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SUMMARY

The m ain aims o f th is  w ork were to develop and test 
methods fo r the a n a ly s is  of the shape and calcium  b in d in g  properties  
of fib rin o g e n  and its  d e g ra d a tio n  product fragm ent D.

The techniques o f ph o to -sen s itized  la b e ll in g  and  
c ro s s -lin k in g  w ere used to o b ta in  in fo rm atio n  about the shape of 
these pro te ins  and both re ve a le d  in te re s tin g  in fo rm a tio n . Photo
sensitized  la b e ll in g  proved p a r t ic u la r ly  usefu l and resu lts  obta ined  
using th is  tech n iq u e  suggested th a t fragm ent D (Ca++) in  solution  
and the fragm ent D domains of fib r in o g e n  a re  co n fo rm atio n a lly  
v e ry  s im ila r . These studies also suggested th a t the A«=< ch a in  
of fib r in o g e n  is  h ig h ly  exposed a t the surface  of th e  molecule 
and th a t i t  sh ie ld s  o ther p o r t io n s ,p a r t ic u la r ly  the D-dom ains  
of the m olecule.

The use of chem ical c ro s s -lin k in g  reagents  revea led  a 
g ross-conform ation al d iffe ren ce  between fragm ent D (C a ‘̂ "‘ ) and  
fragm ent D (EDTA) and i t  was fu r th e r  shown th a t th is  d iffe rence  is  
a re s u lt of c le a va g e  of the % ch a in  of fragm ent D (Ca'^'*') 
ra th e r  th an  calc ium  rem o va l. Th is  suggests th a t the calcium  ion  
bound by  frag m en t D (Ca^^) exercises a p ro tec tive  in flu en ce  over 
a p lasm in  susceptib le  bond and th a t c leavag e  of th is  bond allow s  
a gross co n fo rm atio n a l c h an g e .T h is  is  consistent w ith  the resu lts  
from p h o to -sen s itized  la b e ll in g  w hich showed the C -te rm in a l 
p o rtio n  of the )S  c h a in  of fragm ent D to the surface  exposed.

I t  was also  shown th a t the technique of photo -sensitized  
la b e ll in g  could be m odified  to  induce c ro s s -lin k in g  y ie ld in g  a 
plasm in  d ig e s tab le  p roduct.These studies confirm ed resu lts  from  
la b e ll in g  s tud ies w hich  suggested th a t the A®<- c h a in  C -te rm in ii  
protect the N -te rm in a l p o rtio n  of fib rin o g e n .

C alcium  b in d in g  studies re ve a le d  two classes of h igh  
a f f in i ty  ca lc ium  b in d in g  s ite  in  fib r in o g e n . Two sites of h igh  
(Kd 10“5m ) w ere shown to e x is t in  the D-dom ains of the  
m olecule, a th ir d  s ite  of even h ig h e r a f f in i ty  (Kd =" 10~7m ) 
was also found a lth o u g h  the position  of th is  s ite  was not id e n tif ie d .

These re s u lts  of the study may be used to reconcile  
some of the more extrem e views of f ib rin o g e n  shape as they  
suggest th a t fib r in o g e n  is  a protected tr in o d u la r  s tru c tu re .
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INTRODUCTION

1) F ib rin o g en  C hem istry

F ib rin o g e n  is a la rg e  so lu b le  g ly co p ro te in  w h ich  is  

present in  p lasm a a t a co ncentra tion  of 3 m g /m l, c o n s titu tin g  

a p p ro x im a te ly  5% of the to ta l p lasm a p ro te in . I ts  m ain  ro le  is in  

the haem ostatic  process, ac tin g  as a p re cu rs o r of f ib r in  monomers 

w hich  in  tu rn  p o lym erize  to form in s o lu b le  f ib r in  clo ts  

(D o o litt le  1973). F ib rin o g en  has a lso  been im p lic a te d  in  a

num ber of o th er p h y s io lo g ic a l mechanisms; defence a g a in s t 

b a c te r ia l in fe c tio n  (H aw ig er et a l ,  1975), the  in flam m ato ry  

response (B e rn h a r t et a l ,  1971) and wound h e a lin g  (D u ch art and  

Beck, 1968). However i t  is  in  the haem ostatic  process th a t  

f ib r in o g e n  is  of g re a te s t im portance and i t  is  because of the ro le  

of fib r in o g e n  as p recu rso r of f ib r in  th a t  i t  has been the subject 

of so much s tu d y .

Blom back and Y am ashina (1968) showed fib rin o g e n  to  

be a d im eric  m olecule consisting  o f th re e  p a irs  of n o n -id e n tic a l  

p o lyp ep tid e  c h a in s . The th ree  ch a in s  of f ib r in o g e n  w hich  a re  

known as c h a in  B/3 c h a in  and  % c h a in  (B lom back 1973)

w ere shown b y  G affn ey  and Dobos (1971) to have  m olecu lar 

w eights of 6 7 , 0 00 , 58,000 and 47,000 re s p e c tiv e ly . These fig u re s  

g iv e  the fib r in o g e n  h a l f  molecule a m o lecu la r w e ig h t of 172,000  

and the w hole m olecule a w eigh t of 344 ,000 . Th is  f ig u re  is  in  

good agreem ent w ith  m olecu lar w e ig h t estim ates of 340,000 o b ta in ed  

b y  a n a ly t ic a l  u ltra c e n tr ifu g a tio n  (S hu lm an , 1953; C asp ray  & Kekwick  

1957) and l ig h t  s c a tte rin g  measurements (K a tz  et a l ,  1952).
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F ig u re  1 .1  Schematic model of the f ib r in o g e n  m olecule

(From  : G affn ey, 1977)



- 2

Loewy et a l (1961) showed th a t fib rin o g e n  conta ined  

56 -  58 cyste ine  residues and fu r th e r  showed th a t n a tiv e  

f ib r in o g e n  conta ined  no free  -SH groups th ereb y  conclud ing  th a t  

a l l  these residues a re  in v o lv e d  in  d is u lp h id e  b r id g e s . Henschen 

( 1964) confirm ed th a t  there  w ere a c tu a lly  58 cys te in e  residues  

in  f ib r in o g e n  in d ic a tin g  the  ex is ten ce  of 29 5-S b r id g e s . C legg and 1

B a ile y  (1962) and Henschen (1963) h ad  p re v io u s ly  shown th a t the  

th ree  ch ain s  of each h a lf  m olecule o f f ib r in o g e n  a re  h e ld  together 

b y  d is u lp h id e  bonds and Blom back (1970) subsequently  showed 

th a t the  two h a lves  of f ib r in o g e n  a re  he ld  together b y  one 

d is u lp h id e  bond between the two A=< chains  and two d is u lp h id e  

bonds between the }S  c h a in s . F u r th e r  a n a ly s is  of the  position  of 

the d is u lp h id e  bonds in  f ib r in o g e n  (Blom back et a l ,  1976) showed 

th a t e leven  occur in  the c e n tra l dom ain of the m olecule w hich  

conta ins  the  N -te rm in ii o f a l l  o f the  ch a in s ; th is  in c lu d es  the  

th ree  responsib le  fo r h o ld in g  to g e th e r the two h a lve s  of the  

m olecule. A fu r th e r  e ig h t d is u lp h id e  bonds occur in  each of the two 

o u ter p a rts  of the m olecule, to w ard s  the  C -te rm in a l ends of the B/3 

and ^  ch ain s  and the  re m a in in g  two d is u lp h id e  bonds a re  intra-A®<  

c h a in  bonds found tow ards the  C -te rm in a l p o rtio n  o f th is  c h a in .

The g e n era l fe a tu re s  of the  fib r in o g e n  molecule 

are  o u tlin e d  in  F ig u re  1 .1 .

F u ll a n a ly s is  of th e  p r im a ry  s tru c tu re  o f f ib rin o g e n  

has been c a r r ie d  out and the  com plete sequences of the  % ch a in  

(Lo ttspeich  and Henschen, 1977), B/5 c h a in , (Henschen and  

L o ttsp e ich , 1977; W att et a l ,  1979) and  A*< c h a in , (D o o little  et a l 

1979) have  been p u b lis h e d . A n a lys is  of the p r im a ry  s tru c tu re  of
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these chains has shown a h ig h  degree of homology, p a r t ic u la r ly  

between the and  % c h a in s , the Ac< ch a in  also  shows

homology w ith  each of the o thers a lthough  th is  is  less th a n  the  

% hom ology. These f in d in g s  form the basis  of the  suggestion  

b y  D o o little  (1976) th a t  a l l  of the chains of f ib r in o g e n  have  

evolved from a common an ces to r.

The B ^  and  ^  ch a in s  of fib r in o g e n  have been shown 

to have c a rb o h y d ra te  bound to them (M ills  & T r ia n ta p h y llo p o u lo s , 

1964; Pepper e t a l ,  1974) and the  sites of a ttachm ent h ave  been 

shown to be Asn 52 on the ^  c h a in  (Blom back et a l  1973) and  

Asn 364 on the  B/3 c h a in  (T o p fer-P e te rso n  et a l ,  1976 ). V a ria tio n s  

in  the c a rb o h y d ra te  content of these chains  have been  used to 

e x p la in  v a rio u s  h e te ro g en e itie s  in  fib r in o g e n  p re p a ra tio n s  

(F in la ys o n  & Mosesson, 1963; Mosèsson & S h erry , 1966 ).

2) F ib rin o g e n  in  C o ag u la tio n

F ib r in o g e n  is  the n a tu ra l  su b strate  fo r th e  p ro te o ly tic  

enzyme th rom bin  (EC 3 -4 -2 1 .5 )  • Th is  enzyme has been shown to 

cleave two sm all p ep tid es  from the N -te rm in ii of the  A<=̂  and B/2» 

chains (B a ile y  et a l ,  1951; Lor a n d , 1952); these p ep tid es  being  

known as f ib r in o p e p tid e  A and fib rin o p e p tid e  B re s p e c tiv e ly . A fte r  

c leavag e  of the  fib r in o p e p tid e s  the  rem ain in g  m olecule is  known  

as f ib r in  monomer, the ch a in s  of th is  species be ing  denoted  

oC , /3  and % (B lom back, 1973) - Blomback et a l (1957) showed 

th a t f ib r in  monomers po lym erize  spontaneously to form a g e l,  

furtherm ore th is  s tu d y  showed th a t  fib rin o p e p tid e  A is  re leased  

before fib r in o p e p tid e  B and  p o lym eriza tio n  a c tu a lly  commences in
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the la g  phase before  c leavage  of f ib r in o p e p tid e  B. The n o n -s ta b iliz e d  

f ib r in  po lym er form ed in  the spontaneous re ac tio n  o u tlin e d  above is  

then c ro s s -lin k e d  b y  the action of F a c to r X I I I  (L o ra n d , 1972) w hich  

forms IS -g lu ta m y l-C r- ly s in e  (P issano et a l ,  1968) p ro te in -p ro te in  

c ro s s -lin k s  in  the presence of ca lc ium  (McKee et a l ,  1970). The 

f i r s t  c ro s s -lin k s  to be formed are  between ^  ch a in s  of ad jacen t 

f ib r in  monomers, le a d in g  to the p ro d u ctio n  of IS dimers (T a k a g i

& Iw a n a g a , 1970) and  th is  is  fo llow ed b y  c ro s s -lin k in g  of chains  

le a d in g  to the fo rm atio n  of -o c  polym ers (McKee et a l 1970). The 

% c h a in  c ro s s -lin k  s ite  is  lo cated  tow ards the C -te rm in a l end of 

th e  molecule (Chen & D o o little , 1970) and  the oC c h a in  c ro s s -lin k  

s ite  is  lo cated  in  the  c e n tra l p o rtio n  of the oC c h a in  (F in la ys o n  & 

Mosesson, 1973).

3 ) D ig es tio n  o f F ib rin o g en

The in te ra c tio n  between fib r in o g e n  and  p lasm in  was 

f i r s t  s tu d ied  b y  Nussenzweig (1961) who found th a t p lasm in  d igests  

o f fib rin o g e n  cou ld  be separated  in to  f iv e  pools b y  chrom atography  

on D E A E -ce llu lo se . The ' te rm in a l ' core fragm ents  D and E were  

found to account fo r a p p ro x im ate ly  70% of the  w e ig h t of the in ta c t  

fib r in o g e n  m olecule and  were fu r th e r  shown to be a n tig e n ic  a l ly  

d is tin c t from each o th e r. On the b as is  of column chrom atographic  

and g e l e lec tro p h o re tic  studies M a rd er et a l  (1969) proposed  

an  asym m etric scheme of f ib rin o g e n  d e g ra d a tio n . The m ajor fea tu res  

of th is  scheme have  ga in ed  g e n era l acceptance and  a re  shown in  

F ig u re  1 .2 .
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The f i r s t  even t in  the breakdow n of fib r in o g e n  by p lasm in  

is  the rem oval o f the C -te rm in a l f  o f the Ac< ch a in  (M ills  and  

K a rp a tk in , 1972) to  le a v e  a m olecule known as fragm ent X . F u r la n  

and Beck (1972) suggested th a t th is  m ight occur by seq u e n tia l 

c leavag e  g iv in g  r is e  to  a fa m ily  o f s lig h t ly  d iffe re n t fragm ent X 

m olecules. Th is  p o in t w h ich  w i l l  be more fu l ly  discussed la t e r .

The n e x t s tage  in  the c leavag e  in vo lves  the  rem oval of 

peptides (m .w . 6000) from  the  N -te rm in ii of the  B /3  chains  

(B udzynski et a l ,  1973) and the asym m etric s p lit t in g  of the th re e  

chains  of frag m en t X . T h is  la t te r  c le a va g e  re leases the species 

known as fra g m e n t D , th e  re m a in in g  fragm ent being  frag m en t Y . 

Fragm ent Y then  undergoes c leavag e  to re lease  a second fragm ent D 

le a v in g  the core fra g m e n t E . Thus one molecule of f ib r in o g e n  

g ives rise  to two fra g m e n t D and  one fragm ent E species.

From th is  scheme i t  can be seen th a t frag m en t E is  a

dim er consisting  o f th e  d is u lp h id e  bonded N -te rm in a l p ortions  of 

the A(K and )S  c h a in s  and a p o rtio n  of the B/3 c h a in  from close 

to the N -te rm in u s . F rag m en t D consists of the C -te rm in a l portions  

of the b /3  and  % c h a in s  and  a c e n tra l p o rtio n  of the A<=< c h a in .

S tudies o f th e  p lasm in  d ig estio n  of f ib r in  h ave  been  

c a rr ie d  out and  G a ffn e y  (1973) showed th a t the te rm in a l products  

of d igestion  of n o n -c ro s s lin k e d  f ib r in  a re  e le c tro p h o re tic a lly  

in d is t in g u is h a b le  from  those produced by  d igestion  of f ib r in o g e n - 

However d ig estio n  of c ro ss lin ke d  f ib r in  resu lts  in  the

production  of a h ig h e r  m o lecu lar w e ig h t fragm ent w hich is  known
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as D -d im er (G affney  & B rash er ,1973; G affn ey , 1973).

Th is  b r ie f  d esc rip tio n  of the  d eg rad a tio n  of fib r in o g e n  

b y  p lasm in  has o u tlin e d  the m ajor fe a tu re s  of the d ig e s tio n , 

however in  ths context of th is  w ork  th e re  are  two po in ts  w hich  

re q u ire  fu r th e r  d iscussion

( i )  C leavag e  of the A°< c h a in  C -term in u s

Mosesson and S herry  (1666) reported  f in d in g  a num ber 

of pools of f ib r in o g e n  w h ich  e x h ib ite d  s lig h t ly  d iffe re n t  

chrom atograph ic  p ro p e rtie s . F u rth e r  a n a ly s is  re v e a le d  th a t  th e re  

were n in e  pools, a l l  of w h ich  co n ta in ed  more th a n  90% c lo tta b le  

p ro te in  w hich how ever e x h ib ite d  d iffe ren ces  in  s o lu b il ity .  Subsequent 

work ( Mosesson et a l ,  1967) showed th a t  these pools of f ib r in o g e n  

e x h ib ite d  m olecu lar w e ig h t d iffe ren ces  and some c o rre la tio n  was  

found between w e ig h t and s o lu b il ity  w ith  the le a s t so lub le  

p re p a ra tio n s  h a v in g  h ig h e r m olecu lar w e ig h ts . (Mosesson et a l  

1972).

A n a lys is  of t ry p t ic  d igests  of the v a rio u s  pools of 

fib r in o g e n  re ve a le d  th a t  m o lecu lar w eig h t d iffe ren ces  w ere caused  

b y  d igestion  of the ch a in  C -te rm in u s . Mosesson et a l ( 1974)

a ttr ib u te d  such v a r ia t io n s  to in  v iv o  d e g rad a tio n  by  p lasm in  and  

suggested th a t th is  p la y e d  a ro le  in  th e  catabo lism  of f ib r in o g e n .  

This suggestion is  b acked  by the stud ies of M ills  and K a rp a tk in  

(1970) who found f ib r in o g e n  p u r if ie d  from fresh  plasm a to h ave  

two A ch a in  species d if fe r in g  by  3000 in  m olecu lar w e ig h t as 

determ ined by SDS -  P o ly a c ry la m id e  gel e lec tro p h o res is . T h is  

m olecular w eigh t d iffe re n c e  was a ttr ib u te d  to the loss of



a 27 res id u e  p ep tid e  of m olecu lar w eight 2859 found by C o ttre ll 

and D o o little  ( 1976) in  e a r ly  p lasm ic  d igests o f f ib r in o g e n .

The fa c t th a t both species of ch a in  were found in  fib rin o g en

p u r if ie d  from fre s h ly  donated b l ^ d  backs the suggestion of 

Mosesson et a l  (1974) th a t d e g rad a tio n  of fib r in o g e n  by  p lasm in  

occurs , in  v iv o .

However Sem ararro  et a l ,  (1977) showed th a t  the  

p ro p o rtio n  of l ig h te r  ch a in  in  a fib rin o g e n  p re p a ra tio n

in creased  w ith  the len g th  of tim e th a t the p lasm a was stored  

p r io r  to p u r if ic a t io n  of f ib r in o g e n . Thus, he concluded th a t  

some A<=̂  ch a in  h e te ro g en e ity  is  caused by in  v it r o  d e g rad a tio n  

a lth o u g h  he accepted th a t in  v iv o  d eg rad a tio n  also took p la c e .

Therefo re  the v a r ia t io n s  in  the A<=̂  c h a in  m o lecu la r  

w eig h t e x h ib ite d  b y  p u r if ie d  fib r in o g e n  most p ro b a b ly  

represents  a com bination  of in  v iv o  and in  v it ro  c le a v a g e .

How ever, the m ajor conclusion w h ich  can be d raw n  from  a l l  of these 

stud ies  is  th a t  the A*=< ch a in  of fib rin o g e n  rep resen ts  a h ig h ly  

la b i le  p o rtio n  of the  m olecule.

( i i )  F ib rin o g en  Fragm ent D

In  the scheme of d ig estio n  of fib rin o g e n  o u tlin e d  e a r l ie r  

th e  la t te r  s tages , re fe rr in g  to the production  of frag m en t D are  

s lig h t ly  over s im p lif ie d . G affney and Dobos (1971) and  Jaimeson 

an d  G affney  (1956) rep o rted  th a t frag m en t D a p p eared  on 

electrophores is  as a num ber of bands h a v in g  m olecu lar w eights
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betw een 73,000 and 100,000. Studies of d igests  (Ferguson et a l ,

1975; F u r la n  et a l ,  1975) re ve a le d  th a t each of the d iffe re n t  

species o f fragm ent D possessed the same A<>*' and  B/3 c h a in  

rem nants  and thus confirm ed e a r l ie r  suggestions (P izzo  e t a l ,  1972; 

G affn e y  et a l ,  1972) th a t the low er m olecu lar w e ig h t frag m en t D 

species were produced by  p lasm in  d e g ra d a tio n  of the C -term inus  

of the  ^  c h a in  rem n an t.

Studies by P izzo et a l,( l973) re v e a le d  th a t th e re  are  

th re e  species o f % c h a in  found in  fragm ent D p re p a ra tio n s  h a v in g  

a p p ro x im a te  m o lecu lar w eights  of 39,000 , 35 ,000  and  28 ,000 , the 

fra g m e n t D species c o n ta in in g  each be ing  known as D^, and  

re s p e c tiv e ly  (Ferguson et a l ,  1975).

I t  was fu r th e r  shown th a t D -d im er produced by  

d ig e s tio n  of c ro s s -lin k e d  f ib r in  had a "6 -c h a in  d im er the  chains  

o f w h ich  corresponded to the "6 of D^ species. Of th e  th re e  fragm ent 

D species o n ly  D^ re ta in e d  the a b i l i ty  to form F a c to r X I 11 induced  

c ro s s -lin k s , an id e a  consistent w ith  the p o s itio n in g  o f the Y  ch a in  

c ro s s -lin k in g  s ite  close to the C -term inus of th is  c h a in  (Ferguson  

e t a l ,  1975; F u r la n  et a l ,  1975).

H a v e rk a te  and Tim an (1977) showed th a t ,  i f  d igestion  

of fib r in o g e n  was c a r r ie d  out in  the presence of ca lc iu m  d ig estio n  

proceeded more s lo w ly  and the d igestion  produced a homogeneous 

h ig h  m o lecu la r w e ig h t fragm ent D (frag m en t D (Ca^^) = fgD ^=fgD (cate) 

m .w t 9 3 ,0 0 0 ). However in  d igestions c a r r ie d  out in  the  

absence of added calc ium  or in  the presence of EDTA a lower- 

m o lecu la r w e ig h t form of fragm ent D (fra g m e n t D (EDTA) = 

fgD^ (M .w t. 80 ,000 ) was found.
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Subsequent s tud ies  by  H a v erk a te  et a l (1979) showed 

th a t fragm ent D ( C a ^ )  had a potent a n tl-c o a g u le n t e ffec t 

w h ils t  fragm ent D (EDTA) has none. These w orkers  th ere fo re  

a sc rib ed  the a n ti-c o a g u le n t e ffec t of frag m en t D to the c h a in  

C -te rm in a l 12,000 m o lecu lar w e ig h t piece o f the m olecule, a p o rtio n  

w h ich  appears  to be s ta b il iz e d  by the presence of calcium  

(L a w rie  & Kemp, 1978; 1979)

4 ) Calcium  and F ib rin o g e n

The p rev io u s  d iscussion  about the p ro p e rties  and  

h e te ro g en e ity  of fib r in o g e n  touched upon a v e ry  im p o rtan t aspect 

w h ich  rem ains the su b jec t o f much study and d eb ate; the ro le  o f 

calc ium  in  m a in ta in in g  the  s tru c tu re  and p h y s io lo g ic a l p ro p e rties  

of f ib r in o g e n .

Koraenko and B e lits e r (1963) showed th a t calc ium  

l im its  the  ex ten t to w h ich  fib r in o g e n  is  degraded  by  try p s in  and  

Ly and Godal (1973) showed th a t  calc ium  had  the a b i l i t y  to  

s ta b ilis e  fib r in o g e n  a g a in s t d é n a tu ra tio n  by  heat and a lk a l i .

However i t  is  o n ly  c o m p a ra tiv e ly  re c e n tly  th a t  the f u l l  ex ten t of 

th e  in te ra c tio n  between ca lc iu m  and fib rin o g e n  has been s tu d ie d .

In  fa c t e a r ly  stud ies on f ib r in o g e n  were c a r r ie d  out in  calc ium  

depleted  solutions because F a c to r X I I I  and p ro th ro m b in , common 

contam inants of fib r in o g e n  p re p a ra tio n s , a re  not a c tiv e  in  the  

absence of ca lc iu m .

M a rg u e rie  (1977) showed th a t  fib rin o g e n  was s ta b iliz e d  

a g a in s t a c id  d é n a tu ra tio n  b y  calc ium  and th is  s tudy also re v e a le d  

th a t  the in i t i a l  ra te  of a tta c k  on fib rin o g e n  by p lasm in  was reduced
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in  the presence of c a lc iu m . Subsequent e q u ilib r iu m  d ia ly s is  studies  

(M a rg u e r ie  et a l ,  1977) re v e a le d  th a t f ib r in o g e n  possessed a number 

of sp ec ific  b in d in g  s ites  fo r ca lc iu m . Each fib r in o g e n  molecule was 

shown to have  th ree  h ig h  a f f in i ty  (Kd ap p ro x  10 s ites) and a 

la r g e r  num ber (12 -  15) of sites of low er a f f in i t y  (Kd approx  10~^M). 

I t  was fu r th e r  shown th a t the  b in d in g  of calc ium  by the low er 

a f f in i t y  s ites  could be ab o lish ed  in  the presence of magnesium  

su g g estin g  th a t  these sites  a re  not t r u ly  sp ec ific  fo r ca lc iu m . 

M a rg u e rie  et a l  (1977) a lso  presented  evidence w hich  showed th a t  

one of the  h ig h  a f f in i ty  s ites  was e lim in a ted  a t pH 6 .0  suggesting  

th a t  the  th re e  h ig h  a f f in i ty  s ites are not a l l  id e n t ic a l .

As discussed e a r l ie r ,  calc ium  p la y s  an im p o rtan t ro le  in  

re g u la t in g  the d ig es tio n  of fib r in o g e n  by  p la sm in - H a v erk a te  and  

Tim  an (1977) showed th a t ,  i f  d igestion  was c a r r ie d  out in  the  

presence of ca lc ium  a  s in g le  species of frag m en t D re s u lte d . Th is  

f in d in g  was supported  b y  P urves et a l (1978) who suggested th a t  

ca lc iu m  ions p ro tect the  h ig h  m olecular w eig h t form  of fragm ent D 

b y  b in d in g  to a s ite  on the % ch a in  of th is  species. This suggestion  

w as based  on the o b serva tio n  th a t the ^  c h a in  of h ig h  m olecu lar  

w e ig h t frag m en t D, produced by d igestion  in  the  presence of 

c a lc iu m , could  be r a p id ly  d igested  by p lasm in  a fte r  pro longed  

exposure to c a lc iu m -fre e  b u ffe r  o r  c h e la tin g  a g en ts . Purves et a l  

(1978) a lso  showed th a t  the  presence of ca lc ium  ions lends s ta b il i ty  

to D -d im er d e r iv e d  from  d ig estio n  of c ro s s -lin k e d  f ib r in  thus  

c o n tra d ic tin g  the suggestion of ferguson et a l (1975) th a t D -d im er  

w as p ro tected  because of the occupation of the F acto r X l l l  c ro ss - 

l in k in g  s ites .
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L indsey  et a l (1978) and N ieuw enhuizen e t a l (1979) also  

exam ined the  h ig h  a f f in i t y  b in d in g  sites of f ib r in o g e n  and came 

to the same b ro ad  conclusions as M arguerie  e t a l (1977) a lthough  

N iew enhuizen et a l  (1979) founds one h igh  a f f in i t y  s ite  to have  

a d iffe re n t d is so c ia tio n  constan t from the o th e r tw o . These studies  

also exten d ed  the w ork of M a rg u e rie  et a l (1977) showing th a t  

frag m en t D d id  in d eed  b in d  calc ium  as suggested b y  Purves et a l  

(1978 ). However th e  a b i l i t y  to b in d  calcium  w as o n ly  e x h ib ite d  

b y the  h ig h  m o lecu la r w e ig h t fragm ent D p re p a re d  in  the presence  

of c a lc iu m , suggesting  th a t  the calcium  b in d in g  s ite  res id ed  in  

the C -te rm in a l 12,000 m o lecu lar w eight frag m en t of the  - ch a in  

of frag m en t D (C a *^ ) .

F u r th e r , in d ire c t  evidence of the in vo lvem en t of the  

c h a in  in  ca lc iu m  b in d in g  was p ro v id ed  b y  L a w rie  and Kemp (1979) 

who showed th a t the  c h a in  of fib rin o g e n  a n d  frag m en t D 

e x h ib ite d  d iffe re n t m o b ilit ie s  on SDS p o ly a c ry la m id e  ge l 

e lec tro p h o res is  when ru n  in  the presence and absence of c a lc iu m .

N ieuw enhuizen et a l (1981) re -assessed  th e ir  d a ta  about 

calc ium  b in d in g  b y  fib r in o g e n  and concluded th a t  the  molecule  

did  not possess two classes of h ig h  a f f in i ty  s ite  b u t in s tea d  

had th re e  id e n t ic a l s ite s . In  v iew  of the sym m etry of f ib r in o g e n  

th is  seems u n l ik e ly ,  as M a rg u e rie  et a l (1977) p o in ted  out th a t  

i f  th re e  s ites  w ere to  e x is t one of these w ould  h ave  to l in k  two 

'h a lv e s ’ o f the m olecule . Accepting cu rren t ev idence  (N ieuw en hu izen  

et a l ,  (1 9 79 ); P urves et a l ,  (1978 ); L aw rie  & Kemp (1979 )) i t  w ould  

a p p ea r th a t  two of the ca lc iu m  b in d in g  sites in v o lv e  o n ly  the  

^  . c h a in  an y  th ir d  s ite  would therefore  h ave  to be composed of
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portions from  more th a n  one c h a in . Th is  th ird  s ite  could not 

there fo re  he c h e m ic a lly  id e n t ic a l to the others and so th e re  is  

no reason fo r  i t  to  e x h ib it  id e n t ic a l  b in d in g  c h a ra c te r is tic s  to the  

two sites c o n ta in e d  in  frag m en t D ( C a ^ ) .

R ecently  N ieuw enhuizen et a l (1983) is o la te d  a fragm ent 

D of in te rm e d ia te  w e ig h t betw een fragm ent D ( C a ^ )  and  fragm ent D s

(EDTA) th e y  found  th a t  th is  species (Fragm ent re ta in e d

the ca lc ium  b in d in g  a b i l i t y  of fragm ent D (C a ^ )  b u t h a d  lost 

the a n t i -c lo t t in g  a b i l i t y  o f th is  species. Thus th e y  suggested th a t

the a n t i -c lo t t in g  and ca lc ium  b in d in g  p roperties  o f frag m en t D ( C a ^ )

reside in  d if fe r e n t  reg ions of the  % c h a in . The conclusion about the  

a n t i-c lo t t in g  e ffe c t of frag m en t D is  supported by  the re s u lts  of 

Olexa and  B u d zyn sk i (1981) who is o la te d  a p e p tid e  o f m o lecu lar  

w eight 4674 from  the C -term in u s  of the "6- ch a in  and  found th is  to  

have a n t i—c lo tt in g  p ro p e rtie s .

T h e re fo re  the p o s itio n  of the calc ium  b in d in g  sites

of f ib r in o g e n  w h ich  res id e  w ith in  the fragm ent D domains of the

molecule is  w e ll  accepted and m oderate ly  w e ll c h a ra c te r is e d . The  

only  r e a l  d eb ate  about these s ites  revo lves  round th e ir  a f f in i ty  

for ca lc iu m  (N ieuw en hu izen  et a l ,  1981; Kemp et a l ,  1983 ). However 

the p o s itio n  a n d  n a tu re  of the  th ir d  s ite  rem ains u n c e r ta in .

M a rg u e rie  (1977) showed th a t the in i t i a l  r a te  of 

c leavag e  o f  f ib r in o g e n  by p lasm in  is  reduced in  the  presence of

ca lc iu m . Since the  s ite  of th is  e a r ly  c leavage is  the A®  ̂ c h a in

C -term in u s  (P izzo  e t a l ,  1972; Moses son et a l ,  1972) th is  f in d in g  

im p lic a te d  th e  A*=< c h a in  in  ca lc iu m  b in d in g . Th is  is  backed  by  

the s tud ies  of Credo et a l ,  1981 who showed th a t  the low ered

&
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req u irem en t of Factor X I I I  fo r ca lc iu m , w hich is  in d u ced  by  the  

presence of fib r in o g e n  (C redo et a l ,  1978) is  dependent upon the  

m id-sections of the c h a in s .

On the b as is  o f s tud ies  suggesting th a t  frag m en t X 

and fib r in o g e n  have  id e n t ic a l  ca lc ium  b in d in g  p ro p e rtie s  

(N ieuwenhuizen and G ravesen (1981) d ispute  the in vo lvem en t of 

the A«  ̂ c h a in  in  ca lc ium  b in d in g ) .  F u rth e r s tud ies  from  th is  

group (N ieuw enhuizen  et a l ,  1983) showed th a t a la te  frag m en t E 

product (Eg) does not b in d  ca lc iu m , however a s im ila r  product 

produced b y  cyanogen brom ide c leavag e  of fib r in o g e n  d id  b in d  

calcium  a lb e it  w ith  an a f f in i t y  low er th an  th a t w h ich  these  

w orkers observed in  in ta c t  fib r in o g e n  (N ieuw enhuizen et a l  1981).

On the b a s is  of the  re su lts  of N ieuw enhuizen and Gravesen  

(1981 ), M a rg u e rie  and A rd a illo u  (1982) re -e xa m in ed  the  calc ium  

b in d in g  p ro p e rtie s  of f ib r in o g e n  and fragm ent X . These w orkers  

found a s ig n if ic a n t  d iffe re n c e  between these species and th ere fo re  

are  in  to ta l d isagreem ent w ith  N ieuw enhuizen and G ravesen (1981 ).

Th erefo re  i t  can  be seen th a t two to ta l ly  d if fe re n t ,  

and ir re c o n c ila b le  p roposals  e x is t concerning the  p o s itio n  of 

the th ir d  h ig h  a f f in i ty  ca lc iu m  b in d in g  s ite  of f ib r in o g e n .

Some of these d iffe ren ces  how ever, may be a t t r ib u ta b le  to the  

l a b i l i t y  o f the  fib r in o g e n  m olecule coupled w ith  th e  known  

d if f ic u lt ie s  in  s tu d y in g  h ig h  a f f in i ty  calcium  b in d in g  s ites .

(P o tter et a l  1973).



—  14 —

5) The Shape of F ib rin o g en

Much e ffo r t has been p u t in to  the  a n a ly s is  of the size  

and shape of f ib r in o g e n  over a num ber of y ea rs  (H a l l -S la y te r ,  1959; 

Koppel et a l ,  1966; M a rg u e rie  et a l ,  1975). H o w ever, to da te  no 

s in g le  model has been proposed w hich  has met w ith  g e n era l 

acceptance. T h is  m a y ,in  p a r t  be a ttr ib u te d  to the fa c t th a t in ta c t  

f ib r in o g e n  has not y e t been c ry s ta lliz e d  and so, d e f in it iv e  x - r a y  

c ry s ta llo g ra p h ic  a n a ly s is  has not y e t been c a r r ie d  o u t. Tooney 

and Cohen (1972) d id  m anage to c r y s ta l l iz e  fib r in o g e n  w hich  

had  been p a r t ia l l y  degraded  by a b a c te r ia l  p rotease how ever th is  

in  i ts e lf  suggests th a t  th ey  were e xam in in g  a m olecule w hich  had  

undergone a s ig n if ic a n t  co n form ationa l chang e.

In  v iew  of th is  d if f ic u lty  in  c r y s ta l l iz in g  fib r in o g e n  

most of the  in fo rm a tio n  about the shape of th e  m olecule has been  

o b ta in ed  b y  e le c tro n  microscopy or p h ysc io -ch em ica l a n a ly s is .

E a r ly  e lec tro n  m icroscopic s tudies (H a ll  and S la y te r ,  

1959) w ere c a r r ie d  out us ing  the tech n iq u e  of shadow cas tin g  and  

on th e  basis  o f these stud ies H a ll and  S la y te r  proposed th a t  

f ib r in o g e n  was a tr in o d u la r  s tru c tu re  o f le n g th  4 7 .5  nm and  

d iam eter 9 nm (F ig u re  1 .3(a)).They also  observed th a t  the two  

o u ter nodules w ere s lig h t ly  la rg e r  th a n  the c e n tra l one. Support 

fo r th is  typ e  of model has come from a num ber of w orkers us ing  

d iffe re n t te c h n iq u es . Fow ler and E rickso n  (1979) c a r r ie d  out 

e lectron  m icroscopic studies using the techn iques of shadow c as tin g  

and n e g a tive  s ta in in g  and in  b o th  -cases found t r in o d u la r  shapes.

On the  b asis  o f the  known sequence d a ta  D o o little  et a l (1977) 

developed com puter s im u la ted  models w hich  p re d ic te d  th a t fib r in o g e n  

should have  a t r in o d u la r  shape.
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D o o little  e t a l  (1978) subsequently  showed th a t the  

sequences l in k in g  dom ains were h e lix  perm issive and suggested  

th a t by b u ild in g  up a hydrophobic  core, these reg ions w ould  

form a ’ c o ile d -c o il ’ s tru c tu re , th is  suggestion is  o f p a r t ic u la r  

im portance in  c o n s id e rin g  o ther models.

More re c e n tly  T e lfo rd  et a l (1980) us ing  an tib o d ies  and  

P rice  et a l (1981) u s in g  a n tib o d y  fragm ents id e n t if ie d  the c e n tra l 

nodule of the H a ll an d  S la y te r  model as corresponding to fragm ent 

E w h ils t the two o u te r ones were analogous to frag m en t D.

Koppel e t a l  (1966) c a rr ie d  out e lec tron  microscopic  

studies of f ib r in o g e n  u s in g  the techn ique of n e g a tiv e  s ta in in g . On 

the basis  of th is  w o rk  th e y  concluded th a t fib r in o g e n  a c tu a lly  

had a c a g e -lik e  s tru c tu re  w hich  they  in te rp re te d  as a p en tag o n a l 

Dodecahedron (F ig u re  1 .3 (b )).S im ila r  studies c a rr ie d  out b y  

P o u itt et a l (1972) and  B e lits e r et a l  (1975) supported th is  id e a  

th a t  fib rin o g e n  w as a sw ollen s p h e ric a l s tru c tu re .

Bachman et a l  (1975) c a rr ie d  out e lec tron  m icroscopic  

studies of f ib r in o g e n  u s in g  a freeze-e tch in g  tech n iq u e , the  f i r s t  

tim e such a tech n iq u e  was a p p lie d  to the study of a p ro te in  in  

so lu tion . These w o rke rs  observed ro d - lik e  molecules of len g th

47 .5  nm and d ia m e te r 9 nm, dim ensions w hich  a re  alm ost id e n t ic a l  

to those observed b y  H a ll  and S la y te r  (1959 ). Some of these ro d - l ik e  

molecules were b en t and  th is  the  authors in te rp re te d  as suggesting  

f le x ib i l i t y  a n d /o r  d é n a tu ra t io n . ( F ig u re  1 .3 ( d ) ) .



(a) Hall & Salyter (1959) o=^>=o
4 7 .5  nm

(b ) Koppel ( 1966 ) 24 nm

(c ) H u d ry-C lergeon  (1975) 
M a rg u e rie  et a l  (1975)

Î
28 nm

(d ) Bachmann (1975)

"45 nm

F ig u re  1 .3  Proposed models o f fib rin o g e n  shape
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In  lo o k in g  a t the re su lts  from e lec tro n  microscopic  

studies i t  is  w orth  b e a rin g  in  m ind the w ork of B an g , 1963 and  

Krakow et a l ,  1972 who showed th a t  the fib r in o g e n  molecule 

e x h ib ite d  an a b n o rm a lly  h ig h  degree of h y d ra t io n . Th is  could  

e x p la in  some of the d iffe ren ces  in  resu lts  o b ta in e d  b y  the d iffe re n t  

techn iques .

In  s h ad o w -cas tin g , d ry  p ro te in  is  exam ined and the  

p ro te in  th e re fo re  needs to be f ix e d  p r io r  to d e h y d ra tio n  and  

p u lv e r is a t io n . N o rm ally  the  f ix a t io n  procedure w i l l  produce  

in tra -m o le c u la r  b in d in g  w ith o u t a n y  conform ationa l changes.

However i t  is  possib le  th a t , in  the  case of a m olecule l ik e  fib rin o g e n  

w hich has a h ig h  degree of h y d ra tio n  the f ix a t io n  procedure may 

not be strong enough to p reserve  the  b io lo g ic a l s tru c tu re  

(T ra n q u i et a l 1979). I t  can be seen th a t i f  th is  w ere the case 

the c o ile d -c o il reg io n  proposed b y  D o o little  could be a ffected  

since its  exis tence is  p a r t ia l ly  dependent on hydrophob ic  

in te ra c tio n s .

The process of n e g a tiv e  s ta in in g  in  the  case of h ig h ly  

h y d ra te d  p ro te in s  has not r e a l ly  been fu l ly  exam in ed . Johnson 

and Horne (1970) showed th a t w ith  ' norm al ' sam ples (ie  degree of 

h y d ra tio n  from 1 -1 .2 )  the s ta in  d eh yd ra tes  fa s te r  th a n  the sample  

a llo w in g  the sample to be exam ined in  a p a r t ia l ly  d eh yd ra ted  

s ta te . However the p e n e tra tio n  of s ta in  in to  a h ig h ly  h y d ra ted  

s tru c tu re  l ik e  fib r in o g e n  could rep resen t a source of a rte fac ts  

(T ra n q u i e t a l 1979).
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The tech n iq u e  of fre e ze -e tc h in g  in vo lves  less rigourous  

sample p re p a ra t io n  and the p ro te in  is  c e r ta in ly  a n a ly s e d  in  a 

fu l ly  h y d ra te d  s ta te . However the technique does re q u ire  th a t  

the sample is  exam ined  in  a so lu tion  of low s a lt co n cen tra tio n  

( <  10 M) and  i t  is  possib le  th a t  the fib rin o g en  m olecule could  

undergo changes u n d er such co n d itio n s .

E a r ly  h yd ro d yn am ic  studies by Scherega and  Laskow ski 

(1957) in d ic a te d  th a t fib r in o g e n  had  an u n u s u a lly  h ig h  f r ic t io n a l  

co effic ien t (a  p a ra m e te r of s ize  and shape) and the  two possib le  

e xp la n a tio n s  w h ich  th e y  proposed were th a t the m olecule was 

e ith e r e lo n g ated  o r h ig h ly  h y d ra te d . This ra ises  an  im p o rta n t 

po in t about a l l  h yd ro d yn am ic  s tu d ies , the in te rp re ta t io n  of 

d a ta  is  g r e a t ly  in flu e n c e d  b y  assumptions made about the degree  

of h y d ra tio n  of the  m olecule, th is  of course is  p a r t ic u la r ly  

s ig n if ic a n t in  th e  case of f ib r in o g e n  w hich has an u n u s u a lly  h ig h  

degree of h y d ra t io n .

M a rg u e r ie  et a l  (1975) and M arg u erie  and  Stuhrm ann

(1976) a p p lie d  th e  techn ique of neutron s m a ll-a n g le  s c a tte rin g  

to f ib r in o g e n  a n d ,o n  the  b as is  of these studies concluded th a t  

f ib rin o g e n  was an  ob late  e ll ip s o id , more g ra p h ic a lly  described  

as a f la tte n e d  d isc  b en t in to  a b a n an a  shape (F ig u re  1 .3 ( c ) ) .

This model re q u ire s  a h ig h  degree of h y d ra tio n  (6g H 2 0 /g  p ro te in )  

and so is  co n s is ten t w ith  observed hydrodynam ic d a ta .  On the  

basis of th is  w o rk  M a rg u e rie  (1979) suggested th a t  the  ’b e n t' 

molecules observed  b y  Bachmann (1975) a c tu a lly  re p res e n t the  

tru e  n a tiv e  form  of fib r in o g e n  ra th e r  than  d en atu red  m olecules.
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S e rra lla c h  et a l  (1979) attem pted to f i t  each of the  

models of f ib r in o g e n  shape suggested by e lec tro n  m icroscopy to 

e x p e rim e n ta lly  d e riv e d  h yd ro d yn am ic  d a ta . These w orkers  were 

however u n a b le  to o b ta in  good agreem ent w ith  a n y  o f the r ig id  

models even when the  degree of h y d ra tio n  was v a rie d  w ith in  

v e ry  w ide  lim its  (up  to 9g ^2^^^ p ro te in ). Agreem ent could on ly  

be o b ta in ed  b y  f i t t in g  a model of a h ig h ly  f le x ib le  m olecule to 

the d a ta . A h ig h  degree of f le x ib i l i t y  w ith in  the  fib r in o g e n  

molecule was a lso  proposed b y  b ed erer (1979) on the b asis  of 

sm all a n g le  X—r a y  s c a tte r in g  d a ta . F u r th e r ,X e d e re r  proposed  

th a t the 'b e n t b a n an a* observed by M arguerie  (1979) m erely  

represented  one spec ific  conform ation of a h ig h ly  f le x ib le  

m olecule.

From the po in ts  ra is e d  in  th is  d iscussion  i t  is  obvious  

th a t a lth o u g h  no g e n e ra l agreem ent about the shape of fib r in o g e n  

has ye t been reach ed  each o f the models do h ave  po in ts  in  th e ir  

fa v o u r. P a r t  o f the problem  in  th is  f ie ld  may be e x p la in e d  in  terms 

of the techn iques u s ed ,e lec tro n  microscopy g e n e ra lly  in vo lves  

exam in ing  a sam ple w h ich  has undergone much p re p a ra tio n  and there  

is no g u a ra n te e  th a t changes do not take  p lace  d u r in g  th is .  

Physico-chem ical a n a ly s is  m ay s u ffe r from o v e r -s im p lif ic a t io n  in  

th a t effects of d if fe re n t reg ions of the molecule m ay be averag ed  

out in  in te rp re ta t io n .

A nother possib le  source of d iffe rences  has been suggested  

by  M u e lle r and B u rch ard  (1978) and Kemp (1983) who p o in ted  out 

th a t the p ic tu re  o b ta in ed  in  shape a n a ly s is  m ay be g re a t ly  a ffec ted  

by the presence or absence of ca lc iu m , an id ea  w h ich  on the basis  

of data  from d ig estio n  stud ies (M arg u erie  1977; H a v e rk a te  and T im an , 

1977) seems p e rfe c tly  fe a s ib le .
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6 ) Aims of th is  S tudy

The d iscussion  about fib rin o g e n  presented  here has shown 

th a t ,  a lth o u g h  much is  known about the m olecule th e re  s t i l l  rem ains  

a num ber of po in ts  w hich  have not been fu l ly  re so lv ed . P a r t ic u la r  

a rea s  of debate  concern the  shape and calc ium  b in d in g  p ro p erties  

of the  m olecule and i t  is  not inconce ivab le  th a t  the  form er is  

g r e a t ly  in flu e n c e d  b y  the la t te r .

Th erefo re  the  m ain  aim of th is  w ork  was to develop  

a n d  tes t methods w hich  could be used to g a in  in fo rm a tio n  about 

the  shape of p ro te in  in  s o lu tio n . These techn iques w ould then  

be a p p lie d  to f ib r in o g e n  and its  d eg rad a tio n  p ro d u ct frag m en t D in  

an e ffo rt to d e r iv e  in fo rm a tio n  about the shape of these species  

w h ich  cou ld  be com pared to the vario u s  c u rre n t models of 

f ib r in o g e n  shape.

The ca lc ium  b in d in g  properties  o f f ib r in o g e n  and  

fra g m e n t D w ere also  to  be exam ined and e ffo rts  w ere to 

be made to exam ine the  effects  of calcium  b in d in g  on 

the  shape of these species.
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INTRODUCTION

Since the  a n a ly s is  of the shape of fib r in o g e n  is  to form  

the m ajor p a r t  of th is  s tudy the points made in  the g e n e ra l 

in tro d u c tio n  about th e  la b i l i t y  o f the C -te rm in a l p ortions  of the  

A«< chains  of f ib r in o g e n  a re  p a r t ic u la r ly  s ig n h if ic a n t.

The w ork  of Tooney and Cohen (1972) suggested th a t  

a conform ationa l change occurs on c leavage  of the A«^ ch a in  

C -te rm in ii and  Sem erraro  et a l (1977) suggested th a t  such 

c leavage  may occur both in  v iv o  and in  v it r o .  Therefo re  to  

analyse  the shape of fib r in o g e n  i t  is  of g re a t im portance to  

o b ta in  as homogeneous and in ta c t  a p re p a ra tio n  as p o s s ib le . In  

view  of the  w ork  o f Sem erraro (1977) i t  would seem th a t  

the best p o lic y  w ould  be to adopt a ra p id  p u r if ic a t io n  scheme 

to reduce in  v it r o  c le a va g e  to a minimum.

O b ta in in g  a h ig h ly  in ta c t  fib rin o g e n  p re p a ra tio n  is a lso  

im portan t in  th e  a n a ly s is  of ca lc ium  b in d in g  since M a rg u e rie  and  

A rd a illo u  (1982) h ave  suggested th a t the A<^ c h a in  C -te rm in ii 

are  in v o lv e d  in  one of the  h ig h  a f f in i ty  ca lc ium  b in d in g  sites  

of fib r in o g e n . |

In  v ie w  of the s u s c e p tib ility  of f ib r in o g e n  to in  v it ro  

d e g rad a tio n  fra g m e n t D (C a ^ )  w hich  has been shown to be 

re s is ta n t to d ig e s tio n  in  the presence of calc ium  (H a v e rk a te  & 

T im an, 1977) is  p ro b a b ly  a b e tte r species to c a r ry  out 

developm ental w ork  on a n a ly t ic a l  techn iques.
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Therefore the m ain  aims of th is  section a re  to p u r ify  

homogeneous fib r in o g e n  an d  frag m en t D (Ca^"^) and to c h a ra c te ris e  

these species.

The p ro d u ctio n  o f frag m en t D (C a*^ ) from fib rin o g e n  

in vo lves  d eg rad a tio n  b y  th e  enzyme p lasm in , th is  p ro te in  can  

be p u r if ie d  as a b y -p ro d u c t o f fib r in o g e n  p u r if ic a t io n  and th is  

w i l l  also be a ttem pted .
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METHODS

A. PREPARATIVE

1 ) P u r if ic a t io n  of F ib rin o g e n

F ib rin o g en  was p u r if ie d  from o u td a te d , fresh  frozen  

p lasm a donated  by the Blood T ran sfu s io n  S erv ice , N inew ells  

H o s p ita l, Dundee. P u r if ic a t io n  was by  a method adapted from  

th a t  of L a w rie  e t . a l .  (1 9 7 9 ).

P lasm a was thaw ed  a t 37°C a n d , i f  an y  p re c ip ita te  could  

be seen a fte r  th aw in g  th is  w as removed by  c e n tr ifu g a tio n  a t 

2500 rpm fo r 15 m inutes. P lasm inogen was rem oved from the  

plasm a b y  passage th ro u g h  a column (25 cm x  1 cm) of ly s in e -  

agarose as described  by Deutsch and  M ertz (1 9 70 ). The plasm inogen  

free  p lasm a was then s t ir re d  fo r  10 minutes a t 37°C w ith  a 

1 /10  volum e of a lum in ium  h y d ro x id e  p rep ared  as described by  

Ike m o ri e t . a l .  (1975 ). The a lu m in iu m  h y d ro x id e  was removed from  

the  m ix tu re  b y  c e n tr ifu g a tio n  a t 2500 rpm fo r 10 m inutes and the  

s u p e rn a ta n t was co llec ted .

F ib rin o g en  was p re c ip ita te d  from the s u p ern a ta n t by the  

a d d itio n  of s a tu ra te d  ammonium su lp h ate  (BDH A n a la r) solution  

to a f in a l  concentration  of 25% s a tu ra t io n . The p re c ip ita te  was 

co llected  by c e n tr ifu g a tio n  and  washed w ith  23% s a tu ra ted  

ammonium s u lp h a te . A fte r c e n tr ifu g a t io n , the p re c ip ita te  was 

resuspended in  0 .05M  T r is -H C l pH 8 .6  co n ta in in g  0 .05M  NaCl and  

ImM C aC l2 - Four 45 m inute d ia ly s e s  ag a in s t a t le a s t 100 volumes 

of th is  b u ffe r  w ere c a rr ie d  out a t room tem p era tu re .
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A fte r d ia ly s is  the sample was c e n tr ifu g e d  to remove any  

in s o lu b le  m a te r ia l before  a p p lic a tio n  to a column (40 cm x 2 .5  cm) 

of DEAE c e llu lo se  (W hatm an) w hich had  been p re cy c le d  as p e r  

m an u fac tu rers  in s tru c tio n s  before e q u ilib ra t io n  w ith  0.05M  T ris -H C l 

pH 8 .6  c o n ta in in g  0 .05M  NaCl and 1 mM C aC l^ .

The f i r s t  p ro te in  peak  was e lu ted  from  the column w ith  

s ta r t in g  b u ffe r  and  two fu r th e r  peaks w ere e lu te d  w ith  s ta r t in g  

b u ffe r  f i r s t  made O .IM  and then IM  in  N aC l.

2) P u r if ic a t io n  o f P lasm inogen

P lasm inogen was p u r if ie d  from o u td a te d , fresh  frozen  

plasm a using  a method based on those of Deutsch and M ertz (1970) 

and R ic k li and  Cuendet (1971 ).

P lasm inogen was absorbed onto a colum n of ly s in e -  

agarose and the  re s u lt in g  p lasm in o g en -free  p lasm a was used fo r the  

p u r if ic a t io n  of f ib r in o g e n  as o u tlin e d  e a r l ie r .  A fte r  e lu tio n  of 

plasm inogen fre e  p lasm a the  ly s in e -a g a ro s e  was washed w ith  

0.05M  T r is -H C l pH 8 .6  c o n ta in in g  0 .3M  N aC l. P lasm inogen was 

then  e lu ted  b y  passage of O .IM  ^ -a m in o  c a p ro ic  a c id  th rough

th e  colum n. A ll  fra c tio n s  found to co n ta in  p ro te in  w ere pooled and  

s o lid  ammonium s u lp h a te  was added to a f in a l  concentra tion  of 

50% s a tu ra t io n .

The p re c ip ita te  was co llected  by  c e n tr ifu g a tio n  and  

resuspended in  0 .05M  ammonium b ic a rb o n a te  be fo re  a p p lic a tio n  to 

a column (40 cm x  1 .5  cm) of sephadex G-25 (P h a rm a c ia )  

e q u ilib ra te d  w ith  the  same b u ffe r . A ll p ro te in  c o n ta in in g  fra c tio n s
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from th is  column w ere pooled and the pool was then d iv id e d  in to  

sm all a liq u o ts  w h ich  w ere ly o p h ilis e d  and stored a t -4 °C  u n t i l  

re q u ire d .

3 ) A c tiv a tio n  o f P lasm inogen

For use in  d ig e s tio n s , ly o p h ilis e d  plasm inogen was 

resuspended in  0 .05M  T r is -H C l pH 7 .4  c o n ta in in g  0.012M N aC l. 

Streptok inase (S igm a -  2000 u /m l)  was then added to a f in a l  

concentra tion  of 10% ( v /v )  and  the m ix tu re  was in cu b ated  a t 

37“C fo r 15 m in u tes .

4) P re p a ra tio n  o f F ragm ent D (C a ^ )

Fragm ent D ( C a ^ )  was p re p are d  from peak  2 

f ib rin o g e n  as fo llo w s ,th e  f ib r in o g e n  was d ia ly s e d  o v ern ig h t 

a g a in s t 0 .05M  T r is -H C l pH 7 .5  c o n ta in in g  2 mM CaCl^. P lasm in , 

p re p are d  and a c t iv a te d  as o u tlin e d  e a r l ie r  was added a t a 

concentration  of 0.05%  (w /w ) and  d ig estio n  was a llow ed to  

proceed fo r fo u r hours a t 37°C .

The d ig e s t w as then  a p p lie d  to a column (25 cm x 1 cm) 

of DEAE ce llu lo se  an d  e lu ted  w ith  0 .05M  T ris -H C l pH 7 .5  

co n ta in in g  2 mM C aC l^ , a f te r  e lu tio n  of one p ro te in  peak w ith  

th is  b u ffe r  the re m a in in g  p ro te in  was e lu ted  us ing  an NaCl g ra d ie n t  

of 0 to 0 .3M  N aC l.

The fra g m e n t D c o n ta in in g  fra c tio n s  were then pooled  

and freed  from a n y  c o n ta m in a tin g  p lasm in  by passage through  

a column (15 cm x  1 cm) of ly s in e  agarose.



- 25 -

5) P re p a ra tio n  of Fragm ent D (EDTA)

Fragm ent D (EDTA) was p re p are d  as described , above, 

the o n ly  d ifference^ b e in g  th a t a l l  b u ffe rs  used conta ined  5 mM 

EDTA in s tead  of 2 mM C aC l^ .
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B. ANALYTICAL

1 ) P o ly a c ry la m id e  gel e lec tro p h o res is

In  th is  w ork , p o ly a c ry la m id e  gel e lec trophores is  in  

the  presence of sodium dodecyl s u lp h a te  (SDS-PAGE) was used 

fo r  d e te rm in a tio n  of m o lecu la r w e ig h t of p ro te in s , assessment 

of p u r i ty  of p ro te in  p re p a ra tio n s  and q u a n tita tio n  o f cross- 

l in k in g  re a c tio n s . I t  was c a r r ie d  out using a method ad ap ted  

from th a t  of Weber and Osborne (1969) and the stock solutions  

used a re  lis te d  below:

Gel b u ffe r  O .IM  T ris -H C l (S igm a)

6M Urea

0.2% (w /v )  SDS (BDH) 

pH ad justed  to 7 -4  w ith  HCl

A c ry la m id e /B is a c ry la m id e  -

10 /3  Solution in  g e l b u ffe r  

5 /5  solution in  g e l b u ffe r

Cham ber B uffer O .IM  T ris -H C l

0.2% (w /v )  SDS 

pH 7 .4

A 10/3  a c ry la m id e /b is a c ry la m id e  is  a 10% (w /v )  solution  

of a c ry lam id e  (BDH) of w h ich  3% (w /w ) is  b is a c ry la m id e  (BDH), 

s im ila r ly  fo r a 5 /5  s o lu tio n . In  th is  w ork 3% gels w ere also used 

and these were p re p are d  u s in g  a d ilu t io n  of the 10 /3  a c ry la m id e / 

b is a c ry la m id e  so lu tio n .
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Gels 10 cm long w ere polym erised in  glass tubes  

of 11 cm le n g th  and  4 mm in n e r  d iam eter a fte r  a d d itio n  of 

ammonium p e rs u lp h a te  so lu tion  (BDH) and NNN 'N ’ -  

te tra m eth y le th y len e d ia m in e  (TEMED) (S igm a) to the a c ry la m id e /  

b is ac ry la m id e  so lu tio n  a t the f in a l  concentrations g iven  in  

T ab le  2 ( i ) .

A c ry la m id e / B is a c ry la m id e 10/3 5 /5 3 /3

Ammonium P ers u lp h a te 0.05% (w /v ) 0.06% (w /v ) 0.075% (w /v )

TEMED 0.1% ( v /v ) 0.125% ( v /v ) 0.15% ( v /v )

Tab le  2 ( i )  F in a l  C oncentrations of Components fo r  P o lym erisa tio n
of Gels

A fter a d d itio n  of p e rs u lp h a te  and TEMED, gel so lu tion  was 

q u ic k ly  d ispensed  in to  the  g lass  tubes w hich w ere sea led  

a t the bottom w ith  p a r a f i lm . A sm all amount o f d is t i l le d  w a te r  

was then la y e re d  o ver the top of the g e l solution  to p reven t 

a meniscus from  fo rm in g . The gels were a llow ed to set and  

the d is t i l le d  w a te r  was then  removed and rep laced  w ith  gel 

b u ffe r , the gels  w ere then  stored o v e rn ig h t a t 4°C before  use.

N o rm a lly  between 10 pg and 20 pig of p ro te in  was 

loaded onto each ge l how ever before lo a d in g  p ro te in  samples 

were d esa lted  e ith e r  b y  a two hour d ia ly s is  a g a in s t cham ber 

b u ffe r or b y  a  c e n tr ifu g a l method based on th a t of N eal and  

F lo r in i (1 9 7 3 ). D e s a ltin g  columns (2 .5  cm x 1 cm) of sephadex  

G-25 w ere p re p a re d ,th e s e  w ere e q u ilib ra te d  w ith  cham ber



28 -

b u ffe r  and  the vo id  volume of the  column was removed by  

c e n tr ifu g a tio n  a t 2200 rpm fo r 10 seconds. The sam ple was then  

a p p lie d  to the column and the= c e n tr ifu g a tio n  was re p ea te d . 

Experim ents us ing  ra d io a c t iv e ly  la b e lle d  p ro te in  showed th a t  

75 -  80% of the to ta l p ro te in  was re tr ie v e d  a f te r  th is  procedure  

and th a t the p ro te in  was fu l ly  e q u ilib ra te d  w ith  cham ber b u ffe r .

Samples fo r red u ctio n  w ere then added to an e q u iv a le n t  

volume of red u c in g  medium w hich  conta ined  8M u re a , 3% (w /v )

SDS and 5% ( v /v )  /3  -m ercap to e th an o l (B D H ). The m ix tu re  was

then e ith e r  b o iled  fo r 5 m inutes o r le f t  a t 37°C fo r  an h o u r. 

N on-reduced samples were m ixed w ith  an e q u a l volum e of a 

solution  of 8M u re a  3% (w /v )  SDS before a p p lic a tio n  to g e ls .

A ll  samples were then  m ixed w ith  1 drop of g ly c e ro l and  

10 u l of tra c k in g  dye (0.05% (w /v )  bromophenol b lu e ) and a p p lie d  

to g e ls . The gels were p laced  in  a Shandon d isc ge l e lectrophores is  

ta n k  and a c u rre n t o f 5 mA p e r g e l was a p p lie d . E lectrophoresis  

was a llo w ed  to proceed u n t i l  the  tra c k e r  dye was n ear the end  

of the g e l,th e  gels w ere then removed from the tubes and the  

position  of the m a rker dye on each one was m arked  w ith  in d ia n  in k .  

The gels were then p laced  in  a s ta in in g  so lu tio n  c o n ta in in g 2% (w /v )  

Coomassie b r i l l i a n t  b lu e  (S ig m a ), 45% ( v /v )  m ethanol and 7.5% ( v /v )  

acetic  a c id . A fte r s ta in in g  fo r 2 hours gels w ere desta ined  b y  

exten s ive  w ash ing  w ith  a so lu tio n  of 25% ( v /v )  m ethanol and  

7.5% ( v /v )  acetic  a c id .
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A fte r s u ff ic ie n t d e s ta in in g  had taken  p lace  gels w ere  

scanned u s in g  a v ita t ro n  TLD 100 densitom eter and the m o b ility  

of each p ro te in  b an d  was then c a lc u la te d  using the fo rm ula

K i t -  d is tan ce  moved by p ro te in  band
mo 1 1 y  -  d is tan ce  moved by  tra c k e r  dye

In  each e le c tro p h o re tic  ru n  gels loaded  w ith  a m ix tu re  of

reduced , s ta n d a rd  p ro te in  samples were in c lu d e d , the s ta n d ard s  

used w e re :-  p h o sp h o ry lase  b , bovine  serum a lbum en, ovalbum en  

and m yoglobin ( a l l  pu rch ased  from Sigm a, London). By p lo tt in g  

the m o b ility  o f th e  s ta n d ard s  a g a in s t log^^ of th e ir  known m olecu lar  

w eights a c a l l ib r a t io n  g ra p h  could  be o b ta in ed  and from th is  the  

m olecular w e ig h ts  of unknown p ro te in s  could be estim ated .

I t  m ust be noted th a t  SDS PAGE on ly  p ro v id es  accu ra te  

estim ates of th e  m o lecu la r w eights  of reduced p ro te in s  th e re fo re  

an y  values  quoted  in  th is  w ork fo r  non—reduced or c ro s s -lin k e d  

samples should  be re g a rd e d  as a p p are n t m olecular w e ig h ts .

2) D etection of P ro te in

T h ro u g h o u t th is  w ork the presence of p ro te in  in  so lu tion  

was detected and  m onitored b y  m easuring  the absorbance of solutions  

a t 280 nm. The E^^ v a lu e s  of each of the m ajor p ro te in s  used  

in  th is  w ork  a re  known (M a rd e r et a l ,  1969; Robbins 1965) and  these  

are  g iven  in  T a b le  2 ( i i ) .
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P ro te in E^y a t 280 nm

F ib rin o g en 15.1

Fragm ent D 20.8

Fragm ent E 10.2

Plasm inogen 17.0

T ab le  2 ( i i )  ^ i ° /  V alues of M a jo r P rote ins used in  th is  S tu d y .

3) Assay of P lasm in  (ogen) a c t iv ity

P lasm inogen and p lasm in  were both assayed using  the  

chromogenic s yn th e tic  su b stra te  5-2251 (K ab i d ia g n o s tic a ). T h is  

has the s tru c tu re

H -  D -  V a l -  Leu -  ly s  -  pNa

and  the p -n it ro a n il in e  (p N a) group may

be c leaved  e ith e r  by  the  action  of p lasm in  of p lasm inogen-

s trep to k in ase  com plex. The re lease  of pNa may be fo llow ed b y  

m onitoring  the in c rease  in  absorbance a t 405 nm using a 

spectrophotom eter.

The basis  o f each assay is  shown below:

Plasm inogen P ig  + S trep to k in ase  (e x ce s s )--------------> P ig -  Sk

H -D -V a l- le u - ly  s-pN a + H2O > H -D -V a l- le u - ly  5-O H +. N a

P lasm in H -D -V  a 1 - le y - ly  s -p  N a + H2O H -D -V a l- le u - ly  s-OH+pN a

Plasm inogen was assayed as fo llow s. An equal volum e  

of .s trep to k in ase  (5000 u /m l)  was added to the sample in  a cuvette .
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T h is  m ix tu re  was in cu b ated  a t 37°C fo r 10 m inutes a fte r  w hich  

100 ^1 of 5-2251 was added and the volume in  the cuvette  made 

up to 1 ml by  a d d itio n  of 0.05M  T r is -H C l pH 7 -4  c o n ta in in g  

0 .012  m NaCl w h ich  had  also  been in cu b ated  a t 37°C . The cuvette  

was then p laced  in  a c e ll c a r r ia g e  heated to 37®C in  a 

spectrophotom eter and the increase  in  absorbance a t 405 nm was 

m onitored on a c h a rt re c o rd e r.

To assay fo r p lasm in  a c t iv i ty  the volume of the sample  

was made up to 900 yul b y  a d d itio n  of 0 .05  M T r is -H C l pH 7 .4  

c o n ta in in g  0 .112  M NaCl w h ich  had been p re v io u s ly  heated to 37°C .

100 yul o f 5-2251 was then added and th is  re ac tio n  was m onitored  

as b e fo re .

The assays of plasm inogen and p lasm in  as o u tlin e d  here  

do not y ie ld  absolute  u n its  of a c t iv ity  since the su b stra te  

co n cen tra tio n s  used a re  below those recommended by  the m an u factu rer  

fo r s ta n d a rd iz e d  assays . However, in  th is  w ork the  va lu es  of 

a c t iv i ty  w ere o n ly  to be used to compare a c t iv it ie s  of d iffe re n t  

p re p a ra tio n s  in  an  e ffo rt to a t ta in  re p ro d u c a b ility  in  fib r in o g e n  

digestions  and th e re fo re  i t  was unnecessary to determ ine a c t iv it ie s  

in  s ta n d a rd  u n its .

4) Test o f C lo t ta b il i ty  of P ro te in  Samples

A sam ple of the p ro te in  to be tested was ta k en  and its  

absorbance a t 280 nm was a c c u ra te ly  m easured. 1 /10  volume of 

Throm bin (S igm a, 50 u n its /m l)  in  2mM CaCl^ so lu tion  was then  

added  and the m ix tu re  was le f t  fo r 15 m inutes. A fte r th is  tim e any  

c lo t w hich had formed was g e n tly  squeezed and the absorbance  

a t 280 nm of the su p ern a tan t was m easured. The percentage c lo t ta b il i ty  

was then c a lc u la te d  from the absorbance va lu es  before and a fte r  

clo t fo rm atio n .
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Test for Presence of F a c t o r X l l l

Throm bin was added to samples as described  p re v io u s ly  

and the re s u ltin g  m ix tu re  was in cu b ated  a t 37°C fo r 2 houra .

A fte r th is  tim e any c lo t w h ich  had formed was removed and placed  

in  a so lution  of 8M u re a  c o n ta in in g  3% (w /v )  SDS and 5% ( v /v )

/3 -m e rc a p to e th a n o l. The c lo t was then le f t  a t 37°C u n t i l  complete 

d isso lu tio n  had occurred  and  samples of the so lu tion  were then  

a p p lie d  to SDS g e ls .

The presence of F a c t o r X l l l  was in d ic a te d  b y  the d issappearance  

of the band  corresponding  to the % ch a in  of fib r in o g e n  and  the  

concom itant ap p earan ce  of a band  of h ig h e r m o lecu lar w e ig h t .

corresponding to a ^ - IS  d im er.

6 ) Q uchterlon ie  Im m unodiffus ion

1% (w /v )  ag aro se  in  0 .0 5  M T ris -H C l pH 8 .6  c o n ta in in g  

0.05M  NaCl was p re p a re d  and  stored a t in  10 ml a liq u o ts  u n t i l

re q u ire d -

The agarose was m elted by  b o ilin g , poured in to  10 ml 

im m unodiffusion p la te s  and le f t  to h a rd e n . Rosette p a tte rn s  of 

w ells  w ere then cut out of each p la te  and samples of the  

solutions to be tested  w ere p laced  in  the outer w e lls , the c e n tra l  

w e ll be ing  f i l le d  w ith  a n ti-s e ru m .

D iffu s io n  was a llo w ed  to proceed fo r 4.8 hours a fte r  

w hich  the p la tes  were w ashed w ith  0.9% w /v  NaCl and  d rie d  by  

squash ing  under la y e rs  of f i l t e r  p a p e r. The p la tes  were then sta ined  

fo r  15 m inutes before e x ten s ive  w ash ing  w ith  d e s ta in . S ta in in g  and  

d e s ta in in g  solutions w ere id e n t ic a l to those used fo r SDS g e ls .
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F ig u re  2 .1  E lu tio n  p ro file  fo r the p u r if ic a t io n  o f 
f ib r in o g e n  on DEA E-cellu lose

E lu tio n  b u ffe r  0.05M  T ris -H C l pH 8.6  
c o n ta in in g  0.05M  N aC l, ImM CaCl^

A, [N aC l] ra is e d  to O .IM

B, [N a C l] ra is e d  to l.O M
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RESULTS

1) P u r if ic a t io n  o f F ib rin o g en

' F ig u re  2 .1  shows the e lu tio n  p ro file  of the DEAE ce llu lo se  

column used in  the f in a l  stage of the fib rin o g e n  p u r if ic a t io n  

scheme o u tlin e d  e a r l ie r .

Both p eak  1 and peak  2 were found to co n ta in  fib r in o g e n  

w ith  the m a te r ia l o f peak 1 be ing  98% c lo tta b le  w h ils t th a t  of 

peak 2 was 96% c lo tta b le - The appearance  of % d im ers a fte r  

In cu b atio n  of p eak  2 m a te r ia l w ith  Throm bin in d ic a te d  th a t th is  

m a te ria l was co ntam in ated  w ith  Facto r X I I I  however peak 1 

showed no such co n tam in atio n  when s im ila r ly  tes ted . These f in d in g s  

are  in  com plete agreem ent w ith  those of L aw rie  e t .a l .  (1 9 79 ).

Peak 3 was found to co n ta in  h ig h  m olecu lar w eig h t 

m a te ria l w h ich  was n o n -c lo t ta b le , th is  m a te ria l was thoug ht to be 

f ib r in e c t in  a lth o u g h  th is  was not p o s itiv e ly  confirm ed.

The m a jo r d iffe ren ces  between each of the fib r in o g e n  

co n ta in in g  peaks  a re  best shown by exam ination  of SDS gels o f 

m a te ria l from  each of the peaks ru n  a fte r  red u ctio n . F ig u re  2 .2  

shows photo graphs o f such gels and the corresponding densitom eter 

scan of each o f them .

I t  can be seen th a t ,  a f te r  red u ctio n , peak 1 fib r in o g e n  

e xh ib its  th re e  bands of a p p ro x im a te ly  equal in te n s ity  corresponding  

to the Ac<. , B/2» and  '6 chains  of f ib r in o g e n . However, on 

exam ination  of the  g e l of p eak  2 fib rin o g e n  i t  is  obvious th a t  the



PEAK 1

PEAK 2

F ig u re  2 .2  Photographs and scans of SDS P o lyacry lam id e  
gels of Peak 1 and Peak 2 F ib rin o g en
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A<=< c h a in  b a n d  is  v e ry  much less intense th a n  the other two 

b an d s . T h is  cou ld  o n ly  be accounted for by d ig e s tio n  of the  

f ib rin o g e n  h a v in g  ta k en  p la ce  and th is  suggestion is  consistent 

w ith  the  a p p ea ra n ce  of low er m olecular w eigh t m a te r ia l on the  

gel of reduced  p eak  2 fib r in o g e n . In  view  of the w ork of Sem erraro

(1977) and Mosesson et a l (1974) i t  appears to be most l ik e ly  th a t  

th is  d ig es tio n  has occurred  from the C -term inus of the Aoc c h a in .

The ge l of p eak  2 fib rin o g e n  also shows some contam in ation  

w ith  h ig h e r m o lecu la r w e ig h t m a te r ia l,  th ere  is  no evidence of th is  

in  p eak  1 f ib r in o g e n .

T h ere fo re  in  conclus ion , the p u r if ic a t io n  scheme used in  th is  

w ork y ie ld s  two pools o f f ib r in o g e n ,th e  f ir s t  b e in g  h ig h ly  in ta c t  and  

free  from co n tam in a tio n  w h ils t the second has p ro b a b ly  undergone  

d ig estio n  of the Ac< c h a in  C -term inus  and shows some contam in ation  

w ith  o ther m a te r ia l .



J
m ig ra tio n

F ig u re  2 .3  P hotograph  of SDS P o lya c ry la m id e  g e l
(5% a c ry la m id e ) of p u r if ie d  p lasm inogen
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2) P u r if ic a tio n  of P lasm inogen

F ig u re  2 .3  shows a photograph  of an SDS gel of p lasm inogen  

p u r if ie d  as o u tlin e d  e a r l ie r ,  i t  c le a r ly  shows th a t  th ere  is  one 

predom inant band  of a p p a re n t m olecular w eig h t 79 ,000 , th is  f ig u re  

corresponds w ell to the expected  m olecular w e ig h t of p lasm inogen .

The m ajor band  has a fa in t  shou lder o fM .w t.(a p p ) 73,500 w hich  

may represent some deg rad ed  p lasm inogen . The gel also shows a 

fa in t  band of M.wt.(app ) 130 ,000 , w hich ap p eared  as a  contam in ant 

of a l l  the p lasm inogen p re p a ra tio n s  in  th is  w o rk .

A c tiv ity  assays w ere ro u tin e ly  c a r r ie d  out on p lasm inogen  

p re p a ra tio n s  a n d , when considered  as a c t iv i ty  p er u n it  w e ig h t 

of p ro te in  d if fe re n t  p re p a ra tio n s  showed v e ry  s im ila r  a c t iv it ie s .  

T y p ic a l re su lts  a re  g iven  in  T ab le  2 ( i i i ) ,  th is  ta b le  shows 

va lu e s  o b ta in ed  before and  a fte r  the s ta n d a rd  a c tiv a tio n  procedure  

and these a re  quoted as A /m in  p er mg of p ro te in . These

v a lu e s  were o b ta in e d  us ing  the S-2251 assay system as o u tlin e d  

e a r l ie r

Before A c tiva tio n A fte r A c tiv a tio n

Plasm inogen 4 9 .8 13.4

P lasm in 0 6 .42

T ab le  2 ( i i i )  K inetic  A n a lys is  of P u r if ie d  P lasm in (o g en )

Two m ain points can  be taken  from these f ig u r e s , f ir s t ly  

the p u r if ie d  p lasm inogen showed no m easurable  p lasra in  a c t iv ity



m ig ra tio n

F ig u re  2 .4  P hotograph  of SDS P o lya c ry la m id e  gel 
(5% a c ry la m id e ) of a c tiv a te d  p lasm in
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th is  is  u sefu l since i t  a lle v ia te s  any concern about the p lasm inogen  

p re p a ra tio n  lo s in g  a c t iv i ty  b y  au to ly s is  d u rin g  s to rag e . The 

second p o in t ra is e d  by these resu lts  is  th a t not a l l  of the  

plasm inogen is  a c tiv a te d  by  the method used in  th is  w o rk . Th is  

f in d in g  is  backed by the  photograph  in  F ig u re  2 .4  w hich shows a 

gel o f a c tiv a te d  p lasm in  a fte r  red u ctio n . I t  can be seen from th is  

photograph th a t ,  as w e ll as the bands of Mw 58,000  and 22,000  

w hich  correspond w e ll to the expected w eights of reduced p lasm in  

(60 ,000  and 25,000 (C a s te llin o  1979)) there is  a lso  a band  of 

78,000 w hich  is  p ro b a b ly  n o n -a c tiv a te d  p lasm inogen.

H ow ever, subsequent studies showed th a t a fte r  the a c t iv a tio n  

procedure used in  th is  w ork th ere  was s u ffic ie n t p la s m in o ly tic  

a c t iv ity  p resen t to d igest fib r in o g e n  to core frag m en ts . In  v iew  

of th is  and the fa c t th a t S-2251 assays showed th a t th is  le v e l  

of a c t iv a tio n  was co n s is ten tly  ach ieved no fu r th e r  attem pts w ere made 

to in crease  the degree of a c t iv a tio n .
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F ig u re  2 .5  E lu tio n  p ro f ile  fo r the s ep a ra tio n  of fragm ents  D and E
on DEAE-cellu lose
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3) P re p a ra tio n  of F ragm ent D ( C a ^ )

F ig u re  2 .5  shows the e lu tio n  p ro file  of the DEAE 

cellu lose  column used fo r the sep a ra tio n  of d igests  of f ib r in o g e n ,  

photographs of SDS gels  of non-reduced m a te r ia l from each peak  

are  also shown.

I t  can be seen th a t  peak  1 conta ins  on ly  one p ro te in  

species of a p p a re n t m o lecu lar w e ig h t 87,000 on an SDS g e l.

This band  is  also p resen t a lth o u g h  to a much lesser ex ten t on 

the gels o f peak  2 . V ery  often these gels also showed a v e ry  

fa in t  second band  of M .w t. (a p p ) 45,000 a lth o u g h  th is  is  not 

c le a r  on the ge l in  F ig u re  2 .5 . The gel of peak 3 on ly

shows th is  low er m o lec u la r w e ig h t b a n d .

M a te r ia l from peaks 1 and 3 was tested by  im m unodiffusion  

a g a in s t a n t i- f ib r in o g e n  in  the fo llo w in g  set up:

1 & 4 F ib rin o g en  

q 7 2 & 5 peak 1

5O

3 & 6 peak  3

7 A n ti- f ib r in o g e n  (S ew ard) 

The resu lts  of th is  exp erim en t a re  shown in  F ig u re  2 .6  (o v e r le a f )



F ig u re  2 .6  P a tte rn  of im m unodiffusion of m a te r ia l from  
D EM E-cellu lose colum n. (A n ti-seru m  = Seward  
a n ti f ib r in o g e n )

m ig ra tio n

F ig u re  2 .7  Photograph of SDS p o ly ac ry la m id e  g e l
(5% a c ry la m id e ) of peak 1 from D E A E -cellu lose  
column
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I t  can be seen th a t both peaks 1 and 3 e x h ib it  a reac tio n  

of p a r t ia l  id e n t ity  w ith  fib rinog.en  showing th a t ,  as expected, the 

m a te r ia l of both peaks is  fib r in o g e n  d e riv e d . There is however 

a reac tio n  of n o n -id e n tify  between the m a te r ia l from each of the  

peaks showing th a t they  share no common a n tig e n ic  dete rm in an ts .

In  v iew  of th is  and the a p p are n t m olecu lar w eights  i t  must th ere fo re  

be concluded th a t peak  1 con ta ins  fragm ent D and peak 3 contains  

frag m en t E , fu r th e r  i t  can be concluded th a t peak  2 contains  

both these species.

F ig u re  2 .7  shows a photo graph  of an SDS gel of 

reduced peak  1, th is  shows th re e  d is tin c t bands corresponding to  

m olecu lar w eights of 43,000 , 39 ,000  and 13,000 re s p e c tiv e ly  thus  

co n firm in g  th a t peak 1 conta ins in ta c t  fragm ent D (Ca"*~^).
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4) P re p a ra tio n  of Fragm ent D (EDTA)

A num ber of d igestions of fib rin o g e n  and fragm ent D ( C a ^ )  

w ere c a rr ie d  out in  the presence of EDTA. In  these s tud ies  i t  

p ro ved  im possib le  to o b ta in  a homogeneous fragm ent D (EDTA) 

p re p a ra tio n  and th ere  were la rg e  v a r ia t io n s  in  the proportions  

of d if fe re n t species p re se n t. I t  also proved d if f ic u lt  to  sep ara te  

the  d iffe re n t fragm ent D species on SDS gels and n o rm a lly  gels  

of non -red u ced  m a te r ia l showed a v e ry  broad  ban d  corresponding  

to a  num ber o f fragm ent D species, th e  ex is tance  of w hich  

cou ld  be shown b y  a n a ly s is  of gels o f reduced sam ples.
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DISCUSSION

A lthough each of the p u r if ic a t io n  schemes used in  th is  

w ork have been described  separate ly^" they  were such th a t  

f ib r in o g e n , frag m en t D and plasm inogen could a l l  be p u r if ie d  from  

the same plasm a sam ple. F ig u re  2 .8  shows the in te r - r e la te d  

n a tu re  of the v a rio u s  p u r if ic a t io n  schemes.

Since the  object of th is  work was to develop  methods fo r  

the  study of fibr;inogen the  p u r if ic a t io n  of good q u a lity  f ib r in o g e n  

was v e ry  im p o rta n t to th is  s tu d y . The scheme used in  th is  w ork  

a llo w ed  p u r if ic a t io n  of v e ry  h ig h  q u a lity  f ib r in o g e n  from p lasm a  

w ith in  10 h ours . The m ajor d raw b ack  of th is  p u r if ic a t io n  

scheme is  the  v e ry  low y ie ld  of fib r in o g e n  was im proved  b y  the  

co llec tio n  of a second pool o f s lig h t ly  degraded  m a te r ia l ,  a lthough  

th is  m a te r ia l was u n s u ita b le  fo r shape a n a ly s is  or ca lc iu m  b in d in g  

stud ies  i t  p roved  s u ita b le  fo r the p roduction  of frag m en t D.
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INTRODUCTION

1) Basic Photochem istry

Photochem ical reac tio n s  occur as a re s u lt of the absorbtion  

of UV ra d ia t io n  or v is ib le  l ig h t  b y  a molecule (W e lls , 1972; T u rre  & 

Lam ola, 1977). The absorb tion  of a quantum of ra d ia t io n  by a 

molecule re s u lts  in  the prom otion of an electron from its  norm al 

ground s ta te  to an o rb ita l  of h ig h e r energy. The exc ited  molecule 

thus produced is u n s tab le  and the excess energy w hich  i t  c a rr ie s  may 

be d is s ip a te d  by the molecule ta k in g  p a rt in  a chem ical re a c tio n .

This is how ever o n ly  one p o s s ib il ity ,  the excess en erg y  may also be 

lost d ire c t ly  as fluoroescence, phosphorescence or h e a t.

In  th is  s tu d y , i t  is  however the p a r t ic ip a t io n  of exc ited  

species in  chem ical reactio n s  w hich  is of g reates t in te re s t. Such an  

excited  m olecule may re ac t in  one of two ways; s ta b le  products may 

be produced d ire c t ly  by  the rearran g em en t of e xc ite d  molecules o r , 

more commonly, re a c tio n  can proceed in  a number of steps in v o lv in g  

re a c tiv e  in te rm e d ia te s . These re a c tiv e  in term ed iates  a re  ra d ic a ls ,  

which may be form ed in  in te r  or in tra -m o le c u la r  events in it ia te d  by  

the p h o to -exc ited  m olecule. S tab le  products are thus u s u a lly  formed  

in  secondary reactio n s  w hich  can proceed v ia  a num ber of d iffe re n t  

routes.

Photo -chem ical systems therefore  a llow  g re a t scope fo r  

control over reac tio n s  fo r the fo llo w in g  reasons:

( i )  R a d ia tio n  is  se lec tive ly  absorbed by m atte r, 

depending both upon the w avelength of the  e x c ita tio n  energy  

and the m olecu lar s tru c tu re  of the species under study. 

Therefore  by  c a re fu l selection of e x c ita tio n  w ave len g th  i t  

is possib le  to exc ite  o n ly  one molecule in  a complex m ixtu re .



—  42 —

( i i )  The m icroenvironm ent of the reac tio n  system 

g re a t ly  in fluences  the c rea tio n  of re a c tiv e  species and  

th e reb y  controls the secondary reactions  w hich  take  p la c e . 

The second fa c to r o u tlin e d  above Is p a r t ic u la r ly  tru e  of 

p h o to -sen s itized  systems w hich  form the basis  of th is  w o rk . In  a 

ph o to -sen s itized  reac tio n  a species, re fe rre d  to as a sen s itize r  

b rin g  about changes in  o th e r, n o n -ab so rb in g  species present in  the  

reac tio n  m ix tu re . These changes may occur as a re s u lt of d irec t 

tra n s fe r  of e x c ita tio n  energy  or b y  e lectron  t ra n s fe r , and lead  

to the production  of re a c tiv e  species w hich can subsequently  ta k e  p a rt  

in  secondary reac tio n s  g iv in g  r is e  to s tab le  p ro d u cts , the sen s itize r  

may or may not i ts e lf  be changed in  these processes.

2) Photochem ical M o d ifica tio n  in  A n a lys is  of Biochem ical Species

The use of group sp ec ific  and a f f in i ty  co n tro lled  reagents  

has y ie ld e d  a g re a t d ea l of in fo rm atio n  about s tru c tu re -fu n c tio n  

re la tio n s h ip s  in  a number of m acrom olecular species (V a lle e  & R io rd an , 

1969; Shaw, 1970; Cohen, 1970), the prim e exam ple of th is  being  

the studies on a c tiv e  sites of enzymes using  e le c tro p h ilic  reag en ts .

However, the obvious lim ita t io n  of these techniques is  th a t  

the molecule under study must possess a specific  s tru c tu re  w hich  

w il l  r e a d ily  ta k e  p a r t  in  la b e l l in g .  Therefore  fo r gross study  

of p ro te ins  i t  is  d e s ira b le  to have  a la b e ll in g  system w hich w i l l  

re ac t more in d is c r im in a te ly . Th is  requ irem ent is met, a t lea s t in  

p a r t ,  by p h o to a ff in ity  la b e ll in g  w hich  has proved to be usefu l in  

to p o g ra p h ic a l studies of membranes (Staros & R ich ard s , 1974;

Staros et a l ,  1975). As a techn ique in  b io ch em is try , p h o to a ffin ity  

la b e ll in g  has two m ajor a d v a n ta g e s :-

( i )  The in i t ia t io n  and d u ra tio n  of reac tio n  are  

e a s ily  c o n tro lled .
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( i i )  The la b e ll in g  process occurs v ia  h ig h ly  re a c tiv e ,

short l iv e d  in te rm ed ia tes  under m ild  co n d itio n s.

The second p o in t m entioned is of p a r t ic u la r  in te re s t in  the  

study of fib r in o g e n  in  v iew  of the known la b i l i t y  of the C -term in u s  

of its  c h a in  (Sem eraro et a l ,  1977).

The most common approach  to p h o to a ff in ity  la b e ll in g  has  

been to d e r iv a tiz e  lig a n d s  such th a t they are  stab le  in  the d a rk  

but spontaneously decompose on i l lu m in a tio n  g iv in g  rise  to re a c tiv e  

species w hich b in d  ir r e v e r s ib ly  to a p o rtio n  of p ro te in  w hich  

constitutes the n orm al b in d in g  s ite  of the lig a n d s . Th is  approach  

has been w e ll re v ie w e d  (B a y ley  & Knowles, 1977; Jori & Spikes, 1978; , |

Chowdhry & W estheim er; 1979) and has y ie ld e d  a g re a t d e a l of 

in fo rm atio n  about b io lo g ic a l m embranes.

H ow ever, ano ther possib le  approach to p h o to a ff in ity  

la b e ll in g  is to u t i l iz e  sen s itized  photochem ical reactions w here a 

ta rg e t molecule is  e xc ite d  and th is  ta rg e t molecule then m ediates the  

la b e ll in g  of a b iom olecule  w ith  a m arker m olecule. The usefulness  

of th is  type of tech n iq u e  has been i l lu s tra te d  by the d y e -s e n s itize d  

p h o to -o x id a tio n  o f amino acids b ro u g h t about by ir r a d ia t io n  of a 

m ixtu re  of p ro te in  and  s u ita b le  s e n s itiz in g  dye in  the presence of 

a ir  (Spikes & M acK n ig h t, 1970). By c a re fu l selection of the dye and  

reac tio n  cond itions i t  is possib le to ach ieve se lective  m o d ifica tio n  of 

c e rta in  amino ac id s  exposed a t the surface of the p ro te in  

(W esthead, 1965; Ray & K oshland, 1962; Jori et a l ,  1970).

•
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Although sensitized  p h o to -o x id a tio n  o ffers  g re a t p o s s ib ilitie s  

i t  has never been fu l ly  e x p lo ite d , th is  may be a ttr ib u te d  to the fac t 

th a t the m o d ifica tio n  induced in  the amino ac id  residues is m inor 

and so, d if f ic u lt  to detect. However B ran d t (1^80) suggested th a t the 

technique could be extended a n d , th a t under s u ita b le  cond itions, i t  

was possib le to l in k  sm all, non -co loured  molecules onto a p ro te in  

in  a p h o to -sen s itized  re a c tio n .

I t  has been shown (Foote, 1968; Spikes, 1977) th a t a 

j  sen s itized  photochem ical re ac tio n  of th is  n a tu re  could proceed by 

e ith e r  of two mechanisms. One p a th w a y  in vo lves  ra d ic a l form ation  

in  the su b stra te  w hich  is th oug ht to occur by e lectron  or hydrogen S

ab s tra c tio n  from substrate  b y  l ig h t  exc ited  dye molecules a n d /o r  

dye ra d ic a ls  (Type I re a c tio n ). The other mechanism invo lves  energy  

tra n s fe r  from the exc ited  dye m olecules to m olecu lar oxygen and 

subsequent re ac tio n  between s in g le t oxygen and substrate  (Type I I  

re a c t io n ) .

B ran d t (1980) showed th a t  i f  try p to p h a n  is  used as 

s u b s tra te , oxygen has no e ffec t on c o u p lin g . Therefore  the reaction  

must proceed by a Type 1 m echanism . The reactio n s  in vo lved  in  

such a mechanism are o u tlin e d  be low .

state :

In i t i a l l y  the dye (D ) absorbs l ig h t  and enters an exc ited

From th is  exc ited  s ta te  the dye can then form ra d ic a ls

(L in d g v s it , 1 9 6 0 ):-

D* + D -----------> D " . + D*red  ox
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Molecules which do not them selves absorb can be converted  

to ra d ic a ls  by re ac tio n  w ith  D * or re a c tiv e  species generated  by D * .

A w e ll documented exam ple of th is  is  the g en era tio n  of ra d ic a l ions 

or n e u tra l ra d ic a ls  in  b io lo g ic a l m acrom olecu les-(M ) or sm all 

molecules l ik e  try p to p h a n  fo llo w in g  e lectron  of hydrogen ab s trac tio n  4

(Foote, 1968; S p ikes, 1977) fo r in s ta n c e :-

D * 4- M ------------V D ’ + M*red ox

D * + T ry   ^ red  T r y ’ ox

The products  thus formed in  p r im a ry  photochem ical 

reactions  a re  u n s tab le  and can re ac t in  coup ling  reactions of the type  

discussed in  th is  w o rk . There are  th ree  m ain p o s s ib ilit ie s  fo r  

secondary reac tio n s  w hich a re  of in te re s t

M* + D* ---- -----  ̂ M—D

M* + T ry * -----> M -T ry

M* + M* — " " > M~M

A ll th ree  of these reac tio n s  are  re a d ily  q u a n tif ia b le  in  the  

system used in  th is  s tudy; the  f i r s t  may be estim ated  by m easuring  

499nm the absoerbance of the p ro te in  solution  a t 499nm a fte r  sep ara tio n  

from excess d ye, the second may be q u a n tif ie d  by using ra d io a c tiv e  

try p to p h a n  and m easuring the amount of ra d io a c t iv ity  bound by the 

p ro te in  and  the th ir d  reac tio n  may be assessed b y  exam in ing  the  

p ro te in  on SDS PAGE.

In  th is  study i t  is the second re a c tio n , th a t of b in d in g  of 

la b e lle d  try p to p h a n  by p ro te in  w hich is  of m ajor in te re s t and the
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m ain aims of the w ork a re

(1) To optim ise conditions for the pho to -sen s itized  

la b e llin g  of p ro te in  w ith  try p to p h a n .

( i i )  To assess the usefulness of such ph o to -sen stiz ied  

la b e ll in g  as a m onitor of p ro te in  conform ation .

( i i i )  To use ph o to -sen s itized  la b e ll in g  to study shape  

of fib r in o g e n  and its  d eg rad a tio n  product fragm ent D 

should the techn ique  prove s u ita b le .
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(From : B ra n d t, 1977)
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METHODS

1 ) P u r if ic a t io n  of F luorescein

F luoresce in  (Fisons S c ie n tific ) was fu r th e r  p u r if ie d  by  

p re c ip ita t io n  from a 0 .01  M solution of sodium h y d ro x id e  by a d d itio n  

of g la c ia l  acetic  a c id  as described by B randt (1 9 7 4 ). T h is  procedure  

was repeated  th ree  tim es, a fte r  which the m olar e x tin c tio n  c o e ffic ie n t  

of the p u r if ie d  flu o resce in  in  0.01 M sodium hyd ro xid e  was 

8 .4  X 10^ M  ̂ cm  ̂ a t 491 nm. A 3 mM stock so lu tion  of flu o resce in  

in  0 .01  M sodium h y d ro x id e  was p rep ared  and stored in  darkness at 

4°C u n t i l  re q u ire d .

2) I r r a d ia t io n  Procedures

These were based on the technique developed by Hemmendorf 

e t .a l  (1 9 81 ). In  i n i t i a l  developm ental experim ents an Osram 275 w a tt 

IRR tungsten  lam p was used. In  la te r  experim ents an Osram 500 w a tt 

Photoflood lam p was used since its  g re a te r in te n s ity  a llow ed  more 

la b e ll in g  to ta k e  p lace  in  a shorter time w ith  reduced h e a tin g  of 

sam ple. L ig h t in te n s it ie s  were m easured using a Macam photom eter w ith  

a w ide ra n g e  p h o to ce ll.

Samples conta ined  between 0 .1  mg and 1 mg of p ro te in  in  

0 .0 5  M T r is -H C l pH 7 .5  c o n ta in in g  2 mM CaClg. F luoresce in  p u r if ie d  

as described  was added to g ive  a f in a l  co n cen tra tio n  of 1 mM and  

L -try p to p h a n  (BDH, E n g lan d ) was added a t f in a l  concentrations between î 

3 nM and 75 nM w ith  the p roportion  of 3 H -try p to p h an  (Amersham  

In te rn a t io n a l,  E n g la n d , 16.7 u C i/m g ) v a ry in g  from 100% (w /w )  

to 4% (w /w ) .

The e x p e rim e n ta l a p p ara tu s  used fo r i r r a d ia t io n  is  shown in  

F ig u re  3 .1 .  A ll samples were ir ra d ia te d  in  a v ia l  of d iam eter 2 cm at
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distances between 13.5  cm and 30 cm from the l ig h t  source. The 

sam ple volume was a lw ays  ad justed  to 1 .5  ml w ith  b u ffe r  p r io r  to 

i r r a d ia t io n ,  g iv in g  a sample th ickness of 4 mm. D u rin g  ir r a d ia t io n  

samples were p laced  in  an ice b ath  and s t ir re d  con tinuously  by a 

m agnetic  s t i r r e r .  In  a l l  experim ents a g lass b e a k e r co n ta in in g  a 

so lu tion  of 0 .5  m sodium n it r i te  1 cm th ic k  was p laced  between the  

l ig h t  source and the sample to f i l t e r  out a l l  w ave lengths  below - J

400 mm.

A fte r i r r a d ia t io n  the p ro te in  had to be sep ara ted  from  

unbound try p to p h a n  and flu o re sc e in . In  e a r ly  experim ents th is  was 

ach ieved  by gel f i l t r a t io n  on a column (70 cm x 2 cm) of 

sephadex G-25 (P h a rm a c ia ) using 0 .05  M T r is -H C l pH 7 .5  co n ta in in g  

2 mM C aC l2 as the e lu tio n  b u ffe r . In  o ther experim ents i t  was 

ach ieved  by  extens ive  d ia ly s is  of samples a g a in s t the same b u ffe r .

In  experim ents w here la b e ll in g  was c a r r ie d  out in  the  

presence of 6M u re a  a l l  b u ffe rs  used subsequently  also conta ined  

6M u re a .

3) D eterm in ation  of Degree of C oup ling

Pro te in  estim ations were c a rr ie d  out us ing  the method of 

B rad fo rd  (1976 ). R a d io a c tiv ity  was m easured by ad d in g  an a liq u o t  

of p ro te in  so lu tion  to 6 ml of toluene s c in t i l la n t  made up as 

described  by Cooper (1977) and the amount of ra d io a c t iv ity  in  each  

fra c tio n  was then counted using  a P ackard  T r i-C a rb  300 CD 

s c in t i l la t io n  co u n ter. A ll measurements of p ro te in  and ra d io a c t iv ity  

were c a rr ie d  out in  t r ip l ic a te .
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Estim ates of the d is tr ib u tio n  of ra d io a c t iv ity  between the 

constituen t c h a in s  of the p ro te in s  tested was c a rr ie d  out by  

exam in ing  reduced samples of the prote ins on p o ly a c ry la m id e  g e ls ,

s ta in in g  and d e s ta in in g  be ing  c a rr ie d  out as described  elsewhere^.

The gels w ere then cut in to  1 mm slices which were s o lu b ilize d  

in  0 .5  ml of 30% (w /w ) hydrogen peroxide (BDH, E n g la n d ) in

sealed v ia ls  a t 75°C fo r 8 hours.

A fte r  s o lu b iliz a tio n  4 ml of s c in t i l la n t  was added to each 

v ia l  and r a d io a c t iv ity  was then measured as d escribed  above.

4) Amino A cid  A n a lys is

A ll b u ffe rs  used in  amino acid  a n a ly s is  w ere of p ro n a ly s is  

grade (M ay  & B a k e r, London).

Samples fo r amino ac id  a n a ly s is  were h y d ro lys e d  in  6M HCl 

in  sealed tubes fo r 24 hours a t 110°C under n itro g e n . Samples 

were then  d r ie d  by ro ta ry  e va p o ra tio n  and stored in  a dessicato r  

over NaOH p e lle ts  fo r 18 hours p r io r  to resuspension in  0 .2  N 

c itra te  pH 2 .2  c o n ta in in g  100 pM n o r-le u c in e  (BDH, London) before  

a n a ly s is .

A n a ly s is  was c a r r ie d  out using a Joel JLC-5 AH tw in  

column, m u lti-s a m p le  a n a ly s e r . Basic amino acids w ere e lu ted  

from the short (12 cm x 0 .9  cm) column w ith  0 .3 5  N c it ra te  b u ffe r  

pH 5 .25  c o n ta in in g  0.2% ( v /v )  b e n zy l a lcohol. A ll o th er amino  

acids w ere e lu ted  from the long (65 cm x 0 .9  cm) colum n; the  

e a r ly  more a c id ic  residues be in g  e lu ted  w ith  0 .2  N c it ra te  pH 3 .28  

co n ta in in g  7% ( v /v )  m ethanol and the more basic  residues w ith  

0 .2  N c it ra te  pH 4 .2 5 .

-4



- 50 -
A ll amino acids  except p ro lin e  were detected by  

m onitoring  absorbance at 570 nm a fte r  th e ir  re ac tio n  w ith  n in h y d r in  

re a g e n t, p ro lin e  was detected a t 440 nm. S tan d ard  colour va lu es  fo r  

each amino acid  a f te r  re ac tio n  w ith  n in h y d r in  were ob ta ined  by  

chrom atography of s ta n d a rd  amino ac id  m ixtures  (Sigma Chem ical Co. 

London)

N o r-le u c in e  was in c lu d ed  in  every  a n a ly s is  a t a f in a l  

concentration  of 100 pM as in te rn a l s ta n d ard . Thus, knowing the colour 

v a lu e  fo r each amino a c id  and the concentration  of the in te rn a l  

s ta n d a rd , the co n cen tra tio n  of each residue could be c a lc u la te d  

d ire c tly  from its  p eak  a re a  on the trace  from the a n a ly s e r.

5 ) D igestion of L a b e lle d  Fragm ent D (Ca~^)

L ab e lled  frag m en t D (Ca^^) was d ia ly s e d  a g a in s t three  

changes of 0 .05  M T r is -H C l pH 7 .5  c o n ta in in g  25 mM EDTA, i t  was 

then d igested for fo u r hours using  p lasm in  p re p a re d  and a c tiv a te d  

as o u tlin e d  e a r l ie r .

6) D igestion of L a b e lle d  F ib rin o g en

This was c a r r ie d  out in  an id e n tic a l m anner to the  

d igestion  of norm al fib r in o g e n  o u tlin e d  in  the p revious c h a p te r.
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RESULTS

1 ) L a b e llin g  of F ib rin o g e n  Fragm ent D

F ib rin o g e n  frag m en t D p rep ared  as o u tlin e d  e a r l ie r  was 

illu m in a te d  as d escribed  and a p p lie d  to a column of Sephadex G-25. 

The e lu tio n  p ro f i le  of th is  column is shown in  F ig u re  3 .2 .

The f i r s t  peak was shown to conta in  p ro te in  when fra c tio n s  

from each peak  w ere ly o p h ilis e d  and ap p lied  to 5% A crylam ide gels  

co n ta in in g  SDS.

The p ro te in  c o n ta in in g  fra c tio n s  had no absorbance  

a t 491 nm, the w av e len g th  of maximum absorbance fo r flu o resce in  

or a t 499 nm w here i t  has been suggested by B ran d t (1974) th a t  

pro te in  bound flu o resce in  can absorb .

Thus i t  was concluded th a t the p ro te in  h ad  in  fa c t been 

lin k e d  to try p to p h a n  and th a t no fluorescein  had been bound.

The second and th ir d  ra d io a c tiv e  peaks w ere not fu l ly  

c h a ra c te ris e d , how ever n e ith e r  was found to co n ta in  p ro te in  and i t  

was also shown th a t  n e ith e r  absorbed at 491 nm. Th erefo re  i t  

must be assumed th a t th ey  both conta in  only try p to p h a n  w ith  the  

most l ik e ly  e x p la n a tio n  be ing  th a t  the second peak  is  po lym eric  

w h ils t the th ir d  is  norm al try p to p h a n .

■Â.
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2) Test of B in d in g  of T ry p to p h a n  to Fragm ent D

The p rev io u s  exp erim en t showed th a t p ro te in  and some of 

the try p to p h a n  c o -e lu te  from the gel f i l t r a t io n  column however there  

is no evidence th a t  th e re  is  c o va le n t b in d in g  between the two.

Therefore the purpose of th is  experim ent was to see i f  the la b e l f

could be d ia ly s e d  from the p ro te in .

A sam ple of the p ro te in  peak was taken  and made 6 m olar 

w ith  respect to u re a . The sam ple was then d ia ly s e d  o v e rn ig h t a g a in s t 

three changes of 0 .0 5  M T r is -H C l pH 7 .5  c o n ta in in g  0 .2  M NaCL.

F o llo w in g  d ia ly s is  the concentration  of the p ro te in  was 

m easured and t r ip l ic a te  a liq u o ts  were counted fo r r a d io a c t iv ity .  I t  

was found th a t the ra t io  of p ro te in  to ra d io a c t iv ity  rem ained  

unchanged.

T herefo re  the try p to p h a n  bound to the p ro te in  could not be 

removed by  d é n a tu ra tio n  of the p ro te in  or by an in c rease  in  the ionic  

strength  of the b u ffe r  and so i t  must be assumed th a t  th ere  is  a 

covalent lin k a g e  between the p ro te in  and the try p to p h a n .
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3) E xam in a tio n  of L ig h t Dependence of L a b e llin g

H av in g  e s tab lis h ed  in  previous experim ents th a t covalent
3

lin k in g  of H -try p to p h a n  to p ro te in  could be induced  in  the next 

stage in  the s tudy  of the la b e ll in g  technique was e xam in a tio n  of-=the 

l ig h t  dependence of the re a c tio n .

Id e n t ic a l in c u b a tio n  m ixtures  to those used in  previous  

experim ents w ere p re p are d  in  subdued lig h t and the v ia ls  were  

covered w ith  m eta l fo i l .  The fo il  covered v ia ls  were then subjected  

to i r r a d ia t io n  u nder id e n tic a l conditions to those used p re v io u s ly . 

P rote in  was s e p a ra te d  from the m ix tu re  by gel f i l t r a t io n  and i t  

was found th a t  th e re  was no ra d io a c t iv ity  associated w ith  the  

p ro te in  p e a k . I t  was there fo re  concluded th a t the la b e ll in g  is in  

fac t l ig h t  depen dent.

The re la tio n s h ip  between illu m in a tio n  and la b e l l in g  was 

then exam ined . An Osram 500 w a tt Photoflood b u lb  was p laced  a t 

d iffe re n t d is tan ces  from  a series of id e n tic a l p ro te in  sam ples, 

re su ltin g  in  i r r a d ia t io n  of samples a t d iffe re n t l ig h t  in te n s it ie s .  

I r r a d ia t io n  was fo r 1 m inute and unbound flu o resce in  and try p to p h a n  

were then rem oved from the p ro te in  by extensive d ia ly s is  a g a in s t  

0.05 M T r is -H C l pH 7*5 c o n ta in in g  2 mM CaCl2 . The re su lts  of th is  

experim ent are  shown in  F ig u re  3 .3 .

Th is  g ra p h  c le a r ly  shows th a t uptake of la b e l by  p ro te in  

increases as l ig h t  in te n s ity  is  in c re a se d . At low er l ig h t  in te n s itie s  

the ra te  of in c rease  in  la b e l bound is much g re a te r  th a n  the ra te  

of increase  in  l ig h t  in te n s ity . Therefore small d iffe ren ces  in  

l ig h t  in te n s ity  as determ ined by  lig h t-s a m p le  d is tan ce  w ould  re s u lt  

in  la rg e  d iffe ren ces  in  the amount of la b e l bound by id e n t ic a l  

samples. Th is  c le a r ly  shows th a t i t  is d es irab le  to perform  

i r ra d ia t io n  a t maximum possib le  l ig h t  in te n s ity  both to m axim ise
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b in d in g  o f la b e l by p ro te in  and to im prove re p ro d u c a b il ity .

With the a p p a ra tu s  used fo r the experim ents in  th is  work

the minimum lig h t-s a m p le  d is tan ce  o b ta in a b le  was 13.5  cm w hich

-2 -1gave a l ig h t  in te n s ity  of 3 .6  mE M s a t the surface  of the sample . 

Therefore th is  was the l ig h t  in te n s ity  used for a l l  subsequent 

i r r a d ia t io n s .

The to ta l amount of l ig h t  a p p lie d  to the sample d u rin g  

i r r a d ia t io n  c o u ld , of course, be in c reased  by in c re a s in g  the 

illu m in a tio n  p e r io d . However i t  was decided to m a in ta in  illu m in a tio n  

period  a t 1 m inute to m inim ise an y  d an g er of th erm a l induced  

changes in  p ro te in  caused by  the heat generated  by the l ig h t  

source.



n

No Try 30nM 75 nM

F ig u re  3 .4  E ffec t of i r r a d ia t io n  of p ro te in  in  presence  
of d if fe re n t concentrations of try p to p h a n
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4) O ptim isation  of L a b e llin g  : C ro s s -L in k in g  R atio

E xam ination  of p ro te in  on SDS PAGE a fte r  p revious  la b e llin g  

experim ents showed th a t ,  a lth o u g h  la b e ll in g  was ta k in g  p lace  there  

was M s o  an a p p rec ia b le  amount of c ro s s -lin k in g  of p ro te in  o ccu rrin g . 

Since la b e ll in g  and c ro s s -lin k in g  are  com peting reac tio n s  cross- 

l in k in g  w il l  reduce the a v a i la b i l i t y  of any g iv e n  reg io n  for la b e ll in g  

and th is  could le a d  to e rro rs  in  the assessment of d is tr ib u tio n  of 

la b e l.  Thus i f  the techn ique of p h o to -sen s itized  la b e ll in g  is to be 

used to assess conform ation i t  is necessary to m inim ise the amount of 

c ro s s -lin k in g  ta k in g  p la c e .

As la b e ll in g  and c ro s s -lin k in g  a re  com peting reactions the  

two w ays to reduce c ro s s -lin k in g  are  to decrease the concentration  

of p ro te in  present or to in c rease  the co n cen tra tio n  of try p to p h a n .

In  the system under study h e re , i t  is ,  of course, necessary to have  

s u ffic ie n t p ro te in  fo r a n ly s is  on SDS PAGE a fte r  la b e ll in g  and so i t  

is  not r e a l ly  p ra c tic a b le  to use less th an  0 .1  mg of p ro te in  for each 

exp erim en t. However, e n v is a g in g  developm ent of the techn ique to 

the p o in t where d igestion  could be c a rr ie d  out a fte r  la b e ll in g  i t  

was thought th a t th is  w ould then  become in s u ff ic ie n t .  Therefore to  

avo id  chang ing  the system d u rin g  the w ork the q u a n tity  of p ro te in  

to be used in  each experim ent was set a t 0 .6  mg g iv in g  a f in a l  

concentra tion  of 0 .4  m g /m l.

F ig u re  3 .4  shows the e ffec t of i r r a d ia t io n  of fragm ent D 

a t th is  chosen concentra tion  in  the  presence of d if fe r in g  concentrations  

of try p to p h a n . I t  can be seen th a t ,  a t a f in a l  co n cen tra tio n  of 

30 nM try p to p h a n  v e ry  l i t t l e  in te r -m o le c u la r  c ro s s -lin k in g  has 

occurred  (less th an  5% to ta l p ro te in  as assessed by u p take  of coomassie
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b lu e  s ta in ) .  Therefore  in  a l l  la b e ll in g  experim ents try p to p h a n  

was present a t a f in a l  concentra tion  of 30 nM.

O bvious ly  i t  would be d e s ira b le  to e lim in a te  c ro s s -lin k in g  

e n t ire ly  however th is  would re q u ire  f in a l  try p to p h a n  concentrations  

of around 75 nM and at th is  co n cen tra tio n  the le v e l of H -tryp to p h an  

w ould be below 5%  (w /w ) and th is  would re su lt in  la b e lle d  p ro te in  

h a v in g  a low sp ec ific  a c t iv ity  w hich  would make a n a ly s is  of 

d is tr ib u tio n  by gel e lectrophoresis  v e ry  d if f ic u l t .  Therefo re  the  

co n cen tra tio n  of try p to p h a n  of 30 nM used in  la b e ll in g  experim ents  

in  th is  w ork represents  a compromise between red u c in g  c ro s s -lin k in g  

and o b ta in in g  la b e lle d  p ro te in  w ith  s u ff ic ie n t ly  h ig h  ra d io a c t iv ity  

fo r subsequent a n a ly s is .
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5) D is tr ib u tio n  of Label w ith in  F ib rin o g en  Fragm ent D

F ib rin o g en  fragm ent D (Ca^^) which had been la b e lle d  

as o u tlin ed  e a r l ie r  was reduced and run  on SDS PAGE. A photograph  

of a ty p ic a l gel is shown below:

F ig u re  3 .5  SDS P o lyacry lam id e  Gel (5% A cry lam id e) of Reduced  
P hoto-Sensitized  L ab e lled  F ib rin o g en  Fragm ent D (Ca )

I t  can be seen th a t th is  shows no a p p rec ia b le  d ifference  

from gels of u n trea ted  fragm ent D (Ca^^) shown e a r l ie r  (F;^ Z -1  )

Gels of la b e lle d  fragm ent D (Ca^^) were s liced  and the  

ra d io a c t iv ity  in  each slice was counted. As w ell as norm al 

e lectro p h o re tic  runs some samples were run for longer periods to 

im prove sep ara tio n  of the fh  and % chains and others were ru n  for 

shorter periods to m a in ta in  the o <  ch a in  as a t ig h t b an d , the 

ra d io a c t iv ity  of w hich could then be compared w ith  the to ta l 

ra d io a c t iv ity  of the / i  and IS b ands . The p a tte rn  of d is tr ib u tio n  

of la b e l between the three chains  showed l i t t le  v a r ia t io n  over 

a la rg e  number of experim ents and the resu lts  ob ta ined  are  

summarised in  Tab le  3 ( i ) .  Values a re  g iven  as the percentage of the 

to ta l la b e l in  the sample present on each ch a in  and are  quoted as 

mean va lu es  from seven experim ents -1  s tan d ard  d e v ia tio n :
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c < 19,0% ± 2.1

28.6% ± 1.3

% 52.0% ± 2 .5

Tab le  3 ( i )  D is tr ib u tio n  of L ab e l between the Chains of
F ragm ent D (Ca^^)

I f  the la b e l l in g  techn ique  is  shown to be usefu l in

assessing in fo rm a tio n  these re s u lts  would suggest th a t the ^  ch a in

is h ig h ly  exposed a t the surface  of fragm ent D (Ca"^" )̂ w h ils t the  

yS ch a in  is  much more pro tected  in  the in te r io r  of the m olecule. 

Both these suggestions a re  consistent w ith  the w e ll c h a ra c te ris e d  

s u s c e p tib ility  of the % ch a in  and  res is tan ce  of the /3  ch a in  to

p ro teo ly tic  a tta c k  (F u r la n , et a l ,  1975).
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6) L a b e llin g  in  the Presence of Urea

Id e n tic a l a liq u o ts  of fragm ent D (Ca"*”^) in  0 .0 5  M T ris -H C l 

pH 7 .5  c o n ta in in g  2 mM CaCl^ w ere taken  and one was made 6M w ith  

respecf^to  u re a . Both were then ir r a d ia te d  under id e n tic a l conditions  

and a p p lie d  to gel f i l t r a t io n  colum ns. Exam ples of the e lu tio n  

p ro file s  of p ro te in  c o n ta in in g  peaks are  shown in  F ig u re  3 .6 .

I t  can be seen from F ig u re  3 .6  th a t p ro te in  la b e lle d  in  

the presence of u rea  bound much more try p to p h a n . Over a series  

of experim ents i t  was found th a t  fragm ent D (Ca^^) la b e lle d  in  the  

presence of 6M urea  bound 2 .7  tim es the amount of la b e l bound by  

id e n tic a l samples la b e lle d  w ith o u t u re a .

The d is tr ib u tio n  of la b e l between the ch ain s  of fragm ent

D (Ca^^) la b e lle d  in  the presence of u rea  was then exam ined as 

o u tlin e d  e a r l ie r  and the a ve ra g ed  resu lts  from 6 experim ents are  

presented  in  the same w ay as before in  T ab le  3 ( i i ) .

oC 18% ± 2 . 8

/3 36.5% ± 2 .1

45.5% ± 2 .1

Tab le  3 ( i i )  D is tr ib u tio n  of L a b e l between the  C hains of Fragm ent 
D (Ca"*“ )̂ L ab e lled  in  the Presence of 6M Urea

When d a ta  from th is  experim ent was com pared to d a ta  from  

the previous  experim ent us ing  S tu d e n t’ s t - te s t  a s ig n if ic a n t increase  

in  the amount of la b e l bound by the ch a in  and a decrease in  the  

amount bound by the c h a in  was found. ( ^  ch a in  p <  0 .0002,

6  c h a in  p <  0 .0 5 ) .
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Therefore  d é n a tu ra tio n  c le a r ly  a ffec ts  the d is tr ib u tio n  

of la b e l and so i t  can be concluded th a t the la b e ll in g  techn ique  

does in  fac t m onitor p ro te in  conform ation .

The Tact th a t there  is no d iffe ren ce  in  the amount of 

la b e l bound by the cK ch a in  is not e n t ire ly  unexpected since i t  

bound a d is p ro p o rtio n a te ly  h ig h  amount of la b e l when fragm ent 

D (Ca^^) was la b e lle d  under n o n -d e n a tu rin g  co n d itio n s . Thus i t  

would a p p ea r to be h ig h ly  exposed in  n a tiv e  frag m en t D (Ca^^) 

and th e re fo re  d é n a tu ra tio n  would not be expected to s ig n if ic a n t ly  

a lte r  its  degree of exposure.
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/ )  P i  g c s l i o i i  o l  1, a b e l l e d  F r a g m e n t  D ( C a ^ ^  )

F ib iin o g c n  fragm ent D (Ca^^) which had been subjected to 

])h o to -5e ri5 iti/ed  la b e l l in g  was d ia ly s e d  ag ain st b u ffe r  c o n ta in in g  

25 mM EDTA and was then d igested  w ith  p lasm in for four hours. A 

gel of a ty p ic a l d ig e s tio n  is shown below:

oC
1

F ig u re  3 .7  SDS P o ly a c ry la m id e  Gel (5% A rcy lam id e) of Reduced 
Digest of L a b e lle d  Fragm ent D (Ca++)

I t  can be seen th a t th is  gel shows a number of bands  

corresponding to m o lecu la r w eigh ts  b e tw e e n  39,000 and 28 ,000 .

F u rla n  e t .a l .  (1975) and N ieuw enhuizen e t .a l  (1983) have reported  

the presence of c h a in s  between these m olecular w eights in  d igests  of 

fragm ent D (C a^^) c a r r ie d  out in  the absence of calcium  and a ll  have  

been designated as % ch a in  rem nants.

As d ig es tio n s  of fragm ent D (Ca^^) in  the presence of 

EDTA did not produce a s in g le  % c h a in , the sum of a ll  of the  

ra d io a c t iv ity  ly in g  between the end of the p> ch a in  band and the  

s ta r t of the oc c h a in  band  was ta k en  to represent c h a in . Since 

the p> chain  is  u n a ffec ted  by the d ig e s tio n , i t  is possib le , by  

using  the absolute  amount of ra d io a c t iv ity  which i t  c a rr ie s  to 

estim ate how much la b e l the p o p u la tio n  of chains  would have  

c a rr ie d  when in ta c t .
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Using these assum ptions it  was found th a t the d ig es tio n  of

the IS c h a in  had re su lte d  in  the loss of 39% of the la b e l th a t i t  

c a rr ie d  when in ta c t .  The sm allest % ch a in  rem nants p resen t in  the  

digest have a m o lecu la r w eigh t of 28,000 w hich means th a t they  have  

lost a t most, an 11,000 portion  of p ro te in . Th is  11,000 C -te rm in a l  

po rtio n  rep resen ts  a loss of 28% of the to ta l % c h a in  p ro te in .

T h ere fo re  i t  must be concluded th a t the C -te rm in a l p o rtio n  

of the % c h a in  of frag m en t D (Ca^^) binds a d is p ro p o rtio n a te ly

h igh  amount of la b e l .



a
Bp. A *

m ig ra tio n

F ig u re  3 .8  Photograph  of SDS p o ly a c ry la m id e  gel 
(5% a c ry la m id e ) of fib r in o g e n  reduced  
a fte r  P h o to -sen s itized  la b e ll in g



î
— 63 —

8) L a b e llin g  of F ib rin o g en

F ib rin o g en  was la b e lle d  u nder the cond itions  ou tlin ed  

e a r l ie r  and was separa ted  from unbound flu o resce in  and try p to p h an  

by the c e n tr ifu g a l d e sa ltin g  tech n iq u e  o u tlin e d  in  the previous  

c h a p te r. Th is  a llow ed the sample to be an a lysed  on p o ly ac ry la m id e  

gels more q u ic k ly  which was th oug ht to be p re fe ra b le  in  th is  case in  

view  of the known la b i l i t y  of the C -term inus  of the ch a in  of

fib rin o g e n  (Sem erraro e t .a l .  1977; Mosesson e t . a l .  1974).

F ig u re  3 .8  shows a photo graph  of an SDS 

p o ly a c ry la m id e  gel of reduced , la b e lle d  fib r in o g e n  a n d , on 

exam in atio n  i t  may be seen th a t in ta c t  c h a in  is  s t i l l  p resen t.

The p a tte rn  of d is tr ib u tio n  of la b e l was exam ined as o u tlin ed  e a r l ie r  

and averag ed  resu lts  of four experim ents  are  g iven  in  T ab le  3 ( i i i ) .

A 58.3% ± 3 .1

B /3 20.5% ± 2 .4

% 21.2% -  2 .6

T ab le  3 ( i i i )  D is tr ib u tio n  of L abel between the C hains of
F ib rin o g en

These resu lts  show th a t  the Ac< c h a in  of fib r in o g e n  binds  

most of the la b e l w h ils t the B/5 and 'S  chains  o n ly  b in d  m inor 

amounts. Th is  is consistent w ith  the p u b lish ed  re s u lts  of Hemmendorf 

e t .a l .  (1981) and , i f  the techn ique of p h o to -se n s itized  la b e ll in g  is  

shown to be surface  o rien ted  w ould also be consis ten t w ith, 

suggestions made by a number of w orkers (G affney  & Dobos, 1971; 

Blom back, M . , 1976; F u rla n  & Beck, 1975) who, u s in g  d iffe re n t  

techniques concluded th a t the A ^  ch a in  of f ib r in o g e n  is more h e a v ily  

exposed a t the surface of the p ro te in  th an  e ith e r  o f the o ther ch ain s .
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9) Comparison of L a b e llin g  of F ib rin o g en  and frag m en t D

E q u iv a le n t amounts of fib rin o g e n  and fragm ent D were  

la b e lle d  under id e n t ic a l cond itions and the samples were freed  from 

fluorescein  and unbound try p to p h a n  by d ia ly s is .

In  th is  exp erim en t d ia ly s is  was chosen because i t  a llow ed  

both samples to be sub jected  to id e n tic a l trea tm en ts . D ia ly s is  ag a in s t 

0 .05  M T ris -H C l pH 7 .5  c o n ta in in g  2 mM CaClg was c a r r ie d  out in  

darkness fo r 24 hours a t 4°C

A liquots  of each p ro te in  were taken  and p ro te in  

estim ations and r a d io a c t iv ity  measurements were c a rr ie d  out in  

t r ip l ic a te .

I t  was found th a t  fib r in o g e n  bound 0 .414  )tg of try p to p h a n  

per rag of p ro te in  w h ils t  frag m en t D (Ca^^) bound 0 .427 pg of 

try p to p h a n  p er mg of p ro te in . These resu lts  represen t averag ed  

va lu es  of seven experim ents  and fo r both p ro te ins  the e xp e rim en ta l 

spread was g re a te r  th a n  was hoped fo r , S tan d ard  d e v ia tio n s  

fo r both sets of d a ta  w ere in  the reg io n  of 0 .0 5 .



Ir ra d ia te d  F ib rin o g e n Peak 1 
F ib rin o g en

Asp 122.8 126.1

T h r 6 0 .2 61 .9

Ser 89 .7 86 .8

Glu 115.3 114.7

Pro 49 .6 51 .8

G ly 102.2 99 .5

A la 5 5 .5 52 .4

V a l 3 8 .7 41 .4

Met 17 .6 16.9

l ie 31 .7 35.1

leu 6 1 .0 58 .6

ty r 3 5 .3 36 .7

Phe 3 2 .7 31 .5

T ry 21 .7 20 .8

ly e 78 .1 77 .7

His 2 5 .2 26 .0

Arg 5 9 .4 5 9 .0

T a b le  3 ( iv )  Amino Acid Compositions of I r r a d ia te d  
and N o n ~ Irra d ia te d  F ib rin o g en



-  65 -

10) Amino Acid A n a lys is  of L ab e lled  F ib rinogen

Amino a c id  a n a ly s is  of la b e lle d  fib rin o g e n  was c a r r ie d  out 

a fte r ir r a d ia t io n  to determ ine w hether any changes in  in d iv id u a l  

amino acids or am ino acid  composition could be detected . Samples 

for a n a ly s is  w ere ir r a d ia te d  fo r 5 m inutes ins tead  of the u sual 

period  of 1 m inute  to m axim ise any such changes. T ab le  3 ( iv )  

gives averag ed  am ino ac id  a n a ly s is  d a ta  from L  hydro lyses  of 

ir ra d ia te d  and  n o n -ir ra d ia te d  fib r in o g e n .

There was no s ig n if ic a n t d iffe ren ce  in  the re ten tio n  time 

of any amino a c id  a fte r  i r r a d ia t io n  and i t  can th e re fo re  be assumed 

th a t no m ajor m o d ific a tio n  of any s in g le  residue has occurred .

C om paring  the two sets of d a ta  i t  can be seen th a t they  

are ve ry  s im ila r .  There is  c e r ta in ly  no evidence to back the c la im  

made by Hemmendorf e t .a l .  (1981) th a t ,  a fte r  i r r a d ia t io n ,  reduced  

leve ls  of h is t id in e  and ty ro s in e  were to be found. Th is  a p p a re n t

d ifference cou ld  be due to the h ig h e r l ig h t  in te n s ity  used by §
'- i

Hemmendorf in  h is  w o rk . i

The m ajor conclusion to be draw n from these resu lts  

however, is th a t ,  under the conditions used in  th is  w ork , 

ph o to -sen s itized  la b e ll in g  has no effect on the amino ac id  

composition of f ib r in o g e n . The technique as used here would  

therefore  a p p e a r to be n o n -d es tru c tiv e  and consequently u n lik e ly  

to seriously  d is ru p t the conform ation of any p ro te in  under s tu d y .

.



DPM
8000

7000

6000

5000 0.2

3000

2000

1000

10 20 30 40 50

fra c tio n  no.

F ig u re  3 -9  E lu tio n  p ro file  o f d ig est of
3H -F ib rin o g en  from D EA E-cellu lose column



-  6 6  -

11) D igestio n  of L a b e lle d  F ib r in o g en

F ib rin o g e n  w h ich  had been la b e lle d  as o u tlin e d  e a r l ie r  

w hich showed ty p ic a l d is tr ib u t io n  of la b e l and a le v e l of la b e ll in g  

close to the a v e ra g e  v a lu e  of 0 .414  pg try /m g  p ro te in  queued 

e a r l ie r  was d igested  w ith  p la s m in . The products of the d ig estio n  

were sep a ra te d  on a column (20 cm x 1 cm) of D E A E -cellu lose  . 

the e lu a n t of w h ich  w as im m ed ia te ly  passed th ro u g h  a column 

•(10 cm X 1 cm) of ly s in e  ag aro se . The e lu tio n  p ro f i le  of the  

combined columns is  shown in  F ig u re  3*9 .

I t  can  be seen th a t  th is  p ro file  is  v e ry  s im ila r  to the  

p ro file  o b ta in e d  when d ig ests  of u n la b e lle d  f ib r in o g e n  w ere  

a p p lie d  to s im ila r  colum ns (see F ig u re  2. 5 ) an d  th is  s im ila r ity

was confirm ed b y  e x a m in a tio n  of gels of each p eak  w hich  w ere ■ 

found to  be id e n t ic a l to those in  F ig u re  2 .5 .

The f i r s t  p e a k  co n ta in s  pure frag m en t D (Ca"'”*’ ) and  

estim ations  c a r r ie d  out on th e  m a te ria l from th is  p e ak  showed 

th a t the  fra g m e n t D (Ca'^'^) h ad  bound 0 .303  pg of try p to p h a n  

p e r mg of p ro te in , th is  v a lu e  is  an averag e  from  4 experim ents  

and the agreem ent betw een them was good (S ta n d a rd  d e v ia tio n  = 

0 .0 2 2 ) . Th is  re p res e n ts  a s ta t is t ic a l ly  s ig n if ic a n t  red u ctio n  

from the  v a lu e  of 0 .4 2 7  yag try p to p h a n  bound p e r mg of p ro te in  

found when fra g m e n t D (Ca^^) is  la b e lle d  in  s o lu tio n .

The p a tte rn  o f d is tr ib u tio n  of the la b e l between the  chains  

of dhe frag m en t D (C a^^) was then an alysed  and  the p a tte rn  found  

is g iv en  in  T a b le  3 (v )  o v e r le a f .
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c< 19% ± 0 .7

31% ± 3 .1

% 50% ± 3 .5

T ab le  3 (v )  D is tr ib u tio n  of Label between the Chains of 
Fragm ent D (Ca'*"^) d e riv e d  from L ab e lled  F ib rin o g en

Comparison of th is  d a ta  w ith  th a t g iven  in  T ab le  3 ( i  

fo r p ro te in  la b e lle d  as frag m en t D (Ca^^) using Students t- te s t  

showed no s ig n if ic a n t d iffe re n ce  in  the two sets of d a ta .
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D ISC U SS IO N

At the s ta r t  of th is  section the stated  aims were:

( i )  To optim ise conditions fo r the ph o to -sen s itized  

la b e ll in g  of p ro te in .

( i i )  To assess the usefulness of such la b e llin g  

as a probe of conform ation .

( i i i )  To exam ine fib rin o g e n  using ph o to -sen s itized  

la b e ll in g  i f  the  techn ique  proved s u ita b le .

Towards the f i r s t  two ob jectives  studies were c a rr ie d  out 

using  the fib rin o g e n  d e g ra d a tio n  product fragm ent D because of the  

known s ta b il ity  of fragm ent D to p ro te o ly tic  a tta c k  in  the presence  

of calcium  ions {H a ve rk a te  & T im an , 1977).

In i t i a l  experim ents  showed th a t b in d in g  of la b e l to 

p ro te in  could be induced  by illu m in a tio n  in  the presence of 

fluoresce in  and i t  was fu r th e r  shown th a t the lin k a g e  between  

the p ro te in  and the try p to p h a n  la b e l was c o v a le n t. Subsequent 

w ork showed th a t the cond itions of the experim ent could a ffec t the  

degree of la b e ll in g  and th is  w ork led  to the estab lishm ent of a 

set of conditions w hich  m axim ised the la b e ll in g  of p ro te in  w h ils t  

m inim ising the com peting c ro s s -lin k in g  re a c tio n . Thus the f ir s t  aim  

had  been ach ieved , a system had  been developed w hich induced  

consistent la b e ll in g  of p ro te in .

Studies on fib r in o g e n  fragm ent D {Ca^**") showed th a t the  

d is tr ib u tio n  of la b e l between the chains  of the p ro te in  rem ained  

consistent over a num ber of experim ents and th a t t h is . d is tr ib u tio n  

was independent of the to ta l amount of la b e l bound by the p ro te in .
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When la b e ll in g  was c a rr ie d  out on frag m en t D (Ca^^) 

w hich was d en atu red  by ad d itio n  of u rea p r io r  to ir r a d ia t io n  it  

was found th a t these samples bound 2 .7  times the amount of la b e l 

bound by id e n t ic a l samples la b e lle d  w ithout d é n a tu ra tio n . I t  was 

also found th a t the p a tte rn  of d is tr ib u tio n  of la b e l was a lte red  

s ig n if ic a n t ly  when la b e ll in g  was c a rr ie d  out in  the presence of 

u re a .

These re s u lts  a re  w hat would be expected i f  the technique  

is  conform ation depen dent. O bviously i f  th is  were the case m axim al 

u p take  of la b e l would be by random co il p ro te in  w here , i f  

la b e ll in g  w ere also  to ta l ly  random , one w ould expect the amount 

of la b e l bound by  each ch a in  to be d ire c tly  p ro p o rtio n a l to the  

p ro te in  mass of the c h a in . In  the case of th is  e x p e rim e n t. how ever, 

the presence of d is u lp h id e  bonds imposes co nform ationa l constra in ts  

on the d e n atu red  frag m en t D (Ca^^) and so the case of to ta lly  

random  d is tr ib u t io n  cannot a p p ly . However the change in  

d is tr ib u t io n , c e r ta in ly  by  the yG and "6 chains  does re fle c t a 

move tow ards such a d is tr ib u tio n  w ith  the p ro p o rtio n  of la b e l 

bound by  the yG c h a in  r is in g  from 28% to 36% w h ils t the  

p ro rp o rtio n  bound by  the '6 chain  fa lls  from 52% to A5%. Thus 

i t  would a p p ea r th a t the la b e llin g  techn ique is ,  in  fa c t, 

conform ation dep en d en t. F u rth e r , in d ire c t evidence fo r th is  

conclusion is  p ro v id e d  by the observed d is tr ib u tio n  of la b e l in  

n o n -d en a tu red  frag m en t D (C a^^). F u r la n  e t .a l .  (1975) showed 

th a t the % c h a in  of fragm ent D is  susceptib le  to p ro te o ly tic  

a tta c k  w h ils t the /3  ch a in  is h ig h ly  re s is ta n t and  th is  is consistent 

w ith  the observed d is tr ib u tio n  of la b e l in  fragm ent D (Ca*^^) w hich
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suggests th a t the % c h a in  is h ig h ly  exposed at the surface  of the

molecule w h ils t the p>  ch a in  is protected  in  the In te r io r .

Results o b ta in ed  from the la b e ll in g  of fib rin o g e n  are in

good agreem ent w ith  c u rre n t ly  accepted ideas about fib rin o g e n

shape and , when the d a ta  from th is  work is analysed  using the  

method of Hemmendorf e t .a l .  (1981) an : B P : % la b e ll in g

ra tio  of 2 .8  : 1 : 1 .03  is  o b ta in e d , th is  is  v e ry  close to the  

fig u res  p u b lish e d  in  th a t w ork of 2 .7  : 1 ; 1. Thus the technique  

appears to y ie ld  a h ig h ly  consistent d is tr ib u tio n  of la b e l.

Results from  amino a c id  a n a ly s is  and the fa c t the  

digestion  of f ib r in o g e n  a fte r  la b e ll in g  proceeds as norm al suggests 

th a t the la b e ll in g  techn ique  does not s ig n if ic a n t ly  a lte r  the  

stru c tu re  or conform ation  of p ro te in  under s tudy.

Thus i t  would a p p ea r th a t the technique of p h o to -sen s itized  

la b e ll in g  is  of use in  assessing p ro te in  shape.

H a v in g  e s tab lis h ed  the usefulness of p h o to -sen s itized  

la b e ll in g  as a probe of p ro te in  conform ation the resu lts  o b ta in ed  

from the la b e ll in g  of f ib r in o g e n  can now be exam ined in  an  

e ffo rt to d e riv e  in fo rm a tio n  about the shape of the p ro te in . The 

most s tr ik in g  p o in t about the d is tr ib u tio n  of la b e l in  fib r in o g e n  

(T ab le  3 ( i i i )  ) is  th a t  the k*=<  c h a in  b inds almost th ree  times more 

la b e l th an  e ith e r  of the o ther two c h a in s . This agrees e n t ire ly  

w ith  the v iew s expressed by  a num ber of w orkers (G affney  & Dobos, 

1971; B lom back.M , 1976; F u r la n  & Beck, 1975) who, using  

d iffe re n t techn iques a l l  concluded th a t the ch a in  of f ib rin o g e n

and, more p a r t ic u la r ly  the C -term in u s  of the A®̂  ch a in  is  

p red o m in an tly  surface  o rie n te d .

■h ; 4,
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More in fo rm atio n  about the shape of fib r in o g e n  was 

o b ta in ed  by s tu d y in g  its  d igestion  product frag m en t D (C a^^) .  The 

f ir s t  p o in t to be noted in  these studies is th a t the p a tte rn  of 

d is tr ib u tio n  of label""between the chains of frag m en t Ü (Ca^^) 

la b e lle d  as frag m en t D (Ca^^) in  solution shows no s ig n if ic a n t  

d iffe re n ce  to the d is tr ib u tio n  in  fragm ent D (Ca^^) d e riv e d  from  

la b e lle d  f ib r in o g e n . Th is  suggests th a t the frag m en t D dom ain of 

f ib r in o g e n  undergoes no m ajor conform ational changes d u rin g  

d ig estio n  of the p ro te in  and any fin d in g s  about the shape of 

fragm ent D (Ca^^) in  solution are  there fo re  d ire c t ly  a p p lic a b le  

to f ib r in o g e n . However m a te ria l la b e lle d  as frag m en t D (Ca^^) 

bound 25% more la b e l th an  fragm ent D (Ca^^) produced from  

d ig estio n  of la b e lle d  fib r in o g e n , suggesting th a t the fragm ent D 

domains of fib r in o g e n  a re , to some extent pro tected  by  some o ther 

p o rtio n  of the  m olecule. E a r l ie r  resu lts  in  th is  work w ould  

suggest th a t  i t  is the C -term inus portion  of the A «  ch a in  w hich  

fu lf i ls  th is  p ro te c tin g  ro le .

Knowing the m olecular w eights of each of the chains  

of fib r in o g e n  and fragm ent D (Ca^^) i t  is p o s s ib le , using d a ta  

about the to ta l la b e l bound by each p ro te in  and the d is tr ib u tio n  

of th a t la b e l,  to a sc e rta in  the amount of la b e l bound by  1 mole 

of each c h a in . From th is  v a lu e  the amount of la b e l p er u n it  

len g th  of each c h a in  may be c a lc u la te d , assum ing of course th a t  

len g th  is  d ire c t ly  p ro p o rtio n a l to w e ig h t. The n u m erica l v a lu e  

of la b e l p e r u n it  len g th  may then  be taken  as an in d ex  of j
exposure fo r each c h a in . Data d e riv e d  in  th is  w ay is  g iven  in  j

Tables 3 ( v i )  and  3 ( v i i )  for f ib rin o g e n  and frag m en t D (Ca^^) 1

d erived  from  la b e lle d  fib rin o g e n  re s p e c tiv e ly . !



Species % la b e l bound L ab el/m o le L a b e l/u n it  
1 ength

Fibrinogen 100% 144,500 mg

A c< 58% 41,905 mg 0.625

B /3 20% 14,450 mg 0.249
21% 15,173 mg 0.322

Table  3 ( v i )  A n a lys is  of 
by fib r in o g

D is tr ib u tio n
en

3f la b e l boun

Species % la b e l bound L ab el/m o le L a b e l/u n it
len gth

Fragm ent 
D (Ca++) 100% 27,300 mg

19% 5 ,460  mg 0.546

28% 7,644 mg 0.182

ZS 53% 14,469  mg 0.371

Tab le  3 ( v i i )  A n a lys is  of d is tr ib u t io n  of la b e l
bound by frag m en t D (Ca^^)
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This  trea tm ent of resu lts  revea ls  a number of in te re s tin g  

points about both species and th e ir  re la tio n s h ip  to each o th er. 

D ealing f i r s t  w ith  the d a ta  fo r fragm ent D (Ca^^) th is  re ve a ls  

th a t a lth o u g h  the % ch a in  b inds most of the la b e l the oc ch a in  

a c tu a lly  has a h ig h e r exposure in d ex  in d ic a tin g  th a t ,  as a 

whole, i t  is  more surface o rien ted  th an  the t  c h a in . The points  

made e a r l ie r  about the p> ch a in  are  re in forced by these f ig u re s ,  

the m ajor p ro p o rtio n  of i t  must be protected in  the in te r io r  of 

the m olecule. Therefore  the p ic tu re  of fragm ent D (Ca^^) w hich  

emerges from th is  w ork is one w here the b u lk  of the su rface  of 

the p ro te in  is  composed by '6  c h a in  w ith  almost a l l  of the  ch a in  

also so lvent exposed.

When these fin d in g s  are  taken  in  con junction  w ith  the  

resu lts  of d igestions of la b e lle d  fragm ent D (Ca'*”*') in  the presence  

of EDTA more conclusions about the exposed surface of fragm ent 

D (Ca^^) may be d raw n . A lthough the results  of these d igestions  

were not e n t ire ly  s a tis fa c to ry  th ey  do suggest th a t the C -term inus  

of the '6  c h a in  is  more h ig h ly  exposed than the res t of the c h a in .

Even i f  a l l  of the % chains  in  the p o p u la tio n  had  been 

digested to 28,000 m olecular w eigh t rem nants, the observed loss 

of la b e l would mean th a t the 11,000 m olecular w e ig h t p o rtio n  

lost w ould have  an exposure in d e x  of 0.513 in d ic a tin g  th a t i t  

was h ig h ly  exposed. However as the gel in  F ig u re  3 -7  c le a r ly  

shows not a l l  the % chains have been digested to th a t e x te n t, 

therefore  the tru e  f ig u re  fo r the exposure index of the  

C -term inus of the % ch a in  must in  fa c t be even h ig h e r th a n  0 .513 . 

This a llow s the  conclusions draw n  e a r l ie r  about fra g m en t D (Ca^^) 

to be extended and thus i t  can be said  th a t i t  is  the C -term inus
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of the "6 ch a in  of fragm ent D (C a ** )  w hich is  h e a v ily  surface  

o rien ted  and an obvious extension of these fin d in g s  is th a t the  

N -term inus must th e re fo re  be more p ro tected .

The fig u res  fo r fib rin o g e n  in  T ab le  3 (v i )  m erely  

re in fo rce  the p o in t made e a r l ie r  about the h ig h  degree of surface  

exposure a t the c h a in . However co n s id erin g  the fig u re s  for

both p ro te in s  to g e th er a number of po ints  m ay be made. One 

s tr ik in g  p o in t is th a t the two moles of fragm ent D (Ca^^) produced  

from every  mole of fib r in o g e n  o n ly  c a r ry  37% of the la b e l of the  

fib r in o g e n  ye t th ey  rep resen t 58% of the p ro te in  m ass. Therefore  

the fragm ent D domains of fib r in o g e n  must be protected  regions in  

the molecule an d , as mentioned e a r l ie r ,  i t  is  most l ik e ly  th a t i t  

is  the C -term inus  of the A®^ ch a in  w hich sh ie lds  them.

Perhaps the most im p o rtan t p o in t shown by these resu lts  

is the evidence th a t  alm ost a l l  of the la b e l bound by the ch a in

of fib r in o g e n  is bound b y  the p o rtio n  w hich represen ts  the ch a in

of fragm ent D (C a^ ^ ). Th is  suggests th a t th is  is the on ly  p o rtion  

of the  % c h a in  of f ib r in o g e n  w hich is  so lvent exposed. This f in d in g  

is p a r t ic u la r ly  in te re s tin g  in  v iew  of the ro le  of th is  p o rtio n  of the 

'6 ch a in  of firb in o g e n  in  calc ium  b in d in g  (L a w rie  & Kemp, 1979) 

and in  form ing in te r -m o le c u la r  c ro ss -lin k s  under the action  of 

Facto r X I I I  in  f ib r in  fo rm ation  (H a v erk a te  e t . a l . ,19 7 9 ). Thus the  

techn ique of p h o to -se n s itized  la b e ll in g  appears  to p ro v id e  d irec t 

evidence th a t th is  c ro s s -lin k in g  site is exposed in  fib rin o g e n  in  

so lu tio n .
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INTRODUCTION

C hem ical c ro s s -lin k in g  reagents  have been used in  the  

in v e s tig a tio n  of s tru c tu re  and fu n c tio n a l re la tio n s h ip s  in  a 

number of proteins, (P e te rs ,"1 9 7 7 ). The lo catio n  of c ro s s -lin k s  

induced by chem ical c ro s s -lin k in g  reagents is dependent upon the  

three d im ensional shape of the p ro te in  under study as th is  w i l l  

determ ine the d is tan ce  between s u ita b le  re a c tin g  residues in  the  

same, or d iffe re n t p ro te in  m olecules.

Being a la rg e  hexam eric  p ro te in , f ib r in o g e n  w ould a p p ear  

to lend  its e lf  p a r t ic u la r ly  w e ll to th is  k in d  of s tudy  p a r t ic u la r ly  

i f ,  a fte r  c ro s s -lin k in g  i t  could be d igested thus re v e a lin g  

in fo rm ation  about d if fe re n t p a rts  of the molecule and th e ir  re la tio n  

to each o th e r. F u rth e rm o re , h a v in g  shown in  the p rev io u s  section  

of th is  work th a t the fragm ent D domain of fib r in o g e n  and fragm ent 

D (Ca^^) in  so lu tion  ap p ear to be v e ry  s im ila r  c o n fo rm a tio n a lly , 

c ro s s -lin k in g  s tud ies  of fragm ent D (Ca^^) may y ie ld  in fo rm atio n  

w hich is d ire c t ly  a p p lic a b le  to fib r in o g e n .

In  th is  w ork two d iffe re n t types of chem ical c ro s s -lin k in g  

reagents  have been used, the b is -im id a te s  w hich  re a c t w ith  lys in e  

residues (Kennedy 1976) and te tra n itro m e th a n e  (TNM ) w hich reacts  

w ith  ty ro s in e  residues (Sokolovsky e t .a l .  1966). The b is -im id a te s  

are  p a r t ic u la r ly  su ited  to th is  ty p e  of study since they  form a 

group w ith  the g e n e ra l s tru c tu re  : -

■̂ Ĥ N = COCH^ -  (CH^) -  COCH^ = NH^

where the number o f CHg groups may be co n tro lled  g iv in g  rise  to a 

series of reagents  w h ich  w il l  c ro s s -lin k  over d if fe re n t  in te rre s id u e
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distan ces. The b is -im id a te s  used in  th is  work w ere d im ethyl 

su b erim id a te  (DM 5) where n = 8 and dim ethyl a d ip im id a te  (DMA) where
o o

n = 6, g iv in g  c ro s s -lin k  d is tances of 11 A and 8 A re s p e c tiv e ly .

Since the re a c tio n  between the im id ate  and lys in e  re s u lts  in  no net 

change of c h a rg e  i t  is u n lik e ly  th a t the reaction  w i l l  d is ru p t the  

te r t ia r y  s tru c tu re  of the p ro te in .

Since TNM reacts  w ith  ty ro s in e  residues, i t  was thought 

th a t i t  w ould  be more l ik e ly  to p en etra te  hydrophobic  domains of 

the p ro te in  c au s in g  more in tra -m o le c u la r  c ro s s -lin k in g  th a n  the  

b is -im id a te s  w h ich  re ac t w ith  ly s in e  residues w hich a re  g e n e ra lly  

more a b u n d a n t on the surface  of p ro te in s .

The m ajor problem  in  using  chem ical c ro s s -lin k in g  

reagents  is  th a t ,  should a second residue not be s u ita b ly  p o s itio n ed , 

a fte r  re a c tio n  w ith  one res id u e  the c ro s s -lin k in g  re a g e n t w i l l  be 

hyd ro lysed  le a v in g  the res id u e  w hich in i t ia l ly  re a c te d  b locked .

Thus the m o d ific a tio n  induced  in  the p ro te in  by re a c tio n  w ith  a 

c ro s s -lin k in g  re ag e n t is f a i r ly  la rg e , w ith , in  the case of b is -im id a te s  

most of the  ly s in e  residues of the p ro te in  being co n verted  to am idine  

d e r iv a tiv e s  (Kennedy 1976) a n d , in  the case of TNM most of the  

tyros ines b e in g  n it ra te d . I t  seems l ik e ly  th a t, p a r t ic u la r ly  in  the  

case of b is -im id a te s  such w holesale  m odification  of fib r in o g e n  

would in te r fe re  w ith  subsequent p lasm ic d igestion  of the  p ro te in . TNM 

produces a s p e c ia l problem  in  the case of fib r in o g e n  in  th a t the  

c ro s s -lin k in g  re a c tio n  re q u ire s  o v ern ig h t in c u b atio n  a t 37°C . W ith a pro tef 

such as fib r in o g e n  w ith  its  w e ll documented la b i l i t y  of c h a in  C -term ina  

portions (S em erarro , 1977;Mosesson et a l 1974) these re ac tio n  conditions 4
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are not r e a l ly  s u ita b le . C ons idera tions  such as these have lim ite d  

the exten t of previous studies of fib r in o g e n  using chem ical cross- 

l in k in g  (F u r la n  & Beck 1975; M ih a ly i 1963; D o o little  1973).

T herefo re  i t  was decided to in v e s tig a te  the p o in t made 

in  the p rev io u s  c h ap te r th a t the tech n iq u e  of p h o to -sen s itized  

la b e ll in g  c a n , i f  conditions are  not s u ita b ly  co n tro lled  cause 

p o lym erisa tio n  to occur. R eca llin g  the possib le cou p lin g  reactions  

fo llo w in g  the p r im a ry  photochem ical re ac tio n  o u tlin e d  in  the  

previous c h a p te r : -

M* + D  > M -  D (1 )

M* + T r y ’ — vM  -  T ry  (2) ..

M* + M" -------» M -  M (3 )

D = dye M = Macromolecule

I t  can be seen th a t these are a l l  com peting re a c tio n s , and in  

the p rev io u s  section conditions fo r re ac tio n  (2 ) were optim ised. 

However i i f  the  amount of try p to p h a n  in  the re a c tin g  m ixtu re  

were reduced then the system should  fa v o u r re ac tio n  (3 ) ,  b e a rin g  

in  m ind th a t re su lts  from the p re v io u s  section showed th a t  

reac tio n  (1) does not occur to an y  la rg e  e x te n t.

Furtherm ore  resu lts  of am ino ac id  a n a ly s is  in  the  

previous c h a p te r showed th a t p h o to -se n s itized  la b e ll in g  was 

n o n -d e s tru c tiv e , th ere fo re  any c ro s s -lin k in g  re ac tio n  based on 

th a t techn ique  would not be expected to damage p ro te in  and should  

y ie ld  a p roduct s u ita b le  fo r d ig e s tio n .

Therefore  th is  section m ay be considered in  two p a rts  

each w ith  d if fe re n t ,  a lthough connected aim s. The aim of the  

f irs t  p a r t  be in g  to study the te rm in a l d e g rad a tio n  products



- 77 -
fragm ent D produced from fib rin o g e n  by p lasm in  d igestion  both  

in  the presence of Ca^^ and EDTA using c la s s ic a l chem ical 

c ro s s -lin k in g  tech n iq u es .

The aim of the second p a rt is to develop a system for  

photo c ro s s -lin k in g  fib r in o g e n  in  the hope th a t such a techn ique  

w ill  c ro s s -lin k  the p ro te in  w ith o u t the m ajor m odifications  

induced by chem ical c ro s s -lin k in g  reagents thus y ie ld in g  

a c ro ss -lin k ed  product w hich  may be fu r th e r  exam ined by p lasm in  

d ig estio n .
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METHODS

1) C ro s s -L in k in g  w ith  B is -im id a te s

DM5 was purchased  from the Sigma C hem ical Company,

DMA was a g i f t  from D r.J .C o g g in s , D ep t.o f B io ch em is try , U n iv e rs ity  

of Glasgow.

C ro s s -lin k in g  was c a r r ie d  out using a method based on 

th a t of F u r la n  e t .a l .  (1 9 77 ). A 30 mM stock so lu tion  of the re q u ire d  

b is -im id a te  in  O .IM  tr ie th a n o la m in e  b u ffe r  pH 8 .5  c o n ta in in g  2 mM 

C aC l2 was p re p are d  im m edia te ly  p r io r  to use. The necessary  

volume of th is  stock so lu tion  re q u ire d  to g ive  the d es ired  f in a l  

concentration  of b is -im id a te  was added to a so lu tion  of p ro te in  in  4

the same b u ffe r . C ro s s -lin k in g  was c a rr ie d  out u s ing  b is -im id a te  %

concentrations from 1 mM to 20 mM and p ro te in  concentrations  

between 0 .25  m g/m l and 3 .0  m g /m l.

Reaction was a llow ed  to proceed fo r 30 m inutes a t 30°C , 

samples were then d e sa lte d , e ith e r  using the c e n tr ifu g a l method 

o u tlin e d  e a r l ie r  or by  d ia ly s is  fo r 2 hours a g a in s t cham ber b u ffe r  

C ro s s -lin k e d  p ro te in  was then a n a ly s e d  using SDS PAGE on gels  

c o n ta in in g  5% a c ry la m id e .

2) C ro s s -L in k in g  w ith  T e tra n itro m eth an e

TNM was purchased from the Sigma C hem ical Company and  

c ro s s -lin k in g  was c a rr ie d  out us in g  a method based on th a t of 

F u r la n  & Beck (1975).

TNM was d issolved in  95% ethano l to a f in a l  concentration
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of 50 m g/m l. S u ita b le  a liq u o ts  of th is  so lution  were added to 

solution of p ro te in  in  0 .05  M T ris -H C l pH 7 -5  c o n ta in in g  2 mM 

CaCl^ to g ive  f in a l  TNM concentrations between 0 .05  m g/m l and 

2 .0  m g/m l. F in a l  p ro te in  concentrations were between 0 .2 5  m g/m l 

and 3 .0  m g /m l.

R eaction  was allow ed to proceed a t 37°C fo r 12 hours.

The p ro te in  w as th en  p re c ip ita te d  by a d d itio n  of an eq u a l volume 

of 10% (w /v )  tr ic h lo ro a c e tic  ac id  (TCA) follow ed by  c e n tr ifu g a tio n  

at 2000 rpm fo r  10 m inutes. The p re c ip ita te  was then  washed w ith  

5% (w /v )  TCA, c e n tr ifu g e d  as before and resuspended in  a solution  

of 6M Urea c o n ta in in g  3% SDS. This so lution  was in c u b ated  at 37°C  

for 2 hours p r io r  to sample a p p lic a tio n  to gels fo r SDS PAGE.

3) P hoto -S ens itized  C ro s s -L in k in g

Optimum conditions fo r pho to -sen s itized  c ro s s -lin k in g  

were determ ined u s in g  in fo rm atio n  g a in ed  from experim ents in  the  

development o f p h o to -se n s itized  la b e ll in g  o u tlin e d  in  the p revious  

ch ap ter.

P ro te in  concentrations of between 0 .4  m g /m l and 2 .0  m g/m l 

were used, flu o re s c e in  was present a t a f in a l  co n cen tra tio n  of 1 mM 

and i l lu m in a tio n  was fo r 1 m inute . No try p to p h a n  was in c lu d ed  in  

these in c u b a tio n s . Samples were freed  from co n tam in atin g  flu o resce in  

by d ia ly s is , and  a n a ly s is  was by SDS PAGE on gels c o n ta in in g  3% 

acry lam id e  in  th e  case of non-reduced samples and 5% acry lam id e  

for reduced sam ples.

D igestio ns  were c a rr ie d  out as o u tlin e d  e a r l ie r .

. J
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F ig u re  4 .1  SDS P o ly a c ry la m id e  gels (5% A cry lam id e)
showing e ffec t of c ro s s -lin k in g  on fragm ent D ( C a ^ )
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RESULTS

1 ) C ro s s -L in k in g  of Fragm ent D (Ca^^)

F ib rin o g en  frag m en t D (Ca^"^) was tre a te d  w ith  each of 

the th ree  chem ical c ro s s -lin k in g  reagents  a t v a ry in g  con cen tra tio n s . 

I t  was found th a t  q u a l ita t iv e ly  there  was no d iffe re n ce  in  the  

p a tte rn  of c ro s s -lin k in g  induced  by any of them a lthough  i t  was 

noted th a t the reagents  p ro d u c in g  shorter c ro s s -lin k s  caused  

less c ro s s -lin k in g  to occur.

F ig u re  4 .1  shows 5 %  a c ry lam id e  gels of fragm ent D (Ca^^) 

tre a te d  w ith  1 mM DMS.

The g e l of DMS tre a te d  fragm ent D (Ca^^) ru n  w ithout 

red u ctio n  c le a r ly  shows th a t in te r -m o le c u la r  c ro s s -lin k in g  has 

occurred as th ere  is a ban d  of low er m o b ility  w hich  can on ly  be 

ascrib ed  to d im eric  fragm ent D (Ca^"*"). However a fte r  reductio n  

there  appears to be much more evidence of c ro s s -lin k in g  h a v in g  

taken  p lace  w ith  the gel showing v e ry  obvious bands h a v in g  

a p p are n t m olecular w eights of 56,000 and 79,000 re s p e c tiv e ly . I t  

must th ere fo re  be assumed th a t  when fragm ent D (Ca"*"*') is  tre a te d  

w ith  chem ical c ro s s -lin k in g  reagents  the b u lk  of the c ro s s -lin k in g  

w hich takes p lace  is  in tra -m o le c u la r .

F ig u re  4 .2  shows the effect of in c re a s in g  the concentra tion  

of c ro s s -lin k e r  on the c ro s s -lin k in g  p a tte rn  of fragm ent D (C a ^ ^ ).

The two most obvious points  a re  the appearance  of a band h a v in g
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chains  of frag m en t D (Ca )
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a p p a re n t m olecu lar w e ig h t of 88,000 and the alm ost complete 

d isap p earan ce  of monomeric oC. -c h a in .

I t  was also  found th a t  in c re a s in g  c ro s s -lin k e r  concentrations  

o n ly  increased  the amount of d im er fo rm ation  to the p o in t where  

d im eric  fragm ent D rep resen ted  16% of the to ta l p ro te in  a p p lie d  to 

ge ls .
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F ig u re  4 -3  SDS P o lyacry lam id e  gels (5% A cry lam id e ) 
showing effect of c ro s s -lin k e r  on 
fragm ent D ( C a ^ )  and frag m en t D (EDTA)
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2) Comparison of C ro s s -L in k in g  of Fragm ent D Species 4

The c ro s s -lin k in g  p a tte rn s  of frag m en t D (Ca^"^) and #

fragm ent D (EDTA) were com pared over a w ide ra n g e  of p ro te in  

and c ro s s -lin k e r  concentra tions  and i t  was found th a t  fragm ent 

D (EDTA) co n s is ten tly  showed a much h ig h e r le v e l of in te r-m o le c u la r

c ro s s -lin k in g  th an  frag m en t D (Ca"^"^). Th is  is  i l lu s tr a te d  by F ig u re  

4 .3  w hich shows the p a tte rn  on 5% a cry lam id e  gels of each of the  

fragm ent D species tre a te d  w ith  DMA a t p ro te in  concentrations of 

1 m g/m l.

I t  was p re v io u s ly  shown th a t when frag m en t D (Ca**”^) is  

tre a te d  w ith  chem ical c ro s s -lin k e rs  the b u lk  of the c ro s s -lin k in g  

w hich  takes  p lace  is  in tra -m o le c u la r .  However the  p a tte rn  of 

c ro s s -lin k in g  w ith  frag m en t D (EDTA) is g ro ss ly  d iffe re n t w ith  

v e ry  much more in te r -m o le c u la r  c ro s s -lin k in g  ta k in g  p lace  le a d in g  to  

the form ation  of d im ers , tr im e rs  and te tra m ers . Th is  suggests th a t  

th e re  is  la rg e  co n fo rm atio n a l d iffe re n ce  between frag m en t D (Ca"*"^) 

and fragm ent D (EDTA) w ith  frag m en t D (EDTA) ad o p tin g  a less 

r ig id ,  more open conform ation  w hich  p erm its  c loser contact between  

the constituent chains  of a d ja c e n t molecules a llo w in g  the  

production  of ologomers when frag m en t D (EDTA) is  tre a te d  w ith  

chem ical c ro s s -lin k in g  re a g e n ts .

..J
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3) E ffect of EDTA and Urea on C ro ss -L in k in g

H av in g  shown a conform ational d iffe ren ce  between  

fragm ent D (Ca^^) and frag m en t D (EDTA) w hich has undergone  

cleavage a t the C -term in u s  of the "6 -c h a in  the purpose of th is  work  

was to in v e s tig a te  w hether the observed co n fo rm atio n a l change was 

a re s u lt of d ig estio n  or ca lc ium  rem oval.

Solutions of frag m en t D (Ca^^) were d ia ly s e d  ag a in s t three  

changes of O .IM  TEA pH 8 .5  co n ta in in g  25 mM EDTA, stock b is -im id a te  

solutions w ere p rep ared  us ing  the same b u ffe r im m ed ia te ly  p r io r  to 

use and c ro s s -lin k in g  was c a r r ie d  out as o u tlin e d  p re v io u s ly .

Over the ran g e  of p ro te in  and b is - im id a te  concentrations  

used the  p a tte rn s  of c ro s s -lin k in g  shown by frag m en t D (Ca^^) 

c ro s s -lin k e d  in  the presence of 25 mM EDTA w ere in d is t in g u is h a b le  

from those o b ta in ed  in  co n tro l experim ents c a r r ie d  out in  the  

presence of ca lc iu m , (see F ig u re  4 .1 ) .

H a v e rk a te  and Tim an (1977) showed th a t  in  the presence  

of 2M u re a  and absence of added calcium  frag m en t D (Ca^^) 

was su scep tib le  to a tta c k  by  p la sm in . Therefore  the above 

experim ents were repeated  using the same b u ffe rs  made 2M in  u re a .  

Once a g a in  the p a tte rn  of c ro s s -lin k in g  rem ains unchanged therefore  

the rep o rted  in creased  s u s c e p tib ility  to a tta c k  is  not accom panied  

by a gross change in  conform ation .
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The re s u lts  from th is  w ork therefore suggest th a t  

frag m en t D (Ca^^)^ has a com pact, s tab le  conform ation  w hich is  

m a in ta in e d  even in  the absence of calc ium . Thus the  conform ationa l 

d iffe re n ce  between frag m en t D (Ca^^) and fragm ent D (EDTA) shown 

p re v io u s ly  must be the re s u lt  of the cleavage of a p lasm in  

su scep tib le  bond tow ards the C -term inus of the "6 -c h a in  of 

frag m en t D (C a ^ ^ ). Th is  c leavag e  however can  o n ly  ta k e  p lace  

a fte r  the  rem oval of ca lc iu m  w hich can th ere fo re  be re g ard e d  as 

e x e rc is in g  a p ro te c tiv e  in flu e n ce  over th is  suscep tib le  bond.
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4) P hoto -S ens itized  C ro s s -L in k in g  of Fragm ent D (C a^^)

Samples of Fragm ent D (C a^^) were ir r a d ia te d  in  the  

presence of flu o re sc e in  w ithout try p to p h a n  a n d , on a n a ly s is  of the  

p ro te in  on SDS PAGE a fte r  rem oval of flu o resce in  by d ia ly s is  

i t  could be seen th a t c ro s s -lin k in g  of the p ro te in  h ad  taken  p la c e .

The p a tte rn  of the p ro te in  samples on 5% gels a fte r  

red u ctio n  was q u a l ita t iv e ly  s im ila r  to th a t o b ta in ed  when the p ro te in  

was tre a te d  w ith  chem ical c ro s s -lin k e rs  (F ig u re  4 .1 ) .  However when 

the samples w ere an a lysed  w ith o u t red u ctio n  i t  could be seen th a t  

more in te r -m o le c u la r  c ro s s -lin k in g  had  occurred  w ith  the band  

corresponding to d im eric  fragm ent D am ounting to up to 20% of 

the to ta l p ro te in  a p p lie d  to the g e l as m easured by u p take  of 

coomassie b lu e  s ta in .



0 .2;

.13

Figure 4.4 Scans of SDS polyacrylamide gels of
reduced Peak I fibrinogen before and
after photo-sensitized cross-linking
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5) P h o to -S ens itized  C ro ss -L in k in g  of F ib rin o g en

Samples of Peak I fib rin o g en  were i r r a d ia te d  in  the  

presence of flu o re s c e in  and absence of try p to p h a n , they  were  

then freed  from flu o resce in  by d ia ly s is  and  a n a ly s e d  by  

p o ly a c ry la m id e  ge l e lectrophoresis  in  the presence of SDS.

A n a lys is  of non-reduced samples of ir r a d ia te d  

fib r in o g e n  re v e a le d  the presence of a ban d  corresponding  to  

d im eric  fib r in o g e n  and over the series of experim ents th is  band  

was found to amount to between 18% and 23% of the to ta l p ro te in  

a p p lie d  to the gel as determ ined by in te n s ity  of s ta in in g  w ith  

coomassie b lu e  s ta in .

Samples were then reduced and a p p lie d  to 5% gels and  

ty p ic a l  scans of gels of fib rin o g e n  b e fo re , and a fte r  ph o to -sen s itized  

c ro s s -lin k in g  a re  g iv en  in  F ig u re  4 -4  • The most obvious fe a tu re

of these re s u lts  is  the la rg e  decrease in  in te n s ity  of the band  

corresponding  to monomeric A<^ c h a in , th is  is  of course e n tire ly  

consistent w ith  the resu lts  from the p h o to -se n s itized  la b e llin g  

of fib r in o g e n  w hich  showed th a t c h a in  was h e a v ily  exposed

a t the  surface  of f ib r in o g e n . There is  a lso  a s ig n if ic a n t red u ctio n  

in  in te n s ity  of the 6̂ -c h a in  band re la t iv e  to the B c h a i n .  There  

w ould ap p ear to be th ree  m ajor c ro s s -lin k e d  species present h a v in g  

m o b ilit ie s  of 0 .2 3 , 0 .18  and 0 .13  re s p e c tiv e ly , tru e  m olecular w e ig h t 

estim ations fo r these species cannot be o b ta in e d  since they  must 

co n ta in  c ro s s -lin k s  however these m o b ilit ie s  correspond to a p p are n t 

m olecular w eights  of 89 ,000 , 102,000 and 113,000 re s p e c tiv e ly .



0.21

0 .17

Figure 4.5 Scans of SDS polyacrylamide gels of
reduced,degraded fibrinogen before and
after photo-sensitized cross-linking
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6) P h o to -sen s itized  C ro s s -L in k in g  of Degraded F ib rin o g en

Samples of fib r in o g e n  which had  been shown on SDS PAGE

to h ave  undergone d e g ra d a tio n  of the c h a in  were then subjected

to p h o to -sen s itized  c ro s s - lin k in g .

A n a lys is  of s ta in in g  in te n s itie s  of these samples by  

p o ly a c ry la m id e  gel e lectrophores is  showed th a t d im eric  fib rin o g e n  

accounted fo r between 16% and 22% of the to ta l p ro te in  a p p lie d  to  

g e ls .

A n a lys is  of the p a tte rn  of reduced samples on gels  

(F ig u re  4 .5 )  shows a num ber of d ifferences from the previous  

exp e rim en t. The peak corresponding to monomeric A < ^  ch a in  on the  

scan of c ro s s -lin k e d  fib rin o g e n  is  sm all. However i t  is  also sm all 

in  the n o n -tre a te d  sam ple and i t  can be seen th a t the reduction  in

the A<x peak r e la t iv e  to the B/S and K, peaks in  the c ro ss -lin k ed

sam ple is  v e ry  much less th a n  in  the p rev ious  exp erim en t. These 

scans a lso  show th a t in  th is  case the -c h a in  e x h ib its  a g re a te r  

re d u c tio n  in  in te n s ity  th a n  the ^  -c h a in , th is  be ing  the reverse  

of the p rev io u s  exp erim en t.

The scan of c ro s s -lin k e d  degraded  fib r in o g e n  a fte r  

re d u c tio n  o n ly  re v e a ls  two m ajor c ro ss -lin k ed  species and these have  

m o b ilit ie s  of 0 .21  and  0 .17  corresponding to a p p a re n t m olecular  

w eights  of 84,000 and  96,000 re s p e c tiv e ly .
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7) D ig estio n  o f P hoto- C ro ss -L in ked  F ib rin o g en

Samples of in ta c t and degraded  fib r in o g e n  w hich had  

been su b jec ted  to p h o to -sen s itized  c ro s s -lin k in g  w ere digested  

w ith  p la s m in . On a n a ly s is  o f these digests by p o ly a c ry la m id e  gel 

e lectro p h o res is  in  the presence of SDS they were fo u n d  to be 

in d is t in g u is h a b le  from d igests  of non c ro s s -lin k e d  f ib r in o g e n .

F rag m en t D was then  p u r if ie d  from these d igests and  

a n a ly s ed , once a g a in  i t  ap p eared  norm al and re d u ctio n  showed 

no evidence of abnorm al b an d s .
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DISCUSSION

The exa m in a tio n  of f ib r in o g e n  fragm ent D using chem ical 

c ro s s -lin k in g  reag en ts  re v e a le d  a number of in te re s tin g  p o in ts .

The f ir s t  of these in v o lv e d  the reagents  used fo r c ro s s -lin k in g  and  

was the observation  th a t  reag en ts  which reac t w ith  d iffe re n t res idues , 

w hich are  g e n e ra lly  found in  d iffe re n t regions of p ro te in  produced  

the same p a tte rn  of c ro s s - l in k in g . Th is  suggests th a t TNM on ly  

reacts  w ith  ty ro s in e  res id u es  w hich  are  exposed a t the surface of 

pro te ins  and th is  suggestion  is  consistent w ith  the fin d in g s  of 

F u rla n  and Beck (1975) who found th a t trea tm ent of fib r in o g e n  w ith  

TNM produced in te r -m o le c u la r  c ro s s -lin k in g  in v o lv in g  the c h a in .

This common p a tte rn  of c ro s s -lin k in g  produced b y  d iffe re n t  

reagents  was in  the  co n text of th is  work fo rtu ito u s  as subsequent 

experim ents s tu d y in g  frag m en t D (Ca"*"^) in  the presence of EDTA could  

not have been c a r r ie d  out us ing  TNM since o v e rn ig h t in c u b atio n  at 

37°C in  the presence of EDTA w ould re s u lt in  extens ive  d ig estio n  

even i f  on ly  tra c e  q u a n tit ie s  of p lasm in  were p resen t.

The most s tr ik in g  p o in t about fragm ent D il lu s tra te d  by  

those studies is the gross co n form ationa l d iffe re n ce  between 

fragm ent D (Ca^^) and  frag m en t D (EDTA). The c leavag e  of the  

C -te rm in a l p o rtion  of the  IS -c h a in  of fragm ent D (Ca^^) appears  to 

be associated w ith  an opening up of the m olecular re s u ltin g  in  a 

fragm ent D (EDTA) species w hich  has a less compact conform ation. 

F u rth e r , the resu lts  of th is  w ork show th a t th is  change is a d irec t
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re s u lt o f d ig estio n  and can not be produced s im ply  by  rem oval of 

calc ium  even under m ild ly  d e n a tu r in g  cond itions. N ieuw enhuizen et a l  

( 1981) suggested th a t EDTA cou ld  b in d  to fragm ent D in d u c in g  

a co n fo rm atio n a l change w hich  makes the p ro te in  more l ia b le  to^ 

p ro te o ly tic  a tta c k . In  th is  w ork  no evidence fo r such a change  

could be found and so the conclusion which must be d raw n  

is th a t any such change must be s m all, c e r ta in ly  when compared w ith  

the co n fo rm atio n a l change w h ich  occurs a fte r  c le a va g e  of the  

6  -c h a in ,

E isele and M ih a ly i (1975) s tud ied  the k in e tic s  of d igestion  

of frag m en t D (Ca**"^) and concluded th a t the d ig estio n  of the 6̂ -c h a in  

w hich takes  p lace  c o u ld ,th e o re tic a lly  occur in  e ith e r  a random or 

seq u e n tia l o rd e r. The f in d in g s  presented  here w hich  show th a t ,  

a lth o u g h  calc ium  ions p reven t d ig e s tio n , th e ir  rem ova l does not 

induce an y  g re a t con form ationa l change, suggest th a t the d igestion  

of frag m en t D (Ca^^) occurs in  a seq u en tia l m anner w ith  the in i t i a l ,  

ra te  l im it in g , c leavag e  ta k in g  p lace  a t a bond w hich  is  protected by  

the presence of calc ium .

Looking at the p a tte rn s  of in tra -m o le c u la r  c ro s s -lin k in g  

induced in  fragm ent D (Ca^^) b y  chem ical c ro s s -lin k in g  reagents  

the observed d isap p earan ce  of monomeric oC -c h a in  a t h ig h e r  

leve ls  of c ro s s -lin k e r  backs up the  suggestion from photo -senstized  

la b e ll in g  th a t the o C -c h a in  of frag m en t D ( C a ^ )  is h ig h ly  exposed 

a t the surface  of the m olecule. In  v iew  of th is  a n d , ta k in g  

account o f the fin d in g s  of the p rev io u s  section of th is  w ork 1 would  

ascribe  the ban d  h a v in g  a p p a re n t m olecular w e ig h t 55,000  to an  

ex. -  IS d im er. The band of a p p a re n t m olecular w e ig h t 79,000 1 b e lieve
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to be a 6  -  % d im er both of these suggested id e n tit ie s  are

backed by the red u ctio n  in  in te n s ity  of the band  corresponding  to

monomeric 7̂  -c h a in  in  sam ples where on ly  two c ro s s -lin k e d  species 

a re  found. I t  is  the 79,000 band  w hich I b e lie v e  to be -responsib le  

fo r in te r-m o le c u la r  c ro s s - l in k in g , because a fte r  its  appareance on 

gels its  in te n s ity  increases  as concentration  of c ro s s -lin k e r  is  

in c re a se d . However i t  reaches a maximum in te n s ity  w hich is  not 

changed by an y  subsequent in crease  in  the co n cen tra tio n  of 

c ro s s -lin k e r . In  th is  b e h a v io u r i t  mimics the ban d  corresponding to 

d im eric  fragm ent D (Ca^^) on gels of non-reduced samples w hich  

can never be made to account fo r more th a n  16% of to ta l p ro te in  

re g ard le ss  of any fu r th e r  increases  in  co ncentra tion  of c ro s s -lin k in g  

re a g e n t.

The band  of a p p a re n t m olecular w eigh t 88,000 must I  b e lieve

in v o lv e  the /2> -c h a in  in  v iew  of the reduction  in  in te n s ity  of chain

r e la t iv e  to the 7S c h a in  in  samples where th is  species is found .

Therefore the  in fo rm a tio n  about the conform ation of 

frag m en t D (Ca^^) w h ich  may be deduced from th is  w ork is  

in  good agreem ent w ith  the  fin d in g s  of the p rev io u s  section of th is  

thes is  and the p ic tu re  w h ich  emerges is of a frag m en t D (Ca'^'^) 

m olecu lar w hich  has a com pact, s tab le  conform ation where the and  

chains  constitu te  the b u lk  of the surface exposed regions of the  

m olecule.

'



PEAK I

DEGRADED

Figure 4.6 Scans of reduced fibrinogen samples after
photo-sensitized cross-linking
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The i n i t i a l  p o in t to be made about the p h o to -se n s itized  

c ro s s -lin k in g  experim ents  is  th a t the technique d id  in d u ce  cross- 

l in k in g  w h ils t y ie ld in g  a p roduct s u ita b le  fo r d ig e s tio n . Therefore  

p h o to -sen s itized  c ro s s -lin k in g  represents  an approach  w h ich  could  

be of g reat use in  p ro te in  ch em is try  p a r t ic u la r ly  in  v iew  of the  

co n trib u tio n s  a lre a d y  made by stud ies using chem ical c ro s s -lin k in g  

reagents  (fo r re v ie w  see Peters and R ichards , 1977).

The experim ents  c a r r ie d  out on fragm ent D (C a^^) us ing  the  

technique of p h o to -se n s itized  c ro s s -lin k in g  showed th a t  the cross- 

l in k in g  w hich takes  p lace  occurs between regions w h ich  undergo  

c ro s s -lin k in g  when the p ro te in  is  tre a te d  w ith  chem ical c ro s s -lin k e rs .  

This  is not s u rp r is in g  in  v iew  of the fa c t th a t the ly s in e  residues  

w ith  which b is -im id a te s  can re a c t are  surface o rie n te d  and e a r l ie r  

conclusions w h ich  suggested th a t th is  is also the case w ith  ty ro s in e  

residues w hich  a re  accessib le to TNM. The fa c t th a t  p h o to -sen s itized  

c ro s s -lin k in g  can  induce more in te r-m o le c u la r  c ro s s -lin k in g  th an  

chem ical c ro s s -lin k e rs  is  not unexpected since the p h o to -se n s itized  

reaction  is much more random  and does not in v o lv e  o n ly  one s in g le  

species of am ino ac id  as is  the case w ith  chem ical c ro s s -lin k in g  

reagents .

The e xam in a tio n  of in ta c t and p a r t ia l ly  d eg rad ed  fib rin o g e n  

revea led  a num ber of in te re s tin g  points a lthough c au tio n  must be 

exercised in  the in te rp re ta t io n  of d a ta  about d eg rad ed  fib rin o g e n  since  

the degree and  ex ten t of the c leavag e  of ch a in  C -te rm in i was not

q u a n tifie d .
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However, i t  w ould  ap p ear th a t c le a va g e  of the C -term inus  

of the Ac< ch a in  of f ib r in o g e n  does not lea d  to a la rg e  conform ational I 

change analogous to th a t  induced in  fragm ent D by c le a va g e  of the  

% c h a in  C -te rm in u s , s ince the degraded fib r in o g e n  does not 

e x h ib it  any more in te r -m o le c u la r  c ro s s -lin k in g  th a n  in ta c t fib r in o g e n . 

T h erefo re , a lth o u g h  the C -term in u s  of the A«<. c h a in  constitu tes a la rg e  

pro p o rtio n  of the su rfa ce  of fib r in o g e n  i t  does not ap p ear to 

impose a g re a t c o n fo rm atio n a l c o n s tra in t over the res t of the molecule.

Furtherm ore  th is  study confirm s th a t the frag m en t D domains 

o f fib r in o g e n  must be -pro tected  since no evidence could be found of 

p h o to -sen s itized  c ro s s -lin k in g  le a d in g  to the fo rm atio n  of fragm ent D 

dimers or of frag m en t D b e in g  the s ite  of any in tra -m o le c u la r  

c ro s s -lin k s .

By s tu d y in g  to g e th e r, the p a tte rn  of p h o to -sen s itized  

c ro s s -lin k e d  f ib r in o g e n , both in ta c t and d eg rad ed , a fte r  reductio n  

(F ig u re  4 .6  ) i t  is  p o ss ib le  to te n ta t iv e ly  id e n t ify  the m ajor 

c ro s s -lin k e d  species w h ich  are  form ed. In  v iew  of the h ig h  degree  

of surface exposure of A ch a in  shown in  the p rev ious  section i t  

w ould seem l ik e ly  th a t  th is  c h a in  w ould be v e ry  prone to 

c ro s s -lin k in g  in  th is  system and th is  idea  is  consistent w ith  the  

observed reductio n  in  in te n s ity  of the band corresponding to monomeric 

Ao  ̂ ch a in  in  p h o to -se n s itized  c ro s s -lin k e d  in ta c t fib r in o g e n . Therefore  

the most l ik e ly  id e n t ity  of the band  of m o b ility  0 .1 3  w hich appears  

only  w ith  in ta c t f ib r in o g e n  is an d im er. The band  of

m o b ility  — 0 .17  is a lso  l ik e ly  to in v o lv e  k ° ^  c h a in  since i t  is  

more prom inent in  th e  in ta c t  sam ple, in  v iew  of th is , and the observed  

reductio n  in  in te n s ity  of monomeric IS ch a in  in  th is  sample th is  

band p ro b a b ly  corresponds to an d im er.
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The th ird  m ajor c ro s s -lin k e d  mpecies of m o b ility  ^  0 .22

Is l ik e ly  to in v o lv e  B p  c h a in  as th e re  is a f a l l  in  in te n s ity  of 

monomeric B p  ch a in  concom itant w ith  the Increase in  in te n s ity  of 

th is  species in  p h o to -sen s itized  c ro s s -lin k e d  degraded  fib r in o g e n . In  

view  of th is  and  the low a p p are n t m o lecu lar w e ig h t of th is  species 

(84 ,000  -  89 ,000 ) th is  species appears  most l ik e ly  to be a B p -'6  dim er.

Since the bands w hich have  been te n ta t iv e ly  id e n tif ie d  as 

A oc-'JS and B p -%  dim ers rep resen t a la rg e r  p ro p o rtio n  of 

the to ta l p ro te in  in  c ro s s -lin k e d  deg rad ed  fib r in o g e n  and there  was 

no increase  in  in te r-m o le c u la r  c ro s s -lin k in g  in  th is  sample these must 

rep resen t in tra -m o le c u la r  c ro s s -lin k s . There was no evidence in  

e ith e r  sample of fragm ent D being  in v o lv e d  in  any c ro s s -lin k in g  

th ere fo re  i t  must be concluded th a t the sites w hich  c ro s s -lin k  a re  

tow ards the N -term inus  of the B P and "6 c h a in s . Therefore  since  

these cross-linked species are  more in ten se  in  degraded  fib rin o g e n  

i t  must be concluded th a t the C -te rm in a l p o rtio n  of the A«^ c h a in  

protects  the N -te rm in a l portions of the B p  and chains  in  In ta c t  

fib r in o g e n .
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INTRODUCTION

Most of the in fo rm atio n  about calc ium  b in d in g  by fib rin o g e n  

w hich has been pub lished  to da te  has been^ obta ined  in  studies  

using e q u ilib r iu m  d ia ly s is  (M a rg u e rie  et a l ,  1977; N ieuw enhuizen  

et a l ,  1979; L in d sey , et a l ,  1978). However, in  view  of the la b i l i t y  

of fib r in o g e n , p a r t ic u la r ly  the C -term inus  of the Acx- c h a in , the  

technique of e q u ilib r iu m  d ia ly s is  is  not p a r t ic u la r ly  s u ita b le  for 

a n a ly s is  of f ib r in o g e n  as i t  in v o lv e s  prolonged d ia lyses  of up t

to 48 hours d u ra tio n .

Th ere fo re , in  th is  w ork i t  was decided to use the  

technique of " ra te  of d ia ly s is "  to re -assess d a ta  about the calc ium  

b in d in g  p ro p e rties  of fib r in o g e n  and its  d e g rad a tio n  product 

fragm ent D.

The technique of ra te  o f d ia ly s is  was o r ig in a l ly  developed  

by Colowick and Womack (1969) to measure the b in d in g  of sugars  

and nucleotides  to yeast h exo k in ases . The p r in c ip le  beh in d  the  

technique is th a t  when a l ig a n d  forms a complex w ith  a 

macromolecule in  solution  a m easure of the co ncentra tion  of 

rem ain in g  free  lig a n d  may be o b ta in ed  by m easuring the ra te  of 

d ia ly s is  of th a t  l ig a n d  across a s u ita b le  m embrane. I f  the lig a n d  

is  ra d io a c tiv e  and of s u ita b ly  h ig h  specific  a c t iv i ty ,  the ra te  

of d ia ly s is  may be m easured r a p id ly  w ithout a p p re c ia b ly  a ffe c tin g  

the to ta l amount of l ig a n d  in  the  re a c tin g  m ix tu re . The ra te  of 

d ia ly s is  of la b e lle d  lig a n d  m ay be co n ven ien tly  m easured using  

the a p p a ra tu s  in  F ig u re  5 .1 .
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In  s tu d y in g  the b in d in g  of calc ium  to fib r in o g e n , 

la b e lle d  calc ium  is added to a c a lc iu m -fre e  fib r in o g e n  solution in  

the upper cham ber. Some of th is  ^^Ca^^ is  bound by the p ro te in , 

the rest rem ains free in  solution and the ra te  of -d ia ly s is  of th is  

free  calcium  is measured by m onitoring  the steady state lev e l of 

ra d io a c t iv ity  in  the e fflu e n t from the low er cham ber. Subsequent 

ad d itio n s  of u n la b e lle d  calcium  re s u lt  in  p ro g re s s iv e ly  la rg e r  

fra c tio n s  of the isotope in  the free s ta te  re s u ltin g  in  step-w ise  

increases in  the steady state co n cen tra tio n  of ^^Ca^^ in  the  

e ff lu e n t. F in a lly  a swam ping excess of u n la b e lle d  calc ium  is added , 

th is  resu lts  in  an increase  in  the ^^Ca^^ concentration  of the  

e fflu e n t to a v a lu e  w hich  corresponds to th a t expected when no 

a p p re c ia b le  fra c tio n  of la b e lle d  calc ium  is bound by f ib r in o g e n .

From th is  d a ta  i t  is possib le  to assess the p roportion  

of calc ium  in  the bound (B) and free  (F )  forms a fte r  each 

a d d itio n . I t  is  then possib le to estim ate the concentra tion  of 

calc ium  b in d in g  sites and the d isso c ia tio n  constant (K d iss) of

these sites from the e q u a tio n : -

B = Brp -  K diss (B /F )

: us ing  a Scatchard  plot

of B versus B /F .

In  the  exam in atio n  of ca lc iu m  b in d in g  by fib r in o g e n  

the s itu a tio n  is com plicated by the ex is tan ce  of more th an  one 

class of ca lc ium  b in d in g  site h a v in g  d iffe re n t a f f in it ie s  for  

calc ium  (M a rg u e rie , 1977; N ieuw enhuizen et a l , 1979; L indsey et a l , 1978) 

1978). Th is  re su lts  in  Scatchard p lo ts  e x h ib it in g  c u rv a tu re , the  

t r a d it io n a l in te rp re ta t io n  of such p lo ts  has in v o lv e d  d raw in g  tangents
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to the extrem ities  of the c u rve  and using these to d erive  param eters  

fo r each of the classes of b in d in g  s ite . However Norby et a l (1980) 

showed th a t such an ap p ro ach  is  not v a lid  and can lead  to gross 

erro rs  in  d erived  p a ram e te rs . F ig u re  5 .2  shows how such a trea tm en t 

y ie ld s  in a cc u ra te  va lu es  w h ich  d if fe r  g re a tly  from those obta ined  

when d a ta  is p ro p e rly  a n a ly s e d  using a curve f i t t in g  computer 

program m e w hich reduces a cu rve  to its  component s tra ig h t lin e s .

Therefore the purpose of th is  work was to use the  

techn ique of ra te  of d ia ly s is  coupled w ith  com puterised d a ta  

a n a ly s is  to re -exam in e  the  ca lc ium  b in d in g  p ro p erties  of fib r in o g e n  

and its  d eg rad a tio n  p roduct fragm ent D in  the hope th a t in fo rm a tio n  

so d erived  m ay, when exam ined  in  conjunction ,w ith  resu lts  from  

c ro s s -lin k in g  and p h o to -s e n s itize d  la b e ll in g  a llow  the fo rm u la tio n  of 

a ra t io n a l model of f ib r in o g e n  shape.
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MATERIALS AND METHODS

1) The D ia ly s is  C e ll

1

The c e ll used fo r the measurement of ra te  of d ia ly s is  *|

was id e n tic a l to th a t  used by Feldm an ( 1978 ) and is  shown in  %

F ig u re  5 .3 . T h is  design  of c e ll has a number of ad van tag es  over  

th a t used by C olow ick and Womack, the sm all (< - 0 .1  m l) volume 

of the low er cham ber and its  la rg e  surface a rea /vo lu m e  ra t io  

ensures ra p id  e q u ilib ra t io n  w ith  the upper cham ber. M oreover, 

the design of the  low er cham ber circum vents the d if f ic u lt ie s  in  

ach iev in g  in s tan tan eo u s  and complete m ix in g  in  sm all volum es. This  

design also has a w a te r ja c k e t w hich allow s experim ents  to be 

c a rr ie d  out a t a c a re fu lly  c o n tro lled  tem p eratu re .

2) D ia ly s is  Membranes

Spectropore d ia ly s is  membrane (P ierce  and W a rr in e r , UK) ^

was a c e ty la te d  us ing  a method based on th a t of C ra ig  and  

Konigsberg (1 9 61 ). A le n g th  of membrane was soaked in  d is t i l le d  |

w a te r, i t  was then  p laced  in  a so lu tion  of p y r id in e /a c e t ic  a n h y d rid e  

(9 :1 ) .  A fter rem o va l from the a c e ty la t in g  solution the membrane 

was washed w ith  1 %  ace tic  a c id  and stored at 4°C in  50% e th a n o l. 

Im m ediate ly  p r io r  to use membrane was soaked in  C a lc iu m -fre e  

b u ffe r .

3) P re p a ra tio n  of C a lc iu m -F re e  B u ffer

C alcium  d e term in a tio n s  on a l l  solutions w ere c a r r ie d  out 

using atomic ab so rb tio n  spectroscopy by M r.A .M c B a in , V ic to r ia  

H o sp ita l, K ir k a ld y . Solutions w ere p re p are d  at ten  tim es the  

desired  f in a l  c o n ce n tra tio n s , passed th rough  a column (25 cm x 1 cm)
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of ch elex -100  resin  ( B iorad L a b o ra to rie s ) and d ilu te d  w ith  

s im ila r ly  tre a te d  d is t ille d  w a te r  im m ediate ly  p r io r  to use.

Ü )  P re p a ra tio n  of C a lc iu m -F ree  P ro te in

The technique of ra te  of d ia ly s is  re q u ire s  th a t the  

p ro te in  used in  experim ents is  fre e d  from the lig a n d  under study  

before the experim ent is s ta r te d . Therefore, p re p a ra tio n  of c a lc iu m -  

free  p ro te in  is  ve ry  im p o rtan t in  th is  study and a number of 

methods were used to free p ro te in  of calc ium ;

( i )  P ro te in  so lu tio n  was made 5 mM in  EDTA 

and le f t  a t room tem p era tu re  for th ir ty  m inutes. Three  

tw elve  hour d ia ly s e s  a g a in s t calc ium  free  b u ffers  were  

then c a rr ie d  out a t 4°C .

( i i )  P ro te in  was subjected to four tw elve  hour 

d ia lyses  a g a in s t c a lc iu m -fre e  b u ffe r  w ith o u t p re -tre a tm e n t  

w ith  EDTA. .

( i i i )  P ro te in  was tre a te d  as described in  ( i i )  

and then m ixed fo r one hour w ith  C alex  (im m obilized  

p arva lb u m en ) re s in  p re p a re d  and tre a te d  as described  

by Lehky et a l (1 9 7 7 ). The ca lex  was then removed by  

c e n tr if  ug a t io n .

5) Removal of EDTA from F ib r in o g e n  Solutions

The rem oval of EDTA from fib rin o g e n  solutions was 

exam ined by  m aking solutions 5 mM in  EDTA of w hich 0.0001% (w /w )  

was ^^C-EDTA (Amersham In te r n a t io n a l,  108 m C i/m m ol). The 

solution  was then p laced in  a d ia ly s is  sac and d ia ly s e d  a g a in s t  

500 volumes of b u ffe r . A liquo ts  of p ro te in  solution were removed a t 

tim ed in te rv a ls  and d u p lic a te  r a d io a c t iv ity  and p ro te in  estim ations  

were c a r r ie d  out.
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6) T e s t  o f  L i g a n d  B in d in g

Volumes of p ro te in  solution (5 -  10 m g /m l) between  

0 .3  ml and 0 .5  ml w hich had  been subjected to one of regimes  

for ca lc iu m  rem oval o u tlin e d  e a r l ie r  were p laced  in  the upper 

cham ber of the d ia ly s is  c e l l .  The flow of c a lc iu m -fre e  b u ffe r  

th rough  the low er cham ber w hich  was contro lled  b y  means of an 

a d ju s ta b le  h y d ro s ta tic  head was then s ta rted  and th e  flow  ra te  

was a d ju s te d  to 2 .7  m l/m in . 5 p i of la b e lle d  ca lc iu m  ch lo rid e  

(New E n g lan d  N u c lea r) was then  added to the u p p e r cham ber and  

co llec tio n  of 1 .35  ml fra c tio n s  of the e fflu en t from th e  low er 

cham ber was s ta r te d .

Once a steady sta te  le v e l of ra d io a c t iv ity  in  the e fflu e n t 

had been o b ta in e d  a liq u o ts  of u n la b e lle d  CaCl^ w ere added to the  

upper cham ber w ith  s u ita b le  in te rv a ls  between each fo r the  

a tta in m en t of a new s teady s ta te  le v e l of r a d io a c t iv ity  in  the  

low er cham ber e ff lu e n t. N o rm ally  add itions  w ere made every  f iv e  

fra c tio n s  and  in  a ty p ic a l experim ent there were 5 x  5 p i ad d itio n s  

of 0 .5  mM CaCl^ fo llow ed b y , 5 x 10 p i a d d itio n s  of the same 

so lu tio n , 3 X 5 p i a d d itio n s  of 10 mM CaCl^, co n c lu d in g  w ith  the  

a d d itio n  of excess calc ium  (10 p i of 2M CaCl2 ) .

R a d io a c tiv ity  was m easured by a d d itio n  of 0 .5  ml 

a liq u o ts  from each fra c tio n  of the lower cham ber e ff lu e n t to  

4 ml of to lu en e  s c in t i l la n t  p re p a re d  as described b y  Cooper (1977) 

and co u n tin g  in  an In te rte c h n iq u e  S c in tilla tio n  Spectrom eter model 

SL 30.
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7) A n a l y s ib  o f  E x p e r i m e n t a l  D a ta

D ata from ra te  of d ia ly s is  experim ents was an a lysed  

using the computer program m e "L ig an d " developed by Munson and  

Rodbard (1980 ). By a n a ly s is  of an e x p e rim e n ta lly  d erived  S catchard  

p lo t using  th is  program m e estim ates of "b in d in g  param eters"

(a f f in i ty  constants and b in d in g  c a p a c itie s ) for a lig a n d  re a c tin g  

s im ultaneously  w ith  an y  num ber of b in d in g  sites may be o b ta in e d .

The o p e ra to r selects a model h a v in g  a g iven  num ber of 

classes of b in d in g  s ite  and the programme then analyses  the  

e xp e rim en ta l d a ta , d e r iv in g  the param eters  of the  g iven  classes of 

s ites , by b re a k in g  down the exp erim en ta l cu rve  in to  the desired  

num ber of s tra ig h t l in e s . The programme then assesses and compares 

the s ta t is t ic a l v a l id i t y  of a l l  g iven  models a llo w in g  selection of 

the model w hich best f i ts  exp e rim en ta l d a ta .

Another v a lu a b le  fe a tu re  of th is  program m e is th a t i t  

allow s fo r the in c o rp o ra tio n  of a p aram eter d e fin ed  as "n o n -sp ec ific  

b in d in g " , in  the o r ig in a l  program m e th is  p a ram e te r was used to  

a llo w  fo r system atic  b in d in g  of l ig a n d  to any contam inant p resent 

in  receptor p re p a ra tio n s . However in  th is  w ork th is  has been used  

to account fo r the b in d in g  of calc ium  to the low a f f in i ty  

(Kd 10~^M) ca lc iu m  b in d in g  sites of f ib r in o g e n .
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RESULTS

1 ) P re p a ra tio n  of C a lc iu m -F re e  B uffers

The re su lts  of Atomic A bsorbtion Spectroscopic 

a n a ly s is  of the two b u ffe r  systems used in  th is  work before and  

a fte r  passage th rough  a ch e lex -100  c h e la tin g  column are g iv en  in  

Tab le  5 ( i ) .

B uffer Ca^^ before  chelex-100  
(uM )

Ca^^ a fte r  chelex-100  
(uM )

0.05M T r is  pH 7 .5 1 .9 1 .0

0.15M  NaCl 3 .75 -

0.05M T r is  pH 7 .5  
co n ta in in g  0.15M  
NaCl

0 .5 1 .8

0.05M Im id a zo le - -

0.05M Im id a zo le  
co n ta in in g  0.15M  
NaCl

3 .1 -

Tab le  5(1) Calcium  C oncentra tions  of B u ffer Solutions as M easured  
by Atomic A bsorbtion  Spectroscopy

( - )  in d ic a te s  v a lu e  o u tw ith  s e n s it iv ity  of ins trum ent

These re s u lts  c le a r ly  show th a t both T r is -H C l and NaCl 

are  contam inated w ith  ca lc iu m  how ever th is  does not ap p ear to be 

the case w ith  im id a zo le . F u r th e r , these resu lts  ap p ear to in d ic a te  

th a t the T ris -H C l b u ffe r  a c tu a lly  has an a f f in i ty  fo r calc ium  since, 

u n lik e  w ith  NaCl the c o n ta m in a tin g  calc ium  is not removed by  

passage through a c h e la tin g  column
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In  v iew  of these f in d in g s  an im idazo le  b u ffe r system was 

used for a l l  subsequent experim ents  on the ra te  of d ia ly s is  system . |

The b u ffe r  was made up a t lOx the re q u ire d  co n cen tra tio n , passed ;

th ro u g h  a column of c h e le x -10 0  a n d -d ilu te d  w ith  s im ila r ly  tre a te d  i ;
d is t i l le d  w ater im m ed ia te ly  p r io r  to use. Routine a n a ly s is  of 

b u ffe r  p re p are d  in  th is  w ay  showed no m easurable calcium  

c o n tam in atio n .

A
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2) A c é t y la t i o n  o f  M e m b ra n e

E a r ly  experim ents showed th a t when Spectropore d ia ly s is  

membrane was a c e ty la te d  fo r a 16 hour period  as described  by  

C ra ig  and K onigsberg  (1961) i t  adopted a very  r ig id  te x tu re . I t  

was fe lt th a t th is  could le a d  to problem s in  keeping the membrane 

t ig h t ly  in  p o s itio n  in  the d ia ly s is  c e ll .  Therefore the p e rio d  of 

a c é ty la tio n  was s e q u e n tia lly  reduced to the po int where the membrane 

was found to r e ta in  its  in i t i a l  p la s t ic i ty .  The time f in a l ly  adopted  

was 75 m inutes and  F ig u re  5 .4  shows the p a tte rn  of d ia ly s is  of 

^^Ca^^ th ro u g h  a membrane a c e ty la te d  fo r th is  len g th  of tim e  

compared w ith  u n tre a te d  mem brane.

These re s u lts  c le a r ly  show th a t a c é ty la tio n  reduces the  

p e rm e a b ility  of the membrane fo r ca lc ium  by around 50%. T h is  is  

im portan t since Colow ick and Womack (1969) stressed the im portance  

of m in im ising  the  to ta l loss of la b e lle d  lig a n d  from the u p p er cham ber 

d u rin g  a ra te  of d ia ly s is  exp erim en t.

F ig u re  5 .4  also shows th a t a d d itio n  of u n la b e lle d  

calcium  to a d ia ly s is  system a t e q u ilib r iu m  produces an in c rease  

in  the steady s ta te  le v e l of r a d io a c t iv ity  in  the low er cham ber, 

e fflu en t i f  an u n tre a te d  membrane is  used, th is  e ffe c t is  ab o lish ed  

by the use of a c e ty la te d  m em brane. This fin d in g  supports the w ork  

of Reed (1973) who c la im ed  th a t u n tre a te d  cellu lose membrane could  

b in d  ca lc iu m .

T h ere fo re  a c é ty la tio n  appears  to be v e ry  v a lu a b le  fo r  

two reasons, f i r s t ly  i t  reduces the ra te  of d ia ly s is  of la b e lle d  

calcium  and secondly i t  e lim in a tes  calc ium  b in d in g  by m em brane.
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Figure 5*5  Results from a Typical Rate of Dialysis Experiment

H = Addition of Labelled Calcium
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3) M e a s u re m e n t  o f  C a lc iu m  B in d in g  b y  F ib r i n o g e n

Calcium  b in d in g  properties  of Peak 1 fib rin o g e n  which  

had been exposed to EDTA before extens ive  d ia ly s is  a g a in s t 

c a lc iu m -fre e  im idazo le  b u ffe r  were exam ined us ing  ra te  of d ia ly s is  

as o u tlin e d  e a r l ie r .  The resu lts  of a ty p ic a l experim ent are  shown 

in  F ig u re  5 .5 .

Using the com puter programme " lig a n d "  attem pts were

made to f i t  va rio u s  models to the Scatchard  P lo t d e riv e d  from the

e xp e rim en ta l d a ta . I t  was found th a t the model w hich best f itte d

the e xp e rim en ta l d a ta  conta ined  two classes of h ig h  a f f in i ty  calc ium

b in d in g  s ite . The f i t  of such a model to the e xp e rim en ta l d a ta

was im proved by the  in c o rp o ra tio n  of n o n -s p e c ific  b in d in g  in to

the m odel, th is  p a ram e te r being used to accommodate fo r the calc ium

—3b in d in g  sites of lo w er a f f in i ty  (Kd 2: 10 M) w h ich  M arg u erie  et a l  

(1977) showed to e x is t w ith in  the fib r in o g e n  m olecule.

F ig u re  5 .6  shows the Scatchard  P lo t o b ta in ed  by a n a ly s is  

of e xp e rim en ta l d a ta  (open c irc le s ) , i t  a lso  shows the s tra ig h t  

lin e s  d e fin in g  the d e r iv e d  param eters  of the best f i t t in g  model and  

the com puter g en era ted  cu rve  from w hich these param eters  are  

d e r iv e d . I t  may be seen th a t the e xp e rim en ta l and computer 

g en era ted  curves a re  v e ry  s im ila r , in d ic a tin g  the closeness of 

the f i t .  The va lu es  of the param eters of the h ig h  a f f in i ty  calc ium  

b in d in g  sites d e riv e d  from th is  model a re  g iv e n  in  Tab le  5 ( i i ) .
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S ITE DOSSOCATION CONSTANT NO.OF S IT E S /
MOLECULE

1 2 . 8  X  10“^M 1.1

2 6  X  10“^M l.A

^  i

T a b le  5 ( i i )  Computer D erived  P aram eters  of the H igh
A ff in ity  C alcium  B ind ing  Sites o f F ib rin o g e n

These re s u lts  suggest th a t  fib rin o g e n  contains one 

calc ium  b in d in g  s ite  o f v e ry  h ig h  a f f in i ty  in  a d d itio n  to two sites  

of a f f in i ty  co m parab le  to th a t  rep o rted  b y  o ther w orkers  

(M arg u e rie  et a l ,  1977; N ieuw enhuizen et a l  1979, 1981; L in d sey  

et a l , 1978).

1
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A) E xa m in a tio n  of the Removal of EDTA from F ib rin o g en  Solutions

One possib le  e xp la n a tio n  of the re su lts  obta ined  in  the 

p rev io u s  experim ents  could be th a t the p ro te in  samples contained  

EDTA and i t  was th is  th a t was responsib le  fo r the observed ve ry
—7

h ig h  (Kd ~  10 M) a f f in i ty  calcium  b in d in g  s ite . To test th is  id ea  ^

the d ia ly s is  o f la b e lle d  EDTA from solutions of fib rin o g e n  was 

m easured. F ig u re  5 .7  shows the p a tte rn  of d ia ly s is  of ^^C~EDTA 

from a fib r in o g e n  so lu tion  and from th is , i t  can be seen th a t a fte r  

8 hours of d ia ly s is  less th an  2% of the EDTA rem ains in  the p ro te in  

s o lu tio n .

T h e re fo re , using the d ia ly s is  regim e o u tlin e d  e a r l ie r  the  

maximum co n cen tra tio n  of EDTA w hich could rem ain  in  fib rin o g e n  

solutions used fo r ra te  of d ia ly s is  experim ents would be a t a le v e l 

th ree  orders  of m agnitude low er th an  the m o la r ity  of the fib r in o g e n .

Th is  of course o n ly  accounts fo r EDTA in  free  so lu tio n , i f ,  as 

suggested b y  N ieuw enhuizen et a l (1981) fib r in o g e n  does b in d  EDTA 

then th is  assum ption may not be v a l id .
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5) E ffect of Sample P re p a ra tio n  on the C alcium  B inding P roperties  
of F ib rin o g en

The p rev io u s  experim ent showed th a t the calcium  b in d in g  

s ite  of v e ry  h ig h  a f f in i ty  found in e a r l ie r  experim ents  could not be 

accounted for by the presence of free EDTA in  fib r in o g e n  so lu tions, 

i t  d id  not however p rec lu d e  the p o s s ib ility  of p ro te in  bound EDTA 

b e in g  responsib le  fo r the observed very  h ig h  a f f in i ty  s ite . Therefore  

i t  was decided to c a r ry  out ra te  of d ia ly s is  experim ents on fib rin o g e n  

p re p a ra tio n s  w hich had  n ever been exposed to EDTA.

Peak 1 f ib r in o g e n  was e x te n s iv e ly  d ia ly s e d  a g a in s t 

calc ium  free b u ffe r  and some was then used fo r ra te  of d ia ly s is  

exp erim en ts . The rem ain d er was a d d it io n a lly  tre a te d  w ith  C a lex  

re s in  (im m obilized  p a rv a lb u m e n ) before ra te  of d ia ly s is .

Computer a n a ly s is  of exp erim en ta l d a ta  showed th a t , in  both  

cases the model w h ich  best f it te d  the observed re su lts  was one w hich  

co n ta in ed  two classes of h ig h  a f f in i ty  calc ium  b in d in g  site and  

n o n -s p e c ific  b in d in g . The computer d e riv e d  param eters  of the h ig h  

a f f in i ty  calc ium  b in d in g  sites for each p re p a ra tio n  are  g iven  in  

T a b le  5 ( i i i ) ,  resu lts  from the previous experim ents  on EDTA tre a te d  

fib r in o g e n  are  in c lu d e d  fo r com parison.

PREPARATION K d ( l) K d (2) N ( l ) N (2 )

C helex d ia ly s e d 7 X  1 0 " & 5 X  10"^M ' 0 .43 2 . 0

C alex  tre a te d 3 .3  X . lO '^M 7 . 6  X  1 0 " % 0 . 8 2 1 .5

EDTA tre a te d . 2 . 8  X  lO^^M 6  X  10"^M 1 . 1  . 1 .4

T ab le  5 ( i i i )  P aram eters  of the High "A ffin ity  C alcium  B inding  
Sites of F ib rin o g en  Subjected to D iffe r in g  

Treatm ent s
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These re s u lts  c le a r ly  show th at the ex is ten ce  of the 

site of v e ry  h ig h  a f f in i ty  is not dependent upon the exposure of 

f ib r in o g e n  to EDTA and th e re fo re  it  does not a p p e a r to be a r te fa c tu a l 

I t  is  a lso  in te re s tin g  to note th a t the number of sites of very  h igh  

(Kd c  10 M) a f f in i ty  is g re a t ly  in fluenced  by sam ple p re p a ra tio n  

w ith  few er sites  p e r firb in o g e n  molecule be ing  found when the sample 

is sub jected  to less rig o ro u s  regim es for ca lc iu m  rem ova l.
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6) M e a s u re m e n t  o f  C a lc iu m  B i n d i n g  b y  F i b r i n o g e n  F ra g m e n t  D (Ca

Fragm ent D (Ca*^^) p re p a re d  as o u tlin ed  e a r l ie r  was 

freed  from calc ium  by exposure to EDTA follow ed by extensive  

d ia ly s is  a g a in s t c a lc iu m -fre e  im id azo le  b u ffe r . Rate of d ia ly s is  

experim ents were then c a rr ie d  out and i t  was found th a t the  

e xp e rim en ta l d a ta  was best f i t te d  to a model c o n ta in in g  ap p ro x im a te ly  

one h ig h  a f f in i ty  calcium  b in d in g  s ite  and n o n -sp ec ific  b in d in g . 

T y p ic a l d e riv e d  param eters fo r the  h ig h  a f f in i ty  s ite  in  such a 

model are  g iven  in  Tab le  5 ( i v ) .

Kd No.of S ites /M olecule

Fragm ent D (Ca^^) 5 .8  X 1 0 " % 0.89

T ab le  5 ( iv )  P aram eters  D e rive d  fo r  the H igh A ff in ity  Calcium
B ind ing  Site of F ib rin o g e n  Fragm ent D (Ca'^'*’ )

I t  can be seen th a t the a f f in i ty  of th is  s ite  is  v e ry  close 

to th a t found fo r the h ig h  a f f in i t y  sites of s im ila r ly  tre a te d  

fib rin o g e n  (Kd = 6 x 10 ^M) and  th is  would a p p ear to confirm  

the fin d in g s  of L in d say  et a l (1978) and N ieuw enhuizen et a l(1 9 7 9 ) 

who ascrib ed  two of the calc ium  b in d in g  sites of fib rin o g e n  to 

the fragm ent D domains of the m olecule.
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DISCUSSION

The s ta ted  aim  of th is  series of studies was to u til is e  

the techn ique of ra te  of d ia ly s is  coupled w ith  com puterised d a ta  |

a n a ly s is  to assess the ca lc iu m  b in d in g  p roperties  of fib r in o g e n  

and its  d e g ra d a tio n  p ro d u ct frag m en t D (Ca^^) in  the hope th a t  

in fo rm atio n  so d e r iv e d  would be of use in  fo rm u la tin g  a model of 

fib rin o g e n  shape based on o th e r fin d in g s  in  th is  w o rk . However, 

before lo o k in g  a t the ca lc iu m  b in d in g  properties  of these pro te ins  

c e rta in  po in ts  re v e a le d  in  experim ents  d u rin g  the developm ent of 

the system fo r  ra te  of d ia ly s is  should be considered .

The in c rease  in  the  ra te  of d ia ly s is  of la b e lle d  calc ium  

caused by the a d d itio n  of u n la b e lle d  calcium  to a s teady  state  

system observed w h ils t us ing  u n tre a te d  membrane in  membrane 

tests would a p p e a r to b ack  th e  suggestion made by Reed (1973) 

th a t ca lc ium  can b in d  to unm odified  cellu lose m em branes. To d a te , 

none of the s tud ies of th e  ca lc iu m  b in d in g  p ro p e rtie s  of f ib r in o g e n  

have been c a r r ie d  out u s in g  a c e ty la te d  membranes. S tan d ard  |

p re -tre a tm e n t of membranes has in v o lv e d  w ashing w ith  EGTA, a 

regime w h ich  could  c o n c e iv a b ly  increase  the a f f in i ty  of the  

membrane fo r c a lc iu m . Thus i t  would appear th a t  the  studies of 

calcium  b in d in g  b y  fib r in o g e n  c a r r ie d  out to date  have in c lu d ed  an 

in h eren t unknow n fa c to r  w h ich  could a ffect the d is tr ib u tio n  of 

calcium  th e re b y  a ffe c tin g  re s u lts . I t  would th e re fo re  be usefu l to 

c a rry  out more ca lc iu m  b in d in g  studies using a c e ty la te d  membranes 

since a c é ty la t io n  ap p ears  to a b o lis h  th is  possib le source of e r ro r .

A nother v e ry  im p o rta n t, p o in t ra ised  d u r in g  the  

development of th is  system was the f in d in g  th a t T r is -H C l b u ffe r
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appears to have an a f f in ity  fo r ca lc ium  and th a t,e v e n  trea tm en t of 

the b u ffe r w ith  C helex-100 c h e la tin g  re s in  cannot remove a l l  traces  

of co n tam in atin g  ca lc iu m . M a rg u e r ie  et a l (1977) reported  using
n

NaCl solutions w hich  had ca lc ium  contam in ation  of less th an  10 M, 

fin d in g s  w hich  a re  e n tire ly  co nsis ten t w ith  those of th is  w ork .

How ever, before  experim ents w ere c a r r ie d  out in  NaCl solution the  

p ro te in  was exposed to T r is -H C l w hich  was assumed to be c a lc iu m - 

fre e , an assum ption w h ich , in  v iew  of the fin d in g s  presented in  

th is  work m ay not be v a l id .  These w orkers also c la im  th a t the  

p ro te in  used fo r e q u ilib r iu m  d ia ly s is  experim ents could co n ta in  

co n tam in atin g  calc ium  at a le v e l below 3 x 10~^M, i t  must be 

pointed  out th a t , in  the study of v e ry  h ig h  a f f in i ty  calc ium  b in d in g  

sites th is  rep resen ts  a s ig n if ic a n t  le v e l of contam ination  

(a p p ro x im a te ly  one calcium  fo r e v e ry  ten fib r in o g e n  m olecules).

In  an e ffo rt to a lle v ia te  such problem s, a l l  studies in  

th is  work w ere c a r r ie d  out u s in g  an im idazo le  b u ffe r  system w hich  

was shown to have  no a f f in i ty  fo r ,o r  con tam in ation  w ith  ca lc iu m .

T u rn in g  to the re s u lts  of the studies on calc ium  b in d in g  

by f ib r in o g e n ,th is  work suggests th a t  fib r in o g e n  possesses more

—7th an  one ca lc iu m  b in d in g  s ite  of h ig h  a f f in i ty  (Kd ap p ro x . 3 x  10 M) 

Subsequent w ork on fragm ent D suggested th a t the  sites of 

Kd 10~^M res id ed  w ith in  the D domains of fib r in o g e n . This would  

im p ly  th a t the a c tu a l number of such sites in  fib r in o g e n  would be 

two an d ,w h en  th is  va lu e  was in s e rte d  and tested in  models these 

gave a s ta t is t ic a l ly  acceptab le  f i t  to the exp erim en ta l d a ta  ob ta in ed  

in  ra te  of d ia ly s is  studies of f ib r in o g e n . The fa c t th a t the two
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s i te s  o f  f i b r i n o g e n  a n d  th e  s i t e  f o u n d  in  f r a g m e n t  D h a v e  v e r y  f

s im ila r  a f f in it ie s  fo r  ca lc ium  backs the suggestions made e a r l ie r  

in  th is  work th a t the frag m en t D domains of f ib rin o g e n  undergo  

l i t t le  or no c o n fo rm atio n a l changes d u rin g  the d igestion  of 

fib rin o g e n  to core frag m en ts .

I t  is  how ever in  the f in d in g  of one calc ium  b in d in g  s ite  

of v e ry  h ig h  a f f in i t y  th a t  th is  w ork d iffe rs  from o th e rs , a lth o u g h  

the suggestion th a t  two classes of h ig h  a f f in i ty  ca lc ium  b in d in g  

site e x is t in  f ib r in o g e n  is  not new and dates back to the o r ig in a l  

rep o rt of ca lc ium  b in d in g  b y  f ib r in o g e n  by  M a rg u e rie  et a l in  1977.

In  v iew  of the g e n e ra lly  accepted sym m etry of f ib r in o g e n  and the  

fac t th a t two of the  calc ium  b in d in g  sites reside  w ith in  the  

fragm ent D dom ains of the  m olecule an y  th ir d  calc ium  b in d in g  s ite  

would have to b r id g e  the  two ’’h a lv e s "  of the m olecule. Therefo re  

i t  seems extrem e ly  u n lik e ly  th a t any th ird  s ite  could be c h em ic a lly  

id e n tic a l to the o th e r two s ite s ,th u s  i t  could be expected to 

e x h ib it  d if fe re n t b in d in g  p aram eters  to those of the s ite  w ith in  

fragm ent D.

N ieuw enhuizen  et a l (1979) reported  the exis tence of 

two classes of ca lc iu m  b in d in g  s ite  in  fib rin o g e n  h a v in g  

dissocation constants of 9 x  10 and 3 .2  x 10”^M re s p e c tiv e ly , 

v a lu es  w hich a re  v e ry  s im ila r  to those reported  in  th is  w o rk .

However, N iew enhuizen et a l o b ta in e d  these va lues  by  ta k in g  

tangents  to cu rved  S catchard  p lots  a n d ,a s  Norby et a l (1980) 

pointed  out th is  is  not a v a l id  ap p ro ach . When N iew enhuizen et a l 

(1 9 8 la ) reassessed th e ir  e x p e rim e n ta l d a ta  using a cu rve  f i t t in g
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com puter program m e they concluded th a t fib r in o g e n  a c tu a lly

co nta ined  th ree  calc ium  b in d in g  sites of eq u a l a f f in i t y . However

the model could be made to f i t  the e x p e rim e n ta l d a ta  much more

c lo se ly  i f  0 .0 8  of a site w ith  a d issocation  constan t almost

id e n tic a l to th a t of the s in g le  ve ry  h ig h  a f f in i ty  s ite  found in  th is  study

was in c lu d e d  in  the m odel.Th is  is p a r t ic u la r ly  in te re s tin g  in  v iew  of

the findin-gs in  th is  work thjLt less s tr in g e n t cond itions for calcium

rem oval re s u lt in  the observed number of v e ry  h ig h  a f f in i ty  sites being

reduced and th a t T r is  -H C l b u ffe r  appears  to h ave  an a f f in ity

fo r c a lc iu m . Since these w orkers employ a T r is -H C l b u ffe r system

in  the e a r ly  stages of ca lc ium  rem oval from fib r in o g e n  i t  is

possib le  th a t not a l l  of the calcium  is  rem oved from the "c a lc iu m -

free" fib rin o g e n  used in  the e q u ilib r iu m  d ia ly s is  experim ents of

th is  s tu d y . Th is  could re s u lt  in  u n d e r-e s tim a tio n  of the number

of v e ry  h ig h  a f f in i ty  s ites .T h e  o v er-e s tim a tio n  of the number of

sites of s lig h t ly  low er a f f in i ty  (Kd ~  10 % )  could then resu lt

from a com bination  of th is  calc ium  c o n tam in atio n  coupled w ith  a

fa i lu r e  to ta k e  in to  account the in flu e n ce  of the low a f f in ity  ;

(Kd — 10“ % )  calc ium  b in d in g  sites in  the c a lc u la t io n  of the

b in d in g  param eters  of the h ig h e r a f f in i ty  s ites .

Th is  touches upon one of the m ajor c r itic is m s  of th is  

c u rre n t w ork; the g roup ing  together of the low er a f f in i ty  

calc ium  b in d in g  sites and u t i l is in g  the in c lu s io n  of non-spec ific  

b in d in g  in  models to account fo r them- O b v io u s ly  i t  would be 

p re fe ra b le  to c a r ry  out experim ents in  the presence of magnesium ;

w hich  would b lock the low a f f in i ty  sites w h ils t  not a ffec tin g  the |
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high a f f in i ty  ca lc ium  b in d in g  s ites . H ow ever,th is  would in v o lv e  

c a rry in g  out experim ents in  the presence of lev e ls  of magnesium  

around O.OIM and to da te  i t  has proved im possible to fin d  a 

magnesium c h lo rid e  p re p a ra tio n  from which such a solution could  

be p rep ared  and used w ith o u t the concom itant in tro d u c tio n  of an  

u nacceptab ly  h ig h  le v e l of ca lc iu m  co n tam in atio n . Thus the approach  

used in  th is  w o rk , a lth o u g h  not e n t ire ly  s a tis fa c to ry  ap p ears  to 

be the best c u rre n t ly  a v a ila b le  and is c e r ta in ly  more v a l id  th a n  

th a t of ig n o rin g  the  in flu e n c e  of the  low a f f in i ty  sites co m p le te ly .

In  conclus ion , th is  s tudy  has em phasised the d if f ic u lt ie s  

in  exam in ing  the ca lc iu m  b in d in g  p ro p erties  of f ib r in o g e n ,  

however a l l  the d a ta  o b ta in e d  a re  consistent w ith  the id ea  th a t  

fib rin o g e n  contains th ree  b in d in g  sites w ith  a h ig h  a f f in i ty  fo r  

calc iu m . Two of these s ites  a re  id e n tic a l and reside  w ith in  the  

fragm ent D domains of the  m olecule w h ils t the lo catio n  of the  

th ird  s ite , w hich  e x h ib its  a s ig n if ic a n t ly  h ig h e r a f f in i ty  fo r  

calcium  has not ye t been id e n t if ie d . I t  has also  been noted th a t  

the sites w ith in  the frag m en t D domains of the molecule a p p e a r to 

be u n affec ted  by d ig e s tio n  of f ib r in o g e n  to core fragm ents .
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GENERAL DISCUSSION

The m ajor aim of th is  work was to develop and assess 

v a rio u s  methods for the s tu d y  of fib rin o g e n  w ith  a v iew  to 

o b ta in in g  in fo rm atio n  about th e  shape and calc ium  b in d in g  p ro p e rties  of 

the m olecule. O bviously b e fore  such studies could be c a rr ie d  

out i t  was necessary to o b ta in  a h ig h  q u a lity  fib r in o g e n  

p re p a ra tio n . This was p a r t ic u la r ly  im portan t in  v iew  of the  

re su lts  of Tooney and Cohen (1972) who showed th a t ,w h ils t  in ta c t  

f ib r in o g e n  is  not c r y s ta l l iz a b le ,  the  p ro te in  could be c ry s ta lliz e d  

a fte r  d e g rad a tio n  of the c h a in  C -term in u s . T h is  suggests

th a t an im p o rtan t co n fo rm atio n a l change takes  p lace  on c leavag e  

of th is  la b ile  portion  of the  m olecule . Therefore a ra p id  fib r in o g e n  

p u r if ic a t io n  scheme was developed  w hich produced v e ry  pure  and  

h ig h ly  in ta c t  fib rin o g e n  a lth o u g h  th is  was ach ieved  a t the  

expense of a low y ie ld . How ever the  y ie ld  was im proved b y  

the co llec tio n  of a second pool of fib rin o g e n  w h ich , a lth o u g h  of 

poorer q u a lity  th an  the f i r s t ,  p ro ved  s u ita b le  fo r d ig e s tio n  to  

core frag m en ts . The frag m en t D species produced b y  such 

digestions in  the presence of ca lc iu m  was shown to be homogenous 

a n d ,in  v iew  of the h ig h e r s t a b i l i t y  of th is  species in  the presence  

of ca lc ium  (H averka te  & T im a n , 1977) i t  was decided to use 

frag m en t D ( C a ^ )  in  the  p i lo t  s tud ies of the v a rio u s  a n a ly t ic a l  

tech n iq u es .

The f ir s t  tech n iq u e  to be s tud ied  was photosensitized  

la b e l l in g .  This was developed b y  B randt (1974) and  Hemmendorf et 

a l ( 1981) .  The technique in v o lv e s  la b e ll in g  the surface  o rien ted
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reg io ns  of a p ro te in  w ith  a sm all ra d io a c tiv e  m a rk e r in  a 

s en s itize d  photochem ical re a c tio n  and has the m ajor ad van tag es  

th a t the la b e l l in g  procedure ta k es  p lace r a p id ly  u n d er m ild  

c o n d itio n s . Hemmendorf e t . a l .  (1981) a c tu a lly  s tu d ied  fib rin o g e n  

u s in g  th is  tech n iq u e . Since how ever th is  is the o n ly  reported  

stu d y  u s ing  th is  techn ique  to d a te , i t  was decided  to exam ine  

the system r ig o u ro u s ly  before a ttem p tin g  to s tu d y  f ib r in o g e n .

U sing frag m en t D fo r these e a r ly  experim ents i t  was shown th a t  

the  tech n iq u e  d id  induce la b e l l in g ,  th a t th is  la b e l l in g  was by  

c o va le n t a ttachm ent and  th a t the  degree of la b e l l in g  was l ig h t  

dep en d en t. Furtherm ore  the degree and d is tr ib u tio n  of la b e l  

w ere shown to be conform ation  dependent, both b e in g  s ig n if ic a n t ly  

a lte re d  in  p ro te in  samples la b e lle d  under d e n a tu r in g  co n d itio n s. 

The d is tr ib u t io n  of la b e l  w ith in  n a tiv e  frag m en t D la b e lle d  in  

these s tud ies  suggested th a t  th e  c h a in  was h ig h ly  exposed 

w h ils t  the  c h a in  was p ro tec ted . These suggestions a re  

com plete ly  consistent w ith  the observed s u s c e p tib ilit ie s  of each  

of these ch a in s  to p ro te o ly tic  a tta c k  in  the absence of calc ium  

(F u r la n  e t . a l .  1975).

The tech n iq u e  was th en  ap p lie d  to f ib r in o g e n  and  

la b e l d is tr ib u tio n s  w h ich  w ere alm ost id e n tic a l to  those of 

Hemmendorf e t .a l .  (1981) w ere o b ta in ed  suggesting  th a t the  

tech n iq u e  is  h ig h ly  re p ro d u c ib le  w hich makes i t  even more usefu l 

fo r  a n a ly s is  of p ro te in . A n a ly s is  of the d is tr ib u t io n  of la b e l  

showed th a t  the A«^ c h a in  was h e a v ily  exposed, a suggestion  

w h ich  has been made b y  a num ber of w orkers us in g  d iffe re n t
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techniques (G affney & Dobos, 1971; Blomback, M. 1976;

F u r la n  & Beck, 1975). I t  was fu r th e r  shown th a t p h o to -sen s itized  

la b e lle d  fib r in o g e n  could  be d igested  by p lasm in  and studies  

of d igestions of f ib r in o g e n  to core fragm ents le d  to the conclusion  

th a t the fragm ent D dom ains of fib rin o g e n  and fragm ent D ( C a ^ )  

in  so lu tion  have a v e ry  s im ila r  shape. This f in d in g  was p a r t ic u la r ly  

im p o rta n t because fra g m e n t D ( C a ^ )  had been used fo r e a r ly  

studies on photo sens itized  la b e l l in g  and there fo re  much in fo rm atio n  

about its  la b e l d is tr ib u t io n  h ad  been obta ined  w hich  could  be 

d ire c t ly  a p p lie d  to f ib r in o g e n .

The tech n iq u e  o f chem ical c ro s s -lin k in g  has been used 

to  study ribosom al p ro te in s  (N om ura, 1973) and s tru c tu re -fu n c tio n  

re la tio n s h ip s  in  a num ber o f p ro te in s  (P eters , 1977). How ever, in  

th e  context of th is  w o rk  i t  has the  m ajor d is a d v a n ta g e  in  th a t  

i t  g e n e ra lly  y ie ld s  a p ro d u c t w h ich  cannot be subjected to p lasm in  

d e g ra d a tio n , in  th is  s tu d y  th is  p o in t was of p a r t ic u la r  im portance  

since much of the in fo rm a tio n  about fib rin o g en  has been o b ta in e d  

from  such studies and  the  p a tte rn  of d igestion  has been w e ll  

c h a ra c te ris e d  (M a rd e r e t a l ,  1969: L a ta llo , 1973).

In  sp ite  o f th is ,  chem ical c ro s s -lin k in g  was used in  

th is  w ork  to study fra g m e n t D ( C a ^ )  and fragm ent D (EDTA) 

y ie ld in g  re su lts  w h ich  w ere in  good agreement w ith  those about 

the  shape of frag m en t D re v e a le d  b y  p h oto -sens itized  la b e l l in g .

The use of chem ica l c ro s s -lin k in g  reag en ts  re ve a le d  

a m ajor conform ationa l d iffe re n c e  between fragm ent D ( C a ^ )  and  

frag m en t D (ED TA ). I t  was fu r th e r  shown th a t th is  d iffe ren ce  was
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a d ire c t re s u lt  o f d ig estio n  ra th e r  th an  ca lc iu m  rem ova l.

In  an e ffo r t to a lle v ia te  the problem  of not be in g  

a b le  to d ig e s t c ro s s -lin k e d  p ro te in  the system fo r  ph o to -sen s itized  

la b e l l in g  developed in  e a r l ie r  work was m o d ified  to induce  

c ro s s -lin k in g  in  the p ro te in  sam ple. Th is  p ro ved  v e ry  successful 

and  y ie ld e d  a p ro d u ct w hich  could be d ig ested  b y  p lasm in .

D ig estio n  of such c ro s s -lin k e d  fib rin o g e n  sam ples suggested th a t  

the  fra g m e n t D domains o f fib rin o g e n  w ere s h ie ld e d  w ith in  

the  m olecule s ince norm al fragm ent D was produced  and there  

was no ev id en ce  of a n y  abnorm al h ig h  m o lecu la r w e ig h t m a te r ia l  

in  these d ig e s ts . T h is  is  in  agreem ent w ith  the resu lts  from the  

p h o to -s e n s itize d  la b e ll in g  of in ta c t fib r in o g e n  w h ich  showed th a t  

the  A 04 c h a in  bound most o f the la b e l w h ils t  th e  fragm ent D 

dom ains bound less la b e l th a n  free  frag m en t D (C a"^ ) in  so lu tio n . 

T h is  suggests th a t  the chains  p la y  some ro le  in  s h ie ld in g

the  frag m en t D domains of the m olecule. The in c reased  cross- 

l in k in g  o f th e  N -te rm in a l po rtio n s  of f ib r in o g e n  observed when  

p a r t ia l l y  d eg rad ed  fib r in o g e n  was subjected to p h o to -sen s itized  

c ro s s -lin k in g  suggests th a t the  A ^  cha ins  of fib r in o g e n  also  

p la y  a ro le  in  p ro te c tin g  the  N -term inus of th e  m olecule.

The techn ique  of ra te  of d ia ly s is  e x h ib ite d  a ttr ib u te s  

w h ich  m ake i t  a  v e ry  u se fu l system fo r th e  a n a ly s is  of l ig a n d  

b in d in g  b y  m acrom olecules a lth o u g h  in  th is  s tu d y  i t  also em phasised  

the d if f ic u lt ie s  in  the  a n a ly s is  of h ig h  a f f in i t y  ca lc ium  b in d in g .
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The m ajor advan tag es  of the system l ie  in  the speed 

of a n a ly s is , the  sm all amounts of p ro te in  w hich  i t  uses and the  

fa c t th a t a l l  the  measurements fo r a fu l l  S catch ard  p lo t are  

d e riv e d  from th e  same sam ple. H o w ever,th e  system does re q u ire  

th a t  the  sam ple under test is  freed  from the l ig a n d  u n d er s tudy  

an d  th is  p resen ted  one of the m ajor problem s of th is  w ork  

as the rem oval of ca lc ium  from p ro te in  and b u ffe rs  and the  

d e te rm in a tio n  of v e ry  low re s id u a l le v e ls  of ca lc iu m  proved  

d i f f ic u l t .  O ther problem s encountered in  th is  s tu d y  w ere the  

e lim in a tio n  of a r te fa c tu a l b in d in g  of ca lc ium  b y  membrane and  the  

in te rp re ta t io n  o f cu rved  S catchard  p lo ts .

However these problem s w ere overcome and a n a ly s is  

of th e  ca lc iu m  b in d in g  p ro p e rties  of fib r in o g e n  an d  frag m en t D ( C a ^ )  

w ere c a r r ie d  o u t. A ll the d a ta  o b ta in ed  were consisten t w ith  

f ib r in o g e n  possessing th re e  b in d in g  sites  h a v in g  a h ig h  a f f in i ty  fo r  

c a lc iu m . Two o f these sites would a p p e a r to be id e n tic a l,o n e  

re s id in g  in  each of the  fragm ent D domains of f ib r in o g e n . The  

c h a ra c te r is tic s  o f the th ir d  s ite  found in  th is  s tu d y  d if fe r  

s lig h t ly  from  those found b y  others (M a rg u e rie  et a l ,  1977;

N iew enhuizen  et a l ,  1979) a lth o u g h  M a rg u e r ie 's  w ork  in d ic a te d  

th a t  the th ir d  s ite  was d iffe re n t from  the  o th e rs , an id e a  w hich  

seems more l ik e ly  th an  sites w hich a re  not c h e m ic a lly  id e n tic a l  

e x h ib it in g  the same b in d in g  a f f in i ty .

Com bining d a ta  o b ta in ed  us ing  each of the techniques  

in  th is  study i t  becomes possib le to make a num ber of suggestions i

about the  shape of the fib r in o g e n  m olecule in  s o lu tio n .
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From the p h o to -sen s itized  la b e ll in g  and  calc ium  b in d in g  

studies i t  would a p p e a r th a t  the D domains of fib r in o g e n  and  

frag m en t D ( C a ^ )  in  so lu tio n  are  conform ation a l ly  v e ry  s im ila r .  

C ro s s -lin k in g  stud ies o f fragm ent D (C a ^ )  suggest th a t  th is  is  

a compact g lo b u la r  c o n fo rm atio n ,th u s  i t  w ould a p p e a r th a t 58% of 

the  mass of the fib r in o g e n  molecule is  co n ta in ed  in  two compact 

dom ains.

The c ro s s -lin k in g  p a tte rn  of p a r t ia l l y  degraded  fib rin o g e n  

showed, as expected , th a t  a t the N -term inus of th e  molecule the  

c o n s titu te n t ch a in s  of f ib r in o g e n  are in  close a ss o c ia tio n . Thus the  

N -te rm in a l reg io n  of f ib r in o g e n  may be considered  as an a re a  of 

dense p ro te in  mass an d  when th is  is  considered in  con junction  

w ith  the evidence from  th is  study th a t the  fra g m e n t D reg ions  

of fib r in o g e n  rep res e n t two d iscre te  domains the  evidence s tro n g ly  

supports the suggestion  made by  many w orkers  (H a ll  & SI ay  te r ,

1959; Johnson & M ih a ly i ,  1965, Schrager et a l  1976; D o o little  et a l 

1977) th a t  f ib r in o g e n  is  a tr in o d u la r  s tructure ..

The re s u lts  of photosensitized la b e l l in g  how ever, 

suggested th a t the A ex. c h a in  o f fib rin o g en  is  h e a v ily  exposed a t 

the  su rface  of th e  m olecule and d igestion of la b e lle d  fib r in o g e n  

suggested th a t the fra g m e n t D domains a re  p ro tected  w ith in  the  

in te r io r  o f the  m olecule- I t  there fo re  seems l ik e ly  th a t  the A «x chain  

C—te rm in ii  fo ld  round the  o u te r p a r t  of the m olecule s h ie ld in g  

the  in te r io r .  Th is  id e a  is  s im ila r  to th a t proposed by  

C ie rn ie w s k i et a l  (1977) w ho, using  im m unochem ical studies  

suggested th a t the  N -te rm in a l of the 1$ c h a in  o f fib r in o g e n  

was exposed by d ig es tio n  of the Aoc ch a in  C -te rm in u s . F u rth e r
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evidence fo r  th is  is  p ro v id ed  by c ro s s -lin k in g  p a tte rn s  w here , w ith  

in ta c t  f ib r in o g e n  A*x dim ers were observed w h ils t a d iffe re n t  

p a tte rn  o f c ro s s -lin k in g  was observed w ith  p a r t ia l ly  degraded  

f ib r in o g e n . The d iffe ren ce  in  the two p a tte rn s  of c ro s s -lin k in g  was 

not so la r g e  as to suggest a m ajor co n fo rm atio n a l c h a n g e ,o n ly  

an  in c re a se d  a c c e s s a b ility  o f the N -te rm in a l p o rtio n s  of the m olecule. 

Of course a m ajo r con form ational change w ould not be expected in  

v ie w  of th e  p rev io u s  f in d in g  th a t a la rg e  p ro p o rtio n  of the mass 

of f ib r in o g e n  is  conta ined  in  two compact g lo b u la r  dom ains.

A num ber of w orkers  have suggested th a t the  

C -te rm in a l p o rtio n s  of the A«x c h a in  a re  su rfa ce  o rien ted  

(G a ffn ey  & Dobos, 1971; B lo m b ack .M ., 1976; F u r la n  & Beck, 1975) 

and more re c e n tly  Mosssesson et a l ( 1982) suggested th a t  the  

te rm in a l p o rtio n s  a re  fo lded back  tow ards the N -te rm in a l reg io n  

of the  f ib r in o g e n  m olecule. T h is  id e a  is  supported  b y  th is  w ork  

and the  fo ld in g  b ack  of the A*x ch a in  C -te rm in ii  could account 

fo r some of th e  controversy about the shape of f ib r in o g e n .

T a k in g  account of the evidence w h ich  shows the  

exis tence of d iscre te  domains w ith in  the f ib r in o g e n  molecule 

and c o u p lin g  th a t  w ith  the accum ula ting  evidence (C ie rn ie w s k i 

et a l  1977; Mossesson et a l 1982) about the  fo ld in g  b ack  of the  

A'=4 ch a in s  i t  w ould ap p ear th a t  fib r in o g e n  cou ld  best be 

d escrib ed  as a pro tected  t r in d o u la r  s tru c tu re . T h is  b e in g  the  

case i t  cou ld  be envisaged  th a t ,u n d e r  c e r ta in  cond itions of 

p re p a ra tio n  i t  could ap p ear as a g lo b u la r  s tru c tu re . The model 

proposed here  could also account fo r the d iffe ren ces  in  the  

rep o rted  re s u lts  of Hemmendorf et a l (1981) an d  T a k a g i and  

K aw ai (1 9 7 8 ). Hemmendorf et a l rep o rted  th a t  the  e a r ly  p e p tid e
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cleaved from  the A  *=4 ch a in  C -le rm in a l had a m o lecu la r w e ig h t of 

44,000 d a lto n s  w h ils t T a k a g i & Kawai (1977) re p o rte d  th a t th is  

peptide  w eig h ed  20,000 d a lto n s , both groups f in d in g  v e ry  s im ila r  

amino a c id  com positions fo r  the p e p tid e . I f ,  as suggested here  

the C -te rm in ii  of the  A*x ch a in s  a re  in  close p ro x im ity  i t  is  

possib le  th a t  Hemmendorf w as a c tu a lly  exam in in g  a d im eric  

product form ed b y  p h o to -se n s itized  c ro s s -lin k in g  of A«x c h a in  

C -te rm in ii p r io r  to c le a va g e .

A n a ly s is  of frag m en t D ( C a ^ )  and  fra g m e n t D (EDTA) 

using ch em ica l c ro s s -lin k in g  reag en ts  re ve a le d  a gross  

co n fo rm atio n a l d iffe ren ce  between these species and  in d ic a te d  th a t  

Fragm ent D (EDTA) has a much more open co n fo rm atio n . Furtherm ore  

i t  was shown th a t  the co n fo rm atio n a l change w as o n ly  induced  . 

b y  c leavag e  o f the  C -te rm in a l p o rtio n  of the '6> c h a in  of 

frag m en t D ( C a ^ )  and  cou ld  not be produced s o le ly  by  rem oval 

of c a lc iu m , how ever the c leavag e  could on ly  occur a f te r  rem oval of 

c a lc iu m . T h is  is  p a r t ic u la r ly  in te re s tin g  in  v ie w  o f the f in d in g  

from p h o to -s e n s itize d  la b e l l in g  th a t  the '6  c h a in  and  more 

s p e c if ic a lly  th e  C -te rm in a l p o rtio n  of the IS c h a in  is  exposed  

a t the su rfa ce  of fragm ent D ( C a ^ ) .  The p ic tu re  o f fragm ent 

D ( C a ^ )  w h ich  th e re fo re  emerges is  one of a com pact m olecule  

held  in  its  compact conform ation b y  the calc ium  b in d in g  C -te rm in a l  

po rtio n  of its  % c h a in . T h is  is  p a r t ic u la r ly  re le v a n t in  v iew  of 

other re s u lts  from  p h o to -se n s itized  la b e llin g  show ing the  

co n fo rm atio n a l s im ila r ly  between fragm ent D (C a *^ ) in  so lu tion  and  

the fra g m e n t D domains of f ib r in o g e n . However th e y  ta k e  on an



F ig u re  6 .1  Schematic model of fib r in o g e n  shape  

(Shaded reg ions = fragm ents  D)



- 124 -
even g re a te r  s ig n ific a n c e  in  v iew  of the f in d in g  from p h oto -sens itized  

la b e l l in g  th a t alm ost a l l  o f the la b e l bound by  the iS ch a in  of 

fib r in o g e n  is  bound by  th a t p o rtion  w hich  co n stitu tes  J:he % ch a in  

rem n an t of fragm ent D ( C a ^ ) . (See ta b les  3 ( v i )  and ( v i i )  ) .T h is  prov ides  

d ire c t evidence th a t the p o rtio n  of fib r in o g e n  resp o n sib le  fo r  ca lc ium  

b in d in g  (L a w rie  & Kemp 1979). Factor X I 11 induced  c ro s s -lin k in g  of 

f ib r in  (H a v e rk a te  et a l . ,  1979) and in te ra c tio n  of f ib r in o g e n  w ith  

p la te le t  receptors (M a rg u e rie  et a l ,  1982) is  exposed a t the  su rface  

o f n a tiv e  f ib r in o g e n , an id e a  w hich is  o f course suggested by  its  

p h y s io lo g ic a l ro le .O n e  in te re s tin g  p o in t is  th a t  these reg ions w h ich  are  

on the  surface  of f ib r in o g e n  and prone to p h o to -se n s itized  la b e ll in g  are  

not subject to chem ical o r p h o to -sen s itized  c r o s s - l in k in g ,th is  could  

suggest th a t th e re  is  some rep u ls io n  between these reg ions of n a tiv e  

fib r in o g e n  in  s o lu tio n .

These p o in ts  a lso  suggest th a t  the  s tudy of f ib rin o g e n  

Bern 1, w here an ab n o rm al (S ch a in  has been shown to e x is t  

in  the  D dom ain (R upp et a l  1981) could y ie ld  u se fu l in fo rm atio n  

about the calc ium  b in d in g  sites of the  D dom ains of fib r in o g e n  

and  th e ir  ro le  in  p o ly m eris a tio n  and in  the in te ra c tio n  of 

fib r in o g e n  w ith  o th e r species.

The m ajor po in ts  about the shape o f fib r in o g e n  ra is e d  by  

th is  w ork  a re  i l lu s tr a te d  in  F ig u re  6 .1 .  T h is  d ia g ram  of the  

fib r in o g e n  molecule shows the A«x ch ain s  fo ld in g  round to pro tect 

the  N -te rm in a l of th e  m olecule and c le a r ly  shows how the A  «4 c h a in  

represents  the m ajor p ro p o rtio n  of the so lvent exposed surface  

of f ib r in o g e n .It  a lso  shows the fragm ent D domains (sh ad ed ) w h ich  

a re  in  a s im ila r  conform ation  to th a t of frag m en t D ( C a ^ )  in  

s o lu tio n . The ca lc iu m  b in d in g  % ch a in  C -te rm in ii  a re  exposed a t  

the  surface  of the m olecule however the mid sections of the
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6̂ chains a re  in  close p ro x im ity  and th ereb y  sh ie ld  each o th e r,  

a point w h ich  is  consistent w ith  the  re ce n tly  p u b lish ed  d a ta  o f 

F a ir  et a l ,  (1982) who exam ined fib rin o g e n  us ing  an tib o d ies  

and showed th a t  the p o rtion  of the ch a in  between res id u es  

95 and 264 was p ro tec ted  in  fib rin o g e n  b u t was p ro g re s s iv e ly  

exposed on d ig e s tio n  to fragm ent D.

The p o s itio n  of the c h a in  in  th is  model could

also  account fo r  the  p a tte rn  of d igestion  of fib rin o g e n  b y  p lasm in  

where Ao<v c h a in  c leavag e  takes  p la ce  fo llow ed by  subsequent 

cleavages le a d in g  to core fragm ents D and E.

The s h ie ld in g  e ffect of the Ac< ch a in  on the compact 

domains m ay a ls o  in  p a r t  e x p la in  d if f ic u lt ie s  in  assessing the  

shape of the  f ib r in o g e n  m olecule.

A v e ry  in te re s tin g  p o in t about th is  model is  th a t ,w h ils t  

i t  possesses th re e  d is t in c t  dom ains, its  o v e ra ll  shape is  v e ry  

s im ila r  to th a t  proposed by  a num ber of w orkers  (H u d ry -C le rg e o n  

et a l ,  1975; M a rg u e r ie  and S tuhrm ann, 1976; M a rg u e rie , 1979 ). 

Therefore the d a ta  s u p p lie d  in  th is  study cou ld , in  p a r t ,  

reconcile  the two most extrem e models of f ib r in o g e n  shape. The  

c o ile d -c o il connecting  reg ions proposed by  D o o little  et a l ,  1978 

depend on the  fo rm atio n  of a hydrophobic  core w ith  p o la r  s ide  

chains  p o in tin g  out from  th is  core. Thus when d eh yd ra tio n  

takes  p la c e ,a s  is  the  case fo r many e lec tron  m icroscopic s tud ies  

these co iled  co ils  cou ld  b re a k  down and th is  breakdow n of 

secondary s tru c tu re  cou ld  re s u lt in  connecting regions becoming  

much n a rro w e r on e lec tro n  m icrographs . F u rth e rm o re ,th e re  is
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n o th in g  in  th is  study which is  in  d isagreem ent w ith  the f in d in g s  

of L e d e re r (1979) or Hantgen (1982) who proposed th a t  fib r in o g e n  

was a f le x ib le  m olecule. Thus, l in e a r  a rran g em en t of the domains  

of f ib r in o g e n  could be seen as a d is tin c t p o s s ib il i ty ,  p a r t ic u la r ly  

i f  the c o ile d -c o il connecting reg io ns  were w h o lly  o r p a r t ia l ly  

d estro yed .

The model of fib r in o g e n  proposed in  F ig u re  6 .1  shows 

o n ly  two ca lc iu m  b in d in g  s ites , one in  each of th e  D dom ains of 

the m o lecu le . The pos ition  of th e  th ird  s ite  has not y e t been  

id e n t if ie d  how ever th ere  are  r e a l ly  on ly  two p o ssib le  s ites  fo r  i t .

The th ir d  s ite  could  be located  a t the C -te rm in a l ends of the Ac< 

ch a in s  o f fib r in o g e n  as suggested b y  M a rg u e rie  and  A rd a illo u  

(1982) o r i t  could  be in  the re g io n  between the  frag m en t E and  

frag m en t D dom ains. Van R u ijen -V erm eer, (1978) and  L in d s ay  

et a l ,  (1978) showed th a t la te  fragm ent E does not b in d  c a lc iu m , 

th ey  d id  not how ever p rec lu d e  the  p o s s ib ility  th a t  e a r ly  

frag m en t E does so. I f  e a r ly  frag m en t E and  th e  A«^ c h a in  C -te rm in ii  

were shown not to b in d  calc ium  then  the conclusion  cou ld  be 

d raw n  th a t  th e  th ir d  calc ium  b in d in g  s ite  of f ib r in o g e n  was 

dependent upon some in te ra c tio n  between e ith e r  th e  two in te r -  

d om ainal c o ile d -c o il or the frag m en t E and fra g m e n t D dom ains.

As s ta ted  e a r l ie r , th e  m ain aim of th is  w ork  was to  

develop an d  assess techniques fo r  the exam in atio n  of f ib r in o g e n  *

In  th is  resp ec t th e  w ork has been successful how ever th e  in fo rm atio n  

about f ib r in o g e n  w hich has been obta ined  is not com plete ly  

conclus ive  and a num ber of suggestions about fu r th e r  w ork can be 

m ade.
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One of the  m ajor points s t i l l  to be resolved concerns  

the th ird  h ig h  a f f in i t y  ca lc iu m  b in d in g  s ite . On the basis o f 

th is  work i t  w ould a p p e a r  th a t th is  s ite  does ex is t and is  not 

a rte fa c tu a l and so the  m ain  question re m a in in g  concerns the  

position  of th is  s ite . The two positions mentioned e a r l ie r  seem most 

l ik e ly  and i t  w ould  a p p e a r to be a sim ple m a tte r to resolve the  

problem  by c a r r y in g  out ca lc ium  b in d in g  stud ies  on p a r t ia l ly  

degraded fib r in o g e n  w h ich  has lost its  c h a in  C -te rm in ii.

However, th is  has been attem pted by a num ber o f w orkers  

(N iew enhuizen & G ravesen , 1981; M a rg u e rie  & A rd a illo u , 1982) and  

has y ie ld e d  e q u iv o c a l re s u lts ,th is  may be a t tr ib u ta b le  to problem s  

in  assessing the degree  o f d ig estio n  w hich has taken  p lace  coup led  

w ith  the in h e rre n t d if f ic u lt ie s  in  m easuring calc ium  b in d in g  

sites of such h ig h  a f f in i t y  h ig h lig h te d  in  th is  s tu d y . N evertheless  

th is  w ould seem to be a v e ry  usefu l a rea  fo r  fu tu re  e x a m in a tio n .

In  th is  w o rk  th e  technique of p h o to -sen s itized  la b e l l in g  

has been shown to  be v e ry  u sefu l in  assessing p ro te in  shape an d  

more in fo rm atio n  ab o u t f ib r in o g e n  could  be o b ta in ed  i f  th is  

technique was a p p lie d  to the study of the frag m en t E reg io n  of 

the m olecule,on th e  b a s is  o f the model presented  here i t  w ou ld  

be p red ic ted  th a t  fra g m e n t E from p a r t ia l ly  degraded  fib r in o g e n  

would b in d  more la b e l  th a n  fragm ent D from in ta c t m a te r ia l.

I f  the  tech n iq u e  o f p h o to -sen s itized  la b e ll in g  w ere  

combined w ith  HPLC i t  cou ld  represent an even more pow erfu l 

tool a llo w in g  com plete c h a ra c te r is is a tio n  of the  surface o rien ted  

regions of p ro te in s .
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As mentioned e a r l ie r ,  the usefu lness of the techniques  

of c ro s s -lin k in g  as a tool in  p ro te in  chem istry  has long been 

e s tab lis h ed  h o w e v e r,th is  study has in d ic a te d  th a t  the technique  

may be even more usefu l i f  p h o to -sen s itized  c ro s s -lin k in g  

is  used s ince i t  y ie ld s  s im ila r  p a tte rn s  to chem ical c ro s s -lin k in g  

reagents  w h ils t  y ie ld in g  a p roduct s u ita b le  fo r enzym ic d eg rad a tio n .

In  co n c lu s io n ,th e  m ain  aim  of th is  p ro je c t w hich was 

to exam ine techn iques fo r the a n a ly s is  of f ib r in o g e n  has been 

ach ieved  and  these techniques h ave  re v e a le d  a num ber of points  

about the fib r in o g e n  m olecule. On the  b asis  o f these studies  

i t  w ould  a p p ea r th a t  fib r in o g e n  is  a p ro tected  tr in o d u la r  s tru c tu re  

w hich possesses two calc ium  b in d in g  sites o f e q u a l a f f in i ty  in  its  

D domains and a th ir d  s ite  of s ig n if ic a n t ly  h ig h e r  a f f in i ty  a t some 

o ther p a r t  o f the m olecule.
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