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Summary

Background: Given the worldwide epidemic of cardiovascular diseases, a more effective means
of dissolving thrombi that cause heart attacks, could markedly reduce death, disability and
healthcare costs. Plasminogen activators (PAs) such as streptokinase (SK) and tissue plasminogen
activator (TPA) are currently used to dissolve fibrin thrombi. SK is cheaper and more widely
available, but it appears less effective because it lacks TPA’s fibrin-targeted properties that focus
plasminogen activation on the fibrin surface.

Objective: We examined whether re-programming SK’s mechanism of action would create PAs
with greater fibrin-targeting and potency than TPA.

Methods and Results: When fibrinogen consumption was measured in human plasma,
reprogrammed molecules SKA1 and SKA59 were 5-fold and > 119-fold more fibrin-dependent
than SK (P < 0.0001), and 2-fold and > 50-fold more fibrin-dependent than TPA (P < 0.001). The
marked fibrin-targeting of SKA59 was due to the fact that: (i) it did not generate plasmin in
plasma, (ii) it was rapidly inhibited by a2-antiplasmin, and (iii) it only processed fibrin-bound
plasminogen. To assess the fibrin-targeting and therapeutic potential of these PAs in vivo, a novel
‘humanized’ fibrinolysis model was created by reconstituting plasminogen-deficient mice with
human plasminogen. When compared with TPA, SKA1 and SKA59 were 4-fold (P < 0.0001) and
2-fold (P < 0.003) more potent at dissolving blood clots in vivo, respectively, on a mass-dose basis
and 2-3 logs more potent than TPA (P < 0.0001) when doses were calibrated by standard activity
assays.

Conclusion: These experiments suggest that reprogramming SK’s mechanism of action
markedly enhances fibrin-targeting and creates, in comparison with TPA, activators with greater
fibrinolytic potency.
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Introduction

Heart attacks and strokes are the major causes of death and disability worldwide [1]; both
are caused by the occlusion of arteries by a fibrin-containing blood clot. Plasminogen
activators (PASs) trigger the dissolution of these fibrin clots (fibrinolysis), thereby restoring
blood flow and reducing mortality and disability. All PAs catalyze the conversion of
plasminogen (Pg) to the protease plasmin, which digests fibrin to dissolve the clot (Fig. 1).
The two PAs approved by the FDA to treat humans, tissue plasminogen activator (TPA) and
streptokinase (SK), work through markedly different mechanisms [2,3]. TPA is a serine
protease that directly cleaves Pg to plasmin. TPA is considered to be “fibrin-targeted or
specific’ because its catalytic efficiency is markedly enhanced for Pg that is bound to fibrin
in the clot [4,5]. In addition, plasma contains an inhibitor, a,-antiplasmin (a,AP), that
inactivates plasmin and may, to a lesser extent, inhibit TPA, further confining the action of
these proteases to the clot surface [6-8]. In contrast, SK is a fibrin-independent Pg activator.
While SK forms an activator complex with plasmin (SK:plasmin), it also has the unique
ability to form an active protease complex with Pg (SK-Pg*) [9,10]. Both SK-plasmin and
SK:Pg* are potent PAs in the absence of fibrin and are resistant to a,AP, which further
exacerbates the production of plasmin in plasma [11,12]. Treatment with SK degrades
clotting factors such as fibrinogen, activates bradykinin (which lowers blood pressure), and
depletes circulating Pg [13-16]. These side reactions appear to reduce SK’s efficacy as a
clot-dissolving agent in the treatment of heart attack and stroke [17,18].

Two structural elements of the SK molecule may account for its fibrin-independent
mechanism of action in vitro [12,19]. First, the formation of the SK-Pg* requires a salt
bridge between the N-terminal amino group of Ilel from SK and Asp740 of Pg [20-23]. This
interaction mimics the intramolecular salt bridge that forms when Pg is converted to
plasmin. Deletion of llel creates an SK variant (SKA1) that can form a functional activator
complex with plasmin and not Pg; we have shown that this mutation decreases plasmin
formation in plasma by 30-fold (Fig. 1, [20,24]). Active plasmin is typically found only on
the fibrin surface, where it is generated by trace amounts of endogenous TPA [25], and it is
relatively protected from the inhibitory effects of a,AP. Therefore, formation of the active
SKAZ1-plasmin complex, similar to the staphylokinase-plasmin complex [26], may first occur
on fibrin, conferring a degree of fibrin-targeting on Pg activation. Catalytic quantities of the
SKAZ1-plasmin complex will then, much like the staphylokinase-plasmin complex, activate
much larger quantities of Pg that have fibrinolytic potential. However, this initial fibrin-
targeting may be counterbalanced by the anticipated resistance of the SKA1:-plasmin
complex to a»,AP when it dissociates from the fibrin surface.

The alpha domain of SK is required for resistance to a,AP and it also interacts with the
kringle domains of Glu-Pg to induce an open conformation that makes Glu-Pg susceptible to
activation [12,19]. SKA59 lacks the alpha domain and in the presence of Pg alone is several
hundred times less efficient as a PA than SK [12,19]. However, the activity of the
SKA59-plasmin complex is markedly enhanced for unfolded forms of Pg such as Lys-Pg or
Glu-Pg in the presence of fibrin; it is also susceptible to a AP [12,19]. For these reasons
SKA59 may act as a fibrin-specific PA like TPA. We examined whether these targeted
mechanistic changes in SK could produce PAs with fibrin-targeting and potency comparable
with TPA. To permit comparison among these PAs in vivo, we created a novel, humanized
model in genetically modified mice to examine blood clot dissolution. In this model, SKA1
and SKA59 have significantly greater potency than TPA for dissolving clots.
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Materials and methods

Materials

Proteins

Proteins and reagents were obtained from the following suppliers: human fibrinogen, human
a-AP, Calbiochem, Gibbstown, NJ, USA; urokinase and Pg-free human fibrinogen,
American Diagnostica, Stamford, CT, USA; TPA, South San Francisco, CA, USA,
BioResponse, Hayward, CA, USA; human Lys-plasmin, bovine thrombin, and S-2251 (H-o-
valyl--leucyl- . -lysine-p-nitroanilide dihydrochloride), Chromogenix AB, Stockholm,
Sweden; S-2288 (H-o-isoleucyl- . -prolyl- . -arginine-p-nitroanilide dihydrochloride),
Chromogenix AB, Milan, Italy; MUGB (4-methylumbelliferyl p-guanidinobenzoate),
Sigma-Aldrich, St Louis, MO, USA; heparin, EIkins-SINN, Cherry Hill, NJ, USA; pooled
fresh-frozen human plasma, MCG Blood Bank, Augusta, GA, USA; [1251]Nal, NEN-
Dupont, Boston, MA, USA; Lys-Sepharose 4B, Pharmacia Biotech, Uppsala, Sweden.

Pg was purified from human plasma using lysine-Sepharose and was = 95% pure when
analyzed by reducing SDS-PAGE [27]. Active sites were titrated by MUGB [28]. Purified
SKA1, SKA59, micro-Pg, human and mouse a2AP were prepared as described [19,20,29].
Micro-Pg was activated to microplasmin [30]. Radiodinated human fibrinogen (American
Diagnostica) had a specific activity of ~ 2.0 x 108 cpm pg~2 [31]. Soluble fibrin (DD) E
fragment was prepared as described [32].

Steady-state Pg activation

The kinetics of Pg activation by TPA or activator complexes were studied as previously
described [12,33,34]. Initial reaction rates were determined in triplicate from the slopes of
plots of absorbance/time? [34]. Pg activation parameters, Ky, (the apparent Michaelis
constant for the Pg substrate) and kg4 (the catalytic rate constant of activation) for SKA1-
micro-plasmin and SKA59-microplasmin complexes, were calculated as described [33]. An
eIM at 405 nm of 10 000 was employed for p-nitroanilide.

A standard calibration curve for TPA activity (580 000 U mg~1) was generated using the
substrate S-2288 [5].

a2AP inhibition assays

To assess the inhibition of Pg activator complexes by a2AP, human plasmin (12 nv) was
incubated with SK, SKA1 or SKA59 (0-750 nwm) in assay buffer (50 mm Tris—=HCI, 100 mw
NaCl, pH 7.4) for 10 min at 25 °C before human or mouse a,AP (15 nw) was added. S-2251
(0.5 mwm) was added 10 min later, and the change of absorbance was monitored at 405 nm to
determine the residual plasmin activity. To measure the formation of a,-AP-plasmin
complexes in human plasma, TPA (2 or 10 nv), SKA1 (2 or 10 nw), SKA59 (20 or 100 nw) or
SK (2 or 10 nw) were added to human plasma and incubated at 37 °C for 2 h. The reaction
was stopped by aprotinin (2000 KIU mL™1 final). The concentration of a2AP-plasmin
complexes was determined by an ELISA (American Diagnostica Inc.).

Fibrin plate assay

The fibrin plate method [35,36] was used with slight modification. A mixture of human
fibrinogen (2 mg mL™1), human Pg (0.2 mg mL™1), BSA (1 mg mL™1), 1.5% agar and CaCl,
(10 mw) in PBS buffer was clotted with thrombin (1 Unit mL™1), producing a 2-mm fibrin
layer in a Petri dish. After 60 min at 25 °C, PAs (0.01-500 nwm; 3 L) were added to the clot
surface in duplicate. The plate was incubated for 17 h at 37 °C. The area of lysis was
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assessed by measuring the perpendicular diameters of the lysis zone and was plotted vs. PA
concentration.

Turbidimetric clot lysis assay

The fibrinolytic activities of various PAs were measured using a microtiter plate
turbidimetric assay [37]. The time required for 50% loss of turbidity (t1,,) was used as a
measure of fibrinolytic rate.

Assays for determination of fibrinogen and Pg in plasma

The concentration of fibrinogen was determined by the sodium sulfite method [38]. The
concentration of Pg was determined by a synthetic substrate assay, as described [39].

Humanized in vivo model of experimental fibrinolysis in mice

Human plasma (25 L) was mixed with trace amounts of human 125|-fibrinogen and clotted
in PE50 tubing (Clay Adams, PE-50; Becton Dickinson, Sparks, MD, USA) with CaCl, (20
mw) and thrombin (0.1 units) at 37 °C for 60 min. Plasminogen-deficient mice (Pg~/",
B6.129P2-PlgimId/3: Jackson Laboratory, Bar Harbor, ME) weighing 18-26 g were
anesthetized by pentobarbital (IP, 70 mg kg™1). Both internal jugular veins were exposed.
The left vessel was used to embolize the thrombus and supplement human Pg (14 g kg™1);
the right was used for infusion of PA (n = 4 animals/group) and heparin (100 U kg™1).
Control animals (n = 11) were similarly treated only with heparin (100 U kg=1). Two hours
after embolization mice were euthanized. Blood was collected and centrifuged (at 2000 g, 20
min at 4 °C) to obtain plasma that was stored at —80 °C until used. The heart and lungs were
dissected and y-counted to determine the amount of residual thrombus radioactivity. The
amount of lysis was computed using the following equation: percentage of lysis = 100-100
x (embolized clot cpm - residual clot cpm)/(embolized clot cpm). Experiments were
performed according to a protocol approved by the IACUC of the Medical College of
Georgia.

Statistical analysis

All data are expressed as mean + SEM. An unpaired Student’s t-test was used to analyze
comparisons. Dose response curves were analyzed to obtain EC50s for each agent and
compared with PRISM statistical software [40]. A P < 0.05 was considered significant.

Results

Comparisons of fibrin-dependency in human plasma

To determine whether these Pg activators required fibrin for efficient Pg activation, we
examined how much Pg they activated in human plasma, in the absence of a fibrin clot.
Fibrinogen consumption was also measured as a complementary indicator of the amount of
plasmin generated. Despite its reputation as a fibrin-targeted PA, TPA caused 50%
consumption of Pg and fibrinogen at concentrations of 31 and 10 nw, respectively (the
concentration of PA that causes 50% consumption will hereafter be termed EC50; Fig.
2A,B, Table 1). As expected, more Pg and fibrinogen consumption was observed when
plasma was treated with SK (EC50 = 1.8 and 4.2 nw, respectively). SKA1 was 9-fold and 5-
fold more fibrin-dependent than SK in terms of Pg and fibrinogen consumption. SKA59 was
> 278-fold and 119-fold more fibrin dependent than SK in terms of Pg and fibrinogen
consumption. SKA1 displayed a slightly greater fibrin-dependent pattern of fibrinogen
consumption than TPA and a slightly less fibrin-dependent pattern of Pg consumption (Fig.
2; Table 1). Remarkably, SKA59 caused less consumption of Pg and fibrinogen than TPA,
by > 16-fold and 50-fold, respectively (EC50 >> 500 nw, Fig. 2, Table 1).

J Thromb Haemost. Author manuscript; available in PMC 2014 February 03.
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Effect of a,AP on Pg activation in plasma

To determine the mechanistic basis for the improved fibrin-targeted properties of the SK
variants, we investigated the effects of a, AP on PAs and on the process of plasmin
generation in plasma. Previous studies have shown that TPA is inhibited by a2AP in
humans [41]. Plasmin is also inhibited by a,AP in plasma [42], but SK-plasmin is resistant
to a»AP, disabling this control mechanism [11]. The SKA59-plasmin complex was readily
inhibited by both human and mouse a,AP; however, the SKA1-plasmin complex was
resistant to both a,APs, similar to SK-plasmin (Fig. 3A,B). Therefore the susceptibility of
the SKA59-plasmin complex to a, AP may explain the improved fibrin-targeted properties of
SKAS9, but not of SKAL.

If a,AP plays a role in regulating fibrinogen and Pg consumption in plasma, Pg activators
with less fibrin-targeting should generate higher concentrations of a,AP-plasmin
complexes. In human plasma only trace amounts of a,AP-plasmin complexes were detected
at baseline and in the presence of 2 nu TPA or SKA1 (Table 2). Addition of 10 nm TPA or
SKA1 significantly increased the levels of a,AP-plasmin complexes. SK at 2 nm markedly
increased levels of apAP-plasmin complexes and, at a dose of 10 nw, all a,AP was
complexed with plasmin. In contrast, much higher doses of SKA59 (20 and 100 nw) did not
increase levels of apAP-plasmin complexes.

To confirm that a,AP plays a direct role in preventing Pg and fibrinogen consumption in
plasma, we performed experiments in the presence and absence of a monoclonal antibody
that neutralizes a,AP [29]. The a,AP inhibitor increased the consumption of both Pg and
fibrinogen by TPA and SKA1 (Fig. 3B,C). This indicates that a,AP inhibits the generation
of plasmin by both activators in plasma. In addition, a,AP also reduces the consumption of
fibrinogen by complexing with and inhibiting plasmin (Table 2). In contrast, the presence of
an a,AP inhibitor did not increase the consumption of Pg and fibrinogen by SKA59 (Fig.
3B,C) though SKA59-plasmin is susceptible to a,AP. This confirms that SKA59 achieved
fibrin specificity because it did not efficiently produce plasmin in plasma, as indicated by
the lack of Pg or fibrinogen consumption (Fig. 2) or generation of a,AP-plasmin complexes
(Table 2).

Fibrin differentially modulates Pg activation by SKA1, SKA59 and TPA

Fibrin unfolds Glu-Pg by interacting with the kringle domains, inducing an open
conformation that is more susceptible to cleavage by PAs [24,43]. In order to isolate the
effects of fibrin on the Glu-Pg substrate, we compared Pg activation by TPA, with activator
complexes formed by SKA1 and SKA59 with microplasmin, which lacks fibrin-interacting
kringle domains. As previously reported, TPA was a relatively poor activator of Glu-Pg in
the absence of fibrin [4,5]; the addition of fibrin (DD) E fragments increased the apparent
rate of Glu-Pg activation by ~ 9-fold (Fig. 4A). SKA1-microplasmin was an efficient
activator of human Glu-Pg in the absence of fibrin (DD) E fragments. Activation was only
slightly enhanced in the presence of (DD) E (Fig. 4B), largely from a decrease in the Ky
(Table 3). In contrast, SKA59:-microplasmin was a poor activator in the absence of (DD) E,
which precluded accurate kinetic measurements in the absence of (DD) E (Fig. 4C,D; Table
3). However, the presence of (DD) E increased the apparent rate of Pg activation by ~30-
fold.

SKA1 and SKA59 are potent activators in vivo

These experiments suggested that mechanistic changes in the SK molecule had made SKA1
and SKA59 comparable with or better than TPA in terms of fibrin-targeting. To compare the
ability of SKA1, SKA59 and TPA to dissolve blood clots in vivo, we generated a novel
humanized model in mice that simulates human pulmonary embolism. Although human
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TPA and SK have minimal or no activity with mouse Pg, the other molecular components of
the mouse fibrinolytic system (e.g. fibrin, a AP, etc.) are functionally comparable with the
human system [2,44,45]. Therefore fibrinolysis experiments were performed in Pg-deficient
(Pg~'") mice that, after supplementation with human Glu-Pg, achieved physiologic levels of
this zymogen (2.2 pw). The baseline rate of lysis of the pulmonary clots in the absence of
PAs was 43% = 3% (n = 11), which is comparable with the lysis reported in similar studies
(Fig. 5A, [46]). The doses that caused 50% lysis of thromboemboli in vivo (EC50, pmoles
g~1) for SKA1 (0.65, P < 0.0001), SKA59 (1.45, P < 0.003) and SK (0.35, P < 0.0001) were
significantly lower than for TPA (2.7). In other words the fibrinolytic potency of SKA1 was
4.1-fold higher, the potency of SKA59 was 1.9-fold higher, and the potency of SK was 7.7-
fold higher than TPA (Fig. 5A).

In classic studies, the dose of PAs is determined not simply by mass alone, but by
calibration of the PA’s fibrinolytic activity. To be sure that assay-specific conditions did not
differentially affect the function of the PAs, we used two different established fibrinolytic
methods: clot turbidity and fibrin plate assays [35-37,47]. When dose response curves were
constructed based on the activity of the PAs in clot turbidity assays (Fig. 5B) or the fibrin
plate assay (Fig. 5C), the EC50s for TPA were the same as expected. However, the EC50s
for SKAL1 for these two methods (0.43 vs. 0.69, respectively) were 318-159-fold lower than
TPA (P < 0.0001). For comparison, the EC50s for SKA59 (0.97 vs. 0.06, respectively) were
140-1800-fold lower than TPA (P < 0.0001). Lastly, the EC50s for SK (61 vs. 0.93,
respectively) were 2.2—-120-fold lower than TPA (P < 0.0001). Thus, using these methods of
calibration, the fibrin-dependent SKs (SKA1 and SKA59) were between 2-3 logs more
potent than TPA and significantly more potent than SK (P < 0.01).

SKA1, SKA59 are fibrin-specific in vivo

The fibrin-dependency of PAs is indicated by how readily they activate Pg in human plasma
in the absence of fibrin. We examined the depletion of Pg in vivo for all PAs (Fig. 5D-F).
SK induced complete Pg consumption (Fig. 5F). Modest Pg consumption was seen only
with the highest doses of SKA1 (Fig. 5E). At the fibrinolytic doses tested, neither TPA nor
SKAS9 showed significant Pg depletion (Fig. 5D).

Discussion

The terms fibrin-specificity, fibrin-dependency or fibrin-targeting have been used to
describe the tendency of PAs to selectively activate fibrin-bound Pg in preference to
circulating Pg in the blood. TPA is considered the prototypical, fibrin-targeted agent
because its catalytic activity is enhanced in the presence of fibrin (Fig. 4A and [4,5]). Still,
at therapeutic concentrations in humans, TPA activates circulating Pg and degrades
fibrinogen [48]. In contrast, SK is considered the prototypical, fibrin-independent agent
because it rapidly generates plasmin in the blood at sites distant from fibrin clots. This
fibrin-independent action accelerates bradykinin production (which can lower blood
pressure), leads to extensive proteolysis of fibrinogen [16] and reduces fibrin clot lysis by
depleting Pg [49,50]. Recent studies have linked structural elements in the SK molecule to
the mechanisms responsible for SK’s fibrin-independent mode of Pg activation
[12,20,21,24]. This report provides the first evidence in vivo that targeted changes in the
mechanism of action of SK yield PAs that are more potent and fibrin-targeted than TPA.

Studies of PAs in human plasma in vitro yield valuable mechanistic insights, but it is
impossible to model the factors (blood flow, etc.) that may affect the efficacy and targeting
of PAs in vivo, for example, when used as therapy in humans. More than 20 studies have
examined how structural alterations in SK affect Pg activation, but only a few have
examined the effects on fibrinolysis in vitro [12,19,23,51] and none have examined it in
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vivo. The challenge in constructing an in vivo model for comparing human TPA and SK was
that both activators are minimally reactive with mouse Pg and they are variably reactive
with other non-human Pgs [44,51-53]. Fortunately, other components of the mouse
fibrinolytic system (e.g. apAP) appear to react normally with human Pg, plasmin [44].
Therefore, to create a “humanized’ model of thrombosis, we examined the lysis of human
clots in Pg~/~ mice supplemented with physiologic levels of human Pg. Pg-deficient (Pg~")
mice were selected to avoid the potential confounding effects of the mouse Pg on the results
[54]. This model simulates human thrombosis (pulmonary thromboembolism) and provides
a reproducible system for comparing the activity of PAs on human Pg in vivo. Although
these experiments do not assess the potential safety of PAs, with further modifications this
system may prove useful for simultaneously estimating the risks of PAs, as well as their
fibrinolytic properties.

A key mechanism responsible for the fibrin-independent action of SK is the ability of SK to
non-proteolytically activate Pg to form a functional SK-Pg* (Fig. 1). Deletion of the amino-
terminal llel (to form SKAL) allowed us to assess the contribution of this mechanism to
fibrin-targeting. In human plasma, SKA1 displayed fibrin-dependency that was roughly
comparable with TPA (Fig. 2). However, the fibrin-targeting of both SKA1 and TPA was
incomplete because higher doses of these agents caused significant fibrinogen and Pg
consumption (Fig. 2). Thus both SKA1 and TPA are capable of directly activating non-fibrin
bound Pg. In addition, the fibrin-targeting of both agents was reduced in the presence of
a2AP inhibitors (Fig. 3A,B). For TPA these results may be due to two mechanisms. First,
plasmin generated in plasma by TPA is normally rapidly inhibited by a,AP, making TPA
appear more fibrin-targeted. Second, although a,AP is not an important inhibitor of TPA
under physiologic conditions, when it is given at therapeutic doses, significant amounts of
TPA-a,AP complexes are detected in humans [41]. Thus, in addition to its major inhibitor,
Pg activator inhibitor-1, a,AP restricts the activity of TPA in plasma. The incomplete fibrin-
targeting of SKA1 indicates that SKA1-plasmin does form in plasma and that it generates
free plasmin that can proteolyze fibrinogen. Although a,AP can t efficiently inhibit
SKA1-plasmin (Fig. 3A), we propose that a,AP reduces the amount of free plasmin
available for complex formation with SKA1. Through these mechanisms, a,AP contributes
to the fibrin-targeting of SKAL.

Two key mechanisms contribute to the fibrin-independent action of SK: (i) the resistance of
the SK-plasmin complex to a»AP and (ii) the ability of SK-plasmin to efficiently activate
Glu-Pg in the absence of fibrin. Truncation of the alpha domain to form SKA59 results in the
loss of both mechanisms [12,19]. The SKA59-plasmin complex was also susceptible to
inhibition by a,AP (Fig. 3A). Still this was not the major mechanism responsible for the
high fibrin-targeting of SKA59, because inhibition of a,AP did not affect plasminogen or
fibrinogen consumption by this molecule (Fig. 4-A,B). Instead, one explanation for the
extraordinary fibrin-targeting of SKA59 may be its high selectivity for fibrin-bound (Fig. 4)
or unfolded Pg substrate [12]. Previous studies have shown that the catalytic activity of the
SKAS59 activator complex is markedly enhanced for Lys-Pg [12] and for unfolded forms of
Pg that occur after binding to fibrin, in the presence of EACA and in buffers lacking
chloride ion [12,19]). These marked increases in the activity of SKA59 provide plausible
explanations for its fibrinolytic efficacy and specificity. In vivo, SKA59 was a more potent
fibrinolytic agent than TPA and displayed significantly greater fibrin-targeting.
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Fig. 1.

Schema of Pg activation by different PAs. (A) Schematic structure of SK, SKA1 and SKA59.
(B) The activation of Pg to plasmin in solution (top) and on the fibrin surface (bottom) is
shown. The amino acids involved in non-proteolytic activation of Pg by SK (SK isoleucine 1
(lle 1), Pg aspartic acid 740 (Asp 740)) and the proteolytic generation of plasmin by other
PAs (Pg valine 562 (Val 562) and Pg Asp 740) are indicated. Arrows with solid lines
indicate known activity; arrows with dashed lines indicate potential activity.
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Fig. 2.

Effect of PAs on Pg and fibrinogen consumption in human plasma. PAs (0-500 nv) TPA
(®), SKA1L (A), SKA59 (O) or SK (a) were added to human plasma and incubated at 37 °C
for 2 h. The residual Pg concentration (A) was determined by a synthetic substrate assay
(Materials and methods). The residual fibrinogen concentration (B) was determined by
precipitation with sodium sulfite. The means £ SEM are shown.
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Fig. 3.

Effect of a,AP on the activity and fibrin-targeting of SKA1-plasmin, SKA59-plasmin and
SK:-plasmin. Resistance to inhibition by human (A) or mouse (B) a2AP. SKA1, SKA59 or
SK (0-750 nw) were preincubated with human plasmin (12 nm) in 50 mm Tris=HCI, 100 mwu
NaCl, pH 7.4, for 10 min at 25 °C prior to addition of ay-AP (15 nw). After 10 min, residual
plasmin activity was measured at 37 °C. (C,D) Effect of a,AP neutralization on Pg (C) and
fibrinogen (D) consumption in human plasma treated with PAs. TPA (15 nw), SKA1 (15 nw)
or SKA59 (100 nw) was added to human plasma with (filled bars) or without (clear bars) an
antibody inhibitor of a,AP [1 pw, (26)] for 2 h at 37 °C. Residual Pg and fibrinogen
concentrations were determined as described above. The means + SEM are shown. *P <
0.05; **P < 0.01, NS- not significant.
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Fig. 4.

Influence of fibrin on Pg activation by TPA, SKA1-microplasmin and SKA59-microplasmin.
Pg (1000 nv) was added to a microtiter plate containing S-2251 (0.5 mwm) with or without 2
uwm of soluble (DD) E fragment in assay buffer at 37 °C. After 10 min Pg activation was
initiated by t-PA (A; 5 nu), SKA1-microplasmin (B; 5 nw) or SKA59-microplasmin (C; 20
nu) and detected by the change in absorbance at 405 nm. (D) The ratio between the initial
rates of Pg activation in the presence of fibrin (DD) E fragments vs. no fibrin. The initial
reaction rates were obtained by plotting V = Aggspm min~2.
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Fig. 5.

Potency and fibrin-dependency of clot dissolution by TPA, SKA1 and SKA59 in vivo. The
dissolution of clots (fibrinolysis) in vivo is plotted vs. Pg activator dose in nanomoles per
gram mouse weight (A), or units gram mouse weight calibrated by turbidimetric clot lysis
method (B), or the fibrin plate method (C). After embolization of a 125I-labeled human clot
into the lungs of anesthetized Pg-deficient mice, human Pg (14 g kg~1) was administrated
via the left jugular vein. Then TPA (@), SKAL (A), SKA59 (O) or SK (A) was injected via
the right jugular vein (N = 4 mice per dose). The amount of lysis was measured after 2 h and
computed as described in Materials and methods. Pg consumption in vivo by SKA59 (C, D),
SKA1 (A, E) or SK (A, F) was compared with TPA (#) vs. the fibrinolysis induced by these
agents. The means £ SEM are shown.
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Table 1

Pg and fibrinogen consumption in human plasma

Fibrinogen
Pg consumption  consumption
PA (EC50 nw) (EC50 nm)
TPA 311+11 101+£11
SK 18+12 42+11"
SKAL 16.8+1.0" 211+11"
SKAS9  >500* T >500" T

*
P < 0.001 when compared with TPA.

TThe calculated EC50 exceeded the highest doses tested.
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Table 2

Effect of Pg activators on the generation of a,AP-plasmin complexes in human plasma

Pg activator None TPA SKA1 SK TPA SKA1 SK SKA59 SKA59

Concentration (nm) 0 2 2 2 10 10 10 20 100

aAP-plasmin (ugmL™)  09+06 15+10 1302 626+204 152+06 11569 >110° 1.0+00 09%0.7

aAP-plasmin (%) 08+05 14+09 12+02 569+186 138+05 105+6.3 100° 0.9+0.1 0.8+06

*
The plasma sample was fully activated and all a2 AP was complexed.
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Table 3
Effect of fibrin (DD) E fragments on Pg activation by SKA1 and SKA59

Keat Min~t Km NM Keat/Km pm~t min~t
PA -(DD)E  +(DD)E -(DD)E +(DD)E -(DD)E +(DD)E
SKAl  46+06 49+04 320+70 9620 143 51.0
SKA59  NA* 0300 NA" 40070 NA® 0.7
skl 20.0£1.8 21.7+0.8 458+7 3542 436 61.3
pal 16201 38+01 331%27 122+14 48 315

*
NA, no significant activity.

TAs reported [54].
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