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SIR,'MARY

1, Human f ib r in (o g e n ) , th e  c lo t ta b le  p rote in  of plasma, i s  the f in a l  

su b stra te  in  both th e coagu la tion  and the f ib r in o ly t ic  enzyme system s.

The subunit stru c tu re  o f t h is  p ro te in  c o n s is ts  o f th ree pairs of poly

p eptide ch a in s, Aot, B p  and ch a in s, which are jo in ed  togeth er  by 

d isu lp h id e  bonds. Using a n tise r a  to  the in d iv id u a l polypeptide chains 

o f fib r in o g en , imm unological in v e s t ig a t io n  should provide more informa

t io n  about th e  degradation products o f fib rin ogen  than i f  a n ti-f ib r in o g e n  

antiserum  alone was used,

2, The immunological behaviour o f fib rin ogen  and i t s  d e r iv a tiv e s  has 

been in v e s t ig a te d  la r g e ly  by means o f an antiserum to  one of the  

in d iv id u a l polyp ep tid e chains o f fib r in o g en  -  th e Aoc chain. Using th e  

r e la t iv e ly  sim ple and q u a lita t iv e ly  in form ative, a n a ly t ic a l techniques 

o f im m unoprécipitation in  agarose g e l and g e l e le c tr o p h o r e s is ,  

s ig n if ic a n t  ob servation s have been made on the immunological r ea c tio n s  

of an ti-A oc  antiserum ,

3, For th e preparation  o f immunogen, fib rin ogen  was p rec ip ita ted  from 

human plasma and p u r if ie d  to  fr a c t io n  1-4• Fibrinogen was reduced by 

d it h io t h r e it o l  and a lk y la te d  with io d o a o e tic  a c id . Separation of the  

in d iv id u a l carboxym ethylated Aot, Bp and ^  polypeptide chains was 

achieved by ion-exchange chromatography. Studies on the s o lu b i l i t y  

p ro p ertie s  o f the carboxym ethylated Aoc. polypeptide chains o f fib rin ogen  

in  variou s b u ffers  su ggested  a lk a lin e  barbitone (pH 8 ,6 )  as the b u ffer  

o f cho ice  fo r  im m unodiffusion experim ents,

4* A fter fu rth er  p u r if ic a t io n  o f th e Atxo chain by polyacrylam ide g e l  

e le c tr o p h o r e s is , antiserum  to  the Aoc chain was r a ise d  in  ra b b its , 

Anti-AoL a n tise r a  was heat-decomplemented and absorbed w ith Bp poly

peptide cha ins. On im m unodiffusion, absorbed anti-Afx.. antiserum reacted  

w ith ACl, but not with 3 p  or ^  ch a in s. In a d d itio n , the antiserum
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rea cted  w ith p u r if ie d  fib r in o g en  and plasma fib r in o g en , showing a 

r e a c tio n  o f id e n t ity  w ith the Aoc chain ,

5* The pro/jress o f plasm in degradation o f fib rin ogen  was examined by 

im m unoelectrophoresis. When anti-ApC antiserum was used, the appearance 

o f two in te r s e c t in g  p r e c ip it in  arcs confirmed that ea r ly  cleavage of the  

Aoc chain o f fib r in o g en  had occurred. These two precij^ itin  arcs p e r s is 

ted  throughout the d ig e s t io n , A 26,000 m olecular weight po lyp ep tid e, 

i s o la t e d  by g e l f i l t r a t i o n  from a la t e  d ig e s t , corresponded in  e le c tr o 

p h o re tic  m ob ility  to  th e more cathodal arc of the la t e  d ig e st  of 

f ib r in o g e n . This p o lyp ep tid e  was named A oc-related  antigen  (m olecular  

w eight 2 6 , 000 ) ,  Aoc -RA(2 6 ,0 0 0 ) ,

6 . Examination o f the various s ta g es  o f plasmin degradation of 

fib r in o g en  by polyacrylam ide g e l e lec tro p h o res is  in  the presence of 

sodium dodecyl su lph ate revea led  the progressive appearance of s ix  low 

m olecular weight p o lyp ep tid es as th e d ig e s t io n  proceeded. One o f th e se ,  

Aoc.-RA(26,000) , was is o la te d  and i t s  immunological behaviour confirmed 

i t s  Ac  ̂ chain o r ig in . Two other p olypep tides o f s l ig h t ly  higher 

m olecular v/eight were is o la te d  in  sem i-p u rified  form; i t  appeared l ik e ly  

th a t th ey  a lso  had an Aoc chain o r ig in  and were precursors of Aoc- 

RA(26,000) c None o f th ese  p o lyp ep tid es reacted  w ith commercial a .nti- 

f ib r in o g en  antisexmiii, and reacted  only weakly w ith unabsorbed a n t i

fib r in o g en  antiserum , Anti-Aoc antiserum  did not rea ct w ith p u r if ied  

fib r in o g en  fragments Y, D or E, but a fa in t  rea ctio n  was obtained w ith  

fragment X,

7« Urokinase a c t iv a t io n  o f the olasraa f ib r in o ly t ic  system in  v itr o  

r e su lte d  in  a lim ite d  degree of fj .b rLnogenolysis, The extent o f such 

plasma fib r in o g en  degradation may not, be rea d ily  detect.-d by assays 

employing a n t i-f ib r in o g e n  antiserum , but q u a lita ,tiv e  ex.-i'tiriatl on oV th'* 

serum from such a c tiv a te d  ulasnuj, revealed  an inoroase in  ao<
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a iit ig e n (s ) .  'The serum Aoi -r e la te d  a n tig en (s )  were not iuim unologicaily  

id e n t ic a l  to  -RA( 26 ,000) ,

8* A ctiv a tio n  o f th e plasma f ib r in o ly t ic  system iji v ivo  by venous 

o cc lu sio n  o f th e  arm a ls o  r e su lte d  in  a lim ited  degree of fib rin ogen o-  

l y s i s .  In th e lim ite d  number of cases stu d ied , an in crease  in  the le v e l  

of Aoc « re la ted  a n tig e n (s )  v/as demonstrated in  the p o st-o cc lu s io n  serum 

samples by the techn iq ues o f s in g le  ra d ia l immunodiffusion and L aurell 

e le c tr o p h o r e s is . Further refinem ent o f th ese techniques may c o n s t itu te  

the b a s is  fo r  an assay  o f in  v iv o  fib xn .n (ogen )o lysis,

9 . The s i t e  o f o r ig in  o f the fragment Ack«RA(26,000’) was loca ted  in  a 

c en tr a l reg ion  o f th e Ao< polyp ep tid e chain of fib rin ogen ; the a n tig en ic  

determ inant s i t e s  o f  th e fragment were contained in  the Aoc, remnant o f the 

high s o lu b i l i t y  fib r in o g en  fr a c t io n  1 -9 , but not in  the COOH-terminal 

p olyp ep tid es r e le a se d  from the Acx. chain o f fib rin ogen  by ancrod 

c lea v a g e ,

10, From th e r e s u lt s  o f immunodiffusion w ith a n ti-B p  and a n t i - a n t  i s  era, 

some cross-con tam in ation  o f th e  Bp and y  chain preparations was l ik e ly .  

N eith er  a n tise r a  reacted  with the Aoc ch a in s, and only a n ti« 3 p  a n t i-  

seioim reacted  weakly with whole fib r in o g en . A method fo r  t)je immuno

lo g ic a l  exam ination of the Aoc , Bp and y  chains of plasma fib r in o g en , 

u sin g  sm all volumes o f plasma, has been suggested .
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a/A  oc

CM-f ibrin ogen

DIG

DTT

EACA

PDP

m

Na.SiyPA
4

N-DSK

PMSF

SBTI

SBS

-SH

Anti-Aoc antiserum ,

Carboxymethylated fib r in o g en ,

D issem inated in tra v a scu la r  coagu la tion , 

D ith io th r e ito l0 

£ -Aminocaproic ac id ,

P ib rin (ogen ) degradation products.

M olecular w eight,

Tetrasodium ethylenediam ine te tr a -a o e ta te ,  

NHg-terrainal d isu lp h id e knot,

Phenylmethyl sulphonyl f lu o r id e .

Soybean try p sin  in h ib ito r .

Sodium dodecyl su lp h ate ,

Sulphydryl group.
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CHAPTER 1 : FIBRINOGEN -  STRUCTURE AND FUNCTION

1 .1  D iscovery o f fib rin o g en

While the phenomenon o f blood coagu la tion  must have le d  men of  

im agination  to  sp ecu la te  on I t s  n atu re, th e  reco g n it io n  o f th e  f in a l  

cause o f  coagu la tion  as th e  conversion  o f a so lu b le  blood component 

to  an in so lu b le  fib ro u s  m ateria l appeared only about 120 years ago. 

P r e v io u s ly , a w h ite  fib ro u s  m a ter ia l, which formed independently o f the  

blood c e l l s  during c lo t t in g ,  had been described  by M alpighi as ea r ly  as 

1686, but th e  tru e o r ig in  o f  t h is  substance was concealed  by a v a r ie ty  

o f erroneous view s wliich p e r s is te d  u n t i l  w e ll in to  th e  19th century.

Among th ese  id eas were e a r ly  p o s tu la te s  th a t the c o o lin g  o f b lood , and 

th e  exposure o f b lood to  a ir ,  were resp o n sib le  fo r  i t s  coagulation*

L ater id ea s  wliich a ls o  proved to  be popular were th a t f ib r in  aggregated  

a f t e r  i t s  r e le a s e  by membrane d isru p tio n  o f the red blood c e l l s  in  one 

case  and from p la t e le t s  in  another ca se .

Around th e  middle o f  the 19th  century, important experim ents were 

perfonaed by Buchanan, who found th a t cer ta in  body f lu id  exu.dates could  

be coagulated  by fr e sh  serum, thus dem onstrating  

( i )  the presence o f  '^soluble f ib r in "  in  th ese  f lu id s ,  and 

( i i )  th e  a b i l i t y  o f some agen t, a serum component, to  cause the  

s o l id i f i c a t io n  o f f ib r in .

The concept and term "fibrinogen", as app lied  to  a f ib r in  precursor, 

was f i r s t  used by Denis in  1859? although Virchow had p rev iou sly  used  

th e  term to  r e fe r  to  an a lte r e d  f ib r in ,  Denis attem pted to  p u rify  t h is  

c lo t ta b le  substance from plasma and th is  work was continued by 

Hammaraten, whose s tu d ie s  le d  him to  propose th a t the form ation of 

f ib r in  was the s p e c i f ic  r e s u lt  of th e in te r a c t io n  between fib rin ogen  

and tlrcombin, an enzyme which was not present in  the c ir c u la t io n , but



21

was i t s e l f  formed from a precursor, prothrombin. In a d d itio n , th e  

recovery  o f a p r o te in - l ik e  m ateria l from th e supernatant so lu tio n , a f t e r  

pure fib r in o g en  had been converted to  f ib r in ,  was taken as evidence o f  

a h y d ro ly tic  r e a c tio n  and provided th e  idea  th a t the form ation o f f ib r in  

r e s u lte d  from cleavage o f th e fib r in o g en  m olecule. Since th e turn o f the  

century up to  the present day, t h i s  p r o te o ly tic  c lea v a g e , even though 

ra th er  l im ite d , has been thoroughly in v e s tig a te d  in  terms o f both th e  

gross and th e  m olecular a lte r a t io n s  induced in  fib rin o g en  as a 

consequence o f  the s p e c i f ic  a c tio n  o f tlirombin.

(Taken from review s by Beck ( 14 ) and Mura.no ( 252) ) .

1 ,2  P h y sica l P ro p erties

Human fib r in o g en  i s  a g ly co p ro te in  w ith a m olecular weight o f  

340,000 4; 20 ,000 , Agreement on th e  m olecular s iz e  o f .fibrinogen has 

been obtained from variou s methods o f  determ ination, which inclu de  

sed im en tation , d if fu s io n  and l i ^ t  s c a tte r in g  s tu d ie s , as w e ll as 

summation o f th e  v a lu es  fo r  i t s  co n stitu en t polypeptide chains 

(assum ing a dim eric s tru c tu re  o f fib r in o g en ) (68 , 252 ) .  The m olecular  

w eigh ts o f most o ther mammalian fib rin o g en s are a ls o  w ith in  the above 

ran ge, although h igh er va lu es are o cca s io n a lly  found (6 8 ) .

The i s o e l e c t r i c  p o in t o f fib r in o g en  i s  5*5 (6 8 ) , although both  

h igh er  (4 ) and lower ( 3IO) va lu es have been reported . Fibrinogen i s  

so lu b le  up to  a va lu e  o f 4 g/lOO ml (6 8 ) , but p r e c ip ita te s  out of  

s o lu t io n  when heated  a t 58^0 (14 8 ) .

The sed im entation  c o e f f ic ie n t  i s  7»9B, and the e x t in c t io n  co

e f f i c i e n t  (E ^^^^) a t 280 nm was found to  be 15 » 16 (6 8 ) . Other 

physicochem ical param eters, such as the p a r t ia l  s p e c if ic  volume, the  

f r i c t io n a l  r a t io ,  th e in t r in s ic  v is c o s i t y  and d if fu s io n  c o e f f ic ie n t  

have been c a lcu la ted  and th e ir  values permit a lim ite d  in te r p r e ta tio n
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o f th e  m olecular shape and s iz e  o f fib rin o g en  (68 , 252). In p a r tic u la r ,  

by use o f th e techn iq ues o f  o p t ic a l ro ta to ry  d isp e r s io n , c ir c u la r  

dicliroism  and low -an gle  X-ray d iffra -o tio n , th e oc ™ h e l ix  content o f th e  

m olecule has been estim ated  a t 35^ ( 252)0 By such means, the pH range 

o f s t a b i l i t y  o f fib r in o g en  was found to  be 5*5 10 , and dénaturation  in

5M urea so lu tio n s  was r e v e r s ib le ,  but ir r e v e r s ib le  in  5 " 10 M urea as 

in d ic a te d  by th e  d e s tr u c tio n  o f the ot -  h e l ic a l  segmente ( 252) .

lo 3  The shape o f t he fibrinogen, molecules changes induced by

f ib r in  form ation

Only in  th e  past few years has th ere been some agreement among 

va r iou s groups o f workers th a t th e  fib r in o g en  m olecule may be approx

im a te ly  sp h er ica l or g lob u lar  in  shape, but the controversy which has 

surrounded th e  geom etric form o f t h i s  m olecule fo r  more than 30 years  

i s  fa r  from s e t t le d  and fu rth er  s tu d ie s  w i l l  be required  before any firm  

co n c lu sio n s may be drawn concerning i t s  o v era ll shape. The imporbance 

o f such s tu d ie s  l i e s  in  our need to  understand th e b a s ic  mechanisms 

in v o lv ed  in  th e conversion  o f  f ib r in o g e n , a so lu b le  p ro te in , to  i t s  

in so lu b le  form, f ib r in ,  during th e coagu la tion  o f blood*

lo 3 * l  Physicochem ical s tu d ie s

For a number o f y e a rs , th e  form of the fib r in o g en  m olecule had 

been described  as rod-shaped or as a compact p ro la te  e l l ip s o id  o f  

r e v o lu t io n . T his in te r p r e ta t io n  o f  i t s  shape was derived  from the  

hydrodynamic measurements o f flow  b ir e fr in g e n c e , sed im entation , 

v i s c o s i t y  and d if fu s io n  (6 8 , 243) and was adhered to  fo r  more than a 

decade. As e a r ly  as 1947? Ferry and Morrison (8 7 ) , in  th e ir  study o f  

human f ib r in  form ation , assumed th e dimensions o f th e  fib rin ogen  

m olecule to  be 3@5 % 70 nm; moreover, they considered th a t no great
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change o f shape was invo lved  when fib r in o g en  was converted to  a f in e  

f ib r in  c lo t ,  as only a sm all change o f Rayleigh l ig h t  sc a tte r in g  

occurred during t h is  p ro cess . Pine c lo t s  were thought to  be constructed  

o f s in g le  chains o f fib r in o g en  m olecu les, jo in ed  end-to-end , w h ile  

coarse c lo t s  were probably bundles o f such ch ains. Plow b ire fr in g en ce  

s tu d ie s  on bovine fib r in o g en  (298) in d ica ted  a m olecular len gth  o f  

66 nm, and sed im entation  and v i s c o s i t y  experiments (80) demonstrated 

th a t f ib r in  monomers in  urea s o lu t io n  had the same gross s iz e  and shape 

as fib r in o g en  in  th e  absence o f urea . These s tu d ie s  (80 , 298) in d ica ted  

th a t in term ediate  polymers o f f ib r in  co n sisted  o f 6 -  10 m olecules o f  

f ib r in  jo in ed  en d -to -en d , p o ss ib ly  w ith  a tw ofold  s id e - to - s id e  degree of 

p o lym erisa tion . According to  th e review  of D o o lit t le  (6 3 ) , ea r ly  X-ray 

a n a ly s is  o f f ib r in  and fib r in o g en  g e ls  y ie ld ed  id e n t ic a l  pattern s and 

i t  was concluded th a t in d iv id u a l fib r in o g en  u n its  m aintained th e ir  s iz e  

and shape during conversion  to  a f ib r in  g e l .

Further evidence fo r  an elongated  fib rin ogen  m olecule came 

from e le c t r ic  b ire fr in g en ce  s tu d ie s  (1 41 ) which measured d ip o le  moments 

and hence the e le c t r ic a l  dissymmetry o f sp e c ie s . These s tu d ies  

in d ic a te d  th a t both fib r in o g en  and f ib r in  possessed  a high degree o f  

e le c t r ic a l  symmetry. However, th e  observation  th a t th e  removal by 

thrombin o f one (o f  two) n e g a tiv e ly  charged fib r in o p ep tid es  A from 

fib r in o g en  le d  to  a tr a n s ie n t h ig h ly  polar m olecule was in terp re ted  as 

an in d ic a t io n  th a t th e  fib r in o p ep tid e  A sp ec ie s  were lo ca ted  at 

p o s it io n s  near th e  op p o site  ends o f th e m olecule. In a d d itio n , 

measurement o f  th e  d ip o le  moment perm itted c a lc u la tio n  o f the len gth  

o f th e  m olecule and t h is  was found to  be about 50 nin, a f ig u re  in  

agreement w ith  a contemporary m olecular model ( l3 6 ) .
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F i# . 1 Models o f fib rin ogen  m olecules and th e ir  arrangements in  
f ib r in  polym ers, according to : A, H all and S la y ter  ( l3 6 ) ;  
B, Xay and Cuddigan ( 172 ); G. Kdppel ( l6 3 ) ;  D, Pouit 

et a l .  (2 6 7 ).
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1 .3 ,2  E lectron  m icroscopy s tu d ie s

Many o f  th e  models o f th e fib r in o g en  m olecule have come from 

e le c tr o n  microscopy s tu d ie s  and ob servation s in  t h i s  f i e ld  began in  th e  

1940*8  when such a study (68) rev ea led  the presence o f tran sverse  

s t r ia t io n s  or bands on f ib r in  f ib r e s ,  th ese  bands rep eatin g  them selves  

a t in te r v a ls  o f  23 nm* Along w ith th ese  e lec tro n  m icroscopic s tu d ie s  

which have continued to  th e  present day, a la rg e  number o f biochem ical 

and physicochem ical in v e s t ig a t io n s  (such as th ose  mentioned above and 

review ed r e c e n tly  by D o o l i t t le  (68) and Mosesson and F inlayson (2 43 ))  

were performed and provided data to  fu rn ish  variou s m olecular models 

of f ib r in o g en . One o f c o n str a in ts  imposed upon th ese  models o f f ib r in o g en  

was th a t  th ey  should provide a s a t is fa c to r y  exp lanation  o f th e  c r o ss -  

banding p attern s o f  f ib r in ,  as w e ll as the c h a r a c te r is t ic  p e r io d ic ity  

o f 23 iun,

1 .3 .2 .1  Model o f  H all and S layt e r

One o f  th e  e a r l i e s t  and most durable o f m olecular models fo r  

fib r in o g e n  was th a t o f H all and S la y ter  (136) whose mi.crographs o f  

m etal shadowcast preparations o f  bovine fib rin o g en  rev ea led  the  

e x is te n c e  o f  elon gated  nodular s tr u c tu r e s , thus supporting the n otion  

o f rod-shaped fib r in o g en  m olecu les, A preponderance o f th ese  p a r t ic le s  

appeared as t r ia d s ,  3 l in e a r ly  a ttach ed  g lo b u les  (Fig* lA ), although  

some monads, dyads and te tr a d s  were a ls o  seen , These tr ia d s  (4 7 .5  mn 

lo n g ) were b e lie v e d  to  be in ta c t  fib r in o g en  m olecu les, th e ir  c a lcu la ted  

m olecular volume being c lo se  to  th a t computed from hydrodynamic 

measurements ( 136 ) ,  whereas th e  monads and dyads were evidence o f  

d isru p ted  m olecular fragm ents, a su g g estio n  refu ted  r e c e n tly  ( 243) from 

biochem ical ev id en ce. H all and S la y ter  proposed th a t th ese  m olecules 

formed end-to-end polymers and shrank in  len gth  to  about 24 nm during  

f ib r in  form ation w h ile  s id e - t o - s id e  alignm ent o f th e l in e a r  polymers
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accounted fo r  th e  c h a r a c te r is t ic  cross-banding pattern  o f f ib r in  f ib r e s ,

A recen t study (330) by e le c tr o n  m icroscopy and o p t ic a l d if fr a c t io n  o f  

m icro cry sta ls  o f f ib r in o g e n , which had been p a r t ia l ly  degraded by a 

b a c te r ia l  p r o te o ly t ic  enayme, y ie ld e d  evidence fo r  a fib rin ogen  

m olecule o f s im ila r  len g th  as th a t o f th e previous w orkers, but suggested  

th a t th e  p e r io d ic ity  o f f ib r in  might r e s u lt  from a sta g g erin g  arrangement 

o f  f ib r in  monomers, a view s im ila r  to  th ose  o f oth ers (6 8 ) ,

1 * 3 .2 .2  Model o f Kay and Cuddigan

While th e  major p e r io d ic ity  observed in  f ib r in  f ib r e s  by numerous 

workers has been o f s im ila r  dim ensions, even when th e  f ib r in  was formed 

from d if fe r e n t  sources and by d if fe r e n t  enzymes ( l7 6 ) ,  f in e r  d e ta i l  o f  

th e  cross-band ing p a ttern  was observed by a n egative  s ta in in g  techm.que 

(1 7 2 ) and ca st doubts on th e dim ensions o f th e H all and S la y ter  model,

The fib r in o g en  m olecule proposed was th a t o f a l in e a r  array o f nodular 

elem ents (P ig . IB ), w ith  an observed width in  th e f ib r in  f ib r e  o f 3 rim, 

which was about h a lf  o f  th e  minimum p o ss ib le  w idth o f th e tr in o d u la r  

model* A tw o -th ird s m olecular overlap  was proposed to  account fo r  th e  

cross-ban d in g  p a ttern  o f  f ib r in ,  w h ile  th e p a r t ia l s p e c i f ic  volume o f  

f ib r in o g en  req u ired  a m olecular len g th  o f 69 nm*

1 .3 .2 * 3  Model o f K8ppel

U n til th e  m id-1960*s, much o f  th e experim ental data had poin ted  

in  th e d ir e c t io n  o f an e lon gated  fib r in o g en  molecule* However,

D o o l i t t le  (68) has cautioned  th a t ,  w ith  hydrodynamic measurements, i t  

was d i f f i c u l t  to  d is t in g u is h  tru e dissymmetry o f a m olecular sp e c ie s  

from hydration  e f f e c t s .  Attempts to  do so employed th e p - fu n c t io n ,  

which g iv e s  in form ation  about the t o t a l  e f f e c t iv e  volume o f a p ro te in  

by combining sed im en tation , in t r in s i c  v is c o s ity  and m olecular weight 

param eters, and y ie ld e d  a x ia l r a t io s  fo r  fib r in o g en  o f 1 to  5. This 

su ggested  th a t fib r in o g en  might be a h igh ly  sw ollen  p r o te in , le s s
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elon gated  than had been proposed. However, i f  th e shape o f fib r in o g en  

was approxim ately s p h e r ic a l , i t  would req u ire to  be hydrated by 8g of 

w ater per gram of p r o te in , a va lu e  g r e a t ly  in  excess o f the accepted  

upper l im it  o f hyd ration  (o*3 g /g  o f p r o te in ) . In 1966, K6ppel ( l8 3 )  

observed p a r t ic le s  o f  f ib r in o g en  w ith  a diam eter 23 nm under the e le c tr o n  

m icroscope. These in d iv id u a l nodules were not q u ite  sp h e r ic a l, but 

appeared to  be r e la te d  to  a pentagonal dodecahedron (F ig . IC ), along  

th e  edges o f which th e p olyp ep tid e chains o f fib r in o g en  were even ly  

d is tr ib u te d  (1 8 4 ) , thus forming a c a g e - lik e  stru ctu re  surroimding a 

r e la t iv e l y  la rg e  volume o f water* The m ajority o f th e  water m olecules 

were not trapped by t h is  non-compact p ro te in  m olecu le, but rath er  

were allow ed to  pass f r e e ly  tlirough th e  structures*  EBppel proposed 

th a t  th e s tru c tu re  o f f ib r in  could be explained  on th e  b a s is  o f l in e a r  

aggregates o f th e fib r in o g en  u n it s ,  a sso c ia te d  by v er tex  to  v e r te x ,  

edge to  edge, or plane to  plane* Support for the h ig h ly  symmetrical 

fib r in o g e n  m olecule o f KBppel came from Lederer and F in k e ls te in  ( l9 S )  

whose experim ents w ith  aluminium s c a le  m odels, s im ila r  to  th ose  o f  

Kdppel and H all and S la y te r , perm itted  c a lc u la t io n  o f a number o f  

hydrodyniamic parameters fo r  each model. The v a lu es  computed fo r  the  

KBppel model were in  much c lo se r  agreement to  th e a ctu a l experim ental 

v a lu es  than were th o se  fo r  th e H all and S la y ter  model. Moreover, 

sm all angle X-ray s c a t te r in g  measurements w ith  d ilu te  so lu tio n s  o f  

bovine fib r in o g en  y ie ld e d  a s c a t te r in g  curve which was c lo se r  to  the  

th e o r e t ic a l  curve c a lc u la te d  fo r  K5ppel*s model than to  th e  curves 

c a lc u la te d  fo r  four other models (l9?)®

1*3,2*4 M,qdel o f Poui'k and coworkere

In 197 2 , th e  e le c tr o n  m icroscopy study of Pou it et al* (2 8 7 ), 

u sin g  n e g a tiv e ly  s ta in e d  p rep ara tion s, showed th at fib r in o g en  appeared 

as g lo b u les  (average diam eter 24 rm) w ith nuaierous filam entous
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ex ten sio n s  (Fig* ID ). The presence o f th ese  fila m en ts  and th e varying  

s iz e  o f th e g lo b u les  were considered  to  represent the degree to  which 

th e  fib r in o g en  m olecule had "unrolled". During f ib r in  form ation, th e  

fila m en ts  from neighbouring m olecu les appeared to  bind to  each o th er , 

th e  g lob u lar  p a r t ic le s  became a lig n ed  thi*ough la te r a l  a s so c ia t io n , and 

the p er io d ic  s t r ia t io n s  decreased from 30 nm to  23 nm, A decrease in  

th e  diam eters o f  th e  g lob u lar  elem ents from about 24 nm to  3 nm was 

a ls o  observed during such reo rg a n isa tio n  o f p ro te in  m ateria l in  the  

f ib r in  fib re*  ( i t  i s  noteworthy th a t Ferry and Morrison (87) in  1947? 

consid ered  th e  p o s s ib i l i t y  o f  fib r in o g en  m olecules opening to  form 

extended p olyp eptid e chains during f ib r in  form ation, but th ese  authors 

d ism issed  the id ea  as u n lik e ly ) .  Others have s in ce  observed sp h er ica l  

p a r t ic le s  w ith  fila m en ts  ( l5 )  and transform ation  o f g lobu lar u n its  to  

l in e a r  aggregates ( l8 )  during f ib r in  formation* In  a d d itio n , 

Haschetneyer ( 142 ) in  a r e in v e s t ig a t io n  o f her previous work w ith  a 

purer fib r in o g en  p reparation , was unable to  reproduce th e  e le c t r ic  

b ir e fr in g e n c e  r e s u lt s  which had in d ica ted  the e x is ten ce  o f a p o lar , 

elon gated  in term ed iate  o f fib r in o g en ; indeed , th e la t e r  r e s u lt s  were 

more com patible w ith  th e  e x is te n c e  o f  a sp h er ica l molecule*

R ecen tly , more d e ta ile d  str u c tu r a l models o f the fib rin ogen  

m olecule have been con stru cted  by S u sc illo n  and coworkers from a 

com bination o f th e ir  e le c tr o n  microscopy s tu d ies  and current biochem ical 

knowledge ( l5 7 )  and from neutron sm all-an g le  sc a tte r in g  s tu d ies  ( 224 ) ,  

y ie ld in g  sp h er ica l and banana-shaped m olecular m odels, r e sp ec tiv e ly *

1*4 The m olecular stru c tu re  o f fib rin ogen

Although many o f the s tr u c tu r a l d e ta i l s  o f fib rin ogen  have 

been derived  from enzyme s tu d ie s , u s in g , fo r  example, thrombin, 

plasm in and Factor XI'II, th e  a c tio n  o f those enzymes w i l l  be considered
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in  la t e r  s e c t io n s . This s e c t io n  d ea ls  la r g e ly  w ith  th e subunit 

arrangement o f fib r in o g en  obtained by chem ical a n a ly s is ;  most o f the  

in form ation  which has been obtained a p p lie s  eq u a lly  w e ll to  the sub

u n it  s tru c tu re  o f f ib r in  (6 8 ) .

1 .4 .1

Automated amino a c id  a n a ly s is  has been performed on fib r in o g en s  

from d if fe r e n t  sp e c ie s  by a number o f workers (68 , 252 ) and the  

d if fe r e n c e s  between th e  sp e c ie s  are sm all (2 5 2 ), A ll th e common 

amino a c id s  are p resen t a t a frequency not g r e a t ly  d if fe r e n t  fx’om 

t h e ir  occurrence in  other v er teb ra te  p ro te in s (6 8 ) . Ho d if fe re n c e s  

e x is t e d  between th e  com position o f fib r in o g en  and f ib r in  o f human and 

bovine o r ig in  ( 15 2 ) .  Although a t o t a l  o f 56 » 58 h a lf -c y s t in e  res id u es  

were found in  fib r in o g en  and in  f ib r in  ( l4 9 ) ,  no fr e e  sulphydryl 

groups were d e te c ted , su g g estin g  th a t a l l  o f th e  h a lf -c y s t in e  res id u es  

were in vo lved  in  th e form ation o f 28 -  29 d isu lp h id e b r id ges,

1 , 4*2  C arbohydrate c omposit i  on

C onsiderable varian ce has been found in  th e  carbohydrate 

con ten t o f fib r in o g en  and f ib r in  from d if fe r e n t  s p e c ie s , but i s  

probably r e la te d  to  th e d if fe r e n t  methods o f a n a ly s is  used by the  

in v e s t ig a to r s  ( 252) .  BlombHck (20) found th at bovine fib rin ogen  

con ta in ed  3 * ^  o f hexoses (g a la c to se  and mannose), 1^ o f glucosam ine 

and O.S ô o f s i a l i c  a c id . The r o le  o f  th ese  carbohydrate groups remains 

u n clea r  at p resen t ( 252 ) ,

1 . 4*3  P olypeptid e chain stru ctu re  of fib rin ogen

The e x is te n c e  o f a m u ltip le  chain stru c tu re  o f fib rin ogen  was 

dem onstrated in  1951 « as a x'esult o f HHg-tex’minal amino acid  

a n a ly s is  which rev ea led  th e  presence of more than one resid u e  each.
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o f ty r o s in e  and glutam ic ac id  ( ? ) ,  These r e s u lt s  were la te r  confiimied 

by BlombSck and Yamashina ( 36 ) whose q u a n tita tiv e  determ inations 

dem onstrated up to  th ree  p a irs  o f HBg-terminal end groups in  

fib r in o g en s  and f ib r in s  o f variou s s p e c ie s ,  thus in d ic a tin g  the  

e x is te n c e  o f s ix  subunit po lyp ep tid e  chains pei* m olecule o f  

fib r in o g en . In  th e  cases o f human and bovine fib r in o g en s, only two 

p a ir s  o f  M l^-term inal res id u es  have been found, s in c e  one pair  o f  

th e  p olyp ep tid e chains p o ssessed  a b locking HH^-terminal pyroglutam ic 

a c id  resid u e  w ith  no r e a c t iv e  ot-amino end group ( 2 9 , 3 6 ), In  

COOH-terraiiml amino a c id  a n a ly s is ,  up to  th ree d if fe r e n t  resid u es  

have been found in  fib r in o g en s  o f variou s sp e c ie s , although only  

v a lin e  and glutam ine were demonstrated in  human fib rin ogen  (63 , 1 5 4 , 

266) .

Further evi,dense fo r  th e  polypeptide chain com position o f  

f ib r in o g en  was su p p lied  by th e preparative is o la t io n  o f th ree d if fe r e n t  

su b u n its a f t e r  c leavage o f th e d isu lp h id e  bonds by sodium su lp h ite  

( 5 6 , 146)0  Paper and starch  g e l e lec tro p h o res is  o f th e  su lp h ito ly sed  

f ib r in o g e n , S -su lp h o -fib r in o g en , in  th e  presence o f high concen trations  

o f u rea , revea led  two or th ree  bands, whereas in ta c t  fib rin ogen  showed 

only  one band ( 56 , 143, 148, 150, I 51 ) ,  U ltra cen tr ifu g a l a n a ly s is  o f  

S -su lp h o -fib r in o g en  y ie ld e d  a m olecular weight o f 50,000 -  6 5 , 0 0 0 , a 

v a lu e  which was c o n s is te n t w ith  a s ix -c h a in  stru ctu re  o f fib rin ogen  

(1 4 3 , 1 4 8 ), w h ile  la t e r  s tu d ie s  (212) on the is o la te d  chains revealed  

th e  unique m olecular w eight v a lu e s , 6 4 , 0 0 0 , 56,000 and 47,000 fo r  th e  

th ree  d if fe r e n t  ch a in s . These va lu es  were in  reasonable agreement w ith  

th o se  obtained fo r  th e  fib r in o g en  chains by polyacrylam ide gel 

e le c tr o p h o r e s is  in  th e  presence o f sodium dodecyl su lphate ( 234) ,

KH^-terminal amino acid  s tu d ie s  on bovine S-su lpho- 

fib irinogen and the is o la te d  ch a in s , have id e n t if ie d  only those resid u es
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which were demonstrable in  th e in ta c t  fib rin ogen  m olecule (146, 150 )«

In a d d itio n , thrombin has been shown to  r e le a se  fib r in o p ep tid e  A from 

th e  HRg-terminal o f one chain  and fib r in o p ep tid e  B from another, but 

was w ithout e f f e c t  on th e  th ir d  chain  ( l5 0 ) .  A ccordingly, the th ree  

chains o f  fib r in o g en  have been d esign ated  as Aot , Bp and y  in  order 

to  id e n t i f iy  th o se  chains o f fib r in o g en  from which th e fib r in o p ep tid es  

A and B are r e le a se d  by thrombin ( 252 ) .  The s tru c tu ra l formula fo r  

in t a c t  fib r in o g en  may then be rep resen ted  as (A oi, Bp , J

B esid es s u lp h it o ly s is ,  f ib r in o g en  has been d is so c ia te d  in to  i t s  

polyp ep tid e  subunits by red u ction  o f th e d isu lp h id e bonds w ith the th io l  

r ea g e n ts , m ercaptoethanol, d i t h io th r e it o l  and d ith ioeryfcrir ito l, 

fo llo w ed  by a lk y la t io n  o f the h a lf -c y s t in e  resid u es to  prevent r e -  

oxidation* However, dem onstration o f the m u ltip le  component system  

o f S-carboxyiaetli^dated fib r in o g en  was not achieved by g e l f i l t r a t io n  or 

e le c tr o p h o r e s is  in  th e presence o f d is s o c ia t in g  agents ( l4 7 , 15I ) î  u n t i l  

Murano et al* ( 255 ) ,  fo llo w ed  by oth ers ( l2 3 , 1 5 3 ), is o la te d  the  

in d iv id u a l chains by ion-exchange chromatography. The sep aration  o f  

th e  subunit chains o f S-am inoethylated  fib rin ogen  has a lso  been 

d escr ib ed  ( l l 8 ) .

1*4*4 The d isu lp h id e  knots o f fib rin ogen

Cyanogen bromide (CiTBr) c lea v es  polypeptide chains at 

m ethionine resid u es and has been used to  fragment the stru ctu re  o f  

f ib r in o g en  in  a con sid erab le  number o f in v e s t ig a t io n s , conducted 

m ainly by BlombUck and ooworkera. S ince human fib r in o g en  contain s  

60 -  66 m ethionine res id u es  per m olecule ( l l 2 ) ,  c leavage by ClIBr 

g iv e s  r i s e  to  a la r g e  number of fragments (2 8 ) , although i t  can be 

reasonably expected th a t a number o f th ese  peptide chains would remain 

lin k ed  to  one another by d lsu lp h id e  bonds. Indeed, the is o la t io n  and
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in v e s t ig a t io n s  of such d isu lp h id e -lin k ed  fragments have led  to  a 

g rea ter  understanding o f th e fu n ctio n  and the conformation o f the  

component polyp ep tid e chains in  human fib rin ogen  ( l l 2 ) ,

1 ,4  *4•1 N-DSK; The monomeric model

The i n i t i a l  s tu d ie s  o f Blombâck et al* (31, 3 2 ), on CHBr- 

cleaved  fib r in o g en , demonstrated the ex isten ce  o f a fragment which 

r e le a se d  the fib r in o p e p tid e s  A and B on rea ctio n  with thrombin. The 

fragment contained about o f a l l  the h a lf -c y s t in e  resid u es of 

fib r in o g en  in  the form of 11 d isu lp h id e  b r id g es , with no free  

su lphydryl groups, but c o n s titu te d  only about 15^ of th e mass of 

fib r in o g en  (2 8 ) , HHg-terminal amino ac id  a n a ly s is  o f the fragment 

rev ea led  the same res id u es  as found fo r  in ta c t  fib rin ogen  (31) and the  

amino ac id  sequence data in d ic a te d  th a t the fragment co n sisted  o f the  

NH^-terminal p ep tid es o f th e  A ot, Bp and chains (31 , 32). This 

was d ir e c t ly  confirmed by comparison w ith NH^-terminal amino acid  

sequences of th e  Acx, and chains o f in ta c t  fib rin ogen  ( l6 3 ) .  On the  

b a s is  o f th ese  o b serv a tio n s , th e  term "NH^-terminal d isu lp h id e knot" 

(N-BSK) was used to  d escr ib e  t h is  fragment ( 3 l ) ,

_ O r ig in a lly , a minimum m olecular weight o f about 26,000 was 

estim ated  fo r  N-DSK by amino ac id  a n a ly s is  (3 1 ), Since th is  value was 

in  agreement w ith  th a t from sed im entation  equilibrium  a n a ly s is ,

Blombâck ^  a l ,  ( 3 l ) ,  concluded th a t N-DSK was a monomeric un it and 

th a t th ere  were two id e n t ic a l  N-DSK fragments lo ca ted  in  the NH -̂ 

term in al reg ion s o f each s e t  o f Aoc , Bp and ^  ch a ins. Since the  

e le c t r i c  b ire fr in g en ce  measurements o f Haschemeyer ( 141 ) had 

p rev io u sly  lo ca ted  th e  A fib r in o p e p tid e s  at the op p osite  ends o f an 

elongated  dim eric fib r in o g en  m olecu le, BlombHck et ad. (22 , 2 4 , 2 7 , 31) 

proposed th a t the N-DSK u n its  o f fib rin o g en  were s itu a te d  accordingly  

at th e  op p osite  p o les  of an elongated  fib rin ogen  m olecule which la y
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perpendicu lar to  a tw o -fo ld  a x is  o f symmetry. This m olecular model 

o f fib r in o g en  was in  accordance w ith  th at o f H all and S la y ter  (1 3 6 ), 

i f  i t  was assumed th a t each "half" o f  th e  fib rinogen  m olecule, 1 . ,

each monomeric u n it  c o n s is t in g  o f one , one Bp and one y  chain ,

was jo in ed  to g e th er  by d isu lp h id e  bonds in  the COOH-terminal r eg io n s.

1 .4  * 4 * 2 N-DSK: The dim eric model

The proposed m olecular modela fo r  N-DSK and fib rin ogen  were 

l a t e r  r e v ise d  when fu rth er  p u r if ic a t io n  o f N-DSK by countercux*rent 

d is tr ib u t io n  le d  to  th e  removal o f hydrophobic im p u rities  from the  

h y d ro p h ilic  N-DSK (24)? and subsequent s tu d ies  in d ica ted  a m olecular  

w eight o f 50p000 -  60 ,000 fo r  th e  p u r if ie d  N-DSK, i . e .  twice th a t of 

th e  monomer u n it  (23» 24» 26, 340)o A s im ila r  value was a lso  found 

fo r  N-DSK by Marder and coworkers (217 , 219). In  a d d itio n , the

d isco v ery  o f sym m etr ica lly -lin k ed  p a irs  o f Aoc peptide fragments and

p ep tid e  fragm ents -  p o ss ib le  s i t e s  o f d isu lp h id e lin k a g es  between 

th e  monomeric u n its  -  in d ic a te d  th a t N-DSK was probably-a dim eric 

s tru c tu re  ( 24 ) .  T herefore, i t  appeared th a t th e  NHg-terminal 

reg io n s o f a l l  s ix  chains o f fib r in o g en  were lo ca ted  in  c lo se  proxim ity  

to  each other and were lin k ed  to g e th er  by d isu lph id e bonds w ith in  

th e  stru c tu re  o f N-DSK (2 3 , 24, 26» 307), which may be represen ted  by 

th e  m olecular formula (A otl -  51 , Bp 1 -  I I 5/ I I 8 , 1 -  7 8 ) 2 * w ith

amino a c id  resid u es numbered from th e NH^-temuinal ends (iB S ). 

Q u a n tita tiv e  immunological assay has confirmed th e e x isten ce  o f only  

one N-DSK u n it per m olecule o f fib r in o g en  ( l l 2 ) .

S tu d ies on th e  arrangement o f the 11 d isu lp h id e bridges in 

N-DSK have shown that they may be c la sse d  as " stab le" , in  which a 

s in g le  arrangement o f the in d iv id u a l bridge has been found, and 

" la b ile " , in  which th ere  i s  more than one p o ss ib le  ari'angement o f the  

b ridges (2 8 ) . The phenomenon o f d tsu lph ide in terchange, in v o lv in g  the
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la b i l e  h a ,lf -c y st in e  r e s id u e s , has accounted fo r  th e appearance of  

polymers o f N-DSK (2 8 ) , although other s tu d ies  have suggested  th a t  

th e  d isu lp h id e  lin k a g es  o f fib r in o g en  are s ta b le  (2 7 8 ).

In  non-denaturing c o n d it io n s , red u ctive  cleavage o f th e  

d isu lp h id e  bonds o f in ta c t  fib r in o g en  broke only a few such bonds, and 

th e se  were probably su r fa c e -o r ie n ta ted  (30 , 4 5 )« Of th ose  bonds 

broken? th ree  o f them were shown t o  be symmetrical d isu lp h id e bridges  

jo in in g  th e two "halves" o f H-DSK ( 30 ) » although i t  has been suggested?  

from immunochemical data (18B)? th a t N-DSK i s  la r g e ly  hidden w ith in  

th e  fib r in o g en  m olecule*

The imm unological behaviour o f N-DSK o f human fib rin ogen  has 

been e x te n s iv e ly  s tu d ied  and i t  has been shown th at the most

immunogenic s tru c tu res  are th e  B p  and "g" fragments (2 8 , 33, 186, 188)<

On th e  other hand, conform ational ra th er  than seq u en tia l determinant 

s tr u c tu res  might be expected  to  predominate in  th e  r ig id ,  h ig h ly -  

c ro ss lin k e d  N-DSK (l8 8 )«  Indeed, G o llw itser  and coworkers have shown 

th a t some o f th e a n t ig e n ic  determ inants o f P-CBl, a M g-terrainal 

fragment from CNB.r-cleaved bo\rine fib rin ogen  ( l2 0 , 328 ), were 

d estroyed  by red u ction  o f th e  d isu lp h id e  bonds.

In  a d d itio n  t o  F-CBl, another analagous fragment to  N-DSK has

been reported  in  bovine f ib r in o g e n , (l79 )*

1.4*4+3 Other d lsu lp h id e  knots o f fib rin ogen

Since N-DSK accounted fo r  on ly  40^ o f the d isu lp h id e bonds of 

human fib r in o g en , fragm entation o f fib rin ogen  by CHBr was expected to  

g iv e  r i s e  to  a number o f d isu lp h id e-co n ta in in g  p o ly p ep tid es . Recent 

s tu d ie s  employing g e l f i l t r a t i o n  and countercurrent d is tr ib u tio n  have 

confirm ed the e x is te n c e  o f another four "disulphide knots" ( l l 2 ) .

Tliree o f th ese  fragm ents have been c la s s i f i e d  as hydrophobic 

(HoI-DSK, Ho2«DSK and Ho3-DSK) ( i l l ) ?  and one as h yd rop h ilic
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$ii2-»L^SK) ( 30)0 A ll o f them were monomeric and th ere  were two 

fragm ents of each per m olecule o f fibrinogen? moreover, the sum o f  

t h e ir  d isu lp h id e  b r id g es , in c lu d in g  th ose  o f N-DSK, appeared to  

account fo r  a l l  th e  d isu lp h id es  o f in ta c t  fibrinogen ( l l2 )„

Eol-DSK (m oleoui.ar w eight 43 ,000) appeared to  c o n s is t  o f f iv e  

p ep tid e  chains (l*^ , lAo< and 3 Bp fragm ents) bonded togeth er  by s ix  

d isu lp h id e  b ridges ( l l2 ) o  T his fragment corresponded to  B-CB2 (328) 

and/or ( l7 9 )  which had been is o la te d  from CNBr-treated bovine

fib rinogen*

Ho2-DSK was a sm a ll, s in g le -c h a in  fragment from th e 3 p  chain  

and contained  one d isu lp h id e  bond, w h ile  HoB-DSK c o n s is ted  o f two sm all 

chain  fragm ents, jo in ed  by a s in g le  d isu lph id e bond ( l l 2 ) ,  F-CB4, 

a sm all d isu lp h id e -co n ta in in g  fragment o f bovine fib r in o g en  ( 329) might 

correspond to  on© o f the l a t t e r  two human fragments*

H12-DSK (m olecular w eight 27 ,000) was derived  e x c lu s iv e ly  from 

th e  chain and contain ed  a s in g le  in trach a in  d isu lp h id e bond 

( 3 0 , 112, 155 )* This fragment corresponded c lo s e ly  in  m olecular s i z e ,  

amino ac id  com position and imjnunochemical p rop erties  to  F-CB3, a 

p olyp ep tid e  from bovine ( l2 0 ,  328, 329 ) and human ( l2 2 )  fibrinogen*

Immunochemical s tu d ie s  on th e  d isu lp h id e knots in d ica ted  th a t  

th e  hydrophobic fragm ents and N-DSK were la r g e ly  buried w ith in  the  

parent m olecule w h ile  H12-DSK and F-CB3 appeared to  be lo ca ted  on th e  

su rfa ce  of fib r in o g en  (203, 252 , 329 )# F ig . 2 shows a diagrammatic 

rep resen ta tio n  o f th e polyp ep tid e chain stru ctu re  o f human fib rin o g en  

w ith  the proposed lo c a t io n s  o f th e d isu lp h id e knots*

1 04 e 5 Primary stru ctu re  o f human fibrinogen.

Amino ac id  a n a ly s is  o f th e is o la te d  chains o f S -su lfo -  and 

S-carboxym etbyl-fibrlnogen  in d ica ted  th a t the com positions of th e
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in d iv id u a l chains d if fe r e d  s ig n i f ic a n t ly  from each other ( l 23 , 148, 153, 

212 , 255) .

Each o f th e  th ree  chains o f  fib rin ogen  has been reported  to  

co n ta in  carbohydrate (15O, 252) ,  although Gaffney ( 1 0 2 ) and P izzo  

e t  a l . ( 272) were unable to  s ta in  th e  Aoc chain o f fib r in o g en  fo r  

carbohydrate a f t e r  e lec tr o p h o re s is  on polyacrylam ide g e l s .  In the  

chain o f  f ib r in o g en , a s in g le  o lig o sa cch a rid e  chain appears to  be 

attach ed  to  an a sp a r tic  a c id  resid u e (number 52 in  th e chain) ( 3 3 , 

236 ) ,  w h ile  a s in g le  p o in t o f  attachment fo r  carbohydx'ate (a sp a r tic  

a c id  or asparagine) has been d escrib ed  in  the GOOH-terminal reg ion  o f  

th e  Bp chain ( l5 4 ,  3 3 l ) ,

Amino a c id  sequence a n a ly s is  o f th e sm all NSg-te]:!minal human 

fib r in o p e p tid e s  A and B showed th a t th ey  c o n s is ted  o f  16 and I 4 amino 

a c id  r e s id u e s , r e s p e c t iv e ly  ( 29 ) .  The sequences o f the Ao  ̂ and B p  

chains were fu rth er  extended by s tu d ie s  on NH^-temiinal fragments from 

plasm in d ig e s ts  o f  S -su lp h o»fib rin ogen  ( 165 ) ,  &nd on th e is o la te d  chains 

o f H-BSIC ( 22 , 28, 3 1 , 3 2 , 33; 34, 1 8 6 ). These s tu d ie s  demonstrated the  

iB ologous segm ents, Cys-Pro-X-X-Cys, foimd in  each o f th e  polypeptide  

chain  fragments and th e rep ea tin g  sequence, Arg-Pro-X, o f the Bp 

fragment (2 6 , 252) .  In  a d d itio n , p a r t ia l  sequence an a lyses o f  the  

hydrophobic d isu lp h id e  knots ( l l 2 )  and the h yd rop h ilic  E12-DSK ( l l 2 ,

1 5 5 ) has revea led  th e  primary s tru c tu res  o f sm all segments of a l l  

th ree  ch a in s.

Sequence a n a ly s is  o f  the Ack , Bp and "g" chain fragments o f  the  

plasm in degradation products D ( 5 9 , 7I ,  319) and E ( l 8 6 , 319, 3 2 l)  has 

a ls o  contribu ted  to  th e  knowledge of th e primaiy stru ctu re  of 

f ib r in o g e n , p a r t ic u la r ly  by provid ing recogn isab le  amino ac id  sequences 

which overlapped w ith  th ose  from the CNBr fragm ents, A number of  

workers have a lso  sequenced th e NRp_terminal end o f a sm all plasm in-
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produced fragment from th e Aoc chain o f fib rin ogen  ( l l 2 ,  137, 155, 3 2 0 ), 

thus dem onstrating i t s  c lo se  r e la t io n sh ip  w ith a peptide is o la te d  from 

CN3r cleavage o f the Aoc chain (7 0 , 112, 1 5 5 )«

The most recen t amino a c id  sequence s tu d ie s  have been performed 

on th e CilBr-derlved fragments o f th e  is o la te d  chains o f fib rin ogen .

More than h a lf  o f th e  600 amino a c id s  in  the Aoc chain have been 

sequenced and D o o l i t t le  e t  a l .  (7 0 , 71 ) have demonstrated not only  

in te r n a l homology in  th e  Aoc chain , but a lso  c er ta in  s im i la r i t ie s  to  

th e  Bp and 'g chains in  th e  d is tr ib u tio n  o f amino a c id s  over a 110- 

res id u e  s tr e tc h . The sequence o f th e Bp and chains o f fib rin ogen  

have been alm ost com p letely  e lu c id a ted  by Henschen and L ottspeich  

(154)9  who e s ta b lish e d  th a t 31^ o f  th e amino acid  resid u es over th e  

len g th s  o f th e  a lig n ed  Bp (462 r e s id u e s ) and y  (4IO r es id u es) chains 

were id e n t ic a l*  In  a d d itio n , sev e r a l in ter n a l sequence hom ologies 

have been found in  th ese  ch a in s. These fin d in gs stro n g ly  support th e  

h y p o th esis  th a t th e A<x , Bp and y  polypeptide chains o f fib rin ogen  

have evolved from e, common m olecular ancestor (68 , 71» 154) «

1 , 4 ,6  Hetero g ene i t y  o f fib r in o g en

The h e tero g en e ity  o f  human fib r in o g en  has been e sta b lish e d  on 

th e  b a s is  o f  i t s  s o lu b i l i t y  c h a r a c te r is t ic s  ( 239 , 2 48 ), e lec tr o p h o re tic  

behaviour (200, 239) and i s o e l e c t r ic  focu sin g  (4 » 101, 310) in  

polyacrylam ide g e l s ,  and chromatography on ion-exchange r e s in s  (90 ,

3 1 4 ) .

Chromatographic, e le c tr o p h o r e tic  and NH^-terrainal amino a c id  

sequence an a lyses on f ib r in o p e p tid e  A ( 29) and on th e Atc fragment 

o f N-D3E ( 34 ) have shown th e e x is ten ce  o f sev era l chain varia  tit a. 

B esid es f ib r in o p e p tid e  A, sm aller  amounts o f fib r in o p ep tid es  AP (a  

phosphorylated f ib r in o p e p tid e  A), AY (f ib r in o p ep tid e  A w ith
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term in al a la n in e  m issin g ) and p o ss ib ly  AYP (a  phosphorylated  

f ib r in o p e p tid e  AY) have been d e tec ted  as M ^ -teraan al components o f the  

Act chain . Blomblick e t a l .  (34 ) have suggested  th at th ese  Aoc chain  

v a r ia n ts  may rep resen t d e r iv a t iv e s  produced i_n v iv o  by th e a c tio n  of 

exopeptidase and phophatase enzymes.

H eterogen eity  o f the Aoc chains o f human or bovine fib rin o g en  

has been demonstrated by i s o e l e c t r i c  fo cu sin g  ( lO l) ,  ion-exchange  

ehromatograpliy ( 2 5 3 ? 2 5 5 , 303) and polyacrylam ide g e l  e lec tr o p h o re s is  

(4 2 , 208, 212, 234, 246, 253, 2 5 5 , 303). At least part o f the  

observed h e tero g en e ity  i s  a consequence o f Aoc chain shortening at  

th e  COOH-terüiinal end ( 6 3 ) .  In  a d d itio n , th e h e tero g en e ity  o f  

fib rin ogen ,, id e n t i f ie d  by i t s  s o lu b i l i t y  ( 246) and e lec tr o p h o re tic  

( 200 ) behavdour, has been a ttr ib u te d  la r g e ly  to  th e  degree of  

in ta o tn e ss  of th e Aoc chain.

The Bp chains o f human fib r in o g en  have been shown to  be 

heterogenous by i s o e l e c t r i c  fo cu s in g  ( lO l)  and ion-exchange chromato

graphy (114 ) .

H eterogen eity  o f th e  ^  chains o f human or bovine fib r in o g en  has 

been demonstrated by i s o e l e c t r i c  fo cu sin g  ( lO l) ,  ion-exchange  

oliromatography ( I I 4 , 153, 245) ,  and paper and polyacrylam ide g e l  

e le c tr o p h o r e s is  ( l l5 ?  153» 245 , 250) .  The h e tero g en e ity  o f in ta c t  

f ib r in o g e n , observed on ion-exchange chromatography ( 245 , 250) ,  has 

been a ttr ib u te d  to  chain  h e tero g en e ity .

1*5 A ction o f thrombin on fib rin ogen : f ib r in  po lym erisation

The enzyme r esp o n sib le  for the form ation o f f ib r in  from 

fib r in o g en  i s  thrombin (F actor I l a ) ,  which, i s  a ser in e  protease derived  

from an itm ctiv e  precursor, prothrombin. In  the presence o f activated 

F actor X, p h osp h o lip id s, calcium  io n s  and Factor V, a c t iv a t io n  o f



prothrombin (Factor I I ) ,  a s in g le  chain  p o lyp ep tid e, occurs by 

p r o te o ly t ic  removal o f a la rg e  peptide from the M ^ -teraiinal end? 

in te r n a l cleavage o f th e  rem aining polypeptide w ithout fu rth er  lo s s  o f  

p ep tid e  m ateria l g iv e s  r i s e  to  th e a c t iv e  enzyme, thrombi,n (m olecular  

v;eight 3B ,000), which c o n s is t s  o f  a sm all polypeptide A chain and a 

la r g e  p olyp ep tid e B chain lin k ed  to g eth er  by d isu lp h id e  bonds (3 0 2 ).

1*5*1 C leavage o f f i b r i nopep tid es  by th rombin

D irect evidence fo r  th e  p r o te o ly t ic  a c tio n  o f  thrombin during 

f ib r in  form ation was obtained when th e  cleavage o f sm all peptides  

from th e HH^-terminal end o f  f ib r in o g en  r e su lte d  in  a d iffe re n c e  in  

th e  NHg-terminal amino a c id  a n a ly s is  o f fib rin ogen  and f ib r in  (?)o 

Q u a n tita tiv e  a n a ly s is  in d ic a te d  th a t two A and two B fib r in o p ep tid es  

were r e le a sed  from each m olecule o f  fib rin ogen  (3 6 ) , fib r in o p ep tid e  A 

b eing r e le a sed  f i r s t l y  and a t a fa s t e r  ra te  than fib r in o p ep tid e  B ( 2 l ) ,  

The la g  phase before  th e r e le a s e  o f fib r in o p ep tid e  B probably 

r ep resen ts  a lo c a l  conform ational change in  fib r in o g en , w ithout which 

fib r in o p e p tid e  B would not be su sc e p tib le  to  cleavage by thrombin (26). 

The r e le a s e  o f f ib r in o p ep tid e  B does not appear to  be e s s e n t ia l  fo r  

f ib r in  form ation s in c e  

( i )  th e  r e le a s e  o f f ib r in o p ep tid e  A, but not fib r in o p ep tid e  B, was 

co rre la ted  w ith  amount o f formed f ib r in  (3 5 ) ,

( i i )  r e p t i la s e ,  which c leaved  onl,y fib r in o p ep tid e  A from fib r in o g en , 

caused co agu la tion  o f fib r in o g en  ( 2 l ) ,  and 

( i i i )  a venom fa c to r  from th e Southern Copperhead snake re lea sed

fib r in o p ep tid e  B much fa s te r  than fib r in o p ep tid e  A, but no c lo t  

was formed u n t i l  adequate amounts of fib r in o p ep tid e  A were 

r e le a sed  (307)*
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1 .5*2  S p e c if ic i t y  o f thrombin

Since only two p a irs  o f fib r in o p ep tid es  were released  by thrombin 

from fib r in o g en , t h i s  enzyme w ith  tr y p s in - l ik e  s p e c i f i c i t y  was remark

a b le  in  th a t i t  c leaved  only 4 a rg in y l peptide bonds out of 260 

a rg in y l and ly s y l  p ep tid e  bonds in  fib rin o g en  ( I 65 ) .  I t  appeared th at 

f ib r in o g en  i t s e l f  contained the s tr u c tu r a l fea tu res  resp o n sib le  fo r  

th e narrow s p e c i f i c i t y  o f thrombin a c tio n . NH^-terininal amino a c id  

a n a ly s is  on f ib r in ,  to g e th er  w ith amino acid  sequence data on the 

f ib r in o p e p tid e s  and whole fib r in o g en , have in d ica ted  th a t thrombin 

c lea v ed  only a r g in y l-g ly c in e  bonds when r e le a s in g  fib r in o p ep tid es  A 

and B from human and a l l  o th er sp e c ie s  of fib rin ogen  so far  stu d ied  

( 2 9 , 3 6 , 1 6 3 , 252) .  F ib rin op ep tid es A and B were re lea sed  by thrombin 

d ig e s t io n  a lso  from the is o la te d  Acx and Bp chains o f S -su lpho- 

f ib r in o g e n  ( ip o ) ,  from in ta c t  N-DSK and from the is o la te d  A&i and Bp 

chain  fragm ents o f N-DSK ( 32 ) and from the Frl^-terminal plasm in- 

c lea v ed  Aoo and Bp fragm ents o f S -su lp h o-fib r in ogen  ( I 65) .  B esides  

th e  rap id  r e le a s e  o f f ib r in o p e p tid e  A from th ese  degraded Aoc remnants, 

th e  slow r e le a se  o f a t r ip e p t id e , Gly-Pro-Arg, from the newly-exposed  

NH^-torniinus o f th e  oc remnant was a lso  observed (3 2 ) , but i t  could

not be c leaved  from fib r in o g en  under p h y sio lo g ica l con d ition s (3 4 ) .

S in ce th e s p e c i f i c i t y  o f  thrombin was unchanged whether the 

su b str a te  was whole fib r in o g en  or chain fragments from N-DSK, ttie

s tr u c tu r es  r esp o n sib le  fo r  th e  binding and in te r a c t io n  with thrombin

were confined  to  th ese  NH^-terminal chain fragments ( 307 ) . In the  

case  o f f ib r in o p e p tid e  A, the amino acid  sequence at the COOH-terminal 

part o f the peptide has been h ig h ly  conserved throughout the  

mammalian s e r ie s  ( 2 3 , 307). Nearly a l l  sp e c ie s  had a pheriyialanyl 

res id u e  in  t h is  segment at a d is ta n ce  of nine amino acid  resid u es  

from th e bond s p lit  by thrombin ( 252) .  Like th is  segment wlelch
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e x is t e d  in  c x -h e l ic a l  confoim ationj h e l ic a l  conform ation and in t e r -  

sp e c ie s  s i a i l a r i t i o s  were found in  short peptide segments on the  

COOH-terminal s id e  o f  th e  s u sc e p tib le  Arg-Gly bond (23 , 307). On th e  

b a s is  o f th ese  r e s u l t s ,  i t  appeared th a t a s p e c if ic  binding s i t e  fo r  

thrombin on th e  Aoc chain o f fib r in o g en  might r e s id e  in  th is  reg ion  

(3 0 7 ) .

1*5*3 Measurement o f fibu'^inopeptides

As a means o f studying in tra v a scu la r  coagu la tion , methods fo r  

measuring the l e v e l s  o f f ib r in o p e p tid e s  A and B by radioimmunoassay 

have been developed ( l 7 ,  263)« A fter  coupling to  albumin, a n tise r a  

t o  th ese  f ib r in o p e p tid e s  were r a ise d  in  rabbits*  However, io d in a tio n  

o f the f ib r in o p e p tid e s  req u ired  t h e ir  p r ior  coupling to  ty r o s in e , and 

p h y sica l sep ara tion  o f th e  fib r in o p e p tid e s  from fib rin o g en  was 

n ecessary  before th e  assay  could be performed ( l7 ,  1 1 6 , 263)* In th e  

ca se  o f fib r in o p e p tid e  A, normal in d iv id u a ls  had mean le v e l s  of 

1 ng/ral and a h a l f - l i f e  o f on ly  a few minutes was demonstrated fo r  

th e  peptide ( l l 6 , 262) .  Increased  le v e l s  o f fib r in o p ep tid e  A have 

been found in  p a t ie n ts  w ith  throm botic d ise a se s  and during 

d e fib r in a t io n  therapy (4 3 , 1 1 6 , 262) .

1*5*4 B io lo g ic a l p ro p er tie s  o f fibrin.opept:ides

Both fib r in o p e p tid e s  A and B have an antithrom bin a n t i-  

coagulant a c t iv i t y  (125)* The haem ostatic e f f e c t  o f fib r in o p ep tid e  B 

on ra t a r te r io le s  has been a ttr ib u te d  to  i t s  v a so co n str ic to r  a c tio n  

( 267)0  Furthermore, fib r in o p ep tid e  B p o ten tia ted  bradykinin-induced  

co n tra c tio n  o f the u terus ( 1 7 1 ) and ex h ib ited  chemotaxls fo r  human 

monocytes and n eu tro p h ils  ( 17I ,  295 )*

In  th e second s ta g s  o f  th e fib r in o g en -to -fib r ir '.
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con version , th e f ib r in  monomers a^ggregate to  form so lu b le  xx>lyraers ami 

subsequently  forra a g e l .  The polym erisation  r ea c tio n  i s  independent 

o f thrombin ( l9 3 )  and calcium  ion s appear to  in crea se  the ra te  o f  

g e la t io n  as w e ll as th e  f in a l  r ig id i t y  o f the f ib r in  g e l ( 4I ,  305)*

A l ig h t  s c a tte r in g  study o f throm bin-induced f ib r in  (devoid o f  

fib r in o p e p tid e s  A and B) and rep tilase-in d ^ iced  fibxdn (devoid of 

f ib r in o p e p tid e  A on ly ) in d ica ted  a predominance o f end-to-end polymers 

in  th e  r e p tila se - in d u c e d  f ib r in  (l9 5 )«  Moreover, th e v i s c o s i t i e s  o f  

the t?m f ib r in s  were d if f e r e n t .  In view o f th ese  r e s u l t s ,  i t  appeared 

th a t  a s e t  o f b inding domains became op eration al a f t e r  r e le a se  o f  

fib r in o p ep tid e  A, w h ile  a d if fe r e n t  s e t  was in  fo rce  a f te r  removal o f  

f ib r in o p e p tid e  B (26)* The n o tio n  th a t fib r in o p ep tid e  B removal was 

n ecessary  fo r  la t e r a l  aggregation  o f  f ib r in  has been questioned by 

D o o l i t t le  (6 8 ) ,

Kudryk e t al* (iB ?) have demonstrated th a t in s o lu b il is e d  

f ib r in  d isp layed  a degree o f  a f f in i t y  fo r  th e high m olecular w eight 

sp e c ie s  o f fib r in o g en  fragment D, in d ic a tin g  th a t fragment D contained  

s i t e s  o f  importance fo r  th e  polym erisation  o f f ib r in .  Since in ta c t  

fib r in o g en  d isp layed  a s im ila r  a f f in i t y  fo r  in s o lu b il is e d  f ib r in ,  

th e  binding domains o f fragment D might always be exposed on the  

fib r in o g en  m olecu le . I t  has been proposed th at acceptor groups fo r  

f ib r in  p o lym erisation  are exposed on removal o f th e  e lec tro n eg a tiv e  

f ib r in o p e p tid e s , a llo w in g  spontaneous polym erisation  o f f ib r in  s in ce  

donor groups are permanently a v a ila b le  in  other reg ion s o f the  

fib r in o g en  m olecule ( l9 l ) c

Tlie nature o f the binding fo r c es  involved  in  f ib r in  

p olym erisa tion  remains unknown, although thermodynamic data  

im p lica te  the involvem ent o f hydrogen bonds ( 6 0 ) ,  In p a r tic u la r ,  

h istid in e - i s  b e lie v e d  to  behave as a hydrogen bond acceptor (6 8 ) ,
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an id ea  which i s  c o n s is te n t  w ith  th e recen t s tu d ie s  o f Plow (278) and 

Inada a l ,  (1 6 2 ), T yrosine may fu n ctio n  as a hydrogen bond donor, 

w h ile  ly s in e  may a ls o  p a r t ic ip a te  in  f ib r in  polym erisation  (68)*

1*5*6 S o lu b le  f ib r in  monomer complexes

Although th e  tr a n s ie n t  e x is te n c e  o f so lu b le  in term ediate  

polymers o f f ib r in  was reco g n ised  from early s tu d ie s  on f ib r in  

form ation , a number o f rep o rts  in d ic a te d  th e p e r s is te n c e  of so lu b le  

f ib r in  complexes in  a v a r ie ty  o f  throm botic s ta te s  ( $ ) .  In I960, 

S h a in o ff and Page (304) examined th e  plasma o f en d otox in -treated  

r a b b its  and is o la t e d  cry o p ro fib r in , a c o ld -p r e c ip ita b le  f ib r in  

complex, which appeared to  have a r ise n  from lim ite d  tlirombin a tta ck  

on plasma fib r in o g en  s in c e  a reduced amount o f f ib r in o p ep tid e  A was 

reco v era b le  from cry o p ro flb r in  compared vfith fib r in o g en . Others 

have shown th a t so lu b le  u n c lo tta b le  complexes may foxmi during  

f ib r in o g e n -to - f ib r in  conversion  in  th e presence o f fib rin o g en  

degradation  products (2 0 2 ),

Recent v :ltro s tu d ie s  have employed th e techniques o f  

polyacrylam ide g e l e le c tr o p h o r e s is  (l59?  160, l 6 l ,  176, 205), 

NBp-terminal amino a c id  a n a ly s is  (9 , 1 7 6 ), u ltr a c e n tr ifu g a tio n  (220) 

and agarose g e l f i l t r a t i o n  (5 0 , 159, 160, l 6 l ,  166, 205 ) ,  as w e ll  

as th e  etlm nol g e la t io n  and protamine su lphate p r e c ip ita t io n  t e s t s  

( 9 ,  1 3 3 ), fo r  th e d e te c t io n  o f so lu b le  f ib r in  complexes* In a d d itio n , 

th e se  complexes have a ls o  been stu d ied  by s e le c t iv e  adsorption  o f  

f ib r in o g e n  d e r iv a t iv e s  on in s o lu b i l is e d  f ib r in  and fib r in o g en . By 

such Investigations o f th e  adsorption  phenomenon, which was 

considered  to  be rela ted , to  complex form ation between fib rin o g en  and 

i t s  d e r iv a tiv e s  ( 2 2 7 ) ,  in s o lu b i l is e d  f ib r in  monomer was shown to  bind  

to  fib r in o g en  ( l4 5 ) ,  f ib r in o g en  fragment 1) (18?) and fib rin o g en  

degradation  products X, Y, D and E (2 2 8 ). On th e  o th er hand, o th ers
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have suggested  th a t only f ib r in  fragments D and E, but not fib r in o g en  

fragm ents 3) and E, were in vo lved  in  complex form ation ( 50 )*

In th e  case  o f f ib r in o g e n -f ib r in  monomer com plexes, von Hugo 

e t  ( 1 6 1 ) have shown th a t fib r in o g en  and f ib r in  monomer occurred  

in  a r a t io  o f  1 ; 1 . I n v e s t ig a t io n  o f  the nature o f the bonds in  

so lu b le  f ib r in  complexes rev ea led  th e  presence of a. few ^ ^ chain

dimers (1 7 6 ), although other s tu d ie s  in d ica ted  th a t the bonds in  th e  

complexes were n on-covalen t in  ch aracter ( I 66 )* ^  v i vo 8tudi.es in

th e plasmas o f  p a t ie n ts  w ith  so lu b le  f ib r in  complexes have shown 

s im i la r i t ie s  in  th e  nature of th ese  complexes to  th o se  produced 

in  v i t r o ( l ,  128, 135? 177» 213)* However, v i s c o s i t y  s tu d ie s  have 

in d ic a te d  th a t th e form ation o f f ib r in o g e n -f ib r in  complexes might 

rep resen t an _in v i t r o  phenomenon, which was dependent on reduced  

temperatirces fo r  i t s  m a n ifesta tio n  ( 1 9 )®

1*6 E ffe c t  o f F actor X III on f ib r in

In  th e  f in a l  s ta g e  o f th e  f ib r in o g e n -to - f ib r in  conversion , 

in te r c h a in  c r o s s lin k s  are introduced in to  th e  f ib r in  m olecule, an 

event which i s  unique in  th e coagu la tio n  cascade, s in c e  i t  i s  the  

only  r e a c tio n  which in v o lv es  th e  form ation o f covalen t bonds ( 89 )* 

With the presence o f th ese  c r o s s l in k s , f ib r in  becomes s t a b i l i s e d  

a g a in st  d is s o lu t io n  in  denaturing s o lu t io n s , such as urea or 1% 

m onochloroacetic a c id  (89)*

The cro so lin k in g  enayne, Factor X ll la  ( f ib r in  s t a b i l i s in g  

fa c to r , plasma transg lu tam inase) e x is ta  in  plasma as a proenzyme, 

F actor X III, and has a m olecular w eight 300,000 -  340,000 (89)» 

F actor M i l  i s  a tetram er, c o n s is t in g  of two a chains and tvfo b 

chains o f s im ila r  m olecular w eights (oa . 8 0 ,0 0 0 ), which are bound 

to g e th er  by non-covalen t bonds; the m olecule i s  thus represented  by
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th e  formula ( l l ,  89, 299? 323)» During a c t iv a t io n  o f the enzyme

by thrombin, a peptide o f 36 res id u es  i s  r e lea sed  from the  

term inal end o f th e  a chain , which contain s the c a t a ly t ic a l ly  a c t iv e  

s i t e ,  and Factor X l l la  ma.y be represen ted  by the formula a' (89? 

299 )® Although calcium  io n s are not required fo r  th e a c t iv a t io n  of

th e  enzyme th ey  are required  fo r  i t s  c r o ss - lin k in g  a c t iv i t y  (8 9 ) ,

Factor XIII from p la t e le t s  and the p lacenta has a m olecular 

weight o f 1 5 0 ,0 0 0  and c o n s is t s  o f dim ers, which are id e n t ic a l  in  

a l l  r e sp e c ts  to  th e  a chains o f pla,sma Factor XIII ( 11, 89, 299, 311 ) .

The fu n ctio n  o f th e b chains in  plasma i s  unknown, but may serve to

s t a b i l i s e  the a chains (8 9 ) . P a tien ts  with con gen ita l Factor XIII 

d e fic ie n c y  appear to  la ck  the a c t iv e  a ch ain s, but p ossess a-ohain  

bin din g c a p a c ity , i . e .  b ch a in s , ( l l ,  12, 89 ) .

B esides thrombin, coagulase thrombin (3 1 6 ), Factor Xa (207) 

and tr y p s in  (207) appear to  a c t iv a te  Factor X III. A ctiva tion  of 

Factor XIII by the fib r in -fo rm in g  enzymes from snake venom, ancrod 

and r e p t i la s e ,  may be due to  contam inating enzymes in  th ese  

preparations ( 207 , 273) .

1 .6 ,1  The c r o ss lin k in g  o f f ib r in

D isulphide b rid ges have been proposed as l ik e ly  candidates  

fo r  the r o le  o f f ib r in  c r o ss lin k s  and g ly c in e  resid u es have a lso  been 

im p lica ted  (8 9 ) . However, th e  c ro ss lin k in g  bonds were id e n t if ie d  as 

£™(*g' -g lu tam yl) ly s in e  res id u es  a f t e r  t o t a l  enzymic d ig e s t io n  o f  

c ro ss lin k e d  f ib r in  (6 9 , 271 ) .  Moreover, sep aration  o f the cro sslin k ed  

chains o f f ib r in  by s u lp h ito ly s is  and chromatography revea led  that 

two chains were jo in ed  by r ec ip ro ca l d - (g '-g lu ta m y l)  ly s in e  

b rid ges ( 5 2 , 53, 322 ) .  Bach chain  contained one donor u n it  

(6  -amino group of ly s in e )  and one acceptor u n it (glutam ine) in
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c lo s e  proxim ity a t the COOH-terminal ends of the polypeptide chains

and th e rec ip ro ca l arrangement n e c e s s ita te d  an a n t ip a r a lle l

o r ie n ta t io n . The c r o ss lin k in g  between chains was in term olecu lar ,

not in tram olecu lar , s in c e  hybrid cro sslin k ed  u n its  were formed by

c lo t t in g  a mixture o f human and bovine fib rin ogen s (6 8 ) ,

Using the technique o f SDS-polyacrylamide g e l e le c tr o p h o re s is ,

o th er  in v e s t ig a to r s  confirmed th a t , not only did Factor X llla  cause 
d im ér isa tio n  o f the
oimerisa-Dion oi rne ^ ch a in s, but polym erisation  of the oc chains o f  

f ib r in  a ls o  occurred, w h ile  th e p chain remained uncrosslinked  ( 209 , 

211, 300). The chain c r o ss lin k in g  occurred more slow ly  than the  

y  chain c r o ss lin k in g  (211 , 300). IVhile the chains accounted fo r  

two cz'osslink s per m olecule o f f ib r in ,  i t  was estim ated  th a t oc c r o ss -  

l in k in g  would produce four c r o ss lin k s  per m olecule (8 9 ) . A proportion  

o f th ese  c r o ss lin k in g  s i t e s  appeared to  be s itu a ted  at th e COOH- 

term inal end o f th e  Aoc chain (92) w h ile  at le a s t  one p o te n tia l s i t e  

was lo c a te d  in  a m id -sec tio n  s tr e tc h  o f the Aoc- chain (9 1 ) . C onsisten t 

w ith  th ese  o b serv a tio n s , others (85 , 96, 320) have demonstrated the  

e x is te n c e  o f at l e a s t  two c r o ss lin k in g  acceptor s i t e s  in  the COOH- 

term inal aspect o f th e  ol chain o f f ib r in ,  using  ra d io a c tiv e  and 

f lu o r e sc e n t s u b s t itu te  donors. In p a r tic u la r , Takagi and D o o lit t le  

( 3 2 0 ) ch a ra cter ised , by amino ac id  sequence a n a ly s is , the m id -section  

p ie c e  of th e  oc chain which appeared to  contain  a glutam ine c ro ss-  

l in k in g  acceptor u n it ,  but doubts were cast on the a u th e n tic ity  o f

t h is  s i t e  by la t e r  work on th e ch a ra c ter isa tio n  o f two lin ked  oc chain

CNBr fragments from cro ss lin k ed  f ib r in  ( 6 9 ) .

Concerning c r o ss lin k in g  o f the oc chain of f ib r in ,  i t  i s

noteworthy th a t th ese  chains may a lso  be crosslin k ed  to  the subunit 

p olyp ep tid es o f c o ld - in so lu b le  g lo b u lin , a prote in  which shows



46

remarkable s im i la r i t ie s  to  th e  c lo t ta b le  p ro te in s o f lo b s te r  blood  

( 249 )* Moreover9 on th e b a s is  o f fu rth er  s im i la r i t ie s  between a 

f ib r o b la s t  membrane p ro te in  and cold-»insoluble g lo b u lin , Mosher ( 249 ) 

su ggested  th a t Factor X l l la  may be in vo lved  in  the covalen t  

a s so c ia t io n  o f f ib r o b la s t  membrane p ro te in  and fib r in *

1 ,7  E ffe c t  o f piasm in on fib r in o g en  and f ib r in

Induction  o f f ib r in o ly t ic  a c t iv i t y  in  th e blood appears to  be 

due to  th e  conversion  o f th e  proenzyme, plasminogen, to  the a c t iv e  

p ro tea se , plasm in. This enzyme has a lso  been employed in  the  

m ajority  o f th e  v i t r o  degradation  s tu d ies  on fib r in o g en .

The conversion  o f th e  s in g le  chain plasminogen (m olecular  

w eight 9 3 , 0 0 0 ) to  th e  disu lphide-bonded tw o-chain plasm in (m olecular  

w eight 8 5 , 000 ) req u ires th e  a c tio n  o f the s o -c a lle d  plasminogen 

a c t iv a to r s ,  and occurs in  two steps* In  the case o f urokinase  

a c t iv a t io n , th e f i r s t  s te p  c o n s is t s  o f the p r o te o ly t ic  ‘ cleavage o f th e  

NHg-terminal 68 amino a c id  r es id u es  (p o ss ib ly  as two a c t iv a t io n  

p e p tid e s)  from th e  in ta c t  plasminogen (Glu-plasrainogen)* As the  

in a c t iv e  in term ed iate  product has KH^-terminal m ethionine, i t  seems 

th a t th e  s o -c a l le d  Lys-plasm inogen in term ediate may represent a more 

advanced d ig e s t io n  in term ed ia te . In the second step  o f the  

a c t iv a t io n  o f plasm inogen, th e in term ediate i s  hydrolysed by 

urokinase a t a s in g le  a r g in y l-v a lin e  bond to  form th e a c t iv e  plasmin  

m olecu le , c o n s is t in g  o f a heavy chain and a l ig h t  chain which 

con ta in s  th e  a c t iv e  s i t e .

Trypsin and t i s s u e  a c t iv a to r  from p ig  heart a c tiv a ted  

Lys-plasm inogen s im ila r ly  to  urokinase by c leav in g  a s in g le  a r g in y l-  

v a lin e  bond. A ctiv a tio n  o f GTu-plasminogen by c a t a ly t ic  amounts o f  

strep to k in a se  proceeds in  the same manner as fox’ urokinase, but w ith
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s to ic h io m e tr ic  amounts of s tr ep to k in a se , lead in g  to  the form ation of 

the p lasm in ogen -strep tok in ase  complex, the order o f bond cleavage  

appears to  be in  r ev erse  order ( 296 ) ,

1 . 7 ,1  Degradation o f fib r in o g en  by plasmin

Early in v e s t ig a t io n  o f term inal plasmin d ig e s ts  o f fib rin ogen  

rev ea led  the presence o f f iv e  degradation products, A-E ( 265 )* Of 

th e se  produ cts, fragm ents A, B and C were sm all p ep tid es , probably 

d erived  from the AoC chain  o f fib r in o g en  (265, 272) ,  and did not rea c t  

w ith  a n t i-f ib r in o g e n  antiserum  ( 264 ) ,  whereas fz’agments D and E had 

m olecular w eights 83 ,000 and 35 ,000 , r e s p e c t iv e ly , and reacted  with  

a n t i- f ib r in o g e n  antiserum , although th ese  two products had no a n tig en ic  

determ inants in  common ( 2 6 4 , 265 ) ,  R elated observations on the  

term in a l d ig e s t io n  products were made by others ( I 6 8 , 261), who a lso  

found th a t the D preparation  was heterogenous on e le c tr o p h o r e s is , 

e x h ib it in g  up to  e ig h t  components.

During the degradation  o f fib r in o g en , tr a n s ie n t in term ediate  

products were noted in  the d ig e s t io n  mixture by Russenzweig et a i .  ( 265 ) 

and in v e s t ig a te d  by oth ers (4 6 , 2 2 l ) ,  These fragments (X and Y) 

p o ssessed  potent an ticoagu lan t a c t iv i t y  and were ch ara cter ised  by 

Marder _et a l ,  (222) w ith  resp ec t to  th e ir  physicochem ical behaviour and 

imm unological p r o p e r tie s . From th ese  s tu d ie s , a scheme fo r  d escr ib in g  

th e  m olecular fragm entation o f fib r in o g en  by plasmin was form ulated and 

rem ains today th e  most popular ch o ice  of various schemes fo r  fib rin ogen  

degradation , even though i t s  p o s tu la te s  have rece iv ed  c lo se  scru tin y  

from numerous other workers. In o u t lin e , fib rin o g en  i s  la r g e ly  

converted  by plasm in to  fragment X, a c lo t ta b le  d e r iv a tiv e  of m olecular  

w eight 240 , 0 0 0 , by th e lo s s  o f the minor peptides A and B and C; 

asymmetric cleavage of fragment X lead s to the sim ultaneous ap;p'.ri,rance



40

o f  th e  n o n -c lo tta b le  fragment Y (m olecular weight 1 5 5 ?000 ) a,nd fragment 

D (m olecular w eight 8 3 ,0 0 0 ); fragment Y i s  then s p l i t  in to  a second  

fragment D and a s in g le  fragment E sp e c ie s  (m olecular w eight 3 0 , 0 0 0 )*

From th e m olecular w eights and y ie ld s  o f  th e various degradation  

p rod u cts, Marder (222) concluded th at fib r in o g en , during

p r o te o ly t ic  c leavage by plasm in, could generate two fragment D sp e c ie s  

and one fragment E s p e c ie s ,  thus supporting a previous notion  ( 265)*

Io 7 o2 P o lyp ep tid e chain  s tru c tu res  o f the fib r in o g en  degradation

pr oducts (FDP)

The e lu c id a t io n  o f th e  subunit chain s tru c tu res  o f the fib r in o g en  

degradation  products amid th e d isco v ery  o f th e ir  s i t e s  o f o r ig in  w ith in  

th e  in ta c t  fib r in o g en  m olecule were complementary p ie c e s  o f inform ation  

in  th e  search fo r  th e  s tru c tu re  o f fib r in o g en . One such important 

f in d in g  e s ta b lish e d  th a t fragment E c o n stitu te d  a major ju n ction  o f th e  

RHg-terminal ends o f th e  fib r in o g en  chains and o f th e monomeric u n its  

o f th e  fib r in o g en  m olecule* In s p it e  o f a report th a t two monomeric 

R-DSK were overlapped by th e  fragm ents D ( 192 ) ,  Wallen (335) suggested  

th a t th e dimexdc R-DSK and fragment E were s tr u c tu r a lly  related *  

Immunological support fo r  t h is  n o tio n  was provided by th e rea c tio n  o f  

id e n t i t y  between R-DSK and fragment E, u sin g  a n ti-f ib r in o g e n  antiserum  

( 2 1 7 ? 219 )* In  a d d itio n , imm unological a n a ly s is  w ith anti-R-DSK  

antiserum  confirmed th a t N-DSK and fragment E p ossessed  some common 

a n tig e n ic  s tru c tu res  ( I 8 6 , 1 8 8 ), However, some a d d itio n a l elem ents 

presen t on fragment E appeared to  mask a n tig en ic  s i t e s  which were 

exposed on R-DSKg th ese  s i t e s  were f u l l y  exposed on a RH^-terminal CRBr 

fragment from fragment E, the E -knot, which was im m unological}y 

id e n t ic a l  to  R-DSK ( I 8 6 , 1 8 8 ), Physicochem ical s tu d ie s  revea led  th at  

R-DSK and fragment E were s im ila r  regarding th e ir  m olecular w eigh ts.
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e x t in c t io n  c o e f f i c i e n t s ,  h a lf -o y s t in e  contents and NHg-termlnal amino 

a c id s  ( 219) ,  although fragment E appeared to  la ck  the M g-term inal 

p o rtio n  o f th e  Bp chain  fragment ( I 8 6 , 219), In  a d d itio n , fragment E, 

as w e ll as fragm ents X and T, but not fragment D, contained at le a s t  a 

proportion  o f the th e o r e t ic a l  amount o f fib r in o p ep tid e  A (4 4 » 186, 218, 

2 1 9 Î 2 3 5 , 244Î 270)0  I'inal and co n c lu s iv e  proof th at th e EHp-terminal 

p o rtio n  o f fib r in o g en  remained in ta c t  during plasm in degradation and 

was la r g e ly  contain ed  in  fragment E was obtained from the amino acid  

sequence a n a ly s is  o f th e  E-knot ( I 8 6 ); from such d ata , the parent 

fragment E appeared to  have th e  stru c tu re  (A ocl-86 , Bp 54-119, ^  1 -5 8 )? , 

and was thus c lo s e ly  r e la te d  to  N-BSK (l8S )«

S tu d ies on fragment D, th e  other term inal d ig e s t io n  product o f  

f ib r in o g e n , have not y e t r ev ea led  i t s  f u l l  s tr u c tu r e , although the  

e s s e n t ia l  fe a tu re s  o f  t h i s  fragment have now been d iscovered . I t  was 

d erived  from th e  COOH-terminal a sp ect o f fib rin ogen  (2 1 9 ), i t s  

h e te r o g e n e ity , a t l e a s t  in  p a r t , was r e la te d  to  th e  ex ten t of plasmi.n 

d ig e s t io n  o f th e 'g chain  (5 9 , 85, 103, 272 , 319), i t  gave r i s e  to  th ree  

CFBr-derived fragm ents s im ila r  t o  Hol-BSK, Ho2-I)SK and Ho3-BSK ( l l 2 ,  

1 1 3 ) ,  and i t  was a monomeric s tr u c tu r e , con ta in in g  disulphide-bonded  

fragm ents o f each o f th e  chains o f fib r in o g en  (59 , 85, 99, 103, 319),

The l a t t e r  observa tion  was based la r g e ly  on q u a n tita tiv e  M ^-teraiinal 

amino ac id  an a lyses and m olecular w eight measurements o f th e p olyp ep tid e  

chain  components o f fragment D, The M ^-term inal amino acid  sequence 

has been describ ed  fo r  a l l  th ree  chain  fragments (59 , 319), w h ile  th e  

com plete primary sequence fo r  the Act fragment was e lu c id a ted  by 

D o o l i t t le  e t ^1, ( ? l ) .  The d if fe r e n c e  in  stru ctu re  between two o f th e  

e a r ly  fragment D s p e c ie s ,  D., and was shown to  be a 23-re s ld u e  

se^miont a t th e RHg-terminal end o f th e  chain fragment (59 , 319), 

A n alysis  o f t h is  p ep tid e  s e c t io n  demonstrated th a t th e 'Y fragment o f
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K-DSK and th a t o f fragment D had sequences in  common, thus accounting  

fo r  th e  weak imm unological r ea c tio n  o f anti-R~DSIC antiserum  and fragment 

D ( 5 9 , 113)0  These r e s u lt s  a ls o  in d ic a te d  th at the RH^^terminal ends 

o f fragment D and. th e  COOH-terminal ends o f fragment E (fo r  th e  -g' chain  

a t l e a s t )  la y  in  c lo s e  proxim ity in  th e  in ta c t  parent fib rin ogen  

m olecule (5 9 , 319).

B esides th ese  in te n s iv e  in v e s t ig a t io n s  on in d iv id u a l degradation  

produ cts, the sequence o f bond cleavage in  fib rin ogen  during plasmin  

d ig e s t io n  has been con v en ien tly  examined by means o f SBS-polyacrylamid© 

g e l  e lec tr o p h o re s is  (9 8 , 106, 234 , 235, 272)* These s tu d ies  g en era lly  

supported th e degradation scheme o f Marder e t  a l ,  (222) and demonstrated  

th a t th e A ex. chains o f fib r in o g en  were cleaved  f i r s t ;  fu rth er  removal o f  

a sm all B p p ep tide produced fragment X ( 272) .  Assymmetric cleavage o f  

fragment X in  a t l e a s t  th ree  p o s it io n s  separated the fragments Y and I), 

w h ile  fu rth er  plasm in a tta ck  on fragment Y r e su lte d  in  th e generation  

o f  another fragment D and fragment E ( 272) .  O ccasion a lly , email 

degradation  produ cts, r e la te d  to  fragment D, were d etected  on SDS- 

polyacrylam ide g e l e lec tr o p h o re s is  ( 9 9 , 244 , 293) ,

R ecen tly , eaa:ly cleavage fragments o f th e  Ack. chain of  

fib r in o g en  have been is o la te d  and ch aracterised ; th ese  fragments have 

been c a lle d  v a r io u s ly  Hi2™Ala and Hi2-Met ( l l 2 ,  1 5 5 ), fragment A ( 317 , 

3 2 0 ) and fragment H ( l3 7 )  and were r e la te d  to  th e h yd rop h ilic  d isu lp h id e  

k n ot, Hi2-DSK ( l l 2 ,  1 5 5 ),

1 ,7 c 3 Degradation, o f f ib r in  by plasmin

In th e case o f non-crooslinked, f ib r in ,  plasmin degradation le d  

to  d ig e s t io n  products X, Yj, D and E which were s im ila r  to  those o f  

f ib r in o g en  ( l0 3 ,  274) except th a t f ib r in  fr-agiyents X, Y and E no lon ger  

possessed, f ib r in o p c p tid e s . However, cro ss lin k in g  o f f ib r in  by
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F actor X ll la  a lte r e d  the p attern  o f plasm in d ig e s t io n  in  th at one of 

th e  degradation  products contain ed  cro sslin k ed  polyp eptid e chains and 

th e  order o f chain degradation  appeared to  be changed ( l0 3 , 274),

Although X-dimer and Y-dimer have not been observed during the course  

o f d ig e s t io n , exam ination o f a term inal plasmin d ig e s t  o f h ig h ly  

c ro ss lin k e d  f ib r in  showed th a t th e major components were f ib r in  

fragment D-dimer and fragment E (85* 103, 274) .  The m olecular weight 

o f th e  D-dimer was estim ated  at 160,000 -  200,000 (85 , 103, 182, 274) 

and was shown to  c o n s is t  o f two o(, fragments (m olecular weight 12 ,000 -

1 5 . 0 0 0 ) ,  two p fragm ents (m olecular w eight 4 2 ,0 0 0  -  44 ,000 ) and a 

c ro ss lin k ed  dimer o f a y  chain fragment (m olecular weight 76,000 «

81 . 000) ( 85 , 275) .

Ydiereas th e  s iz e  o f  th e  'Jj' chain fragment v a r ied  w ith  th e stage  

o f  monomeric fragment D degradation , only one type o f ÿ  subunit was 

observed in  D-dimer, in d ic a t in g  th a t cro ss lin k in g  of th e chain o f  

f ib r in ,  as w e ll as in corp ora tion  o f a flu o rescen t su b s t itu te  donor 

in to  th e ^  chain  c r o s s lin k  accep tor  s i t e ,  prevented i t s  COOH-terminal 

degradation  by plasm in (85 , 2 74 ). In  a d d itio n , incubation  o f Factor X ll la  

w ith  fragmient D produced D-dimer, but e le c tr o p h o re tic  an a lyses revea led  

th a t th e  c r o ss lin k in g  ca p a c ity  was r e s tr ic te d  to  th e e a r l i e s t  fragment 

D, in d ic a t in g  th a t th e COOH-terminal c ro ss lin k in g  s i t e s  had remained 

in t a c t  only in  th e  chain  o f fragment (85 , 100, 275). T herefore, 

w h ile  recen t f in d in g s  ( 5 9 , 100, 319) have in d ica ted  th a t the i n i t i a l  

plasm in a ttack  on monomeric fragment D occurred a t th e NHg-terminal 

end o f the ^  chain fragm ent, i t  seems l ik e ly  th a t a sim ultaneous 

COOH-terminal c leavage a t the c r o ss lin k in g  s i t e s  occurred on the same 

p o ly p ep tid e .

In th e case  o f the oi chains of f ib r in ,  n e ith er  c ro ss lin k in g  

nor in corp ora tion  o f f lu o r e sc e n t su b s t itu te  donors appeared to  in flu en ce



s tr o n g ly  the p attern  o f plasm in c leavage o f th ese  chains (85* 274) .  No 

s a t is fa c to r y  exp lan ation  has y e t been g iven  fo r  th e appearance from a 

t o t a l l y  cro ss lin k ed  f ib r in  d ig e s t  o f  fragments A or H ( l3 7 , 274% even  

though th ese  fragm ents p ossessed  c ro ss lin k in g  acceptor s i t e s  (85 , 96, 

320) * However, P izzo  jet ( 274 ) have reported the occurrence o f sm all 

c ro ss lin k ed  p ep tid es o f the o4 polymer a f te r  plasmin d ig e s t io n .

A number o f rep orts have suggested  th at cro ss lin k in g  o f the  

(X chains endowed f ib r in  or i t s  o<, polymers w ith an increased  

r e s is ta n c e  to  l y s i s  by plasm in ( l0 3 ,  210, 274), However, th ese  r e s u lt s  

cou ld  not be confirmed by oth ers ( 2 4 3 , 290).

1 . 7 .4  D-E complexes o f fib r in o g en  and f ib r in

D if f ic u l t y  has been encountered in  sep arating  fib rin o g en  

fragm ents D and B by g e l f i l t r a t i o n  in  p h y sio lo g ica l b u ffers (4 6 , 2 6 l)  

although fr a c t io n a t io n  was r e a d ily  performed in  a c e t ic  ac id  so lu tio n  

( 1 1 3 ) ,  Su ggestion s th a t fragments D and E formed a non~covadent 

complex (4 6 , 106) were more f u l ly  in v e s t ig a te d  by Plow ^  al* (279, 280) 

who demonstrated a D;E complex, in  a probable r a t io  o f 1 :1 , in  plasm in  

d ig e s ts  o f f ib r in o g en . The bonding fo rces  appeared to  be hydrophobic 

and hydrogen bonding in  n atu re.

An analagous non-covalent complex has a lso  been demonstrated 

in  plasm in d ig e s ts  o f cro ss lin k ed  f ib r in  ( 107 , 158); immunological 

and e le c tr o p h o r e tic  in v e s t ig a t io n s  in d ica ted  th e  a s so c ia t io n  of 

D-dimsr w ith  fragment E to  form a D^E complex,

1 . 7 .5  B io lo g ic a l p ro p erties  o f  the flb r in (o g en ) degradation products

F ibrinogen and f ib r in  degradation products in te r fe r e  w ith the

throm bin-fibrinogen  r e a c tio n  in  an in h ib ito ry  manner. Fragment D a c ts  

as an in h ib ito r  o f f ib r in  monomer polym erisation , probably as a r e s u lt  

of com petition  fo r  f ib r in  monomer polym erisation  s i t e s  (190 ) .  The



a c t i v i t y  o f  f rag m e n t  D s p e c i e s  i n  t h i s  r e s p e c t  i s  dependen t on t h e i r  

s t r u c t u r e  and o r i g i n ,  s i n c e  D -d im er from t o t a l l y  c r o s s l i n k e d  f i b r i n  

e x h i b i t e d  a  g r e a t e r  i n h i b i t o r y  e f f e c t  on f i b r i n  monomer p o ly m e r i s a t i o n  

an d  a  g r e a t e r  a f f i n i t y  f o r  i n s o l u b i l i s e d  f i b r i n  monomer th a n  f rag m e n t  D 

from  f i b r i n o g e n  o r  n o n - c r o s s l i n k e d  f i b r i n  (73)® The a n t i c o a g u l a n t  

a c t i v i t y  o f  f ra g m e n t  B a p p e a r s  t o  come from i t s  c o m p e t i t io n  w i th  

r e c e p t o r  s i t e s  on t h e  f i b r i n o g e n  m o lecu le  f o r  t h e  a c t i v e  enzyme c e n t r e  

o f  th ro m b in  ( 1 9 0 ) .  The i n t e r m e d i a t e  f ra g m e n ts  X and Y a r e  more p o t e n t  

a n t i c o a g u l a n t s  t h a n  f ra g m e n ts  D and  E* Fragment Y i s  t h e  most p o t e n t  

d e r i v a t i v e  ( 2 2 0 ) ,  w h i l e  t h e  i n h i b i t i n g  e f f e c t  o f  f rag m e n t  X a p p e a r s  t o  

be i n v e r s e l y  r e l a t e d  t o  i t s  c l o t t a b i l i t y  ( 190 )* ^  v iy o ,  t h e  a n t i 

c o a g u la n t  e f f e c t s  o f  t h e s e  f r a g m e n ts  may be  o f  s h o r t  d u r a t i o n ,  on 

a c c o u n t  o f  t h e i r  g r e a t l y  d e c r e a s e d  h a l f - l i v e s ,  compared w i th  

f i b r i n o g e n  ( 1 9 0 ) .

A n t ic o a g u la n t  a c t i v i t y  h as  a l s o  been  a t t r i b u t e d  t o  a  d e c a p e p t id e  

from  a  p la sm in  d i g e s t  o f  b o v in e  f i b r i n o g e n  ( 325 )* w h i le  i t s  s y n t h e t i c  

e q u i v a l e n t  p o s s e s s e d  a  b r a d y k l n i n - l i k e  a c t i v i t y  ( 324 ) .  F ragm ents  D and 

E e x h i b i t e d  o h e m o ta o t io  a c t i v i t y  f o r  m onocytes , and a  lo w er  m o le c u la r  

w e ig h t  p o ly p e p t id e  from  a  p la sm in  d i g e s t  o f  f i b r i n o g e n  was c h e m o ta c t ic  

f o r  n e u t r o p h i l s  (171» 295)0

1 * 7 .6  A l t e r n a t i v e schemes f o r  p la sm in  d e g r a d a t io n  o f  f i b r i n o g en

B e s id e s  t h e  p o p u la r  scheme o f  M a rd e r je t  a l*  ( 2 2 2 ) ,  by which 

p la sm in  d e g r a d a t io n  o f  f i b r i n o g e n  u l t i m a t e l y  y i e l d s  two m o le c u le s  o f  

f r a g m e n t  D and  one m o le c u le  o f  f ra g m e n t  E, two o t h e r  schemes o f  

d e g r a d a t i o n  have  b een  p ro p o se d .  I n  t h e  f i r s t ,  M osesson e t  a l*  ( 244) 

h av e  p o s t u l a t e d  t h a t  d e g r a d a t io n  o f  f i b r i n o g e n  p ro d u ced  one m o lecu le  o f  

f ra g m e n t  E and one m o le c u le  o f f rag m e n t  D, t h e  l a t t e r  f ragm en t b e in g  a 

d im e r ic  s t r u c t u r e  c o n s i s t i n g  o f  d is u lp h id e -b o n d e d  rem n an ts  o f  a l l  s i x
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p o lyp ep tid e  ch a in s . T his argument was based mainly on m olecular 

w eight v a lu e s , id e n t i f ic a t io n  o f polypeptide chain components and 

NH2*= term inal amino ao id  a n a ly s is  o f fragment D sp e c ie s .

C rucial t o  th e  dim eric fragment D model was the experim ental 

o b servation  o f the ea r ly  plasm in r e le a se  o f a la rg e  p polypeptide  

fragment from the fib r in o g en  core ( 244)0 However, o thers (8 5 ) have 

shown th a t t h is  fragment o r ig in a ted  in  the Acx chain* In  a d d itio n , 

oth er  s tu d ie s  ( 5 9 » 8 5 » 9 9 )» id e n t ify in g  the polypeptide chains o f  

fragment D by e le c tr o p h o r e s is , presence o f carbohydrate, q u a n tita tiv e  

NHg-terrainal a n a ly s is  and tr y p t ic  peptide mapping, have produced 

r e s u lt s  d if fe r e n t  from th o se  o f Mosesson. The fin d in g  o f D-dimer, 

and not polym eric D, on d ig e s t io n  o f cro sslin k ed  f ib r in ,  appeared to  

g iv e  e x c lu s iv e  support to  Marder*3 m olecular model (8 5 ) ,  but Mosesson 

and F in lays on ( 242 , 243) have re fu te d  th is  claim  by dem onstrating th a t  

a l l  o ro sslin k ed  D fragm ents were u lt im a te ly  degraded to  sp ec ie s  

in d is t in g u ish a b le  from th o se  o f  n on -crosslin k ed  f ib r in .  However, th e  

balance o f arguments favour Marder®s m olecular scheme, p a r tic u la r ly  

s in c e  amino a c id  sequence a n a ly s is  has p o s it iv e ly  id e n t if ie d  an 

im portant chain  s e c t io n  in  fragment D ( 5 9 , 319) ,

Another degradation  scheme fo r  fib r in o g en , based on 

q u a n tita tiv e  immunochemical measurement o f a n tig en ic  exp ression  o f  

D;B complexes and th e  sem i-q u a n tita tiv e  assessm ent o f  r e la t iv e  y ie ld s  

o f  fragments D and E in  plasm in d ig e s ts  o f fib r in o g en , Has been proposed 

(2 8 1 ) . In t h is  scheme, fib r in o g en  can g ive  r i s e  to  two monomeric D 

and two monomeric E fragm ents.

1 . 7 .7  Neoantig en ic . exp ression  in  f ib r inogen degrada tion  product s  

The emergence o f n eoan tigen io  expressions fo llo w in g  plasm in  

cleavage o f fib r in o g en  was described, by Plow et a l .  (2 8 6 ). The
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c le a v a g e -s p e c if ic  n eoan tigeos were lo c a l is e d  in  fragment D and were 

d is t in c t  from th ose  n a tiv e  D an tigen s expressed in  in ta c t  fib r in o g en . 

S tu d ies  on th e emergence o f  th e  D neoantigen  in d ica ted  th a t i t  was 

presen t in  th e fib r in o g en  m olecule a t a s t e r ic a l ly  hindered s i t e ,  but 

was exposed a f t e r  p r o te o ly t ic  c leavage of fib rin ogen  ( 276) .  As in  th e  

case o f  fragment D, two d is t in c t  s e t s  o f a n tig en ic  expressions were 

a ls o  demonstrated fo r  fragment E; one major se t  o f antigens was 

expressed  by th e  parent m olecu le, f ib r in o g en , and a minor se t  of  

c le a v a g e -a sso c ia ted  n eoan tigen s, lo c a te d  on the -j' chain fragment, 

which was not expressed  by fib r in o g en  (282)* While equimolar 

ex p ressio n  o f  th e D neoantigen  was found fo r  fragments X, Y and D, 

but not fo r  fragment E ( 277 ) ,  th e  fragments X, Y and E revea led  an 

in crea se  in  th e  q u a n tita t iv e  ex p ression  o f th e E neoantigen , in d ic a tin g  

th a t th e seq u en tia l c leavage process le d  to  p ro gressive  exposure o f the  

n eoa n tig en ic  s i t e  (7 7 ) .

By th e use o f  radioimmunoassay procedures w ith -appropriate  

a n t is e r a , immunochemical d if fe r e n c e s  between th e fib rin o g en  and f ib r in  

n eoantigen s have been demonstrated fo r  each o f  th e B and E n eoantigen s, 

thus i l lu s t r a t in g  conform ational or s tru c tu ra l d if fe re n c e s  imposed by 

th e  f ib r in o g e n -to - f ib r in  t r a n s it io n , but which were independent o f the  

presence o f f ib r in o p e p tid e s  ( 5I ,  76, 7 7 ). In  v iv o  s tu d ie s  have 

rev ea led  th e presence o f in creased  le v e l s  o f  D neoantigens in  p a tien ts  

w ith  throm botic d ise a se  (27?) and a f t e r  surgery ( l2 4 ) .  In a d d itio n , 

normal human sera  was shown to  con ta in  humoral a n tib od ies s p e c if ic  fo r  

a c lea v a g e -a sso c ia ted  n eo an tigen ic  s i t e ,  lo ca ted  in  fragment D ( 2 8 4 ) .  

This a n tig en ic  determinant was s im ila r  to ,  but not id e n t ic a l  w ith the  

B neoantigen describ ed  above. Ro antibody to  fragment E was d etected  

in  human sera .
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1*7®8 E ffe c t o f soirie other p r o te o ly tio  enzymes on f ib r in (o g e n )

B esides plasm in, sev e r a l other p r o te o ly tic  enzymes have been 

employed during s tr u c tu r a l s tu d ie s  on fib rin ogen  and in v e s t ig a t io n s  

in to  th e nature o f th e p la sm in -resista n o e  o f the term inal d ig e s t  

fragm ents D and E. Comparais on o f th e i n i t i a l  sequence o f chain  

degradation by plasm in w ith  th o se  o f other ser in e  p ro tea ses , tr y p s in ,  

chymotrypsin and e la s t a s e ,  showed t h a t , in  a l l  c a se s , th e Adc and Bp  

chains were degraded a t the same tim e, but th a t th e Aoi chains were 

degraded more ra p id ly  than th e  Bp chains ( 257)0 E lectrop h oretic  and 

imm unological a n a lyses o f th e  la t e r  sta g es  o f n on -crosslin k ed  and 

c ro ss lin k ed  f ib r in  d ig e s t io n  by tr y p s in , chymotrypsin and brinase  

rev ea led  the form ation o f B- and E= a n tig en ic  fragments w ith  

p ro p er tie s  s im ila r  t o  th ose  o f p lasm in-cleaved  fragments ( l2 6 ) ;  

continued d ig e s t io n  by th ese  enzymes destroyed a l l  D -an tigen ic  

fragm ents and produced E fragments which were a n t ig e n ic a lly  d e f ic ie n t  * 

S tu d ies  o f  tr y p s in  and plasm in d ig e s t io n  o f bovine fib rin o g en  y ie ld ed  

s im ila r  r e s u l t s ,  whereby both enzj/raes degraded fragment I) to  lower 

m olecular w eight sp e c ie s  (8 l)«

' Apart from th e ir  p r o te o ly t ic  a c tio n  in  removing fib r in o p ep tid e  A 

from fib r in o g en , the snake venom enzymes, ancrod and r e p t i la s e ,  have 

been shown to  c lea v e  th e  A04 chains o f non -crosslin k ed  and cro sslin k ed  

f ib r in  (75 , 96, 230, 34 1 ), although some d iffe re n c e s  were reported by 

P izzo  ot alo ( 273) .  In a d d itio n , Aoc chains o f fib rin ogen  were 

r e a d ily  cleaved  by a number o f  b a c te r ia l p ro tea ses , in d ic a tin g  su b stra te  

s u s c e p t ib i l i t y  ra th er  than enzyme s p e c i f i c i t y ,  w h ile  fiurther d ig e s t io n  

caused Bp and then degradation ( 257) .

Among the enzymes considered as candidates fo r  involvem ent in  

p h y s io lo g ic a l 1 ib r in (o g en ')o ly s is  are leu cocy te  proteases and thrombin. 

O bservations on the d ig e s t io n  o f fib rin ogen  by leu co cy te  proteases
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in d ic a te d  th e presence in  leu co cy te  granules o f a separate f ib r in o ly t ic  

system  (283)* w h ile  thrombin has been Im plicated in  th e p r o te o ly s is  o f  

th e  o<. chains o f f ib r in  (234) and in  th e form ation o f FDP in  se;ru.m (232), 

Furthermore, throm bin, on prolonged incub ation  w ith  n on -crosslin k ed  and 

cro ss lin k e d  f ib r in ,  ex h ib ited  ex te n s iv e  f ib r in o ly s is  w ith the form ation  

o f fragments analogous to  th e fragm ents X, Y, D and E o f plasmin  

d ig e s t io n  (l7 0 )*

1 ,8  F ibrinogen in  th e  c ir c u la t io n

1 ,8 ,1  B io sy n th es is  o f  fib r in o g en

Almost a l l  th e  fib r in o g en  i s  sy n th esised  in  l i v e r  h ep ato cy tes , 

but l i t t l e  i s  known o f  th e  reg u la tio n  o f  i t s  sy n th es is  or the processes  

o f p o lyp ep tid e  assem bly (2 9 2 ) , Fragment D has been shown to  induce an 

in c r ea se  in  f ib r in o g e n  b io sy n th e s is  in  ra b b its  (3 9 ) , and low m olecular  

w eight m a ter ia ls  in  human u rin e  may be separated in to  a stim u la tor  and 

an in h ib ito r  o f  f ib r in o g en  sy n th e s is  (2 9 2 ), Miereas D o o lit t le  (68) has 

su ggested  th a t th e tliree  p o lyp ep tid e chains o f fib r in o g en  might be 

d erived  from a s in g le  lon g  p olyp ep tid e  chain a f t e r  a t le a s t  two 

c lea v a g e s , others (2, 4 0 ) have su ggested  th a t the th ree  chains are  

sy n th es ised  se p a r a te ly ,

1 ,8 ,2  Catabolism of fib r in o g en

D esp ite  a great number o f in v e s t ig a t io n s  in  man and anim als, 

l i t t l e  i s  y e t known about th e s i t e s  o f fib rin ogen  catabolism  and 

con sid erab le  disagreem ent e x is t s  concerning the mechanism o f such 

catab o lism . I t  has been su ggested  th a t under p h y s io lo g ica l co n d itio n s  

th ere  i s  a dynamic equ ilibrium  between f ib r in  form ation by the 

co a g u la tio n  system  and f ib r in  clearance by th e f ib r in o ly t ic  system  

( 54 ) ,  In  favour o f th is  theory i s  th e rapid turnover of coagu lation
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fa c to r s  compared w ith  other plasma p ro te in s and th e  h a l f - l i f e  of 

fib r in o g en  has been estim ated  in  normal in d iv id u a ls  and in  a f ib r in o -  

genaeraic su b jec ts  as 2-4 days (6 2 , 1 1 7 » 326), although la te r  estim ates  

have been h ig h er , 4™5 days (9 4 ) . However, th e fa i lu r e  o f heparin or 

^ -am inocaproic ac id  ad m in istra tion  to  in flu en ce  th e ra te  o f decay o f  

la b e l le d  fib r in o g en  has c a st  doubts on the theo3?y o f continuous in  v iv o  

co a g u la tio n  and f ib r in o ly s i s  (62)* In  a s im ila r  study in  r a b b its , 

R egoeczi ( 294) found no s ig n if ic a n t  amounts o f degradation products in  

th e  c ir c u la t io n  and concluded th a t normal fib rin ogen  catabolism  was 

probably an in t r a c e l lu la r  p ro cess . An a lte r n a tiv e  degradation pathway 

in v o lv in g  d ir e c t  p la sm in o ly tic  a tta ck  on fib rin ogen  has been proposed 

by M ossesson and coworkers ( 14O, 240) ,  but was c r i t i c i s e d  by C ollen  

^  ( 6 1 ) ,  who, however, su ggested  th at such a f ib r in o g e n o ly t ic  scheme

might be op era tiv e  during p h y sica l e x e r c ise  ( 60 ) .

Experim ental s tu d ie s  in  ra b b its  have shown th a t la b e lle d  so lu b le  

f ib r in  was c lea red  from th e c ir c u la t io n  more ra p id ly  than la b e lle d  

fib r in o g en  ( 25I ) .  However, in h ib it io n  o f the f ib r in o ly t ic  system by 

a p ro tin in  had no in flu e n c e  on th e  e lim in a tio n  c h a r a c te r is t ic s  o f  

f ib r in o g en  or so lu b le  f ib r in ,  dem onstrating th a t th e  clearance o f  

f ib r in  in  t h i s  case ( 251) was not caused by a c tiv a tio n  o f the  

f ib r in o ly t ic  enzyme system . On th e  other hand, a p ro tin in  delayed the  

e lim in a tio n  o f f ib r in  d e p o s its  in  the lungs of r a t s ,  compared w ith  

th o se  r a ts  which r ec e iv ed  no a p ro tin in  ( 67)®

In  c l in ic a l  s tu d ie s , a shortened fib rin ogen  h a l f - l i f e  has 

been reported  in  p a t ie n ts  w ith m icroangiopathic haeraolytic anaemia- ( 8 ) ,  

haem ophilia A (332) and m aturity onset d iab etes ra e llitu s  ( l o ) .  Heparin 

Y/as shown to  co rrect the in creased  fib rin ogen  tui'nover in  p a tien ts  w ith  

polycytiiaem ia ( 332) ,  throm bocytosis (332) and venous throm bosis ( l3 9 ) ,  

but not in  a p a tien t w ith acute in fe c t io u s  h e p a t it is  ( 256) ,  Normal
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catabolism  o f f ib r in o g e n  was rep orted  in  p a tien ts  w ith ortex-ial 

tlxroraberabolism and a r t e r io s c le r o s is  (l39 )«

1*9 P la t e le t ,  f o e ta l and abnormal f ib r in ogens

1 ,9*1  P la t e l  e t  f  i.br: nogen

Fibrinogen a s so c ia te d  w ith  p la t e le t s  has been d if fe r e n t ia te d  

in to  a membrane-bound fr a c t io n , which way sim ply be adsorbed plasma 

f ib r in o g e n , and ajn in tra -ce llu la r  fr a c t io n , lo ca ted  in  th e  o; -gran u les  

(4 8 , 1 6 7 ) 0  I so to p e  s tu d ie s  in d ic a te d  th a t no exchange occurred between 

plasma fib r in o g en  and th e  in t r a - p la t e le t  component, p la t e le t  f ib r in o g en  

(4 8 ) , Pui'thermore, p la t e le t  fib r in o g en  was shown to  be in ta c t  in  

d efib rin ogen ated  dogs ( I 69 )*

In order to  e s ta b lis h  the r e la t io n sh ip  between p la t e le t  and 

plasma fib r in o g e n , a number o f comparative s tu d ies  have been performed 

on th e se  p r o te in s , While both sp e c ie s  were c lo t t a b le ,  the sed im entation  

c o e f f ic ie n t  and in t r in s i c  v i s c o s i t y  of p la t e le t  fib r in o g en  was lower 

than th a t o f i t s  plasma cou n terpart, in d ic a tin g  a lower m olecular  

w eight fo r  the p la t e le t  p ro te in  ( l lO ) ,  The presence o f a sm aller  

m olecule o f  p la t e le t  f ib r in o g en  was confirmed by 8D8-polyacrylamide g e l  

e le c tr o p h o r e s is  o f unreduced fib r in o g en  samples ( I 67 ) and o f reduced  

fib r in o g en  samples ( l lO , 169); in  th e  la t t e r  s tu d ie s , s l ig h t ly  sm aller  

m olecular w eights were in d ic a te d  fox' each o f the tliree  polypeptide  

chains components o f p la t e le t  f ib r in o g en . The ra te  o f  plasmin  

degradation o f p la t e le t  f ib r in o g en  was found to  be r e la t iv e ly  slow , 

and in d ica ted  g rea ter  r e s is ta n c e  to  plasm in, e s p e c ia l ly  s in ce  no 

in h ib ito r s  could be dem onstrated ( 167)0  Minor d if fe r e n c e s  in  the  

e le c tr o p h o r e tic  p a ttern s o f d ig e s t io n  products were a lso  observed ( llO ,

167, 169),



60

Immunological comparisons between plasma and p la t e le t  

fib r in o g en  have rev ea led  a n tig en ic  id e n t ity  on immunodiffusion ( l i o ) ,  

but d if fe r e n t  m o b il i t ie s  on agar im m im oelectrophoresis ( I 67 ) and 

d if fe r e n c e s  in  th e a n t ig e n ic  exp ression s o f whole fib r in o g en , as w e ll  

as th o se  o f th e in d iv id u a l p o lyp ep tid e chains (285 )0 S ince some o f the  

imm unological d if fe r e n c e s  in creased  p ro g ress iv e ly  on storage o f th e  

p la t e l e t  ly s a t e s ,  in t r a c e l lu la r  p r o te o ly s is  o f p la t e le t  fib rin ogen  was 

su g g ested , but the nature o f the a lte r a t io n s  in d ica ted  th at the  

r esp o n sib le  enzyme was not p la sm in -lik e  (2 8 5 ).

In  a case o f co n g en ita l dysfibrinogenaem ia (F ibrinogen Metz, in  

which th e  Aoc chain d isp la y ed  an abnormal e lec tr o p h o re tic  m o b ility ) , 

S o r ia  jet a l .  (312) have shown th a t th e  p olyp ep tid es o f the corresponding  

p la t e l e t  f ib r in o g en  d isp la y ed  e le c tr o p h o r e tic  m o b ilit ie s  resem bling  

more c lo s e ly  th ose  o f  normal p la t e le t  fib rin ogen  than those o f plasma 

Fibrinogen  Metz, On t h is  b a s is ,  th e se  authors concluded th a t th e  

o r ig in  o f p la t e le t  and plasma fib r in o g en  was d if fe r e n t .  However, 

D o o l i t t le  _et a l .  (72 ) were unable to  d is t in g u ish  p la t e le t  and plasma 

fib r in o g en s  by a v a r ie ty  o f b iochem ical and fu n c tio n a l c r i t e r ia ,  and 

deduced th a t th ey  were id e n t ic a l  gene products.

1 .9*2  F oeta l fib r in o g en

Prolonged c lo t t in g  tim es o f u m b ilica l cord plasma, in  the  

absence o f FDP, has been taken as a p o ss ib le  in d ic a tio n  of the  

p resence o f f o e t a l  f ib r in o g en  (8 3 ) , A n a ly tica l s tu d ie s  on p u r ified  

cord fib r in o g en  have dem onstrated th e same amino ac id  com position (3 3 9 ) , 

h exese content (338) and subunit chain  stru ctu re  ( 32?) as fo r  p u r if ie d  

ad u lt f ib r in o g en . However, d if fe r e n t  phosphorus con ten ts (338) and 

d if fe r e n t  chromatographic behaviour (339) have a ls o  been reported . 

Agreement Vias not y e t been reached on whether or not the prolonged
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c lo t t in g  tim es seen  w ith  cord plasma were a lso  observed w ith p u r if ie d  

cord fib r in o g en ; co n tra d ic to ry  r e s u lt s  have a lso  been reported fo r  

t r y p t ic  p ep tid e  mapping o f  th ese  two fib rin ogen s (327, 339), The most 

convincin g  evj.dence fo r  th e e x is te n c e  o f a fo e ta l  form of fib rin ogen  

has been th e  reduced r a te  o f f ib r in  polym erisation  ( l3 0 ,  327). 

Furthermore, polym erisation , s im i la r i t ie s  have been demonstrated in  

cord monomers and f ib r in  monomers is o la te d  from th e abnormal F ibrinogen  

P a r is  I  ( 130 ) a

1 , 9 .3  Acquired dysfibrinogenaem ia

The occurrence o f abnormal f ib r in  po lym erisation  in  l iv e r  

d ise a se  i s  more common than p rev io u s ly  suspected  and la r g e ly  accounts 

fo r  th e  prolonged thrombin tim es freq u en tly  observed in  th ese  

p a t ie n ts  (1 2 9 ) ,  In  1969» th e  f i r s t  case o f an acquired abnorm ality o f  

f ib r in  monomer p o lym erisa tion  in  a p a tien t w ith primary hepatoma was 

d escr ib ed  ( 84 ) ,  The occurrence o f in h ib ito r s  was excluded and the  

d e fe c t  was p a r t ia l ly  co rrected  by reducing the io n ic  stren gth  of the  

f ib r in  monomej? so lu t io n  or by th e a d d itio n  o f calcium  io n s .

Prolonged throm bin, ancrod and r e p t i la s e  c lo t t in g  tim es ?/ere 

observed in  p a t ie n ts  w ith  acute and chronic l iv e r  d is e a se , in  some 

ca ses  th e  d e fe c ts  in  th e  ra te  and ex ten t o f p o lym erisation  c o r r e la tin g  

w ith  the prolon gation  in  c lo t t in g  tim es ( l2 9 , 189)* SDS-polyacrylamide 

g e l e le c tr o p h o r e s is  o f  f ib r in  from th ese  p a tien ts  in d ica ted  th a t the  

subunit chain s tr u c tu r e , c r o ss lin k in g  a b i l i t y  and plasm in d ig e s t io n  

products were th e  same as fo r  normal f ib r in  ( l8 9 ) .  The plasma from 

one p a tien t (169)? as w e ll as th e hepatoma p a tien t ( 0 4 ) ,  was ab le  to  

in h ib it  the c lo t t in g  tim e o f normal plasom.

In one case o f l iv e r  c ir r h o s is  w ith suspected  con gen ita l 

dysfibrinogenaem ia (1 2 7 ) ,  th e abnormal f ib r in  p o lym erisation  in  plasma
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was shown to  be due to  a s p e c i f ic  p o lym erisation  in h ib ito r .

1 ,9 * 4  C ongenital dysfibrinogenaem ia

To d a te , more than, 40 cases o f c o n g e n ita lly  ahnorraal fib r in o g en s  

have been d escr ib ed , th e  in h er ita n ce  fo llo w in g  an autosomal p a ttern  (9 4 )« 

In a con sid erab le  number o f th ese  c a se s , th ere  was no a sso c ia te d  c l in i c a l  

d iso rd er  and th e abnorm ality was d iscovered  during ro u tin e  laboratory  

t e s t in g ,  whereas o th er p a t ie n ts  su ffe r ed  b leed in g  and/or throm botic 

e p iso d e s . In th e m ajority  o f p a t ie n ts ,  thrombin and r e p t i la s e  c lo t t in g  

tim es were prolonged, and d iscrepan t va lu es were obtained fo r  plasma 

fib r in o g en  le v e l s  by f ib r in  po lym erisa tion  tim e t e s t s  and immunological 

methods. In  one fa m ily  w ith  recurrent venous thromboembolism, a 

shortened thrombin c lo t t in g  tim e has been observed (79)*

Since th e  abnormal fib r in o g en s  have been shown to  a f f e c t  one 

or more o f th e  thi'ee s ta g e s  o f th e  f ib r in o g e n -to - f ib r in  conversion , 

th ey  may be c l a s s i f i e d  according to  d isord ers o f

( i )  f ib r in o p e p tid e  r e le a s e ,

( i i )  p o lym erisa tion  o f f ib r in  monomers, and 

( l i i )  c r o ss lin k in g  o f  th e  and oC polypeptide ch a in s .

More than h a lf  o f th e  Imown abnormal fib rin ogen s ex h ib ited  delayed  

f ib r in  monomer p o lym erisa tion  (9 4 ) . A dditional c la s s i f i c a t io n  of 

dysfibrinogenaem ias i s  p o s s ib le ,  s in c e  the v a r ia n ts  have demonstrated  

normal, anodal or cathodal m o b il it ie s  (w ith resp ect to  normal 

fib r in o g e n ) on iram unoelectrophorcsis and many o f them were ab le  to  

in h ib it  the thrombin c lo t t in g  tim e o f  normal plasma (94» 231), In  a 

few c a se s , abnormal e le c tr o p h o r e tic  m o b ilit ie s  have been demonstrated  

fo r  the jn d iv id u a l p o lyp ep tid e chains o f fib rin ogen ; in  other c a se s ,  

th e e x is te n c e  o f two pop ulations o f fib rin ogen  m olecules in  plasma 

has bean suggested  ( 9 4 ) ^



Only in  th e  case o f F ibrinogen D etro it ( 26) has amino acid  

a n a ly s is  demonstrated an a lte r e d  stru ctu re  in  the fib r in o g en  m olecule, 

C lose to  th e  th rom b in -su scep tib le  a rg in y l bond at p o s it io n  16 in  th e  

Ack, chain , a ser in e  resid u e  has rep laced  the normal argin ine-19* I t  

has been suggested  th a t ,  a f t e r  th e  r e le a se  o f fib r in o p ep tid e  A 

(normal r e le a se  in  F ibrinogen D e tr o it ) ,  th is  amino a c id  s u b s t itu t io n  

prevented  the conform ational rearrangement and u n fo ld in g  o f th e  

p olym erisa tion  s i t e  in  th e  N-DSK reg io n , which was necessary  fo r  the  

r e le a s e  of f ib r in o p e p tid e  B (no r e le a s e  in  Fibrinogen D e tro it)  (26 , 

9 4 ).
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CHAPTER 2î PREPARATION 0? FIBRINOGEN AND ITS POLYPEPTIDE CHAINS

2*1 In trod u ction

Since im m unological techn iq ues were used in  t h is  study o f  

fib r in o g e n  and i t s  su b u n its , m a ter ia ls  o f th e  h ig h est p u rity  were 

req u ired  and th e  preparations are described  in  t h i s  chapter,

2 ,1 ,1  Pr e par a t i on o f human fib r in o g en

Methods fo r  th e  p u r if ic a t io n  o f plasma fib r in o g en  have been 

a v a ila b le  from th e end o f  th e  l a s t  century. The e a r l i e s t  procedures 

c o n s is te d  o f p r e c ip ita t in g  fib r in o g en  from plasma w ith  high con

cen tr a tio n s  o f n eu tra l s a l t s  and were fu rth er  improved by the prior  

adsorp tion  o f prothrombin on in so lu b le  calcium  and barium s a l t s  ( 25) .  . 

The low s o lu b i l i t y  o f f ib r in o g en  a t reduced tem peratures has been 

employed to  prepare fib r in o g en  by fr e e z in g  i t  out o f plasma ( 25) and 

ammonium su lphate so lu t io n s  have a ls o  been used fo r  p r e c ip ita t in g  t h is  

p r o te in  from plasma (6 , 25 ) ,

F ra c tio n a tio n  schemes fo r  th e  preparation o f fib rin o g en  u sin g  

organ ic  so lv en ts  have been d ev ised , th e  operations being conducted at 

low tem peratures to  avoid  dénaturation  o f th e products. The method 

o f Kekwick ê t a l ,  ( l7 4 )  used d ie th y l e th er , w h ile  Cohn e t al., ( 5 8 ) 

p r e c ip ita te d  fib r in o g en  w ith  ethanol so lu tio n s  to  g iv e  fr a c tio n  I .

This fr a c t io n  has been fu rth er  p u r if ie d  by Blorab^lck and BlombRck ( 25 ) 

to  fr a c t io n  1-4  w ith  a c lo t t a b i l i t y  o f 98-100^, u sin g  e th a n o l-g ly c in e  

s o lu t io n s .  Others have employed th e amino a c id s , g ly c in e  ( l? 3 )  and 

p -a la n in e  (315)» to  p r e c ip ita te  fib r in o g en  d ir e c t ly  from plasma. 

Recent ob servation s ( l4 5 )  th a t fib r in o g en  may be adsorbed on f ib r in -  

agarose columns have le d  to  an a .f f in ity  chromatography method fo r  

i s o la t in g  plasma fib r in o g en  (6 1 ) ,  Plasm inogen, an important con

tam inant o f many fib r in o g en  p rep aration s, may be removed by a f f in i t y
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chromatography w ith  ly s in e -a g a x o se  (2 2 6 ),

For t h is  stu d y , th e  method o f  choice fo r  the preparation o f  

human fib r in o g en  was th a t o f Blorabdck and BlombEck ( 2 5 ) ,  s in c e  th e ir  

f r a c t io n  1-4  has been accepted  as the fr a c tio n  most r ep resen ta tiv e  o f  

n a tiv e  fib r in o g en  ( 240 ) ,  However, i t  must be borne in  mind th a t t h is  

preparation  of fib r in o g en  i s  con sid erab ly  contam inated w ith plasminogen  

and the p ro a c tiv a to r  o f plasminogen ( 25 ) ,  as w e ll as w ith  fa c to r  XIII 

(209).

2 , 1 , 2  p r e p a r a t i on of  t h e  pol y p e p t i d e  c h a in s  o f  f i b r in o g e n

A number o f  reagen ts axe known which are ab le  to  break or 

reduce th e d isu lp h id e  bonds ho ld in g  to g eth er  the polyp ep tid e chains o f  

a p ro te in  m olecule such as f ib r in o g en . The is o la te d  chains o f 

fib r in o g en  or f ib r in  were f i r s t  obtained a f te r  treatm ent o f the parent 

m olecule w ith  sodium s u lp h ite , y ie ld in g  th e th ree S-aulpho d e r iv a tiv e  

ch a in s , Aoc, Bp and y  ( 5 6 , 143» 146, 148, 212), However, i t  has been  

rep orted  th a t s u lp h ito ly s is  o f fib r in o g en  may r e s u lt  in  incom plete  

c leavage o f th e fib r in o g en  chains or r e -o x id a tio n  o f the formed 

sulphydryl groups to  form polym eric chains ( l l s ) .  The la t t e r  problem 

may be avoided by the c a re fu l u se o f a sulphydryl b lock ing  agent, such 

as io d o a c e t ic  ac id  ( I 56 ) ,  as in  th e  s tu d ie s  of Henschen (l4 ? )»  Henschen 

and Edman ( l5 3 )  and Mur an o e t  aj., (255)* As one o f th ese  s tu d ies  ( 255 ) 

employed a s o l id ,  and th er e fo re  con ven ien t, reducing agent 

( d i t h io t h r e i t o l )  (57)» th a t method fo r  th e preparation and is o la t io n  

o f fib r in o g en  chains was fo llo w ed  in  the present in v e s t ig a t io n .

R e c e n t ly ,  t h e  u s e  o f  e th y le n i r a in e  a s  a  s u lp h y d r y l  b lo c k in g  

g ro u p  d u r in g  t h e  i s o l a t i o n  o f  t h e  c h a in s  o f  f i b r i n o g e n  has  been 

d e s c r i b e d  ( l i s ) .  T h i s  r e a g e n t  a p p e a re d  t o  have a  g r e a t e r  s e l e c t i v i t y  

f o r  -SH g roups  th a n  i o d o a c e t i c  a c id  and red u ce d  th e  d a n g e rs  o f  i n t e r -
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feren oe from the s id e  rea c tio n s  a sso c ia te d  w ith t h is  reagent (1 5 6 ).

2o2 M ateria ls and methods

2 .2 .1  Human f i  brinogen

Fibrinogen w ith  c l o t t a b i l i t i e s  ranging from 8 0 -9 ^  was prepared 

on sev e r a l occasion s from

(a ) fro zen , aged plasma, and

(b) fr e sh  blood from s in g le  donors.

In  a d d itio n , Kabi fib r in o g en  (Grade L, AB Kabi, Sweden) was a lso  

fu rth er  p u r if ie d .

Plasma fr a c t io n a t io n  a t low tem peratures was performed in  an 

Ultra-Kryomat (Messgerdte-Werk Lauda) and pH was measured on a Model 290 

pH Meter (Pye Unicam),

2 .2 .1 .1  Cohn fr a c t io n  I

\lhen. th e s ta r t in g  m ateria l was blood, fr a c t io n  I was prepared 

according to  Cohn e t a l .  (58)» 6-7  volumes o f blood were c o lle c te d  in to

8, s t e r i l e  bag co n ta in in g  1 volume o f a c id -c itr a te -d e x tr o se  an ticoagu lan t  

and cen tr ifu g ed  fo r  45 min at lO^C (lOOOg). The plasma was removed 

and spun again . The plasma was then cooled  to  0°C w ith  s t ir r in g  and 

th e  pH brought to  7*0 w ith  0,8M sodium a ceta te  b u ffer  (pH 4 .0 ) .

C h illed  53o,lf3 v /v  aqueous so lu t io n  o f ethanol was ad,ded slow ly  through 

a p e r i s t a l t i c  imimp to  th e  plasma, w h ile  s t ir r in g  and reducing th e  

tem perature to  -3°G , u n t i l  th e  f in a l  ethanol con cen tration  was v /v .  

A fter  the suspension  had been s t ir r e d  fo r  1 hour, fr a c t io n  I was 

obtained  by c e n tr ifu g a t io n  fo r  20 rain a t -3^8 (lOOOg). Cohn 

f r a c t io n  I ,  6 o / o f which i s  fib r in o g en  ( 58) ,  was fu rth er  p u r if ie d  by 

the method o f Blombdck and Blombdck ( 25) w ith s l ig h t  m od ifica tion s (3?)® 

The method c o n s is ted  o f sev e r a l s ta g e s .
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2*2 ,1 , '2  F r a c t i o n  I-Q

I n  th e  f i r s t  s t a g e ,  t h e  m a jo r i t y  o f  c o n ta m in a t in g  pco th rom bin  

and  o t h e r  p lasm a com ponents o f  low s o l u b i l i t y  were removed by e x t r a c t i o n  

t o  y i e l d  f r a c t i o n  1 - 0 ,  Use v/as made o f  tb.e f i n d i n g  t h a t  g ly c in e  a t  

c o n c e n t r a t i o n s  g r e a t e r  th a n  0.5M h as  a  s a l t i n g - o u t  e f f e c t  on f i b r i n o g e n ,  

b u t  a  l a r g e  s a l t i n g - i n  e f f e c t  on th e  c o n ta m in a t in g  p r o t e i n s  ( 2 p ) . 

T h e r e f o r e ,  t h e  e x t r a c t i o n  was p e r fo rm e d  w i th  t h e  b u f f e r ,  IM g l y c i n e / 6 , 5 b  

v / v  e t h a n o l / o ,  055'U t r i s  odium c i t r a t e  (pH 6 , 8 ) ,  The b u f f e r  was added 

s lo w ly  t o  1 /4  o f  t h e  o r i g i n a l  p la sm a volume w i th  s t i r r i n g  t o  a c h ie v e  a  

f i n e  s u s p e n s io n  o f  f r a c t i o n  I  a t  -3*^0, A f te r  s t i r r i n g  f o r  1 h o u r ,  t h e  

s u s p e n s io n  was c e n t r i f u g e d  f o r  10 rain a t  -3°C (lOOOg) and th e  s u p e r n a t a n t  

d i s c a r d e d .  The e x t r a c t i o n  and c e n t r i f u g a t i o n  were r e p e a t e d  once more,

2 .2 .1 .3  Fract io n  1-2

F r a c t i o n  X-0 was d i s s o l v e d  i n  l / S  o r i g i n a l  p la sm a volume o f  

O.O55M c i t r a t e  b u f f e r  (pH 6 , 8 )  a t  30^0 and p r o t e i n  and  c l o t t a b l e  

f i b r i n o g e n  a s s a y s  were p e r fo rm e d .  The s o l u t i o n  v/as d i l u t e d  t o  0 . 7 5 /  

w /v  p r o t e i n  w i th  t h e  same b u f f e r  and c o o le d  t o  0^0, C h i l l e d  0.45M 

g l y c i n e  ( tw ic e  t h e  volum e o f  th e  p r o t e i n  s o l u t i o n )  was added , fo l lo w e d  

by th e  d ro p w ise  a d d i t i o n  o f  l o /  v / v  e th a n o l  t o  a f i n a l  c o n c e n t r a t i o n  

o f  0 , 5/  v / v .  A f t e r  s t i r r i n g  f o r  -J - l  h o u r  a t  0^0 , th e  p r e c i p i t a t e ,  

f r a c t i o n  I - l  ( c o l d - i n s o l u b l e  g l o b u l i n s ) ,  was removed by c e n t r i f u g a t i o n  

f o r  20 min a t  O^C (lOOOg), (The f i n a l  p r e c i p i t a t i o n  c o n d i t io n s  w ere: 

t e m p e r a tu r e  0*^0, e t h a n o l  0 . 5/  v / v ,  g ly c in e  0 . 29’i ,  p r o t e i n  0 , 24/  w /v, 

pH 6 .8  and i o n i c  s t r e n g t h  0 . 1 . )  F ib r in o g e n  f r a c t i o n  1 -2  was o b ta in e d  

by a d d in g  s u f f i c i e n t  c h i l l e d  5 3 . 3 /  v / v  e th a n o l  t o  t h e  s u p e r n a ta n t  t o  

b r i n g  t h e  c o n c e n t r a t i o n  t o  6 , 5/  v / v ,  w h i le  r e d u c in g  th e  te m p e ra tu re  

f rom  c/C  t o  A f t e r  s t i r r i n g  f o r  1 h o u r ,  f r a c t i o n  1-2  was o b t a in e d

by c e n t r L f u g in g  f o r  20 min a t  -4^8  (lOOOg),

2 .2 .1 . 4 Fra c t ion 1^

F r a c t i o n  1 -2  was d i s s o l v e d  i n  l / l O  o r i g i n a l  p lasm a volume o f
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0 c055M c i t r a t e  b u ffer  (pH 6*35) a t 30^C and p ro te in  and c lo t ta b le  

fib r in o g en  assays were performed* The so lu tio n  was d ilu te d  to  0 ,7 /  w/v  

p ro te in  w ith  same b u ffer  and coo led  to  0^0. C h illed  0*75^ g ly c in e  

s o lu t io n  (tw ice  th e  volume o f th e p ro te in  so lu tio n ) was added, fo llow ed  

by th e  dropwise a d d itio n  o f l / lO  volume (o f  g ly c in e -p ro te in  so lu t io n )  

o f 0,5M g ly c in e , co n ta in in g  8 ,2 5 /  v /v  ethanol* ÏV action  1-3  (c o ld -  

in so lu b le  g lo b u lin s )  formed a f t e r  s t ir r in g  fo r  a t le a s t  2 hours and 

was removed by c e n tr ifu g a t io n  fo r  30 min at 0^0 (lOOOg). (The f in a l  

p r e c ip ita t io n  co n d itio n s  were; temperature O^C, ethanol 0*75/6 v /v ,  

g ly c in e  0*5 '̂» p ro te in  0 ,2 1 /  w /v , pH 6*5 and io n ic  stren g th  0*09. ) 

Fibrinogen fr a c t io n  1 -4  was obta ined , as fo r  fr a c t io n  I« 2 , by 

p r e c ip ita t io n  at 6 .5 /  v /v  ethanol con cen tration  at -4°C . P rote in  and 

c lo t t a b le  fib r in o g en  assays were performed on fr a c t io n  1 -4 , d is so lv ed  

in  c i t r a t e  b u ffe r , pH 6,35®

S o lu tio n s o f fib r in o g en  fr a c t io n  1-4  were d ia ly sed  overnight a t  

4*̂ 0 a g a in st regu lar  changes o f d i s t i l l e d  water and fr e e z e -d r ie d , a 

p rocess which has been shown to  have l i t t l e  e f f e c t  on fib rin o g en  

c l o t t a b i l i t y  (2 0 , 1 7 4 )®

-  The p u r if ic a t io n  scheme fo r  Kabi fib rin o g en  was th e same as fo r  

plasma, except th a t ,  as s ta r t in g  m a ter ia l, i t  was regarded as fr a c t io n  

I-O i f  i t s  s ta te d  minimum c l o t t a b i l i t y  was 9C>/, and fr a c t io n  1-2  i f  

i t s  s ta te d  minimum c l o t t a b i l i t y  was 9 5 /.

The p u rity  o f  th e  fib r in o g en  fr a c tio n s  were a ssessed  by 

c l o t t a b i l i t y  d eterm in ation s, im m unodiffusion, Im m unoelectrophoresis, and 

polyacrylam ide g e l e le c tr o p h o r e s is  in  the presence a,nd absence o f sodium 

dodecyl su lp h a te ,

2 ,2 ,1 .5  E stim a tion o f f i brinogen

P rotein  con cen tra tion  and c lo t t a b i l i t y  o f pu rifind  fib rin o g en  

fr a c t io n s  were perfo:‘m'-’d according to  the sy n eres is  method of B},cmbRck
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and Blonib^ck ( 25 ) ,  except th a t th e f ib r in  c lo ts  were c o lle c te d  on 

g la s s  c lo th  in stea d  o f s i l k  c lo th .

The accuracy o f t h is  method had been confirmed by the com

p a ra tiv e  performance o f a m icro-b iu ret assay ( I 64) on so lu tio n s  o f 

fibrinogen*

2 .2 * 2  R e d u c t io n  and S -ca rb o x y m e th .y la t io n  o f  f i b r i n o g e n

The method used was th a t o f Murano _et a,l, ( 255 ) and a ty p ic a l  

experim ent i s  d escr ib ed . 184 mg o f fib rin ogen  fr a c tio n  1-4  was 

d is so lv e d  in  9 ml o f 8,4^i guanidinium ch lor id e  (pH 8*5) and the pH 

was read justed  to  8*5 w ith IM NaOH. The so lu tio n  was Incubated at 

4 0 Ĝ fo r  1 hour* Using 0*82 ^.moles d ith io th r e ito l  (UTT)/mg fib r in o g en , 

red u ction  was performed by adding 0 .5  ml o f 47 mg/ml o f DTT ( 0 ,15 mmole) 

to  th e  fib r in o g en  s o lu t io n , and th e pH was adjusted  to  8 ,8 . The b o t t le  

was flu sh ed  w ith n itro g en , sea led  and incubated at room temperature fo r  

1-̂  hours,

Carboxym ethylation o f th e reduced fib rin ogen  was carried  out by 

adding s u f f i c ie n t  IM io d o a c e tic  a c id  (r e c r y s ta l l is e d  f iv e  tim es from 

hot carbon te tr a c h lo r id e  ( 255 ) )  to  provide a 5 molar excess over DTT, 

Thus, 140  mg io d o a c e tic  ac id  (0 ,7 5  mmole), d is so lv ed  in  0 ,8  ml of 

O.IM HaOH, were added to  the r ea c tio n  b o t t le ,  which had been protected  

from l ig h t  by wrapping in  aluminium f o i l .  The pH f e l l ,  but was held  

a t pH 8 .3  by t i t r a t io n  w ith  0*5M NaOH fo r  a rea c tio n  tim e of 15 min.

The rea c tio n  was stopped by adding 1*1 ml g la c ia l  a c e t ic  acid  to  

produce a f in a l  con cen tra tion  o f IĈ o v /v .

In the ea r ly  a lk y la tio n  experim ents, the carboxymethyla.ted chains 

were d esa lted  by g e l f i l t r a t i o n  of th e rea c tio n  mixture on a column 

(6 .3  X 45 cm) of Sephadex G-25* The column was wrapped in  aluminium 

f o i l  to  prevent gen era tion  by l ig h t  o f iod in e  from io d id e . The elu en t
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was 10/  v /v  a c e t ic  a c id  and th e flow  ra te  was I 90 m l/hr. E lu tion  o f  

th e  p ro te in  was monitored by absorbance at 280 nm, u sin g  a LICB Uvicord II  

photometer and LKB Chopper Bar Recorder* The separated  p rote in  peak 

v/as c o l le c te d  by a LKB UltroHac fr a c t io n  c o l le c to r  and fr e e z e -d r ie d .

In th e la t e r  a lk y la t io n  experim ents, th e carboxym ethylated  

chains were d ia ly se d  in  an amber-coloured b o t t le  at 4^0 aga in st regu lar  

changes o f d i s t i l l e d  w ater, b efore  freeze-dry ing*

2 . 2 .3  Separation o f th e carboxym ethylated chains o f fib rin ogen  

2 . 2 . 3 a  Method 1 ( 2 3 5 )

Separation  o f th e  chains o f fib rin ogen  v/as achieved by means 

o f th e  ca tio n  exchanger, ?/hatman CM 52, packed in  g la s s  columns,

12 X 3 ,8  cm or 24 x 1 .5  cm* Before u se , the r e s in  was p recycled  in  

a lk a l i  and a c id , and e q u ilib r a te d  in  th e s ta r t in g  b u ffe r , O.025M 

sodium acetate/SM  ua?ea (pH 4 t8 0 ) , both before and a f t e r  packing in  the

column. Using a flow  r a te  o f 10 m l/h r , about 100 mg o f th e carboxy

m ethylated (cm) fib r in o g en  were d is so lv e d  in  a few m i l l i l i t r e s  of th e  

s ta r t in g  b u ffer  and ap p lied  to  the top  o f th e column. The chains of 

f ib r in o g en  were s e q u e n t ia lly  e lu te d  from the r e s in  by the a p p lic a tio n  

o f a combined pH and io n ic  stren g th  g ra d ien t, which was formed by a 

m ulti-cham ber grad ient e lu t io n  d ev ice  (th e  Autograd, Teohnicon 

C orporation). Chambers 1 , 2 and 3 contained 400 ml o f the s ta r t in g  

b u ffe r  and chambers 4» 5 and 6 contained  400 ml of th e  f in a l  b u ffer , 

O .I75M sodium acetate/8M  urea. (pH 5o30). Both b u ffers  were prepared 

f r e s h ly .  E lu tion  o f p ro te in  was monitored at 280 nm by the LKB

Uvicord II  and fr a c t io n s  were c o l le c te d  every 20-30 min.

P ro te in  peaks were pooled , d ia ly sed  aga in st d i s t i l l e d  water fo r  

2 days at 4^C and fr e e z e -d r ie d . The id e n t ity  o f the chains v/as checked, 

by th e ir  r e la t iv e  p o s it io n s  o f e lu t io n  from the column, according to
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Murano _et al® ( 255 ) j by th e ir  m o b ility  on polyacrylam ide g e l e le c tr o 

p h o r e s is , and by t h e ir  m olecular w e ig h ts , determined by polyacrylam ide  

g e l e lec tr o p h o re s is  in  th e presence o f sodium dodecyl sulphate®

2 . 2 . 3 . 2  Mejfchgd^^

The a lk y la te d  chains o f fib r in o g en  were separated u sin g  th e  

same grad ient b u ffer  system  and ion-exchange r e s in  as in  Method I» 

However, use was made o f a LKB U ltragrad Gradient Mixer in  conjunction  

w ith  an o p t ic a l d e n s ity  le v e l - s e n s in g  de\d.ce, which provided an 

a u to m a tica lly -reg u la ted  g ra d ien t, and the e lu ted  p ro te in s  were 

m onitored by th e LKB Uvicord I I I  photometer at 206 nm and 280 nm.

Using a concave-shaped g ra d ien t, a com plete sep aration  o f the chains 

was achieved®

2 . 2 .4  S o lu b il i ty  s tu d ie s  o f th e carboxymethylated  chains of fib r in o g en  

Since d is s o lu t io n  o f th e  polypep tide chains o f  fib rin ogen  in  a

b io lo g ic a l  b u ffer  was e s s e n t ia l  fo r  an immunological study o f th ese  

c h a in s , th e ir  s o lu b i l i t y  in  variou s b u ffers  was examined. G enerally , 

th e  d is s o lu t io n  o f th e  chains in  th e b u ffer  was aided by th e use o f  

concentrated  (8M) urea s o lu t io n s , which was la t e r  removed to  d if fe r e n t  

degrees by d ia ly s is  of th e p o lyp ep tid e-u rea  s o lu t io n s . S o lu b il i ty  of 

th e chains in  b u ffers  was determ ined by

( i )  v is u a l in sp e c tio n  o f th e  p ro te in  s o lu t io n s ,

( i i )  p h o to m e t r i c  m easurem ent a t  280 nm o f  s o l u b l e  p r o t e i n  a f t e r  

c e n t r i f u g a t i o n  o f  t h e  s o l u t i o n ,  and on some o c c a s io n s ,

( i i i )  p o ly a c .ry lam id e  g e l  e le c tx 'o p h o re B is  o f  t h e  su p e rn a . tan t  s o l u t i o n s  

and  p r e c i p i t a t e d  m a t e r i a l s ,

2 . 2 .5  Gel f  j 1 t  r g t i  on s t u d i e s  o f  t h e ccii'boxy^Tiet h y l a t e d clyvln 

fiVuniioge n

The v o id  volum es, Vo, of 2 columns (27 x 1 ,5  cm) of Sophadex
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G-200 were determined from the volumes o f e lu t io n  o f Blue Dextran 

solutions®  One column was e lu te d  with 0«06M harhitone b u ffer  (jiH 8 ,6 )  

and th e  other w ith  0,06M harhitone b u ffer  (pH 8 ,6 ) ,  con ta in ing  0 ,5^  w/v  

sodium dodecyl su lp h a te , E lu tion  volum es, Ve, fo r  CM -fibrinogen, 

d is so lv e d  in  the corresponding b u ffe r s , were determ ined, and the  

r a t io ,  Ve/Vo, c a lc u la te d  fo r  each column,

2 ,2 ,6  E lectro p h o resis

2 .2 .6 .1  A n a ly tica l polyacrylam ide g e l e lec tr o p h o re s is 

Polyacrylam ide g e l e lec tr o p h o re s is  was ca rr ied  out in  a

Q u ick fit P,A»Cr.E, apparatus, u sin g  5^ v /v  a c e t ic  acid/2M urea b u ffer  

system  (42 ) ,  7 .5^  w /v acrylam ide g e ls  were used, th e current was

3 mA/gel and th e  tim e o f e le c tr o p h o r e s is  was 70 min,

2 .2 .6 .2  Sodium dodecyl sulp h a te (SDS)-polyacrylam ide g e l e le c t r ophor e s i s  

Polyacrylam ide g e l e lec tr o p h o re s is  in  th e presence o f SBS, was

performed a t 7 mA/gel in  a Q u ick fit P,A,G,E, apparatus, according to  

McDonagh a l .  (2 0 8 ) , except th a t urea was used in  the g e ls  at a 

f in a l  con cen tration  o f 1 , 2$M in  order to  in crea se  th e g e l d en sity  and 

f a c i l i t a t e  o v er layer in g  o f b u ffe r . Standard curves fo r  m olecular 

w eight determ inations were each obtained fo r  5, 7 and 109  ̂ w/v 

acrylam ide g e l con cen tra tion s (P ig , 3 ) ,  u sing the s in g le  polypeptide  

chain  p ro te in s  (3 3 6 ) , l i s t e d  in  Table I ,  R e la tiv e  e lec tr o p h o re tic  

m o b ilit ie s  of the standards and unknowns were obtained by e le c tr o 

p h o resis  o f a m ixture o f the sample and pepsin on the same g e l (74)»  

thus avoid ing sm all g e l - t o - g e l  v a r ia t io n s . The anomalous e le c tr o -  

p h o re tlc  behaviour o f r ib on u clease  on SDS-polyacrylamide g e ls  and the  

standard curve in f le c t io n s  when the p rotein  m olecular w eights f a l l  

below a c r i t i c a l  s i.se  (F ig , 3) has been described elsew here (7 4 ) . 

llirtherm ore, sigm oidal curves fo r  standard orote in s have been described
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F1^6 3 P lo t o f m olecular weight o f  standard p ro te in s  in  Table I 
aga in st r e la t iv e  m o b ility  on: A, 5 0̂, B, 7^ and C, IÇf/o w/v 
acrylam ide g e ls  in  sodium dodecyl su lp h a te . The anomalous 
e le c tr o p h o re tic  m o b ility  o f r ib on u clease  (R) i s  in d ic a te d .



Table I

M olecular ?/eighte (M-7) o f p ro te in  standards and
r e la t iv e  m o b il it ie s  used, in  SBS-polyacrylamide g e l e lec tro -
p h oresis

73

1P rote in
MW of 2 
p olyp eptid e chain

R ela tiv e  m obility^  on:

5fo 7fc 1 0 / g e ls

Cytochrome 0 11 ,7 0 0 1 .37 1 .85 2,05

R ibonuclease 13,700 1.28 1 .54 1 ,88

Lysoz-yme 14,300 1 .40 1 ,70 2.14

Haemoglobin 15,500 1.47 1.75 2,10

Myoglobin 17,200 1.37 1.71 1 .79

Trypsin 23,300 1.16 1.44 1.56

Chymotrypsinogen A 85,700 1 .2 0 1 .30 1,42

Carbonic aniiydrase^ 29 ,000 1.11 1.17 1,22

Pepsin 35,000 1 .00 1,00 1,00

Egg albumin 43,000 0 .88 0 .82 0 ,78

C atalase 60,000 0 .72 0 ,65 0 .57

Albumin 68,000 0.77 0 .6 9 0.67

p “G alaotosidase^ 130,000 0 .21 0 .2 2 0.11

A ll p ro te in s  were obtained from except cytochrome C and

p “•ga lactosld ase  (Calbiochem) and pepsin (Sigm a).

Taken from Weber and Osborn (3 3 6 ).

 ̂ R atio of d is ta n ces  moved by standard and pepsin*

Although th ese  m olecular w eights were used, the sp ec ie s  

of o r ig in  o f p  -g a la c to s id a se  ( A sp erg illu s) an,d carbonic 

anhydrase (bovine e ry th ro cy te s) d if fe r e d  from Ref, 336,

4
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fo r  continuous (95) and d iscontin u ou s ( 259) polyacrylam ide g e l system s. 

Although Weber and Osborn (336) achieved l in e a r ity  when the p rote in  

m o b ilit ie s  were p lo t te d  a g a in st the logarithm s o f m olecular weight 

over the range 1 0 ,0 0 0 -7 0 ,0 0 0 , th ey  demonstrated th a t the h^rperbolio 

curve obtained w ith h igher m olecular weight standards y ie ld ed  m olecular  

w eights o f a s im ila r  accuracy to  th a t obtained from the standard  

s tr a ig h t  l in e ,

2 # 2 ,6 ,3  other e l e ctrophoret i c  t echniques

Preparative polyacrylam ide g e l e lec tro p h o res is  was performed on 

th e  Prep, P,A,G,E, apparatus (O u io k fit) and on a th ic k  rectangular  

polyacrylam ide s la b , u sin g  th e same b u ffer  and g e l com positions as 

employed by Biammel and Montgomery (4 2 ) , In some o a ses , a stack in g  

g e l o f  3 , 5/  w /v acrylam ide con cen tration  was employed.

In order to  ach ieve e le c tr o p h o r e tic  sep aration  of the a lk y la ted  

chains o f fib rin ogen  in  more p h y s io lo g ica l b u ffers than those described  

above, th e  fo llo w in g  system s were a ls o  examined,

(1 ) A n a ly tica l polyacrylam ide g e l e lec tro p h o res is  was performed, 

u sin g  the barbitone, t r i s  and bicarbonate b u ffers described  in  th e  

R esu lts  S ec tio n  ( 2 ,3 ,4 .2 ) ,

( 2 ) E lectro p h o resis  was performed on a preformed polyacrylam ide  

gradient g e l (4 -2 6 /)  (G radlpore, U niversal S c ie n t i f i c  L im ited), 

u sin g  t r i s / e u t A /boric ac id  b u ffer  (pH 9 ,2 ) ,

( 3 ) E lectro p h o resis  on c e l lu lo s e  a c e ta te  (C e llo g e l, Reeve Angel 

S c ie n t i f i c  L td ,) was performed, u sin g  harhitone b u ffer , pH 8 ,6 ,  

io n ic  stren gth  0 , 0 5 ,

2 ,2 ,7  If, f il'llpn

Using a G-;ûr«r-vi Immunodiffusion k i t ,  Immunodiffusion was 

performed e s s e n t ia l ly  as described  (268 ).
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2 .2*8  Prot e ln  cone en trâ t ions

When pi’o te in  so lu tio n s  were r e c o n stitu te d  from fr e ez e -d r ie d  

p rodu cts, th e  con cen tra tion s were ca lcu la te d  from the w eights o f  

m a ter ia l used , Except in  th e case o f Kabi fib r in o g en , no account was 

taken o f  th e sm all ash and m oisture content (2 0 ) . Ydiere pure p ro te in  

p rep aration s had not been fr e ez e -d i’ie d , the concen trations o f th e  

s o lu t io n s  were c a lc u la te d  from the appropriate e x t in c t io n  c o e f f ic ie n t s  

at 280 nm (222).

2 .2 .9  ReaseDis

Bovine thrombin was obtained from Parke-Bavis or Leo 

P h arm aceu tica ls, CM 52 c e l lu lo s e  from W, & R. R alston , L td ,, Blue 

Bextran and Sephadex products from Pharmacia, and a n tise r a  to  human 

serum, albumin, antithrom bin I I I ,  fa c to r  V III, plasminogen and 

f ib r in o g e n  from Hoechst Pharm aceuticals.

A ll other reagen ts v/ere su p p lied  by B.B.H, and were o f  

a n a ly t ic a l  grade i f  p o s s ib le .

2 .3  " R esu lts

2 .3 .1  P reparation  o f human fib r in o g en

11 batches o f human fib r in o g en  were prepared and the range o f  

c l o t t a b i l i t i e s  obtained at d if fe r e n t  stages o f p u r if ic a t io n  are shown 

in  Table I I .  Only th o se  preparations w ith c l o t t a b i l i t i e s  g rea ter  than 

9 5 / were used fo r  fu rth er  p rep arative and an aJytica l procedures.
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Fig. 4 A. Electrophoresis of fibrinogen fractions 1-2 (23 ^g)
and 1-4 (35 on 7.5/ w/v acrylamide gels at acidic pH,
B, Electrophoresis of fibrinogen fraction 1-4 (lO p . g )  

on 7/ and lO / w/v acrylamide gels with SDS,
The fibrinogen bands are situated near the tops of the gels 
and the lower bands (arro.ved) are due to the molecular 
weight standard, pepsin.
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Table I I  '

C lo t t a b i l i t i e s  o f f ib r in o g en  fr a c t io n s

F raction I-O 1-2 1-4

C lo t t a b i l i t y 8 3 -9 6 / 8 8-100 / ei~99f^

The p u r ity  o f the fib r in o g en  preparations were a ssessed  by 

polyacrylam ide g e l e le c tr o p h o r e s is . At a c id ic  pH (Fig* 4A), fr a c tio n s  

1 -2  and 1 -4  appeared as a s in g le  band which barely  entered  th e g e l ,  

although a fa in t  band o f h igh er  m o b ility  was o c ca s io n a lly  seen in  the  

1 -2  preparation . F ig , 4B shows th e  s in g le  band, except fo r  p ep sin , 

obtained  when fr a c t io n  1 -4  was examined by SBS-polyaorylamide g e l  

e le c tr o p h o r e s is  at 5» 7 and IC / acrylam ide con cen tra tion s,

Iromunodiffusion o f fib r in o g en  fr a c tio n  1 -4  d id  not rev ea l a 

r e a c t io n  w ith antiserum  to  human serum, nor w ith s p e c i f ic  a n tise r a  to  

album in, antithrom bin I I I ,  fa c to r  V III or plasm inogen, but only w ith  

a n t i- f ib r in o g e n  antiserum .

2 ,3 ,2  Chromatographi c  preparation  of  the carboxym ethylated chains o f  

f ib r in o g en  

2ft3#2 ,1  Method 1

F ig , 5A. shows th e  e lu t io n  p r o f i le  o f th e a lk y la ted  chains o f  

f ib r in o g e n  from th e ion-exchange column as the pH in creased  from 

4o8 to  5 ,3  and th e io n ic  stren g th  in creased  from 0 .0 2 5  to  0,175#

Three in com p letely  sep arated  p ro te in  peaks were observed, which were 

pooled  as in d ic a te d . M aterial from each of the 6 fr a c tio n s  was 

ly o p h il is e d  and su b jected  to  polyacrylam ide g e l electx'ophorefjis at 

a c id ic  rli. Comparison w ith  th e  e lec tr o p h o re tic  p attern  of carboxy

m ethylated ( cm) f  iba'inogen P'e?.'witted id e n t if ie n t  ion  o f the major
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3 A, Elution profile of the ceirboxymethylated chains of
fibrinogen on ion-exchange chromatography on Œ 52
cellulose. The optical density was measured at 280 nm and
the pH and ionic strength gradient was formed by the 
Technicon Autograd,
B, Electrophoresis of the pooled fractions (numbered in A) 
on 7*5/̂  w/v acrylamide gels at acidic pH, As reference, the 
Aoc, Bp and bands of unfractionated carboxymethylated 
fibrinogen (CM Fib) are indicated. Approximately 25 ^g of 
fractions 1-6 and 45 of CM Fib were applied to the gel 
rods.
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Fig, 6 A, Elution profile of carboxymethylated fibrinogen on 
ion-exchange chromatography on CM 52 cellulose. The 
optical density was measured at 206 nm (not shown) and 
280 nm, and the pH and ionic strength gradient was formed 
by the LKB Ultragrad,
B, Electrophoresis of the pooled fractions (numbered in A) 
on 7*9̂  w/v acrylamide gels at acidic pH. As reference. 
Act, Bp and  ̂ Lands of unfractionated carboxymethylated 
fibrinogen (CM Fib) are indicated. Approximately 25 ^g of 
fractions 1-5 and 60 j i q  of CM Fib were applied to the gel 
rods.
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p o lyp ep tid e  sp e c ie s  in  each p ro te in  peak (Fig® $A and B) and th e  

a lk y la te d  chains were found to  e lu te  in  th e order ; Bp and Aoc. 

V ir tu a lly  pure ^  chain  was found in  fr a c t io n  1, B p in  fr a c tio n  3 and 

Aoc in  fr a c t io n  6* In a c tio n  5? th e  major part o f the 3rd peak, revea led  

a hand corresponding to  th e Acc ch ain , as w e ll as a s e r ie s  o f bands 

w ith m o b ilit ie s  g rea ter  than th a t o f the Aoc chain .

2 .3 .2 .2 .  Method

Using an a u to m a tica lly -reg u la ted  b u ffer  g ra d ien t, 4 separated  

major p ro te in  peaks were observed (Plg« 6A) and were id e n t if ie d  as 

^  chain ( fr a c t io n  l ) ,  Bp chain ( fr a c t io n  2 ) ,  a s e r ie s  o f bands w ith  

m o b il i t ie s  ^  Ao^ ( f r a c t io n  4 ) and Aoc chain ( fr a c t io n  5) by poly» 

acrylam ide g e l e le c tr o p h o r e s is  a t a c id ic  pH (F ig . 6B), Small peaks 

e lu t in g  before the ^  chain contained  m ateria l o f low e lec tr o p h o re tic  

m o b ility  and were not fu rth er  in v e s t ig a te d . F raction  3 g en era lly  

appeared as a t r a i l in g  shoulder o f fr a c t io n  2 (B p  ch a in ), but both 

fr a c t io n s  y ie ld e d  id e n t ic a l  e le c tr o p h o r e tic  band p a ttern s. Although 

th e  chains appeared to  be separated  from each o th er , e lec tr o p h o re s is  

showed other minor bands (u su a lly  o f  lower e lec tr o p h o re tic  m o b ility )  

b e s id e s  th e  main band,

2 ,3*3  P reparative po lyacrylam ide g e l e lec tr o o h o r e s is  o f the

carboO T eth ylated  chains o f fib rin ogen

Several attem pts to  obta in  high pu rity  carboxyiaethylated  

f ib r in o g en  chains by e le c tr o p h o r e tic  sep aration  on a 4 cm diam eter 

c y l in d r ic a l  column o f polyacrylam ide or on a 1 cm th ick  polyacrylam ide  

s la b  were u n su cc e ss fu l. The system  of Erumnel and Montgomery (4 2 ) ,  

which was su c c e ss fu l on an a n a ly t ic a l s c a le ,  was used . Stained s l i c e s  

o f g e l revealed  la rg e  amounts o f p ro te in  which had not entered the g e l  

but had p r e c ip ita te d  on top  o f the g e l ,  p o ss ib ly  due to  heat
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d én atu ration ,

2 ,3 ,4  Some p h y sica l p ro p erties  o f the carboxym ethylated chains o f  

f ib r in o g e n 

2 * 3 .4 .1  S o lu b il i ty

CM -fibrinogen, the mixture o f a lk y la ted  fib rin o g en  ch a in s, was 

found to  be so lu b le  in  the fo llo w in g  b u ffers ; 0 .03  and 0,0611 harhitone  

(pH 8 .6 ) ,  0.2M ammonium b ica rb o n a te/tr ieth y la m in e  (pH 8 ,$ ) ,  O .I5II 

tr is /H C l (pH 8 , 5 ) and 0,0511 tx'is/o.dM  g ly c in e  (pH 8 ,3 ) .  Polyacrylam ide 

g e l  e lec tr o p h o re s is  o f the harhitone and tr is /H C l so lu tio n s  o f CM- 

f ib r in o g e n , a f t e r  c e n tr ifu g a t io n , revea led  the presence o f Aoc, S p  

and chains and confirmed th e ir  s o lu b i l i t y .  Further photom etric 

exam inai]on o f th e  harhitone s o lu t io n  revea led  th at the fib rin ogen  

chains remained so lu b le  in  t h is  s o lu t io n  over the temperature range 

~20°G to  37°C, fo r  at l e a s t  5 days.

The fib r in o g en  chains were found to  he in so lu b le  in : 0 , 05~0,5M 

phosphate b u ffer  (pH 7 . 4 ) t 0 . IM Sorensen 's phosphate b u ffers and 

phosphate-buffered  s a l in e  (pH Y .0 - 8 .0 ) , and Owren’s 0,1M h a rh iton e/ 

0.13M NaCl b u ffer  (pH 7 * 3 ), although low concen trations o f urea 

(O .25M) m aintained th e fib r in o g en  chains in  so lu tio n  of some o f th ese  

b u ffe r s ,

2 . 3 , 4 .2  E lectro p h o retic  sep aration

( 1 ) Polyacrylam ide g e l e lec tro p h o res is  in  7 .5 /  w/v acrylam ide 

g e l s ,  usin g  O.O3I' harhitone b u ffer  (pH 8 , 6 ) gave only  a poor sep aration  

o f the a lk y la ted  p o lyp ep tid e  chains o f CM -fibrinogen, but was con

s id era b ly  improved by the in c lu s io n  of 2M or 3M urea and fu rth er  

improved by red u ction  of the acrylam ide concen tration  to  4 . 5'/ w/v* 

However, b esid es the 3 main bands o f CM -fibrinogen, slower-moving 

bands were u su a lly  seen , even vrltn t!ie j soJ ated clriin préparai.i on s, 

and may have been clue to  non-covalent l.y a sso c ia te d  m ulti mers 01 the
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Fig. 7 SDS-polyacrylamide electrophoresis (7/  w/v gels) of
cafboxymethylated Aoc chains (l2^g), B p  chains (lO ^g) 
y  chains (14 ^g), with carboxymethylated fibrinogen 
(cm Fib) (15 J i s )  as reference.
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chains» These lov/^m ohility bands were a lso  observed in  a 4 »9;'̂  %?/v g e l 

systemp usin g  0«08M tris/ED TA /borate b u ffer  (pH vâth 6'̂  urea,

which gave a good sep ara tion  o f th e  monomeric fib rin ogen  ch ain s, 

otherwise^ However, no e le c tr o p h o r e tic  sep aration  was obtained when 

th e  urea con cen tration  i e  t h is  system  was reduced to  2M, nor w ith  

7o5/« w /v g e ls  u sin g  ammonium bicarbonate b u ffer  (pH 8 *8 ) or

t r i s  b u ffer  (pH 8 , 5)0

( 2 ) Using a Gradipore grad ient g e l (4*̂ 2690) ,  poor sep aration  of 

th e  chains o f CLI-flbrinogen was obtained a f te r  a 17 hour electrcH- 

p h o retic  run. S ta in in g  o f th e g e l revea led  only “s tr ea k s” o f p ro te in ,

( 3 ) Ho sep aration  o f th e  chains o f GM-fibrjnogen was achieved  

by e lec tr o p h o re s is  on c e l lu lo s e  a c e ta te  (C e llo g e l) , u sin g  Ô OoM 

b arbitone b u ffer  (pH 8 ,6 )  w ith and w ithout 2J'Æ urea,

2 * 3 ,4 «3 Gel f i l t r a t i o n

On columns o f Sephadex G-200, th e e lu tio n  volum e/void volume 

r a t io ,  Ve/Vo, fo r  CM -fibrinogen was 1 .2  in  barbitone b u ffer  (pH 8 ,6 ) ,  

con ta in in g  0 ,5^  w/v SDS, In  barbitone b u ffer  a lon e , Ve/Vo = 1 ,0 ,  

in d ic a t in g  th e  presence o f la rg e  m olecular weight aggregates o f  

a lk y la te d  chains in  t h is  b u ffe r , but not in  the presence of the d is 

aggregatin g  agen t, SDS,

2 ,3 ,4 .4  M olecular w eirfits

P ig , 7 shows th a t SDS-polyaci'ylamide g e l e lec tro p h o res is  

c le a r ly  reso lv ed  the major p o lyp ep tid es o f CM-fibrjnogen and confirmed 

th e  pu.rity o f th e  is o la t e d ,  carboxymethylated Aoc, Bp and chains 

o f fib r in o g en , as a lso  observed by polyacrylam ide g e l e lec tro p h o res is  

at a c id ic  pH in  P ig s , 5^ and 6B, Howevex', fa in te r  bands o f tw ice the  

m olecular weight o f th e  in d iv id u a l chains were a lso  observed on each 

g e l and were probably due to  dim eric aggregates of the a lk y la ted  chain s. 

The m olecular w eights o f the in d iv id u a l chadns were found to
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be: Aoc, 67,000; Bp , 56,000; 'Y , 47,000.

2o4 Discussion

While the p u r if ic a t io n  procedure o f BlombMck and Blomb^lck ( 25 ) 

i s  ra th er  len g th y , th e  r e s u lt in g  fib rin o g en  appeared to  be pure. This 

f r a c t io n , 1 -4 , has been acknowledged as the fr a c t io n  which i s  most 

r ep r e se n ta tiv e  o f n a tiv e  fib r in o g en  ( 240)0 The fib r in o g en  preparations  

used  in  th ese  s tu d ie s  had high c l o t t a b i l i t i e s  (95-”99/’) and did not 

p r e c ip ita te  w ith  a n t ise r a  to  human seinAni and s e le c te d  serum p rote in s on 

im m unodiffusion. Polyacrylam ide g e l e le c tr o p h o r e s is 'at a c id ic  pH and 

in  th e presence o f SDS rev ea led  only  a, s in g le  p ro te in  band. Further

more, th e subunit s tru c tu re  o f th e m olecule appeared to  be in t a c t ,  as 

shown by th e  e le c tr o p h o r e tic  p a ttern s o f th e 3 chains in  CM-flbrinogen 

(F ig s , 5B9 63 and 7 ) .

The red u ction  and carboxym ethylation of fib rin ogen  was 

performed e x a c t ly  according to  Murano e t  a l ,  (255) in  order to  avoid  

th e  unwanted s id e  r e a c tio n s  between io d o a c e tic  acid  and m ethionine, 

h is t id in e ,  ly s in e  and ty r o s in e  r e s id u e s , as o u tlin ed  by Hire ( 15 6 ) ,

The sep ara tion  o f th e  a lk y la te d  Aoc, Bp and ■g' chains by ion-exchange  

chromatography u sin g  a continuous pH and io n ic  strengt:h gradient was 

s u c c e s s fu l ,  as judged by the chromatographic p r o f i le  and e le c tr o -  

p h o resis  of th e sep arated  fragm ents. However, th e y ie ld s  of the 3 

chains were improved con sid erab ly  by th e use o f th e fu lly -autom ated  

b u ffe r  gradient provided by th e  LICB U ltragrad, s in ce  th e  need to  pool 

th e  fr a c t io n s  sharp ly  was avoided.

On polyacrylam ide ge l e le c tr o p h o r e s is , the chain u su a lly  

appeared as a homogeneous band, but o c ca s io n a lly , a fa in te r , ad jacen t, 

second band was v i s i b l e ,  which might correspond to  one o f the chain  

v a r ia n ts  reported  c lscv h ere  ( i 2 ,  153, 245, 250) ,  B esides the major
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band in  the g e ls  o f th e  Bp p rep ara tion s, th ere  were other bands of  

low er m o b ility  s>nd one fa in t  band o f s l ig h t ly  g rea ter  m o b ility . The 

l a t t e r  band might correspond to  a contaminant describ ed  by others  

( 253)9  but in  th e g e ls  o f P ig . 6B, i t  appeared to  have lower m ob ility  

than th e  ^  chain . The minor h e tero g en e ity  of the and Bp peaks 

on ion-exchange chromâtography (P ig . 6A) has r e c e n tly  been a ttr ib u te d  

to  d if fe r e n c e s  in  th e  content o f s i a l i c  acid  ( I I 4 ) .  In a d d itio n , the  

t r a i l i n g  fr a c t io n  on ion-exchange chromatography o f th e  Bp chain  

(Pigo 6Aj fr a c t io n  3) has a lso  been p rev io u sly  described  (253)® The 

s e r ie s  o f p o lyp ep tid es w ith  m o b il it ie s  fa s te r  than th e  Aoc chain  

(F ig , 5B, g e l 5 and Fi.g* 6B, g e l 4 ) were design ated  A.ot+ and have been 

d escrib ed  as s tr u c tu r a l v a r ia n ts  o f the Aoc chain , a r is in g  from Aoc 

chain degradation in  v iv o  or in  v i t r o  ( 253 , 255) ,  The in ta c t  Aoc chain  

was e lu ted  la s t  fx*om th e column in  a r e la t iv e ly  sm all peak and poly

acrylam ide g e l e le c tr o p h o r e s is  sometimes revealed  a double band, 

in d ic a t in g  the h e tero g en e ity  o f th e A at chain o f human fib rin ogen  

( 20G, 211, 234, 272) .  Examination o f  the polyacrylam ide g e ls  of 

CM«fibrinogen and the I so la te d  oarboxymethylated chains in  t h is  study  

(F ig s , 5^9 6B and 7 ) and th o se  o f others ( i l l ,  253, 255) revea led  th e  

e x is te n c e  o f fa in te r  bands o f low m o b ility , Gardlxmd ( i l l )  has shown 

th a t th ese  bands rep resen ted  n on -co v a len tly  bound aggregates o f the 

a lk y la te d  ch a in s , although they appeared to  be firm ly  a sso c ia ted  as 

th ey  were evident on SDS-polyacrylam ide g e ls  which were run under 

normal condit ions «

The a lk y la te d  chains o f fib rin ogen  were found to  be so lu b le  

in  m ild ly  a lk a lin e  b u ffer s  (pH 8 ,3 -8 ^ 6 ), but in so lu b le  in  n eutral 

b u ffer s  (pH 7 «0 - 8 ,0 ) ,  u n less  urea or SDS was used in  th ese  s o lu t io n s .  

Other workers have remarked on the in s o lu b i l i t y  of the carl)oicy- 

m ethylated chains o f fib rin o g en  ( l 2 3 , 1479 254» 255 ) and, in  p a r ticu la r .
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th e  r e s u lt s  here support th ose  o f Gollwlt%er ^ t a l .  ( l2 3 )  who found 

th a t th e  polyp ep tid e chains were so lu b le  in  b u ffers  of pH 8,5» but 

not o f pH 3 .6  or 5®3® Although th e  a lk y la ted  chains were so lu b le  in  

barb itone b u ffer  (pH 8 ,6 ) ,  th e g e l f i l t r a t i o n  and polyacrylam ide g e l  

e le c tr o p h o r e t ic  s tu d ie s  su ggested  the e x is ten ce  o f s o lu b le , non- 

cova len t aggregates in  t h is  b u ffe r .

The r e s u lt s  o f th e a n a ly t ic a l  e lec tr o p h o re tic  experim ents show 

th a t th e chains o f fib r in o g en  are poorly  separated in  th o se  system s 

which did  not in c lu d e  urea or SDS. S im ilar r e s u lt s  have been found 

fo r  CM^fibrinogen by G ollw itzer  e t  a l ,  ( l2 3 ) ,  Henschen ( l4 7 , 151) 

experienced  i n i t i a l  d i f f i c u l t y  in  sep aratin g  the chains o f C li-fibrinogen  

by paper and starch  g e l e le c tr o p h o r e s is , even in  th e presence o f urea  

or SDS, although la t e r  attem pts were su c c e ss fu l ( l5 3 ) .  Henschen ( l4 8 ,  

1 5 1 ) has a lso  shown th a t h igh  con cen trations o f urea were required  fo r  

th e  e le c tr o p h o r e tic  sep a ra tio n  o f the chains o f S-sulpho-fi'brinogen*

Approximate m olecular w eights fo r  the carboxym ethylsted chains 

o f fib r in o g en  vjere obtained  by SDS~polyacrylamlde g e l e lec tro p h o res is  

and were: Ac%. , 67 ,000; Bp , 56,000; 47 ,000 . These f ig u re s  are in

c lo s e  agreement w ith  th o se  o f McDonagh e t a l .  (208) among o th ers , and 

provide a m olecular w eight f o r , fib r in o g en  o f 340,000, u sin g  the 

form ula (Aoc, Bp , ^



CHAPTER 3î

CARBOXYMHrrïïYLATED Aoc- CHATH. Q? H.ffiîAK PTBRTHOGEH

3 o l Introduction.

The in v e s tig a tio n , o f th e  s tru c tu re  o f the fib rin o g en  m olecule  

and i t s  p r o te o ly t ic  d e r iv a t iv e s  has been g r e a t ly  f a c i l i t a t e d  by the  

u se o f s p e c i f ic  antise-ra. Much o f th e  work on t h is  coagu lation  fa c to r  

has in vo lved  th e use o f  a n t ise r a  a g a in st the whole fib r in o g en  m olecule 

(222 , 2 4 4 » 264 ) or a g a in st i t s  f in a l  piasmin degradation products, 

fragm ents D and E ( 1 0 7 , 158, 168, 261)« liir th er  Inform ation about th e  

immunology o f fib r in o g en  v/as obtained w ith the development o f a n t ise r a  

a g a in st f ib r in o p e p tid e s  A and B ( 1 7 , 263) and w ith th e d iscovery  o f  

neoantigen s on .fragments D and E (282 , 286). R ecen tly , cyanogen 

bromide has been used to  c lea v e  the fib rin ogen  m olecule and the 

r e s u lt in g  fragments have been p u r if ie d  and used as immunogens, so th a t  

th e subunit s tru c tu re  of fib r in o g en  might be more c lo s e ly  stu d ied  by 

means o f  such a n t ise r a  ( 3 0 , 112, 113, 120, 155, 186, 203, 289). How

ev er , u n t i l  a few years ago, th ere  had been only b r ie f  mentions 

concerning th e  use o f a n t ise r a  which had been ra ised  aga in st the  

in t a c t  p olyp eptid e chains o f human or bovine fib r in o g en , i . e .  Aoc, Bp  

and ^  (28 , 155, 186, 255)0 Very r e c e n tly , some s tu d ie s  on the a n t i

g e n ic i t ie s  and c r o s s -r e a c t io n s  o f th ese  polyp eptid e chains and th e ir  

a n t ise r a  have been performed ( i l l ,  1 2 1 , 1 9 9 , 285, 309),

In th e present stud y, a p i lo t  experiment to  r a is e  a n tise r a  in  

ra b b its  to  the th ree  chains o f fib r in o g en  revealed  th at su ccess had 

been achieved on ly  in  th e case  o f th e Aoc chain , n egative  or anomalous 

r e s u lt s  being obtained w ith  th e Bp and chain s. A ccordingly, 

fu rth er  in v e s t ig a t io n s  were channelled  in  the d ir e c t io n  o f Aoc chain  

a n t ig e n ic ity  and th e r e s u lt s  obtained c o n s titu te  the greater  part of
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t h i s  t h e s i s .  This chapter d escr ib es  the Immunological c h a ra c ter isa tio n  

o f antiserum  r a ise d  to  th e carboxym ethylated chain, o f human 

f ib r in o g e n , u sin g  th e  r e la t iv e ly  sim ple techniques o f immuno

p r é c ip ita t io n  in  agarose g e ls .  More su c c e ss fu l attem pts to  r a is e  

a n t ise r a  to  the B p  and ^  chains o f fib rin ogen  ax‘e described  in  a 

l a t e r  chapter.

3 • 2

3®2.1 Prepara tio n  o f hum-̂ n fib r in o g en  and fib rin o g en  ch.ains

F ibrinogen fr a c t io n  1 -4  and th e  carboxym ethylated chains o f  

f ib r in o g e n , Aoc, B p  and 'ÿ', were prepared as described  in  Chapter 2.

In  a d d itio n , th e Aot-t- ch a in s , th e s e r ie s  o f p o lyp ep tid es which were 

e lu te d  from the ion-exchange column c lo se  to  th e in ta c t  Aoc chain , but 

w ith  e le c tr o p h o r e tic  m o b il it ie s  equal to  or g rea ter  than th a t o f the  

in t a c t  Aoc chain , were prepared (F ig . 8 ) ,

3c2 ,2  Human p la sma

9 volumes o f blood -t- 1 volume of O.IDT trisodium  c it r a te  vmre 

mixed and cen tr ifu g ed  a t lOOOg fo r  30 min (4*^8). Plasma was obtained  

from normal donors, an u m b ilica l cord and p a tien ts  w ith  dissem inated  

in tra v a scu la r  coag u la tio n  (BIC), and were stored  at -20^0,

C ryoflbrinogen , Blood was obtained from p a tien ts  whose plasma 

ex h ib ited  a c r y o p r e c ip ita te , subsequently  id e n t if ie d  as cryofib rin ogen , 

at low tem perature. The b lood , arxticoagulated w ith  0 .1  IM c it r a te  07: 

OcllM citrate/O .O lM  FACA ( C-am inocaproic a c id ) , was c o lle c te d  at 

37^8 and im m ediately cen tr i fuged. The supernatant plasma was l e f t  

overn ight a t 4^8 and th e  p r e c ip ita te  c o lle c te d  by c en tr ifu g a tio n , 

washed tw ice w ith 0 , 1 HaCl (4*^8) and rec o n stitu te d  in  a sm all 

volume o f O.lpM MaCl (3 7 ^ 8 )  ̂ These samples were examined im m ediately.
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Plasma was obtained from a p a tien t  

w ith  a suspected  acquired abnom al fib r in o g en  ( l i v e r  d ise a se ,  

prolonged thrombin tim e, in h ib it io n  of tlrrombin tim e o f normal plasma, 

reduced fib r in o g en  l e v e l  w ith  f ib r in  polym erisation  tim e t e s t  ( 333) 

compared w ith t o t a l  coagu lab le  fib r in o g en  ( 25) ,  abnormal plasma f ib r in  

p olym erisa tion  curve ( 308 ) which was p a r t ia l ly  corrected  at low io n ic  

s tr e n g th ) ,

3 .2o3  Human serum

Serum was g e n e ra lly  c o l le c te d  by c lo t t in g  blood fo r  sev era l  

hours a t room tem perature in  th e  presence of O.OIM EAGA or in  sample 

tu b e s , con ta in in g  soya bean tnrypsin in h ib ito r  (3 ,600  HP u n its )  and 

bovine thrombin (20 NIH u n i t s ) ,  obtained from Wellcome Reagents Ltd. 

(sam ple tubes fo r  PDP a s sa y s ) . The c lo t te d  samples were cen tr ifu ged  

and th e  sera  were withdrawn and sto red  at - 20^0 .

3 .2 .4  1mmun o d iffu s i  on

Immunodiffusion was performed in  ifo agarose, e s s e n t ia l ly  as 

d escr ib ed  (2 6 8 ) , in  th e fo llo w in g  b u ffer  system s: 0 . 03M barb itone, 

w ith  or w ithout urea , O.O6M b arb iton e, 0.03M barbitone/0.15M  NaCl,

( a l l  îtH 8 , 6 ) ,  0,2M ammonium bicarbonate (pH 8 . 5)9 0.067M phosphate/ 

0.15% HaCl (pH 7 .3 ) .

G enerally , th e carboxym ethylated chains o f fib rin ogen  were 

a p p lied  to  the agarose w e lls  in  0.06M barbitone b u ffer  (pH 8 , 6 , io n ic  

s tren g th  0 ,0 5 ) ,  a long w ith  8-lOM urea or e ls e  the urea was removed from 

th e  so lu t io n s  by d ia ly s i s  before  a p p lic a tio n .

3 .2 .5  Immunoelectrorhores i s

Im m unoelectrophoresis was performed e s s e n t ia l ly  as described

(297) .
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3 .2 .6  Polyacrylam ide g e l e le c tr o p h o re s is

E lectro p h o resis  in  5/̂  w /v a c e t ic  acid/2M urea was performed as 

describ ed  in  Chapter 2. As a p rep arative t o o l ,  each g e l rod was 

loaded w ith  50 j i g  o f Aoc, chain  in  a volume o f 5 ^1,

3 .2 .7  erum to  th e  Aoc chain o f f i  h ^  opgen

In a p i lo t  stud y, one rab b it was immunised at 4 intram uscular  

s i t e s  w ith 5 mg o f carboxym ethylated A ou chain in  a 1 ml suspension  

w ith  Freund’ s Complete Adjuvant at in te r v a ls  o f 3 weeks. The r e s u lt in g  

antiserum  revea led  p r e c ip ita t io n  rea c tio n s  in  agarose g e l w ith Aoc 

ch a in s , fib r in o g en  fr a c t io n  1-4  and normal plasma, but not w ith  

human sei'um.

In the subsequent study, th e Aoc chain preparation  was 

p u r if ie d  fu rth er  by polyacrylam ide g e l e le c tr o p h o r e s is , as described  

above* 2 out o f 16 g e l rods were s ta in ed  w ith Coomassie B r i l l ia n t  

Blue to  a sc e r ta in  th e lo c a t io n  o f  th e  Aoc band and the corresponding  

bands were cut from the oth er un sta ined  g e ls  in  a 2 mm se c t io n . These 

g e l s e c t io n s  were em u ls ified  w ith 2 ml 0,15% NaCl and 1 ml 15^

Tween 80 and then mixed w ith  6 ml Freund’ s Complete Adjuvant, I n i t i a l  

subcutaneous and intram uscular in je c t io n s  were given  to  each o f 6 

r a b b its , so th a t each rab b it rece iv ed  50“”IGG Aoc chain . B ooster  

in j e c t io n s  være g iven  a f t e r  6 weeks and at 10-day in te r v a ls  thej'e- 

a f t e r ,  2 hours a f t e r  b leed in g , th e  rab b it serum was separated from 

th e c lo t  and sto red  at -20^C a f te r  th e  ad d ition  o f sodium av.ide,

3 .2 .8  Prépa r a ii  on o f ,iflg )u n o g l^ u d in llcn p .ra b b

A m o d ifica tio n  (88) o f th e method of Steinbuch and Audran 

( 313 ) was used fo r  2 rab b it sera . The method in vo lved  a prelim inary  

p r e c ip ita t io n  w ith ammonium su lph ate before obtain in g the imnnzno- 

g lo b u lin s  with o ctan o ic  a c id . The la s t  s te p , in v o lv in g  ion-exchange
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chromatography, was om itted ,

3 .2 .9  Absorption o f th e antiserum

Antiserum to  the Aoc chain o f human fib rin o g en  was absorbed 

by in cub atin g  w ith doubling d ilu t io n s  o f the m ateria l o f in te r e s t  a t  

room tem perature fo r  sev e r a l hours, and then at overn ight. The 

absorbed antiserum  was obtained by c en tr ifu g a tio n  of th e f in e  

p r e c ip ita te .  Only the top  p ortion  o f the supernatant serum was used.

302 .1 0  Commercial a n t ise r a

S p e c if ic  a n t ise r a  to  th e  human p r o te in s , albumin, antithrom bin  

I I I ,  fa c to r  Y ÎII, and fib r in o g en  fragments D and E, and p olyvalen t 

anti-human serum were obtained from Hoechst Pharm aceuticals,

Rabbit a n t i- f ib r in o g e n  antiserum  was obtained from Hoechst 

P h arm aceuticals, Dakopatts A/S, ImCo Corporation, Calbiochem and 

N ordic D ia g n o stics; goat a n t i-f ib r in o g e n  antiserum  was obtained from 

Dade D iv is io n ,

A nti“Acc antiserum  was obtained from ImCo Corporation,

3 .2 .1 1  Normal rab b it serum

Normal ra b b it serum was obtained from an untreated  ra b b it,

3 .2 .1 2  Reagents

Agarose was obtained from M iles-S eravac, Freund’ s Complete 

Adjuvant from D ifco  L aboratories and Coomassie B r i l l ia n t  S lue from 

Sigma, A ll other reagen ts were obtained from B,D,H,

3 o 3 R esu lts

3 .3 .1  P u r i t y  of the Acc r o l y c e r t i d e  c h a i n

B e fo re  im m u n i s a t i o n  o f  r a b b i t s ,  t h e  p u r i t y  o f  th e  Aoc c h a i n  

p r e p a r a t i o n  was a s s e s s e d  by immunodif fus  ion .  No r e a c t i o n s  ware
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A a Aq +

Fig. 8 Electrophoresis of intact Aoc chains (30 ^g) and Aoc+
chains (35 of human fibrinogen on 7.5/» w/v acrylamide 
gels at acidic pH,
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observed w ith an tinhumaa serum, nor w ith s p e c i f ic  a n t ise r a  to  

album in, antithrom bin I I I ,  fa c to r  V III or fib rin o g en  fragments D and 

E*

In s p it e  o f the apparent high p u rity  o f the Acc polyp eptid e  

ch a in , as a sse sse d  in  t h is  way, polyacrylam ide g e l e le c tr o p h o re s is  

of th e  preparation  rev ea led  the e x is te n c e  o f other fa in te r  bands 

b e s id e s  th e main Aoc band (F ig , 8 ) « T herefore, fo r  the purposes o f  

r a is in g  AoC chain  antiserum , th e  major band se c t io n s  o f th e  g e ls  

were e x c ise d  and used as immunogen, as described  in  M ateria ls and 

M ethods.

3 .3*2  Immunodiffusion co n d itio n s

During th e  study o f th e  p r e c ip ita t io n  r ea c tio n s  o f anti-Aoc 

antiserum  {a / A q l) by im m unodiffusion, th e  great in s o lu b i l i t y  o f the  

carboxym ethylated chains o f fib r in o g en  presented  a problem. At 

f i r s t ,  th e chains were d is so lv e d  in  b u ffers  (0 .0 3  and 0.06M barbitone  

(pH 8 ,6 ) ,  0.03M b a r b ito n e /o ,I 5M NaCl (pH 8 .6 ) and 0.2M ammonium 

b icarbonate (pH 8 , 5 ) )  co n ta in in g  8 -1 OM urea, which was removed by 

d ia l y s i s ,  le a v in g  th e p o lyp ep tid e  chains in  b u ffer  s o lu t io n . However, 

to  avoid  th e tim e-consum ing d ia l y s i s ,  th e carboxym ethylated chains 

in  8M urea b u ffers  were ap p lied  d ir e c t ly  to  the agarose g e l .  Com

p a r iso n  o f the p r e c ip it in  p a ttern s revea led  no d if fe r e n c e  whether 

th e  urea had been removed by p r io r  d ia ly s is  or n ot, a fin d in g  

c o n s is te n t  with, th e ob serva tion  th a t plasma p ro te in s p r e c ip ita te d  

w ith  th e ir  corresponding a n t ise r a  in  con cen trations o f 3M urea.

Indeed, due to  the r e la t iv e l y  rapid  d if fu s io n  of a sm all volume 

(5  ) i l )  o f urea on a 3 ®1 agarose s l i d e ,  i t  was u n lik e ly  th at urea  

con cen tra tio n s as high as 3-1 would be encountered, except im m ediately  

a f t e r  sample a p p lic a t io n .
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■ 111 order to  avoid  th e danger o f carboxymethylated chains 

p r e c ip ita t in g  out o f s o lu t io n  due to  the neutral pH of the b u ffe r , 

th e  b u ffer  used h e r ea fter  fo r  im m unodiffusion was s l ig h t ly  

a lk a lin e  -  0.06M b a rb iton e , pH 8 .6 ,  io n ic  stren gth  0 .05; n e v e r th e le s s ,  

s im ila r  p r e c ip ita t io n  p attern s o f th e  Aeo chain antiserum  could be 

observed in  0.067M phosphate/0.15M  NaCl, pH 7 .3 ,

3 ,3 .3  R eactions o f anti-A oc antiserum : general observations

The sera  o f a l l  6 ra b b its  showed p r e c ip ita t io n  rea ctio n s  

a g a in st th e Aoc ch a in , p u r if ie d  f ib r in o g en , CM-fibrinogen and normal 

plasma on im m unodiffusion and im raunoeleotrophoresis. In  a d d itio n , 

some a n tise r a  rev ea led  a very  fa in t  p r e c ip it in  l in e  when reacted  

w ith  normal sera . No r e a c tio n  was observed when the Acc chain was 

d if fu s e d  a g a in st normal rab b it serum. The r e la t iv e  t i t r e s  o f the  

a n t ise r a  were estim ated  by th e ir  a b i l i t y  to  p r e c ip ita te  doubling  

d ilu t io n s  o f th e  an tigen s; th e  two h ig h e s t - t i t r e d  a n t ise r a , A/Aoc( 4) 

and a/A oc( 6 ) ,  were th e r e a fte r  employed fo r  the g r e a te s t  part o f th e  

stu d y.

Using ImCo anti-A oc antiserum , very  f a in t ,  m u ltip le  p r e c ip it in  

l in e s  were observed w ith  Aoc chains and normal plasma on immuno

d if fu s io n , T his antiserum  was not fu rth er  stu d ied , e s p e c ia lly  s in ce  

ImCo Corporation confirm ed th e presence o f th ese  m u ltip le  l in e s  on 

im m unodiffusion, but were unable to  exp la in  th e ir  o r ig in ,

3 ,3 .3 ,1  Absorpt io n  Studie s

Absorption o f anti-A oc antiserum  w ith fib rin ogen  fr a c tio n  1-4  

prevented  any fu rth er  r ea c tio n s  of the antiserum  w ith the Aoc chain , 

p u r if ie d  fib r in o g en  or plasma. S im ilar  r e s u lt s  were obtained when 

anti-A oc antiserum  was absorbed w ith Aoch* ch a in s.

U nexpectedly, absorption  of anti-Acx, antiserum  w ith volume
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o f  normal serum a lso  d estroyed  th e  a b i l i t y  o f the antiserum to  rea ct  

w ith  the Aoc chain , p u r if ie d  fib r in o g en  or plasma.

3 .3 o 3 .2  Observ a t io ns on a double p r e e d i t  in  l in e

On r e a c tio n  w ith  th e Aoc. ch a in , fib rin ogen  or plasma, the  

sera  from sev e r a l ra b b its  showed a d is t in c t  double p rec ip itin , l in e  

on g e l d if fu s io n  and i s  shown fo r  sev e r a l Aoc chain preparations in  

P ig . 9A. However, h ea tin g  o f the anti-serum  at 56^0 fo r  30 min -  1 

hour prevented double l in e  form ation (P ig . 9®)» only s in g le  p r e c ip it in  

l in e s  being apparent. The non-antibody nature o f the heat-dependent 

p r e c ip it in  l in e  was confirmed by th e  fo llo w in g  ob servations;

( i )  a d d itio n  o f  an equal volume o f normal rab b it serum to  heated  

anti-A oc antiserum  resto red  th e  a b i l i t y  o f th e  antiserum  to  

produce double p r e c ip it in  l in e s  on imm unodiffusion.

( i i )  a d d itio n  o f an equal volume o f heated normal rab b it serum to  

heated  anti-A cc antiserum  d id  not r e s to r e  t h is  a b i l i t y  and 

only s in g le  p r e c ip it in  l in e s  were observed on imm unodiffusion, 

( i i i )  th e immunoglobulins o f  anti-A oc antiserum  were prepared and

th e  p r e c ip it in  p a ttern s o f th ese  a n tib od ies w ith  various a n t i

gens rev ea led  on ly  s in g le  p r e c ip it in  l in e s .

C onsequently, th ese  rab b it a n t is e r a , which produced double p r e c ip it in  

l in e s  on g e l d if fu s io n , were r o u tin e ly  heated at before u se .

3 ,3 ,4  Immunodiffusion o f the carboxymeth y lated  Abc, and V* chains 

Using the double d if fu s io n  system , anti-A oc antiserum showed 

a stron g  rea c tio n  w ith th e Aoc chain preparations. No rea c tio n  was 

obsear/'ed w ith th e y  ch a in , but a f a in t ly  d if fu s e  p r e c ip ita te  could  

be seen  around th e Bp chain sample w e ll (P ig .lO A ), Absorption of 

anti-Acx^ antiserum  w ith varying q u a n tit ie s  of B p  chain (l-*32 jig/ml 

antiserum ) produced l i t t l e  m od ifica tion  of the AcC p r e c ip it in  l in e s ,



Fig, 9 Immunodiffusion of 3 lots of Aoc chain preparations (l-3) 
with anti-AoC antiserun (centre wells),
A, Unheated antiserum, 3. Heated (5o°C) antiserum.
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Fig ,  10 Immunodiffusion o f Aoc chains ( l )  5 mg/ml, (4 ) 1 mg/ml;
B|3 chains ( 2 ) 5 mg/inl, ( 5 ) 1 mg/ml; and J  chains
( 3 ) 5 mg/ral, (6 ) 1 rag/ml; w ith antiserum  in  cen tre  
w e lls . A, Unabsorbed anti-A oc antiserum , B, Anti-Aoc 
antiserum absorbed with 3p chains (2 pg/m l antiserum ).



Fig. 11 lataunodiffusion of Aoc chains (0,9 mg/ml) and Aoc+ chains 
(1 ,5  mg/ml) with anti-Aoc antiserum (a/Aoc),



-

Fig, 12 Immunodiffusion of Aoc chains (l mg/ml) ( A o c ) , fibrinogen 
1-4 (l mg/ral) (l-4) and pooled normal plasma ( P )  with 
anti-Aoc antiserum ( a / A o c ) .
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but i t  removed th e fa in t  B p  chain  p r e c ip ita te  (F ig . lOB), Analogous 

r e s u lt s  were obtained  on im m unoelectrophoresis o f th e  polypeptide  

c h a in s .

Figo 11 shows th a t  a n t ig e n ic  id e n t i t y  e x is t e d  between the  

in t a c t  Aoc chain and chains ,

3*3.5 Immunodiffusion of human fibrinogen

When fib r in o g en  fr a c t io n  I -4  reacted  ag a in st anti-A oc a n t i

serum by g e l d if fu s io n , a p r e c ip it in  l in e  was observed (F ig , 1 2 ). 

Moreover, t h is  l in e  e x h ib ite d  a n t ig en ic  id e n t ity  w ith  the carboxy

m ethylated Aoc chain and w ith  normal human plasma.

A n tigen ic  id e n t i ty  was always observed w ith  the plasma o f  

se v e r a l normal donors, 9 DIG p a t ie n ts  and the neonatal plasma, when 

e ith e r  a n tl» fib r in o g en  or anti-AOc antiserum  was used in  immuno

d if fu s io n . Moreover, cry o fib r in o g en , obtained from 5 o f the BIG 

p a t ie n ts  a ls o  rev ea led  a n tig e n ic  id e n t ity  v/ith normal plasma 

fib r in o g en ; u sin g  SBS-polyacx'ylarnide g e l e le c tr o p h o r e s is , the subunit 

p o ly p ep tid es  of t h is  m ateria l appeared as 3 bands as in  normal 

f ib r in o g e n , a long w ith  a h igh  m olecular w eight band. S im ila r ly ,

plasma from th e p a t ie n t  w ith  the suspected  abnormal fib r in o g en  showed 

a n t ig e n ic  id e n t ity  w ith  normal plasma when anti-AeC antiserum  was 

used; SDS-polyacrylam ide g e l  e lec tr o p h o re s is  showed nox’mal band 

p a ttern s fo r  n on -crosslin lced  and cro ss lin k ed  f ib r in  from t h is  p a t ie n t<

3 .3*6  R eactivi;kf o f  t he AoC chain w ith a n t i-f ib r in o g e n  antiserum

By g e l d i f fu s io n , no r e a c tio n  was obsorved between CM- 

f ib r in o g e n  and an tL -fib r in ogen  antiserum . Moreover, the Acc chain  

of fib rinc .gea  rev ea led  no rea c tio n  a ga in st commorcial a n t i-f ib r in o g e n  

a n t is  era f  ro:s 6 d iffrr-.-nt so u rces.
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3 .4  Dis c u s s io n

An AoL Chain p rép aration , to  be used fo r  r a is in g  antiserum , was 

shown to  be fr e e  from serum contam inants by im m unodiffusion aga in st  

anti-human serum. N e v er th e le ss , on polyacrylam ide g e l e le c tr o p h o r e s is ,  

th e presence o f contam inating bands, p o ss ib ly  due to  firm ly  a s so c ia te d  

Acc aggregates ( i l l ) ,  was observed, and the e x c ise d , un sta ined  bands 

were th ere fo re  used as immunogen, a technique which has a lso  been 

used by Soria  e t ad.* (309) fo r  r a is in g  a n tise r a  a g a in st the th ree  

p o lyp ep tid e  chains o f f ib r in o g e n .

Much o f th e  p resen t study employed imm unological p r e c ip ita t io n  

in  agarose g e l as an in v e s t ig a t iv e  t o o l ,  and the tim e required  fo r  

sample preparation  was co n sid erab ly  reduced by applying the carboxj'-- 

m ethylated  chain samples in  th e  agarose w e lls  in  8M urea b u ffe r s . In  

view  o f th e extreme denaturing co n d itio n s  already su ffered  by the  

p o lyp ep tid e  chains o f  fib r in o g en  during red u ction , a lk y la tio n  and 

sep a ra tio n , i t  ?/as considered  th a t temporary s o lu t io n  in  an 8M urea  

b u ffe r  would cause l i t t l e  fu rth er  damage to  th ese  ch a in s. I t  has 

p r e v io u s ly  been shown by g e l d if fu s io n  th a t the r e a d ily  p r e c ip ita te d  

Tamm-Korsfall g ly co p ro te in  re ta in e d  th e  a b i l i t y  to  bind to  i t s  a n t i

body a f t e r  sample a p p lic a tio n  in  8ÎA urea ( 225 ) ,

During prelim in ary  c h a r a c te r isa tio n  o f anti-A oc antiserum , a 

double p r e c ip it in  l in e  was observed when various an tigen s reacted  in  

agarose g e l a g a in st se v e r a l a n t is e r a , A serum component other than  

antibody was shown to  be r e sp o n sib le  fo r  the development o f one o f  

th e  p r e c ip it in  l i n e s .  S in ce C’ l  complement component has been 

im p lica ted  in  th e p r e c ip ita t io n  o f so lu b le  an tigen -an tib od y  complexes 

( 2 3 7 , 337) and complement subcomponent, Clq, was p r e c ip ita te d  a f t e r  

heat treatm ent at 56^C fo r  30 min (2 0 4 ) , th e  ob servation s on the  

nature of th e double p r e c ip it in  l in e  might be exp la in ed  by th e
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p a r t ic ip a t io n  of ra b b it Clq in  antibody complex form ation during the  

d if fu s io n  p ro cess . Indeed, a s im ila r  d o u b le -lin e  phenomenon has been 

d escrib ed  in  double d if fu s io n  a n a ly s is  o f hapten s p e c i f ic  immune 

system s (2 6 9 ). Rabbit ser a , which ex h ib ited  double iiim iunoprecipitin  

l in e  form ation , were th ere fo re  r o u tin e ly  heat-decomplemented at 56^C,

The s p e c i f i c i t y  o f an ti-A oc  antiserum was a ssessed  by g e l  

d if fu s io n  o f  the 3 chains o f  fib r in o g en  and the antiserum , and showed 

th a t anti-Ac^ antiserum  rea cted  w ith  the immunogen, Aoc chain , but 

not w ith the ch a in , thus confirm ing previous r e s u lt s  ( i l l ,  199 )*

In a d d itio n , L efvert ^  ( l9 9 )  have found no evidence o f  an

imm unological r ea c tio n  between unabsorbed anti-Aoc antiserum  and Bp 

chains of human fib r in o g e n , u sin g  both g e l d if fu s io n  and radioimmuno

assay tech n iq u es. Ho??ever, Gardlund ( i l l )  found th a t h is  anti-Aoc 

antiserum  reacted  w ith  both Aoc and Bp chains on im m unodiffusion, 

but th a t absorption  o f the antiserum w ith  the Bp preparation  ab o lish ed  

th e  r ea c tio n s  o f both th e  Aoc and th e  Bp ch a in s. In t h i s  study, the  

s l ig h t  p r e c ip ita t io n  observed on double d if fu s io n  o f anti-A oc antiserum  

and th e Bp chain may have been due to  the presence o f  a few a n ti-B p  

a n tib o d ies  in  the rab b it serum, s in c e  absorption  o f th e antiserum w ith  

var-ylng amounts o f th e  Bp chain  ( l - 3 2  jig/m l antiserum ) removed the  

d if fu s e  p r e c ip ita te  which v?as a sso c ia te d  v/ith the Bp chain , but did  

not n o ticea b ly  a f f e c t  the Aoc-anti-Aoc p r e c ip it in  l i n e .  However, 

because o f the in s e n s i t iv e  nature o f immunodiffusion tech n iq u es, th ese  

absorption  r e s u lt s  do not exclude th e  e x isten ce  o f some common a n tig en ic  

s i t e s  on th e AoL and Bô ch a in s. Indeed, G o llw itzer  e t a l .  ( l2 1 , 123) 

have suggested  the e x is te n c e  o f con siderab le  a n tig en ic  homology between 

th e  Aoc and Bp chains o f bovine fib r in o g en  on the b a s is  o f evidence  

from p r e c ip ita t io n  and haoinagglutination tech n iq u es, u sin g  both a n t i-  

bovine fibrinogen, ant i s  erum and. s p e c i f ic  chain a n t ise r a . Ho?/ever, u sin g
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a h a em a g g lu tin a tio n -in h ib itio n  a ssa y , the same authors ( l 2 l )  showed th a t  

th e  c r o ss -r e a c tio n  between the carboxym ethylated Aoc and Bp chains was 

not ex h ib ited  between the corresponding am inoethylated products, a 

r e s u lt  which may have a r ise n  from th e b e tte r  sep aration  of the  

am inoethylated  Aoc and Bp chains oh ion-exchange chromatography.

I t  has been su ggested  th a t the Aet-f- chain preparation rep resen ts  

Aoc. chains which have been damaged at the COOH-terminal end o f the  

polyp ep tid e  during fr a c t io n a t io n  procedures or by plasmin degradation  

( 253 ) .  That being th e  c a se , th e  absorption  and immunodiffusion r e s u lt s  

w ith  antiserum  to  th e  Act chain do not provide any evidence th at the  

removal o f sm all p ep tid es from the COOH-terminal end o f the chain i s  

accompanied by a lo s s  in  a n t ig e n ic ity .

S evera l s tu d ie s  have provided evidence th a t at le a s t  part of the  

Acc chain of f ib r in o g e n  i s  lo c a te d  on th e  surface o f th e in ta c t  

fib r in o g en  m olecule. Blombdck _et ^ 1 . ( 3 0 ) have demonstrated the  

e x is te n c e  in  human fib r in o g en  o f a su r fa ce -o r ien ted  d isu lp h id e  knot, 

Hi2-DSK, which i s  d erived  e x c lu s iv e ly  from the AoC chain , as i s  F-GB3, 

a fragment which i s  r e le a se d  r e a d ily  from bovine fib r in o g en  (329) by 

treatm ent w ith  cyanogen bromide, thus in d ic a tin g  i t s  su rface  lo c a t io n .  

Other workers have shown th e  e x is te n c e  o f a reg ion  on th e bovine Aoc 

ch ain  which i s  s u s c e p t ib le  to  b a c te r ia l p ro te in ases and i s  lo ca ted  on 

th e  su rface  o f the fib r in o g en  m olecule ( 25? ) , w hile M atthias e t ad. (229) 

have shown th a t the cova len t b inding o f fib rin o g en  to  agarose took  

p lace  alm ost e x c lu s iv e ly  a t the A ^ chain . The absorption  and iminuno- 

d i.ffu sio n  r e s u lt s  presented  here have shown th at anti-Aoc antiserum  

r e a c ts  w ith human fib r in o g e n , both in  a p u r if ie d  co n d itio n  and in  plasma. 

Moreover, a rea c tio n  of id e n t ity  was e sta b lish e d  w ith the Aoc chain , 

su g g estin g  th a t most o f th e  a n tig en ic  determ inants o f the Aoc chain were 

exposed on the in ta c t  fib r in o g en  m olecule. This r e s u lt  su b sta n tia te s



95

and en larges upon th e  ob servation  o f L o iter  and Timpl (203) th at the Act 

fragm ent, P-C33, and bovine fib r in o g en  were in d is tin g u ish a b le  by ra d io 

immunoassay, when u sin g  a n ti-b o v in e  P-CB3 antiserum .

Some Aoc chain a n t ise r a  rev ea led  a fa in t  r ea c tio n  l in e  on 

im m unodiffusion w ith  normal human serum. Because of the elaborate  

p u r if ic a t io n  procedure fo r  the iramunogon, AcK. chain , th is  weak r ea c tio n  

cannot e a s i ly  be d ism issed  as an in d ic a tio n  of contam inating a n tib o d ies  

in  th e  antiserum . On th e other hand, s in ce  i t  has been e sta b lish e d  th at 

th e  Aoc chain i s  one o f th e  f i r s t  s i t e s  of plasmin a tta ck  on the  

f ib r in o g en  m olecule ( l 0 6 , 2 3 4 , 272 ) and in  view o f th e  recent fin d in g s  

( 3 8 , 1 1 9 ; 138, 318) o f th e  presence of ea r ly  fib r in (o g e n ) breakdown 

products in  the form of detached Acc fragments in  normal human serum, 

th e p r e c ip it in  l in e  obtained w ith serum in  agarose•g e l s , and a lso  the 

serum absorption  r e s u l t s ,  may rep resen t the d e te c tio n  o f an ea r ly  

degradation  product o f fib r in o g en  or f ib r in .  This hyp othesis w i l l  be 

developed and d iscu ssed  in  la t e r  ch ap ters.

Using a number o f d if fe r e n t  a n t i-f ib r in o g e n  a n tise r a , no 

p r e c ip ita t io n  r e a c tio n  was observed w ith the Aoc chain . This r e s u lt  i s  

s ira ila r  to  th a t o f Blomb'ick and Blombdck (2 8 ) , but i s  at variance with  

th e r e s u lt s  o f o th ers ( l 2 1 , 123 ) ,  These r e s u lt s  w i l l  be d iscu ssed  at 

len g th  in  th e  fo llo w in g  chapter.
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GHLAPTER 4; AXTIGFMXC DSIMERMINANTS OF THE AOt. CHAIN OP HUMAN

PIBRINOGEt; -  STUDIES ON PIASMIN-DXRIV'ED DIGESTION PRODUCTS

4* 1 In trod u ction

For sev e r a l y ea rs , im m unological in v e s t ig a t io n s  o f the degradation  

o f fib r in o g en  by plasm in to  lower m olecular weight products have u t i l i s e d  

a n t is e r a  a g a in st the whole fib r in o g en  m olecule, fragment D and fragment E. 

Two major reg ion s (D and E) o f the fib r in o g en  m olecule have thus been 

c h a ra cter ised  as independent a n tig en ic  e n t i t i e s  (222, 244» 261, 264). On

a s im ila r  b a s is ,  anti-A oc antiserum  has been employed in  the present

study to  fo llo w  th e fa t e  o f th e  a n tig en ic  determ inants o f the Aoc chain  

o f f ib r in o g en  during plasm in d ig e s t io n . The study o f the p r e c ip ita t io n  

r e a c tio n s  o f t h i s  antiserum  in  Chapter 3 has rev ea led  th a t i t  i s  s p e c if ic

fo r  th e Aoc ch ain , whether in  i s o la t e d  form or as part o f th e  in ta c t  

f ib r in o g e n  m olecu le.

During plasm in degradation  o f human fib r in o g en , each o f the  

th ree  p o lyp ep tid e  chains o f f ib r in o g en , Aoc, Bp and are ev en tu a lly  

c lea v ed  to  sev e r a l fragm ents; some o f the fragments remain d isu lp h id e-  

bonded to  each o th er , v /h ile  o th er fragments are r e le a sed  from the parent 

m olecule as fr e e  p o ly p ep tid es . In  p a r tic u la r , the i n i t i a l  plasm in a tta ck  

on fib r in o g en  has been shown to  r e le a s e  fr e e  p o lyp ep tid es from the COOrl- 

term in a l end o f the A DC chain (2 7 2 ). In th is  study, polyacrylam ide g e l
ft

e le c tr o p h o r e s is  has been used to  examine more c lo s e ly  the r e le a se  of  

se v e r a l p o lyp ep tid es from fib r in o g en  during plasm in degradation . In  

a d d it io n , th ree  o f the la rg er  fragm ents (m olecular w eights 26 ,000,

33 ,000  and 44 ,000) have been prepared in  a p u r if ie d  or a sem i-p u rified  

s t a t e  and th e ir  im m unological p ro p er tie s  have been stu d ied ,

4 ,2  li^ .ter ia ls  and Methods
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4 * 2 ,1  Human fib r in o g en

Kabi fibx'inogen was used d ir e c t ly  fo r  the study o f plasmin  

degradation . For o th er purposes, fib r in o g en  fr a c t io n  1-4  was prepared  

as d escrib ed  in  Chapter 2,

4 .2 * 2  Immunologi c a l techn iq ues

Immunodiffusion and im m unoeleotrophoresls were performed as 

d escr ib ed  in  Chapter 3 . In  one c a se , immunodiffusion was performed in  

th e  presence o f O.O4M calcium  c h lo r id e ,

4 .2 .3  ^DS^polyacryl

SDS-polyacrylam ide g e l e lec tr o p h o re s is  and th e  determ ination o f  

m olecular w eights were d escrib ed  in  Chapter 2,

A fter  s ta in in g  o f  th e  g e ls  w ith  Coomassie B r i l l ia n t  B lue, 

d ensitom etry  was performed a t 570 nm, u sin g  a Pye Unicam SP I 8O9 Scanning 

D ensitom eter* Areas under th e  in com p letely  separated  d en sitom etric  peaks 

were estim ated  from overlapping i s o s c e le s  tr ia n g le s ,  ex trap o la ted  fo r  

each peak.

4 0 2 .4  A n tisera  t o f ib r in o g e n  and fib r in o g en  fragments

Antiserum to  th e  carboxym ethylated Aoc chain o f human fib r in o g en  

was r a ise d  in  ra b b its  as d escrib ed  in  Chapter 3 . A ntisera  to  fragm ents 

D and E were obtained  from Hoechst Pharm aceuticals. Antiserum to  human 

fib r in o g e n  was obtained  from Hoechst Pharm aceuticals, Dakopatts A/8, 

Calbiochem and Nordic D ia g n o stic s ,

In  a d d itio n , antiserum  to  fib r in o g en  fr a c t io n  1-4  was r a ise d  in  

r a b b its  by im m unisation o f each rab b it w ith  1 mg fr a c t io n  1 -4  so lu t io n  in  

an equal volume o f Freund*s Complete Adjuvant a t 4 subcutaneous s i t e s .

At 10 day in t e r v a ls ,  equal amounbs o f  fib r in o g en  were in je c te d  as b ooster  

d o ses , but w ithout Freund*s Complete Adjuvant, A fter  c o l le c t io n  of 

ra b b it b lood , serum was sto red  at -20^0 in  th e presence o f sodium a s id e .
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Although th e fa in t  l in e s  observed w ith  a n tise r a  from some b leeds on 

im m unodiffusion a g a in st normal human serum in d ica ted  th e presence o f  

contam inating a n t ib o d ie s , th e a n t ise r a  were not absorbed w ith human seru.m.

4 . 2 .9  Plasmin degradation  o f fib r in o g en

Kabi f ib r in o g e n , at a f in a l  concen tration  o f 20 mg/ml, was 

d ig e s te d  by plasm in a f t e r  a c t iv a t io n  o f  the plasminogen present in  th e  

p rep aration , according to  Harder ^  a l . (222 ), The d ig e s t io n  rea c tio n  

was in i t ia t e d  by adding s trep to k in a se  to  a f in a l  con cen tration  o f  

100 u/m l and stopped a t tim ed in te r v a ls  by adding a p ro tin in  and C- 

arainocaproic a c id  (EACA) to  f in a l  con cen tration s o f 200 KIU/ml and 0 , 2M, 

r e s p e c t iv e ly .

The progress o f th e  r e a c tio n  was fo llow ed  by immunoelectro- 

p h o res is  and SDS-polyacrylam ide g e l  e le c tr o p h o r e s is .

4 . 2 ,6  P reparation  of fib r in o g en  degradation products (PDP)

4 .2 .6 .1  Fragment X

A plasm in d ig e s t  o f Kabi fib r in o g en  was stopped a f t e r  10 min and 

su b jec ted  to  g e l f i l t r a t i o n  on a column (88 x 2 ,5  cm) o f Sephadex 0-200 , 

u sin g  th e  b u ffer  system  o f  Harder ^  ad. (222); 1ÎÆ Na0l/0,025M  tr is /0 ,0 2 5 ft  

tr isod iu m  c itr a te /o ,2 M  EACA (pH 7 .4 )*  con ta in in g  0 ,1  mg/ml soybean 

tr y p s in  in h ib ito r . The f i r s t  e lu ted  peak was su b jected  to  rechromato

graphy on th e  same column a f t e r  con cen tration  by ammonium sulphate  

p r e c ip ita t io n  (2 2 2 ), The f in a l  concentrated  s o lu t io n  was sto red  a t -20^0 

in  th e  presence o f O.OIM EACA,

4 .2 .6 .2  Fragment Y

Fragment Y was prepared from a 40  min d ig e s t  o f fib rin ogen  as fo r  

fragment X (2 2 2 ), but was tw ice  su b jected  to rechromatography on the  

G-200 column. The f in a l  concen trated  so lu tio n  was sto red  at in  the

presence o f O.OIH EACA,
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4 • 2 ,6 , 3 Fragment 3)

Fragment D was prepared from a 22 hour plasmin d ig est of f ib r in o 

gen by the method o f Kussenzweig ^ t a l ,  ( 265 ) .  The d ig e s t  mixture was 

su b jec ted  to  ion-exchange chromatography on a column (24  x 1 .5  cm) of 

Whatman DE 52 r e s in , u sin g  the a u to m a tica lly -reg u la ted  b u ffer  grad ient 

apparatus, describ ed  in  Chapter 2. A lin e a r  io n ic  stren gth  grad ient was 

formed w ith O.OIM Na^CO  ̂ (pH 8 .9 )  as s ta r t in g  b u ffer  and 0 ,0 IM Na^CO^/ 

O.IM NaCl (pH 8 , 9 ) as f in a l  b u ffer . The m ateria l in  the fragment D peak 

was d ia ly se d  a g a in st d i s t i l l e d  water and fr e e z e -d r ie d . Several prepara

t io n s  o f Fragment D from plasm in d ig e s ts  o f fib r in o g en  were a lso  obtained  

by th e  a c e t ic  a c id  method o f Gardlund e t a l ,  ( l l 3 ) .

Immunological in v e s t ig a t io n  e sta b lish e d  th a t both types o f fr a g 

ment D preparations were fr e e  from fragment E contam ination. SDS- 

polyacrylam ide g e l e le c tr o p h o r e s is  o f  the unreduced fragments showed 

th a t both were sim ilar' in  m olecular s i z e ,  w hile  red u ction  of th e samples 

in d ic a te d  a s im ila r  p o lyp ep tid e chain  com position (F ig . 1 3 ). However, 

during im m unodiffusion s tu d ie s , th e  fo llo w in g  d if fe r e n c e s  in  behaviour 

between th ese  two preparations were noted:

( i )  - sample d is s o lu t io n  fo r  g e l d if fu s io n  s tu d ies  required  2-4M urea  

fo r  D(Gardlund), w h ile  D(Nussenzweig) was r e a d ily  so lu b le  in  

p h y s io lo g ic a l b u ffe r s ,

( i i )  D(Gardlund) produced only a fa in t  p r e c ip it in  l in e  w ith commercial 

a n t i- f ib r in o g e n  antiserum , whereas th e  p r e c ip it in  l in e  with  

D(Nussenzweig) was sharp and d is t in c t ,  and

( i i i )  on rea c tio n  w ith an ti-fragm ent D antiserum , D(Gardlund) v/as a n t i -  

g e n ic a lly  d e f ic ie n t  compared, w ith D (N ussenzw eig), fib rin ogen  or 

an u n Tract ion  at ed d ig e s t  o f fib rin ogen  (.Fig, 14) .

I'hese f.indings are related to those of Kemp pt al, (l?5) and indicate tha: 

although both species of fragment D appeared to hc.ve an intact subunit



D(G) D(N) D(G) D(N)

Fig, 13 SDS-çolyacrylamide gel electrophoresis of fragment D
prepared by the metiiod of Gardlund ^  (il l)  (D(C) ) and 
fragment D prepared by the method of Nussenzweig ^  al, 
(265) (D(N)).
A. 5/= w/v gels with non-reduced samples (7 p ^ s )  •

B. 7;̂  w/v gels with reduced samples (IO-I5 p s )  •



1-4

D(G)

1 -4

14 Inmunodiffusion of fibrinogen fraction 1-4 (0,9 mg/ml) 
( l - 4 ) ,  fragment D prepared by the method of Gardlund 
^  (113) (O.̂ j mg/ml) (d(G)), fragment D prepared
by the method of Nussenzweig ^  (265) (o,5 mg/ml)
(D(n)), and a 22 hour plasmin digest of Kabi fibrinogen 
(0 ,5  mg/ml) (22 HI dig) with anti-fragment D antiserum
(a/ d).
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s tr u c tu r e ,  e i th e r  a c e t i c  ac id  treatment (pH 2 ,3 )  o f  fragment D in  the  

method of Gardlund .^t aA. ( l I 3 )  or the subsequent d is so lu t io n  of fra g 

ment D in  2w:|J/I urea s o lu t io n s ,  n e c e s s i ta te d  by i t s  i n s o lu b i l i t y ,  r e su lte d  

in  a conformational change and lo s s  o f  a n t ig e n ic i ty  in  fragment D, The 

anomalous behaviour (228) and in s o l u b i l i t y  at neutral pH ( 59 ) of fragment 

D prepared by t h i s  method have been reported by other workers. Con

seq u en tly ,  fu rther  s tu d ie s  were performed only on fragment D obtained by 

the  method of Nussenzweig et aA, ( 265 ) .

4 , 2 . 6 .4 Fragment E

The method of Gardlund _et aA. ( I I 3 ) was s l i g h t l y  modified, in  

th a t  a 4 hour plasmin d ig e s t  o f  f ib rinogen  was h ea t- tre a te d  at ^6^0  fo r  

1 hour to  p r e c ip i ta te  most o f  fragment D. The supernatant was app lied  

to  a column (84 x 2 .5  cm) o f  Sephadex G-lOO and e lu ted  with 10>j v / v  

a c e t i c  ac id . The fragment E peak was d ia lysed  against d:Lstilled v/ater 

and fr e e z e -d r ie d .  Immunodiffusion revealed  that t h i s  preparation was 

contaminated with a small amount o f  fragment D, although SDS-polyaorylaraide 

g e l  e lec tr o p h o re s is  did not show any bands which corresponded to  fragment 

D, However, a f a in t  band o f  approximate molecular weight 4 I ,000 was 

observed, which may correspond to  fragment d o f  Kemp ,et aA. ( l 7 5 ) ,  s in c e  

th e  d ig e s t  mixture had been exposed to  denaturing co n d it io n s . This band 

was not removed by rechromatography on Sephadex G-lOO, but was e a s i l y  

removed by ion-exchange chromatography on a column (27  x 1 ,5  cm) o f  

Whatman CM 52 r e s in ,  according to  Furlan and Beck (9 8 ) .  A l in e a r  pH and 

io n ic  stren gth  gradient was formed with 0,05% ammonium formate (pH 4 . 0 ) 

as s t a r t in g  bu ffer  and 0.3% ammonium formate (pH 7 .9 )  f in a l  buffer;  

pure fragment E v/as obtained a f t e r  freeze-d ry in g ,

4 . 2 . 7  P r e r a r a i  ion  o f  l o .v mol . ' 'cular  wei gh t  po lype  ,1 hi d es from '] ' is;nin 

d ig e s ts  o f  f}brjno;p:;n
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4 *2 0 7 .1  1-g min d ig e s t

Kabi f ib r in o g en  was d ig e s te d  by plasmin and, a f t e r  1-  ̂ min, the

r e a c t io n  was stopped, as described above. Fibrinogen and the large

molecular Vifeight d e r iv a t iv e s  were b e a t -p r e c ip ita te d  at 56^0 fo r  30 rain.

The supernatant s o lu t io n  was fr a c t io n a ted  on a column (52  x 2 ,5  ora) of

Sephadex G-lOO, u s in g  t h e  b u f f e r  sy s tem  d e s c r ib e d  by H ard e r  _et ajL; (222)

(F igo  20A)e A f t e r  d i a l y s i s  a g a i n s t  d i s t i l l e d  w a te r ,  th e  f r a c t i o n s  v/ere

f r e e z e -d r ie d  and examined by immunodiffusion and SDS-polyacrylamide g e l

e le c tr o p h o r e s is ,

4 .2 * 7 .2  3 min d ig e s t  * *   .

This d ig e s t  o f  f ib r in o g en  v/as trea ted  e x a c t ly  as for  the 1;̂ - min 

di.gest. The e lu t io n  p r o f i l e  from the g e l  f i l t r a t i o n  column i s  shown in  

F ig , 20B.

4 .2 ,7 * 3  4 hour d ig e s ti,Mriiaiiiii«ii>iiiiniiinjn»m,Mii   . ................

Kabi f ib r in o g en  was d ig e s te d  fo r  4 hours and h e a t -p r e c ip ita te d  as 

d escribed  above. However, the supernatant so lu t io n  was- fra c t io n a ted  on 

a column (84 x 2 ,5  cm) of Sephadex G-lOO,using 10^ v /v  a c e t ic  ac id  as 

e lu e n t ,  according to  the method of H essel ( l5 5 )  (F ig . 20C), The f r e e z e -  

d ried  fr a c t io n s  were examined by immunodiffusion and SDS-polyacrylamide 

g e l  e le c tr o p h o r e s is ,

4*2,8 Ree:^'ents

F r e u n d C o m p le te  Adjuvant was obtained from D ifco Laboratories ,  

Streptokinase-Streptodornase-Y arida,se from L edeiie  Laboratories D iv is io n ,  

a p ro tin in  (T ra sy lo l)  from Bayer, soybean try p s in  in h ib ito r  (Type I -S )  

from Sigma London Chemical Company, and Whatman DE 52 and C% 52 c e l l u 

lo s e s  from W, and H, B a lston , Ltd.

4,3 Results
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4 .3 * 1  i'malysis o f  olasmin d ig e s t s  by e lec tro p h o res is

The plasmin d ig e s t io n  o f f ib r in o g en  was stopped at the tim es 2,

5s 10, 20, 40 min, 2 hours and 4 hours, by the add ition  of f i b r i n o l y t i c  

i n h ib i t o r s ,  and the  progress o f  the rea c t io n  was examined by immuno- 

e le c tr o p h o r e s is .  Using commercial a n t i- f ib r in o g e n  antiserum in  the  

troughs, th e  degradation o f  inta-ot f ib r in ogen  may be follow ed through to  

two a n t ig en ic  s p e c ie s  a t  4 hours (F ig .  I 5A). These two f in a l  products  

were in d ica ted  by two in t e r s e c t in g  p r e c ip i t in  a r c s , the cathodal arc 

r e s u l t in g  from fragment D and the  faAnter anodal arc r e s u l t in g  from 

fragment E; th ese  r e s u l t s  were confirmed by the use o f  s p e c i f i c  a n t ise r a  

fo r  the fragments. The appearance o f the E p r e c ip i t in  arc at 40 min 

corresponded to  the appearance of the fragment E band in  SI)S- 

polyacryla,mide g e l  e le c tr o p h o r e s is  (F ig .  16 ) .

Using anti-Aoc antiserum, Immunoelectrophoresis o f  the same 

r e a c t io n  mixtures revea led  a s l i g h t  cathodal s h i f t  o f  the p r e c ip i t in  arc 

at 2 min, which was th e r e a f te r  transformed to  two in t e r s e c t in g  arcs o f  

r e l a t i v e l y  low m o b il i ty  (F ig .  15b), These two p r e c ip i t in  arcs p e r s is te d  

at 4 hours, although the more anodal arc became f a in t e r  in  in t e n s i t y .  

Examination o f the polyacrylamide g e ls  o f  the r ea c t io n  mixtures showed 

th e  p ro g ress iv e  degradation o f f ib r in o g en  to  fragments X and Y and then  

to the  f i n a l  products, fragments D and E. Moreover, high sample loading  

(120  p g  o f p rote in  from each d ig e s t  mixture was app lied  to  each SDS g e l  

rod) perm itted v i s u a l i s a t i o n  of a s e r ie s  of low molecular weight bands 

which appeared during the d ig e s t io n  process . F ig . 16 shows the ea r ly  

r e le a s e  o f  a po lyp ep tid e  (band l )  at 2 min, which was i t s e l f  degraded 

with tim e, w hile  o ther  po lyp ep tid es  appeared on the  g e ls  (bands 2 -6 ) .

The molecular v/eiglits, estim ated from the r e la t iv e  m o b i l i t ie s  o f  bands 

1 -6 ,  were 44 ,000 , 33 ,000 , 26,000 23 , 0 0 0 , 17,000 and < 1 4 ,000 , r e sp e c t iv e ly ,  

D ensitom etric  scanning of the lower h a l f  of the g e l  rods
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Fig. 13 Immunoelectrophoresis of plasmin digests of fibrinogen 
using A: anti-fibrinogen antiserum, and B: anti-Aoc 
antiserum. Plasmin digestion of fibrinogen was stopped at 
the times shown (in minutes). 20 of the digests were 
applied to the agarose gels at the position indicated by 
the arrow.
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Fig. 16 SDS-polyacrylamide electrophoresis { j f o  w/v gels)
of plasmin digests of fibrinogen. The degradation of 
fibrinogen was stopped at the times shovm and 120 j x g  of the 
reaction mixture were applied to the gel rods. The position 
of fragments X, Y, D and E and bands 1-6 are indicated.
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Flf: ,  17 D e n s i to m e t r i c  s c a n s  o f  t h e  g e l s  shown i n  F ig ,  16 w i th  th e

t im e s  o f  d i g e s t i o n  shown i n  m in u te s .  The g e l s  were scanned  

from  to p  t o  bo ttom  and a p p e a r  a s  a  t r a c e  from l e f t  t o  

r i g h t ,  Only p a r t i a l  s c a n s  a r e  shown, c o r re s p o n d in g  t o  th e  

lo w er  p a r t  o f  each g e l .  O p t i c a l  d e n s i t i e s  (570 nm) a r e  

i n d i c a t e d  on th e  o r d i n a t e s .  D i s ta n c e s  o f  m ig r a t i o n  a r e  

sho’wn on t h e  a b s c i s s a ,  a lo n g  v /i th  v e r t i c a l  b a r s  t o  i n d i c a t e  

t h e  p o s i t i o n  o f  bands 1 -6 .
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(F ig ,  1 7 ) confirmed the  v i s u a l  observations and permitted semi- 

q u a n t ita t iv e  assessment of th e  r a te s  o f  appearance and disappearance  

o f  bands 1-6 by e s t im a tin g  the areas under each clensitometric peak.

F ig ,  18 shows th at bands 1 and 2 c o n s is te d  of tr a n s ie n t  s p e c ie s ,  w hile  

th e  po lypeptide  in  band 3 was p la sm in -res is ta n t  to  4 hours o f  d ig e s t io n .  

Bands 4 and 5 were a ls o  tr a n s ie n t ,  w hile  band 6 remained a f t e r  4 hours 

d ig e s t io n  ( r e s u l t s  shown in  F ig .  I 7 , o n ly ) ,

4 . 3 .2  I d e n t i f i c a t io n  of Aoc chain antigens

In order to  i d e n t i f y  which o f  the f ib r in ogen  fragments were 

resp o n s ib le  fo r  the p r e c ip i t in  arcs observed on iramunoelectrophoresis 

w ith anti-A oc antiserum (F ig .  13B ), f ib r in o g en , fragments X, Y D and E, 

and sev e r a l  low m olecular weight polypeptides were prepared as described  

and examined by SBS-polyacrylamide g e l  e le c tr o p h o r e s is ,  immunodiffusion 

and iramunoelectrophoresis,

4.3* 2 .1  E lectro p h o re t ic  p u rity  o f  f ib r in ogen  degradation products X, Y,

D and E

Fibrinogen and fragments X, Y, D and ÏÏ were examined by SDS- 

polyacrylamide g e l  e le c tr o p h o r e s is ,  using  a 40  rain d ig e s t  o f  f ib r in ogen  

as re feren ce  (F ig , I 9A), The f a in t  low molecular weight band in  the  

fragment X and Y g e ls  was due to  soybean try p s in  in h ib ito r ;  minor bands 

a l s o  appeared on th e  fragment D and E g e ls  above the major bands, but 

were u n re la ted  to  other f ib r in ogen  fragments, as a sse ssed  by immuno

d i f f u s io n  us ing  a n t is e r a  to  fragments D and E.

In  order to  confirm th at the subunit s tru c tu res  of these  

preparations were as descr ibed  in  the  l i t e r a t u r e ,  e le c tro p h o res is  was 

a ls o  performed a f t e r  reduction  of t h e i r  d isu lph id e  bonds (F ig . 19’B). The 

observed po lyp ep tid es  were assigned to  th e ir  chains of o r ig in  by com

parison  o f t h e i r  molecular weights (Table I I I )  and orders o f  appearance



B 1-4

19 A, SLS-polyacrylamide electrophoresis ( 5̂  w/v gels) of
fibrinogen and purified degradation products. Each of the 
following quantities were applied to a gel rod: fibrinogen 
fraction 1-4, 6 ^g; fragment X, 12 pg; fragment Y, ca, I5 

fragment D, 6 ĝ; fragment S, 24 ^g; the 40 minute plasmin 
digest of fibrinogen (REF,), 30 pg.
3, SDS-polyacrylamide electrophoresis (?/̂  w/v gels) of 
fibrinogen and purified degradation products after reduction 
with dithiothreitol. Each of the following quantities were 
applied to a gel rod: fibrinogen fraction 1-4, 10 ĝ; frag
ment X, 12 ^g; fragment Y, ca. 30 fragment D, 10 |ig; 
fragment E, 60 pg.
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TABLE I I I

iuolecular w eights of the major bands appearing on g e ls  (F ig . 19%) 

a f t e r  red u ction  o f  th e  sample

Reduced Sample Molecular V/eight
Polypeptide Chain 
of Origin^

Fibrinogen 1-4 67,000 Acc
56,000 Bfâ

T47,000

Fg. X 48,000 P' >( f26 ,000 ot’

Fg . y 4 6 ,0 0 0 These bands
38,000 were not
31 ,000 assigned  to
26,000 t h e ir  chains
20,000  

< 1 3 ,0 0 0
of  o r ig in

Fg. D 4 0 ,0 0 0 d"
2 7 ,000
14 ,0 0 0 oc"

Fg. B < 13 ,0 0 0 E B B  
OC , p  , "g"

 ̂ The symbols fo r  the  subunit chain fragments are those used  

by Piaso eA ( 272 ) .
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F ig , 20 P rote in  e lu t io n  p r o f i l e s  on Sephadex G-lOO (monitored  
at 280 nm) o f the h e a t - s ta b le  po lyp ep tid es  from:
Aa 1-g min d ig e s t ,  B, 3 min d ig e s t ,  and C, 4 hour d ig e s t  
of Kabi fibrinogen* The polypeptide fr a c t io n s  of  
in t e r e s t  ( l ,  I I  and I I I )  are in d ica ted  by h o r izo n ta l  
bars. The same f i l t r a t i o n  column was used fo r  A and B, 
but not fo r  C,



B

S 5 T I

R E F  I Il III Il III

Fig, 21 SDS-polyacrylamide electrophoresis (7>̂  w/v gels) of
polypeptides released from fibrinogen after Ig rain, 3 rain 
and 4 hours plasrain digestion, and isolated by gel 
filtration. Fractions I (60 ^g), II (60 ^g) and III (l5 >ig) 
refer to the corresponding fractions of Fig, 20, and are 
compared to the supernatant of a heat-precipitated, 10 rain 
plasmin digest of fibrinogen (REF) with bands 1-6 
indicated. Fractions I and II contain soybean trypsin 
inhibitor (S3Tl), Samples A were non-reduced, while 
samples B were reduced with dithiothreitol prior to 
electrophoresis.
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with those  described  by P izzo  e_t a l ,  ( 272 ) ,  The r e s u l t s  showed that the  

polypeptide  chain com position of th ese  preparations were s im ila r  to  

other preparations d escr ibed  in  the l i t e r a t u r e ,  except fo r  the chains of  

fragment Y which could not be id e n t i f i e d ,  although the bands o f  molecular  

w eights 26,000 and 13 ,000 may be s im ila r  to  the and ( Ot-'', 

bands, r e s p e c t iv e ly ,  o f  P izzo _et al« ( 272) ,

4 . 3 . 2 . 2  Preparation, and e le c tr o p h o r e t ic  properties  o f  the low molecu la r

weight po lyp ep tid es

The supernatants a f t e r  h e a t -p r e o ip ita t io n  of the iP min, 3 min 

and 4 hour plasmin d ig e s t s  o f  f ib r in o g en  were applied to  Sephadex G-100 

columns and the e lu t io n  p r o f i l e s  are s ’novm in  Fig. 20A-C, In a l l  three  

c a s e s ,  SDS-polyacrylamide g e l  e le c tr o p h o re s is  in d ica ted  that the f i r s t  

peak c o n s is te d  o f  s ev e r a l  high molecular weight s p e c ie s ,  as prev iou sly  

reported  ( ip p ) ,  which had not been p r e c ip ita te d  by the heat-treatm enb. 

These sp e c ie s  might have been h igh ly  a s so c ia ted  or cro ss l in k ed  f ib r in ogen  

fragm ents, although only a weak r ea c t io n  with a n t i- f ib r in o g e n  antiserum  

was obtained on immunodiffusion. In the  case o f the 4 hour d ig e s t  

(F ig ,  200), the second peak on the p rote in  e lu t io n  p r o f i l e  was due to  

fragment E, which i s  h e a t - s ta b le  ( l55 )*

The po lypeptide  f r a c t io n s  o f  in t e r e s t  were pooled as in d ica ted  

and the e le c tr o p h o r e t ic  patterns o f  each of the preparations, before and 

a f t e r  d isu lp h id e  red u ction , are shown in  Fig , 21, The unfractionated  

supernatant from a h e a t -p r e c ip i ta te d ,  10 ruin plasmin d ig e s t  o f  f ib rinogen  

was used as a r e fe r e n c e ,  as the polypeptide bands 1-6 were c le a r ly  

v i s i b l e  in  t h i s  sample. B esides some incom pletely  separated high  

molecular weight m a ter ia l ,  the 1-2 min d ig e s t  preparation contained two 

major p o ly p ep t id es , corresponding in  s i z e  to bands 1 and 2 (molecular  

Tfeights 44 ,000 and 33 ,000 , r e s p e c t iv e ly ) ,  while  the 3 min d ig e s t  

preparation c o n s is te d  o f band 2 (molecular woighr 33,Ot2i)j along with a
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Aq- ra

(26,000)

Aq - ra
(26,000)

1-4
A q - r a

(26,000)

Fig. 22 Immunodiffusion with fibrinogen and purified degradation 
products. The antigens were applied at optimum con
centrations for precipitin formation or at higher 
concentrations in attempts to produce precipitin formation. 
The'agarose wells were filled with 8 1̂ samples as follows:
A, A/Aoc, anti-Aoc antiserum; 1-4, fibrinogen fraction 1-4»
1.3 mg/ml; X, fragment X, 4 mg/ml; Y, fragment Y, ca.
4 mg/ml; D, fragment D, 5 mg/ml; E, fragment E, 4 mg/ml; 
Aoc-HA(26,000), the 26,000 molecular weight polypeptide,
0,06 mg/ml,
B, A/F, anti-fibrinogen antiserum; 1-4, 0,9 mg/ml; X,
0.5 mg/ml; Y, ca, 1 mg/ml; D, 0,5 nig/ ml ; E, 0,3 mg/ ml ; 
Aot-RA(26,000), 2.2 mg/ml,
C, a/ d, anti-fragment D antiserum; 1-4, 0,9 mg/ml; X,
0,5 mg/ml; Y, ca, 2 mg/ml; D, 0,5 mg/ml; E, 4 mg/ml ;
Aol-RA(26 ,000), 2,2 mg/ml,
D, A/E, anti-fragment E antiserum; 1-4, 0,9 mg/ml; X,
0 , 5  mg/ml; Y, ca, 1 mg/ml; D, 5 mg/ml; E, 0,3 mg/ml; 
Aec-RA(26,000), 2,2 mg/ml.
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sm all 'amount of band 1. In both th ese  preparations, the low molecular  

band was due to  the presence of soybean tryp s in  in h ib i t o r ,  D ensitom etr ij 

scanning o f the g e ls  revea led  a band l î  band 2 r a t io  of 4:1  for the I f  

mill d ig e s t  preparation and 1:3 for  the 3 min d ig e s t  preparation. The 

4 hour d ig e s t  preparation  revea led  only  a s in g le  band o f molecular 

weight 26,000 (corresponding to  band 3 ) ,  Each of th ese  polypeptides  

appeared to  c o n s is t  o f  a s in g le  chain , s in ce  there were no s ig n i f i c a n t  

in c r ea se s  in  e le c tr o p h o r e t ic  m ob il ity  a f t e r  d isu lp h id e  bond reduction  

with d i t h io t h r e i t o l ,

4 .3 * 2 ,3  Immunological r e s u l t s

■ The immunodiffusion r e s u l t s  on the p u r if ie d  fib rin ogen  fragments, 

shown in  F ig , 22, in d ic a te d  th at the 26,000 molecular weight fragment 

r ea c ted  with anti-A oc antiserum only , and not w ith ’commercial a n t i 

f ib r in o g e n ,  anti-1) or a n t i -S  a n t is e r a ,  even at r e l a t i v e l y  high antigen  

concen trations  ; no r e a c t io n  was observed with a n t i- f ib r in o g e n  antiserum  

in  the  presence of calcium ions* However, a f a in t  p r e c ip i ta t io n  was 

observed with a n t i - f ib r in o g e n  antiserum produced in  t h i s  laboratory and 

the 26,000 molecular weight fragment. Sim ilar r e s u l t s  were obtained for  

the  po lypeptide  fr a c t io n s  o f the ij- and 3 min d ig e s t  preparations.

On account o f  the high pu rity  (as judged by SDS-polyacrylamide 

g e l  e le c tr o p h o r e s is )  o f  the 26,000 molecular weight po lypeptide, the 

most meaningful observations  have come from s tu d ies  on th is  .fragment. 

Since i t  appeared to  be derived  from the Aot chain o f f ib r in ogen , the  

author has named i t  A oc-re la ted  antigen  (molecular weight 2 6 ,000 ),  

(A&L-AA(26,030)), In view o f the s im ila r  immunological r e a c t iv i t y  of  

te e  44)000 and 33,000 molecular weight polypeptide fr a c t io n s  (although  

im pure), and in. accordance with the nomenclature adopted for  the 

p u r if ie d  band 3 p o lyp e]) l id e , thtj band 1 and band 2 polypeptides have 

be-rp. t e n t a t iv e ly  named A OC~dAi 4̂4 , b'dO) and a0C-d.i( 3 J , 000, , r e s p e c t iv e ly .



f8A(26

Fig. 23 Immunoelectrophoresis of Aûc-RA(26,000) (2 p . g )  and a 4 hour 
plasmin digest of fibrinogen (4 HR DIG) (20 ^g), using 
anti-Aot antiserum (a/aoc). The samples were applied on 
the agarose gel at the position shown by the arrow.
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In F ig , 22A, anti-Aet, antiserum reacted with fib rinogen  

f r a c t io n  1-4* AoC“RA(26 ,0 0 0 ) , and a lso  with fragment X, which,, however, 

y ie ld e d  only a weak p r e c ip i t in  l i n e  at high antigen  concentration . In  

a d d it io n ,  the p r e c ip i t in  l i n e  formed by f ib rinogen  spurred over those  

of Adî..™RA(26, 0 0 0 ) and fragment X, in d ica t in g  that th ese  fragments 

p ossessed  fewer Aoc a n t ig en ic  determinants than the in ta c t  AoC chain in  

f ib r in o g en . This r e s u l t  was confirmed in  immunodiffusion by the spur

r in g  o f  i s o la t e d  carboxymethylated Aec. chain over both fragment X and 

Aoc-RA(26,000) (not shown). Fragments Y, D and E did  not p r e c ip ita te  

in  agarose w ith anti-Aoc antiserum, although one preparation of fragment 

Y produced a f a in t  r ea c t io n .

The immunodiffusion r e s u l t s  were confirmed by immunoelectro- 

p h oretic  a n a ly s is  o f  pure f ib r in ogen  degradation products, V/hen the  

troughs contained anti-Aoc antiserum , p r e c ip i t in  arcs were obtained  

from fib r in ogen  fr a c t io n  I~4î fragment X (very f a in t  r ea c t io n , with  

e le c tr o p h o r e t ic  m o b il ity  c h a r a c t e r i s t ic  of fragment X) .and Ad-RA

( 2 6 . 0 0 0 ) ,  but not w ith fragments Y, D or E, Furthermore, as shown in  

P ig . 2 3 , Acc-“RA(26 , 0 0 0 ) produced a p r e c ip i t in  arc with an e le c tr o 

p h o re tic  m o b ility  id e n t ic a l  to  th at of the major (cathodal) arc o f  a 

4 hour plasmin d ig e s t  of f ib r in o g en .

The AbC a n t ig e n ic i t y  o f  the 44,000 and 33,000 molecular weight 

polypeptide  preparations was a ls o  in v e s t ig a te d  by immunodiffusion.

F ig , 24A shows th at f ib r in ogen  f r a c t io n  1-4 spurred over both Aoc-RA

( 2 6 . 0 0 0 ) and the po lypeptide  preparation from the 3 rain d ig e s t ,  which 

la r g e ly  co n s is ted  of A0C«RA(33,000); furthermore, th ese  l a t t e r  two 

sp e c ie s  appeared to  show a rea c t io n  of id e n t i ty ,  Hovever, in  Fig , 24D, 

a r e a c t io n  o f id e n t i t y  was observed between f ib rinogen  and the poly

p eptide  preparation from the 1^ min plasmin d ig e s t ,  which was la r g e ly  

Abt,-R.l(44, 0 0 0 ) ,  t’oreover,. th is  preparation now spurred over Aoc-RA(26,000)
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F ig . 24 Immunodiffusion experiments with f ib r in o g en  and Ac4 chain  
p olyp ep tid es . The centre  w e l ls  were f i l l e d  with anti-A ec  
antiserum ( a/A oc) and the  peripheral w e l ls  were f i l l e d  w ith  

8 | i l  samples as fo l lo w s;  f ib r in ogen  fr a c t io n  1-4» 1 .3  rag/mlj 
Aot-RA( 2 6 , 000 ) ,  0 ,1  mg/ml; polypeptides from the  i j  min 

plasmin d ig e s t  of f ib r in o g en  ( l ) ,  0 ,3  mg/ml; po lyp ep tid es  
from the 3 min plasmin d ig e s t  of f ib r in o g en  ( l l ) ,  0 ,3  mg/ml, 
(Samples I and II  r e f e r  to  the pooled fr a c t io n s  of F ig , 2 0 ,)  
The arrows in d ic a te  spur formation between the p r e c ip i t in  
l i n e s .
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4 .4  D iscuss io n

4*4*1 E lec tro p h o re t ic  a n a ly s is  o f  plasmin d ig e s t io n  o f  fib rinogen  

As shown in  Chapter 3, anti-Aoc antiserum p r e c ip i ta te s  in  

agarose g e l  w ith the i s o la t e d  Aoc chain and the in t a c t  Aoc chain in  

human f ib r in o g en , in  which most or a l l  o f  the Aoc ep itop es  appeared to  

be exposed. T herefore , w ith th e  use o f t h i s  antiserum, i t  was con

s id e re d  p o s s ib le  to  study the fa t e  o f  the Aoc a n t ig en ic  determinant 

s i t e s  by imniunoelectrophoretic a n a ly s is  during plasmin degradation o f  

human f ib r in o g en .

In order t o  r e la t e  the observations on the Aoc chain to  a known 

sequence o f ev en ts ,  the progress o f  the degradation was a lso  stud ied  by 

SDS-polyacrylamide g e l  e le c tr o p h o r e s is  and Immunoelectrophoresis using  

a n t i - f ib r in o g e n  antiserum. SDS-polyacrylamide g e l  e lec tr o p h o re s is  

demonstrated c l e a r ly  the degradation o f in t a c t  fib rin ogen  to  the tr a n s ie n t  

in term edia te  fragments X and Y and then to  the f in a l  products, fragments 

D and E, The appearance o f  fragment E coincided with the formation  

( a f t e r  40 min d ig e s t io n )  o f  a second, n o n -id en t ica l  p r e c ip i t in  arc on 

Immunoelectrophoresis. However, the  small fork on the main arc which 

d is t in g u is h e s  fragments X and Y from fragment D (222) was absent,  

p o s s ib ly  because th e  a n t i - f ib r in o g e n  antiserum used appeared to  have a 

low content o f  anti-fragm ent E a n t ib o d ie s ,  as s^own by the r e l a t i v e l y  

weak fragment E immunoprecipitin arc (F ig . 15A), The use of anti-Aoc  

antiserum confirmed the ea r ly  plasmin cleavage o f  the Aoc chain o f  

f ib r in o g e n ,  as e s ta b l i s h e d  by others using  a d i f f e r e n t  technique ( l0 6 ,

2 3 4 ; 272 ) and, s in ce  two in t e r s e c t in g  p r e c ip i t in  arcs were obtained, 

demonstrated that separata a n t ig en ic  fragments o f the Aoc chain, wiih  

no common determinant s i t e s ,  were formed (F ig , I 5S ) ,

Coincident with the cathodal s h i f t  of the i n i t i a l  p r e c ip i t in  arc



109

on ic inunoelectrophoresis  a g a in st  anti-A oc antiserum was the concomitant 

appearance o f fragment X and a sm all polypeptide (band 1 , molecular  

weight 44»000) on th e  polyacrylamide g e l  of the 2 min r ea c t io n  mixture 

(F ig . 16 ) ,  However, t h i s  band was degraded with time so th a t ,  a f t e r  

5 min d ig e s t io n ,  a s e r i e s  of low molecular weight bands (bands 2-6)  

appeared on the g e l s  w hile  two p r e c ip i t in  arcs formed on Immuno

e le c tr o p h o r e s is  (F ig ,  15®)• Densitometry o f the polyacrylamide g e ls  

r ev ea led  th e  p ro g ress iv e  nature of the  appearance of bands 1-6 (m olecular  

weight 44»000- < 14 ,Û 00), fo llow ed  by t h e ir  disappearance, excepting  bands 

3 and 6 which appeared to  be p la s m in -r e s is ta n t , P u r i f ic a t io n  o f the  

band 3 'm aterial, fo llow ed  by Immunoelectrophoresis with anti-Aoc a n t i 

serum, revea led  th at i t  corresponded in  e le c tr o p h o r e t ic  m ob ility  and in  

immunological r e a c t i v i t y  to  the more cathodal arc Of a ].ate f ib r in ogen  

d ig e s t .  The band 3 po lypeptide  reacted  only with anti-Aoc antiserum on 

immunodiffusion and c o n s is te d  o f  a s in g le  chain po lyp ep tid e . On t h i s  

b a s i s ,  th e r e fo r e ,  an immunological nomenclature has been employed and 

th e  author has named the p u r if ie d  band 3 po lyp ep tid e , A oc-related  a n t i 

gen (m olecular weight 2 6 ,0 0 0 ) ,  (Acc-HA(2 6 ,0 0 0 )); t h i s  fragment i s  

undoubtedly very s im ila r  to  one o f th e  plasm in-derived fragments Hi2-Ala  

(m olecular weight 23 ,000) ( l5 5 )  or Hi2-Met (m olecular weight 21,000) (3 8 ) ,  

which have, however, been ch a ra cter ised  by th e ir  amino acid, compositions  

and NEg-terminal amino acid  sequence a n a lyses . Other Acc chain fra g 

ments have been descr ibed  in  recen t y ea rs ,  v ia ,  the plasm in-derived  

fragments A (265, 317, 320) and H ( l3 7 )  (both o f  which appear to  be 

s im i la r  or id e n t ic a l  to  Hi2-%et) and the cyanogen bromide-derived  

fragments Hi2-DoX ( l5 5 )  e,nd F-CB3 ( l2 2 )  (both of which are immuno- 

l o g i c a l l y  r e la t e d  to  the plasmin-produced d e r iv a t iv e s ) .

While th ese  fragments have molecular weights in  the range 20 ,000-  

26 ,000 , there have been sev e r a l  rep orts  of p lasm in-cleaved fragments o f
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the Aoc chain with h igher  m olecular weights and which appear e a r l i e r  in  

the d ig e s t io n  process than the former fragments ( 5 5 s 8 5 , 9 8 , 1 3 7 , 1 5 5 , 

170; 2 3 5 , 2 4 4 , 306 ) ,  In p a r t ic u la r ,  H essel ( l5 5 )  has e s ta b lish e d  that  

a precursor-product r e la t io n s h ip  e x is t e d  between ea r ly  plasmin d ig e s t  

fragments (average molecular weight 50,000) and Hi2-Ala, and Ferguson 

et a l . ( 05 ) have demonstrated a s e r i e s  of f i v e  ob-derived fragments w ith  

m olecular weights 2 1 , 000- 4 0 , 0 0 0 , r e s u l t in g  from i n i t i a l  plasmin c leavage  

o f  f i b r i n .  Shen jet ad. (306) have described the  f i r s t  event in  the 

plasmin degradation o f f ib r in o g en  as the  r e le a s e  o f  a 44 ,000 molecular  

weight polypeptide from the COOH-terminal end o f the Aoc chain, w hile  

examination o f the electropherogranis o f  Kang and Triantaphyllopoulos  

( 1 7 0 ) revea led  the p rogress ive  r e le a s e  o f  polypeptides o f  molecular  

w eights  >33 ,000 , 33 ,000 and 25 ,000  from plasrain d ig e s t s  o f  f ib r in o g en ,  

thus providing adequate support f o r  the  r e s u l t s  reported  here. These 

e le c tr o p h o r e t ic  and immunodiffusion r e s u l t s  revea led  the l i k e l y  Ape chain  

o r ig in  of th e  po lypeptide  bands 1 and 2. Attempts to  separate pure band 

1 and band 2 m ater ia l have not been e n t ir e ly  s u c c e s s fu l ,  probably because 

o f  t h e i r  l a b i l i t y  ( l3 7 )  and because of the s im i la r i t y  o f  th e ir  molecular  

w eig h ts .  However, s in c e  th ese  preparations from the 1-̂ - min and 3 min 

d ig e s t s  c o n s is ted  la r g e ly  o f band 1 and band 2, r e s p e c t iv e ly ,  they  were 

used in  comparative s tu d ie s  o f  th e  Aoc an t ig en ic  s i t e s  which, are lo c a te d  

on th ese  po lyp ep tid es; they  were t e n t a t iv e ly  named Aoc-RA(44,O00) and 

Aoc-HA(33,000), r e s p e c t iv e ly ,  in  accordance with t h e i r  a n t ig en ic  

c h a r a c t e r i s t i c s .

4 .4*2 R e a c t i v i t y  o f  f ra g m e n ts  X, Y, D and E w ith  a n t i -A o c  a n t i s e ru m  

To l o c a t e  o t h e r  exposed, a n t i g e n i c  s i t e s  o f  t h e  Acc c h a in ,  t h e  

r e a c t i o n s  o f  t h e  p u r i f i e d  d e g r a d a t io n  p ro d u c ts  o f  f i b r i n o g e n  w i th  a n t i -  

Acc a n t i s e r u m  were I n v e s t i g a t e d  by im m u n o d if fu s io n .  Fragment X a t  h ig h
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an tigen  concen tration  produced a f a in t  rea c t io n  with t h i s  antiserum, and 

the subunit s tru c tu re  on e lec tr o p h o re s is  was shown to  c o n s is t  o f  an 

unreso lved  p  chain fragment and a chain o f molecular weight 

ca. 48,000 along w ith  a NH^-tertriinal Aol chain remnant of molecular 

weight 26,000. I t  has been suggested  th a t  the Aoc remnant of fragment X 

preparations may e x h ib i t  considerab le  s iz e  heterogen eity  (98, 272 ) ,  

e s p e c ia l ly  s in ce  Mosesson et ( 246 ) have recognised  at l e a s t  ten  

p r o t e o ly t ic  c leavage s i t e s  on the  Aoc chain of f ib r in o g en , and the  

observed weak r e a c t io n  o f  t h i s  fragment with anti-Aoc antiserum may, in  

f a c t ,  derive from a s p e c ie s  o f  fragment X with a M g-term inal Aoc 

remnant of molecular weight > 2 6 ,000 , This r e s u l t  w i l l  be d iscussed  

more f u l l y  in  Chapter 6,

The fragment Y preparation used in  th ese  s tu d ie s  did not rea c t  

with anti-A ix  antiserum, although a fragment Y preparation, i s o la t e d  

from an e a r l i e r  d ig e s t ,  did show a fa in t  p r e c ip i t in  l i n e ,  id e n t ic a l  with  

th a t  o f fragment X, These r e s u l t s  remain unexplained at present,  

e s p e c ia l ly  s in ce  the polypeptide  bands of reduced fragment Y on SDS- 

polyacrylamide g e l  e le c tr o p h o re s is  could not be assign ed  with any 

c e r ta in ty  to  t h e ir  chains of o r ig in .  Indeed, some d iscrepan cies  in  the  

proposed s i z e s  o f  th e  polypeptide components o f  fragment Y are ev ident  

in  other s tu d ie s  (lOO, 218, 244) ,

N either  fragments D nor E produced a r ea c t io n  in  agarose with  

anti-Apc. antiserum, although fragment D possessed  an in tern a l segment 

o f  the Aoc chain (m olecular weight 14 ,000) and fragment E contained the  

NHg-terminal Aoc remnant (m olecular weight < 1 3 ,0 0 0 ) .  By comparison, the  

lïH^-terminal d isu lp h id e  knot o f  f ib r in o g en , N-DSK, which c lo s e ly  corres

ponds in  i t s  lo c a t io n  in  the f ib r in ogen  molecule to  fragment E ( I 86 ) ,  

has been shov/n to  rea c t  with anti-Aoc antiserum in  a radioimmunoassay 

( 1 9 9 ) 289), However, i t  has been shown by Kudiyk ub a l .  (338) th at
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th ere  are con sid erab le  d if fe r e n c e s  in  immunological behaviour between 

N-DSK and fragment E.

4*4*3 A n tig en ic it y of Ac^-related antigens with resp ec t  t o :

4.4* 3 .1  anti-A&c antiserum

Since fragments D and E, and p o ss ib ly  fragment Y, do not react  

w ith anti-Aoc antiserum, i t  appears th at few a n t ig en ic  determinants are 

lo c a te d  or exposed in  the NH^-terminal s e c t io n  o f the Aoc chfiln in  th ese  

fragments. I t  might be th at many o f  the determinants r e s id e  on the  

remaining 40 ,000 -50 ,000  molecular weight s e c t io n  o f  the COOH-terminal 

o f  the Aoc chain. C erta in ly ,  the strong p r e c ip i t in  l i n e s  obtained with  

Aoc-RA(26,000) and the Aoc»KA(33,000) and Aoc-RA(44,000) preparations, 

at low antigen  concen trations  on immunodiffusion, support th is  view. 

Indeed, G o llw itzer  ejt a l .  ( l2 0 )  have suggested that F-C33, a cyanogen 

brom ide-derived Aoc fragment from bovine f ib r in ogen , contained most o f  

the a n t ig en ic  determinants o f  the Aoc chain. On the other hand, the  

spur, formed by in t a c t  f ib r in o g en  over the p r e c ip i t in  l in e  of the Aoc- 

RA(26,000) (P ig .  22A), and the formation o f a second p r e c ip i t in  arc on 

Immunoelectrophoresis, using  anti-A oc antiserum (P ig . 15®)» in d ica ted  

the  e x is ten ce  of Acc a n t ig en ic  s i t e s  other than th ose  present on Aoc-  

RA(26,000)o Immunodiffusion s tu d ies  a lso  showed that the Aoc-RA(33, OOO) 

preparation , la r g e ly  band 2 m a ter ia l,  was s im ila r ly  d e f ic ie n t  in  Aoc 

a n t ig en ic  determ inants, and might be immunologically id e n t ic a l  to  A%-. 

RA(26,000) (P ig , 24A), However, the  A(X.-RA(44,000) preparation, la r g e ly  

band 1 m a ter ia l,  p o ssessed  more Aoc an t ig en ic  determinants than Aoc- 

RA(26,000) and was immunologically id e n t ic a l  to  f ib rin ogen  (P ig , 24B), 

su g g est in g  that most or a l l  o f the a n t ig en ic  determinants of the Aoc. 

chain might be lo ca ted  on thu fragment AdC”RA(44»000). (N.B. The sp ec ie s

resp o n s ib le  for  the anodal p r e c ip i t in  arc on Immunoelectrophoresis has
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not yet been id e n t i f i e d ,  but i t  was not due to  the rea c t io n  o f fragment 

X, on account of i t s  d i f f e r in g  e lec tr o p h o re t ic  m ob ility  and because the 

arc p e r s is te d  throughout the d ig e s t io n  of f ib r in ogen , even at a time 

when fragment X had been f u l l y  degraded. I t  i s  p o s s ib le  that t h i s  

e le c tr o p h o r e t ic a l ly  d i s t i n c t  A oc-related  antigen i s  formed during proteo

l y t i c  cleavage of the 44,000 molecular weight fragment and w i l l  be found 

among the  fragments c o n s t i tu t in g  the e lec tro p h o re t ic  bands 4 - 6 . )

4*4*3.2  a n t i - f ib r in o g e n  antiserum

The p a r t ia l  p h y sica l  and immunological c h a ra c ter isa t io n  o f  Aix,- 

RA(26,000) revea led  the expected s i m i l a r i t i e s  of t h i s  fragment to  the  

Hl2 fragments of H esse l (155) in. th at they reacted  with anti-Acx, a n t i -  

serum, they  had s im ila r  molecular w eights , and they were s in g le  chain  

p o lyp ep tid es . However, both Hi2~Ala and a precursor 50,000 molecular  

w eight fragment reacted  w ith  a n t i - f ib r in o g e n  antiserum ( l5 5 ) ,  whereas 

the  A oi«related  antigens o f  molecular weights 44 ,000 , 33,000 and 26,000  

did  not p r e c ip i ta te  on immunodiffusion, even over wide •concentration  

ranges ( o , 0 3 -2 ,2  rag/ml) and using  a n t i- f ib r in o g e n  antiserum obtained  

from Hoechst Pharm aceuticals, Nordic D iagn ostics ,  Dakopatts A/S and 

Calbiochem, This d if fe r e n c e  in  the properties  of Aoc chain fragments 

may a lso  be found by comparing the r e s u l t s  of previous s tu d ie s .  Mosesson 

_et a l . ( 244 ) have shown th a t  COOH-terminal fragments of the Acc chain  

rea c ted  with a n t i - f ib r in o g e n  antiserum on immunoelectrophoresis, while  

Timpl _et _al. ( 329 ) reported that 20^ of antibod ies  in  an ti-b ov in e  

f ib r in o g en  antiserum react with the Aoc fragment, bovine P-CB3, (but the  

sp e c ie s  d if fe ce n c e  must a lso  be considered here, e s p e c ia l ly  in  view of  

the f in d in g  that human F-CB3 and bovine F-CB3 were not immunologically  

r e la t e d  (2 0 3 ) ) .  On the other hand, the present observations on Aot- 

RA(26,000) are supported by the f in d in gs  of Nussenzweig f;t a l, ( 264)9 

Ekert and Muntz (82) and Takagi and Kawai (317) who f a i l e d  to  f in d
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r e a c t io n s  between a n t i - f ib r in o g e n  antiserum and the small f ib rinogen  

degradation products, A, B and/or C, which are derived from the Ago 

chain  o f  f ib r in o g en  ( 272 ) ,  The discrepancy in  th ese  observations may 

be due simply to  the  d i f f e r in g  s e n s i t i v i t i e s  of immunological techn iq ues,  

or i t  may be due to  d i f fe r e n c e s  in  the a n t i- f ib r in o g e n  a n t ise r a .  In  

many la b o r a to r ie s ,  i t  i s  common p r a c t ic e  to  absorb a n t i- f ib r in o g e n  a n t i -  

serum with normal human serum, which, however, has r e c e n t ly  been shown 

to  con ta in  sm all amounts o f  a n t ig e n ic  Aoc fragments (38 , I I 9 , 138, 318).  

T herefore , i t  i s  p o s s ib le  th a t ,  in  the absorption process , some a n t i 

f ib r in o g e n  an tib od ies  may be u n w itt in g ly  removed along with other  

undesired  a n t ib o d ie s .  S tu d ie s ,  in  t h i s  laboratory , u s in g  unabsorbed 

a n t i - f ib r in o g e n  antiserum , have produced weak r ea c t io n s  with Aoc-RA

( 2 6 , 0 0 0 ) and the  Aoc-RA(33,000) and Aoc-»RA(44»000) preparations.

Attempts to  d is t in g u is h  f ib r in o g en , fragment X and fragment Y 

imm unologically by g e l  d i f fu s io n  u s in g  various a n t i - f ib r in o g e n  a n t ise r a  

were u n su cc e ss fu l ,  s in c e  a n t ig en ic  id e n t i t y  was always observed (F ig ,  

22B). S im ilar  r e s u l t s  were found by Marder (216) , but a l a t e r  study  

rev ea led  p a r t ia l  i d e n t i t y  between f ib r in ogen  on the  one hand and fr a g 

ments X and Y on the other (2 2 2 ) .  At presen t , however, there  appears to  

be l i t t l e  doubt, from other  immunological procedures (IO8 , 27?), th at  

th e  formation of fragment X from fib r in ogen  i s  accompanied by a con

s id e ra b le  l o s s  in  the a n t ig en ic  character of the s p e c ie s .  Since the  

major lo s s  o f  po lyp ep tid e  m ateria l occurs from the Aoc chain of f ib r in o 

gen during i t s  degradation to  fragment X, i t  seems l i k e l y  that the lo s s  

in  a n t ig e n ic  determinants i s  a s so c ia te d  with t h i s  c leavage . However, in  

view o f the absence or weakness o f  a rea c t io n  of a n t i- f ib r in o g e n  a n t i 

serum with Ack.-related antigens (m olecular weights 26,000-44)000) or 

with the in t a c t  cerboxymethylated Aoc chain (R esu lts ,  Chapber 3 ) ,  the  

immunogenic s i t e s  a sso c ia te d  with the whole Aoc chain in  in ta c t  f ib r in e -
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gen are probably la r g e ly  conform ational in  nature, and may be a sso c ia te d  

w ith the Bp and ch a in s, as su ggested  prev iously  (2 8 ) . The r e s u lt s  

o f im m unodiffusion s tu d ie s  ca rr ied  out by the author in  Dr. P. J , 

G affney’s lab oratory  in  London support th is  h y p o th esis , s in ce  no 

r e a c t io n  was apparent between the in ta c t  Acc chain and anti-COOH/Acc 

(antiserum  d ir e c ted  to  s i t e s  in  th e COOH-terminal asp ect of the A&c 

chain  and obtained by fragment D and E absorption  o f a n t i-f ib r in o g e n  

antiserum ) ( l 0 4 )«

N ev er th e le ss , a n tib o d ies  have been r a ised  a g a in st the is o la te d  

Aoc chain in  r a b b its , but i t  i s  l ik e ly  th a t the determinant s i t e s  were 

seq u e n tia l in  n ature, s in c e  any n a tiv e  conform ational stru ctu re  would 

alm ost c e r ta in ly  have been d isru p ted  by the extreme denaturing con d ition s  

encountered during p u r if ic a t io n  o f the immunogen, -A s im ila r  su g g estio n  

has a ls o  been made fo r  th e  A%, chain o f bovine fib rin ogen ; the e x is te n c e  

o f in tram olecu lar  com p etition  between conform ational and seq u en tia l  

determ inants in  fib r in o g en  has been proposed to  account fo r  the apparent 

in c r ea se  in  imm unogenicity o f th e Aoc chain in  th e is o la te d  form, com

pared w ith  th a t o f th e Acc chain in  in ta c t  bovine fib r in o g en  ( l 2 l ) ,

- The calcium  b in d in g cen tres of fib r in o g en , in v o lv in g  the COOH- 

term inal s e c t io n  o f th e  Aoc chain , may determine the conform ation of 

t h i s  s e c t io n  (97 , 223). However, as p r e c ip ita t io n  rea c tio n s  o f the  

COOH-terminal p o lyp ep tid es o f th e  Aoc chain (m olecular w eights 26 ,000-  

4 4 ,0 0 0 ) were not observed in  the presence of calcium  io n s , the reduced  

a n t ig e n ic  ch aracter o f th ese  s p e c ie s ,  with resp ect to  (commercial) a n t i 

fib r in o g en  a n tib o d ie s , d id  not appear to  be r e la te d  to  the lo s s  o f 

calcium  ion s from th e calcium  binding cen tres .
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APPENDIX TO CHAPTER A

Upon the recen t subm ission o f a paper concerning the fragment 

Aoc- 3 1 ( 2 6 ,000 ) by th is  author, the E ditors o f the European Journal o f  

B iochem istry recommended the undertaking of an amino acid  com position  

a n a ly s is  o f th a t fragm ent. Such an a n a ly s is  was performed im m ediately  

p r io r  to  the binding o f th is  t h e s i s ,

Methods

The amiho a c id  com position a n a ly s is  was performed on two samples 

( 1 , 0  and 1 .5  mg) o f Acc-HA(2 6 ,0 0 0 ) (from d if fe r e n t  b a tch es ). A fter  

h y d ro ly s is  o f each sample fo r  22 hours at 110°0 in  1 ml 611 KCl and 

0 ,1  ml o f m ercap to-acetic  a c id  in  evacuated, sea led  tu b es, the amino 

a c id  m ixture was analysed  in  a Locarte Amino Acid Analyser ( S c ie n t i f ic  

Instrum ents, London), which was based on the o r ig in a l design  o f  

Spackman, D. H ,, S te in , ,V. H. & Moore, S, (195®) ( A n a ly tica l Ohemistry ,

3 0 , 1190- 1206 ) .

R esu lts  and D iscu ss ion

A bsolute co n cen tra tion s o f  the amino acid s were determ ined, but, 

fo r  th e  purposes o f comparison, th e r e s u lt s  are shown as molar per

cen tages in  the T able,

A sm all peak o f unknown o r ig in  appeared in  the orn ith in e  p o s it io n  

o f e lu t io n . No m ethionine was found in  th e fragm ent, w hile tryptophan  

was not determ ined, The low value obtained, fo r  the h a lf -c y s t in e  

content in d ica ted  th a t th e  m ajority of the polyp ep tid es did not contain  

t h is  amino a c id . G en erally , the amino acid d is tr ib u t io n  in d ica ted  a 

low content o f nonpolar amino a c id s , w hile the con ten ts o f g ly c in e ,  

s e r in e , p ro lin e  and th reon in e were h igh . These r e s u lt s  are s im ila r  to  

the com position a n a lyses obtained by others ( l3 7 , 1 5 5 ? 317, 320) and 

provide fu rth er  evidence fo r  the id e n t ity  of Aoc-HA(2 6 ,OOO) to  the 

frag:,.unts A and H.
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T able

The arnino a c id  com position o f Aoc-HA(26,000)'

R e s id u e C onten t

As p a r t 1c a c i  d 5 ,0

T h r e o n i n e 10.5
S e r i n e 20.5
G lu ta m ic  a c i d 7.6

F r o l i n e 12,7
G l y c i n e 21,1

A la n in e 2.7 ■
V a l i n e 2.4
H a l f - c y s t i n e 0 ,4
I s o l e u c i n e 0 .6
L e u c in e 1 .3
T y r o s i n e 1 .1
P h e n y l a l a n i n e 1 .9
" O r n i t h i n e " ^ 1 .0
L y s in e 2 .0

H i s t i d i n e 1 .8
A r g in in e 7 .3

-.......... ..............

Values g iven  are the means from two d if fe r e n t  

batches o f Aot-RA(26 ,000) and are presented as 

molar p ercen tages.
2

A sm all peak o f unknown o r ig in  appeared, in  the  

o r in th in e  p o s it io n .
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CHAPTER 5: GENERATION OP Aoc PRAGPTKTS IN HimM PLASMA

5*1 In trodu ction

In Chapter 4» s tu d ie s  in  a p u r if ie d  system revealed, th at plasmin  

degradation of f ib r in o g en  caused the r e le a s e  o f  Aoc chain fragments 

from the COOH-terminal aspect o f  the polypeptide. In order to  d i s 

cover i f  the r e le a s e  o f  such fragments from fib rin ogen  occurred in  a 

plasma environment, immunodiffusion w ith  anti-Aoc antiserum was used to  

study the  e f f e c t s  o f  jni v i t r o  a c t iv a t io n  o f the plasma f ib r i n o l y t i c  

system by urokinase. In a d d it io n , a number of human sera  from 

in d iv id u a ls ,  a f t e r  in  v ivo  a c t iv a t io n  o f  the plasma f ib r i n o l y t i c  system, 

have been stu d ied  b r i e f l y  and the r e s u l t s  are given here,

5 .1 .1  In v i t r o  s tu d ie s

When urokinase i s  added to  human plasma in  v i t r o ,  the f ib r in o 

l y t i c  system i s  a c t iv a te d ,  gen eratin g  plasmin which may d ig est  formed 

f i b r i n  c l o t s , Hov/ever, i t  was disputed  fo r  sev era l  years whether plasma 

f ib r in o g e n  was s im i la r ly  degraded by the f ib r i n o l y t i c  enzyme system or 

was p ro tec ted  from p r o te o ly s i s  by f i b r i n o l y t i c  in h ib i t o r s ,  although, in  

p u r i f ie d  system s, f ib r in ogen  was r e a d i ly  cleaved to  sm aller , non- 

c l o t t a b le  d e r iv a t iv e s .

In i 9 6 0 , BergstrBm et a l ,  ( 1 6 ) added urokinase to  plasma in  a 

case  of l i v e r  c ir r h o s i s  to  produce in ten se  f i b r i n o l y s i s .  However, 

almost no f ib r in o g e n o ly s is  was measurable using a c lo t t a b le  f ib rin ogen  

assa y . On the other hand, F isher  e t  ad, (93) showed th at considerable  

degradation o f human plasma f ib r in ogen  occurred upon plasminogen 

a c t iv a t io n  by urokinase, the ex tent o f  degradation being observed by 

imm unoelectrophoresis. Several years l a t e r ,  Gallimore ejb a l ,  ( 1 0 9 ) 

added urokinase to  plasma at concentrations s u f f i c i e n t  to cause rapid  

l y s i s  of plasma fib cir i  c l o t s ,  but th ese  workers were unable to d e tec t
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th e  breakdown, o f a s ig n if ic a n t  amount o f plasma fib r in o g en , s in ce  no 

FDP were measurable in  the serum from such u ro k in ase-trea ted  plasma.

R ecen tly , th ese  doubts have been reso lv ed  and sev era l in v e s t ig a 

to r s  have dem onstrated c o n c lu s iv e ly  th e  degradation o f fib rin ogen  in  

plasma by estim a tio n s o f whole fib r in o g en  ( l3 1 , 258) and by exam ination  

o f the subunit s tru c tu re  o f fib r in o g en  (206, 3 0 l)  a f t e r  incub ation  of  

urok in ase in  plasma. In  a d d itio n , the la t t e r  s tu d ie s  (206, 3 0 l) have 

shown th a t the i n i t i a l  sequence o f fib rin o g en  chain degradation i s  

s im ila r  to  th at observed in  p u r if ie d  systems (2J2)  in  which the e a r l i e s t  

plasm in cleavage s i t e s  are lo c a te d  on the Aoc chain o f fib r in o g en .

In  th is  stu d y , th e  plasma f ib r in o ly t ic  system  was a c tiv a ted  with  

urokinase and, a f t e r  c lo t t in g ,  th e serum was examined fo r  the presence  

o f A oc-rela ted  an tig en s by means o f anti-A oc antiserum ,

5*1.2  In v ivo  s tu d ies

I t  might be reasonab ly expected th a t the le v e l  o f FDP in  human 

serum would be a u s e fu l measure of th e exten t o f qji v iv o  f ib r in (o g e n )o ly s i3 .  

However, when an immunochemical method fo r  d e te c tin g  FDP (fragm ents X, Y,

D and E) was used as a means o f t e s t in g  fo r  primary or secondary 

f ib r in o ly s i s  ( l8 0 ,  1 9 6 ), u n sa t is fa c to r y  r e s u lt s  were obtained in  a group 

o f p a t ie n ts  w ith throm botic and o th er d iseases*  There was no apparent 

c o r r e la t io n  between the f ib r in o ly t ic  a c t iv i t y  (FDP measurements) and th e  

course o f th e d is e a se , and, th e r e fo r e , no u se fu l d ia g n o stic  or prog

n o s t ic  inform ation  was obtained from the r e s u lt s  (l96 )*

Attempts to  e lu c id a te  the mechanism of f ib r in o g e n /f ib r in  

catabolism  _in v iv o  have been w ithout su ccess . While Mosesson (240) 

favoured fib rin ogen o ly fc ic  degradation by plasmin or p iasm in-1ike enzymes 

as a major c a ta b o lic  pathway, C o llen et a l .  (6 l)  claim ed that Mosesson*s 

p a r t ia l ly  degraded fib r in o g en  sp e c ie s  were a r te fa c tu a l in  nature.
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F ib r in o ly t ic  enhancement by _in y iy o  in fu s io n  o f chem ical agents may 

(66) or may not (216) produce an in crea se  in  c ir c u la t in g  FI)P„ In  the  

ca se  o f l i v e r  c ir r h o s is ,  Bergstriira et_ al» ( l6 )  demonstrated in ten se  

f ib r in o ly t i c  a c t iv i t y  in  th e  absence o f f ib r in o g e n o ly s is , and Gurewich 

e t  a l .  ( 131 ) found th a t a potent plasminogen a c t iv a to r  d id  not degrade 

plasma fib r in o g e n , but caused rapid  l y s i s  of plasma f ib r in  c lo t s .  

In d u ction  o f a c t iv a te d  f ib r in o ly s i s  by tourniquet has r e su lte d  in  an 

in c r ea se  o f c ir c u la t in g  FBP in  one case (49)* but no s ig n if ic a n t  change 

was observed a f t e r  venous o c c lu s io n  in  other cases (47 , 201). In  

a d d it io n , normal l e v e l s  o f FBP have a ls o  been found a f t e r  venous 

o c c lu s io n  (1 3 4 , 1 4 4 , I 8 0 ) .

In  t h is  second part o f the study, human sera , before and a f t e r  

venous o c c lu s io n  o f th e  arm, have been examined by means o f anti-A oc  

antiserum  in  order to  d e te c t  c leaved  Aoi.»related a n tig en s.

5 .2  M ateria ls and. Methods

5 . 2 ,1  P reparation  o f fib r in o g en  and f ibrinogen  fra g ments

F ibrinogen fr a c t io n  1-4  was prepared as describ ed  in  Chapter 2, 

Aoc“RA(26 ,000) and th e  preparation  A0C“RA(44»C00), which was contam inated  

w ith  Acc-"HA(33 ,000) , were obtained from plasniin d ig e s ts  o f f ib r in o g en , 

as d escrib ed  in  Chapter 4*

5*2 ,2  A n tisera  to  fib r in o g en  and th e  A<?̂- chain

Antiserum to  th e  carboxym ethylated Aoc chain was r a ise d  in  

r a b b its  ag describ ed  in  Chapter 3* Antiserum to  human fib rin ogen  was 

obtained  from Hoechst P harm aceuticals.

5 = 2 , 3  Immunod1f f u 3 i o n , ir /mui o e l e c t r o p h o r e s i s  and  S D S -po lyac ry lam ide

g e l  e l e c t r o p h o r e s i s

These techn iq ues were ca rr ied  out as described  in  Chapters 2 and
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3.

5 .2 .4  In  v i t r o  a c t iv a t io n  o f plasma f ib r in o ly t ic  ayatem

1 ml normal c i t r a t e !  plasma was incubated at 37*̂ C w ith  0 .02  ml 

u rok in ase , y ie ld in g  a f in a l  con cen tra tion  o f approxim ately 100 Ploug 

u n its /m l, 0 .02  ml 0.15M HaCl was incubated w ith  1 ml o f the same 

plasma as c o n tr o l. A fter  1 hour, th e  induced f ib r in o ly t ic  a c t iv i t y  in  

both samples was in h ib ite d  by a p ro tin in  ( f in a l  con cen tration  200 u /n il) . 

Both plasmas were c lo t t e d  w ith  bovine thrombin ( f in a l  concen tration  

10 KIHu/ml) and th e  sera  were obtained by removal o f the c lo t s  and 

c e n tr ifu g a t io n  o f th e  sam ples, Serum from the plasma incubated w ith  

urokinase was d esign ated  S~UK and serum from the co n tro l plasma was 

d esign ated  S-»NaCl,

The physico-chem ical p ro p erties  o f the A oc-rela ted  a n tig en (s )  

in  human serum were examined by fr a c t io n a l p r e c ip ita t io n  by satu rated  

ammonium su lp h a te , g e l  f i l t r a t i o n  oh Sephadex 0-100 and SBS-polyacrylamide 

g e l  e le c tr o p h o re s is  o f th e  serum im m unoprecipitates, according to  

Gaffney e t a l ,  (105 ) .  The imm unological behaviour o f A oc-related  

a n t ig e n (s )  in  human serum was examined by immunodiffusion and Immuno

e le c tr o p h o r e s is .

5 . 2 .5  In v iv o  a c t iv a t io n  o f plasma f ib r in o ly t ic  system

A lo c a l  in crea se  in  f ib r in o ly t ic  a c t iv i t y  in  one arm was induced  

by means o f venous o c c lu s io n , according to  % lk er nt ^1. (334)» and a 

sample o f blood was obtained a f t e r  15 min, A sample o f blood was 

obtained from the non-occluded axoi before a p p lica tio n  o f the  

sphygmomanometer c u f f .  The sera , obtained from a group o f 28 no:rmal 

v o lu n teers  and p a tie n ts  in  th is  h o s p ita l ,  were tr e a ted  as described  in  

Chapter 3, The f ib r in o ly t ic  a c t i v i t i e s  o f the corresponding plasma 

samples were a sse sse d  by measuring areas o f l y s i s  produced by
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resuspended eu g lo b u lin  p r e c ip ita te s  on plasm inogen-rich bovine f ib r in  

p la te s  ( 3 34 ) .

The imm unological behaviour o f A oc-related  ar itigen (s) in  th e  

p re- and p o s t-o c c lu s io n  sera  was examined by im m unodiffusion, s in g le  

r a d ia l im m unodiffusion ( 214 ) and L au rell e le c tro p h o res is  (l94)=  In  

a d d itio n , th e plasma from an afibrinogenaem ic p a tien t (no d etec ta b le  

fib r in o g en  by s in g le  r a d ia l im m unodiffusion) was examined by immuno

d if fu s io n .

Carbamylation o f  th e  serum samples was performed w ith  potassium  

cyan ate , as d escrib ed  elsew here (2 6 o ) ,

5 . 2 .6  PI)P assay

N o n -c lo tta b le  f ib r in (o g e n ) degradation products were estim ated  

in  serum by the tanned red c e l l  haem agglutination in h ib it io n  assay  

( 2 33 ) ,  u s in g  th e  Wellcome FBP K it,

5 .2 .7  £>thanol g e la t io n  t e s t

The d e te c t io n  o f so lu b le  f ib r in  monomer was performed according  

to  th e  m o d ifica tio n  o f Gurewich e t ( l3 4 ) ,

5 . 2 .8  Reagents

Urokinase was obtained from Leo Pharm aceutical Products and 

bovine thrombin from Parke-D avis,

5 .3  R esu lts

5 . 3*1 In v itr o  s tu d ie s

S-UK and S-RaCl (sera  obtained from the in cu b ation  o f plasma 

w ith  urokinase and s a l in e ,  r e s p e c t iv e ly )  were examined q u a lita t iv e ly  

fo r  the presence o f f ib r in o g e n - and Acx.-related an tigen s by means o f  

imm unodiffusion a g a in st th e  appropriate a n tise r a . F ig , 2p shows th a t
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Fig. 25 Immunodiffusion of S-UX and S-NaCl with anti-fibrinogen 
(a/F) and anti-Aoc (a/Aoc) antisera.

Aq-ra
(26,000)

A/Aq 

4 HR DIG 

a /Aq 

S-UK +

Fig. 26 Immunoelectrophoresis of Aoc-RA(26,000) (2 mg/ml), a
4 hour plasrain digest of fibrinogen (4 HR BIG) (20 mg/ral) 
and S-UK, using anti-Aoc antiserum ( a/ A oc) ,  The 1 yil 
samples were applied on the agarose gels at the position 
shown by the arrow.
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n e ith er  S-UK nor S-îîaCl rea cted  w ith  a n ti-f ib r in o g e n  antiserum , whereas 

q u a n tita t iv e  estim a tio n  by th e F.DP assay  in d ica ted  a sm all r i s e  in  

f ib r in o g en  degradation  products in  S-UK (Table IV ), On th e other hand, 

both S-UK and S-UaCl reacted  w ith anti-A oc antisernm . However, the  

p r e c ip it in  l in e  o f S-NaCl was very  fa in t  and cannot e a s i ly  be seen  in  

F ig , 2 5 , w h ile  th a t o f S-ÜK was q u ite  d is t in c t .  I t  was not p o ss ib le  to  

a sc e r ta in  i f  th ese  two p r e c ip it in  l in e s  ex h ib ited  r ea c tio n s  o f id e n t ity ,  

Table IV

■FDP le v e l s  in  serum, a f t e r  incubation  o f the  
plasma samples in  th e presence or absence o f  
urokinase (means o f 4 sam ples)

Sample PUP le v e l  (jig/m l )

8-NaCl 5 .0

S-UK 1 0 .0

S a lt  p r e c ip ita t io n  w ith  sa tu rated  ammonium sulphate revea led  

th a t most o f the A& o-related a n t ig e n (s )  in  S-UK p r e c ip ita te d  a t 40-50^  

sa tu r a tio n , along w ith a sm aller  s,mount a t 30-40^ sa tu ra tio n ,

A sm all m olecular si%e was in d ica ted  fo r  the a n tig en (s )  in  

S-UK by th e ir  e lu t io n  volume on g e l f i l t r a t io n ;  when th e Aoc-RA(44»000) 

p rep aration  and S-UK were chromatographed on the same column of  

Sephadex G-lOO, s im ila r  e lu t io n  volum e/void volume r a t io s  were obtained  

(V^/y^ " I»38 fo r  S-UK and 1 ,31  fo r  th e Aot-HA(44,G00) p rep a ra tio n ),

A more accu rate measurement o f the m olecular weight o f the a n t i 

g en ic  sp e c ie s  by SUS-polyacrylam ide g e l e lec tro p h o res is  o f the immuno» 

p r e c ip ita te  obtained a f t e r  in cu b atin g  anti-A oc antiserum w ith S-UK was 

not p o s s ib le , because o f th e la rg e  number o f contaminant bands b esid es  

th a t o f IgG, d e sp ite  repeated  ca re fu l washing of the p réc ip ité .te .



1-4

S-UK

A a -R A
(26,000)

A/A

1-4

A q - r a
(26,000 )

S-UK

: ' m  I

Aa- R
(26,000)

S-UK
Aq -ra
(26,000)

Fjg. 27 IiLaunodiffusion of fibrinogen fraction 1-4 (l.3 mg/ml),
Aoc-HA(26,000) (0,03  lûg/ml), polypeptides from the min 
plasciin digest of fibrinogen ( l ) , ( o , 3  mg/mi), and S-UK 

with anti-Aoc antiserum ( a/ A oc) ,

(Sample I refers to the pooled fraction of Fig, 20A.)
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Im m unoelectrophoresis e s ta b lish e d  th at the Aol- r e la ted  a n tig e n (s )  

in  S-UK had th e  same m o b ility  as th e fragment A&L-RA(26,000)? which; in  

tu rn  * corresponded to  th e  major (ca th o d a l) im m unoprecipltln arc o f a 

4 hour plasm in d ig e s t  of f ib r in o g en  (F ig , 2 6 ). S im ilar  e lec tr o p h o re tic  

experim ents w ith  anti-A oc antiserum  in d ica ted  th a t the S-UK antig;en(s) 

and th e Acc-RA(44,000) prep aration , as w e ll as Aoc-RA(2 6 ,0 0 0 ), p ossessed  

id e n t ic a l  e le c tr o p h o r e tic  m o b il i t ie s .

The im m unological behaviour o f th e A oc-rela ted  a n tig en (s )  in  

S-UK was fu rth er  in v e s t ig a te d  by g e l d if fu s io n , u sin g  anti-A oc antiserum . 

F ig , 27A shows th a t both fib r in o g en  fr a c t io n  1-4  and the A oc-related  

a n t ig e n (s )  in  S-UK spurred over Aoc-RA(26,000), w h ile  a rea c tio n  o f  

id e n t i ty  was observed between S-UK and fib rin ogen  fr a c t io n  1-4» When 

th e  A oc-rela ted  a n tig en s in  S-UK were compared w ith  th e Aoc-RA(44,000) 

p rep aration , a r e a c tio n  o f id e n t ity  was obtained (F ig , 27#). In  

a d d it io n , th e la t t e r  preparation  showed spur form ation over Afcc-RA(26,000)

5 .3 .2  In v iv o  s t u d ies

Lim ited s tu d ie s  on a number o f serum samples from normal 

in d iv id u a ls  and p a t ie n ts  have been performed, although no attempt was 

made to  d is t in g u ish  th ese  two groups.

By double d if fu s io n  a n a ly s is ,  77 serum samples have been 

examined. F aint p r e c ip it in  l in e s  were observed in  each case when anti-Aoc 

antiserum  was employed, but none were seen w ith a n ti-f ib r in o g e n  a n t i

serum. The in t e n s i t y  o f th ese  p r e c ip it in  l in e s  u su a lly  in creased  when 

th e  p o s t-o c c lu s io n  serum was compared with th e p re -o cc lu sio n  sample 

(28 p a irs  o f sam ples). However, no s ig n if ic a n t  in crea se  in  FTP le v e l s  

were found by the tanned red c e l l  haem agglutination in h ib it io n  assay .

In the few pre- and p o s t-o c c lu s io n  samples which were examined by the  

ethanol g e la t io n  t e s t ,  no demonstrable f ib r in  monomer was presen t, Ko



A q -ra
(26,000)

1-4

1-4

A q -ra
(26,000)

Fit/. 23 Immunodiffusion of fibrinogen fraction 1-4 (l.3 mg/ml), 
Aoc-HA(26,000) (0,05  mg/ml) and the concentrated 
post-occlusion serum sample from D.McD. (POS) with 
anti-Aoc antiserum (a/Aoc).
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p r e c ip it in  l in e  was observed when afibrinogenaem ic plasma was in v e s t ig a 

te d  w ith  e ith e r  a n t i- f ib r in o g e n  or anti-Aoc a n t ise r a .

Q̂vfo p o s t-o c c lu s io n  serum samples were 2x concentrated by means 

o f a BI5 Amicon C oncentrator and th e ir  immunological behaviour was 

compared w ith  th a t o f fib r in o g en  fr a c t io n  1-4  and Aoc-RA(26,000), As an 

example, F ig . 28 shows th a t the serum A oc-related  a n tig en (s )  contain  more 

determ inant s i t e s  than Aoc-RA(26,000) and appear to  be more c lo s e ly  

r e la te d  to  fr a c t io n  1-4? thus behaving in  an analogous manner to  the  

Aoc-RA(44»000) preparation . In f a c t ,  th ere may be two A oc-related  

a n tigen s in  such serum sam ples, s in c e  c lo se r  exam ination o f P ig . 28 

r ev e a ls  th a t part o f th e serum p r e c ip it in  l in e  does not meet th a t o f  

f ib r in o g en  in  a l in e  o f com plete id e n t ity .  As y e t ,  the nature o f the  

A oc-re la ted  a n t ig e n (s )  in  p r e -o c c lu s io n  serum has not been in v e s t ig a te d .

S in g le  r a d ia l imm unodiffusion c le a r ly  in d ica ted  an in crea se  in  

th e  le v e l  o f A o c-re la ted  a n t ig e n (s )  in  the p o s t-o c c lu s io n  serum samples 

(F ig , 29; th e  o r ig in  o f th e in n er p r e c ip it in  r in g  i s  not known at 

p r e se n t) . The i l lu s t r a t e d  example showed an in crea se  in  p r e c ip it in  area 

in  th e  p o s t-o c c lu s io n  sample o f approxim ately 100^, w h ile  the f ib r in o 

l y t i c  a c t iv i t y  o f th e  corresponding plasma eu g lob u lin  fr a c tio n  increased  

by 48C^* In two c a se s , venous o cc lu sio n  produced no in crease  in  the  

f ib r in o ly t ic  a c t iv i t y  o f plasma eug lobu lin  fr a c tio n s  and, correspond

in g ly ,  no in crea se  in  th e  areas bounded by the p r e c ip it in  r in gs of th e  

p o s t-o c c lu s io n  serum sam ples.

Attempts have a lso  been made to  q u a n tita te  the le v e ls  o f Ac% -  

r e la te d  a n tig en (s )  in  pre- and p o st-o c c lu s io n  sera  by L aurell e le c tr o 

p h o re s is . Although the e le c tr o p h o r e tic  cond ition s have not y e t been 

p e r fec ted , F ig . 30 in d ica ted  th e la rg e  in crease  in  Ack. - r e la te d  a a t ig e n (s )  

when the p o s t-o c c lu s io n  sample was compared w ith the p re -o cc lu sio n  

sample. The im p erfec tly  formed L aurell ''rockets" were probably due to
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Fig. 29 Single radial immunodiffusion of serum samples from
patient Pre-occlusion serum was obtained from a
non-occluded arm and post-occlusion serum was obtained 
from the other arm after 15 min venous occlusion. 10 jil 
serum samples were applied to the agarose gel, which 
contained 2̂  v/v anti-Aoc antiserum (a/Aoc).
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Fig. 30 Laurell electrophoresis of lOĈ , 80̂ , 6CÇ̂b, ^Qf/o and
20;: dilutions of serum samples from patient H.C. Pre- 

* occlusion serum was obtained from a non-occluded arm
and post-occlusion serum was obtained from the other arm 
after 15 min venous occlusion, 10 |il serum samples were 
applied to the agarose gel, which contained 2fo v / v  

anti-Aoc antiserum ( a / A o c ) ,  Electrophoresis was 
conducted overnight (l7 hours) at I50V,
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rap id  d if fu s io n  o f the a n t ig en (s )  because o f th e ir  low m olecular weight 

and/or th e low e le c tr o p h o r e tic  m ob ility  of the a n tig en ic  sp ec ie s  ( c f ,  the 

low e le c tr o p h o r e tic  m o b ility  o f AoC -M (26,000) and S-UK an tigeri(s) in  

F ig . 2 6 ), Carbamylation o f th e serum sam ples, in  order to  in crea se  the  

e le c tr o p h o r e tic  m o b ility , did not g r e a t ly  a l t e r  th e  fshape o f th e "rockets"

5 .4  D iscu ss ion

5 .4 ,1  In v i t r o  s tu d ie s

V7ith a view to  q u a n tita tin g  th e amount and exigent o f f ib r in (o g e n )-  

o ly s is  using anti-A oc antiserum , the e f f e c t  on plasma fib rin ogen  o f  

urokinas©“induced a c t iv a t io n  o f the plasma f ib r in o ly t ic  system has been 

re-exam ined by an im m unological tech n iq u e. Instead  of estim atin g  th e  

plasma fib r in o g en  or in sp e c tin g  th e  m olecular con d itio n  of plasma 

f ib r in o g e n  a f t e r  in cu b ation  v/ith urok in ase, immunodiffusion has been 

used to  d e tec t q u a l i ta t iv e ly  the presence or absence o f fib r in o g en - and 

A oc-re la ted  an tigen s in  th e r e s u lt in g  serum, a f t e r  removal o f the f ib r in  

c lo t  w ith thrombin.

The r e s u lt s  showed th a t both S-UK and S-NaCI (sera  obtained from 

plasma incubated  w ith  urokinase and s a l in e ,  r e s p e c t iv e ly )  contained one 

or more sp e c ie s  which dem onstrated Aoc a n t ig e n ic ity , but d id  not 

p r e c ip ita te  w ith  a n t i- f ib r in o g e n  antiserum . While the p r e c ip it in  l in e  

from th e r ea c tio n  o f anti-A oc antiserum  and S-KaCl was f a in t ,  th at o f  

S-UK was c le a r ly  v i s ib l e  (F ig , 2 5 ), in d ic a tin g  th at a c t iv a t io n  o f  

plasm inogen by urokinase had r e su lte d  in  considerab le  f ib r in o g e n o ly s is  

w ith  th e r e le a se  of Aoc chain  fragments from plasma fib r in o g en . Over 

th e period  of o b serva tion , the ex ten t o f plasma fib r in o g en  degradation  

appeared to  be l im ite d , s in ce  only a low le v e l  o f f ib r in o g e n -r e la ted  

a n tig en s were d etec ted  in  the serum, (Although immunodiffusion w ith
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a iït i- f ib r in o g e n  antiserum , as used h ere , i s  not capable of d e te c tin g  fra g 

ment D or fragment S le v e l s  below ca . SO^-ig/ral, the tanned red c e l l  

haem agglutionation  in h ib it io n  assay  i s  s e n s it iv e  to  2 jxg (fib r in o g en  

e q u iv a len t) FTP/ml ( 233 ) .

These r e s u lt s  resem bled th o se  of Gallim ore jet _al. ( l0 9 )  who found 

no evidence of ?D? in  human serum a f t e r  incubation  o f plasma and 

u rok in ase (75 Ploug u n it s /n il) ,  and th ose  of others (206, 3 0 l) who 

dem onstrated e x ten s iv e  degradation  o f the Aoc chain o f c lo t ta b le  plasma 

f ib r in o g en  a f t e r  in cu b ation  w ith  urok in ase. Although Ly et (206) 

found low le v e l s  o f serum FTP, th ey  s ta te d  th at fa i lu r e  to  d e tec t FTP in  

serum does not n e c e s s a r ily  preclude f ib r in o g e n o ly s is , w h ile  Konttinen  

e t a le  ( lO l);  in  a study o f strep tok in ase-in d u ced  f ib r in o ly t ic  a c t iv i t y  

in  plasma, have poin ted  out th a t , i f  the fragm en ts-lib erated  during 

f ib r in o g e n  degradation  are r e la te d  to  th e  sm all A, B and C peptides  

( 2 6 5 » 272 ); th ey  would probably not be measurable by the iramunological 

methods cu rren tly  used fo r  th e dem onstration o f f ib r in o g e n -f ib r in -r e la te d  

a n tig en s .

S ince S-UK contained  p o lyp ep tid es which ex h ib ited  Acc, but not 

f ib r in o g e n , a n t ig e n ic ity ,  and s in c e  g e l  f i l t r a t io n  s tu d ies  in d ica ted  

th a t the order o f s iz e  o f the a n t ig e n (s )  was comparable to  that o f the  

p u r if ie d  A oc-rela ted  a n tig en s , th e immunological behaviour o f th ese  

a n t ig e n ic  fragments in  S-UK was compared w ith th ose o f Aoc-RA(26,000) 

and the Aoc-RA(44;000) prep aration . The e lec tr o p h o re tic  m ob ility  o f the  

A o c-re la ted  a n tig e n (s )  in  S-UK was the same as th ose o f Aoc-HA(2 6 ,0 0 0 )  

(F ig . 26) and the Aoc-HA(44,000) preparation . Immunodiffusion w ith  

anti-Aoc. antiserum  rev ea led  th a t trie S-UK a n tig en (s )  and Aoc-RA(26 ,000) 

d isp la y ed  only p a r t ia l  immunological id e n t ity , the S-UK a n tig en (s )  

p o sse ss in g  more Acx, a n t ig e n ic  s i t e s  than the 26,000 m olecular weight 

polyp ep tid e (F ig . 27A). The rea c tio n  o f id e n t ity  with the Acc-H.A(44,000)
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preparation  (F ig . 2'73), which contained  most or a l l  o f the a n tig en ic  

s i t e s  o f the Aoc chain  of f ib r in o g en , in d ica ted  th at the. S-IFK a n tig e n (s )  

were more c lo s e ly  r e la te d  to  the 44,000 m olecular w eight polypeptide  

than to  th e 26,000 m olecular weight polypeptide*

5 .4*2 In v iv o  s tu d ie s

The e x is te n c e  o f Aon chain fragments in  eveiry  in d iv id u a l sera  

examined, except th e afibrinogenaem ic p a t ie n t , was confirmed by immuno- 

d iffu s io iio  In a d d itio n , th e  r e s u lt s  o f double d if fu s io n  a n a ly s is , s in g le  

r a d ia l imm unodiffusion and L aurell e lec tro p h o res is  u sin g  anti-Aoc  

antiserum  rev ea led  th a t venous o cc lu sio n  g en era lly  produced an in crea se  

in  th e  le v e l  o f A c t-r e la ted  a n t ig e n (s )  in  serum, and was accompanied by 

an in crea se  in  the f ib r in o ly t ic  a c t iv i t y  o f th e  plasma, as a sse ssed  by 

f ib r in  p la te s . In  two in d iv id u a ls , however, th ere was no in crea se  in  

e ith e r  plasma f ib r in o ly t ic  a c t i v i t i e s  or serum A - r e l a t e d  a n tig en s.

S in ce  d e tec ta b le  f ib r in  monomers were not generated by venous o c c lu s io n ,  

th e se  r e s u lt s  in d ic a te d  th a t a c t iv a t io n  of the plasma f ib r in o ly t ic  

system  caused d ir e c t  f ib r in o g e n o ly s is , a r e s u lt  which i s  in  d ir e c t  

co n tra st to  th ose  o f oth ers ( l 6 ,  47 , 1 0 9 , 134, 201) and which would be 

overlooked by imm unological techniq ues employing a n ti-f ib r in o g e n  a n t i

serum. .Although attem pts at c o r r e la t in g  the in crea se s  in  A cc-re la ted  

an tig en s in  human sera  w ith other haernatological parameters ( e .g .  areas  

o f l y s i s  on f ib r in  p la te s )  must await grea ter  c h a ra c ter isa tio n  o f the  

a n tig e n ic  s p e c ie s ,  th e  magnitude o f th e  in crease  of th ese  a n tig en ic  

sp e c ie s  a f te r  venous o cc lu s io n  was g en era lly  grea ter  than can be 

accounted fo r  by the e f f e c t s  o f haem oconcentration.

Prelim inary c h a r a c te r isa tio n  of A oc-related  a n tig en (s) in  human 

sera  (F ig . 28) in d ica ted  at l e a s t  one a n tig en ic  sp e c ie s  which behaved 

im rnunologically in. a maiine.r s im ila r  to  Ac/„-flA(44,000) and a p o ss ib le
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second sp e c ie s  w ith  fewer a n tig en ic  determ inants. I t  i s  not yet known 

i f  g rea ter  plasma f ib r in o ly t ic  a c t iv i t y  and longer incubation  tim es 

r e s u lt  in  fu rth er  degradation o f th e Aoc fragments to  sp ec ie s  resem bling  

AcU-RA(26,000).

5 .4*3 Aoc chain fragments in  serum: recent in v e s t ig atio n s

The above study i s  re lev a n t to  some of the recen t in v e s t ig a t io n s  

of p ep tid es  which have been derived  by enzymatic and chem ical means from 

th e  Aoc chain o f fib r in o g en  (38 , 119, 122, 137, 138, 155, 317, 318, 320). 

Some in v e s t ig a to r s  have d escrib ed  th e  e x is ten ce  o f A(x. chain fragments in  

human serum and have in d ica ted  th a t th e ir  q u a n tita tio n  may have physio

lo g ic a l  and p a th o lo g ic a l s ig n if ic a n c e  (38 , 119, 138, 318). While 

G o llw itzer  ejt ( I I 9 ) have found a serum con cen tration  range of 

1-10  pm oles/ml fo r  normal h ea lth y  su b je c ts , BlombUck e t a l .  (3 8 ) , 

H arfen ist e t  e l .  (13B) and Takagi and Kawai ( 3IB) have described  a range 

o f 50-200  pm oles/m l. From a comparison o f the p r e c ip it in  r in g  s iz e s  

obtained fo r  Aoc-RA(26,000) w ith  th e r in g  s iz e s  fo r  normal serum in  

s in g le  r a d ia l im m unodiffusion t e s t s ,  approximate c a lc u la tio n s  fo r  normal 

serum con cen tration s in  t h i s  study agree more c lo s e ly  with the l a t t e r  

range.

Although previous authors have described an in crea se  of serum Aoc 

fragment concen tra tion s in  various coagu lation  d isord ers ( I I 9 , 138, 318) 

and in  one A rvin -tren ted  p a tien t (3 8 ) , no one has y e t described  such an 

in c r ea se  a f t e r  venous o cc lu sio n  o f th e  lim bs, as was found in  t h is  study. 

Moreover, s in ce  some workers found th a t exerc ise -in d u ced  a c t iv a t io n  o f  

th e  plasma f ib r in o ly t ic  system  lead s to  an in crea se  in  serum FTP le v e l s  

(6 6 , 8 6 ), w hile o th ers have d etec ted  no change in  serum FTP le v e l s  ( 5 , 

1 3 2 , 185, 288), i t  w i l l  bo in te r e s t in g  to  re-oxamine th is  is su e  o f  

ex erc ise -in d u ced  f ib r in o g e n o ly s is  by means o f an immunological assay
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employing anti-A oc antiserum , e s p e c ia l ly  in  view o f th e recent fin d in g  

of an in crea se  in  degraded Aoc chains in  plasma fib rin o g en  a f te r  

e x e r c ise  (6 o ) .

5 , 4 . 4  Sp ecu la tion  on a f ib r in o g e n o ly tio  mechanism

The mechanism of plasmin a c t io n , assuming th at enzyme to  be 

r esp o n sib le  fo r  th e  observed degradation of fib rin o g en  during the ^n v iv o  

and i_n v i t r o  s tu d ie s ,  i s  d i f f i c u l t  to  ex p la in , Turing a c t iv a t io n  of the  

plasma f ib r in o ly t ic  system  in  other s tu d ies  ( 1 3 1 , 132, 134, 201, 288), 

th e  s p e c ia l p r o te c tio n  from degradation afforded to  so lu b le  fib rin ogen  

was a ttr ib u te d  to  th e presence o f c ir c u la t in g  antip lasm ins and/or a n t i-  

a c t iv a to r s . In  a d d itio n , i t  has been pointed  out th at antip lasm ins  

e x is t  in  plasma in  con sid erab le  molar excess over p o te n tia l plasmin ( l3 4 ,  

258 ) and th a t some o f  th ese  antip lasm ins are fa c t -a c t in g  (3 , 78 ), The 

observed Aoc chain degradation  in  plasma fib rin o g en  may have occurred in  

th e  short tim e between plasm in gen eration  and in h ib it io n  o f the proteo

l y t i c  a c t iv i t y  by an tip lasm in s or i t  may be a d ir e c t  r e s u lt  o f the sm all 

amount o f fr ee  plasm in p o stu la ted  by Nanninga ( 258 ) to  be present in  

plasma. On the other hand, Harpel and Mosesson ( 140 ) demonstrated th a t  

plasm in a c t iv i t y  was in h ib ite d  in com p letely  by (Xg-macroglobulin and th at 

th e  en zym e-inh ib itor complex reta in ed  a sm all amount o f f ib r in o g e n o ly tic  

a c t iv i t y ,  which was p rotected  from in a c t iv a t io n  by other enzyme 

in h ib it o r s .  An a t t r a c t iv e  h yp oth esis  th a t C^g-macroglobulin "traps" by 

conform ational change, ra th er  than in h ib i t s ,  p r o te o ly t ic  enzymes has 

been proposed ( l 3 ) .  By th is  means, th e bound enzymes may demonstrate a 

part o f i t s  normal a c t iv i t y  w ith  low m olecular weight su b str a te s , but 

l i t t l e  or none w ith la rg e  p ro te in s because of s t e r ic  hindrance. I f  the  

Aoc chain were an in te g r a l u n it o f a compact fib r in o g en  m olecule, one 

might expect complete p ro tec tio n  from the res id u a l p r o te o ly t ic  a c t iv i t y  

of such a trapped enzyme. However, present evidence in d ic a te s  th at the
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Aoc chain o f fib r in o g en  i s  lo ca ted  on the surface o f the m olecule  

(D isc u ss io n , Chapter 3) and th at th e  Aoc fragments which are c leaved  by 

plasm in have a h y d ro p h ilic  nature and are su r fa c e -o r ie n te d , s in c e  th ey  

have a high content o f polar amino a c id s  and are h ig h ly  d e f ic ie n t  in  

hydrophobic amino a c id s  (3 0 , 122, 137» 155» 317, 320). The GOOH-terminal 

asp ect o f the Aoc chain  appears to  have a random c o i l  arrangement on th e  

b a s is  o f  c ir c u la r  d ichroism  s tu d ie s  o f fragment A (320) and a le s s  

ordered stru c tu re  than the r e s t  o f  th e  m olecule s in c e  the h e l ic a l  content 

o f fib r in o g en  was in crea sed  a f t e r  removal o f th e  COOH-terminal h a lf  o f  

th e  Aoc chain (2 4 3 ). Indeed, a la rg e  part of th e  Aoc chain may protrude 

from th e  bulk o f th e  f ib r in o g en  m olecu le , s in c e  i t s  removal caused an 

in c r ea se  in  th e  d if fu s io n  c o e f f ic ie n t  and a decrease in  the f r ic t io n a l  

r a t io  o f fib r in o g en  ( 239 ) ,  and c r y s t a l l i s a t io n  o f  fib r in o g en  occurs only  

a f t e r  c leavage by p r o te o ly s is  o f a s im ila r  part o f th e  Aoc chain (3 3 0 ). 

T h erefore , as d ep icted  in  the m olecular models of D o o l i t t le  (68) and 

M osesson and F in layson  ( 243 ) ,  th e  a c c e s s ib i l i t y  to  the ex tern a l environ

ment o f th e  COOH-terminal asp ect o f the Aoc chain may ex p la in , in  p a r t, 

i t s  ease  o f removal during a c t iv a t io n  o f the plasma f ib r in o ly t ic  system , 

even by such complexes as plasmin-» OC^-siS'-ci^oglobulin ( 140 ) .

From a p h y s io lo g ic a l v iew , the e f f e c t  o f enzymic cleavage o f a

4 4 ,000  m olecular w eight p o lyp ep tid e  from the Aoc chain o f fib r in o g en  as 

a r e s u lt  o f a c t iv a t io n  o f the plasma f ib r in o ly t ic  system  would prevent 

c r o s s lin k in g  o f th e  OC chains of th e  damaged sp e c ie s  ( 105 ) , should  

subsequent f ib r in  form ation  occur, s in c e  the two c r o ss lin k in g  acceptor  

s i t e s  are lo c a te d  on the c leaved  Aoc polypeptide (85 , 91, 3 2 0 ), Further

more, damage to  fib r in o g en  by plasm in p r o te o ly s is  o f the Aoc chain , and 

subsequent f ib r in  form ation , was shown to  produce f ib r in  g e ls  p o ssess in g  

only 1/  o f the m echanical stren g th  o f g e ls  formed from in ta c t  fib rin o g en  

( 3O6 ) .  T herefore, i t  i s  con ceivab le  th a t , a f t e r  in  vi.vp vascu lar  in ju ry ,
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f i b r i n ' form ation from such damaged fib rin o g en  may lea d  to  d e fe c t iv e  

s t a b i l i s a t io n  o f the haem ostatic p lug .
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CHAPTER 6 % THE LOCATION OF Aoc-.RA(26»000) IN THE Aoc CHAIN OF HUNAN 

FIBRINOGEN

6 .1  In trod u ction

In recen t y ea rs , sev era l groups o f workers have described  a 

number o f p lasnû n-d erived  fragments from the Aoc chain o f human 

fib r in o g en  ($ 6 , 137, 155, 317, 320). The fragments c o n s isted  o f s in g le  

chain  p o lyp ep tid es o f  m olecular weight 2 0 , 000- 25,000  and appeared to  be 

s im ila r  to  each oth er in  amino a c id  com position. In some cases ( 9 6 ,

1 3 7 , 1 5 5 » 320 ) ,  NHg-terminal amino acid  sequence an a lyses were performed 

and the r e s u lt s  were in  good agreement w ith  one anothex' and could be 

r e la te d  to  the sequences in  cyanogen brom ide-derived Acc. chain fragments 

o f s im ila r  p ro p ertie s  (7 0 , 96, 155, 320). These fragments were u su a lly  

d escrib ed  as COOH-terminal Aoc chain fragm ents, s in ce  they were not 

d erived  from s e c t io n s  o f  th e  Aol chain  which p a r tic ip a ted  in  in terch a in  

d isu lp h id e  bonding ( l3 7 ,  155, 317 ). However, th e ex ten siv e  amino a c id  

sequencing data o f D o o l i t t le  and coworkers (70, 320) have provided  

evidence fo r  a more accu rate  lo c a t io n  of one o f th ese  p o lyp ep tid es, 

fragment A, in  a c en tr a l reg io n  o f th e Aoc chain.

S in ce th e  fragment Acc-HA(26 ,000) i s  l ik e ly  to  be s im ila r  to  those  

mentioned above, the lo c a t io n  o f t h i s  fragment in  th e Aoc chain of 

fib r in o g e n  was s tu d ied  by immunological means in  order to  provide 

a d d it io n a l in form ation  to  th a t g iven  by D o o lit t le  and coworkers ( 7 0 , 320). 

The in v e s t ig a t io n  was conducted by comparing the immunological behaviour 

o f the in ta c t  Aoc chain o f fib rin ogen  and the fragment Aoc-H~l(26,000) 

w ith  th a t of other fragm ents which con ta in  or c o n s is t  o f various se c t io n s  

of th e Aoc chain , v iz .  fib r in o g en  fr a c tio n  1 -9 , fragment X and the COOH- 

term in a l Aoc p o lyp ep tid es c leaved  by ancrod (75, 96, 230, 273).
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6 .2  M ateria ls and Methods

6 .2 .1  Human fib r in o g en  fr a c t io n s

Kabi fib r in o g en  was used d ir e c t ly  fo r  d ig e s t io n  by ancrod. 

Fibrinogen fr a c t io n  1-4  was prepared as described  in  Chapter 2 , 

High s o lu b i l i t y  f ib r in o g e n s , fr a c tio n s  1 -8  and 1 -9 , were prepared 

from outdated ACD plasma, according to  Mosesson and Sherry (2 4 8 ). On 

e le c tr o p h o r e s is  on 7»5^ w/v acrylaaiid.e g e l in  2M urea/5^  v /v  a c e t ic  a c id , 

both fr a c t io n s  1 -8  and 1 -9  gave r i s e  to  a major band near the top of the  

g e l along w ith  a minor im purity o f h igher m o b ility . Y/hen a sse ss in g  the  

p u r ity  o f th ese  fr a c t io n s  by im m unodiffusion aga in st anti-human serum, 

th ere  was no r e a c tio n  w ith  fr a c t io n  1 -8 , but fr a c t io n  1 -9  shov/ed a very  

weak rea c tio n  which, however, could not be id e n t if ie d  by u sin g  a n tise r a  

to  albumin, antithrom bin I I I ,  fa c to r  VIII or plasminogen.

6 .2 .2  Fragment X

Fragment X was prepared as described  in  Chapter 4 .

6 .2 .3  COOK-terninal po lyp ep tid es from the Aoc chain o f f ib r in o gen

Using a m o d ifica tio n  o f the method o f Edgar and P ren tice  (75)»

Kabi fib r in o g en  was d ig e ste d  by ancrod. The fib r in o g en  and s a l t s  were 

d is so lv e d  in  d i s t i l l e d  water to  a fib rin ogen  con cen tration  of 20 mg/ml, 

and tetrasod lum  ethylenediam ine te tr a -a c e ta te  (Na^EDTA) was added to  a 

co n cen tra tion  o f 0.03M in  an attempt to  in h ib it  th e c ro ss lin k in g  con

tam inants present in  some ancrod preparations (2 7 3 ). The fib rin ogen  

s o lu t io n  was incubated  fo r  1 houi? at 37°C with ancrod a t a con cen tration  

o f  10 in te r n a t io n a l u n its /m l. S ince EDTA appeared to  in h ib it  f ib r in  

c lo t  form ation by ancrod, the supernatant con ta in ing  n o n -c lo tta b le  

p o lyp ep tid es was obtained by adding bovine thrombin to  a f in a l  con

c en tra tio n  o f 20 îTIHu/ml, or by h eatin g  the so lu tio n  to  56^C, and
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removing the f ib r in  c lo t  on a g la s s  rod. The p r o te o ly t ic  a c t iv i t i e s  o f  

both ancrod and thrombin were in h ib ite d  by adding phenylmethyl sulphonyl 

f lu o r id e  (H-îSF) in  isopropanol so lu t io n  to  a con cen tration  of 

B esid es sev era l low m olecular w eight p o lyp ep tid es, SDS-polyacrylamide 

g e l e le c tr o p h o r e s is  of the supernatant so lu tio n  in d ica ted  the presence o f  

high  m olecular w eight sp e c ie s ;  p a r t ia l  sep aration  v/as achieved by apply

in g  the supernatant so lu t io n  (5  ml) to  a column (9I x 2 .5  cm) o f  

Sephadex G-lOO and e lu t in g  w ith  10^ v /v  a c e t ic  a c id . The o p t ic a l d en s ity  

p r o f i l e  o f th e p ro te in  e lu t io n  i s  shown in  F ig , 31, along with the  

e le c tr o p h o r e t ic  g e l p a ttern s o f fr e e z e -d r ie d  fr a c tio n s  1. and 2.

6 . 2 .4  Immunological and e le c tr o p h o r e tic  techniques  

Immunodiffusion and Im m unoelectrophoresis were performed as

d escr ib ed  in  Chapter 3.

Polyacrylam ide g e l e lec tr o p h o re s is  in  the presence of SD3 or 

2M u r e a /5/0 v /v  a c e t ic  a c id  was performed as described  in  Chapter 2, 

D ensitom etry of the g e ls  was d escrib ed  in  Chapter 4 .

6 . 2 .5  A ntisera

• Antiserum to  th e carboxym ethylated Aoc chain of fib rin ogen  was 

r a ise d  in  ra b b its  as describ ed  in  Chapter 3,

A n tisera  to  human serum, albumin, antithrom bin I I I ,  fa c to r  V III , 

plasm inogen and fib r in o g en  was obtained from Hoechst Pharm aceuticals,

6 .2 .6  Reagents

Ancrod (A rvin) was obtained from Berk Pharm aceuticals Ltd, and 

bovine thrombin from Leo Pharm aceutical Products,

6.3 Results



280

0 10 Hi

0 0 5

75 150 225
E lut io n  v o l u m e ,  ml

36.000
31.000

2Tofo°
31,000

Fig. 31 A, Protein elution profile (monitored at 280 nm) of the 
supernatant solution remaining after removal of the 
clottable protein from anorod-digested fibrinogen. The gel 
filtration was performed on Sephadex G-lOO and the fractions 
were pooled as shown,
B, SDS-polyacrylamide electrophoresis (7̂  w/v gels) of:
1, Kabi fibrinogen (ll ^g); 2. ancrod-digested fibrinogen 
( l2 |ig); 3 . supernatant solution after removal of the 
clottable protein from ancrod-digested fibrinogen (3 ^l);
4. fraction 1 (9 >ig); 5« fraction 2 (14 p . g ) , The samples 
applied to gels 1 and 2 were reduced with dithiothreitol 
prior to electrophoresis. Fractions 1 and 2 refer to the 
pooled fractions shown in A, The positions of the Aoc,  B p  

and y chains, and low molecular weight polypeptides are 
indicated.
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6 ,3 ,1  P olypeptide chain stru c tu re  of the fib rin o g en  d er iv a tiv e s

A3.though th e subunit s tru c tu res  of fib rin o g en  and the fib rin ogen  

d e r iv a t iv e s , fr a c t io n s  Ï -8  and 1 -9 , fragment X, th e  Aoc chain , 

A oc-PA (26;000), and the COOH-terminal fragm ents, have been w e ll-d e fin ed  

by o th ers , th e ir  chain  com positions were confirmed in  th is  study by SDS- 

polyacrylam ide g e l e le c tr o p h o r e s is .

Of the s in g le  chain p o ly p ep tid es , the in ta c t  Aoc chain and 

Aoc-HA( 2 6 , 000) have m olecular w eights o f 67,000 and 26,000 and have 

been describ ed  in  Chapters 2 and 4@ r e s p e c t iv e ly , COOH-terminal fra g 

ments were derived  from th e Aoc chain o f fib rin ogen  by ancrod d ig e s t io n ,  

as d escrib ed  in  M ateria ls  and Methods and as shown in  P ig . 313. Gel 2 

in d ic a te s  th at most o f  the Aoc chain has been c leaved  to  form sev era l 

p olyp ep tid es of low er m olecular w eigh t, the two major fragments having  

m olecular w eights o f 36,000 and 31 ,000 , A fter removal o f the c lo t ta b le  

m ateria l or the h e a t-p r e c ip ita b le  s p e c ie s , th e supernatant (P ig , 313, 

g e l 3 ) was fr a c tio n a te d  by g e l f i l t r a t i o n  (P ig , 31A), in to  a lead in g  

peak ( fr a c t io n  l ) ,  co n ta in in g  high m olecular weight sp e c ie s , and a 

t r a i l in g  shoulder ( f r a c t io n  2 ) ,  c o n s is t in g  la r g e ly  o f sev era l low 

m olecular weight po lyp ep tid es (Dig, 313, g e ls  4 and 5» r e s p e c t iv e ly ) ,

The s e r ie s  o f 3 p o lyp ep tid es in  fr a c t io n  2 had m olecular w eights of

31 ,0 0 0  (major band), 29 ,000  and 2 7 , 0 0 0 , and were not a lte r e d  by d isu lp h id e  

bond red u ction . S im ilar  s e r ie s  of Ack. chain fragments from ancrod 

d ig e s t io n  o f fib r in o g en  have a lready been reported (75» 96, 273). The 

s in g le  band in  th e  middle o f th e  g e l had a m olecular weight 54,000 and 

may have been a dimer o f one o f the lower m olecular weight bands. S ince  

imm unodiffusion t e s t s  revea led  th a t the high m olecular weight m ite r ia l  

o f fr a c t io n  1 d id  nob react w ith a n ti-f ib r in o g e n  oi' anti-Aoc antiserum , 

th e  fr a c t io n  was d iscarded . F raction  2 was reta in ed  fo r  in v e s t ig a t io n  

o f th e immunological p ro p erties  o f COOH-terminal Aot, chain p o lyp ep tid es.
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'if. 32 SDS-polyacrylamide electrophoresis { t A  w/v gels) of 
reduced fibrinogen fractions 1-4, i-8 and 1 - 9 ,  The 
positions of the intact subunit chains are stiown, along 
with two molecular weight graduations.
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Of the  m u ltip le  chain f ib r in o g en  d e r iv a t iv e s ,  the s tructure  of  

fragment X has already been described (F ig , I9B and Table III, Chapter 4 ) 

and c o n s is t s  o f  in t a c t  'jj' ch a in s , degraded Bp chains and a KHg-terminal 

Aoc remnant of molecular weight 26,000, In ad d ition , a fa in t  band o f  

molecular weight 31,000 was a ls o  seen. Examination o f the subunit 

s tr u c tu r es  o f  f ib r in o g en  fr a c t io n s  1 -4 ,  1-8  and 1-9 by SDS-polyacrylamiie  

g e l  e le c tr o p h o r e s is ,  a f t e r  sample reduction  by d i t h io t h r e i t o l ,  in d ica ted  

th a t  the Aoc chain had been la r g e ly  degraded in  fr a c t io n s  1 -8  and 1-9  

(F ig ,  3 2 ) ,  (The o r ig in  of the high molecular weight bands seen in  th ese  

g e l s  i s  not known, but may be due to  im p arities  or to  incom pletely  

reduced f ib r in o g e n , ) Estim ation o f  the molecular weights y ie ld ed  va lues  

of  5 6 ,0 0 0  and 4 6 ,0 0 0  fo r  the Bp and chains, r e s p e c t iv e ly .  The Aoc chain 

in  f r a c t io n  1 -4  had a m olecular weight o f  67,000, but there  was no 

corresponding band in  f r a c t io n  1 -9 ,  while there  was a very fa in t  band in  

f r a c t io n  1 -8 .  Densitometry o f th e  g e ls  revealed  th at the s ta in in g  

pattern  below the chains o f  f r a c t io n s  1 -8  and 1-9  co n s is ted  of 4 bands 

of molecular weights 38 ,000 , 34 ,000, 31,000 and 2 9 ,000, of which the  

second band was the most abundant, A small amount o f  the 34,000 molecular  

v;eight m aterial was seen in  the fr a c t io n  1-4 preparation. These bands 

rep resen t the Aoc remnants which remain bound to  the core of the f ib r in o 

gen molecule at the ÎIIï^-term inal end in  th ese  high s o l u b i l i t y  sp ec ie s

(246).

6 .3 . 2  Immunological nroperties of the fibrinogen derivatives

On immunodiffusion, all of the fibrinogen derivatives reacted with 

anti-Aoc antiserum, but only fractions 1-4, 1"8, 1-9 and fragment X 

reacted with anti-fibrinogen antiserum, showing reactions of identity, 

while the intact Atx. chain, A oc-HA(26 ,000) and the COOE-teraiinal poly

peptides did not react*
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Comparison o f  the p r e c ip i t in  l in e s  of some o f  th ese  fragments by 

immunodiffusion w ith  anti-Aoo antiserum revealed  that the  in ta c t  Aql 

chain spurred over both AoC'“RA(26,000) and fr a c t io n  Ï -9  (F ig , 33), A 

s im i la r ,  but sm aller , spur was u su a l ly  obtained w ith  fr a c t io n  1- 8 , 

Furthermore, a r ea c t io n  o f  id e n t i t y  was in d ica ted  with fr a c t io n  1-9 and 

Aoc-R A (26,000), As expected , a s im ila r  p r e c ip ita t io n  pattern  to  th a t  in  

F ig ,  33 was obtained when the Acsc chain was rep laced by f ib rinogen  

f r a c t io n  1 - 4 .

Further immunological in v e s t ig a t io n  with fragment X, a sp e c ie s  

w ith  a shorter  NH^-terminal A(>6 remnant than that o f f r a c t io n  1 -9 ,  

rev ea led  th at an ti-A  ex. antiserum a ls o  produced a rea c t io n  o f  id e n t i t y  

w ith  Aoc™RA(26,000) and fragment X (F ig ,  34 ) ,  However, a high con

c en tr a t io n  of fragment X was required (4  rag/ml) and even then, the  

p r e c ip i t in  l i n e  was ra th er  weak. Re-examinâtion  of the g e l  electrophero-  

gi'am of in t a c t  fragment X (F ig , I 9A, Chapter 4 ) f a i l e d  to  show any 

contam ination of the sample with A<X“RA(26,000), although a very f a in t  

band of molecular weight 31,000 was seen when fragment X was reduced by 

d i t h io t h r e i t o l  (F ig , I 9B, Chapter 4 ) .  Further evidence that the  

r e a c t i v i t y  with an t i-A o c  antiserum was indeed due to  fragment X was 

obtained from immunoeleotrophoresis (F ig , 35) which showed that both 

fragment X p r e c ip i t in  a r cs ,  w ith anti-Acx and a n t i - f ib r in o g e n  a n t ise r a ,  

corresponded to  each other in  m o b il i ty ,  but d if fe r e d  from that of  

Aoc-HA(2 6 ,0 0 0 ) ,

V/hen fragments from the other  end o f the Aoc chain, the COOH- 

term inal p o lyp ep tid es , were su b jected  to  g e l  d i f f u s io n  a n a ly s is ,  the  

p r e c ip i t in  l in e  from fib r in o g en  f r a c t io n  1 -4  spurred over those of  

Aoc-HA(26,000) and th e  COOH-terminal polypeptide preparation (F ig . 36 ) ,  

However, the p r e c ip i t in  l in e s  o f  Aoc-RA(26,000) and the COOH-terminal 

Aoc- po lypeptides  revea led  a p ettecn  of complete in t e r s e c t io n .
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Fig. 33 Immunodiffusion of Aoc chains (l.O mg/ml), fibrinogen
fraction 1-9 (l.5 mg/ml) and Aoc-RA(26,000) (0,05 mg/ml) 
with anti-Aoc antiserum (a/Aoc).
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Fig. 34 Immunodiffusion of Aoc chains (l.O mg/ml), fragment X 
(4 .0  mg/ml) and Aoc-RA(26,000) (0.05  mg/ml) with 
anti-Aoc antiserum ( a/ A oc) .



Fig. 35 Immunoelectrophoresis of fragment X ( l2 pg) and
Aol-HA(26 ,000) (0 .2  pg), using anti-fibrinogen (A/F) 
and anti-Aoc ( a/ A oc) antisera. The samples were applied 
on the agarose gel at the position indicated by the large 
arrow. The small arrow indicates the faint 
imciunoprecipitin arc formed by fragment X and anti-Aoc 
antiserum.
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Fig, 36 Immunodiffusion of fibrinogen fraction 1-4 (l.O mg/ml), 
Aoc-HA(26 ,000) (0,05  tng/ml) and the COOH-terminal Aoc 
polypeptides (C) (0 .6  mg/ml) with anti-Aoc anti serum 
(a/Aoc). Sample C was obtained from fraction 2 of 
Fig. 3IA.
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6 ,4  D iscu ssion

6,4*1 Comments on the chain s tru c tu res  of the f lb r in o ;-;en d e r iv a t iv e s

The in t a c t  ADL chain and Aoc«RA(26,000) sp e c ie s  have been 

d escr ibed  in  Chapters 2 and 4» r e s p e c t iv e ly .  The f r e e ,  s in g le -c h a in ,  

COOH-terminal Aoc polyp ep tid es  were obtained by anorod d ig e s t io n  of  

human f ib r in ogen  and i s o la t e d  by chromatographic separation  o f  the low 

molecular weight fragments. Polyacrylamide ge l e lec tro p h o res is  revealed  

the presence of 3 po lyp ep tid es  o f  molecular weights 31,000, 29 ,000  and 

2 7 , 0 0 0 , bes id es  some other contaminants. Although the progress o f  ancrod 

d ig e s t io n  with time was not s tu d ied , others (75, 96, 2?3) have found 

th a t  continued ancrod d ig e s t io n  o f th e  la r g e s t  c leaved  polypeptide  

(m olecular weight 31 ,000) accounted for  the  progressive  appearance of the 

sm aller  molecular s i z e  s p e c ie s .  However, i t  has been suggested ( 96 ) that  

at l e a s t  part of the observed h e terogen e ity  in  the molecular s i z e  of 

th ese  polypeptides may be r e la t e d  to  the absence o f  small peptides from 

the extreme COOH-terminal end of the Act chain in  n a t ive  f ib rinogen  (63, 

255) .  Ho evidence was found here or elsewhere (75, 9^, 273 ) fo r  ancrod- 

induced p r o te o ly s is  of Bp or y  chains*

SDS-polyacrylamide g e l  e lec tro p h o res is  o f  the reduced f ib rinogen  

f r a c t io n s  1 -4 ,  1 -6  and 1-9  revea led  the presence o f  in ta c t  Bp and 

chains in  a l l  three f r a c t io n s ,  but e x te n s iv e ly  degraded Aoc chains were 

observed in  the  high s o l u b i l i t y  f ib r in o g en s ,  fr a c t io n s  1-8  and 1 -9 ,  Four 

Aoc remnant bands o f molecular weight 29,000-38,000 (major band: 34,000)  

probably correspond to  the  A c t / ^ - A o C b a n d s  of Mosesson et  a j * ( 246 ) ,  

While f r i c t i o n  1-4 p ossessed  an in t a c t  Aoc chain, the presence o f a small 

amount of m aterial v;ith molecular weight 34,000 probably represents a 

proportion, of degraded (from the COOIi-terminal end) Aoc cfiains ( 246 ) ,  and 

confii'us the observation  o f bosesson et a l .  ( 246) that a l l  plasma fibrin.o-
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gen fr a c t io n s  contain  at l e a s t  some degraded Aoc chains.

As described  in  Chapter 4 , the fragment X preparation had in t a c t  ^  

ch a in s , s l i g h t l y  degraded B|3 chains and e x te n s iv e ly  degraded HHg- 

term inal AcïC remuants (m olecular weight 26 ,000 ). A f a in t  band (m olecular  

weight 31 ,000) of unknown o r ig in  was a lso  seen, but, in  view o f the f in d 

in g s  o f  others (98 , 272) th at the Aot remnants o f  fragment X may ex liib it  

considerab le  s i z e  h e tero g en e ity ,  t h i s  band may be derived from the Aol 

chain o f  f ib r in o g en . Indeed, some degree of h eterogen eity  o f  the Aoc 

remnant of fragment X might be expected , s in ce  Mosesson _qt ( 246 ) ,  in

a study o f c ir c u la t in g  f ib r in o g en  c a ta b o l i t e s ,  have id e n t i f i e d  nine  

p la sm in -l ik e  c leavage s i t e s  on th e  COOH-terminal aspect o f  the Aoc chain. 

Although Marder ^  aA. (222) suggested that fragment X and 

f r a c t io n  1-8  represen ted  the same interm ediate  degradation product, and 

Gaffney ( l0 3 )  and Pizzo ^  ad. (2?2) have attempted to  r e la t e  th e ir  

fragment X preparations to  the high s o l u b i l i t y  f ib r in o g en , fr a c t io n  I»8 ,  

on th e  b a s is  o f  the  in ta c tn e ss  o f  the  Bp chain, Mosesson ^  a l ,  ( 24I ,

2 4 6 , 247 ) have con v in c in g ly  demonstrated that the major s tru c tu ra l  

d if fe r e n c e s  between c ir c u la t in g  high s o l u b i l i t y  f ib r in ogen  fr a c t io n  1-8  

or I “9 and the in  v i t r o  plasm in-derived  counterparts, I-8D or 1-9^, la y  

in  the  r e la t iv e  abundance o f  d i f f e r e n t  NHg-terminal remnants o f  the Aoc, 

chain . Thus, th ese  authors showed that Aot/g and Aoc/^ (molecular  

w eights 34,000 and 3 2 ,000 , r e s p e c t iv e ly )  were most abundant in  fr a c t io n s  

1-8  and 1 -9 ,  whereas A o c ( m o l e c u l a r  weight 25 , 000 ) predominated in  

th e  I~9B counterpart which was derived from the plasmin degradation of  

pure f ib r in ogen . Such a d if fe r e n c e  in  molecular s i z e  of the NH^-terminal 

A o c  remnants between the  high s o l u b i l i t y  fib rin ogen s  and the ear ly  

d e r iv a t iv e s  of f ib r in o g en , produced by plasmin degradation jj i vj tr o ,  were 

reproduced in  t h i s  study; t h i s  d if fe re n c e  underlined the uncerta inty  as 

to  whether plasmin alone was resp o n sib le  for  the formation of c ir c u la t in g
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f ib r in o g en  c a ta b o l i t e s  pni v ivo  ( 247 ) .

6*4 .2  Immunological behaviour o f  the fibrinogen  d e r iv a t iv e s

All o f  the d e r iv a t iv e s  examined reacted with an ti-A o4  antiserum  

on immunodiffusion, but d i f fe r e n c e s  in  t h e ir  immunological behaviour 

gave in s ig h ts  in to  the probable lo c a t io n  of the ep itop es of the Adc 

chain .

The appearance o f a r e a c t io n  spur o f f ib r in ogen  f r s c t io n  1 -4  or 

in t a c t  Aoc. chain over fr a c t io n s  1 -8  and 1-9 in d ica ted  th at one or more 

a n t ig e n ic  determinants o f  the Aoc chain had been l o s t  during removal of  

the  COOH-terminal end of the Aoc chain in  the high s o l u b i l i t y  f ib r in o g e n s .  

Since  the in t a c t  Aec chain a lso  spurs over Aoc-RA(26 ,0 0 0 ) , the same con

c lu s io n s  are v a l id .  However, immunological rea c t io n s  o f  id e n t i t y  were 

obtained with fr a c t io n  1-9  and Aç>£-RA(26,000), in d ic a t in g  th at both o f  

th e s e  fragments contained id e n t ic a l  s e t s  o f  a n t ig en ic  determinants  

(F ig .  3 3 ) .  As th ere  are no rep orts  at present on the occurrence o f  

in t e r n a l  a n t ig en ic  homology of the Aoc chain, in  s p i t e  o f  the occurrence 

of sm all segments of in te r n a l  sequence homology (64, 7C), the id e n t ic a l  

immunological r e a c t iv i t y  o f  th ese  two fib rin ogen  d e r iv a t iv e s  w ith anti-Aoc  

antiserum was c o n s is t e n t  w ith  considerab le  seq u en tia l overlap (with  

resp e c t  to  t h e ir  p o s i t io n s  of o r ig in  on the in t a c t  Aoc chain) of the Ao<, 

chain fragments of f r a c t io n  1 -9  and Aoc-»RA(26,000),

Vfhen fragment X rep laced  f r a c t io n  1-9 in  the g e l  d i f fu s io n  

experiment (F ig , 3 4 ), a s im ila r  p r e c ip i t in  pattern was observed, and a 

r e a c t io n  of id e n t i ty  between fragment X and Aoc-RA(26,000) was seen.

S in ce  the i t e n s i t y  o f  the fragment X rea c t io n  was weaker than that o f  

fr a c t io n  1-9  (confirmed by e st im atin g  the t i t r e  of each sp e c ie s )  and 

s in c e  the molar concen tration  o f fragment X app lied  in  F ig , 34 was 

considerab ly  g rea ter  than th at of f r a c t io n  1-9 in  F ig , 33, the rea c t io n
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o f  id e n t i t y  between fragment X and AoL-RA(26,000) might be due to  the  

ex is te n c e  of a small population of fragment X sp e c ie s  with extended Aoc 

remnant chains (molecular, weight > 26,000) which overlapped in  amino 

acid  sequence with the fragment Ao4-“RA(26,000), C onsistent with t h i s  

h yp othesis  were thé observations th at

( i )  a fa in t  band o f  molecular weight 31,000 appeared on the acrylamide  

g e ls  o f  reduced fragment X, and

( i i )  fragments D and E, th e  Acsc chain remnants o f  which c o n s t i tu te  the  

NHg-terminal Aoc chain remnant o f  fragment X (218, 272), did not 

reac t  with anti-Aoc, antiserum*

Ŷhen the rea c t io n s  of the COOH-terminal polypeptides of the Aoc 

chain and Abc-RA(26,000) were compared, the p r e c ip i t in  l in e s  in te r se c te d  

each other (F ig . 36)* Close examination o f the in t e r s e c t io n  of the  

p r e c ip i t in  l in e s  and a p p lic a t io n  of the c r i t e r i a  o f  Crowl e  ( 65 ) in d ica ted  

th a t  t h i s  was probably a true r ea c t io n  of n o n -id en t ity  rather than double 

spur for-mation* These r e s u l t s  in d ica ted  that the COOH-terminal poly

pep tid es  (m olecular weights 31 ,000 , 29 ,000  and 2 7 , 00 0 )c leaved by ancrod 

from the  Aoc chain o f f ib r in o g en , did not share a n t ig en ic  determinant 

s i t e s  with Acsc.-HA(26,000), but included determinant s i t e s  not contained  

in  Aoc.-RA(26,000), The above r e s u l t s  have been summarised in  F ig . 37, 

which shows that the a n t ig en ic  determinant s i t e s  o f  Aoc-RA(26,000) must 

l i e  towards the HHg-terminal end o f i t s  s tru c tu re . Such a con stra in t  i s  

required  to  accommodate the inform ation that the a n tigen ic  s i t e s  o f  

Aoc-RA(26,000);

( i )  are removed from the parent fib rin ogen  molecule by the ear ly  

plasmin c leavage of a COOH-terminal polypeptide of molecular 

weight 44,000 (Chapter 4 ) ,

( i i )  are included in  the HH^-terminal Act remnant (molecular weight 

3 4 , 000 ) o f  f r a c t io n  1-9; and
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( i i i )  are not contained in  the ancrod-cleaved COOH-terminal polypeptides  

o f  the Aoc chain.

While the immunological f in d in g s  permitted the lo c a t io n  o f  

Aoc-HA(2 6 , 000 ) in  a c en tra l  s e c t io n  o f the Aoc chain, the term inal end 

of A(x. ~RA(26,000) was not contiguous w ith  the COOH-terminal end of the Aoi 

remnant of fragment X, Both Hess e l  ( l5 5 )  and F retto  _et ( $6)  have 

demonstrated a d d it io n a l  peptide  m ateria l at the HHg-terminal end o f the  

la r g e r  precursor Acjc po lyp ep tid es  compared with Hi2-Met, a fragment which 

i s  most l i k e l y  the  same as Aec-HA(26,000). In ad d it io n , Takagi and 

D o o l i t t l e  ( 320 ) have described  the lo s s  o f  three small peptides from the  

HHg-terminal end o f  an ea r ly  plasmin cleavage fragment to  y i e ld  fragment 

A, However, th ese  authors (320) as w e l l  as others ( 96 ) ,  have in d ica ted  

th a t  the  HH^-terminal end o f fragment A l i e s  near residu e  2pO in  the Aoc 

chain , which corresponds to  an approximate molecular weight p o s i t io n  of  

28,500 ( 91 ) .  This f in d in g  i s  c o n s is t e n t  with the proposed p o s it io n  of  

AoC“HA(26, 000 ) in  the Aoc chain s in c e  fragment A and Aoc-RA(26,000) 

appear to  be s im ila r  sp e c ie s  (317, 320 ) .

I f  the p o s i t io n  of fragment Aoc-RA(26,000), as in d ica ted  above, 

i s  c o r r e c t ,  i t  i s  d i f f i c u l t  to  r e c o n c i le  t h i s  idea  w ith the su ggestion  

th a t  the formation o f  the high s o l u b i l i t y  f ib r in o g en s ,  fr a c t io n s  1 -8  and 

1-9» rep resen ts  a major c a ta b o l ic  pathway fo r  f ib r in o g en , mediated by 

plasmin or p lasra in-like  enzymes ( 2 4 1 , 246 , 247). S tudies on the  

degradation o f p u r if ie d  f ib r in o g en  have shown that plasmin la r g e ly  removes 

a COOH-terminal Ao'^ polypeptide  which contains the a n t ig en ic  determinant 

s i t e s  o f  Aoc-RA(26,000) (Chapter 4 ) ,  whereas f r a c t io n s  1-8 and 1-9 appear 

to  have reta in ed  th ese  s i t e s  on t h e ir  co n stitu en t chains. Furthermore, 

the plasma environment does not appear to  have modified the i n i t i a l  

cleavage pattern  of plasma f ib r in o g en , such as to  cause the progressive  

cleavage of COOH-terminal fragments of the AoC chain of f ib rinogen  up to



144

th e  s tages  represented  by f r a c t io n s  1 -8  and 1-9  and then beyond that  

s ta g e  to  r e le a s e  the a n t ig en ic  determinant s i t e s  o f  AoL-RA(2 6 , 000 ); 

evidence was presented  in  Chapter 5 th at a c t iv a t io n  of the plasma 

f i b r i n o l y t i c  system in  v i t r o  and in  v ivo  caused the r e le a se  from plasma 

f ib r in o g en  o f  fragments which were imnmnologically id e n t ic a l  to  

Aot-R-i( 4 4 , 000 ) and th er e fo re ,  in c o n s is te n t  with the formation of  

f r a c t io n s  1-8  and I-9« Therefore, th e  enzyme(s) resp o n sib le  fo r  the  

production o f f r a c t io n s  1 -8  and 1-9 appear(s) to  c lea v e  the Acc chain at  

a p o s i t io n  c lo se  to  the i n i t i a l  peptide  bond, 02? indeed the same peptide  

bond, c leaved  by ancrod* At the present tim e, th e r e fo r e ,  i t  i s  not Imown 

i f  f ib r in o g en  fr a c t io n s  1 -8  and 1 -9  are derived from in t a c t  f ib rinogen  by 

an a l t e r n a t iv e  or minor c a ta b o l ic  pathway of plasmin or i f  the enzyme 

resp o n s ib le  fo r  t h e i r  formation i s  more c lo s e ly  r e la te d  to  anorod than  

t o  plasmin in  i t s  s p e c i f i c i t y  o f  a c t io n .
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CHAPTER 7 î ÆriSERA TO THE pARBOXbHH-JTHYLATED B (3 .. MR . CHAIRS 01? 

FIBRINOGEN

7c1 Introduction

The major part o f  the present t h e s i s  c o n s i s t s  of the character

i s a t i o n  o f anti-AoL antiserum and i t s  use in  the in v e s t ig a t io n  of

fib r in o g en  degradation. The antiserum was adequate fo r  th in  purpose, 

s in c e  i t  reacted  with the  A(x, polypeptide chain, e i th e r  in  i t s  i s o la t e d  

form or in  in t a c t  fibrinogen*

In  order t o  in v e s t ig a t e  th e  immunological behaviour of the Bp 

and y  chains o f  f ib r in ogen  by the technique of immunodiffusion, a n t i -  

sera  to  the i s o l a t e d ,  carboxyraethylated polypeptides were ra ise d  in  

ra b b its  (a t  the th ir d  a ttem p t). From l im ite d  s tu d ie s ,  some character

i s t i c s  of anti-'Bp and a n t i -  ^  a n t ise r a  are presented in  t h i s  chapter*

7*2 M ateria ls  and Methods

7 *2 ,1  Preparation o f  a n t ise r a  to  the  oarboxymethy1ated Aoc. and 

T chains o f  human f ib r in ogen

The cai’boxymethylated Aoc, Bp and ^  chains of f ib rin ogen  

f r a c t io n  1-4  were prepared as described  in  Chapter 2* A ntisera to  

each o f  th ese  chains were ra ise d  in  6 , 3 and 3 r a b b it s ,  r e s p e c t iv e ly ,  

and were h e a t - in a c t iv a te d ,  as described fo r  the Aoc chain in  Chapter 3o

7 .2 .2  Commercial a n t ise r a

A ntisera to  f ib r in o g en  and i t s  fragments were obtained from a 

number o f  som'oes, as l i s t e d  in  Chapter 3,

7 .2 .3  Immunological techniqums

Inununodi f f u s l  on and immimoelectrophoresis were performed a,a 

d escr ibed  for  the Aoc chain of f ib r in ogen  in  Chapter 3.
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7 ,2 ,4  Polyacrylamide g e l  e le c tr o p h o re s is

Polyacrylamide g e l  e lec tr o p h o re s is  in  the presence or absence 

o f  SDS, was performed as described in  Chapter 2*

7*2*5 Preparation o f  poly p ep tid e  chains of f ib rin ogen  from small 

samples o f  plasma

Using the s u lp h ite  p r e c ip i ta t io n  method of Rampling and Gaffney 

( 2 9 1 ) ,  0*9 ml o f  1 0 . 5^ w/v sodium su lp h ite  so lu t io n  was added to  0 .1  ml 

o f  normal c i t r a t e d  plasma. A fter  incubating fo r  I 5 min at 31^0  ̂ the  

p r e c ip i ta te d  f ib r in o g en  was cen tr ifu ged  at 1 ,000 g fo r  30 min and 

subsequently  washed in  0 ,4  ml sodium su lp h ite  s o lu t io n .  The suspension  

was cen tr ifu g ed  again to  yi.e ld  a d ep osit  of f ib rin ogen  chains,

For examination o f  the  p r e c ip ita te d  fibrinogen by SDS- 

polyacrylamide g e l  e le c tr o p h o r e s is ,  the deposit was d is so lv ed  in  

0 ,5  ml of 1^ w/v s u s / phosphate b u ffer .  For immunodiffusion s tu d ie s ,  

the  d ep osit  was d is s o lv e d  in  0 ,1  ml 8M urea/barbitone b u ffer ,

7 , 2 ,6  Reagents

Fibrinogen f r a c t io n  1-4? normal human plasma and serum were 

obtained as in d ic a te d  in  Chapters 2 and 3, In a d d it io n , the s e r ie s  of  

plasmin d ig e s t s  o f  f ib r in ogen  (Chapter 4 ) was in v e s t ig a te d  in  t h i s  

stu d y ,

7 .3  R esults

7 ,3 .1  Puz'ity o f  the Be and Y polypeptide chains

The p u rity  o f  th e  Bp and J  chains of f ib rin ogen  was a sse ssed  

by polyacxylamide g e l  e le c tr o p h o r e s is ,  with or without the presence of  

SB'S, and the r e s u l t s  are shown in  F ig s .  5'B» 63 and 7 (Chapter 2 ) ,  

B esides  the major polypeptide  band, a number of minor bands of lower



Fig. 38 Immunodiffusion of Aoc cliains (l) 5 mg/ml, (4 ) 1 mg/ ml ;
Bp chains (2) 5 mg/rnl, (5) 1 mg/ml ; and y chains
(3 ) 5 mg/ml, (6) 1 mg/ml; with antiserum in centre wells,

(A/3p ), B, Anti-'Jj' antiserum (A/^ .A, Anti-Bp a n t iserum
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Fig . 39 SD3-polyacrylamide e lec tro p h o res is  ( 7/  w/v g e l s )  of  
A, s u lp h ite -p r e c ip ita te d  fibrinogen  from plasma 
(ca . 25 ^ g ) ,  and B. Kabi fibrinogen  ( i l  ^ g ) . In g e l  3, 
the fib rinogen  was reduced with d i t h io t h r e i t o l  prior to  
e lec tr o p h o re s is ,  and the con stitu en t polypeptide chains are  
in d icated . Gels A and B were obtained a f t e r  separate  
e lec tro p h o re t ic  runs.



Fig, 40 Immunodiffusion with antisera to the carboxymethylated 
Aoc ( a/ A oc) ,  3 p  ( A / 3 p  ) and ^ chains (V'J')*
A, Sulphite-precipitated fibrinogen from plasma (SP) 
(ca, 3 mg/ml), B, carboxymethylated fibrinogen 
(CH FIB) (2.5 mg/ml).
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e le c tr o p h o r e tic  m o b ility  were a lso  seen  on each gel*

7*3 .2  Immunological behaviour o f th e B 0 and T chains

Ilmmunological behaviour o f t he Bp and ^  chains' i -  

fib r in o g en  antiserum  from s ix  d if fe r e n t  commercial sou rces, immune- 

p r e c ip ita te s  were observed w ith  n e ith e r  Bp nor chains * Moreover, 

th ese  chains did not rea ct w ith  a n tise r a  to  fib rin ogen  fragtaents D and 

E,

Anti "Bp antiserum  reacted  w ith Bp and ch a in s, but not w ith  

Acc chains (Fig* 38A)o A n ti-^  antiserum  reacted  w ith  y  chains and 

very f a in t ly  w ith Bp ch a in s , but not w ith Acc chains (F ig , 38B)«

On immunodiffusion w ith fib rin ogen  fr a c tio n  1 -4  or plasma, 

a n t i-B p  antiserum  rev ea led  a very  fa in t  r ea c tio n , but a n t i - y  an ti serum 

did  not r e a c t , even when concen trated  tw o-fo ld  by ammonium sulphate  

p r e c ip ita t io n , N eith er  a n tise r a  reacted  with normal human serum and 

no p r e c ip it in  l in e s  were produced on immunodiffusion w ith the s e r ie s  

o f plasm in d ig e s ts  o f fib r in o g en ,

7 .3 ,3  Examination of su lp h ite -p r e c ip ita te d  fib rin o g en  from plasma 

SBS-polyacrylam ide g e l e lec tro p h o res is  o f the su lp h ite  

p r e c ip ita te  o f plasma rev ea led  th ree  major polypeptide bands o f the  

same m ob ility  as th o se  o f fib r in o g en  (F ig , 3 9 ). Additional minor bands 

of h igh er m olecular weight were .also ev id en t. Immunodiffusion o f the  

r e d isso lv e d  su lp h ite  p r e c ip ita te  rev ea led  that i t  reacted  w ith a n t ise r a  

to  the AùL, Bp and chains o f fib rin ogen  (F ig , 4 0 A), S im ilar  

p r e c ip it in  pattern s were observed w ith CM-flbrlnogen as antige.n. (F ig , 

40B).

7 * 4

vrnile there have been sev era l  claims that a n t lsera  ra ised
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a g a in s t  the po lypeptide  chains of human fibrinogen  were monospecific  

in  nature (28 , 2 5 2 , 285)» Goll?;it%er al« ( l2 1 ,  123 ) found consider

ab le  a n t ig en ic  homology between the Aoc and Bp chains of human 

f ib r in o g en , but th ese  authors a lso  considered the p o s s i b i l i t y  of  

cross-contam ination  o f the polypeptide chains. In t h i s  study, anti-B^g 

antiserum p r e c ip ita te d  w ith the ^  chain, as w e ll  as with the immunogen, 

and a n t i - J  antiserum reacted  with the immunogen, but only f a i n t l y  w ith  

th e  B ji chain* T herefore, i t  was l i k e l y  that each polypeptide  

preparation was contaminated with in ta c t  or degraded forms of the other  

chain . Although absorption  s tu d ie s  have not ye t been performed, the  

r e s u l t s  are s im ila r  to  th ose  of Gardlund ( i l l ) ,  who, d esp ite  consider

ab le  contamination o f  the f ib r in ogen  chain preparations and th e ir  

a n t ise r a  with each oth er , concluded th at c ro ss -re a c t in g  antibodies  to  

homologous s tru c tu res  in  th e  chains were not present in  th ese  antisera*  

However, by radioiraraunochemical means, an an tigen ic  homology between the  

A o c  and chains of human fib r in ogen  was r ec en tly  described (55 ) .

Anti-B|3 a n t i  serum, but not a n t i - ^  an t i  serum, was found to  

rea c t  weakly w ith in t a c t  f ib r in ogen . S im ilar f in d in gs  have been 

described by other workers (28 , 121, 252 , 285, 309) and may in d ic a te  

th a t  most o f  the a n t ig en ic  determinant s i t e s  on th ese  chains are 

s t e r i c a l l y  hindered in  the whole molecule. Against exp ecta tion s , th ese  

s i t e s  did not appear to  be exposed during plasmin degradation of  

f ib r in o g en . On the  other hand, i t  should be noted th at a n t i - ^  a n t i 

serum, when a sse ssed  by radioimmunoassay, exh ib ited  a sm all, but 

measurable, binding cap ac ity  fo r  f ib rinogen  (55» 285). In accordance 

with the f in d in gs  of others (28, 252 ), a n t i- f ib r in o g e n  anti.seiTum did  

not react  with any o f  the polypeptide chains of f ib r in ogen . However, 

G ollw itzer  et a l .  ( l 23 ) have observed p r e c ip ita t io n  reaction s  with the  

Acx and Bp chains of bovine f ib r in o g en , using antiserum to  bovine

Acx and. Bp c h a in s  of bovine f ib r in o g en , using  antiserum to  bovine
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fib r in o g en . In  a d d it io n , antiserum to  fragment D was reported to  

produce p r e c ip i t in  l in e s  on immunodiffusion of the Bp and "g" chains  

( 59 ) s but no such r e s u l t s  were found in  t h i s  study.

The in t e r s e c t in g  p r e c ip i t in  l in e s  found upon g e l  d i f fu s io n  of  

C iî-f ibr inegen and a n t ise r a  to  each o f the three chains o f f ibrinogen  

in d ica ted  that the a n t ig e n ic i ty  of each chain was la r g e ly  non- 

id e n t ic a l  in  nature. Furthermore, cleavage of the disu lphide bonds of  

f ib r in ogen  caused expression  of the a n t igen ic  determinant s i t e s  o f  the  

Bp and y  chains and th is  was a lso  observed for  su lp h ite -p r e c ip ita te d  

f ib r in o g en  from plasma. By t h i s  means, immunological examination of  

the subunit polypeptides o f  f ib r in ogen  may be performed on small 

volumes ( o . l  ml) o f  plasma, and such a teclinique may serve as a 

convenient method fo r  immunological probing of the con stitu en t chains  

of f ib r in o g en  in  such oases as acquired and congenita l dysfibrinogenaemias, 

Note.

The immunodiffusion experiment on the su lp h ito ly sed  chains of  

plasma fib rin ogen  was suggested by Dr. P. J . Gaffney, National 

I n s t i t u t e  fo r  B io lo g ic a l  Standards and Control, London.
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FUTURS Dir/ELOR,TENTS

Antiserum to  the carboxymethylated Aoc chain of human f ib r in o 

gen reacted  with the Aoc chain, whether in  is o la te d  form or as part of  

the f ib r in ogen  molecule* Immunoelectrophoresis with t h is  antiserum  

demonstrated the ea r ly  r e le a s e  of at l e a s t  two independent an t igen ic  

fragments from the A<x chain o f f ib rin ogen  during plasmin degradation. 

A ctiv a tio n  o f  the ulasma f i b r i n o l y t i c  system, both in  v i t r o  and in  v iv o ,  

a ls o  le d  to  the r e le a s e  o f  A oc-related  antigens from, plasma fibrinogen*  

Based on th ese  f in d in g s ,  q u a n tita t iv e  est im ation  of the Aoc- 

r e la te d  antigens in  human serum may represent an assay procedure fo r  

measuring the extent of jni v ivo  f ib r in (o g e n )o ly s is*  This assay should  

be a more s e n s i t iv e  in d ic a to r  of f ib r in (o g e n ) o ly s i s  than the current 

PDF assay , which measures only those major fibrinogen  d e r iv a t iv e s  in  

serum, which have become n on -c lo ttab le*  Using anti-Aoc antiserum, no 

such con stra in t  would be imposed on the  assay system, which would 

measure the e a r l i e s t - r e le a s e d  polypeptides from the Aoc chain of  

f ib r in (o g e n ) .

I t  remains to  be seen i f  the measurement of A oc-related a n t i 

gens in  human serum can d etec t  the occurrence of low grade hyper

c o a g u la b i l i ty  through the secondary a c t iv a t io n  of the f ib r in (o g e n )o ly t ic  

system* The assay may a lso  provide add ition a l information in  the  

controversy " f ib r in o ly s is  v s .  f ib r in o g e n o ly s is" , p a r t ic u la r ly  in  the  

cases  of system ic a c t iv a t io n  a f t e r  e x erc ise  and venous occlusion*
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