinetic studies a l ready repor ted ,  digestion 
condi tkms were ~e~,ected which a ~ u r e d  near ly  complete  f ragmenta t ion  of the  tibri- 
nogen molL~cules, wi thout  ~,ignitieant se'condary degrada t ion  al.~ occurring, zo ml 
of a fihrinogen solution, approx.  25 mg/ml in 0. 3 M KC1, wa~ mixed  with 2. 7 ml o f  
x M pota.~sium phosphate  buffer (3 v o | u m ~  p r imary  to 7 volumes secondary  phos- 
phate)  o f  p H  7.x2 and placed in a water  ba th  at  z4.5 °. r ml of  a t ryps in  solution, 
3-4 mg/ml,  was added and the digestion allowed to  proceed for x 9 rain, a t  which 
t ime it v,'a~ s topped by  the  addi t ion of  2 ml of a soybean  t ryps in- inh ib i to r  solution 
(3-4 mg/ml).  The  digestion mix tu re  was then cooled in an ice-bath.  The  fibrinogen- 
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t o - t r y p s i n  r a t i o  in the  m i x t u r e  w a s  x55 : x. C o n t : e n t r a t i o n s  o f  b o t h  t ibr in t )gen a n d  
t r y p s i n  ~01ution~ were  e s t i m a t e d  b y  a b s o r b a n c y  m e a s u r e m e n t s  as  de~[~ribe(1 in t h e  
first  p a p e r .  

Ammoniz~m s~dfate fractio~tatio~: I n c r e a s i n g  a m ~ m n t s  o f  (N l l a )zSO a s - l u t i o n  were  
a d d e d  to t h e  aix~ve d iges t ,  t h e  mixture .~ alh)we(l t,) ~ t a n d  fo r  2o rain a t  o': a n d  t h e n  
c e n t r i f u g e d .  T h e  a b ~ r b a n c i e ~  o f  t he  ~ u p e r n a t a n t ~  w e r e  m :a.~ured a t  eS:) m/~ in the  
B e c k m a n  D U  .~l~.:tr~)photome.~er. Filz. t s h o w s  t h e  p r e c i p i t a t i o n  c u r v e  , )b ta in t .d  in 
th i s  w a y ,  a n d ,  for e o m p a r i ~ m ,  t h e  c u r v e  o f  n a t i v e  l ibt-inogen is also, i nc luded .  T h e  
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|: |lg- 1 . . ' l l l l l l l t ) n iu l l i  sltlf;llt~ pt'~Cil~itldion ,-urve ~,f nt~tivt~ hl~rill~)gt, n { O  O )  anti ~,f thv dig~.stion 
mixture ( ( ~ ~.) ): .%mm(miun~ .~ulfate ~,nct.ntration gi~'en in molt'~/I. 

p H  o f  t i le d ige s t  s u p e r n a n t a n t . ~  wa~ a p p r o x .  0.3 an t i  o f  t h e  n a t i v e  librin<+gen s ; w e r -  
n a t a n t s .  5.5. I t  is a p p a r e n t  t h a t  the  digc~:tlc7. ~h:f t>d ".he p r e e i p i t a t i c m  c u r v e  b y  
a b o u t  0 .74  M t o w a r t t  h i g h e r  ( N H , ) ~ O ,  c o n c e n t r a t i o n s .  S o m e  7.55~, q~f t h e  d iges t  d id  
no t  p r e c i p i t a t e ,  ev~at a t  t he  h i g h e s t  (NH,).~%O4 c o n c e n t r a t i o n  u ~ d .  On t h e  b~k.~is o f  
t h i s  c u r v e  it  w ~  d e c i d e d  ttJ is~)late t i le f r a c t i o n  p r e c i p i t a t i n g  b e t w e e n  t . t 8  M a n d  
[ . 6 !  M (NH,)a .SO 4 c t m c e n t l a t i q , n :  13-3 m l  o f  3 3 I  (NH4)~SO 4 .~olution w a s  a d d e d  in 
t h e  co ld  t o  2o m l  o f  d i g e s t i o n  m i x t u r e  ; t h e  p r e c i p i t a t e  was  c e n t r i f u g e d  a n d  d i s c a r d e d .  
An  a d d i t i o n a l  Io .  7 m l  o f  3 M ( N H 4 ) t ~ O  * .~)lut ion w a s  a d d e d  t o  t h e  S u l m r n a t a n t  
s o l u t i o n ;  t h e  p r e c i p i t a t e  w a s  .~epar-ated b y  c e n t r i f u g a t i o n ,  rlise~ol','ed in o.3 M KCI 
s o l u t i o n  a n d  d i a l y z e d  e x h a u s t i v e l y  a g a i n s t  t h e  s a m e  s o l v e n t  in t h e  cold.  In  a t y p i c a l  
e x p e r i m e n t  x4°/,, o f  t h e  t o t a l  p r o t e i n  rem, ' f ined  in t h e  f i rs t  p r e c i p i t a t e .  5(J';i, in t he  
s e c o n d  p r e c i p i t a t e ,  a n d  2 7 %  in t h e  las t  s u p e m a t a n t  f r a c t i o n .  

T h e  f r a c t i o n  t h u s  i s o l a t e d  p r o v e d  t o  b e  homogene~m.~ in t h e  u l t r a c e n t r i f u g e  a n d  
n o  f a r t h e r  p u r i f i c a t i o n  wan  c o n s i d e r e d  n e c e s s a r y .  

t 'hysicachemicat ~¢chniqu¢~ 

Ultreccntyifugation: S e d i m e n t a t i u n  runn were  p e r f o r m e d  in t h e  S p i n c o ,  M~)del E 
U l t r a c e n t r i f u g e ,  e q u i p p e d  w i t h  a . '4cldieren o p t i c a l  s y a t e m ,  *_t r,_~_.m._ t . t :mlmra tu re  

U~oci.m. /s~pky~. ..ic~, 67 It0631 Oo-to 3 



9 2  E.  MIHALY[ ,  J. E. G O D F R E Y  

(22-24°), main ta ined  cons tan t  in each run wi th  the  Ro ta ry  T e m p e r a t u r e  Ind ica to r  
and Control unit  of thL~ ins t rument .  In  sed imenta t ion  veloci ty  exper iments  th ; 
samples were centr i fuged at  59 78o rev . /min  in a cell with a s t anda rd  4 ° KeloF 
ceattl~piece. The plates  were measured  in a Bam~ch and L o m b  Bench Microcompara-  

~t~l~. Type  33-x2-xx. 
In runs per formed to c~alculate diffusion coefficients f rom b o u n d a r y  spreading 

during ~ d i m e n t a t i o n ,  sample~s were spun at  4~ 040 rev. /min in a cell with an alumi- 
num filh.~l-Elxm double  .~ector centerpiece.  The  cell was filled with an Agla, Micro- 
meter  Syringe mo un t ed  in a Rad3~meter Syringe Bure t te ,  Type  SBUIa .  Accura te  
filling of the two cell sectors to the same height  was thus  ensured.  One .~ctor was 
filled with the protein solution, the  o ther  with the solvent  against  which the protein 
had been dialyzed. The areas under  the .%chlieren curves were measured  by  tracing, 
cut t ing out and weighing the  pa t t e rns  projec ted  on a thin, uniform carcltx)azd 
(Stra thmore,  single ply}. An Omega,  T y p e  2 D rho tog raph ic  enlarger,  free o f  dL~tor- 
tions, wa.~ used ftw this purpose.  The  heights  nf the  curves were measured  with an 
accurate  ruler on the .,;ame enlargements  before t h e y  were cut  out.  The  areas were 
then  corrected for radial dilution by the  relat ionship:  

(,} 

where At is the area of the b o u n d a r y  at  t ime t, .~ituated at  a dis tance xt from the  
center  uf rota t ion,  .40 i~ the area corresponding to the  initial concen t ra t ion  aaid x0 
is tile distance t~f the meni.,mus from the center  of  rotat ion.  These distartces were 
obta ined  by m i c r o c o m p a r a t . r  measurement s  on the  plate~. The  A 0 values showed 
a s tandard  devia t ion of  -j= . . 8 / o  and no de tec tab le  trend.  To el iminate  the effect 
uf  ~_rea fluctuation.~ in the subsequent  calculations,  the  m~.at~ of  the  A 0 values was 
used to  rec',dculate the A t values (by r ea r r angemen t  of  Eqn.  z) and  these values were 
then employed in c~Iculating the height-?re.~, ratins,  as r ecommended  by BALDWl.~ 2. 
The  he igh t -a rea  rat ios were then u_~ed in a manne r  prescribed by  FUJZT^ for eva lua t ing  
diffusion coefficients from sedimenta t ion  pa t t e rns  of systetrL~ in which the  sedimen- 
ta t ion r a t ~  are concent ra t ion  dependen t  a. 

In approach  to  :~: l imentat ion equi l ibr ium runs the  technique  of  EURVmBERG 
was fuUowed 4 : For  the  equil ibr ium run the  centr i fuge was opera ted  at 8766 rev . /min,  
at  which speed part ial  separat ion of  the  b o u n d a r y  from the  meniscus occur red ;  the  
synthet ic  b~mndaxy ran  dupl icated exac t ly  the  equi l ibr ium run in accelerat ion,  
speed and exposure  intervals.  The  areas and the  height  of  the  re f rac t ive  index gra- 
dient  at  the meniscus were recaptured on projec ted  enlargements  as described in the  
previous paragraph.  Molecular weights were then  calculated fn)m these d a t a  with 
the  equat ion given b y  EHReNaERG*. This  procedure  might  be sl ightly less accura te  
than  the  one employing  the  mlcrocompaxator ,  bu t  i ts s implici ty and  rap id i ty  more  
than  compensa te  fQr the sacrifice in accuracy.  The  reproducibi l i ty  of  the  molecular  
weight de te rmina t ions  was excel lent ;  however ,  the  molecular  weights tended  to  be 
about  5~o higher  than  the  accepted values when RNA~se and l ~ v i n e  serum a lbumin  
were run. 

The  viscosi ty and  dens i ty  of  the  solvent  a t  each t e m p e r a t u r -  used in the  
u l t racent r i fuge  runs were de te rmined  with a 5o-ml p y c n o m e t e r  and  an Ubbelohde  
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t y p e  v i scos ime te r  w i th  an out f low t ime  o f  428.3 sty: wi th  w a t e r  a t  ~o °. W i t h  these  
d a t a  t h e  s e d i m e n t a t i o n  coe.flicientg were  c o n v e r t e d  to s t a n d a r d  cond i t i ons  o f  w a t e r  
a t  2o °. 

Free diffusion: The  diffusion e x p e r i m e n t s  were t~ r fo r rned  in the  Spinco,  Model  H 
e l ec t rophores i s  a p p a r a t u s  a t  20 ° in the s t a n d a r d  zx-ml c~ll. fol lowing largely  t h e  
t e c h n i q u e  sugges ted  by  St:H.~Cit,~IAN a. T h e  l~ayleigh in t e r f e rome t r i c  op t i ca l  s y s t e m  
was  used  for  r eco rd ing  t he  boundary ,  spreading,  anti  the  pla*.es were read  on  the  
B a u s c h  a nd  L u m b  Bench  Mic rocompaxa to r .  T w o  m e t h o d s  were  used  in ca lcu la t ing  
the  diffusion coeff ic ients ;  first,  the  one give  b y  LO,'c~SWORTr#, based  on the  a.~sump- 
t ion  o f  a Gaus~ian c o n c e n t r a t i o n  d i s t r ibu t ion  . and  ~zcond, S v r : x s s o x ' s  7 a d a p t a t i o n  
o f  the  h e i g h t - a r e a  mettatul to  i n t e r f e rence  pattern.~. 

Partial specific volume deter, ninations: A solut iun o f  the f r ag m en t ,  ap p ro x .  
2o mg /ml ,  was  d i a lyzed  agairL~t o. 3 M KCI. Th e  p ro te iu  c o n c e n t r a t i o n  in the  so lu t ion  
wa.~ o b t a i n e d  b y  d r y i n g  samples  o f  b o t h  t he  p ro te in  so lu t ion  a n d  so lven t  to  c o n s t a n t  
we igh t  in a v a c u u m  oven  a t  xo5 ~ ove r  PrOs. Th e  d~ns i ty  of  the  so lu t ion  a n d  so lvent  
were  d e t e r m i n e d  in a 25-ml p y c n o m e t e r  a t  25", and  the  pa r t i a l  specific w~lume 
ca l cu l a t ed  w i t h  the  dens i t ies  a n :  c o n c e n t r a t i o n ,  using the  s t a n d a r d  formula .  

T h e  a b ~ o r b a n c y  of  the  p ro t e in  solut ion at  severa l  d i lu t ions  was a3_so mea~sured 
in t h e  B e c k m a n  D U  s p e c t r o p h o t o m e t e z .  To  cor rec t  for t u r b i d i t y  the  a b s o r b a n c y  at  
320 m p  was  s u b t r a c t e d  f rom t h a t  a ,  28~, m/ ,  (a co r r ec t i on  "".at a m o u n t e d  to  l ~ s  t h a n  
1%) .  T h e  c o r r e c t ed  on t ica !  d e n s i t y  o f  a x'~:0 so lu t ion  ;tt 28o mbt was  1.57. S u b s e q u e n t l y  
all the  prote~.; c o n c e h t r a t i o n s  were det:~rmined b y  a b s o r b a n c y  m e a s u r e m e n t s  us ing 
t h e  a b o v e  figure as  a con~ ers ion factor .  

Viscosity measuzeme~ts: An Lq~tmluhde t y p e  s t t spended level  v i scos imctc r  
(Cannon  50 K,  C a n n o n  I n s t r u m e n t  Co.. Pa.) wa_,~ used  a t  24. 5 + o.ox °. Viscosit ies 
were  c a l c u l a t e d  r e l a t i ve  to  the  so lvent ,  0. 3 m KC1, ~ a t h o u t  d e n s i t y  cor rec t ion .  T h e  
k inet ic  e n e r g y  c o r r ec t i on  was  negl igibly  smal l  fi~r the  visco~imeter  used. 

O p t i c a l  r o t a t o r y  dispeE-.'~on d e t e r m i n a t i o n s  were m a d e  a t  z5 ° w i th  the  equ ip-  
m e n t  de_~ribecl in t he  first  pape r  o f  this  serie.~. U l t r av io l e t  a b s o r p t i o n  sp ec t r a  were  
r eco r de d  w i th  t he  Car,.,,. Model  14 M. - eco rd ing  ~pec~.trophotometer. F r o m  the  a lkal ine  
s p e c t r u m  of  the  p r o t e i n  the  ty roMne and  t ryp t r ,  p h a n e  c o n t e n t  was ca lcu la ted  wi th  
t he  f o r m u l a e  g iven  b y  GOODWIN AND MORTON n. 

Chemical techniqz~s 

H e x o ~  determination mith the oTcinol method: Tile  orc inol  m e t h o d  was  
essen t ia l ly  as desc r ibed  b y  HF.wvrr  ~. Since  f ibr inogen c o n t a i n s  ga lac tose  and  m a n -  
noseaO, H s t a n d a r d  c u r v e s  were  r u n  w i th  so lu t ions  o f  these  t w o  hexoses ,  s ingly  
a n d  in m i x t u r e s  o f  v a r y i n g  p ropor t ions ,  i t  was  fo u n d  t h a t  the  s u m  o f  t h e  absor-  
banc ies  a t  475 m~u a n d  516 nap ,.'~ i n d e p e n d e n t  o f  the  p ro p o r t i o n  ot  t he  two  sugar  
c o m p o n e n t s ,  b u t  t h a t  the i r  r a t i o  is a l inear  func t ion  o f  th is  p ropor t ion .  Th e re -  
role,  t h e  o r c i n o l - t r e a t e d  f r a g m e n t  so lu t ions  were r ead  a t  the~e tw o  wave l eng ths  a n d  
t h e  t o t a l  hexose  c o n t e n t  a n d  ra t io  o f  galact,x~e to  m a n n o s e  ca i cu l a ; ed  f rom tl ,e ab-  
sorbancies .  

A m i a o  acid analysis: Approx .  zoo m g  of  p ro te in  in zo ml o f  6 N HCI was sealed 
in a vial  wi th  v e r y  l i t t le  a i r  and  m a i n t a i n e d  a t  zx6 ° for  x8 h. Th e  resu l t ing  h y d r o l y s a t e  
was f i l tered a n d  f reed  o f  HCI b y  r e p e a t e d  e v a p o r a t i o n s  ;,n v a c u u m .  Af iqnots  were  
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used for total  nitrogen est imations and for amino acid analysis in the Spinco, Model 
MS. automat ic  amino acid analyzer following the procedure of  $ P ~ c K . ' ~ ,  ST~IX 
.,,.~> Moot~  ~-'. The amount  of protein analyzed ~va_~ calculated from the nitrogen 
content  of the hydrolysate  ; it w~cs assumed tha t  the fr-agment has a nitrogen content  
t~lual to that  of fibrinogen (16.77'~.,~). 

I~ES[I l . l  ~'S 

Molecular weight of the fragments 

In ~edirnentation velocity exper iments  the fihrinogen fragment sedimented as 
a .~i,gle symmetr ical  boundary .  Fig. 2 shows a typical  sedimentat ion run in a double 
sector ~'ell. The superiml×~sed base line facil i tates detection of small amounts  of  
material -~edimenting ~ut~ide of  the main boundary.  No evidence of the presence of 

3Z nqn 6 4  rain 91~ rnln 12tl mln ( l tO rain 192 rain 

F i g . . .  S e d i m e n t a t i o n  of  t he  i so la ted  f r a g m e n t  in t h e  ultr-~ct~ntrifuge a t  4z oqo  r e v . / m i n  in a 
d o u b l e  sec to r  cell wi th  ~uperirt~posed I~so  lin~. 

either lighter or heavier material than  the main component  was found. The sedimen- 
ta t ion coefficients showed a slight dependence on initial protein concentrat ion.  Fig. 3 
sh,w~ this dependence (t~htained with  two different preparat ions  of  the fragment)  
at 0.3 ionic s trength,  I>H 6.xo, and with the  initial concentrat ion varied between 
o.z77 and t.777.~. The points fall reasonably close to a s t ra ight  line. Least squares 
analysis of the da ta  resulted in the following equat ion for the  best fitting line: 

(2) 

where C,~ i~ th~ initial protein c~mcentration in gram/xoo ml and 5.2z is the extra-  
I~ ta ted  value (sf the sedimentat ion coefficient at zero concentrat ion.  

The free-diffusion experiments  were conducted with  sa~nples from two different 
preparati tms: ~me, a fresh preparat ion of 0.22% protein concentrat ion at  pl-i 5.z and  
o. 3 ionic .~trenRth, and the other,  a preparat ion which had  been st()red for 6 mon ths  
at --x5 °, of o.27% protein concentrat ion at  pH 6.6 and 0.3 ionic .~trength. The lat ter  
showed a slight degree of heterogeneity,  with the extremes of the bounda ry  giving 
~lightly higher diffusion ccefficients. Apparent ly  some aggregation occurred during 
the long storage, which probably was the cause also of  the slightly lower calculated 
diffusion coefficient, The concentrat ion dependence of the  diffusion coeff;cient was 
not inve.~tigated b e c a u ~  it was felt tha t  the concentrat ions employed were low 
enough for the determined diffusion coefficient to approximate  the zero concentrat ion 
value. Thi.~ a-~sumption is supported by the very slight difference, of the order of  z %,  
between the sedimentat icn coefficients a t  the concentrat ion used in the diffusion 
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r u n s  a n d  at zero c o n c e n t r a t i o n ;  f u r t he rmore ,  the c o n c e n t r a t i o n  dependence  of  diffu- 
sion is usual ly  less t han  t h a t  o f  s ed imen ta t i on  ra te  because  backf low and  dens i ty  
effects are  absent .  Therefore ,  in ou r  ca lcu la t ions  the  m e a n  o f  the two  de t e rmina t ions ,  
5.x2 ' TO -7 was  used a.~ an a p p r o x i m a t i o n  of  the  zero concen t r a t i on  value.  

The  par t ia l  ,pecif ic  vo lume,  d e t e r m i n e d  :it 25 ~ in 0.3 M I<CI. was 0.735 ml/g.  
W i t h  s~. , ,  = 5 2 2 ,  D --- 5.xT.-zo -v and  ~) - 0.735. the  Svedbe rg  equa t ion  yields a 
m o l e c u l a r  weigh t  o f  93 7 °o. 

5.5  
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Fig. 3- Con<entration dependence of the sedimentation coefftclent. The symbols rcft, r to two 

different preparations. 

The  a p p r o a c h  to  s e d i m e n t a t i o n  equ i l ib r ium experimcnL~ were pe r fo rmed  a t  
t h r ee  different  p ro te in  concen t r a t i ons ,  o.b8. ~-37 and  2.o5°,  each  a t  0.3 ionic 
s t r e n g t h  and  p H  6.5. Severa l  f rames  were a n a l y z e d  in each  run  for molecu la r  weight  
va lues  w l t h  resul ts  agree ing  to  w i th in  + rooo.  The  ca l cu la t ed  molecu la r  we igh t s  a t  
t he  th ree  c o n c e n t r a t i o n s  were :  zo3 500. zo3 70o and  96 900. These  d a t a  were con-  
sidereal as  p r e l imina ry  ev idence  o f  the  absence  o f  c o n c e n t r a t i o n  dependence  of  the  
a p p a r e n t  molecu la r  weight .  The  m e a n  o f  the  th ree  de t e rmina t ions .  Tot 300. is in fair 
a g r e e m e n t  wi th  the  molecu la r  weigb t  ca lcu la ted  f rom sed imen ta t i on  and  diffusion 
da ta .  I t  m a y  be recalled t h a t  the EHt~EXBER(; p rocedure  g a v e  in our  tw.a~ds molecu-  
lar  we igh t s  o f  app rox .  5 %  in exce_.~s o f  the  a c c e p t e d  values  o f  s t a n d a r d  subs tances .  
T a k i n g  this  e r ro r  in to  accoun t ,  an  ave rage  o f  the  molecu la r  we igh t s  o b t a i n e d  b y  the  
t w o  m e t h o d s  y ie lds  a va lue  o f  93 ooo. 

Molecular shape of the fragments 

T h e  mo lecu l a r  a s ~ m m e t r y  o f  the  par t ic les  can  be e v a l u a t e d  in three  different  
w a y s  f rom our  d a t a :  (a) f rom the  in t r ins ic  vL~cosity wi th  SIMHA's r e l a t ion ' ,  ts (b) f rom 

* As is seen in Fi~. 4, the rtxluc~.*d vL,,ctJ~ty plotted against conceotrarion fits a straight 
li~, whose intercept, the la~c ~ity, calcu|&ted with the method of least squJxes is 
o.o7z8. Th~ SUmHA ecluattoR requires that this value be convert~l into th~ visc__x~/_~'ty incTement, 
~, i.e., it must be multiplied by xoo[@, where g is the partial specific volume of the prutein. 
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the frictional ratio using PER~lX'S equat ion x4. and (c) from SCHERAGA ANrJ MANDEL- 
KERN'S /~-function t6. These equat ions were derived on the assumption of a rigid, im- 
permeable ellipsoid of revolution as the  molecular m o d e l  Therefore, they  give 
results consistent with each other  only when applied to a molecule approximat ing  
this shape. Fur thermore ,  when the anhydrous  part ial  specific volume is tL~ed, the 
first two equat ions give the axi',d ratio of art ellipsoid of  revolution with the  same 
hydrodynamic  properties as the particle bu t  an assumed effective volume equal  to 
tha t  of the anhydrous  material.  The /~-value, on the other  hand,  gives the axial 
ratio of an equivalent  ellipsoid wi th  the actual  hyd ra t ed  eftective volume. Thus,  in 
the absence of hydra t ion  and deviat ion from eUipsoidal shape, all three methods  
yield identical axial ratios, whereas with hyd ra t ed  particles the SCH~RAGA AND 
MANDELKERN analysis yields a much lower axial  ratio than  the first two methods.  
Therefore, comparison of  the axial ratios obta ined by  the three equat ions m a y  give 
information on the hydra t ion  and  shape of  the particles. 

Table I givc--~ the three hydrodynamic  pararneters and the axial ratios of prolate 
ellipsoids corresIxmding to them,  interpolated from the tabula ted  functions of 

TA J~LE I 

HVDROE)VNAMIC I ARAME~I'ERS AI~D AXIAL ]RATIOS OF THE FRAGM]~N'r 
AND IqATIV~. ~ I ~ R I ~ O G I £ N  

. . . . . . . . . . . . . . . . . . . . . . . . .  
HyqJrod) ~*nbc # o * ~ t * s  D~*.ettd axe.2 ,et*o* 

F f ~ g ~ e ~  F/~" J n~lD'~n.t t FragmcnI F,SwDt/tg~ra m*m 

%'lSC~-~ity i n c r e h l c n t  (v) 9 . 7 6  3 5 . 2  7+8 1 8 . 9  
Frirtional rdtio (//I~) J .38 2.34 7.t z9.5 
~-function, ~ 2 . 3 9 '  IO* 2÷23"  l o t  ~)-3 5 

SI.MHA, PERRIN, and ~HERAGA AND MANDELK~R.~ ta. I t  mus t  be remembered tha t  
all three of  the~e functions are fairly insensitive a t  the low d i s symmet ry  end. There- 
fore. no significance can be a t t r ibu ted  to the slight variations in axial ratio~ seen in 
"Fable I. I t  can be a .~umed f~irly safely, however, t ha t  the particles conform to an 
ellipsoid of revolution, witlt a very low degree of hydra t ion  and a modera te  dis- 
symmet ry .  In fact,  the/~-function gives an effective volume smaller than  the  anhy-  
drous volume, but  this  anomeay is, no doubt ,  a result  of  the inaccuracy of  the  ex- 
perimental  data .  Thus,  when a molecular weight  of  xox ooo is assumed, as given by  
the EHRF-NBERG determinat ions,  ~3 is 2.27 . IO* and the  axial  ratio, 5.85. 

Even accepting large experimental  errors, it is clear fron~ the da t a  tha t  the 
fragments  and nat ive fibrinogen do not differ marked ly  in a s y m m e t r y  in the h y d r a t e d  
state,  bu t  the eftective hyd rodynamic  volume of  the fragments  is much lower than  
tha t  of fibrinogen. 

Homoge~teity of the, fragment~ 

The preparat ion proved homogeneous by  several criteria: (a) I t  showed a sym- 
metrical,  single peak in the  sedimenta t ion velocity experiments and  the  area of  
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the  peak, when corrected for radial dilution, remained reasonably constant  over the 
whole sedimenta t ion  pnxzess. (b) The  analysis of the free diffusion boundary ,  assum- 
ing Gaussian dis t r ibut ion,  yielded diffusion coefficients across the whole bounda ry  
which agreed to within 2 %  (Tab]e It). This amply  demonst ra tes  the conformat ion 
of  the b o u n d a r y  to an ideal Gau.~%ian distr ibution curve typical  of  homogeneous 
substances.  (c) Perhaps  the best c.,-iterion of homogenei ty  is the iden t i ty  of the diffu- 
sion coefficient ca lcula ted from bounda~-  spreading during sedimentat ion ext:ori- 

TA BI.F. I1 

~ . N A L Y ~ [ $  O F  1"1"[ l¢ D I F F ( ' S I O N  I ' A T  I i-'/'(:,. .~, I T~.'¢O t)  IF I - 'ERF~.~  f r l ? . l b ~  

Total fring,: number: 33-73; temperature, zoO; ionic ~tre~,gth. o.3 [pH 5.Lo) protein concentra- 
tion o.-~ %. 

l ) i f f*zs 'um F ,  in~¢ t " ~  l J J l f u t i o a  ¢ . ¢ ~ ¢ : r n t  

l i~t~ p~iv  ~¢pa~.allon L~ ,:pF~tr":nl ,g lean  l )  a~C,,a,era 
{ ~ j  t g ~ ,  x go" x go | 

: ]8  o.30.i(~ 5 .40  
4 - z o  o-3L19 5.43 
~i,-2z o gg76  5.z() 

45 4 2 o  g=24 o 2785 5.20 • 30 i 0 -076  
1 o--2t~ o. z779 .5.22 
1 2 - ~ 8  o. z87¢~ 5 17 
| 4 - 3 o  o . 3 !  71 5.3-! 
t 6=-.3 ~ 0 . 3 7 4 3  +5+3~ 

z.- x6 o . ( ~ o z  5-] 7 
4 - z o  o.5fl~ 5 ~ 2_, 
(>--..'~ o .  5 4 ( ~ )  .5 - 3 

165 300  8 - z . l  o . 5 3 o z  5 . z 4  5.~8 ..:, o+oba 

, z - a S  o . 5 5 8 b  5 r 3 7  
W4--30 o,6127 5 .-i,9 
i t F . - 3 z  o.7o7r~ 5;5 

ments  with the  one calcula ted f rom free diffusion. Heterogenei ty  will cause much 
faster  b o u n d a r y  spreading dur ing sedimenta t ion than  (luring free diffusion alone and  
cons~ luen t ly  a d iscrepancy between the two calculated diffusion coefficients. Un- 
fo r tuna te ly ,  t he  self-sharpening of the  b o u n d a r y  in the sedimentat ion o f  s u b s t a n c ~  
wi th  concent ra t ion  dependent sedimenta t ion  ra tes  works to  counterac t  this  spreading 
effect  and  can comple te ly  mask it. But  calculation of  the t rue  diffusion coefficient 
f rom a serf-sharpening sedimenting boundary" became pos,sible af ter  corrective 
equat ions  were worked oa t  by  FUJXT^ a. 

Our da ta ,  with the  equa t ion  given by  L . ~ . ~ L  which corrects  on ly  for the  in- 
homogene i ty  of  the centr i fugal  field, yielded an apparen t  diffusion coefficient of  
6 1 9  • io-% at value  much  lower than  the  t rue one, obviously,  because o f  the  pro- 
nounced  sharpening ~ ¢ c t .  Applying the  simplified calculations of  FuJzT^ x° resulted 
in the  plot  shown in Fig. 5- A corrected functio~ ~i is p lo t ted  against a function 
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Fig. 4. Reduced  %'iscosity o f  t he  f r a g m e n t  p l o t t e d  aga ins t  c o n c e n t r a t i o n .  

of the  he ight -area  ratio obta ined  graphica !13, b y  the use of  a ,,able publ ished in FLrJITA'S 
tntl>er. The plot shows the s t raight  line relat ionship as required of  a homogeneous  
sub,~tance, and the line passes through the origin as demanded  b y  the theory.  The 
diffusion coefficient calculate'3 from the slope was 5.49" zo- ' .  which is slightly higher 
than the frc, e diffusion vahte. However .  a ve ry  slight a d j u s t m e n t  of the coefficient 

, , ° |  . . . .  , - -  r , , 

t 

; ~ L  I ' ]  

i L  : - ~, I I I 

6"i~2row ~ $o~ ~ !  ) 

Fig.  5- I"UJITA-pLot of  the  b o u n d a r y  .~preadlng in t h e  sed iment~ i~on  v e l o c i t y  e x p e r i m e n t .  

c f  the concentration dependence would bring the two figures to coincidence. Our 
sedimentation data are not numerous enough to discount such an adjustment.  

Optical rot~tor_v _Orop~e.s 

The optical  ro t a to ry  power  of  the  f ragment  was measured  in the  wave-length 
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range of  3=5 to 750 m!~. in 0.3 M KC1 in o . t 5  M l ~ t a s s i u m  p h o sp h a te  buffer (pH 6.5),  
at  z5 °. As shown b.v the  YANG AND Do'rY plot ta c f  Fig. 6, the  data  conformed clo.,~ely 
to  a o n e  t e r m  Drx~de-equatit~n, e x c e p t  at the  longer  w a v e - l e n g t h  end .  T h e  slope, o f  
the  l ine g a v e  a .le o f  257 m/~. T h e  specif ic  ro ta t ion  o f  the  f r a g m e n t  at  the  D l ine w a s  
~34 .c~° .  F o r  c o m p a r i . ~ n  the  opt ica l  r o t a t o r y  propert i e s  o f  n a t i v e  f ibr inogen were  

% 

. / d  

!~.¢ ¢" 

z .  ~° 

• . . [  

Fig. 6. YAI~O ~.ND DOTY-plot of the optical rotatory d.i~per,zion of  the fragment. The symbols 
refer to two different preparations. 

also determined:  ~1¢ ,va~s 26o m/z and jail) ,  48.Z". "I-he. fragmentat ion  did not  change  
2e to  a n y  appreciable e x t e n t  but  decreased ~ a , .  During tile d iges t ion  (as reported 
in the  first paper),  the  op ,  ical rotat ion  chataged in the same direct ion but to a mu ch  
lesser  e x t e n t ;  t h e  k ine t i c  mea_gurements were  p e r f o r m e d  at  37 ° m/~ a n d  s h o w e d  a 
change  o f  b.3 ° at th is  w a v e - l e n g t h  and o n l y  0.8 ° at 589 m/~. It  should be. remem- 
bered, however ,  that  in the  kinet ic  exper iments  the low molecular  weight  split  
p r o d u c t s  were  also  present  anti  obvk~tu;ly c o m p e n s a t e d  to  a g r e a t  e x t e n t  for the  
l o w e r  r o t a t o r y  Fa~wer o f  the  f r a g m e n t .  T h e  d a t a  o n  the  c h a n g e  o f  [cx.'i~ s u p p o r t  the  
idea  t h a t  the  e n z y m i c  prtrcess r e m o v e s  m a t e r i a l  f rom the  m o r e  r a n d o m l y  d i sposed  
par t s  o f  t h e  m o l e c u l e  ~°, l e a v i n g  i n t a c t  a f r a g m e n t  wi th  a h igher  hel ical  c o n t e n t  and  
a lower specific rotat ion.  However ,  the  l>ehavior o f  2c is not  cons is tent  w i th  this 
interpretat ion,  since,  ins tead  of  be ing  shif ted to a longer wave- length ,  it remains 
pract ical ly  cons tant .  

Chemical co~J~osigion of the fragmen¢ 

T h e  amin o  acid compos i t ion  of  an xS-h hydro lysa te  ~s g iven  in Table III.  For 
comparison,  the  table  also includes  the data  obta ined  on a similar hydrolyf ,  ate  o f  
na t i v e  l ibrinogen.  To  faci l i tate  their comparison,  both  sets  o f  data  are calculated 
as nu mb e r s  o f  residues per molecule  wi th  an arbitr-.~ry molecular  we ight  :ff xoo ooo.  
The  ca lculat ions  were based on tota i  n i trogen estimatiL:~,o, and,  as an appro.,danation, 
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i t  w a s  a s s u m e d  t h a t  b o t h  m a t e r i a l s  h a v e  t h e  s a m e  n i t r o g e n  c o n t e n t .  T h i s  a.~%u.mpt;on 
;.z o b v i o u s l y  n o t  t r u e ,  e z p e c i a l l y  i n  v i e w  o f  t h e  s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  a m o u n t s  
of  b a s i c  a m i n o  a c i d s  c o n t a i n e d  in  t h e  t w o  p r o t e i n s ,  b u t  t h e  e r r o r  i n t r o d u c e d  i n  t h i s  
w a y  w a s  e s t i m a t e d  t o  b e  d u l y  a b o u t  2~o.  T h e  t h i r d  c o l u m n  in  t h e  t a b l e  g i v ~  ri te 
d i f f e rences  b e t w e e n  t h e  a m i n o  a c i d  c o n t e n t s  o f  f i b r i n o g e n  a n d  t h e  f r a g m e n t .  W h e n  

t h e  r e l a t i v e  p r o p o r t i o n  o f  a n  a m i n o  a c i d  is h i g h e r  i n  t h e  s m a l l  f r a g m e n t s  l i b e r a t e d  
b y  t h e  e n z y m e  t h a n  in  t h e  w h o l e  m o l e c u l e ,  t h e n  t h e  d i f f e r ence  is s h o w n  0m poMt ive ,  
a n d  if  i t  is l ower ,  t h e n  t h e  d i f f e r e n c e  is s h o w n  as  n e g a t i v e .  

TAI.~LE II !  

A M I N O  A C I D  C O . M P O S I ' I I O N  O F  N & 3 " I V E  F I B R I N O G J I 1 N  

A, l q D  OF "riFlE F | B R I B O C - . ~ I ~ N  F R A G ,  M E N T  

The amino ~t*-id compnsit ions arc expressed as motes/to* g. For detailed exl)lltllatitTn Uf headings 
s e e  t e x t .  

. . . . . . . . . . . . . . . . . . . . .  

~" , /~ t  no~¢.'s l"rag~tP.d Dtfferea~¢~ R~$gtlgtt * r ~  ¢td 

l .ysinc b 4 64 o Io 
l-llntidinc x 7 13 ~ 4 G 
Ammon~.a xxo t z4 + 4 t3 
Argtnine 4 ° 4 2 -- 4 to 
Aspartic a£id to3 t .,o + t 7 t 
Threonine 5 b 53 25 I ! 
Serine 59 59 o 9 
( ; lutamic acid 95 IO2 -~" 7 8 
I 'roline 4 5 38 7 J 3 
G lycine 83 76 -- 7 t8 
Alanine .~  35 -- [ 6 
Cystine/z zx ~3 + = 2 
V a l i n c  4 2 4 ° - -  2 B 

Methionin¢ i~ 19 + 3 o 
lsol~ucine 3b 45 -4- 9 - 2 
l.eucine 51 50 + 5 3 
Phenyla lanlne  26 2G o 4 
Tyrosine 2~ 39 t x o " - 4 
Tyrtysine .30" 3 6.  t 6 o 
TD'p tophan  xo" ~o" o ] 

" From ultraviolet  absorption data.  

I t  is p o s s i b l e  to  c a l c u l a t e  t h e  a c t u a l  n u m b e r  of  residue.~ los t ,  i f  o n e  k n o w s  t h e  
f r a c t i o n  o f  t h e  m o l e c u l e  a p p e a r i n g  as  n o n - p r o t e i n  n i t r o g e n .  T h e r e  a r e  t w o  w a y s  of  
c a l c u l a t i n g  t h i s  loss of  n o n - p r o t e i n  n i t r o g e n :  (a) b y  c o m p a r i s o n  o f  t h e  m o l e c u l a r  
w e i g h t s  o f  t h e  f r a g m e n t  a n d  o f  p a r e n t  f i b r i n o g e n ,  w h i c h  g i v e s  x6.2~/o n o n - p r o t e i n  

n i t r o g e n ,  (b) b y  a n a l y s i s  o f  t h e  d i g e s t i o n  k i n e t i c s ,  as  r e p o r t e d  in  t h e  f i r s t  p a p e r ,  
w h i c h  g i v e s  x4 .z  % .  I t  car t  t h e n  b e  s t a t e d  t h a t  for  r o e  ooo  g o f  f i b r i n o g e n  t h e r e  co r -  
r e s p o n d s  a p p r o x .  85 00o g o f  f r a g m e n t .  W h e n  t h e  a m i n o  a c i d  f i gu re s  for  t h e  f r a g -  
m e n t  are mult ipl ied by  o.85 and subtracted from the  fibrinogen figures, the  difference, 
g iven in the fourth co lumn of  the  table,  corresponds to the  actual  number  of residues 
removed from t o o  ooo g of fibrinogen during fragmentation.  
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Most  o f  the  d a t a  p re~en ted  in T a b l e  I l l  are  s e l f - e x p l a n a t o r y ,  neve r the l e s s ,  a 
di~cumsion of  the  erTt)t'~ i n v o l v e d  is nec~.~ary  in o r d e r  to  e s t ab l i sh  the  s igni f icance  
o f  t h e  f igures  p r e s e n t e d .  T h e  ana iys i s  o f  t he  f r a g m e n t  wa.~ p e r f o r m e d  in t r ip l i ca te .  
w i t h  t he  resu l t s  for i nd iv idua l  a m i n o  ac ids  no t  d i f fer ing  b y  m o r e  t h a n  t w o  res idues  in 
i o o  ooo g t)f p ro te in .  In  p e r c e n t a g e ,  t h e  la rges t  v a r i a t i o n  o f  an  i nd iv idua l  a m i n o  
ac id  w a s  3. .*% a n d  the  a v e r a g e  s t a n d a r d  d e v i a t i o n  w a s  :i: 1.7%. T h e s e  d a t a  w e r e  
c o m p a r e d  w i t h  the  resu l t s  (:,f a s ingle  analysi.~ of  an i 8 - h  h y d r o l y s a t e  of  n a t i v e  
f ib r inogen ,  h o w e v e r ,  th is  an'alysks was  one  o f  a m i l e s  of  four  o f  h y d r o l y s a t e s  o f  in- 
c r ea s ing  hydroly~,is t ime .  I n  th i s  .~eries, th(z~e ;trnino at:ids which  did  no t  show hy'- 
d r o l y t i c  d e s t r u c t i o n  a g r e e d  a g a i n  to  w i th in  two  res idues  pe r  zoo ooo g o f  protein"*.  
C o n s e q u e n d y ,  a d i f fe rence  l a rge r  t h a n  4 in the  last  c o l u m n  of t he  Tal) le  m a y  ~c 
c e r t a i n l y  cons ide red  as  s ignif icant .  

• . . . . . , , , .  t.. " . . - - ; -  . .  I t  ap}'~ar~ t h a t  s o m e  a m i n o  acids ,  Lit,:,_- : v r t ~ m c  . . . . . . . . . . . . . . . . .  a : :par t ic  acid,  ha l f  
c y s t e i n e ,  w e r e  no t  r e m o v e d  a t  ~tU wi th  t he  p r o t e o l y t i c  debr is .  T h e y  m u s t ,  the re fo re ,  
be  s i t u a t e d  well w i t h i n  the  molecu le ,  inaccess ib le  to  t r yps in  d u r i n g  the  ea r ly  pha~e5 
o f  d iges t ion .  C o m p a r i n g  the  n u m b e r  o f  a rg in ine  a n d  lys ine  res idues  r e m o v e d  wi th  
t h e  n u m b e r  o f  p e p t i d e  b o n d s  sp l i t  d u r i n g  the  f r a . ~ n e n t a t i o n  (24 b o n d s  per  IOO ooo g) 
r evea l s  t h a t  a l a rge  f r a c t i o n  of  t he  sp l i t s  recruited :-i l i be ra t ion  e f  a bas ic  amir ,~  
acid.  I t  is r e a s o n a b l e  to  a ~ u m e ,  t',~ereforc, t h a t  t k  ~e spl i t s  occu r r ed  close to  the  
N - t e r m i n a l  e n d s  o f  t h e  chains• H a d  t h e  sp l i t t ing  occu r r ed  a t  t h e  o t h e r  end  o f  the  
p o l y p e p t i d e  cha in ,  t h e  bas ic  a m i n o  ac id  res idue  wou ld  h a v e  s t a y e d  w i t h  the  large 
f r a g m e n t ,  a n d  o f  course  t h e  s a m e  wou ld  h a v e  been  t r u e  o f  an  i n t e r n a l  spl i t  wh ich  
d id  n o t  r e su l t  in t h e  l i b e r a t i o n  o f  p e p t i d e  m a t e r i a l .  

T a b l e  I I I  a lso  c o n t a i n s  t h e  t y r o s i n e  a n d  t r )q> tophan  c o n t e n t s  c a l c u l a t e d  fr(~m 
a l k a l i n e  u l t r a v i o l e t  a b s o r p t i o n  spec t r a .  T h e r e  is a cons ide rab l e  d i f ference  b e t w e e n  
t h e  c h e m i c a l  a n d  s p e c t r o s c o p i c  d e t e r m i n a t i o n s  of  ty ros ine ,  the  l a t t e r ,  p r o b a b l y ,  
b e i n g  the  m o r e  a c c u r a t e .  Ac id  h y d r o l y s i s  is n o t o r i o u s l y  des tnmt ix ,e  of  a r o m a t i c  
a m i n o  ac ids  a n d  t h e  la rge  n e g a t i v e  va lue  f o u n d  b y  th is  me th (~ l  fi~r the  n u m b e r  o f  
t y r o s i n e  res idues  r e m o v e d  a t t e s t s  to  th i s  fact .  

T h e  hexose  c o n t e n t  o f  the  f r a g m e n t  w a s  f o u n d  to  b e  1.36°/,, a s  c o m p a r e d  w i th  
L 3 3 %  for  n a t i v e  f ib r inogen  ° a n d  the  g a l a c t o s e  to  m a n n o s e  r a t io  (z : i) d id  no t  
change .  T h u s ,  the  hextz-m loss was  prol~>rt ional  to  t he  toss o f  p r o t e o l y t i c  debris .  

DISCUSSION 

T h e  f r a g m e n t  was  i so l a t ed  in h igh  ~ e l d s .  T h e r e  w a s  no indicatk~n of  f r a c t i ona t i on  
d u r i n g  t h e  i so la t ion ,  or  for t h a t  m a t t e r ,  no  ind ica t ion  of  m o r e  t h : m  one large  specieg 
in t h e  dig~-stion m i x t u r e  itself.  The re fo re ,  the  conc lus ion  .seems jumtified t h a t  t h e  
dig~-~tion o f  f ib r inogen  b y  t t-ypsin u n d e r  t h e  c o n d i t i o n s  used  p r o d u c e s  large f r a g m e n t s  
o f  o n l y  one  species ,  a t  leas t  a.~ fa r  a_~ t h e y  ca~ Ee d-:fi,aed b y  o u r  o b s e r v a t i o n  m e t h o d s .  

T h e  r e l a t i o n s h i p  o f  th i s  f r a g m e n t  to  the  p a r e n t  f ib r inogen  mo~.ecale can  be  
r e a s o n a b l y  e s t ab l i shed .  A c o m p a r i ~ m  of  the  m o l e c u l a r  weights of  the  fragments 
a n d  f ih r inogen .  95 ooo  a n d  34 ° ooo.  a t  once  sugges t s  t h a t  t h ree  f r a g m e n t s  were  

• Our hexo.~ vaJuc for f ibr in~en i~ con~derably lower thz~n that  reported by ]:IJLOMBJ[CK I1~ 
and is  c loser  to that  of B^GDY XND SZ£RA al. 
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p r o d u c e d  fr 'om e v e r y  f i b r i nogea  m o l e c u l e ' .  T h e  d i f fe rence  b e t w e e n  t h e  w e i g h t  o f  
t h r ee  f r a g m e n t s  a n d  o f  on< m o l ecu l e  o f  f ib r inogen  o f  340 non m o l e c u l a r  w e i g h t  is 
x 6 . 2 %  o f  the  f ib r inogen  we igh t ,  a n d  th i s  a m o u n t  c o r r e s p o n d s  well  t o  t he  x4.z?/o o f  
n o n - p r o t e i n  n i t r o g e n  p r o d u c e d  d u r i n g  d iges t i on  a n d  d e t e r m i n e d  b y  t r i c h l o r o a c e t i c  
acid  p r ec ip i t a t i on .  

T h e  e l e c t r o n m i c r o g r a p h s  o f  f ib r inogen ,  p r o d u c e d  b y  s e v e r a l  a u t h o r s  ~s-ffi~ in-  
v a r i a b l y  show a n c ,  d o u s  s t r u c t u r e ,  l ike  a s t r i n g  o f  b e a d s  o f  u n e q u a l  l eng th .  More  
r e c e n t l y  HALt. es p r o p o s e d  a m o r e  def in i t e  m o l e c u l a r  m o d e l  o f  t h r e e  i n t e r c o n n e c t e d  
beads  o f  s l i gh t ly  u n e q u , d  size. T h u s ,  t he  ef fec t  o f  t r y p s i n  c a n  be  eas i ly  e n v i s a g e d  as  
c u t t i n g  these  b e a d s  loose  fi-om one  a n o t h e r  a n d  l i be ra t i ng ,  a t  the  s a m e  t ime ,  t h e  
c o n n e c t i n g  p e d i c u l a e  as  low m o l e c u l a r  w e i g h t  pro teoly t ; .c  debr i s .  H o w e v e r ,  s e v e r a l  
d i sc repanc ie s  a p p e a r  w h e n  o n e  t a k e s  i n to  a c c o u n t  t he  size a n d  s h a p e  o f  t h e  f r ag -  
m e n t s .  Firs ' , ,  H ^ t L ' s  b e a d s  a r e  u n e q u a l  in size, w h e r e a s  we  f o u n d  o n l y  one  f r a g m e n t  
species .  B u t  th is  is no t  a v e r y  se r ious  o b j e c t i o n  bec,°.ttse t h e  b e a d s  m a y  a c t u a l l y  
h a v e  equa l  m a s s ~  a n d  h y d r n d y n a m i c  properti~-~ ;n s, o lu t iou  a n d  be  o f  u n e q u a l  s izes  
when  in the  d r y  s t a t e .  T h e  r e su l t s  o f  o u r  i n v e s t i g a t i o n s  i n t o  t h e  s h a p e  o f  t h e  f r a g m e n t ,  
h o w e v e r ,  a re  m o r e  d i s t u r b i n g .  T h e  h y d r o d y n a m i c  s h a p e  o f  t h e  f r a g m e r i t  is a n  el l ip-  
soid o f  r e v o l u t i o n  w i t h  an  a x i a l  r a t i o  o f  a p p r o x .  7- T h e  b e a d s  in the  e l e c t r o n m i c r o s c o p e ,  
on  t h e  o t h e r  h a n d ,  a p p e a r  to  be  spher ica l .  T h i s  d i f fe rence  is probably t o o  l a rge  t o  b e  
e x p l a i n e d  b y  d r y i n g  ef fec ts  a lone.  

A c o m p a r i s o n  o f  t h e  a s y m m e t r y  of  t he  f r a g m e n t s  w i t h  t h a t  o f  n a t i v e  f i b r i nogen  
s i m i l a r l y  l eads  to  d i s c r epanc i e s .  T h e  ax ia l  r a t i o  o f  t h e  e q u i v a l e n t  e l l ipsoid ,  c a l c u l a t e d  
f r o m  t h e  f l -values ,  is 5 for  f ib r inogen  ~ a n d  8 fo r  t h e  fragment. T h u s  p a r a d o x i c a l l y ,  
the  f r a g m e n t s  a re  m o r e  a s y m m e t r i c a l  t h a n  t h e  p a r e n t  molecu le .  I t  is poss ib le  t h a t  
t he  d iges t ion  p r o d u c e s  loose  p o l y p e p t i d e  c h a i n s  a t t a c h e d  t o  t h e  c o m p a c t  f r a g m e n t  
a n d  t h e s e  inc rease  the  f r i c t iona l  r e s i s t a n c e  o f  t h e  f r a g m e n t s ,  b u t  axe t oo  t h i n  t o  b e  
v is ib le  in the  e l e c t r o n m i c r o s c o p e .  C lea r ly .  b e f o r e  these  q u e s t i o n s  c a n  b e  r e s o l v e d ,  
the  ~hape o f  b o t h  f ib r inogen  a n d  i t s  f r a g m e n t s  m u s t  be  m o r e  r e l i a b l y  e s t a b l i s h e d .  
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