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C-terminal lysine residues of fibrinogen fragments essential 
for binding to plasminogen 
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Experiments involving affinity chromatography on immobilized plasminogen columns and the concomitant 
use of plasmin and carboxypeptidase B indicate that the COOH-terminal lysine residues formed by plasmin- 
catalyzed cleavage of fibrinogen are essential for the high-affinity binding of the resulting cleavage products 

to plasminogen. 
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1. INTRODUCTION 

The so-called lysine-binding sites of plasmino- 
gen and plasmin apparently are important sites in 
the regulation of fibrinolysis [1,2]. Distinction be- 
tween two or three classes of lysine-binding sites, 
weak and strong sites, is made from their affinity 
to w-aminocarboxylic acids analogous to lysine 
[3,4]. As recently noted [2], C-terminal lysine 
residues of proteins and peptides, as I see it, are the 
only likely compounds known to be present phy- 
siologically that fulfill exactly the apparent ligand 
structure requirements of the strong class of 
plasmin(ogen) lysine-binding sites. The effects 
mediated by strong lysine-binding sites in the 
regulation of fibrinolysis and perhaps other 
systems that involve plasmin(ogen) thus may de- 
pend on the presence of C-terminal lysine residues 
of the proteins. In particular, the progress of 
fibrinolysis may depend on the C-terminal lysine 
residues formed when plasmin cleaves fibrin, 
whereas the initiation of the process may depend 
on the AH-site of plasminogen, the weak lysine- 
binding site reported on in [2]. 

The results of this report strongly indicate that 
the C-terminal lysine residues of plasmin-cleaved 
fibrinogen fragments are essential for high-affinity 

binding of the fragments to immobilized 
plasminogen. 

2. EXPERIMENTAL 

2.1. Reagents 
Human plasminogen (Lys) was prepared as in 

[2]. Plasminogen-substituted Sepharose 4B was 
prepared by coupling of plasminogen to 10 ml 
CNBr-activated Sepharose 4B (final concentration 
approx. 10 nmol/ml gel) using the procedure 
recommended by the manufacturer (Pharmacia, 
Uppsala). Human plasmin was prepared by con- 
version of plasminogen on a column of urokinase- 
substituted Sepharose 4B as described in [5]. 

The following materials were obtained from the 
indicated commercial sources: human fibrinogen, 
grade L and D-valyl-L-leucyl-L-lysine-p-nitro- 
anilide (S-225 1) (Kabi, Stockholm); Apotinin 
(Trasylol@), (Bayer, Leverkusen, FRG); carbox- 
ypeptidase B from porcine pancreas (DFP-treated) 
(Boehringer, Mannheim); monospecific antibodies 
raised in rabbits against human fibrinogen (Dako- 
patts, Copenhagen), and against human fibrinogen 
degradation product D (anti-FDP D) and E (anti- 
FDP E) (Hoechst Danmark, Copenhagen); 6-ami- 
nohexanoic acid (Fluka, Buchs, Switzerland); 
urokinase (Leo, Copenhagen). 
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2.2. Samples 3. RESULTS AND DISCUSSION 
After removal of plasminogen on lysine- 

substituted Sepharose 4B, 5 aliquots of a 
fibrinogen solution [each aliquot 5 ml, containing 
approx. 10 nmol (2 FM)] in 0.05 M Tris-HCI, 0.1 
M NaCl, pH 7.8 (Tris buffer) were treated as 
follows before affinity chromatography on 
plasminogen-substituted Sepharose 4B: Sample 1: 
0.5 ml Tris-buffer was added. Sample 2: 0.5 ml 
Trasylol (5.0 PM) in Tris buffer was added (final 
concentration 4.5 PM). Sample 3: 0.5 ml Trasylol 
(5.0pM) in Tris buffer and 25 ~1 carboxypeptidase 
B solution (total 20 U, hippuryl-L-arginine as 
substrate) were added. Sample 4: 0.5 ml plasmin 
(1 .O FM) in Tris buffer was added. After incuba- 
tion for 1 h at 2O”C, 0.5 ml Trasylol (5.0pM) was 
added to inhibit totally the plasmin activity 
(5times molar excess). Sample 5: this sample was 
first treated exactly as sample 4 and then 25 ~1 car- 
boxypeptidase B solution (total 20 U) was added 
and the sample incubated for 20 h at 4°C. 

2.3 Chromatography on plasminogea-substituted 
Sepharose 43 

A number of affinity chromatography ex- 
periments on piasminogen-substituted Sepharose 
4B of fibrinogen, plasmin- and/or carboxypep- 
tidase B-cleaved fibrinogen were performed. Figs. 
l-3 illustrate the elution patterns obtained. 
Plasmin catalysed hydrolysis of fibrinogen results 
primarily in the formation of fibrinogen fragments 
with C-terminal lysine residues, since plasmin 
preferentially cleaves Lys-Xaa bonds of fibrinogen 
[71. Carboxypeptidase B cleaves off C-terminal 
lysine and arginine residues [S]. Figs l-3 show that 
fibrinogen material treated with carboxypeptidase 
B is washed off the plasminogen columns with buf- 
fer, but no such material is eluted with 
6-aminohexanoic acid. After washing, only 
fibrinogen material not treated with carboxypep- 
tidase B is bound to plasminogen and eluted with 
6-aminohexanoic acid. Apparently the C-terminal 
lysine residues are important for the tight binding 
of the fibrinogen fragments to plasminogen. 
Although the results do not exclude a possible im- 
portance of C-terminal arginine residues it is very 

5 ml of samples l-5 were applied to plasminogen 
columns (0.28 cm2 x 2 cm) each containing ap- 
prox. 5.6 nmol plasminogen. The eluates were col- 
lected in volumes of 0.5 ml (fractions l-10). Elu- 
tions were continued using 5 ml Tris buffer (frac- 
tions 1 l-20), 1 ml of 0.2 M 6-aminohexanoic acid 
in Tris-buffer (fractions 21-22) and finally 2 ml 
Tris buffer (fractions 23-26). 

On a molar basis the columns thus were 
overloaded with fibrinogen material. 

; : - 

A 

2.4. absorbance measurements 
Light absorbance measurements of the eluted 

fractions were performed at 280 nm using a 
Beckman 35 spectrophotometer. 

2.5. Rocket immunoelectrophoresis 
Rocket immunoelectrophorecis experiments 

were performed as described in [6]. 5 ~1 of the 
eluted fractions 1,3,5,7,9,11,13,15,17,22 and 25 of 
the affinity chromatography experiments were ap- 
plied to rocket immunoelectrophoresis against 
anti-fibrinogen (1.5 rl/ml agarose gel), and those 
of the experiment on sample 4 also against anti- 
FDP E and anti-FDP D (both 1.0~1 agarose gel). 

Fig. 1. Elution patterns of affinity chromatography ex- 
periments of fibrinogen material on plasminogen col- 
umns. (A) Fibrinogen [sample 1 (-)I, (sample 2 gave 
an identical elution pattern). Carboxypeptidase B- 
cleaved fibrinogen [sample 3 (-- -)]. (B) Fibrinogen 
fragments (piasmin produced) [sample 4 (-)I. Car- 
boxypeptidase B-cleaved fibrinogen fragments (pfasmin 
produced) [sample 5 (- - -)I. Plasminogen columns: 
0.28 cm2 x 2 cm, 0.56 ml, approx. 5.6 nmol 
plasminogen each. Samples: 5 ml, 8-9 nmol fibrinogen 
material. Wash: 5 ml buffer, 0.2 M 6-aminohexanoic 
acid in buffer: 1 ml (arrows). Buffer: 0.05 M Tris-HCl, 
0.1 M NaCI, pH 7.8, 20°C. Collected fractions: 0.5 ml. 
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unlikely, since plasminogen is known to bind 
strongly to &V-substituted lysine residues (e.g. 
lysine Sepharose [9]), and not to a-N-substituted 
arginine residues (e.g. arginine Sepharose [lo]). 

Native fibrinogen contains no C-terminal lysine 
residues [7], but the purified fibrinogen used here 
apparently does (fig.2). It has been reported [I l] 
that partial cleavage of native fibrinogen at the 

Lys-584-Met-585 bond of the h-chain with the 
release of a small fragment (27 amino acids) occurs 
already in the circulating fibrinogen. The presence 
of an impurity with C-terminal lysine residue is 
thus expected and may explain the results on 
purified fibrinogen not treated with plasmin 
(fig.2). 

Plasminogen apparently binds fibrinogen frag- 
ment E more strongly than it does fibrinogen frag- 
ment D (fig.3). The apparent strength of the in- 
teractions with plasminogen may reflect the 

A number of C-terminal lysine residues on each frag- 
ment. Fibrinogen fragment E carries C-terminal 
lysine residues on all 3 peptide chains, whereas the 
various fibrinogen fragments D may carry none, 
one or two C-terminal lysine residues [7]. 

The are a great number of reports in the 
literature on the binding of various peptides and 
proteins to plasmin(ogen). It is worth noting that 
several of these are known to have C-terminal 
lysine residues, particularly peptides obtained by 

5 

Fig.2. Rocket immunoelectrophoresis against anti- 

1 

human-fibrinogen of the eluted fractions 1,3,5,7,9,11, 
L 13,15,17,22 and 25 from the plasminogen affinity 

i 1 
chromatography experiments. (A) Fibrinogen (sample 

_.;_~ I 1), (B) carboxypeptidase B-cleaved fibrinogen (sample 
3), (C) fibrinogen fragments (plasmin produced) (sample 
4), (D) carboxypeptidase B-cleaved fibrinogen fragments 
(plasmin produced) (sample 5). 5 pl of each fraction was 

applied. 
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Fig.3. Rocket immunoelectrophoresis of the eluted frac- 
tions 1,3,5,7,9,11,13,15,17,22 and 25 from the 
plasminogen affinity chromatography experiment of 
fibrinogen fragments (plasmin produced) (sample 4) 
against (A) anti-human-fibrinogen degradation product 
E (anti-FDP E), and (B) anti-human-fibrinogen 

degradation product D (anti-FDP D). 5 ~1 of each frac- 
tion were applied. 

cleavage of native proteins with trypsin or plasmin. 
Several cases of specific interaction between 
plasmin(ogen) and a particular stretch of peptide 
in a protein have been claimed from the formation 
of tight complexes of plasmin(ogen) and the pep- 

tide after cleavage with trypsin or plasmin. Such a 
peptide is perhaps bound to plasmin(ogen) only 
because of its C-terminal lysine residue, which is 

not present in the intact protein. 
If, as the result presented here indicate, the C- 

terminal lysine residues of fibrinogen fragments 
are essential for high-affinity binding of the 
fragments to plasminogen, then any protein or 
peptide with C-terminal lysine residue may bind 
plasminogen and be a modulator of enzyme 
systems that involve plasminogen. Also, carbox- 
ypeptidase N, the plasma C-terminal lysine and 
arginine hydrolase equivalent to carboxypeptidase 
B, may affect such systems. 

REFERENCES 

111 

PI 
[31 

141 

[51 

161 

171 

P31 

191 

UOI 

1111 

Wiman, B. and Cohen, D. (1978) Nature 272, 
549-550. 
Christensen, U. (1984) Biochem. J. 223, 413-421. 
Markus, G., De Pasquale, J.L. and Wissler, F.C. 
(1978) J. Biol. Chem. 253, 727-732. 
Markus, G., Priore, R.L., and Wissler, F.G. (1979) 
J. Biol. Chem. 254, 1211-1216. 
Christensen, U. (1975) Biochim. Biophys. Acta 
397, 459-467. 
Laurel], C.-B. (1967) in: Prot. Biol. Fluids, 14 
(Peeters, H. ed.) pp. 499-502, Elsevier/North- 
Holland, Amsterdam. 
Henschen, A. and Lottspeich, F. (1980) 
Haematologia 65, 535-541. 
Folk, J.E. (1971) in: The Enzymes, Vol. III (Boyer, 
P.D. ed.) pp. 57-80, Academic Press, New York. 
Deutsch, D.G. and Mertz, E.T. (1970) Science 170, 
1095-1096. 
Winn, E.S., Hu, S.-P., Hochschwender, S.M. and 
Laursen, R.A. (1980) Eur. J. Biochem. 104, 
579-586. 
Cottrell, B.A. and Doolittle, R.F. (1976) Biochem. 
Biophys. Res. Commun. 71, 754-762. 

46 


