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Streptokinase (SK) is an efficacious thrombolytic
drug for the treatment of myocardial infarction. Be-
cause of its immunogenicity, patients receiving SK
therapy develop high anti-SK antibody (Ab) titers,
which might provoke severe allergic reactions and
neutralize SK activity. In this report we studied the
reactivity of a synthetic 42-residue peptide resembling
SKC-2 C-terminus with patient sera. SKC-2(373-414)
peptide was recognized by 39 and 64% of patients,
before and after SKC-2 therapy, respectively. An
SKC-2 deletion mutant (mut-C42), lacking the same 42
C-terminal residues, was constructed and expressed in
Escherichia coli. Recognition of mut-C42 by preexist-
ing Abs from patient sera was 51 and 68% of reactivity
to SKC-2, as assessed by direct binding and competi-
tion assays, respectively. For most of the patients,
mut-C42-neutralizing activity titer (NAT) significantly
decreased with respect to SKC-2-NAT. This study
opens the possibility of producing a less immunogenic
variant of SK, which could constitute a preferred al-
ternative for thrombolytic therapy. o 1999 Academic Press

Streptokinase (SK) is a 47-kDa protein produced by
various strains of haemolytic streptococci and is a
potent activator of the fibrinolytic enzyme system in
humans (1, 2). SK binds to both circulating and
thrombus-bound plasminogen (Plg) to form the SK-Plg
activator complex. This complex activates other Plg
molecules by cleaving a peptide bound in Plg, to form
plasmin (PI), an active enzyme that degrades the fibrin
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component of thrombi (3). SK is in widespread clinical
use to treat acute infarction because of its function as
an activator of vascular fibrinolysis, wherein it has
been demonstrated to be virtually as efficacious as its
more expensive alternatives, namely urokinase and
tissue-type Plg activator (4).

SK is a bacterial protein and therefore, antigenic in
humans. Since streptococcal infections are common,
normal individuals are immunized with SK and anti-
bodies (Abs) to SK can be detected in most of them (2).
Patients receiving SK as thrombolytic therapy are also
immunized with SK, and anti-SK Abs begin to rise
approximately five days after administration, peaking
in several weeks and declining by six months (5). This
therapy generates significant T-cell responses to SK
(6-9) and the neutralizing capacity of the Abs rise
significantly (10-15). Neutralizing Abs reduce the ef-
ficiency of thrombolytic therapy (16) and may cause
allergic reactions including fever, rash, nausea, im-
mune complex disease and anaphylactic shock in up to
20% of the patients (17-20).

The widespread use of SK in humans makes its
antigenicity an important clinical problem. The recent
publication of X-ray crystallographic data of SK-PI
catalytic complex (21) permits the analysis of SK
antigenic regions elucidated by complementary ap-
proaches. Previous reports have shown five antigenic
regions in SK, mapped with soluble recombinant SK
fragments and anti-SK Abs from human sera from
patients treated with SK (15). They comprise amino
acids 1-13, 1-253, 120-352 (containing two distinct,
non-overlapping epitopes) and 353—414.

The skc-2 gene was cloned from Streptococcus equi-
similis group C ATCC 9542 (22). The nucleotide se-
quence differs from previously reported genes, and con-
tains five differences at the amino acid level with
respect to the reported SKC protein (23): residues Ser-
71, Asn-210, Arg-244, Arg-253 and Asp-303, in SKC
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are changed to Pro, Thr, His, Glu and Asn respectively
in SKC-2. Heberkinase (Heber Biotec SA, Havana,
Cuba) contains a recombinant SKC-2 obtained after
the expression of the skc-2 gene in E. coli (22). A study
has been recently reported comparing Heberkinase
and natural SK (Streptase, Hoechts, Germany) with
respect to their immunogenicity in a randomized trial
including acute myocardial infarction patients (24).
Both, recombinant and natural SKs, induced similar
Ab levels, as measured by enzyme-linked immunoas-
say and neutralizing activity assay. These results sug-
gest that the difference in five amino acids between
both molecules does not result in changes in immuno-
genicity.

In a previous study, we mapped the antigenic re-
gions (linear epitopes) located on SKC-2, using
cellulose-bound peptide scans and human total sera
from patients treated with Heberkinase. As a result we
obtained that C-terminal region 380—409, among other
fragments, is notably immunodominant (25). We have
also reported that around 30% from 1008 normal blood
donors recognized a synthetic peptide resembling amino
acids 373-414 from SKC-2 C-terminal region (26).

Previous results suggest that the C-terminal region
of SK might play an important role in Plg activation.
C-terminal deletions of 40 (27) and 41 residues (28)
have no effect on Plg activation activity. However, SK
truncated with 46 amino acids has about one-forth of
the specific activity (28).

Results on the immunodominance of SK C-terminus
(15, 25, 26) and evidence on the role of this region in
Plg activation (27, 28) led us to: (a) the study of the
reactivity of SKC-2(373-414) peptide with sera from
acute myocardial infarction patients before and after
Heberkinase therapy; and (b) the genetic construction
and immunological characterization of an SKC-2 mu-
tant protein (mut-C42), lacking the same 42 C-ter-
minal residues.

MATERIALS AND METHODS

Titration of human sera by anti-SKC-2 ELISA. Human total
serum from 64 Cuban patients with myocardial infarction was col-
lected before and ten days after Heberkinase (Heber Biotec S.A,,
Havana, Cuba) therapy. All patients received intravenous SKC-2
(1.5 million units over 1 h) to treat the acute myocardial infarction.
No patient had previously been treated with SK. Polyvinyl plates
(Costar, Cambridge, Massachusetts) were coated with 10ug/ml
SKC-2 in coating buffer (0.1 M Na,CO3;, 0.1 M NaHCOs, pH 9.6), and
incubated overnight at 4°C. Then, plates were washed three times
with 0.05% Tween 20 in phosphate buffered saline (PBS-Tween).
One hundred pl of serial dilutions of each human serum (1:5-1:
2621440, two-fold dilutions in PBS-Tween containing 3% skim milk)
were added. After incubation for 1 h at 37°C, the binding of human
anti-SKC-2 Abs was measured using a horseradish peroxidase-
conjugated anti-human Ab (Sigma). The reaction was developed
using 100 ul per well of 1 mg/ml o-phenylenediamine (Sigma), 0.03%
H,O, in substrate buffer (0.1 M citric acid, 0.2 M Na,HPO,, pH 5.0).
After 30 min, the reaction was stopped with 50 ul of 4 M H,SO,.
Results were measured on a Multiskan system (Titertek, Helsinki,
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Finland) at 492 nm. The anti-SKC-2 Ab titer was determined as the
maximal dilution in which positive signal was obtained. Positive
signal was considered when the value was at least two-fold the
background.

Anti-SKC-2(373-414) peptide ELISA. A peptide corresponding to
the sequence 373-414 of SKC-2 was synthesized. Plates were coated
with 1 pg/ml SKC-2(373-414) peptide, and incubated overnight at
4°C. After washing three times with PBS-Tween, plates were blocked
using 2% bovine serum albumin (BSA) (Sigma), and 100 ul of 1:50
dilution of each human serum were added. The binding of human
Abs to SKC-2(373-414) peptide was measured using a horseradish
peroxidase-conjugated anti-human Ab (Sigma). The reaction was
developed and stopped as described above. Each sample was tested
by duplicated. Positiveness was considered when sample was at least
two-fold the background.

SKC-2(373-414) direct binding assay. Experimental conditions
were determined by titration of samples against native SKC-2 and
SKC-2(373-414) peptide in order to select those dilution conditions
(dIn.1 for SKC-2(373—-414) and dIn.2 for SKC-2) in which there is not
excess of Ab directed to each molecule.

Plates were divided in two sections and coated with 10 pg/ml SKC-2
and 1 ug/ml SKC-2(373—-414) peptide, respectively. After washing three
times with PBS-Tween, plates were blocked with 2% BSA. One hundred
wl of human sera collected from 21 patients ten days after Heberkinase
therapy were added at previously determined optimal dilutions. After
incubation for 1 h at 37°C, the binding of human anti-SKC-2 Abs to
molecules on solid phase was measured using a horseradish peroxidase-
conjugated anti-human Ab (Sigma). The reactions were developed and
stopped as described above. Each sample was tested by duplicated.
Percent direct binding of human anti-SKC-2 Abs to SKC-2(373-414)
peptide was determined from the formula

(Absorbance binding to SKC-2(373—-414)) X dIn.1

100 x (Absorbance binding to SKC-2) X dIn.2

Cloning of SK-truncated fragment. Truncated portion of the
skc-2 gene (1245 nucleotides) was generated from the plasmid
pEKG-3 (22) using polymerase chain reaction (PCR) employing the
upstream specific primer (5'-GGAATTCATGATTGCTGGACCTGA-
GTGGC-3') and specific internal primer that hybridize to the nucle-
otides 1092-1119 (5'-CGATATCTCGCTTGCCCATATAAACGG-3').
The amplified DNA sequence corresponding to truncated skc-2 frag-
ment (nucleotides 1-1119) was digested with EcoRIl and EcoRV and
inserted into the expression vector pTrp (29) digested EcoRI and
EcoRV, containing a 6xHis-affinity tag the very strong and regulable
tryptophan promoter. The resulting plasmid was designated as pMCS8.

Growth conditions and induction of tryptophan promoter. The
recombinant protein mut-C42 was studied using 5L fermentors
(Marubishi B.E, Japan). Induction of the tryptophan promoter was
carried out in E. coli K-12 strain W3110 (F~, mcrA, mcrB in (rrnD-
rrnE)) as previously described (29) in a medium M9 containing, 1%
triptone, 0.5% yeast extract, 2% glycerol, 100 png/ml ampicillin, pH
7.0. Bacteria were grown at 37°C and 200 rpm. mut-C42 maximal
expression level was obtained after 24 h culture.

Purification of mut-C42. Cells were harvested by centrifugation
and disrupted by French Press. The supernatant was two fold di-
luted in 20 mM Tris-HCI, 500 mM NaCl, 40 mM imidazole, pH 7.0
and then chromatographed at a rate of 2 ml/min through a 10 ml
IDA-Sepharose column (Pharmacia, Sweden) charged with Cu®",
equilibrated with the same buffer containing 20 mM Imidazole (30).
Elution was done with 20 mM Tris-HCI, 250 mM NacCl, 200 mM
imidazole, pH 7.0. This protein eluate was passed at a rate of 4
ml/min over a 130 ml Sephadex G-25 column (Pharmacia, Sweden)
previously equilibrated with 20 mM Tris-HCI, pH 8.0. The protein
eluate from the filtration column was chromatographed at a rate of
3 ml/min through a 1 ml Resource Q column (Pharmacia, Sweden)
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equilibrated with 20 mM Tris-HCI, pH 8.0. After the column was
washed with the equilibration buffer, the elution was done by a NaCl
gradient from 0 to 0.1 M in 5 ml, then from 0.1 M to 0.27 M in 35 ml,
and finally from 0.27 M to 0.1 M in 5 ml. mut-C42 was collected
between 0.1-0.15 M NacCl.

SDS-PAGE and Western blot analysis. SDS-PAGE and Western
blot analysis were carried out as previously described (31, 32). For
Western blot analysis, purified materials of SKC-2 and mut-C42 were
tested using a rabbit anti-SK polyclonal antiserum (CIGB, Cuba).

Determination of mut-C42 amidolytic activity. The amidolytic
activity of SK was determined by the chromogenic substrate (S-2251)
assay (33).

mut-C42 direct binding assay. Plates were divided in two sections
and coated with 10 ug/ml of full length SKC-2 and deletion mutant
mut-C42, respectively. Then, plates were washed three times with
PBS-Tween. One hundred ul of human sera collected from eight pa-
tients ten days after Heberkinase therapy were added at a previously
determined optimal dilution. Samples were diluted according to the
predetermined anti-SKC-2 Ab titers. For serawith 5 X 10°, 10° and 5 X
10* Ab titers, dilutions were of 1:3.2 X 10% 1:1.6 X 10* and 1:2 X 10°,
respectively. After incubation for 1 h at 37°C, the binding of human
anti-SKC-2 Abs to molecules on solid phase was measured using a
horseradish peroxidase-conjugated anti-human Ab (Sigma). The reac-
tion was developed and stopped as described above. Each sample was
tested by duplicated. Percent direct binding of human anti-SKC-2 Abs
to deletion mutant mut-C42 was determined from the formula

100 X (Absorbance binding to mut-C42)/
(Absorbance binding to SKC-2).

Competition assay. Plates were coated with 5 pug/ml of goat anti-
human Abs in coating buffer. After washing three times with PBS-
Tween, plates were blocked using 2% BSA (Sigma). One hundred ul of
human sera collected from eight patients ten days after Heberkinase
therapy were added at a previously determined optimal dilution. Sam-
ples were diluted according to the predetermined anti-SKC-2 Ab titers.
For serawith 5 X 10°, 10° and 5 X 10* Ab titers, dilutions were of 1:10%,
1:5 X 10° and 1:10°, respectively. This way, human anti-SKC-2 Abs
were immobilized on the coated plates. After washing, 100 ul of a
solution of 1 ug/ml of biotinylated SKC-2 mixed with different concen-
trations of non-labeled full length SKC-2 or deletion mutant mut-C42
(4—0.25 pg/ml, two-fold dilutions) were added. The binding of biotinyl-
ated SKC-2 to human anti-SKC-2 Abs, after competition with non-
labeled molecules, was measured using a horseradish peroxidase-
conjugated streptavidin. The reaction was developed and stopped as
described above. The effective dose 50% (ED50) values for mutant and
native proteins were determined from plots of absorbance versus con-
centration of non-labeled molecules using a Probit transformation.

SKC-2- and mut-C42-neutralizing activity in patient sera. The
chromogenic substrate (S-2251) reaction was performed in polyvinyl
plates (Costar, Cambridge, Massachusetts, U.S.A.). Serial dilutions of
SKC-2 and mut-C42 (128-2 IU, two-fold dilutions in 20 mM Tris-HCI
pH 8, 0.5 M NaCl) were prepared in a volume of 25 ul. Curves were
mixed with 25 ul of 1:10 dilutions of each patient serum, and a negative
control consisting of a human serum having low anti-SKC-2 Ab titer
and preabsorbed with SKC-2. Fifty ul of 25 pg/ml human Plg were
added and allowed to mix for 10 min at room temperature. The reaction
was developed by addition of 50 wul of chromogenic substrate S-2251
(Chromogenix, Antwerp, Belgium). After incubation for 30 min, the
reaction was stopped with 25 ul of 20% acetic acid. Results were mea-
sured on a Multiskan system (Titertek, Helsinki, Finland) at 405 nm.
The activity of SKC-2 required to obtain an absorbance of 0.7 was
determined from plots of absorbance versus activity. The neutralizing
activity titer (NAT) was determined as the difference between the
tested serum and the negative control and was expressed as micro-
grams of protein neutralized per milliliter of tested serum.
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TABLE 1

Percentage Ab Binding of Patient Sera to Peptide
SKC-2(373-414)

Patient % Direct binding
01 2.67
11 0.14
12 291
13 1.39
20 0.71
24 0.27
28 2.69
30 1.37
31 0.63
32 0.33
33 9.54
34 2.65
41 0.63
45 10.68
50 0.74
52 2.40
53 0.29
54 10.00
55 3.22
66 2.89
67 5.99
Mean 2.96
St. dev. 3.30

Note. Percentage direct binding to SKC-2(373-414) was deduced
from the formula

(Absorbance binding to SKC-2(373-414)) X dInl
(Absorbance binding to SKC-2) X dIn2

100 X

where dInl is serum dilution in which there is no excess of Abs against
SKC-2(373-414) peptide on solid phase, and dIn2 is serum dilution in
which there is no excess of Abs against SKC-2 on solid phase.

Statistical analysis. The Student’s t test for paired values was
used to evaluate the statistical significance of differences between
SKC-2 and mut-C42 results in direct binding, competition and neu-
tralizing activity assays.

RESULTS

Human total sera collected from 64 patients in dif-
ferent hospitals in Havana, Cuba, before and ten days
after Heberkinase therapy were tested in an anti-
SKC-2 ELISA. Samples before therapy showed anti-
SKC-2 Ab titers between 1:10 and 1:10*, while after
therapy Ab titer range increased to 1:10°-1:5 X 10°.
These samples were assayed in an anti-SKC-2(373—
414) peptide ELISA in order to asses the increased
recognition rate for SKC-2 C-terminus in patient sera
after therapy with respect to samples collected before
treatment. Before therapy, 39% of patients recognized
SKC-2(373-414) peptide, and the recognition in-
creased to 64% after therapy. This increase was not
only due to a larger number of positive samples, but
also to higher intensity of these positive signals.
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FIG. 1. Construction of expression plasmid with truncated frag-
ment of the skc-2 gene (pMCB8). The PCR-amplified fragment was
digested with EcoRIl and EcoRV and ligated with the vector pTrp
previously digested with EcoRI and EcoRV.

In order to asses the proportion of this anti-SKC-
2(373—-414) recognition with respect to the total anti-
SKC-2 Ab response, we performed a direct binding
assay with patient sera obtained after Heberkinase
therapy. Percent Ab binding to SKC-2(373-414)
ranged between 0.14 and 10.68% with respect to anti-
SKC-2 Ab recognition (Table 1). The mean value from
21 samples was 2.96% (St. dev. = 3.30).

The truncated fragment of the skc-2 gene was gen-
erated by PCR from the plasmid pEKG-3 (22). The 5’
amplification primer introduced an ATG codon for
translation initiation in E. coli. The amplified fragment
was inserted into the expression vector pTrp (29) con-
taining a 6xHis-affinity tag at the 3’ end (Fig. 1) that
provides a simple method for rapid protein purification
(30). Three clones were checked by DNA sequencing to
exclude PCR mutations. No differences were found be-
tween their nucleotide sequences, which matched that
of the skc-2 gene. The pMC8 expression vector, con-
taining the truncated portion of skc-2 with a 6xHis-
affinity tag at the C-terminus was introduced into the
E. coli K-12 strain W3110 for expression. The trypto-
phan promoter was induced as described under Mate-
rials and Methods, and maximal protein expression
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(mut-C42) was obtained after 24 h. mut-C42 was found
in the soluble fraction of the cell cytosol and consti-
tuted 10% of total cell protein. mut-C42 was purified by
Cu®"-IDA chromatography, gel filtration and ion ex-
change steps that yielded a pure product (95% as as-
sessed by SDS-PAGE and Western blot) with high
recovery (Fig. 2). This material was sterilized by filtra-
tion through a 0.22-um Millipore filter. The specific
activity of mut-C42 was determined by the chromo-
genic substrate assay (33) and was similar to that of
the native protein SKC-2 (22).

A direct binding assay was performed in order to
compare the new mut-C42 mutant with native SKC-2
protein regarding their capacity for binding human
anti-SKC-2 Abs present in sera from patients after
SKC-2 therapy. All eight tested sera showed a similar
binding pattern (Fig. 3). As it was expected, binding
of human anti-SKC-2 Abs to mut-C42 was 50.73%
(St. dev. = 3.82) of their binding to native SKC-2 (P =
1.52 x 1079).

Similar results were obtained from the same eight
samples using a competition assay in which both, na-
tive and mutant proteins competed with a biotinylated
SKC-2 for binding human anti-SKC-2 Abs. Results are
shown in Fig. 4. ED50 values for mut-C42 were in all
cases higher than those for SKC-2. Mean values for
SKC-2 and mut-C42 were 0.26 upg/ml (St. dev. = 0.10)
and 0.41 pg/ml (St. dev. = 0.18), respectively (P =
0.004). We expressed mut-C42 ED50 values in terms

A
1 2 3
e ——
-
B
1 2
| —
- - ,
= &2
-
.

FIG. 2. Analysis of purified SKC-2 and mut-C42 proteins. Com-
masie blue-stained SDS-15% polyacrylamide gel. Lane 1: Low mo-
lecular weight marker (Amerscham Pharmacia Biotech), phosphor-
ylase: 94,000 Da, albumin: 67,000 Da, ovalbumin: 43,000 Da,
carbonic anhydrase: 30,000 Da, trypsin inhibitor: 20,100 Da, «-Lact-
albumin: 14,400 Da. Lane 2: SKC-2 (3 ng). Lane 3: mut-C42 (3 ug).
(B) Western blot analysis of purified material developed with an
anti-SK polyclonal antiserum. Lane 1: mut-C42 (2 pg). Lane 2:
SKC-2 (2 pg).
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FIG. 3. Percentage Ab binding of patient sera to mut-C42. Anti-
SKC-2 Abs from patient sera reacted with SKC-2 and mut-C42 on
solid phase. Percentage direct binding of human anti-SKC-2 Abs to
mutant protein was determined from the formula

100 X (Absorbance binding to mut-C42)/
(Absorbance binding to SKC-2).

of percent with respect to SKC-2. Binding of mut-C42
to human anti-SKC-2 Abs was 67.57% (St. dev. =
13.47) of reactivity of native SKC-2 (P = 0.0001).

The neutralizing activity titers (NAT) against mut-
C42 mutant and native SKC-2 proteins were deter-
mined for 15 patients, ten days after Heberkinase ther-
apy. SKC-2-NAT values ranged between 2.59 and
428.27 ng of SKC-2 neutralized per mL of tested se-
rum, while mut-C42-NAT ranged between 0 and
277.24 pg of mut-C42 neutralized per ml of tested
serum (Fig. 5). For most of the individuals mut-C42-
NAT decreased with respect to SKC-2-NAT, ranging
from 30 to 91% of the native protein value (P =
0.0013).

DISCUSSION

Although immunogenicity has not constituted an in-
surmountable obstacle for the use of streptokinase, it
clearly hampers its unrestricted use and precludes its
repeated administration.

The present study is based on evidences about the
immunological significance of the C-terminal region of
SK, obtained from previous studies using soluble re-
combinant SK fragments (15), a spot-synthesized
SKC-2 peptide library (25) and a synthetic peptide
resembling SKC-2 C-terminal region, used for testing
sera from normal blood donors by Ultra-Micro-ELISA
(26) as well as previous reports on the SK C-terminus
role in Plg activation (27, 28).

We studied the immunoreactivity of a synthetic 42-
residue peptideresembling amino acids 373-414 of
SKC-2 C-terminus using a panel of sera collected from
patients before and ten days after Heberkinase ther-
apy. SKC-2(373-414) peptide was recognized by 39% of
patients before therapy. The presence of anti-SK Ab
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FIG. 4. Competition assay of native SKC-2 and mutant mut-C42
proteins using anti-SKC-2 Abs from patient sera. SKC-2 and mut-
C42 competed with a biotinylated SKC-2 for binding human anti-
SKC-2 Abs immovilized on coated plates. ED50 values were deter-
mined from plots of absorbance versus concentration of nonlabeled
molecules, using a Probit transformation.

titers in individuals not yet exposed to SK therapy is in
agreement with previous reports (2, 26). This response
is a consequence of common streptococcal infections
occurring among general population. Unless such in-
fections occurred short before SK therapy, anti-SK Ab
titers are not very high. Therefore, the recognition of
the peptide by 39% of individuals confirm a significant
immunodominance for the studied region. As it was
expected, recognition increased to 64% after therapy
due to the booster effect associated to the administered
SKC-2 dose. This is also in agreement with previous
studies reporting increased anti-SK Ab levels in pa-
tients receiving SK therapy (5, 15). Post-therapy anti
SKC-2(373-414) recognition was about 3%, as a mean
value, with respect to total anti SKC-2 Ab response.
Although individual variations in percent binding to
SKC-2(373-414) were observed, there is an evident
direction in immune response towards SKC-terminal
region. Particular differences may be a consequence of
individual variation in immune response to SKC-2. We
decided to construct an SKC-2 deletion mutant lacking

400 | B o
oskc2 |
350 |mmut-caz |
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250+
20047
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100 7

ug of protein neutralized / mL of serum

50 1

A P Vi k. R A R/ b/
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0

FIG. 5. Neutralizing activity titer (NAT) of patient sera against
mut-C42 mutant and native SKC-2 proteins.
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the 42 C-terminal residues. This mutant (mut-C42)
was subjected to evaluation of its reactivity in vitro
using human sera collected from patients ten days
after SKC-2 therapy. All tested sera showed similar
binding patterns in a direct binding assay comparing
mut-C42 with native SKC-2. According to this ap-
proach, approximately 51% of human anti SKC-2 Abs
bound to mut-C42. However, steric hindrance is a po-
tential limitation for this assay, in addition to the fact
that proteins fixed on solid phase may improperly fold,
hiding immunologically important epitopes. Therefore
we complemented these studies by performing a com-
petition experiment in which both, native and mutant
proteins reacted with human anti SKC-2 Abs in solu-
tion. This assay showed that binding of human anti-
SKC-2 Abs to mut-C42 was approximately 68% of re-
activity to native SKC-2. These results indicate that
mut-C42 is significantly less recognized by pre-existing
anti-SKC-2 Abs than the native SKC-2. Results from
mut-C42 studies might seem not to be in total agree-
ment with those from SKC-2(373—-414) peptide. A pos-
sible cause could be that upon immobilization on solid
phase, the peptide might adopt altered conformations
resulting in loss of recognition by some samples. Be-
sides, all these experiments are partial approaches to a
real phenomenon that support the idea of reducing SK
immunogenicity by means of genetically engineered
variants.

The crystallographic structure of SK complexed with
the catalytic domain of human micro-Pl has been re-
cently solved (21). SK appears in the complex as three
domains («, B and v), each domain being structurally
independent and showing a similar folding. Inspection
of the structure suggests that the determined antigenic
peptides map protein regions with structural propen-
sity for antigenicity. The NH,-terminal region, the
COOH-terminal and the loop region (amino acids 46—
70) are disordered, suggesting that they are highly
mobile and accessible even after the formation of the
complex with micro-Pl. This is consistent with the ob-
served antigenicity of the C-terminal region in SKC-2.

Anti-SK Abs not only mediate the allergic response
observed in certain clinical cases (17-20), but also in-
duce neutralization of SK activity (10—15). For most of
tested sera, mut-C42-NAT significantly decreased with
respect to SKC-2-NAT. The fact that mut-C42 was
neutralized by anti-SKC-2 Abs present on patient sera
in minor extension than native SKC-2 is encouraging
for the achievement of a thrombolytic agent not only
having less immunogenicity, but also reducing the pos-
sibilities of being neutralized.

In conclusion, present data indicate that the immu-
nodominant C-terminal epitope of native SKC-2 can be
eliminated without loss of specific activity. This study
thus shows that it is possible to produce an engineered
variant of SK lacking this immunodominant cluster
while retaining intact specific activity, and being less
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reactive with preexisting Abs in patient sera. Similar
results have been reached with recombinant staphy-
lokinase (Sak), another Plg activator obtained from
bacteria. Sak mutagenesis resulted in the variant Sak-
START having intact specific activity and less immu-
nogenicity (34). If mut-C42 shows to be less immuno-
genic in animals, it could constitute a preferred
alternative to native SK for thrombolytic therapy in
patients with thromboembolic diseases.
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