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The  r e su l t s  of e l e c t r o n , m i c r o s c o p i c  invest igat ions showed that  uns tabi l ized f ibr in  cons is t s  of a 
network of f i be r s  (fibrils} f r o m  2 to 10/~ long and up to 2000 A wide. Negat ive  staining with 
uranyl  ace ta te  showed that  uns tabi l ized f ib r i l s  a r e  composed  of 5 to 10 longitudinally organized  
p ro to f ib r i l s  and p o s s e s s  c r o s s - s t r i a t i o n  with a long per iod  (about 200 A}. Compar i son  of the 
u l t r a s t r u c t u r e  of unstabi l ized f ibr in  f ibers  with f ibers  s tabi l ized by fac tor  XIII a r evea led  the i r  
morphologica l  s imi l a r i t y .  
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In the modern  view the p r o c e s s  of f ibrin fo rmat ion  incorpora tes  the following bas ic  s tages;  the enzymic  
action of th rombin  on f ibr inogen with the fo rmat ion  of f ibr in  monomer ;  aggregat ion  of molecules  of f ibrin mono-  
m e r  into a f ibr in  aggrega te  (unstabil ized fibrin); convers ion  of the la t ter  under the influence of fac tor  XIII, a c -  
t iva ted  by th rombin  (factor XIIIa) into s tabi l ized f ibr in  [10-12]. F r o m  the b iochemica l  point of view, s tabi l ized 
f ibr in  is c h a r a c t e r i z e d  by the p r e s e n c e  of ~ / -g lu t amyl - e - ly s ine  c r o s s  l inkages between the ~/ and ~ chains of 
r e s i d u e s  of f ibr inogen molecu les  [11-12]. 

T h e r e  a r e  ce r t a in  d i f fe rences  between the physiological  p r o p e r t i e s  of s tabi l ized and unstabi l ized fibrin.  
F o r  instance,  s tabi l ized f ibr in  d i sso lves  under the influence of  the enzyme p l a smin  or  i t s  ac t ivated f o r m -  the 
p l a s m i n - h e p a r i n  complex  [3]. A c h a r a c t e r i s t i c  p r o p e r t y  of unstabi l ized f ibrin is its abili ty to go into solution 
both under the influence o f  the agents  a l ready  mentioned and also through the act ion of complexes  of hepar in  
with ce r t a in  p l a s m a  prote ins  and some  biogenic amines  fo rmed  in the blood s t r e a m  during excitat ion of the 
anticlot t ing s y s t e m  [3, 7-9]. Unstabi l ized f ibr in  is a lso  r ende red  soluble by urea ,  monochloroacet ic  acid, and 
other  agents  [1-3]. It is not c l ea r  whether ,  bes ides  d i f fe rences  in the b iochemica l  and physiological  p rope r t i e s  
of s tabi l ized and unstabi l ized fibrin,  any other d i f ferences  exis t  in the i r  u l t r a s t r uc tu r e .  

The  object  of this invest igat ion was to make  an e l e c t r o n - m i c r o s c o p i c  study of the s t r u c t u r e  of unstabi l -  
ized f ibr in  and to c o m p a r e  it with that  of f ibr in  s tabi l ized  by factor  XIl:[a. 

E X P E R I M E N T A L  M E T H O D  

Fibr inogen  and th rombin  f r o m  the Kaunas Bacter io logica l  P r e p a r a t i o n s  F a c t o r y  and factor  XIII  obtained 
f r o m  bovine p l a s m a  by the method of Loewy et al.  we re  used.  

Unstabi l ized f ibr in  was p r e p a r e d  by the method of Kudryashov et  al .  [4] d i rec t ly  on 200-mesh  grids  f r o m  
T e s l a  (Czechoslovakia) ,  coated with F o r m v a r  f i lm.  To one drop of a solution of f ibr inogen with inhibitors of 
s tabi l iza t ion and enzymic  f ibr inolys is ,  applied to the grid,  an equal volume of th rombin  in a concentra t ion of 
0.1 m g / m l  (1 u n i t / m l )  was added. Af te r  the  fo rmat ion  of v is ib le  f ibr in  t h r eads  (after  15-60 rain) the excess  
of fluid was soaked up with f i l t e r  pape r ,  a f t e r  which the gr ids  with the p r epa ra t i ons  were  washed in 0.85% NaCI 
solution (pH 7.34). The  p r e p a r a t i o n s  were  negat ively  stained in 2% phosphotungstic  acid (PTA) or 2% uranyl  
ace ta te .  Before  s taining with uranyl  ace ta te  t h e y w e r e  fixed with 0.5% glutaraldehyde solution, pH 7.34. The  
gr ids  with the p r epa ra t i ons  were  then dried.  The spec imens  were  examined in the IEOL e lec t ron  m i c r o s c o p e .  

Stabil ized f ibr in  was obtained by t r ea t ing  the f ibr in  fo rmed  without addition of inhibitor of s tabi l izat ion 
to the f ibr inogen solution with a solution of factor  XIII, ac t ivated with th rombin  in the p r e s e n c e  of Ca 2+. P r e p -  
a ra t ions  of fac tor  XIII  with an ac t iv i ty  of 500-800 u n i t s / m l  were  used.  After  the addition of fac tor  XI]Ia the 
gr ids  with the p r e p a r a t i o n  of f ibr in  we re  incubated for  15-20 m i n a t  37~ af te r  which they were  t r ea t ed  a s  
desc r ibed  above.  
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Fig. i. Unstabilized fibrin: a) Negatively stained with PTA, 40,000x; b) nega- 
tively stained with uranyl acetate,  80,000x. 

a b cde 

Fig. 2. Scheme of c ross-s t r ia t ion  
of fibers of unstabilized fibrin. Ex- 
planation in text. 

Fig. 3. Stabilized fibrin. Negatively stained with uranyl 
acetate, 90,000 x. 

E X P E R I M E N T A L  R E S U L T S  

The electron-microscopic investigation of unstabilized fibrin showed it to be a network of 
f ibri l lary s tructures  without any regular  arrangement and with high angular spread relat ive to one another 
(Fig. la). In their  external appearance tile fibrin fibers (fibrils) consisted of formations of two types: spindle- 
shaped (thickened in the central part  and pointed at the end) and split at the ends, resembling the brist les of a 
brush. Internal granularity, with a clearly defined longitudinal orientation, was observed in preparations of un- 
stabilized fibrin stained with PTA (Fig. la). These  were presumably extended molecules of fibrin monomer, 
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aggrega ted  end- to-end  and fo rming  a s t ruc tu re  of higher  f ib r i l l a ry  organizat ion.  The  length of the f ibe r s  was 
o 

10 # or  m o r e  and the i r  width 700-2000 A. 

The  longitudinal s t ruc tu re  of the f ib r i l s  was c h a r a c t e r i z e d  by the p r e s e n c e  of p ro tof ib r i l s ,  f o r m ~ g  the 
ba s i s  of the f iber .  The  invest igat ion showed that  the f ibr i l s  consis ted  of 5 to 10 p ro to f ib r i l s  about 100 A in 

o 

d iame te r .  The dis tance  between the  p ro to f ib r i l s  was 40-70 A. The  p ro tof ib r i l s  we re  cons t ruc ted  f r o m  chains 
of globular format ions ,  consis t ing of r e s idues  of f ibr inogen molecules .  T h e s e  globules as  a ru le  were  s e p a r -  

O 

ated f r o m  each other  by spaces  of 20-50 A. However ,  often they were  a lmos t  touching each other .  Between 
the globules the re  wore  in te rmedia te  fo rmat ions  consis t ing of pro te in  ma t e r i a l  of lower  e lec t ron  density.  
L a r g e  quanti t ies  of f r ee  globular  p ro te in  m a t e r i a l  were  obse rved  around the f ib r i l s .  Both s epa ra t e  p ro to f ib r i l s  
and p a i r s  of p ro tof ib r i l s ,  d iverging at  an acute angle, were  p r e s e n t  in the p repa ra t ion  of unstabi l ized f ibr in  
(Fig. 1). Union of f ibr i l s  to f o r m  a wider  f ibr in  band could be  seen.  T h e  s t ruc tu r e s  desc r ibed  above a r e  evi -  
dently di f ferent  deg ree s  of f ib r in  format ion .  

The  cha rac t e r  of the fine morphology of f ibe r s  of unstabi l ized fibrin,  shown in Fig. la ,  was obtained by 
the use  of PTA for  negat ive staining, which does not p e r m i t  the c r o s s - s t r i a t i o n  of the f ibe r s  to be  d e m o n s t r a t e d  
The  f ibr in  f ibe r s  shown in Fig.  la  a lso  were  r e l a t ive ly  young (they were  fo rmed  10-15 rain af ter  the addition 
of th rombin  to the f ibr inogen solution). As Szalontai  [15] points out, growing f ibe r s  which have not yet  r eached  
the i r  l a r g e s t  s ize  a r e  cha rac t e r i s t i c a l l y  sp indle-shaped.  

When uranyl  ace ta te  was  used as  the s taining ma te r i a l ,  a m o r e  complex  internal  s t ruc tu re  was r evea l ed  
in the f ibe r s  of  unstabi l ized f ibrin.  Both t r a n s v e r s e  and longitudinal s t r ia t ion  of the f ibr in  f ibe r s  was obse rved  
on the e lec t ron  mic rog raph  (Fi6g. lb).  The  long~oeriod of c r o s s - s t r i a t i o n ,  due to the boundar ies  between the  
widest  light a bands (width 35 A), was  200~ 10 A (Fig.o2). Between the p r inc ipa l  bands, two wide da rk  b bands 
(each m e a s u r i n g  40/~), two med ium da rk  d bands (26 A) and one light cen t ra l  e band (7/~) we re  obse rved  to 
r e p e a t  r egu l a r l y .  

The  morphologic~il c h a r a c t e r i s t i c s  of the unstabi l ized f ibr in  f ibers  as es tabl ished above agreed  with ob-  
se rva t ions  by other worke r s  on s tabi l ized f ibr in  [2, 5, 6, 14]. 

However ,  the r e s u l t s  of o ther  invest igat ions  [1] showed the absence  of c r o s s - s t r i a t i o n  in f ibr in  f ibe r s  
when the ac t iv i ty  of fac tor  XIII  was reduced .  Accord ing  to these  worke r s ,  the p r e s e n c e  of a t r a n s v e r s e  s t r u c -  
tu re  in f ibr in  depends d i rec t ly  on an adequate level  of fac tor  XIII  act ivi ty  in the med ium (in the blood). 

The  p r e p a r a t i o n s  of s tabi l ized f ibr in  s tained with uranyl  ace ta te  obtained during the p r e s e n t  invest igat ion 
a r e  i l lus t ra ted  in Fig.  3. Analys i s  of the u l t r a s t r u c t u r e  of the s tabi l ized f ibrin shows that  all  its bas ic  morpho-  
logical  c h a r a c t e r i s t i c s  (length and width of the f ibers ,  c h a r a c t e r  of the c r o s s - s t r i a t i o n )  a r e  s im i l a r  to those 
es tab l i shed  for  ma tu r e  f ibe r s  of  uns tabi l ized  fibrin.  However ,  the number  of p ro to f ib r i l s  in the f ibers  of s t a -  
bi l ized f ibr in  is inc reased  up to 20-30 because  of thei r  more  compact  a r r angemen t .  

The  enzymic  action of fac tor  XIl/a on the f ibr in  monomer  aggrega te  (unstabil ized fibrin),  giving r i s e  to 
definite b iochemical  s t ruc tu ra l  changes and, in pa r t i cu l a r ,  causing the appearance  of 7 - g l u t a m y l - e - l y s i n e  
covalent  c r o s s - l i n k a g e s  [11], is evidently not r e f l ec ted  in the u l t r a s t r u c t u r e  of the f ibr in  f iber .  

The  authors  a r e  grateful  to P r o f e s s o r  Yu. S. Chentsov for continuous attention and help with the work  and 
also for valuable  commen t s  during the d iscuss ion  of the r e su l t s .  
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