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S u m m a  r y 

The binding of' fibrinogen with heparin and dextran sulfates, and of 
antithrombin ~ with heparin and dextran sulfate were investigated by 

sedimentation velocity method. From the measurement of fibrinogen acidic 
polysaccharide systems, it was confirmed that heparin and low molecular weight 

dextran sulfate(DSC) forms soluble complexes with fibrinogen, though the amount 
bound of the latter was rather small compared with high molecular weight dextran 

sulfate(DSD). Antithrombin i was also found to be bound by heparin and DSC. 
The numbers of heparin molecules bound to one molecule of fibrinogen and 

antithrombin ~ were estimated to be 4.2 and 0.3, respectively. 

Introduction 

lleparin, one of the acidic polysaccharides, is well-known to be a 

biologically multifunctional molecule, interacting not only with various cells 
but with such diverse proteins as are participated in coagulation, adhesion, 

lypolysis, and so on. Many acidic polysaccharides with high charge density 
and high molecular weight were observed to form complexes with proteins, such as 

albumin(1) and fibrinogen(2),who have negative net charges at neutral DH region. 
A complex formation leads to the retardation effect of acidic polysaccharides on 

the fibrinogen-fibrin conversion, which was analyzed according to the Freundlich 
-type adsorption isotherm(3). Moreover, the formation of a soluble complex for 

fibrinogen-heparin systems was confirmed by electrophoretic study(4). 
The sedimentation velocity method affords efficient information about the 

size and shape of monodisperse polymers such as proteins. For fibrinogen , such 
paramaters as the sedimentation coefficient at infinite dilution , the diffusion 

coefficient , and friction coefficient were determined from sedimentation 
velocity measurement in water at 20~ (5). LAGES and STIVALA (6) found that the 

sedimentation coefficient of fibrinogen in 0. i M Tris buffer solution at pH 7.5 
is remarkably increased by the addition of heparin, whereby heparin peak 

disappears at equimolar mixing of both components, and suggested the formation 
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of fibrinogen-heparin complex. 
On the other hand, antithrombin [ is well-known to be an important 

regulator  of blood coagulation (7). In the presence of heparin, ant icoagulant  
a c t i v i t y  of antithrombin m is remarkably accelerated (8), i t  has been suggested 

that  th is  accelera t ion  is due to a heparin-induced conformational change of 
antithrombin ~ (9) and simultaneous ef fec ts  on proteases and antithrombin ~ (10) 

(El). And binding s i t e s  of heparin to antithrombin [ (12) and of antithrombin 
to heparin (13) were reported. I t  was also reported that  antithrombin [ forms 

an equimolar complex with serine proteases (14). In ~his study, we examine 
quan t i t a t i ve ly  the binding amount of e i the r  heparin or dextran s u l f a t e  to 

f ibrinogen or antithrombin ~ by sedimentation ve loc i ty  method. 

Experimental 

Bovine fibrinogen 95~ clottable (Lot. 24, Code 82-022-4) was purchased from 

Miles Laboratories Inc. The molecular weight and the isoelectric point of 

fibrinogen are 340,000 and 5.5 (15) , respectively. Bovine antithrombin 

(Lot. 78C-3953) , whose spec i f i c  a c t i v i t y  is 400-600 units per mg protein,  was 
purchased from Sigma Chemical Co. The molecular weight of the sample is  56,000 

(16). Heparin-Na (Lot. M6G5365) was purchased from Nakarai Chemical Co. Dextran 
su l fa te  C-Na (Lot. 48C-0241: nominal molecular weight, 40, O00) and dextran s u l f a t e  

B-Na (Lot.M7ES064: nominal molecular weight, 500,000) were purchased from Sigma 
Chemical Co. 

Fibrinogen stock powder was dissolved in 0.05 ~ phosphate buffer ,  and 
c l a r i f i e d  f i l t r a t i o n  through a f i l t e r  pad. The concentrations of f ibr inogen 

solut ions were determined by the opt ica l  densi ty measurement at  280 nm with a 
Hitachi Spectrophotometer Model EPS-3T . The spec i f i c  ext inc t ion  of 0.1 

fibrinogen solut ion used was Eom : 1.506 . The pH and the ionic s t rength of the 
fibrinogen solut ion were 7.0 and 0.106, respect ively .  

Antithrombin ~ , heparin and dextran sul fa tes  solut ions were prepared by 
d isso lv ing  the stock powder in 0.05 M phosphate buffer at  pH 7.0 and 0.106 of 

ionic strength. 
Sedimentation ve loc i ty  experiments were carr ied  out with e i the r  Mom model 

3170/b u l t racen t r i fuge  or Spinco model E u l t racent r i fuge ,  both equipped with the 
Schlieren opt ica l  system at 20 + 0.2U . rn the former apparatus , samples were 

centrifuged at  60,000 rev/min , and in the l a t t e r  apparatus , samples were 
centrifuged a t  59,780 rev/min . The schl ieren photographs were taken a t  6-minute 
in terva ls  . Measurements of the sedimentation coef f i c ien t s  and the areas of the 
sedimentation spectra were made with enlarged tracing(• of the negative fi lms 

(Mom) and p la tes  (Spinco) by using a Nikon Prof i le  Projector  6C-2. 

Results and Discussion 

Some example of the sedimentation pattern of fibrinogen , heparin , and 

dextran sulfate D (DSD) are shown in Figure 1 . In the sedimentation pattern of 

fihrinogen, a small faster peak appears besides the main peak. This peak 

occupying about 6 ~ of the total area may be assigned to the dimer as suggested 
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Figure  1, Sedimentat ion p a t t e r n s  of some samples in 0.05 M phosphate 
buf fe r ,  pH 7.0, a t  205: (a) f i b r inogen  (0.8 g /d l ,  12 m i n . ) , ( b )  dex t ran  
s u l f a t e  D (0.8 g /d l , 12  min.) ,  and (c) hepar in  (0.7 g /d l , 66  min.) 

by MULLER e t  a l . ( 1 7 ) .  The observed sedimenta t ion c o e f f i c i e n t ,  So~,s, of s o l u t e  a t  
a given temperature and in a given so lvent  i s  converted to the s ed imen ta t ion  

c o e f f i c i e n t  S2o, w a t  205 in water by equation I l l .  

S~o.~ : So~ v , . , , o ~  ( 1 - v p ~ o , ~ )  [1] 
~o,w (1 - v p ~ , , o i v )  

Where, v is  the p a r t i a l  s p e c i f i c  volume of the so lu te ,  and ~ 7 , , o i v  and p z .  sojv,  
r e s p e c t i v e l y ,  are  the so lvent  v i s c o s i t y  and so lven t  dens i ty  a t  T~. The s u b s c r i p t  

20, W ind i ca t e s  "at  20~ in w a t e r " .  P l o t t i n g  1/$2o, w aga in s t  the c o n c e n t r a t i o n  of  
so lu t e  and e x t r a p o l a t i n g  to zero concent ra t ion  , we obta in  the s ed imen ta t ion  

c o e f f i c i e n t  , S~ w, of so lu te  a t  zero concent ra t ion  . The exper imenta l  r e s u l t s  
are  shown in Figure 2 . The numerical values  of v used are  : 0.71 for  f i b r i n o g e n  

(18), 0.72 for  ant i thrombin ~ (19), 0.47 for  hepar in  (20), and 0.60 fo r  dex t ran  
s u l f a t e  (21). Table I summarizes the r e s u l t s .  These values of S~ w a re  in 

accord f a i r l y  well  with l i t e r a t u r e  values ( 5 ) , ( 7 ) , ( 2 0 ) .  
The weight average molecular  weight Mw of hepar in  was es t imated  by us ing 

the equation.  

S~ : 0.0350 Mw ~  [2] 

der ived  by the author from the experimental  da t a  by LASKER (20). The c a l c u l a t e d  
molecular  weight 11,000 i s  comparable with the value 9,000 e s t ima ted  by the 
author  i n t r i n s i c  v i s c o s i t y  . With r e spec t  to dextran s u l f a t e  , the  equa t ion  

S~ w : 0.0245 Hw ~ [3] 
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Table I 8 % o , .  and M. of 
p ro t e in s  and po lysacchar ides  

S~ w Mw 

Fib 7.9 340,000 

AT$ 4.1 56,000 

Hep 2.1 11,000 

DSC 2.3 30,000 

DSD 6.5 322,000 

Figure  2. 1/S2o, ~ p l o t t e d  a g a i n s t  the concent ra t ions  
of p ro t e ins  and a c i d i c  po lysacchar ides  

proposed by SENTI et  a l . ( 2 t )  was used to es t imate  the molecular  weight . The 

numerical value obta ined Mw = 30,000 fo r  DSC and Mw = 322,000 for  DSD , 
r e s p e c t i v e l y  , a re  compared with the  nominal values 40,000 and 500,000. 

In genera l ,  for  g lobu la r  p ro te ins ,  the sedimenta t ion c o e f f i c i e n t  of a t  zero  
concen t ra t ion  S ~ is r e l a t e d  to Mw by the fo l lowing equat ion (22). 

S " E v ]  ' / 3  (1 - v p )  
M2/~ - 2 . 5  X 10 6 [ 4 ]  

~oNA 

where [ V] is the intrinsic viscosity of the solute , M is the molecular weight 

of the solute , NA is the Avogadre's number , and ~ o and p are viscosity and 

density of the solvent, respectively. HALSALL(23) has pointed out that equation 

E4J is simplified, in a good approximation to 

log S ~ = log k + 2/3 log M [53 

where k i s  a constant .  
The sedimenta t ion  p a t t e r n s  and S2o. w for  p r o t e i n - a c i d i c  p o l y s a c c h a r i d e  

mixtures a re  shown in Figure 3 and Table I I ,  r e s p e c t i v e l y ,  from which l i m i t i n g  
sedimenta t ion  c o e f f i c i e n t  S ~ was evaluated.  As is obvious in Figure 3, two peaks 

are  d i s t i n g u i s h e d  in the sedimenta t ion  spec t ra .  The observed sed imen ta t ion  
c o e f f i c i e n t s  of a c i d i c  po lysacchar ides  a re  expected to  increase  by the d i l u t i o n  
e f f e c t  owing to the complex formation.  However, the sedimenta t ion  c o e f f i c i e n t s  
of the slower peak were s h i f t e d  to decrease  in the p r o t e i n - h e p a r i n  systems.  
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Figure  3. Sedimentat ion p a t t e r n s  for  p r o t e i n - p o l y s a c c h a r i d e  mixtures  
in phosphate buffer ,  pH 7.0 a t  20E: (a) f i b r inogen -hepa r in  (0.35 g / d l -  
0.35 g /d l ,  40 min.) ,  (b) fibrinogen-DSD (0.40 g /d l -0 .40  g / d l .  24 min. ) ,  
and (c) an t i th rombin  | - h e p a r i n  (0.05 g /d l -0 .40  g /d l ,  66 min.) 

These r e s u l t s  i nd i ca t e  tha t  high molecular  
weight f r a c t i o n s  of hepar in  are  dominantly 

bound to p ro te ins .  
I f  p ro t e in  molecules adsorb 

po lysacchar ide  molecules and form a 
complex, we can es t imate  the "molecular  

weight" of the complex from the S ~ value 
of the complex by using equation [5]. For 

f ib r inogen ,  S ~ = 7.9 and M = 340,000 were 
used as the r e fe rence (5 ) ,  and S ~ = 4.1 and 
M = 56,000 for  ant i thrombin m were used (7). 
From the "molecular  weight" QL the complex, 

we can c a l c u l a t e  the amount of  adsorbed 
po lysacchar ide  in the complex. 

The amount of adsorbed polysacchar ide  
i s  a l so  es t imated  from the a rea  of the peak 

corresponding to the complex. According to 
TRAUTMAN et  a1 . (24) ,  the concen t ra t ion  of 

the slow component Cs ~ is given by 

Cs o : ( x s ~  c~~ [6] 
r 

with 

r = 
(x~~ ~ (~-G ~ - I S~ ~ 

(7 = 

(XF~176 ~ - 1 , SF ~ 

Table N S~o, ,  fo r  f i b r i n o g e n -  
po lysacchar ide  and ant i thrombin  | -  
po lysacchar ide  mixtures 

$2o, w 
g /d l  g /d l  f a s t  slow 

Fib - Hep 
0.35 7.62 

- 0.35 1.93 
0.35 0.35 8.01 1.81 

Fib DSC 
O. 40 7.58 

- O. 40 2 .  08 
O. 40 O. 40 8.52 2.20 

Fib - DSD 

0.40 7.58 
- 0.40 5.13 

O. 40 O. 40 13.09 5.42 

AT~ - Hep 
0.05 4.12 

- O. 40 1 . 9 O  

O. 05 O. 40 4.40 1.85 

AT~ - DSC 
O. Ob 4.12 

- O.  4 0  2 .  08 
O. 05 O. 40 4.38 2. 08 
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Where, acutual concentration C ~ is given by 

c ~ : ( x / x m )  ~ c ~  [ 7 ]  

Subscripts s and v denote slower component and faster component, respectively,  x 
is the distance from the center to the peak , xm is the distance from the center 
to the meniscus , C ~ is the concentration determined from the area under the 
curve. The amounts of polysaocharides bound, estimated from equation [5] and [6] 
are summarized in Table I I I .  The amount bound calculated from equation [5] by 
using sedimentation coeff icients  are s l ight ly  higher than these from equation 
[6] by using concentration. This seems to be due to the overestimation of 
sedimentation coefficients.  The sedimentation coeff icients  in the mixtute of two 
solutes tend to be larger than true values. The values obtained from equation 
~6] are highly accurate, because Johnston-Ogston effects  are avoided\  by 
correction of the concentration. 

On the fibrinogen-acidic polysaccharide systems, the complex formation of 
fibrinogen with heparin and DSC could not be detected on turbidimetry and 
eonformational study (25). But in this study the formaLion of soluble complexes 
were found in reversible binding of polysaccharides to proteins, although both 
have negative net charges in phosphate buffer at pH 7.0. And the resul t  for 
fibrinogen-heparin is in good agreement with that estimated from electrophoresis 
resul t  by us (4). The amounts bound seem to be dependent on molecular weight 
of polysaccharide, but less dependent on charge density. 

In the antithrombin m-polysaccharide systems, antithrombin m forms soluble 
complexes with heparin and DSC. The amounts adsorbed of DSC to antithrombin ~ is 
nearly equal to that of heparin. In our kinetic study (10), i t  was found that 
the main role of heparin is to accelerate the antithrombin m-thrombin reaction, 

Table �9 Amount of acidic polysaccharides bound to proteins 

Amount bound 
Protein P.S* From eq.(5) From eq.(6) 
g/dl g/dl M of P,S/protein r P. S/protein 

complex g/g mol/mol g/g mol/mol 

Fib - Hep 
0.35 0.35 386,000 0.14 4.2 0.98 0.14 4.2 

Fib - DSC 
0.40 0.40 422,000 0.24 2.7 0.96 0.17 1.9 

Fib - DSD 
0.40 0.40 789,000 1.32 1.4 0.47 0.56 0.6 

AT~ 
Hero 61,000 0.09 0.5 0.89 0.05 0.3 0.05 O. 

AT~ - DSC 
0.05 0.40 61,000 0.09 0.2 0.64 0.07 0.1 

* P.S; polysaccharide 
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but DSC does not accelerate  th is  reaction. These resu l t s  suggest that  DSC can 
not induce conformation change of antithrombin ~ because some binding s i t e s  for 
antithrombin m are probably d i f fe ren t  from heparin. Moreover, i t  was reported 
that  antithrombin ~ forms an equimolar complex with serine proteases (14). In 
th is  case, i t  is noted only 0.3 mole of heparin bind to one mole of antithrombin 
[, despite a large excess of heparin in the mixture. I t  was shown that  
commercial heparin used in this study, which is polydisperse and unfract ionated,  
contained low a f f i n i t y  f ract ions with antithrombin ~ (28). However, f rac t iona ted  
heparin should have higher a f f i n i t y  with antithrombin ~ by taking into account 
both resu l t s  that  lysyl residue having posi t ive charge in antithrombin m was 
essent ia l  for heparin binding (13) and the dissociat ion constant, kd, of 
antithrombin m heparin complex (26) was smaller than those of f ibr inogen-heparin 
complex (4), 

R e f e r e n  

which may result from unique molecular conformation of heparin. 
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