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The amino acids that constitute sequence y268-282 of fibrinogen
are not involved in fibrin monomer polymerization*
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Congenitally abnormal fibrinogens with impaired fibrin monomer polymerization
have been described to contain single amino-acid substitutions localized in certain
positions of the y275-330 geptide region. To evaluate the role of the amino-acid sequence
in the vicinity of Arg”" in fibrin monomer polymerization, the peptide fragment
corresponding to Y26s-282 was synthesized and used to obtain peptide-specific
antibodies. These antibodies, when purified immunochemically on the immobilized
peptide, bound to the intact fibrinogen and fibrin monomers with the same binding
affinity. However, they did not recognize the y2¢s-22 epitopes on the denatured and
reduced fibrinogen molecules. The lack of influence of antipeptide antibodies on
fibrin monomer polymerization indicates that the Y26s-282 peptide is not directly
involved in the structure of the polymenzatlon site in the D domain of fibrinogen. It
is suggested that substitution of Arg 275 either by His or Cys in abnormal fibrinogens
results probably in conformational changes which disturb a proper orientation of the

polymerization site and reduce its expression.

The COOH-terminal region of the 7y chain of
fibrinogen has been shown to participate in
various functions of fibrinogen, including fi-
brin monomer polymerization [1 - 4]. This re-
gion is a part of the D domain of fibrinogen
molecule and was described to contain a poly-
merization site [5 - 9], localized tentatively
within the sequence 275 - 405 [5]. However,
specific amino-acid residues involved in the
structure of this polymerization site are still
unknown. The significance of the NH2-termi-
nal part of this segment, i.e. ¥275-330, is indicated
by the existence of a number of abnormal fibri-
nogens in which single amino acid substitu-
tions affecting fibrin assembly were identified.
These natural mutations provide some infor-

mation about amino-acid residues that may
directly or indirectly participate in the struc-
ture and expression of the polymerization sites.
A number of congenitally abnormal fibrino-
gens were found to contain Arg275 substituted
by His (10 - 12) or Cys (5, 13, 14). Such a single
substitution perturbed the structure required
for fibrin monomer polymerization, specifi-
cally that assigned to the COOH-terminal D
domain of ﬁbrlnogen In order to evaluate the
role of Arg ® and cognate sequences in fibrin
monomer polymerization, in the work re-
ported here we synthesized the peptide seg-
ment 268-282 and used it to produce antibodies.
Antipeptide antibodies and the synthetic pep-
tide had no effect on fibrin monomer polymeri-
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zation indicating that this sequence does not
form part of the polymerization site present in
the D domain of fibrinogen.

MATERIALS AND METHODS

Materials. All chemicals and reagents were
from the sources indicated: CNBr-activated
Sepharose 4B, Pharmacia Fine Chemicals (Up-
psala, Sweden), 4-chloro-1-naphthol and nitro-
cellulose membranes, Bio-Rad; horseradish
peroxidase-conjugated goat anti-rabbit immu-
noglobulin, Polclone (Lask, Poland), acetoni-
trile and trifluoroacetic acid, J.T. Baker (Hol-
land).

Fibrinogen purification. Human fibrinogen
was isolated from fresh blood plasma by dif-
ferential ethanol precipitation [15] and was ad-
ditionally purified by ammonium sulfate pre-
cipitation at 26% saturation. In addition, fibri-
nogen preparations were freed from
plasminogen and fibronectin contaminants by
chromatography on the lysine-Sepharose and
gelatin-Sepharose columns, respectively. Poly-
acrylamide gel electrophoresis of the reduced
fibrinogen in the presence of sodium dodecyl
sulfate demonstrated purity of the prepara-
tions, as only intact Ao, B, and y chains were
present.

Peptide synthesis. The peptide GPEAD-
KYRLTYAYFA corresponding to Y268-282 was
synthesized by the solid-phase method [16]
using chloromethylated resin (substitution 0.67
meq/g). The C-terminal amino acid (Boc-Ala)
was coupled to the resin by the procedure of
Horiki et al. [17]. Then a portion of 1.0 g of
Boc-Ala-OCH2-resin was used for peptide syn-
thesis carried out with stirring. Reversible pro-
tection of the o-amino groups was obtained
with t-butyloxycarbonyl (Boc) group and, in
addition, the following side-chain protecting
groups were used: Glu(OBzl), Asp(OBzl),
Lys(Z-C1), Arg(Tos), Thr(OBzl), Tyr(OBzl). De-
blockings were performed with 40% trifluoro-
acetic acid (TFA) in dichloromethane (CH2Cl2)
in the presence of 1% anisole or dimethylsul-
fide (DMS) and neutralization with 10% trie-
thylamine in CH2Cl2 (twice). Double couplings
in CH2Cl2 were achieved using 2.0 M dicy-
clohexylcarbodiimide in CH2Cl2. The pro-
tected amino acid was used at a two-fold excess
in relation to the original substitution of Boc-

Ala-OCHa-resin. Coupling efficiency was
monitored according to the test of Kaiser et al.
[18]. The peptide was cleaved from the resin by
the HF procedure [19]. Crude product (0.78 g)
was purified on Sephadex G-25 column (3.8 cm
% 110 cm) using 50% acetic acid as an eluent and
then on LH-20 column (3.8 cm x 110 cm) with
20% acetic acid as an eluent, yielding 100 mg of
the product. The peptide was finally purified
by preparative HPLC using two connected
preparative columns (Vydac Ci3 silica, 30 pm
particle size, 35 mm x 250 mm). A solvent
system of 0.2 M triethylammonium phosphate
in 13% isopropanol - 87% H20 (pH 2.0) was
used under isocratic conditions. The purity of
the peptide was checked by reverse phase
HPLC (Ultrasphere ODS RP18, 4 mm x 150 mm)
in a linear gradient from 30% to 50% of acetoni-
trile in 0.1% TFA and amino acid composition
analysis which showed the presence of Gly -
1.00 (1), Pro - 0.89 (1), Glu - 1.11 (1), Ala - 2.78
(3), Asp - 1.16 (1), Lys — 1.15 (1), Tyr - 2.81 3),
Arg-1.10 (1), Leu-0.94 (1), Thr —0.90 (1), and
Phe - 1.08 (1).

Antipeptide antibodies. The peptide was con-
jugated with bovine serum albumin (BSA) and
thyroglobulin by the glutaraldehyde technique
[20]. The conjugated peptide (50 pg) was in-
jected during the first four immunizations; for
further immunizations the peptide coupled to
thyroglobulin was used. Rabbits were bled 7
days after each injection. Antibody titers were
determined for each bleeding for each rabbit by
the ELISA system, and the highest titer antisera
were selected.

To purify the antipeptide antibodies, the y2¢8-
282 peptide was coupled to CNBr-activated Se-
pharose 4B at the concentration of 5 mg per
gram of dry resin and used for affinity chroma-
tography. The coupling efficiency, as judged by
absorbance of the peptide in the supernatant
after linkage, was about 90%. The rabbit
antisera with the highest antibody titers against
the y268-282 were diluted 1:1 with buffer A (0.02
M sodium phosphate buffer, pH 7.5, containing
2 M Na(l, 0.02% Tween 80, 0.02 M EDTA and
0.002 M benzamidine) and adsorbed on the
Y268-282-Sepharose column (5 ml), then the col-
umn was washed with benzamidine-free buff-
er A diluted 1:1 with water. Antibodies were
eluted with 0.5 M acetic acid and 2 M Tris was
immediately added to each fraction to neu-
tralize pH of the eluate. The fractions contain-
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ing antibodies to Y268-282 were pooled and dia-
lysed overnight against 0.14 M NaCl buffered
with 0.01 M sodium phosphate, pH 7.3. Anti-
bodies to (FgD) of fibrinogen and their Fab
fragments were characterized previously [21].

Enzyme-linked immunoabsorbent assay.
Microtiter wells (Co-Bind ™ activated plate)
were coated with 100 pl of the y268-282 peptide
at a concentration of 2 pg/ml for 2 h at 37°C.
Unbound peptide was removed by rinsing
with phosphate-buffered saline (PBS) and the
unreacted sites were blocked with 1% bovine
serum albumin (BSA) for 1 h at 37°C. The plates
were then washed with PBS-0.05% Tween 20
and incubated overnight at 4°C with 100 pl
aliquots of serial dilutions of antipeptide anti-
bodies. Plates were then extensively washed
with PBS-Tween 20 and incubated with a sec-
ond antibody conjugated to horseradish perox-
idase for 1 h. After washing, binding was
quantified using o-phenyldiamine as a sub-
strate and measuring the absorbance at 492 nm.

Sandwich-type enzyme immunoassay. Wells
of polystyrene microtitration plates were
coated with 100 pl of immunochemically puri-
fied anti-y268-282 antibodies (10 ug/ml) by over-
night incubation at 4°C. The anti-y28-282
coated wells were incubated with serial dilu-
tions of intact fibrinogen and fibrinogen
treated with thrombin for different period of
times. In this experiment thrombin was intro-
duced to the final concentration of 0.05 U per
mg of fibrinogen and the digestion was
stopped by adding hirudin (0.5 unit) after 0, 30,
and 60 s. At this stage no visible fibrin was
formed, but prolonged incubation with throm-
bin resulted in the formation of clots as de-
scribed in the next section. Captured antigen
was tagged with antifibrinogen antibodies spe-
cific to the D domain (anti-FgD) which were
conjugated with horseradish peroxidase [22]
and visualized by incubation with o-phenyl-
diamine as a substrate.

Thrombin clotting of fibrinogen. The kinetics
of thrombin-catalyzed clotting was measured
by absorbance change at 350 nm as described
previously [23]. Briefly, 0.5 ml aliquots of anti-
v268-282, anti-FgD, their Fab fragments or v268-
282 peptide in PBS were mixed with 0.5 ml of
fibrinogen in the same buffer (600 pg/ml) in a
quartz cell, and the base line recorded at 350
nm. The mixture was preincubated for 5 min
at room temperature. Then 20 pl of thrombin

(20 units/ml) was added, stirred well and the
increase of absorbance was recorded for 15
min. To measure the rate of polymerization of
fibrin monomers alone, 0.5 ml of fibrinogen
was mixed with 0.5 ml of PBS, and 20 ul of
thrombin was added. The maximum reaction
rate (A A350 per minute) was calculated from
the steepest portions of sigmoidal reaction
profiles and expressed as percentage of maxi-
mum rate for fibrin alone.

Analytical procedures. Protein concentration
was determined either by the microbiurette
method [24] or by spectrophotometry at 280
nm using an absorption coefficient at 1 mg/ml,
in aqueous solution at pH 7.0 of 1.5 and 1.35 for
fibrinogen and IgG, respectively.

Amino acid composition was determined on
a Beckman model 121 M analyzer from 24 h
hydrolizates in 6.0 M HCl at 100°C in vacuo.

Fibrinogen, reduced and nonreduced, was
separated by electrophoresis according to
Laemmli [25] in slab SDS-polyacrylamide gels
that were then stained with Coomassie Brillant
Blue. Completed gels were also transferred
electrophoretically (6 V/cm for 15 h at 4°C)
onto nitrocellulose paper for staining with anti-
Y268-282 antibodies [26].

RESULTS

Specificity of anti-y26s-282 antibodies

To determine whether the amino acids consti-
tuting the vxs8282 peptide (GPEAD-
KYRLTYAYFA) of the y chain of fibrinogen
take part in the structure of fibrin monomer
polymerization site, the peptide was syn-
thesized and purified, and anti-y268-282 anti-
bodies were produced in rabbits and purified
as described in Materials and Methods. The
immuno-adsorbent assay, in which the surfaces
of wells of polystyrene microtitration plates
was coated with synthetic peptide correspond-
ing to the sequence 268-282 of y chain, showed
that the latter was recognized by the anti-y268s-
282 (Fig. 1). Similarly, these antibodies reacted
with native fibrinogen used as the antigen (not
shown). On the other hand, anti-y268-282 anti-
bodies, when used in the Western immunoblot-
ting analysis, reacted neither with SDS-dena-
tured fibrinogen nor its y chain (not shown).
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Fig. 1. Titration of anti-y268-282 antibodies purified
immunochemically by the ELISA system using
microtiter plates with the synthetic peptide coval-
ently attached to wells.

In a sandwich-type enzyme immunoassay
anti-y268-282 antibodies were able to interact
with intact fibrinogen and thrombin-treated fi-
brinogen with the same affinity (Fig. 2). In this
experiment microtitration plates coated with
anti-y268-282 antibodies were used. Virtually the
same dose-response curves were obtained
when fibrinogen was incubated with thrombin
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Fig. 2. The binding of intact fibrinogen (O) and
thrombin-treated fibrinogen for: 10 s (W), 30 s (Q),
and 60 s (A) to anti-y268-282 adsorbed on the surface

of microtiter plates.
Fibrinogen bound was detected by applying anti-FgD
antibodies conjugated with peroxidase, and quantitated.

for 0, 30 or 60 s indicating that the recognized
epitope was exposed on the intact fibrinogen
and its expression was not influenced by
thrombin digestion.

The effect of y26s-282 peptide and antipeptide
antibodies on fibrin monomer polymerization

The inhibition of thrombin-catalyzed conver-
sion of fibrinogen to fibrin produced by anti-
FgD antibodies, their Fab fragments and anti-
1268282 antibodies is compared in Fig. 3. In
contrast to anti-FgD antibodies and their frag-
ments which showed strong antipolymerizing
activity, anti-y268-282 antibodies had no effect
on thrombin-induced fibrin monomer poly-
merization. The same negative effect was ob-
served when thrombin-catalysed clotting of fi-
brinogen was carried out in the presence of 500-
fold molar excess of the Y268-282 peptide (not
shown).

DISCUSSION

Molecular defects of fibrinogen which affect
release of the fibrinopeptides A or B or fibrin

\

25

MAXIMAL REACTION RATE (%)

0 2 1
MOLAR RATIO (ANTIBODY/FIBRIN MONOMER)

Fig. 3. The effect of anti-y26s-282 (A) and anti-FgD
(M) antibodies on fibrin monomer polymerization.
In addition, the inhibitory effect of Fab fragments
obtained from anti-FgD antibodies is shown (Q).

Fibrinogen was mixed with increasing concentrations of
antibodies or Fab fragments and then thrombin was
added. Formation of fibrin was monitored
spectrophotometrically at 350 nm. The maximum reaction
rate (A A350/min) was calculated from the steepest portion
of sigmoidal reaction profiles and expressed as percentage
of the rate for fibrin alone.
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monomer polymerization might be manifested
clinically as prolongation of clotting times,
such as the prothrombin, activated partial
thromboplastin, or thrombin times [27]. A
number of congenitally abnormal fibrinogens
with impaired fibrin assembly were found to
have single amino acid substltutlons localized

m the Y chain osmons Arg2 [5 10 - 42] K
[28], Asn [29 30], Met?! [31], Gln®
[13] and Asp [32] Since these natural muta-

tions produced fibrinogen molecules with im-
paired ability to polymerize, the polymeriza-
tion site originally postulated to be present
within the y357-411 segment [6], recently was
proposed to be located in sequences starting
from Arg ®17,9,29]. Identification of specific
amino-acid residues involved in the structure
of the polymerization site is technically diffi-
cult to perform. Although a large segment of y
chain corresponding to the sequence 259-411
was expressed in E. coli and obtained as a rec-
ombinant peptide fragment, it cannot be used
in functional studies due to its poor solubility
[33].

Application of antipeptide antibodies in
studies of the structure-function relationship in
fibrinogen molecule can be very instructive [34,
35]. Anti-1268-282 used in this study was found
to react with the epitope present in the syn-
thetic peptide Y268-282, in the native fibrinogen
molecule and fibrin monomers, indicating that
this epitope is exposed on the hydrated surface
of fibrinogen molecule. However, attachment
of the antibody molecule to this region did not
inhibit f1br1n Jponomer polymerization, prov-
ing that Arg ® and contiguous sequences are
neither directly nor indirectly involved in the
structure of the polymerization site. Thus, the
impaired fibrin assembly caused by substitu-
tion of the Arg % residue by His in abnormal
fibrinogens Haifa I [10], Bergamo II [11], Essen
I [11], Perugia I [11], and Saga I [12] or by Cys
in abnormal fibrinogens Tochigi I [13], Osaka I
[5], and Baltimore IV {14] must have resulted
from a mechanism other than direct modifica-
tion of polymerization site.

REFERENCES

1.\Kudryk, B.J., Collen, D., Woods, K.R. &
Blomback, B. (1974) Evidence for localization of

10.

11.

12,

polymerization sites in fibrinogen. J. Biol. Chem.
249, 3322 - 3326.

. Kudryk, B., Blomback, B. & Blomback, M. (1976)

Fibrinogen Detroit an abnormal fibrinogen with
non functional NHz-terminal polymerization
domain. Thromb. Res. 9, 25 - 36.

. Kloczewiak, M., Timmons, S., Lukas, TJ. &

Hawiger, J. (1984) Platelet receptor recognition
site on human fibrinogen. Synthesis and
structure — function relationship of peptides
corresponding to the carboxy-terminal segment
of the gamma chain. Biochemistry 23,1767 - 1774.

Chen, R. & Doolittle, R.F. (1971) Gamma-
-crosslinking sites in human and bovine fibrin.
Biochemistry 10, 4486 - 4491.

Terukina, S., Matsuda, M., Hirata, H., Takeda, Y.,
Miyata, T., Tkae, T. & Shimonishi, Y. (1988)
Substitution of y-Arg-275 by Cys in an abnormal
fibrinogen, "Fibrinogen Osaka II". J. Biol. Chem.
263, 13579 - 13587.

Varadi, A. & Scheraga, H.A. (1986) Localization
of segments essential for polymerization and for
calcium binding in the y-chain of human
fibrinogen. Biochemistry 25, 519 - 528.

. Cierniewski, C.S., Kloczewiak, M. & Budzynski,

A.Z. (1986) Expression of primary polyme-
rization sites in the D-domain of human
fibrinogen depends on intact conformation. J.
Biol. Chem. 261, 9116 - 9121.

. Cierniewski, C.S., Ugarova, T.P. & Budzynski,

A.Z. (1991) Primary polymerization site in the
Y-chain of human fibrin. Thromb. Haemost. 65,
675.

. Southan, C., Thompson, E., Panico, M., Etienne,

T., Morris, HR. & Lane, D.A. (1985) Characte-
rization of peptides cleaved by plasmin from the
C-terminal polymerization domain of human
fibrinogen. J. Biol. Chem. 260, 13095 - 13101.
Soria, J., Soria, C., Samama, M., Tabori, S., Keh],
M., Henschen, A., Nieuwenhuizen, W., Rimon,
A. & Tatarski, 1. (1987) Fibrinogen Haifa:
fibrinogen variant with absence of protective
effect of calcium on plasmin degradation of
v-chains. Thromb. Haemost. 57, 310 - 313.

Reber, P, Furlan, M., Henschen, A., Kaudewitz,
H., Barbui, T., Hilgard, P., Nenci, G.G,,
Berrettini, B. & Beck, E.A. (1986) Three abnormal
fibrinogen variants with the same amino acid
substitution (Y275 His-Arg): Fibrinogen
Bergamo II, Essen and Perugia. Thromb.
Haemost. 56, 406 - 411.

Matsuda, M., Yamazumi, K., Terukina, S.,
Onohara, S. & Ohta, Y. (1988) An abnormal
fibrinogen with a YArg to His substitution found
in a Japanese family, Fibrinogen Saga; in



520

A.Janiak and others

1993

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Fibrinogen 3: Biochemistry, Biological Functions,
Gene Regulation an Expression (Mosesson, MW,
Amrani, D.L., Siebenlist, K.R. & DiOrio, ].P.,
eds.) pp. 267 - 295, Amsterdam, The Nether-
lands, Elsevier Science.

Yoshida, N., Ota, K., Moroi, M. & Matsuda, M.
(1988) An apparently higher molecular weight
¥ chain variant in a new congenital abnormal
fibrinogen Tochigi characterized by the
replacement of y arginine-275 by cysteine. Blood
71,480 - 487.

Schmelzer, C.H., Ebert, RF. & Bell, W.R. (1988)
Fibrinogen Baltimore IV: Congenital dys-
fibrinogenemia with a y 275(Arg -> Lys)
substitution. Thromb. Res. 56,307 - 317.

Doolittle, R.F, Schubert, D. & Schwartz, S.A.
(1967) Amino acid sequence studies on
artiodactyl fibrinopeptides. 1. Dromadary
camel, mule deer, and cape buffalo. Arch.
Biochem. Biophys. 118, 456 - 467.

Merrifield, R.D. (1963) Solid phase peptide
synthesis. I. The synthesis of tetrapeptide. J.
Am. Chem. Soc. 85,2149 - 2154.

Horiki, K., Kenichi, J. & Innony, K. (1978)
Synthesis of the Merrifield resin esters of
N-protected amino acids with the aid of
hydrogen bonding. Chem. Lett. 1, 165 - 168.

Kaiser, E., Colessott, R.L., Bossinger, C.D. &
Cook, P1. (1970) Color test for detection of free
terminal amino group in solid phase synthesis
of peptides. Anal. Biochem. 34,595 - 598.

Tam, J.P. (1987) Synthesis of biologically active
transforming growth factor. Int. J. Pept. Protein
Res. 29,421 - 431.

Avrameas, S. & Ternynck, T. (1969) The
cross-linking of proteins with glutaraldehyde
and its use for the preparation of immuno-
adsorbents. mmunochemistry 6, 53 - 66.

Cierniewski, C.S., Janiak, A. & Wyroba, E.
(1986) Modification of fibrin network
ultrastructure by Fab fragments specific for
different domains of fibrinogen. Acta Biochim.
Polon. 33,195 - 202.

Nakane, PK. & Kawaoi, A. (1974) Peroxidase -
labeled antibody. A new method of conjugation.
J. Histochem. Cytochem. 22,1084 - 1092.
Budgzynski, A.Z., Olexa, S.A. & Brizuela, BS.
(19¥9) The interference of plasmic degradation
products of human crosslinked fibrin with clot
formation. Biochim. Biophys. Acta 584,284 - 287.
Itzhaki, R.F. & Gill, D.M. (1960) A micro - biuret
method for estimating proteins. Anal. Biochem.
9,401 - 410.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

Laemmli, UK. (1970) Cleavage of structural
proteins during the assembly of the head of
bacteriophage Ta. Nature (London) 227,680 - 685.

Towbin, H., Staehelin, T. & Gordon, J. (1979)
Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets:
Procedure and some applications. Proc. Natl.
Acad. Sci. U.S.A. 76,4350 - 4354.

Dang, C.V., Bell, WR. & Shuman, M. (1989) The
normal and morbid biology of fibrinogen. Am.
J. Med. 87,567 - 577. :

Bantia, S., Mane, S.M., Bell, W.R. & Dang, C.V.
(1990) Fibrinogen Baltimore I: Polymerization
defect associated with a Y292 Gly -> Val (GGC
-> GTC) mutation. Blood 76, 2229 - 2238.

Bantia, S., Bell, W.R. & Dang, C.V. (1990)
Polymerization defect of fibrinogen Baltimore
III due to a y Asn 308 -> lle mutation. Blood 75,
1659 - 1663.

Yoshida, N., Terukina, S., Okuma, M., Moroi,M.,
Aoki, N. & Matsuda, M. (1988) Characterization
of an apparently lower molecular weight y-
-chain variant in fibrinogen Kyoto I. The
replacement of Y-asparagine 308 by lysine
which causes accelerated cleavage of fragment
D1 by plasmin and the generation of a new
plasmin cleavage site. ]. Biol. Chem. 263, 13848 -
13856.

Yamazumi, K., Shimura, K., Terukina, S.,
Takahashi, N. & Matsuda, M. (1989) Ay
methionine - 310 to threonine substitution and
consequent N-glycosylation at y asparagine 308
identified in congenital dysfibrinogenemia
associated with post traumatic bleeding,
fibrinogen Asahi. J. Clin. Invest. 86,1590 - 1597.

Reber, P., Furlan, M., Rupp, C., Kehl, M.,
Henschen, A. & Beck, E.A. (1986) Chara-
cterization of fibrinogen Milano I: Amino acid
exchange y 330 Asp -> Val impairs fibrin
polymerization. Blood 67, 751 - 760.

Bolyard, M.G. & Lord, S.T. (1991) Mutagenesis
of human fibrinogen 7y chain 259-411 synthe-
sized in E. coli. Further characterization of the
role of the disulfide bond Cys326 - Cys339 in
calcium binding. Biochem. Biophys. Res.
Commun. 174, 853 - 860.

Cierniewski, C.S. & Poniatowski, J. (1990) The
effect of anti-B43-47 Fab fragments on expression
of the polymerization sites in the E domain of
fibrinogen. Acta Biochim. Polon. 37, 31 - 37.

Zamarron, C., Ginsberg, M.H. & Plow, EF.
(1991) A receptor-induced binding site in
fibrinogen elicited by its interaction with
platelet membrane glycoprotein IIb-ila. J. Biol.
Chem. 66,16193 - 16199.





