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LOCALIZATION OF A SITE INTERACTING WITH HUMAN PLATELET RECEPTOR
ON CARBOXY-TERMINAL SEGMENT OF HUMAN FIBRINOGEN v CHAIN
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We report that the 27-residue carboxy-terminal cyanogen bromide fragment
of human fibrinogen y chain inhibits binding of [12°I]fibrinogen to human pla-
telet receptors and blocks fibrinogen-mediated aggregation of ADP-treated hu-
man platelets. The blocking activity of the peptide was preserved after pro-
teolysis of the isolated peptide with staphylococcal protease to generate a
mixture of a dodecapeptide and a pentadecapeptide. Trypsin treatment destroy-
ed blocking activity of the isolated peptide. These results indicate that the
site responsible for the interaction of human fibrinogen with the platelet re-
ceptor resides in the 27-residue carboxy-terminal region of the y chain.

Introduction

Fibrinogen, a clottable plasma glycoprotein participates in the cell
adhesion phenomema involving prokaryotic and eukaryotic cells {1,2). It is
essential for the interaction of platelets with surfaces and with each other,
a phenomenon known as platelet aggregation {3,4). The covalent structure of
human fibrinogen (Mr 340,000) comprising three pairs of polypeptide chains
{a, B, y) arranged in three general domains (central E and two terminal D) has
been described (5). Localization of the binding region of human fibrinogen
for the platelet receptor remained unknown until our recent demonstration that
the v chain {Mr 47,000) of human fibrinogen bears the main site for interaction
with the platelet receptor (2). We follow this finding with data showing that
the 27-residue carboxy-terminal cyanogen bromide fragment of vy chain inhibits

the interaction of human fibrinogen with platelet receptors.

Materials and Methods .o .
Human fibrinogen (Kabi, Sweden) was used without any further purification
and [1251]fibrinogen used for binding studies was prepared as before (2).
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Fig. 1 HPLC preparative run of the water soluble peptides possessing inhibi-
tory activity, The flow rate was 1.6mt/min, Solvent system used was:
A - 0.1%trifluoroacetic acid, B - 0.1% trifluoroacetic acid in 80%
acetonitrile. Arrows indicate time position when the linear gradient
of A and B solvents or isocratic conditions were changed. Shaded area
indicates fractions containing both inhibitory activities (See text).

Reduced and carboxymethylated chains (6) were dialyzed against 0.025M sodium
acetate buffer pH5.2 with 8M urea and applied on a CM-Sepharose CL-4B (Phar-
macia, Sweden) column (2 x 30cm) equilibrated with the same solvent. Chains
were eluted using a linear gradient of sodium chloride, 0-0,3M, 1600mL, in
0.025M sodium acetate buffer, pH5.2, with 8M urea. Pooled chains were dia-
lyzed against water and freeze-dried.

Purified v chain preparation was degraded with cyanogen bromide (CNBr)
in 70% formic acid for 6 hours, then freezed-dried and separated on a Sepha-
dex G-50 column (2 x 100cm) equilibrated with 1% formic acid. Pooled fractions
were treated with pyridine and water soluble peptides were extracted as de-
scribed by Strong et al. (7).

Water soluble peptides demonstrating biological activity were subjected
to high performance 1iquid chromatography (HPLC? on Whatman Partisil 10 0DS-3
Magnum 9 (0.9 x 50cm) and on Waters Associates uBondpak C18 (0.4 x 30cm)
columns. The protein concentration was determined using Bradford reagent (8)
with fibrinogen as a standard protein. Fractions containing peptide material
were checked for their inhibitory activity in the staphylococcal clumping
assay (1) and in the binding assay of [!25I]fibrinogen to human platelets
treated with ADP as described previously {9).

Amino acid composition was determined on LKB automated amino acid analyz-
er. The peptide samples were hydrolyzed at 1050C for 22 hours with hydro-
chloric acid/propionic acid mixture (50:50 v/v) (Pierce Chemical Company,
Rockford, I1linois}. N-terminal sequencing of isolated peptides was carried
out manually with 4-NN-dimethyloaminoazobenzene 4'-isothiocyanate (Pierce
Chemical Company, Rockford, I11inois) as described by Chang et al. (10). In
the case of biologically active peptide the N-terminal sequence was determined
in Beckman automated sequencer as described by Misono and Inagami (11).
Platelet-rich plasma was prepared from human citrated blood drawn freshly
from healthy volunteers who were fasting and had abstained from taking aspirin
or other medication during the preceeding 10 days. Platelets were immediately
separated from plasma proteins by stepwise albumin gradient centrifugation
and Sepharose 2B gel filtration as described (12), Platelets, suspended in
Hepes buffer, pH7.35/01% dextrose/0.35% albumin, were adjusted to a final
count of 1 x 108/0.EmL, Platelet aggregation was measured photometrically in
a Payton dual channel aggregometer ?Payton Associates, Buffale, NY) as de-
scribed by Born (13).
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Fig. 2 HPLC analytical separation using 50nmoies of the peptide from the pool
which is shaded in Fig. 1, with a flow rate of 1.0mL/min, and a solvent
system as in Fig. 1.

Results
The procedure used previously (7) for isolation of the peptide inhibit-
ing the staphylococcal clumping reaction with human fibrinogen was modified
by using high pressure 1iquid chromatography to achieve a higher yield of
isolated CNBr peptides derived from the v chain of human fibrinogen. Gel
filtration of v CNBr peptides on a Sephadex G-50 column in 1% formic acid
gave peptide pools similar to those described previously {7). Only one of
these pools of water soluble peptides possessed inhibitory activity in the
binding assay of [1251]fibrinogen to human platelets treated with ADP and in
staphylococcal clumping reaction. This pool was subjected to HPLC. Blocking
activities toward both test systems were demonstrated in the same pool of pep-
tides obtained from a HPLC preparative column (Fig. 1). Further separation of
this pool on an analytical HPLC column {Fig. 2) produced only one sharp peak.
Amino acid composition of the purified peptide showed very good agreement

with that of the 27-residue fragment located on the COOH-terminal of y chain
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TABLE I. Amino Acid Composition of y-chain CNBr Peptide With Blocking Activity

CNBr-peptide

5 moles/mole y385—411a

Amino acid moles/107g (nearest integer) moles/mole
Aspartic acid? 75.3 2 2 (1)
Threonine 38.7 1 1
Serine b 11.4 0 0
Glutamic acid 153.9 4 4 (3)
Proline - 0 1
Glycine 164.2 4 5
Alanine 72.3 2 2
Cystine - 0 0
Valine 36.8 1 1
Methionine - 0 0
Isoleucine 89.3 2 3
Leucine 74.7 2 2
Tyrosine 1.6 0 0
Phenylalanine 37.0 1 1
Histidine 62.6 2 2
Lysine 95.5 2 2
Arginine 21.7 1 1

Total 964 .4 24 27

d4ata from the sequence of y chain (5)
baspartic acid and glutamic acid values include asparagine and glutamine
(values in parenthesis) respectively.

(Table I). Data expressed in moles of amino acids per mole of peptide were
obtained from molecular weight calculated from the amino acid sequence of the
COOH-terminal 27 amino acid fragment (2500 daltons). Amino-terminal analysis
(manual method) of active fractions from the preparative column (shaded area
in Fig 1) showed the presence of a NH,-terminal Tysine residue followed by

two isoleucine residues. This pattern corresponds to Lys-384, I1e-385, Ile-
386 of the vy chain sequence (5). The peptide obtained from the analytical
column (Fig. 2) was sequenced in an automated sequencer and showed that the
first 10 amino acids were Lys-ITe-Ile-Pro-Phe-Asn-Arg-Leu-Thr-Ile in agreement

with the sequence reported by Strong, et al. (7).

The inhibitory effect of the peptide on the binding of [1251]fibrinogen
to platelets was concentration dependent (Fig. 3). The inhibition curve
reached saturation at 30 uM and the 50% inhibition of binding occured at
approximately 7 uM peptide concentration. The peptide (0.4 mM) inhibited com-

pletely the aggregation of platelets induced by ADP and fibrinogen (Fig. 4).
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Fig. 3 Concentration dependent inhibitory effect of the 27-residue fragment
on binding of [1251]fibrinogen (0.16.M) to human platelets (1 x 108).
Platelets were separated from plasma proteins and treated with ADP
(5uM). Inhibition (%) was calculated after subtracting the value for
binding of [125I]fibrinogen to platelets without ADP.

Trypsin digestion (cf. 7) abolished the inhibitory activity of the iso-
lated peptide tested in the [125I]fibrinogen-platelet binding assay. On the
other hand digestion with staphylococcal protease for 16 hours did not change
the inhibitory activity of the peptide thus suggesting that the resulting pen-

tadecapeptide competes with intact fibrinogen for the platelet receptor.
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Fig. 4. Inhibition of platelet aggregation by the 27-residue fragment of v
chain. Human fibrinogen (0.16uM) and ADP (5.M) were added to induce
platelet aggregation without the peptide (curve A) and with the pep-
tide {curve B).
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Discussion

We recently showed that among three distinct polypeptide chains {a, 8, v)
of human fibrinogen the vy chain bears the main site reactive with the human
platelet receptor (2). The approach developed in the previous study on iden-
tification of the site interacting with staphylococcal clumping factor was fol-
Towed (7) and the material derived from the vy chain was analyzed in parallel
for its reactivity toward the platelet receptor as well as toward the staphy-
Tococcal clumping receptor.

Experimental data presented in this paper show that the simple and fast
two-step purification procedure: gel filtration of CNBr peptides on Sephadex
G-50 and preparative HPLC of water-soluble pool of peptides (Fig. 1), gives a
fraction of pure peptide possessing high blocking activity in human platelet
aggregation induced by intact fibrinogen in the presence of ADP, and in the
staphylococcal clumping reaction.

The purity of the isolated peptide is very high; it produces a single
homogeneous peak on the analytical HPLC reverse phase column and it shows only
one amino-terminal residue. The possible contamination detected in automated
amino-terminal sequencing had to be a very small one, probably with some short
hydrophilic peptide(s). Amino acid analysis and NH,-terminal sequence data
firmly establish that this peptide, reactive with human platelet receptor, en-
compassed the last 27 amino acid residues of the carboxy-terminal segment of
the y chain. This segment of the y chain possesses several important features
which are related to the overall function of the fibrinogen molecule. It en-
compasses cross-1inking donor and acceptor sites (5) and it contains at Teast
three bonds susceptible to serine proteases such as plasmin and trypsin (5).
It has a site recognizing the staphylococcal clumping factor (7).

The concentration of the isolated carboxy-terminal peptide used to inhib-
it binding of [!25I]fibrinogen (0.16 uM) to platelets was achieved at approx-
imately 7 uM of the peptide. This value represents 44 fold molar excess in
regard to [12°I]fibrinogen in the binding system. In the platelet aggregation

system 2500 fold molar excess of the peptide was needed. Digestion of this
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peptide with trypsin abolishes completely its inhibitory activity, whereas
digestion with staphylococcal protease does not. It means that this biological
activity of fibrinogen requires continuity of the COOH-terminal pentadecapep-
tide segment of the y chain composed of highly hydrophilic amino acids. This
fragment of the vy chain does not contain any predominant type of secondary
structure (Kloczewiak, unpublished results). Probably it represents an irreg-
ular type of structure fitting to receptors for fibrinogen on the platelet

membrane as described in this report.

Acknowledgements

This work was supported by NIH grants HL25935, HL25107, and HL27560. We
are crateful to Dr. Russell Doolittle and his associates at the University of
California at San Diego for their most valuable advice. We thank Drs. Kunio
Misoro and Tadashi Inagami at Vanderbilt University for their kindness in per-
forming automated sequence analysis and we also thank Dr. Dale Cumming for his

guidance with setting-up HPLC procedures.

References

1. Hawiger, J., Timmons, S., Strong, D.D., Cottrell, B.A., Riley, M., and
Doolittle, R.F. (1982) Biochemistry. 21, 1407-1413,

2. Hawiger, J., Timmons, S., Kloczewiak, M., Strong, D.D., and Doolittle,
R.F. (1982) Proc. Natl. Acad. Sci. USA 79, 2068-2071.

3. Rodvien, R. and Salzman, E.W. (1978) Thrombos. Haemostas., Stuttgart,
39, 254-262.

4. Born, G.V.R. and Cross, M.J. (1964) J. Physiol. 170,347,

5. Doolittle, R.F., Bouma, H., Cottrell, B.A., Strong, D.D., and Watt,
K.MW,K, (1979) The Chemistry and Physiology of the Human Plasma Proteins.
pp. 77-96, Pergamon, Elmsford, N.Y.

6. Doolittle, R.F., Cassman, K.G., Cottrell, B.A., Friezner, S.J., Hucko,
J.T., and Takagi, T. (1977) Biochemistry. 16, 1703-1709,

7. Strong, D.D., Laudano, A.P., Hawiger, J. and Doolittle, R.F. (1982)

Biochemistry. 21, 1414-1420,

Bradford, M.M. (1976) Anal. Biochem. 72, 248-254,

Hawiger, J., Parkinson, S., and Timmons, S. (1980) Nature (London).

283, 195-197.

10. Chang, J.Y., Greaser, E.M. and Bentley, K.W. (1976) Biochem. J. 153,
607-611.

11. Misono, K.S. and Inagami, T. (1982) J. Biol. Chem. (In press),

12. Timmons, S. and Hawiger, J. (1978) Thromb. Res. 12, 297-306.

13. Born, G.V.R. (1962) Nature (London) 194, 927-929.

o
¢

187



