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P R E F A C E 

T h i s v o l u m e c o n t a i n s the c o n t r i b u t i o n s to two s y m p o s i a on 

f i b r i n o g e n . The f i r s t s y m p o s i u m , w h i c h was e n t i t l e d " A b n o r m a l 

F i b r i n o g e n s as P r o b e s of S t r u c t u r e - F u n c t i o n R e l a t i o n s h i p s " , 

was h e l d at S t o c k h o l m s m a s s a n ( S t o c k h o l m I n t e r n a t i o n a l F a i r s ) 

in A l v s j o o u t s i d e S t o c k h o l m on J u l y 8 t h , 1983, as a p a r t of 

the IX. I n t e r n a t i o n a l C o n g r e s s on T h r o m b o s i s a n d H a e m o s t a s i s . 

The s e c o n d s y m p o s i u m , w h i c h was e n t i t l e d " F i b r i n o g e n - S t r u c t u r e 

and F u n c t i o n " , was h e l d at the B e r z e l i u s L a b o r a t o r y of the 

K a r o l i n s k a I n s t i t u t e in S t o c k h o l m on J u l y 9th and 1 0 t h , 1 9 8 3 , 

as a S a t e l l i t e S y m p o s i u m of the IX. I n t e r n a t i o n a l C o n g r e s s . 

A p p r o x i m a t e l y 150 s c i e n t i s t s from all p a r t s of the w o r l d p a r -

t i c i p a t e d in the s y m p o s i a . 

Several E u r o p e a n F i b r i n o g e n W o r k s h o p s had a l r e a d y b e e n h e l d 

d u r i n g the p r e v i o u s 10 y e a r s , some of t h e m in M a r t i n s r i e d 

o u t s i d e MLinchen, the m o s t r e c e n t one in N o o r d w i j k e r h o u t , 

The N e t h e r l a n d s in May 1982. In S t o c k h o l m m a n y s c i e n t i s t s 

f r o m o u t s i d e E u r o p e p a r t i c i p a t e d for the f i r s t t i m e . 

The p u r p o s e of the p r e s e n t s y m p o s i a was to r e v i e w and s u m m a -

rize r e c e n t p r o g r e s s in f i b r i n o g e n r e s e a r c h and to e n a b l e 

s c i e n t i s t s i n t e r e s t e d in the v a r i o u s a s p e c t s of f i b r i n o g e n to 

m e e t and d i s c u s s . O b v i o u s l y , the t i t l e s of the c o n t r i b u t i o n s 

r e f l e c t w h i c h r e s e a r c h areas are r e g a r d e d as b e i n g c u r r e n t l y 

of special i n t e r e s t . T h u s , many p r e s e n t a t i o n s d e a l t w i t h s t r u c -

t u r a l - f u n c t i o n a l v a r i a n t s of f i b r i n o g e n and w i t h the i n t e r -

a c t i o n b e t w e e n f i b r i n o g e n and f i b r i n , v a r i o u s p r o t e o l y t i c e n -

z y m e s or v a r i o u s cell t y p e s . At the S a t e l l i t e S y m p o s i u m an in-

t r o d u c t o r y l e c t u r e was g i v e n by the P r e s i d e n t of the m a i n 

c o n g r e s s , P r o f e s s o r B i r g e r B l o m b a c k . 

The o r g a n i z e r s of the s y m p o s i a w i s h to e x p r e s s t h e i r s i n c e r e 

g r a t i t u d e to the E x e c u t i v e C o m m i t t e e of the IX. I n t e r n a t i o n a l 



VI 

C o n g r e s s for s u p p o r t and a d v i c e and to several m e m b e r s of the 

S t a f f of the B l o o d C o a g u l a t i o n R e s e a r c h D e p a r t m e n t at the Ka-

r o l i n s k a I n s t i t u t e for i n v a l u a b l e help w i t h the local o r g a n i -

s a t i o n . M o s t g e n e r o u s f i n a n c i a l s u p p o r t w a s g i v e n by the c o m -

p a n i e s P h a r m a c i a , Kabi , S e r o n o and Imco. The e x c e l l e n t s e c r e -

terial help of M r s . T. N i e b e r l e and the c o o p e r a t i o n of 

Dr. R. W e b e r and the p u b l i s h e r , W a l t e r de G r u y t e r , are g r a t e -

fglly a c k n o w l e d g e d . 

This f i b r i n o g e n c o n f e r e n c e was h e l d in a b u i l d i n g n a m e d a f t e r 

J. B e r z e l i u s , who was the f i r s t p r o f e s s o r of c h e m i s t r y at the 

K a r o l i n s k a M e d i c o - S u r g i c a 1 I n s t i t u t e and w h o 145 y e a r s ago to 

the d a y , i.e. J u l y 10th, i n v e n t e d the name " p r o t e i n " and u s e d 

it for the f i r s t time for f i b r i n ! The o r g a n i z e r s hope t h a t the 

c o n f e r e n c e p a r t i c i p a n t s will r e m e m b e r the e x c e p t i o n a l l y hot 

s u m m e r days for the many i m p o r t a n t s c i e n t i f i c c o n t r i b u t i o n s 

m a d e and p e r h a p s also for the d e l i g h t f u l b a n q u e t t h a t w a s 

g i v e n in the S t o c k h o l m City H a l l , w i t h the m o r e p e r s o n a l c o n t -

t r i b u t i o n s by p r o f e s s o r s J o h n S h a i n o f f , S t a f f a n M a g n u s s o n and 

Jack H a w i g e r , d e a l i n g w i t h s u c h , so far u n p u b l i s h e d , t o p i c s 

as how to r e c o g n i z e e n e m i e s at m e e t i n g s , s l i d e p r o j e c t i o n in 

the dark and w h i c h m o l e c u l e s are ugly and w h i c h are b e a u t i f u l . 

MLinchen, Stockholm, Boston and Uppsala, October 1985 

A. H e n s c h e n 

B. Hessel 

J. M c D o n a g h 

T. S a l d e e n 
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I . A HISTORICAL NOTE 





TWO THOUSAND YEARS OF FIBRINOGEN RESEARCH 

AND EVIDENCE FOR FIBRIN BEING THE FIRST PROTEIN 

Agnes Henschen 

Max-Pianck-Institute for Biochemistry, 8033 Martinsried/ 
Munich, FRG 

Blood coagulation has attracted the interest of scientists, 

physicians, philosophers and even theologists for several 

thousand years. Already very long time ago blood and blood 

flow were considered as essential for life. A few examples of 

the central role of blood clotting and fibrin(ogen) in science 

and philosophy will be presented. 

About 2300 years ago 

Ever since Hippokrates and Aristoteles and until less than 

150 years ago all life processes were believed to take place 

in the blood, and for a long time period all living and dead 

things were thought to be composed of the four elements: air, 

fire, earth and water. According to ancient medical theory 

(the humoral pathology) the body contains four fluids (humors) 

and the right proportion or mixing of them constitutes health, 

but an improper distribution constitutes disease. The four 

humors were all believed to be contained in the clotted blood 

and were also regarded as closely related to the four ele-

ments, the four temperaments, the four ages, a.s.o. (Fig. 1). 

The four components observed in the clotted blood were: the 

light red, oxygen-rich part of the clot - "blood", the dark 

red, oxygen-deficient part - "black bile", the yellowish 

Fibrinogen - Structural Variants and Interactions 
© 1985 Walter de Gruyter & Co., Berlin • New York - Printed in Germany 
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Components 
of clotted 
blood 

Red blood c e l l s , 
oxidised form 

Serum Red blood c e l l s , 
reduced form 

F ib r in 

Colours Red Yellow Black White 

Humors Blood Yellow b i le Black b i le Phlegm 

Elements A i r F i re Earth Water 

Tempera- Sanguinic Choleric Melancholic Phlegmatic 
ments 
Ages Child Adolescent Adult Old 

Seasons Spring Summer Fail Winter 

Organs Heart Liver,Stomach M i l t Bra in,Bladder 

F i g . 1. The f o u r humors , e l e m e n t s , temperaments , a . s . o . and 
t h e i r r e l a t i o n to the components o f c l o t t e d b l o o d . 

serum - " y e l l o w b i l e " and the wh i t e l a y e r on the s u r f a c e of 

the c l o t - " p h l e g m " . I t i s o b v i o u s t h a t the " ph l e gm " c o r r e s -

ponds to f i b r i n i n modern n o m e n c l a t u r e . A l r e a d y a t the t ime 

of H i p p o k r a t e s i t was known t h a t many d i s e a s e s were accompa-

n ied by i n c r e a s e d amounts of " p h l e g m " , and f o r t h ou s and of 

y e a r s to f o l l o w the main medica l d i a g n o s t i c method c o n s i s t e d 

i n the a n a l y s i s of the p a t i e n t ' s c l o t t e d b l o o d , the most im-

p o r t a n t t h e r a p e u t i c method be i ng the a t tempt s to remove the 

e x c e s s of " p h l e g m " . 

About 1300 y e a r s ago 

I n many r e l i g i o n s b l ood i s r e g a r d e d as h a v i n g s p e c i a l , p h i l o -

s o p h i c a l l y s i g n i f i c a n t p r o p e r t i e s . T h u s , the Koran con ta i n s 

the f o l l o w i n g t e x t , wh i ch i s a p a r t o f Mohammed's f i r s t 

r e v e l a t i o n : " R e c i t e t h o u , i n the name of thy Lo rd who c r e a t e d ; 

c r e a t e d man from c l o t s of b l o o d " . 
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About 150 years ago 

Relatively pure preparations of the white, fibrous material 

from blood clots, now named fibrin, and of its precursor from 

unclotted blood, soon after named fibrinogen, were analysed 

for chemical composition and other properties by several 

scientists, among them Berzelius, Mulder and Virchow. It 

occurred to Berzelius that fibrin, albumin and "probably the 

coloured material", i.e. hemoglobin, contained the same kind 

of oxidised basic component, and as it seemed less convenient 

to name this component only after fibrin, he proposed the word 

protein, derived from primary or principal (Fig. 2). Thus, 

fibrin was the first substance designated as a protein! 

Nowadays 

Our understanding of blood coagulation and fibrin(ogen) is 

steadily increasing. At present we have reached the stage 

where the complete covalent structures of fibrinogen (Fig.s 3 

and 4) and many other hemostasis-rela ted proteins are known. 

For many of these proteins at least models for their spatial 

structures and for structure-function relationships have been 

conceived; their various interactions have been studied in 

great detail. Which kind and degree of comprehension will be 

achieved in the future? 

Fig. 2. (next page) Excerpt from one of Berzelius' letters to 
G.J. Mulder in Rotterdam, the original letter being 
considerably longer. From: Jac. Berzelius Bref, 11:2 
(Soderbaum, H.G., ed.), Almquist & Wiksell, Uppsala, 
1916. 
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Stockholm, le 10 juillet 1838. 

Mous-¿eu*, et ami, 

Lors qu'on jouit d'une corres po ndance aussi intéressante que 

la votre, et qu'on diffère de. répondre, Il faut avoir des 

raisons valable* . Voici le* miennes. J'ai pendant les dernières 

3 s emaines de juin et la première de juillet pr-Ls le* eaux de 

Spa, et pendant ce tempi-ld j'ai renonce aux occupations scien-

tifiques pour la promenade et le mouvement dans l'air libre, 

ce dont j'avais furieusement besoin.... 

Je deviens à présent d vos travaux Sun. la fibrine. H e*t 

sans doute de la plus haute importance que la iubitance orga-

nique, séparée du soufre et du phosphore, se trouve être la 

même pour la fibrine et l'albumine. Mais en même temps il de-

vient nécessaire d'étudier su propriétés d l'état isolé et 

de déterminer son poids atomique je présume que l ' o xyde 

organique, qui est la base de la fibrine et de l'albumine [et 

auquel il ¿aut donner un nom particulier p.ex. protéine) est 

composé d'un radical ternaire, combiné avec de l'oxygène dan* 

quelqu'un de ces rapports simples que la nature inorganique 

nous prés ente. . . . 

Le nom protéine que je vous propose pour l'oxyde organique 

de la {¡ibrine et de l'albumine, je voulais le dériver de 

TrpojTeioç, parce qu'il parait être la substance primitive ou 

principale de la nutrition animale que les plantes préparent 

pour les herbivores, et que ceux-ci fournissent ensuite aux 

carnassiers. En dérivant le nom du mot grec pour la fibre, il 

serait moins convenable, puisque l'oxyde organique est la base 

aussi de l'albumine et probablement de la matière colorante, 

ainsi que d'autres encore. 

Mais il est temps de finir mon griffanage. J'attents avec 

bien de l'intérêt d'avoir de vos nouvelles. 

Votre dévoué 

J. Eerzelius 



Human fibrinogen Aa-chain: 

1 A D S G E G D F L A E G G G V R + G P R V V E R H Q S A C K D S D W P F C S D E D 

41 W N Y K C P S G C R M K G L I 0 E V N Q D F T N R I N K L K N S L F E Y 0 K N N 

81 K D S H S L T T N I M E I L R G D F S s A N N R D N T Y N R V S E D L R s R I E 

121 V L K R K V I E K V Q H I Q L L Q K N V R A Q L V D M K R L E V 0 I D I K I R S 

lei C R G S C S R A L A R E V D L K D Y E 0 Q 0 K Q L E Q V I A K D L L P S R 0 R 0 

201 H L P L I K M K P V P D L V P G N F K s Q L Q K V P P E W K A L T D M P Q M R H 

241 E L E R P G G N E I T R G G S T S Y G T G S E T E S P R N P S S A G S W N S G S 

281 5 G P G s T G N R N P G S S G T G G T A T W K P G S s G P G S T G S w N S G S S 

321 G T G S T G N Q N P G S P R P G S T G T W N P G S 5 E R G S A G H W T S E S S V 

361 S G S T G Q W H S E S G s F R P D S P G s G N A R P N N P D W G T F E E V S G N 

401 V S P G T R R E Y H T E K L V T 5 K G D K E L R T G K E K V T S G S T T T T R R 

441 s c S K T V T K T V I G P D G H K E V T K E V V T S E 0 G S D C P E A M D L G T 

481 L s G I G T L D G F R H R H P D E A A F F D T A S T G K T F P G F F S P M L G E 

521 F V S E T E S R G S E S G I F T N T K E S S 5 H H P G I A E F P S R G K S S S Y 

561 S K Q F T S S T S Y N R G D S T F E S K S Y K M A D E A G S E A 0 H E G T H S T 

601 K R G H A K s R P V 

Human fibrinogen B6-chain: 

1 Z G V N D N E E G F F s A R H R P L D K K R E E A P S L R P A P P P I S G G G 

41 Y R A R P A K A A A T Q K K V E R K A P D A G G C L H A D P D L G V L c P T G C 

81 Q L Q E A L L Q Q E R p I R N S V D E L N N N V E A V S Q T S S S s F Q Y M Y L 

121 L K D L W 0 K R Q K Q V K D N E N V V N E Y S s E L E K H Q L Y I D E T V N S N 

161 I P T N L R V L R S I L E N L R S K I Q K L E s D V S A Q M E Y C R T P C T V 5 

201 C N I P V V S G K E C E E I I R K G G E T S E M Y L I Q P D S 5 V K P Y R V Y C 

241 D M N T E N G G U T V I Q N R 0 D G S V D F G R K W D P Y K Q G F G N V A T N T 

281 0 G K N Y C G L P G E Y W L G N D K I S Q L T R M G P T E L L I E M E D W K G D 

321 K V K A H Y G G F T V q N E A N K Y Q I S V M K Y R G T A G N A L M D G A S Q L 

361 H G E N + R T M T I H N G H F F S T Y D R D N 0 G W L T S D P R K Q C S K E D G G 

401 G W W Y N R C H A A N P N G R Y Y W G G Q Y T W D M A K H G T D D G V V W M N W 

441 K G S U Y S M R K M S M K I R P F F P Q Q 

Human fibrinogen y-chain: 

1 Y V A T R D N C C I L D E R F G S Y c P T T C G I A D F L S T Y Q T K V 0 K D L 

41 Q S L E D I L H Q V E N + K T S E V K Q L I K A I Q L T Y N P D E s S K P N M I D 

81 A A T L K S R K M L E E I H K Y E A s I L T H D s S I R Y L Q E I Y N S N N Q K 

121 I V N L K E K V A 0 L E A Q C 0 E P c K D T V 0 I H D I T G K D c 0 D I A N K G 

161 A K Q S G L Y F I K P L K A N Q Q F L V Y C E I 0 G S G N G W T V F Q K R L D G 

201 S V D F K K N U I Q Y K E G F G H L s P T G T T E F W L G N E K I H L I S T Q S 

241 A I P Y A L R V E L E D W N G R T S T A D Y A M F K V G P E A D K Y R L T Y A Y 

281 F A G G 0 A G D A F D G F D F G D D P S D K F F T S H N G M Q F S T W D N D N D 

321 K F E G N C A E Q D G S G W U M N K c H A G H L N G V Y Y Q G G T Y S K A S T P 

361 N G Y D N G I I W A T W K T R W Y s H K K T T M K I I P F N R l T I G E G Q Q H 

401 H L G G A K Q A G 0 V 
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Fig. 3. (previous page) Amino acid sequences of human fibrino-
gen Aa-, Bß- and y-chains, sequences according to 
A. Henschen, F. Lottspeich, M. Kehl and C. Southan, 
Ann.N.Y.Acad.Sei , 40j5, 28-43 ( 1983); M.W. Rixon, 
W.-Y. Chan, E.W. Davie and D.W. Chung, Biochemistry 
22, 3237-3244 (1983); D.W. Chung, B.G. Que, M.W. 
Rixon, M. Mace and E.W. Davie, Biochemistry 22^, 3244-
3250; D.W. Chung, W.-Y. Chan and E.W. Davie, Biochem-
istry 22, 3250-3256 (1983). Arrows and crosses indi-
cate thrombin cleavage sites and carbohydrate side 
chains, respectively. 

A a 

.B]p. 
i 

-Jr 

Fig. 4. Primary structure model of human fibrinogen, the 
chains being aligned according to homology, the N-
termi ni with the thrombin cleavage sites (^) in the 
middle; the thin lines represent disulfide bridges, 
the diamonds carbohydrate side chains and the broken 
line a center of symmetry. 
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Introduction 

The central event in the vertebrate coagulation system is 
the conversion of soluble fibrinogen into an insoluble 
fibrin gel. This is appropriately followed by the subse-
quent dissolution of the fibrin gel. A mechanistic expla-
nation of now tnese processes occur depends on an under-
standing of fibrinogen's structure. 

One approach to understanding structure-function relation-
ships involves the comparison of functionally similar pro-
teins sucn as fibrinogen between various species. The pri-
mary structure of human fibrinogen has been determined 
directly at the amino acid level (1, 2) and indirectly 
through nucleic acid sequencing of the appropriate mRNA's 
(3, 4, 5, 6). He have undertaken the structural analysis 
of the rat fibrinogen genes. The isolation of cDNA clones 
for all three rat genes has been carried out (13)• In addi-
tion, a fall-length cDNA for the rat gamma gene has been se-
quenced (7). Using cDNA as probes, phage clones from a rat 

Fibrinogen - Structural Variants and Interactions 
© 1985 Walter de Gruyter & Co., Berlin • New York - Printed in Germany 
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genomic DNA library of all three rat fibrinogen chains have 
been isolated and mapped (8). Exons which code for the in-
termediate disulfide knot and the first half of the putative 
"coiled coil" region have been sequenced. Thus, the amino 
acid sequences for those regions of the rat fibrinogen 
chains can be surmised. 

Using the primary sequence of human fibrinogen Doolittle et: 
al. (11) built elaborate models of the coiled coil region 
of the human fibrinogen molecule. Using these models they 
sought to determine the potential for helix formation in the 
part of the structure bound by the two sets of cysteine 
rings found in each half of the fibrinogen monomer. When 
the "helical-net" approach of McLachlan et_ a^. (12) was 
applied, a non-polar face could be seen for each of the 
chains. This led them to propose a parallel three-stranded 
rope tnat would begin with a coiled coil, would be inter-
rupted in its central portion, and tnen would resume the 
coiled coil structure. The key to this configuration is the 
alternating pattern of the polar and non-polar amino acids 
that occur witnin the coiled region. The feasibility of 
such a structure was confirmed by the building of three 
dimensional models. 

Tne comparison of the rat and human amino acid sequence in 
the region of the proposed "coiled coil" shows a large num-
ber of differences between the two species. However, the 
differences are such that the alternating arrangement of 
polar and non-polar amino acids in that region of fibrinogen 
molecule is preserved. Thus, the pattern Doolittle (11) 
found in the human molecule is almost certainly of struc-
tural significance. Moreover, the region that interrupts 
the coiled coil in the human is further interrupted in the 
rat fibrinogen molecule by the presence of three prolines 
in the rat gamma chain. 
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i-Iaterials and Methods 

The appropriate Hind III DNA fragments were subcloned from 
Charon 4A pnage isolates that have been described (8) into 
the plasmid pBR322. To determine the sequence of these DNA 
fragments the plasmid DNA was further subcloned into the M13 
vectors mp-8 and mp-9. 

The DNA sequence of M13 subclones was determined by the 
method of Sanger (9). A 15-mer from New England Biolabs was 
used for all reactions. However, whenever ambiguities were 
apparent a 15-mer (obtained from Bethesda Research Labs) 
having another sequence was used. Sequencing reactions were 
carried out with the Klenow fragment of DNA polymerase from 
several suppliers. Reactions were performed at 20°C or 37°C 
and were run on denaturing 6% acrylamide gels. Sequences 
were determined for both strands of DNA for 80% of the re-
gions reported here. Sequences for the gamma region have 
been previously reported (7). Sequence analyses were car-
ried out using the program of Queen and Korn (10) and micro-
computer programs from the laboratories of Marshall Edgell 
and Clyde Hutchinson. 

Results 

The nucleic acid sequence of those exons tnat code for the 
intermediate disulfide knot and nearby amino acids is shown 
in Figure 1. The analysis of the rat genomic sequences re-
vealed a splice junction corresponding to a position three 
amino acids proximal to the first cysteine of the intermedi-
ate disulfide knot. That exon ends approximately 60 amino 
acids downstream in all three genes. In Figure 1 the se-
quences nave been aligned to show homology between these 
tnree exons. This required the insertion of spaces in the 
alpha and gamma sequences because the beta chain has an 
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ALPHA 

BETA 

GAMMA 

ALPHA 

ALPHA 

BETA 

GAMMA 

A L P H A 

I 10 20 30 40 50 
T T C A T T T T C A G . . . A A C C A C A A A T G C C C T T C A G G C T G C A G G A T G A A A G G G T T G A T T G A T G 
II III III III III I N I II I II I 

. . G G A G T G C T A T G T C C T A C A G G G T G T G A G T T G C G T C A A A C T T T G C T A A 
20 30 40 50 

T T G G T T T A C A G . 
1 10 
I III III 

T G A C T T T G C A G . 
1 10 

II 

.GGTAGTTACTGCCCAACCACTTGTGGCATCTCAGACTTCCTGAATT 
20 30 40 50 
I Hill I II I II II II I II 

T T C A T T T T C A G . . . A A C C A C A A A T G C C C T T C A G G C T G C A G G A T G A A A G G G T T G A T T G A T G 
1 10 20 30 40 50 

60 70 80 90 100 110 
AAGCCAATCAGGACTTTACAACCAGAATCAACAAGCTCAAAAACTCACTATTTGATTTTC 
I M I I I I I H i l l II I II I I II I I 

ACCACGAAAGGCCAATCAAAAACAGTATTGCTGAGTTAAATAGCAACATAAACTCTGGTT 
60 70 80 90 100 110 

II III I l i I I I I II I II I I I 
CTTACCAAACCGACGTGGACACTGACCTCCAGACTCTGGAAAACATCTTACAACGAGCTG 

60 
I I 

70 
III 

80 90 
I II Ii i i Ii i n n 

100 
II 

1 1 0 

ALPHA AAGCCAATCAGGACTTTACAACCAGAATCAACAAGCTCAAAAACTCACTATTTGATTTTC 
60 70 80 90 100 1 1 0 

120 130 
A A A A G A A C A A C A A G . . , 

140 150 160 170 
GATTCTAATTCACTGACCAGGAATATCATGGAGTATTTGAGAG 

I N I Hill I I II 
BETA CTGAGACCTCTTCGGTCACCTTTCAGTACCTGACTCTGCTGAAAGACATGTGGAAAAAGA 

GAMMA 

A L P H A 

A L P H A 

BETA 

GAMMA 

ALPHA 

120 130 
II I I 

A A A A C A G A A C C A C A . , 
120 130 
IUI I I II 
A A A A G A A C A A C A A G . . 
120 130 

140 150 
II I IUI I 

160 
I 

170 
I II III 

.GAAGCCAAGGAACTGATTAAAGCCATCCAGGTTTACTACAACC 

II I 
140 
II 

150 
II I 

160 170 
I I 

. G A T T C T A A T T C A C T G A C C A G G A A T A T C A T G G A G T A T T T G A G A G 
140 150 160 170 

180 190 
GGGACTTC GCT AAC GC C AAC A 

200 210 220 230 
GTAAGTGGGACATATTTAGTGCTTGGACTTTCTAAC 

II I I I I I I I I II III 
A G C A G G C A C G A G T T A A A G . . . G T A G C C A T C G T G G T G G T G G T G G G G T T C T A C C T A A C T C A T 
180 190 200 210 220 230 

I I II II I I U I III I l l l l l 
CGGACCAACCCCCAAAGCC. . .GTTTGAGGAAACCCACTGTGGAGTTGTTACCNTCCCCT 

180 190 200 210 220 230 
I N I I I I I I I I I I I II III 

G G G A C T T C G C T A A C G C C A A C A . . . G T A A G T G G G A C A T A T T T A G T G C T T G G A C T T T C T A A C 
180 190 200 210 220 230 

Figure 1. The genomic sequence of the rat fibrinogen exons 
coding for the intermediate disulfide knot and the first 
half of the "coiled coil" region. The sequences have been 
aligned optimally to show the maximum homology between the 
alpna, beta and gamma rat fibrinogen genes. The tickings 
flag homologous nucleotides. 
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AanHiaLyaCyaProSerGlyCysArgMetLyaGlyLeuIleAapGluAlaAanGlnAap 

RAT ALPHA AACCACAAATGCCCTTCAGGCTGCAGGATGAAAGGGTTGATTGATGAAGCCAATCAGGAC 
1 10 20 30 40 50 60 
III I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I II 

HUMAN ALPHA AACTACAAATGCCCTTCTGGCTGCAGGATGAAAGGGTTGATTGATGAAGTCAATCAAGAT 
1 10 20 30 40 50 60 

AsnTyrLyaCysProSer&lyCyaArgMetLyaGlyLeuIleAapGluValAanGlnAap 

PheThrThr Arql leAanLysLeuLyaAanSerLeuPheAapPheG InLyaAanAenLys 

RAT ALPHA TTTACAACCAGAATCAACAAGCTCAAAAACTCACTATTTGATTTTCAAAAGAACAACAAG 
70 80 90 100 110 120 

I I I I I I I I II I I I II I I I I I I I I II I I I I I I I I I I I I I III I I I I I I I I III 
HUMAN ALPHA TTTACAAACAGAATAAATAAGCTCAAAAATTCACTATTTGAATATCAGAAGAACAATAAG 

70 80 90 100 110 120 

PheThrAsnArgIleAsnLysLeuLyaAsnSerLeuPheGluTyrGlnLysAsnAanLya 

AapSer AsnSer LeuThr Arq A an I leMetGluTyrLeuArgGlyAapPheAlaAan 

RAT ALPHA ///GATTCTAATTCACTGACCAGGAATATCATGGAGTATTTGAGAGGGGACTTCGCTAAC 
13U 140 150 160 170 180 

I I I II I II II I I I I I I I I I I I I I I I I I I I I I I I I I II II I 
HUMAN ALPHA / / / g a t t c t c a t t c g t t g a c c a c t a a t a t a a t g g a a a t t t t g a g a g g c g a t t t t t c c t c a 

130 140 150 160 170 180 

AspSerHisSerLeuThrThrAanI leMetGluIleLeuArg&lyAapPheSerSer 

AlaAan<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

RAT ALPHA GCCAAC<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

I I II I 

HUMAN ALPHA GCCAAT<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

AlaAan<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

F igure 2. The n u c l e o t i d e and amino a c i d sequences coding 
f o r the in t e rmed ia t e d i s u l f i d e knot and the f i r s t h a l f o f 
the " c o i l e d c o i l " r e g i on of the r a t and human alpha f i b r i n o -
gen chain ( r e f . 3, 4 ) . The sequences have been a l i g n e d t o 
snow maximal homolog ies . 
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G l y V a l L e u C y s P r o T h r G l y C y a G l u L e u A r g G l n T h r L e u L e u A e n H i a l i l u A j r g p r o 

RAT BETA GGAGTGCTATGTCCTACAGGGTGTGAGTTGCGTCAAACTTTGCTAAACCACGAAAGGCCA 
I 10 20 30 40 50 60 
II I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I II 

HUMAN BETA GGGGTGTTGTGTCCTACAGGATGTCAGTTGCAAGAGGCTTTGCTACAACAGGAAAGGCCA 
1 10 20 30 40 50 60 

G l y V a l L e u C y s P r o T h r G l y C y s G l n L e u G l n G l u A l a L e u L e u G l n G l n G l u A r g P r o 

I l e L y a A a n S e r l l e A l a G l u L e u A s n S e r A a n l l e A a n S e r G l y S e r G l u T h r S e r S e r 

RAT BETA A T C A A A A A C A G T A T T G C T G A G T T A A A T A G C A A C A T A A A C T C T G G T T C T G A G A C C T C T T C G 
70 80 90 100 110 , 120 

I I I I III III III I I I I I I I I I I I III I I III III I I I I I I I II 
HUMAN BETA A T C A G A A A T A G T G T T G A T G A G T T A A A T A A C A A T G T G G A A G C T G T T T C C C A G A C C T C C T C T 

7u 80 90 100 110 120 

1 l e A r g A s n S e r V a l A s p G l u L e u A s n A s n A s n V a l G l u A l a V a l S e r G l n T h r S e r S e r 

V a l T h r P h e G l n T y r L e u T h r L e u L e u L y s A s p M e t T r p L y s L y a L y a G l n A l a A r g V a l 

RAT BETA GTCACCTTTCAGTACCTGACTCTGCTGAAAGACATGTGGAAAAAGAAGCAGGCACGAGTT 
130 140 150 160 170 180 

I I I M II I II I II I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I 
HUMAN BETA T C T T C C T T T C A G T A C A T G T A T T T & C T G A A A G A C C T G T G G C A A A A G A G G C A G A A G C A A G T A 

130 140 150 160 170 180 

S e r S e r P h e G I N T Y R M E T T Y R L e u L e u L y s A s p L e u T r p G l n L y s A r g G l n L y s G l n V a l 

L y s < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < 

RAT BETA AAA<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

I I I 

HUMAN BETA AAA<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

L y 3 < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < 

Figure 3. The n u c l e o t i d e and amino ac id sequences coding 
f o r the i n t e rmed ia t e d i s u l f i d e knot and the f i r s t h a l f o f 
the " c o i l e d c o i l " r e g i on o f the r a t and human beta f i b r i n o -
gen chain ( r e f . 5 ) . The sequences have been a l i gned t o show 
maximal homolog ies . 



17 

GlySerTyrCysProThrThrCysGlyIleSerAspPheLeuAsnSerTyrGlnThrAsp 

RAT GAMMA GGTAGTTACTGCCCAACCACTTGTGGCATCTCAGACTTCCTGAATTCTTACCAAACCGAC 
1 10 
I I I I I I I I II I I I I I 

20 
I I I I I 

30 
l i l t I II I 

40 
I I I I I I 

10 20 30 40 

50 60 
I I I I I I I I I I I 

HUMAN GAMMA GGTAGTTATTGTCCAACTACCTGTGGCATTGCAGATTTCCTGTCTACTTATCAAACCAAA 
50 60 

GlySerTyrCysProThrThrCysGly I leAlaAspPheLeuSerThrTyrGlnThrLy a 

ValAspThrAspLeuGlnThrLeuGluAsnlleLeuGlnArgAlaGluAsnArgThrThr 

RAT GAMMA GTGGACACTGACCTCCAGACTCTGGAAAACATCTTACAACGAGCTGAAAACAGAACCACA 
70 80 90 100 110 120 

II I I I I II II III II I I I I I I I I I I II I I I I II I I I I I I I I III II 
HUMAN GAMMA GTAGACAAGGATCTACAGTCTTTGGAAGACATCTTACATCAAGTTGAAAACAAAACATCA 

70 80 90 100 110 120 

ValAspLysAspLeuGlnSerLeuGluAspIleLeuHisGlnValGluAsnLysThrSer 

GluAlaLysGluLeuIleLysAlalleGlnValTyrTyrAsnProAspGlnProPro 

RAT GAMMA ///GAAGCCAAGGAACTGATTAAAGCCATCCAGGTTTACTACAACCCGGACCAACCCCCA 
130 140 150 160 170 180 

Il I I III I I I I I I I I I I I I I I I I I II II II II II I II 
HUMAN GAMMA ///GAAGTCAAACAGCTGATAAAAGCAATCCAACTCACTTATAATCCTGATGAATCATCA 

130 140 150 160 170 180 

GluValLysGlnLeuIleLysAlalleGlnLeuThrTyrAsnProAspGluSerSer 

LysAla<<<< <<<<<<<<<<< <<<<<< <<<<<<<<<<<<<<<<<<<<<<<<<<< <<<<<< 

RAT GAMMA AAAGCC<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

III I 

HUMAN GAMMA AAACCA<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

LysPro<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

Figure 4. The n u c l e o t i d e and amino a c i d sequences coding 
f o r the in t e rmed ia t e d i s u l f i d e knot and the f i r s t h a l f o f 
the " c o i l e d c o i l " r e g i on o f the r a t and human gamma f i b r i n o -
gen chain ( r e f . 6 ) . The sequences have been a l i gned t o show 
maximal homolog ies . 
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amino acid wnose counterpart is not seen in alpha or gamma. 
Tnis is tne only region of the fibrinogen genes where the 
same intron-exon arrangement occurs in all three chains (un-
puDlisned data). That is, other exons do not have homolo-
gous coding information to their counterparts. For in-
stance, while the exon coding for the third disulfide knot 
in beta and gamma also contains the coding information for 
the second half of the coiled coil region, that is not the 
case for the alpha chain. Thus, this exon coding for the 
intermediate disulfide knot is the best conserved based on 
intron-exon structure. Yet one can readily see that there 
is little nucleic acid homology. There is 31% homology 
between alpha and beta, 31% between beta and gamma and 37% 
between gamma and alpha. This is only slightly greater than 
what would be expected by chance. However, there is 36% 
nomology in the first position of codons, 46% in the second 
position but only 25% in the third or neutral position. 

Figures 2, 3 and 4 show the inferred amino acid sequence of 
tne intermediate disulfide knot in the rat compared with its 
human counterpart. An analysis of these differences are 
shown in Table 1. 

TABLE 1 

Summary of the differences between human and rat amino acid 
sequences within the exons coding for the first half of the 
coiled coil region. The apparent changes from rat to human 
are shown. 

Non-polar to Polar to Non-polar Polar to 
non-polar polar to polar non-polar 

alpna: 3 of 18 5 of 43 1 1 
Deta: 4 of 20 13 of 41 3 4 
gamma: 3 of 20 14 of 41 2 1 
total: 10 of 58 31 of 125 6 6 
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Discussion 

The comparison of the rat and human fibrinogen sequence for 
that portion that includes the intermediate disulfide knot 
demonstrates the importance of certain portions of the pri-
mary sequence. One of the most noticeable features is the 
preservation of the Cys-Pro-Y-Z-Cys structure of the inter-
mediate disulfide knot. The selective pressures to maintain 
the relative positions of the cysteine pairs and the proline 
is obvious. The important function of the cysteines to form 
interchain bridges is a simple explanation for their preser-
vation. However, the function of the prolines is not as 
easy to appreciate. Is it possible that they function in a 
helix-altering capacity in order to assure that the cyste-
ines nave the opportunity to form the appropriate interchain 
bridges? Without the prolines between the cysteine pairs, 
the structure in the region of those cysteines might remain 
internalized as do the adjacent non-polar residues within 
the coiled coil and thus fail to establish interchain 
bridges. 

Another feature that seems to be well preserved is the 
arrangement of polar and non-polar amino acid residues. It 
is remarkable that there are 52 amino acid differences be-
tween the human and rat fibrinogen molecules in this region 
and yet there is a striking conservation of the polar and 
non-polar amino acid composition. Relative to human fibri-
nogen the periodicity of non-polar and polar residues is 
well maintained in the rat fibrinogen, suggesting to us that 
this region of the fibrinogen gene is under little constraint 
to maintain any particular nucleic acid composition. Appar-
ently the only constraint on the nucleic acids is that re-
quired to maintain the locations of the polar and non-polar 
residues. This is highlighted by the lack of conservation 
between the three genes in the third nucleotide position of 
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homologous genes versus the h i g h degree of c o n s e r v a t i o n (47% 

b e t w e e n all three genes in the rat) in the second c o d o n 

position. The most likely e x p l a n a t i o n for this is the r e l a -

tive importance of the second nucleotide p o s i t i o n in d e t e r -

mining the polar versus non-polar nature of an amino acid 

residue. A thymidine (uridine in the coding mRNA) in the 

second codon p o s i t i o n always codes for a non-polar a m i n o 

acid. In the genetic code there are forty codons w h i c h use 

adenine, cytosine or guanine in the second c o d o n p o s i t i o n 

for polar amino acids yet only five codons use these b a s e s 

in the second p o s i t i o n to code for non-polar amino a c i d s . 

THUS, one would predict that if functional constraints are 

limiting the evolution of the fibrinogen molecule that there 

would be certain biases in range of d i f f e r e n c e s seen b e t w e e n 

different species. This appears to be the case. For in-

stance, there are relatively few non-polar to non-polar amino 

acids substitutions shown here b e t w e e n the rat and h u m a n 

genes w h e n compared to the number of polar to polar s u b s t i t u -

tions. Being teleological, one can see that fewer nucleic 

acid substitutions are tolerable to codons for non-polar 

residues than for polar ones. That appears to be b e c a u s e 

uridine is so frequently used in the second c o d o n p o s i t i o n 

for non-polar amino acids. 

One q u e s t i o n that has raised so much interest among those 

studying fibrinogen is the ancestral relationship of the 

fibrinogen chains to each other. It has b e e n p r o p o s e d that 

the fibrinogen genes may have arisen from a common ancestor 

1000 to 1500 m i l l i o n years ago (1, 14). The natural rate of 

nucleic acid changes in the neutral positions of genes is too 

h i g h to permit meaningful o b s e r v a t i o n s from the nucleic acid 

sequence data. For instance, the h o m o l o g y in the neutral 

c o d o n p o s i t i o n b e t w e e n the three rat chains shown in Figure 

1 is only 25%, i.e., that which one could expect to o c c u r b y 
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chance alone. However, this must not be interpreted as e v i -

dence that the three genes are unrelated. Assuming that they 

d i d arise from a c o m m o n ancestral precursor, there has b e e n 

adequate time for natural mutations to decrease their h o m o l -

ogy to background levels. From the d a t a we p r e s e n t e d here, 

it w o u l d appear that similarities b e t w e e n the three genes may 

be either the result of a convergent form of e v o l u t i o n or 

from the snaring of c o m m o n ancestors. The functional n e e d 

for cysteine bridges a n d a l p h a helical structures may indeed 

be responsible for the similarities in alpha, b e t a and g a m m a 

fibrinogen genes. 
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INTRODUCTION 

Fibrinogen is involved in qualitative and quantitative congenital disorders 

associated with bleeding disorders. Afibrinogenemia and hypofibrinogenemia 

usually describe total or partial quantitative deficiencies whereas dysfibrino-

genemia usually represents patients with normal plasma level of functionaly 

deficient molecules. The hereditary pattern for dysfribrinogenemia and hypofi-

brinogenemia seems to be autosomal dominant whereas autosomal intermedia-

te and recessive patterns have been reported for afibrinogenemia. The mecha-

nisms involved in these inherited disorders are unknown. Various amino acid 

substitutions have been reported in dysfibrinogenemia and this may result most 

likely from point mutations. Hypofibrinogenemia has been associated with an 

abnormal intracisternal storage and may result from deficient hepatic secre-

tion. Afibrinogenemia is a rare but not exceptional disease in which the plasma 

fibrinogen level is often undetectable with radioimmunometric assays. Since 

the first observation of Rabe and Salomon in 1920, more than 100 cases have 

been reported but the molecular basis for the lack of synthesis of fibrinogen in 

these patients is unknown. In the recent past years, considerable progress have 

been made on the molecular genetic of fibrinogen. The three chains of the 

molecule are synthesized under the direction of three different mRNAs, 

transcripted from three coodinated genes (1-4) linked into a portion of 

chromosome 4 with the following sequence 5'-T - Acc - B/3 -3' (5-6). 

Fibrinogen - Structural Variants and Interactions 
© 1985 Walter de Gruyter & Co., Berlin • New York - Printed in Germany 
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FRACTION NUMBER 
A 

1 

Acr — • 4 P •* Pre A a 

B ß * jjg. < — Pre B (1 
V " m « m - — Pre V 

1 2 3 

Fig. 1 Sucrose density gradient f r ac t i ona t i on of human l iver poly A + m R N A 

Panel A : Sedimentat ion p ro f i l e 

Panel B : F rac t ions 10-12 were t rans la ted in a ce l l f ree system in the 

presence of ' ^S -me th ion ine . The synthesized m a t e r i a l was 

immunopur i f i ed and analyzed on 5 to 20% Po lyacry lamide 

gels in the presence of 2% SDS and 2 % 2 -mercap to6 thano l . 

Lane 1 :Standard ( C)- labeled human f ib r inogen. Lane 2 : 

F ibr inogen encoded by f rac t ions 10-12. Lane 3 : F ib r inogen 

encoded by a t o t a l m R N A preparat ion. 
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With the use of recombinant D N A it is now feasible to analyse the structure 

and the expression of the fibrinogen genes in patients with af ibr inogenemia 

and to examine wether this is due to a major deletion or insertion, an abnormal 

R N A processing and/or metabol ism or a translational defect. 

In our group we have isolated human AOi , B/3 and Y c D N A s and we have 

recently initiated a study of the D N A from different patients with af ibr ino-

genemia. This paper describes a preliminary restr ict ion endonuclease analysis 

of the D N A of one of these patients. 

cDNA CLONES FOR AC^B/3 AND Y CHAINS OF HUMAN FIBRINOGEN 

Poly A m R N A were isolated from a total human liver R N A preparation by 

chromatography on oligo dT-cellulose and fractionated by sucrose gradient 

sedimentation in the presence of 20. m M methylmercury hydroxide (Fig. 1A). 

D i f ferent fractions of this gradient were translated in a cell free reticulocyte 

lysate system and the neosynthesized material was analyzed on polyacrylamide 

gels after immunoaff in ity purif ication (4-7). Those fractions containing R N A s 

encoding for the preAO! , preB/S and preY chains were selected (Fig. I B ) and 
32 

reverse transcripted to make single strand P - c D N A hybridization probes 

enriched in fibrinogen sequences. These probes were used to screen an adult 

human l i v e r cDNA l i b r a r y ( 8 - 1 0 ) . D i f f e r e n t nega t i v e probes were used for 

screening. The high molecular weight fractions from the sucrose gradient (18-
20 S) and a preparation of human muscle m R N A were also reverse transcripted 

32 to make negative P - c D N A probes. In addition a rat albumin c D N A was used 

for evaluation of non specif ic hybridization. Twenty clones out of 7,000 
32 

hybridized with ss P - c D N A prepared with enriched preparation of f ibrinogen 

m R N A . Of these isolates, three were recognized to have inserts with coding 

sequences for the A a , B/3 a n d Y chains (Fig. 2). The specif ic ity of these 

inserts were based on the capacity of the probes to select m R N A s of the 

correct size which translated to yield the predicted preforms of the Ac t , B/3 

a n d Y chains. Rest r ic t ion mapping of these inserts and map fitting with known 

c D N A for human fibrinogen chains allowed the identification of the coding 

sequences (Table I). 
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Fig. 2 Rest r ic t ion maps of c D N A for A a , B/3 and Y chains of human 

fibrinogen. 
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T A B L E I 

Cod ing sequences inserted in human Ad i , B/3 andT c D N A clones 

Hybr id izat ion 

Probes Cha ins Sequence 

60E1 pre AOi G L Y 404 to P R O 625 

61B9 

5B9 pre BjS 
pre l i 

A L A 277 to G L U 461 

M E T -26 to V A L 411 

ANALYSIS OF NORMAL AND AFIBRINOGENEMIC GENES 

The recombinants were used as probes to analyse normal genomic D N A 

digested with various restr ict ion enzymes. Single band patterns were observed, 

representing unique sequence consistent with the existence of a single copy of 

f ibrinogen genes (Fig. 3). Analys i s of the D N A from several normal individuals 

did not reveal restr ict ion fragment polymorphism. 

The D N A of one patient with congenital af ibrinogenemia was analyzed with 

the same procedure. Absence of fibrinogen in the plasma of this patient has 

been documented for many years. Us ing a radioimmunoassay, the plasma level 

was less than 1.5 ug/ml. The D N A was isolated from peripheral white blood 

cells and digested with endonucleases. The pattern of digestion products 

obtained were indistiguishable from those obtained for normal D N A . These 

results indicated that fibrinogen genes, for AOl, B/3 and 7 chains were 

present in the D N A of this patient who do not produce fibrinogen, and did not 

exhibit a major deletion. Further studies are now required to explain the lack 

of expression of the molecule in this patient. In the futur, genomic probes will 

be used to further character ize the gene defects present in af ibrinogenemia. 
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