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Abstract t 

Vitronectinn (Vn) is an obligatory cofactor for the inhibition of thrombin by plasminogen 
activatorr inhibitor 1 (PAI-1). It accelerates the rate of association between thrombin and 
PAI-11 more than two orders of magnitude. In contrast, Vn does not accelerate the 
associationn between tissue-type plasminogen activator (t-PA) and PAI-1. Previously, we 
reportedd that the anti-PAI-1 monoclonal antibody (MoAb) CLB-2C8 binds to a short 
stretchh of amino acids of PAI-1, located between residues 128 and 145, and prevents PAI-1 
bindingg to Vn. Furthermore, MoAb CLB-2C8 fully blocks the inhibitory activity of PAI-1 
towardstowards t-PA, emphasizing the importance of this area for the interaction with t-PA. Here, 
wee show that this area is also required for the interaction between thrombin and PAI-1, 
sincee MoAb CLB-2C8 fully prevents inhibition of thrombin by PAI-1. In spite of similar 
structurall  requirements for the interaction between t-PA, PAI-1 and Vn and between 
thrombin,, PAI-1 and Vn, the intermediate reaction products are clearly distinct. By 
employingg surface plasmon resonance (SPR), using the BIAcore equipment, and by 
immunoprecipitationn we demonstrate that, in the presence of Vn, t-PA and PAI-1 form 
exclusivelyy equimolar binary t-PA/PAI-1 complexes. Thrombin, PAI-1 and Vn generate 
equimolar,, binary thrombin/PAI-1 complexes and in addition equimolar, ternary 
complexess and multimers. 
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Introductio n n 

Plasminogenn activator inhibitor 1 (PAI-1) is a key regulatory protein of the fibrinolytic 
systemm and acts as the rapid inhibitor of both tissue-type (t-PA) and urokinase-rype 
plasminogenn activators (reviewed in Shleef & LoskutofT, 1988; van Meijer & Pannekoek, 
1995).. PAI-1 is a member of the serine protease inhibitor ("serpin") family of proteins (Ny 
etet al, 1986; Ginsburg et al, 1986; Pannekoek et al, 1986; Andreasen et al, 1986). The 
three-dimensionall  structure of a number of these proteins, either in an active or an inactive 
form,, has been established (reviewed in Goldsmith & Mortonen, 1994). The spatial 
structuree of these proteins is similar, consistent with the view that their mechanism of 
actionn is governed by a common principle. Briefly, serpins act as a pseudo-substrate and 
formm a tight equimolar, inactive complex with their target proteins. The formation of stable 
complexess between the serpin and its target protease requires partial insertion of a mobile 
loop,, comprising the reactive center Pi residue, into fi-sheet A of the molecule (Stein & 
Chothia,, 1991). In the absence of a target protease, insertion of the mobile loop inactivates 
thee inhibitor. 

Stabilizationn of the inhibitory activity of PAI-1 requires association with vitronectin 
(Vn)) (Mimuro et al., 1987), an interaction which does not affect the second-order 
associationn rate constant (ki) for t-PA inhibition (Edelberg et al., 1991). Interestingly, 
bindingg of PAI-1 to Vn provides the protein with thrombin-inhibitory properties, thereby 
increasingg the kj about 200 fold (Ehrlich et al., 1990). Similarly, thrombin inhibition by 
PAI-11 is also substantially accelerated by the high molecular weight glycosaminoglycan 
heparinn (Ehrlich et al, 1991a, 1992). In the latter case, evidence has been presented 
demonstratingg that heparin acts as a template to assemble PAI-1 and thrombin, resulting in 
ann acceleration of the interaction between inhibitor and protease (Klein Gebbink et al., 
1993;; van Meijer et al., 1997). Furthermore, the heparin binding site on PAI-1 has been 
preciselyy localized and was found to be composed of the basic residues of the helix D sub-
domainn (Lys65 to Lys88) (Ehrlich et al, 1992). 

Contraryy to studies on the interaction between thrombin, PAI-1 and heparin, the 
mechanismm of interaction between thrombin, PAI-1 and Vn has not been addressed in 
greatt detail. Several independent observations have shown that Vn binds to the region of 
PAI-1,, comprising amino acids between residues 55 to 145 (Lawrence et al., 1994; van 
Meijerr et al., 1994; Padmanabhan & Sane, 1995). Actually, essential amino acids for this 
interactionn are located between residues 128 and 145 (van Zonneveld et al., 1995), since 
thiss area harbors the corresponding epitope of an anti-PAI-1 MoAb (CLB-2C8) that blocks 
thee binding of PAI-1 to Vn (van Meijer et al., 1994). MoAb CLB-2C8 as well as other 
anti-PAI-11 MoAbs that bind to the "110-145 area" also efficiently prevent the inhibitory 
activityy of PAI-1 towards t-PA (Keijer et al., 1991<ar), emphasizing that apart from the 
reactivee center also another region distant from the reactive center is involved in the 
interactionn with t-PA. Here, we exploited the comprehensive knowledge on the properties 
off  this particular anti-PAI-1 MoAb CLB-2C8, together with surface plasmon resonance 
(SPR)) and immunoprecipitation using either anti-PAI-1 or anti-Vn MoAbs, to gain insight 
intoo the intermediate reaction products between PAI-1 and Vn and either thrombin or t-
PA. . 
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Results s 

Preventionn of PAI-1-mediated thrombin inhibition by anti-PAI-1 MoAb CLB-
2C8 8 
Wee have shown previously that inhibition of t-PA requires the participation of the 
carboxyl-terminall  mobile loop that contains the reactive center (Ehrlich et al, 1990; Keijer 
etet al, 1991Z>) and the area spanned by amino acids 110 and 145 of PAI-1 (Keijer et al., 
1991a).. Furthermore, we reported that, in the presence of either Vn or high molecular 
weightt heparin, PAI-1 is endowed with thrombin-inhibitory properties (Ehrlich et al, 
1990,, 1992; Klein Gebbink et al, 1993). Consequently, in this study we assessed whether 
thee 110-145 area of PAI-1 is also involved in the interaction with thrombin. For that 
purpose,, we used the anti-PAI-1 MoAb CLB-2C8 that has been shown to Mly block PAI-
1-mediatedd t-PA inhibition (Keijer et al., 1991a) and, in addition, to block the binding of 
PAI-11 to Vn (van Meijer et al, 1994). The corresponding epitope of MoAb CLB-2C8 has 
beenn mapped in a sub-region of the 110-145 area, notably between residues 128 and 145 
(vann Zonneveld et al, 1995). Here, we determined the inhibition of thrombin by PAI-1 in 
thee presence of increasing concentrations of anti-PAI-1 MoAb CLB-2C8. To avoid an 
effectt of MoAb CLB-2C8 on PAI-1-binding to Vn, we determined the influence of this 
antibodyy on the inhibition of thrombin in the presence of 1 U/ml of high molecular weight 
heparinn (Figure 1A). The half-maximal concentration (IC50) to block the inhibition of 0.5 
nMM thrombin by 25 nM PAI-1 is approximately 8 nM MoAb CLB-2C8 (0.32 nM 
MoAb/nMM PAI-1). These data are comparable with the capacity of the antibody to block 
inhibitionn of 2.5 nM t-PA by 2.5 nM PAI-1 that yields an IC50 value of about 1 nM MoAb 
CLB-2C88 (0.40 nM MoAb/nM PAI-1) (Figure IB). It should be noted that the anti-PAI-1 
MoAbb binds equally well to active and to inactive (latent) PAI-1. The actual portion of 

00 \,,—,—. , ,\ 1 1 01»  » ' * 
00 1 10 100 1000 0 1 10 100 1000 

MoAbb (ng) MoAb (ng) 

Figuree 1. Effect of anti-PAI-1 MoAbs on the inhibition of t-PA or thrombin, in the presence 
off  heparin, by PAI-1. The percentage of inhibition of the amidolytic thrombin activity in the 
presencee of heparin (panel A) or of the amidolytic t-PA activity (panel B) by PAI-1, in the 
presencee of various concentrations anti-PAI-1 MoAb CLB-2C8 (closed circles) and anti-PAI-
11 CLB-8H2 (closed triangles), was determined as described in the section Materials and 
Methods. . 
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activee PAI-1 in the preparation, used in this experiment, is about 25 %. Consequently, the 
IC500 value for the prevention of thrombin-inhibition by PAI-1 in the presence of heparin 
wouldd be 80 pM MoAb CLB-2C8/nM PAI-1, whereas that for t-PA-inhibition would be 
1000 pM MoAb CLB-2C8/nM PAI-1. Finally, we observe no prevention of PAI-1 activity 
forr the inhibition of thrombin or t-PA-inhibition by increasing concentrations of another 
anti-PAI-11 MoAb (CLB-8H2) that binds to an epitope located between residues 235 and 
2833 (Keijer et al, 1991a). Collectively, these observations indicate that the amino-acid 
residues,, located between residues 128 and 145, similarly contribute to the inhibition of t-
PAA and of thrombin, in addition to the reactive center of PAI-1. 

Analysiss of complex formation by surface plasmon resonance (SPR) 

Too compare the mechanism of interaction of thrombin and PAI-1, in the presence of the 
cofactorr Vn, with that of t-PA, PAI-1 and Vn, we employed SPR using the BIAcore 2000 
system.. To that end, either thrombin (Figure 2A) or t-PA (Figure 2B) was immobilized on 
dextran-containingg chips, resulting in an increase of the resonance signal (£RU) of 7600 
andd 4000, respectively. First, the immobilized ligands were incubated with 120 nM Vn as 
thee analyte (Figure 2A and B, arrow I). This control experiment reveals no specific Vn 
bindingg to t-PA (Figure 2B, arrow II), but shows binding (k™ = 1.8 x 105 M 1 s"1) and fast 
dissociationn (arrow II; koff = 4.2 x 10"3 s"1) of Vn to thrombin (Figure 2A), yielding a 
dissociationn constant (Ka) of 23 nM. It should be noted that, under these conditions, the 
bindingg of vitronectin to thrombin is not limited by mass-transport effects. If substantially 
higherr concentrations of Vn are employed, then we observe a minor increase in resonance 
unitss (data not shown). After a dissociation periodd of 10 min, a mixture of anti-Vn MoAbs 
Vn77 and Vn25 was injected to demonstrate that virtually no Vn remains on the 
immobilizedd ligands (Figure 2A and B, arrow HI). Subsequently, PAI-l/Vn complexes 
weree employed as analytes and administered by injection (arrow IV). hi both cases, an 
evidentt increase of the resonance signal is obtained (ARU 6440 and 2270, respectively), 
demonstratingg the binding of (a) macromolecule(s) to the immobilized ligands. After 
anotherr dissociation period of 10 min, a significant residual binding is observed for PAI-
l/Vnn complexes (Figure 2A, arrow V), compared to the injection of Vn alone (arrow n). 
Too qualitatively analyze the composition of the complexes formed either with immobilized 
thrombinn or with immobilized t-PA, additional injections were carried out with the mixture 
off  the two anti-Vn MoAbs (arrow VI) and, subsequently, with the anti-PAI-1 MoAb MAI -
122 (arrow VÏÏ) . Clearly, with anti-Vn MoAbs an increase of resonance is observed with 
immobilizedd thrombin (ARU 1180) (Figure 2A), whereas virtually no increase is obtained 
withh immobilized t-PA (ARU 100) (Figure 2B). An additional resonance signal is detected 
withh the anti-PAI-1 MoAb MAI-12 both with immobilized thrombin and with 
immobilizedd t-PA (ARU 914 and 1453, respectively). It should be noted that MoAb MAI -
122 does neither bind to immobilized t-PA nor to immobilized thrombin (data not shown). 

Thee administration of anti-Vn MoAbs to thrombin/PAI-1/Vn complexes was done after 
100 min at a high flow rate to allow any dissociation of the ternary complex and of aspecific 
Vnn binding. Indeed, dissociation, represented by a significant decrease of the resonance 
signal,, is observed (Figure 2A, arrow V). In view of the virtually irreversible binding 

115 5 



ChapterChapter 6 

KK 4000 

20000 3000 

Timee (S) 

B B 
3 3 
0= = 

Figuree 2. Sensorgram of the 
interactionn between PAI-
1/Vnn complexes and either 
thrombinn or t-PA. Thrombin 
(Panell  A) or t-PA (Panel B) 
weree immobilized to the 
sensorchipp as described in 
Materialss and Methods. 
Subsequently,, 120 nM Vn 
wass injected (I), followed by 
aa dissociation period of 10 
minn at high flow rate (II). 
Subsequently,, a mixture of 
anti-Vnn MoAbs (Vn7 and 
Vn25),, each at a 
concentrationn of 100 nM, 
wass injected (HI). Then PAI-
1/Vnn complexes were 

administeredd (IV) (total concentration of 400 nM protein each). Dissociation was allowed 
duringg a period of 10 min at high flow rate (V). Finally, a mixture of anti-Vn MoAbs Vn7 
andd Vn25 was injected (VI) followed by an injection of anti-PAI-1 MoAb MAI-12 (VU). 

betweenn immobilized thrombin and PAI-1, it is conceivable that dissociation is due to loss 
off  the Vn moiety from the ternary complex. Alternatively, dissociation may result from 
cleavagee of (part of) PAI-1 by thrombin. In summary, we conclude that the interaction of 
PAI-11 /Vn complexes with t-PA results in binary complexes, composed of t-PA and PAI-1. 
Furthermore,, the reaction between PAI-1 /Vn complexes and thrombin yields ternary 
complexess of thrombin, PAI-1 and Vn. It is conceivable that (part of) the Vn moiety 
dissociatess from these ternary complexes in a time-dependent manner. 

II M VII  VI I 
20000 3000 

Timee (s) 

Analysiss of complex formation of thrombin , PAI-1 and Vn by 
immunoprecipitation n 

SPRR analysis allows a qualitative determination of the composition of complexes. To assess 
thee stoichiometry of the various complexes, immunoprecipitation was employed with 
specificc MoAbs. To that end, incubations were carried out for 10 min with PAI-1 and Vn 
andd either I-labeled thrombin or I-labeled t-PA. Pseudo first-order reaction conditions 
weree chosen for the interaction of thrombin or t-PA, with PAI-1 and Vn, corresponding 
withh a 200-fold excess of PAI-1 versus thrombin or t-PA and a slight excess of Vn versus 
PAI-1.. The incubations were either directly analyzed by SDS-PAGE and autoradiography, 
orr first immunoprecipitated and then subjected to SDS-PAGE and autoradiography. The 
resultss are presented in Figure 3, panel A and B. Direct analysis of the reaction products of 
1255 125 

I-thrombin,, PAI-1 and Vn reveals radiolabeled material with Mr's of 36,000 (free I-
thrombin,, see lane 1), 78,000, 150,000 and >200,000 (Panel A, lane 2). The composition 
off  the I-thrombin-containing bands was assessed by immunoprecipitation, followed by 
capturingg of immunecomplexes with protein A-Sepharose beads. The anti-PAI-1 MoAb 
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MAI-122 precipitates the material with H 78,000,150,000 and >200,000 (Panel A, lane 3). 
Att this point, we conclude that the band with Mr of 78,000 represents the SDS-stable, 

125 5 

binaryy complex of equimolar amounts of I-thrombin (Mr 36,000) and PAI-1 (Mr 

42,000).. The mixture of anti-Vn MoAbs Vn7 and Vn25 precipitates the material with Mr's 
off  150,000 and >200,000 (Panel A, lane 4). With respect to the M's of Vn (75,000) and 
thosee of thrombin and PAI-1, it is deduced that the SDS-stable material with H 150,000 
representss a ternary complex, composed of equimolar amounts of thrombin, PAI-1 and Vn. 
Thee stoichiometry of the SDS-stable material, migrating at a position >200,000, is 
unknown.. Nevertheless, it can be concluded that this band contains thrombin, PAI-1 and 
Vn.. An incubation with an irrelevant antibody (polyclonal anti-von Willebrand factor 

125 5 

antiserum)) did not precipitate any of the I-thrombin-containing bands (Panel A, lane 5). 
Finally,, if the reaction between thrombin and PAI-1 was carried out in the presence of 
heparin,, instead of Vn, no precipitation of radioactive material was obtained with anti-Vn 
MoAbss (data not shown). 

1 2 3 4 55 1 2 3 4 5 
kDD kD 

ptaa WE - 200-

9 7 -- " *  ^ ^ 

4 3 --

2 9-- 2 9-

Figuree 3. Immunoprecipitation of complexes between thrombin or t-PA, PAI-1 and Vn. The 
protocoll  for immunoprecipitation of complexes between either 125I-labeled thrombin or 125I-
labeledd t-PA and PAI-1/Vn has been described in the section Materials and Methods. 
Radiolabeledd immunecomplexes and non-precipitated material were analyzed by 10% (w/v) 
SDS-PAGEE under non-reducing conditions and the bands were visualized by 
autoradiography.. Panel A: lane 1: thrombin; lane 2: incubation mixture of thrombin, PAI-1 
andd Vn before immunoprecipitation; lane 3: thrombin, PAI-1 and Vn precipitated with anti-
PAI-11 MoAb MAI-12; lane 4: thrombin, PAI-1 and Vn precipitated with a mixture of the 
anti-Vnn MoAbs Vn7 and Vn25; lane 5: thrombin, PAI-1 and Vn precipitated with a 
polyclonall  anti-von Willebrand factor antiserum (negative control). Panel B: lane 1: t-PA; 
lanee 2: incubation mixture of t-PA PAI-1 and Vn before immunoprecipitation; lane 3: t-PA, 
PAI-11 and Vn precipitated with anti-PAI-1 MoAb MAI-12; lane 4: t-PA PAI-1 and Vn 
precipitatedd with anti-Vn MoAbs Vn7 and Vn25; lane 5: t-PA PAI-1 and Vn precipitated 
withh a polyclonal anti-von Willebrand factor antiserum (negative control). The position of 
molecularr weight markers is indicated. 

Analogouss experiments were performed with 125I-labeled t-PA, instead of  125I-thrombin 
(Figuree 3, Panel B, lanes 1 to 5). Incubation of  ,25I-t-PA (Mr 68,000, see Panel B, lane 1) 
withh PAI-1 and Vn revealed radiolabeled material with a H of 110,000 (Panel B, lane 2), 
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whereass no I-t-PA-containing material of larger H was detected. The composition of the 
l25I-t-PA-containingg band was assessed by immunoprecipitation, followed by capturing of 
immunecomplexess with protein A-Sepharose beads. The anti-PAI-1 MoAb MAI-12 
precipitatess the material with a Mr of 110,000 (Panel B, lane 3). Hence, this band 
representss the SDS-stable, binary complex of equimolar amounts of  125I-t-PA and PAI-1. 
Noo precipitation of  125I-t-PA-containing material is observed with the mixture of anti-Vn 
MoAbss Vn7 and Vn25 (Panel B, lane 4) or with the anti-von Willebrand factor antiserum 
(Panell  B, lane 5). To exclude that the absence of ternary complexes of t-PA, PAI-1 and Vn 
wouldd be due to proteolytic inactivation of Vn by t-PA, we used a mutant PAI-1 protein 
(PAI-11 R346M) that inhibits t-PA exclusively in the presence of functional Vn (Keijer et 
al,al, 19916). Indeed, only in the presence of Vn, complexes of I-labeled t-PA and PAI-1 
R346MM were detected upon immunoprecipitation with the anti-PAI-1 MoAb (data not 
shown).. We conclude that thrombin, PAI-1 and Vn form both binary complexes of PAI-1 
andd thrombin and ternary complexes that are composed of equimolar amounts of the three 
differentt components. Furthermore, multimers of these components are formed. By 
contrast,, t-PA, PAI-1 and Vn generate only binary complexes of equimolar amounts of t-
PAA and PAI-1, consistent with previous observations using sub-endothelial matrices as the 
sourcee of PAI-1 /Vn complexes (Mimuro et al, 1987; Declerck et al, 1988), whereas no 
ternaryy complexes and multimers are observed. 

Discussion n 

Thiss study shows that the interactions between t-PA and PAI-1 and between thrombin and 
PAI-11 require similar structural elements on the PAI-1 protein. Apart from the 
contributionn of the reactive center loop, we demonstrate that the thrombin/PAI-1 
interactionn is dependent on the involvement of the 128-145 area of PAI-1, analogous to our 
previouss findings with t-PA (van Keijer et al, 1991a; van Zonneveld et al, 1995). In spite 
off  similar structural requirements, the mechanism of the reactions is quite distinct. The 
resultss presented in this study demonstrate that t-PA and PAI-1 form equimolar binary 
complexes,, irrespective of the presence or absence of Vn. By contrast, thrombin, PAI-1 and 
Vnn generate both binary thrombin/PAI-1 complexes as well as equimolar ternary 
complexess and high molecular weight multimers. The latter observation is consistent with 
publishedd data on the formation of complexes between thrombin, Vn and other serpins, 
notablyy antithrombin HI, protease nexin I or heparin cofactor II (Podack et al, 1986; 
Preissnerr et al, 1987, 1988; Tomasini et al, 1988, 1989; RoveUi et al, 1990; de Boer et 
al,al, 1993). It has been proposed that binding of those serpins to Vn induces a 
conformationall  change on the Vn moiety, allowing stable (covalent) binding of thrombin 
too Vn (Tomasini et al, 1988, 1989; de Boer et al, 1993). It is conceivable that PAI-1 
wouldd also induce a conformational change that would enable thrombin-binding to Vn. 
Apparently,, such a presumed conformational change does not induce a binding site for t-
PA,, since interaction between t-PA, PAI-1 and Vn yields exclusively binary complexes that 
aree devoid of Vn. 

Furthermore,, the generation of ternary complexes between thrombin, antithrombin HI 
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andd Vn (so-called "STAT complexes'1) results in die exposure of a novel high affinity 
heparinn binding site on die Vn moiety (de Boer et ah, 1992,1993). This novel site enables 
bindingg of STAT complexes to endothelial cells, followed by translocation of these 
complexess to die sub-endothelial matrix (de Boer et a/., 1992,1995). In this compartment, 
mee Vn moiety of STAT complexes can bind PAI-1 and presumably stabilizes its inhibitory 
activityy (Declerck et al., 1988; de Boer et ai, 1995). It remains to be established whether 
ternaryy complexes of thrombin, PAI-1 and Vn and multimers thereof also induce a 
conformationall  change of me Vn moiety and whether these complexes are able to bind to 
endotheliall  cells, followed by deposition in the sub-endothelium. Subsequently, these 
complexess might be internalized by vascular cells. In this respect, evidence has been 
recenflyy reported mat Vn promotes the binding of thrombin/PAI-1 complexes to the low-
densityy lipoprotein receptor related protein (LRP), present on the surface of 
monocytes/macrophagess and smooth muscle cells (Stefansson et ai, 1996). Those findings 
mayy represent a mechanism for internalization and degradation of thrombin/PAI-1/Vn 
complexes. . 

Thiss study presents new data on the mechanism of the reaction between thrombin, 
PAI-11 and Vn and allows a comparison with that of t-PA, PAI-1 and Vn. Indeed, our 
previouss studies indicated that differences between these mechanisms exist. This 
expectationn is derived from experiments, using matrices of cultured endothelial cells as the 
sourcee of PAI-l/Vn complexes (Ehrlich et al., 1991ft). Addition of either thrombin or t-PA 
too these matrices revealed a striking difference: thrombin cleaves a major part of sub-
endotheliall  PAI-1, while substantially less cleavage is observed after administration of t-
PA.. Our recent, kinetic studies with soluble, purified components confirm and extend the 
conceptt that, in the presence of Vn and thrombin, PAI-1 primarily acts as a "suicide 
substrate""  (van Meijer etal., 1995,1997). 

Material ss and Methods 

Materials s 

Thee chromogenic substrates H-I>phenyl-pipenoyl-arginyl-para nitroanilide 
dihydrochloridee (S2238) and CH3S02-D-HHT-grycyl-arginyl-para mtroanilide 
(Pefachromee tPA) were obtained from Chromogenix (Mölndal, Sweden) and Pentapharm 
(Basel,, Switzerland), respectively. Hirudin was obtained from Sigma (St Louis, MO), as 
welll  as unfractionated heparin from porcine intestinal mucosa (#H-3125, grade I, Col 29F-
0314;; specific activity 178 U/mg, average molecular weight 15,000-18,000). Protein A-
sepharosee was from Pharmacia (Uppsala, Sweden). Aprotinin was obtained from Bayer 
(Leverkusen,, Germany). 

Proteins s 

Two-chainn Bowes melanoma t-PA (910,000 IU/mg) and the monoclonal antibody MAI -
12,, directed against PAI-1 (corresponding epitope between amino acid residues 320 and 
3799 (20)), were purchased from Biopool (Umea, Sweden). Human thrombin, purified to 

119 9 



ChapterChapter 6 

apparentt homogeneity, was kindly provided by Dr. G. Tans (State University Limburg, 
Maastricht,, The Netherlands). Active-site titration of purified thrombin was done with 
hirudinn (Horrevoets et al, 1993). Thrombin and t-PA were radiolabeled with 125I, using the 
lodogenn method (Fraker & Speck, 1978), resulting in a specific radioactivity of 9.0 and 
10.00 uCi/ug protein, respectively. Radiolabeled thrombin and t-PA were fully active as 
judgedd from the observation that these preparations could be completely converted into 
complexess in me presence of an excess of active PAI-1. Vn was purified from human 
plasmaa to apparent homogeneity as described previously (Preissner et al, 1985). The 
proteinn concentration of the purified preparation was determined by measuring the 
absorbancee at 280 nm (Et% = 13.0) using a H of 75,000 (Dahlback & Podack, 1985). The 
constructionn of wild-type PAI-1 and PAI-1 R346M cDNA (Pannekoek et al, 1986; Keijer 
etet al, 1991/») and the purification of the encoded proteins from extracts of transformed 
E.coliE.coli cells has been described (Sancho et al, 1994; van Meijer et al., 1996). The 
percentagee of active PAI-1 was determined by using a chromogenic assay (Ehrlich et al, 
1990;; Keijer et al., 1991a). This (wild-type) PAI-1 was used for the inhibition of thrombin 
andd t-PA in the presence of MoAbs. In addition, a PAI-1 preparation, purified from 
transformedd E.coli cells, was generously provided by Dr. T.M. Reilly (Dupont de Nemours, 
Wilmington,, DE; approximately 100% active) and was used for surface plasmon 
resonancee as well as immunoprecipitation experiments. The purification and properties of 
thee murine anti-PAI-1 MoAbs CLB-2C8 and CLB-8H2 have been described (Keijer et al., 
1991a).. The corresponding epitope of CLB-2C8 is located between residues 128 and 145 
off  PAI-1 (van Zonneveld et al., 1995), whereas the epitope for CLB-8H2 is situated 
betweenn residues 235 and 283 (Keijer et ai, 1991a). Each of these anti-PAI-1 MoAbs 
reactss equally well with active PAI-1 and inactive (latent) PAI-1. The concentration of the 
immunoglobulinss was determined by measuring the absorbance at 280 nm (Eio/o= 13.3) 
(Harloww & Lane, 1988). The murine MoAbs, directed against purified human Vn (Vn7 
andd Vn25) were produced and characterized as described (Stockmann et al., 1993). A 
polyclonall  rabbit anti-human von Willebrand factor antiserum was obtained from 
Dakopattss (Glostrup, Denmark). 

Effectt  of anti-PAI-1 MoAbs on the formation of complexes between either  thrombin 
orr  t-PA with PAI-1 

PAI-11 (2.5 nM and 25 nM of active protein for t-PA inhibition and for thrombin 
inhibition,, respectively) was preincubated for 30 min at room temperature in 45 \d 50 mM 
HEPESS (pH 7.4), 100 mM NaCl, 0.1 % (v/v) Tween-80 (HBST buffer), containing various 
amountss of the anti-PAI-1 MoAb CLB-2C8 or CLB-8H2. For thrombin inhibition by PAI-
1,, 1 U/ml of heparin was included Subsequently, t-PA or thrombin was added to a final 
concentrationn of 2.5 nM or 0.5 nM, respectively, followed by an additional incubation for 1 
hh at 37°C in 50 pj. Residual t-PA or thrombin activity was determined after addition of 
2000 ul HBST buffer, containing either 0.625 mM Pefachrome tPA or 0.625 mM S2238, 
respectively,, by recording of the absorbance at 405 nm in a Titertek Twinreader (Flow 
Laboratories,, Irvine, UK), using 1 min intervals. 
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Complexx formation as analyzed by surface plasmon resonance (SPR) 

Thee BIAcore 2000 system and die reagents, including sensorchips CM 5, surfactant P20 
andd the amine coupling kit, containing N-hydroxysuccinimide (NHS), N-methyl-N'-(3'-
aUmemylarnmopropyl)caiixxiiimidee (EDC), ethanolamine hydrochloride and maleate 
buffer,, were from Pharmacia Biosensor AB (Uppsala, Sweden). The HBS buffer consists of 
100 mM HEPES, 150 mM NaCl, 3.4 mM EDTA, 0.005% (v/v) P20 and has been adjusted 
too pH 7.4 at room temperature. Before use, the HBS buffer was filtered through a 0.45 pm 
Millipor ee filter and subsequently degassed Immobilization of ligands was performed 
accordingg to the instructions of the manufacturer. Briefly, the carboxyl-methylated dextran 
surfacee of the sensorchip was activated with 0.05 M NHS, 0.2 M EDC. Then, either 35 pi 
off  20 pg/ml thrombin in 5 mM maleate buffer (pH 6.0) or 25 pi of 6 pg/ml t-PA in 10 mM 
sodiumm acetate (pH 4.0) was injected for immobilization. Subsequently, residual NHS-ester 
groupss were sequestered by addition of 1 M ethanolamine hydrochloride. The analytes 
weree administered to the immobilized ligands at a flow rate of 5 pl/min and contained 
0.05%% (v/v) P20 in HBS to prevent aspecific binding. Dissociation of components was 
observedd at a flow rate of 50 pl/min to minimize rebinding of the analytes. Due to covalent 
bindingg of PAI-1, regeneration of the thrombin or t-PA-coated chip after complex 
formationn is not possible. Vn (120 nM) was administered by injection either to the 
thrombin-- or t-PA-coated surface and the association and dissociation phase were 
monitoredd in time. Complexes between PAI-1 and Vn were formed by incubating 400 nM 
Vnn and 400 nMM active PAI-1 for 10 min at room temperature in HBS, 0.05% (v/v) P20. In 
vieww of the dissociation constants (Ka) of Vn for PAI-1 reported, respectively 55 nM 
(Salonenn et al, 1989) to 0.3 nM (Seiffert & Loskutofi; 1991), it is calculated that 70% to 
99%% of the initial PAI-1 is complexed to Vn after the incubation period. PAI-l/Vn 
complexess were injected and the association and dissociation phase was followed. The 
identificationn of different components bound to thrombin or t-PA was verified by injections 
off  100 nM of MoAbs, directed either against PAI-1 (MAI-12) or Vn (mixture of Vn7 and 
Vn25). . 

Immunoprecqpitationn of thrombin/PAI- 1 or  t-PA/PAI-1 complexes formed in the 
presencee of Vn 

Activee PAI-1 (450 nM) was incubated for 10 min at 37°C with 500 nM Vn and 2.25 
nMM  125I-labeled thrombin or 125I-labeled t-PA in 20 mM TRIS-HC1 (pH 7.8), 0.1 M 
NaCl,, 0.1% (v/v) Tween-80. These complexes were directly used for SDS-PAGE 
analysiss under non-reducing conditions and for immunoprecipitations. For 
immunoprecipitations,, 12 pg of MoAbs, directed against Vn (a mixture of Vn7 and 
Vn25)) or 6 pg of a polyclonal anti-human von Willebrand factor antiserum (negative 
control),, was added to the preformed 125I-labeled complexes and incubated for 1 h at 
roomm temperature by "head-over-head" rotation in 250 pi 20 mM TRIS-HC1 (pH 8.0), 
1500 mM NaCl, 0.1% (v/v) Triton-X-100, 0.1% (w/v) bovine serum albumin, 20 U/ml 
aprotininn (TBS buffer), containing a suspension of protein A-Sepharose beads. The 
beadss were washed once with TBS, once with 20 mM TRIS-HC1 (pH 8.0), 150 mM 
NaCl,, once with 20 mM TRIS-HC1 (pH 8.0), 0.5 M NaCl and three times with 20 
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mMM TRIS-HC1 (pH 6.8), 150 mM NaCl. In case an antibody directed against PAI-1 
(99 t̂g of MoAb MAI-12) was used, IPB buffer (20 mM TRIS-HC1 (pH 7.4), 5 mM 
EDTA,, 150 mM NaCl, 0.5 % (v/v) Tween-20) was employed instead of TBS buffer. 
Washingg was done three times with IPB. The supernatant and the pellet of the 
immunoprecipitationn were boiled for 5 min, subjected to 10% (w/v) SDS-PAGE 
underr non-reducing conditions and the bands were visualized by autoradiography. 
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