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ABSTRACT
Streptokinase, one of the major blood-clot-dissolving agents, catalyzes
the conversion of the plasma-zymogen (plasminogen) to the serine pro-
tease plasmin. Streptokinase genes from two different S. equisimilis strains,
isolated from equine and human, were cloned and expressed in Escheri-
chia coli. Cloned streptokinase genes were investigated for their expres-
sion in E. coli by Western blot analysis and radial caseinolysis assay.
Recombinant genes of streptokinase genes were similar to their native
counterparts in terms of their molecular masses and exhibited preferential
plasminogen activity. PAGE and Radial caseinolysis studies demonstrated
that streptokinases secreted by streptococci from different hosts were
able to differentially activate only the plasminogen derived from the same
host. Streptokinase-plasminogen interaction indicated that human and
equine plasminogens were cleaved at the same highly conserved site and
an altered form of streptokinase was produced. This work strongly sup-
ports the idea that these streptokinases must share a common plasmino-
gen binding domain and species-specific activation of plasminogen by
streptokinases which reflecting the origin of the streptococcal isolate and
the role of the streptokinase in the pathogenesis of streptococcal infec-
tions.  2010 Trade Science Inc. - INDIA
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INTRODUCTION

Streptokinase is a group of extracellular proteins
produced by a variety of beta-hemolytic streptococci.
It is one of the major blood-clot-dissolving agents used
in many medical treatments for the past 30
years[2,5,10,14,16,17,19,21,32,35,36]. It is used in life-threating
deep-vein thrombosis, thromboembolism, thrombosed
arteriovenous shunts and included in the World Health
Organization Model List of Essential Medicines[38,39].
Its ability to induce reperfusion of the occluded coro-

nary arteries and to reduce mortality has been firmly
established. Two international clinical trials, GISSI-2
(trial size, 12, 490 patients)[9] and ISIS-3 (trial size,
41,299 patients)[13] resulted in conclusions that both
streptokinase and tissue specific plasminogen activa-
tor, a fibrin-specific thrombolytic agent from humans,
appear equally effective and safe for use in routine con-
ditions, and no significant difference.

Most group A, C, and G streptococci isolated from
human hosts secrete a plasminogen activator known as
streptokinase which catalyzes the conversion of the
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plasma-zymogen, plasminogen, to the serine protease
plasmin. Human plasminogen and streptokinase form a
1:1 stoichiometric complex that hydrolyzes other plas-
minogen molecules to generate plasmin, which subse-
quently can degrade fibrin, the primary protein compo-
nent of blood clots[2,5,10,14,16,17]. Introduced into clinical
practice in the late 1950s, the intravenous infusion of
streptokinase has become one of the treatments of
choice in acute myocardial infarction. With regards to
bacterial pathogenesis, plasmin may facilitate tissue in-
vasion by dissolution of the fibrin barrier that forms at
the site of infection, by hydrolysis of extracellular ma-
trix proteins such as laminin or fibronectin, and by acti-
vation of latent collagenases and other zymogen forms
of metalloproteinases[4-6,15,20,24,27,32].

Due to the clinical importance of this streptococcal
protein, a great deal of effort has been directed toward
characterizing and understanding the molecular basis of
the interaction of streptokinase with plasminogen. Most
previous research has focused on the streptokinase se-
creted by a human isolate of the group C streptococ-
cus S. equisimilis. These investigations, although in-
creasing our understanding of the streptokinase-plas-
minogen interaction, have also created the impression
that all streptokinases belong to a family of homolo-
gous proteins, with similar biophysical and biochemical
properties. This has led to the failure to fully understand
the importance of the concept of species specificity,
with the result that the group C streptococci S. equi, S.
zooepidemicus, and S. equisimilis, isolated from non-
human hosts, have been regarded as non-streptokinase
producers simply on the basis of the inability to activate
human plasminogen[1,5,7,20,24].

However, McCoy et al.[20] and Nowicki et al.[24]

demonstrated that group C streptococci isolated from
non-human sources secreted streptokinases which pref-
erentially activated plasminogen obtained from the host
from which the isolate had been obtained. Although
these streptokinases preferred to activate only the plas-
minogen derived from the host, they all bound plasmi-
nogen regardless of the host source. These observa-
tions suggested that there are two major events in the
activation of plasminogen by streptokinase; a primary
event (binding) which is not species specific and a sec-
ondary event (activation) which is species-specific.

To achieve a better understanding of the genetic

aspects of this important streptococcal product, strep-
tokinase genes from two different strains of S. equisimilis
(one from an S. equisimilis equine isolate and one from
an S. equisilimilis human isolate) were cloned and ex-
pressed in Escherichia coli as (His) 6-tagged fusion
proteins to study the molecular relationship between
streptokinases and plasminogen from different hosts.

MATERIALS AND METHODS

Bacterial strains and growth conditions

In this study the following strains of S. equisimilis
streptococci were used: strain MZ130, isolated from
an equine host; and strain H46A, ATCC 12449. Bac-
teria were grown at 37C for 8 h in 500 in brain heart
infusion broth (Difco) as standing cultures at 37C. E.
coli (XL1-Blue) strain was grown in LB medium with
added selective agent [ampicillin (Ap), 50mg/l]. The
pH of the cultures was monitored and maintained at
7.0 by periodic addition of 10N NaOH.

Cloning and expression of the streptokinase genes
into the prokaryotic expression vector pQE-30.

Streptokinase genes from equine and human strep-
tococcal strains were cloned into the pQE-30 vector
(Qiagen) to produce recombinant streptokinases ap-
pended at the N terminus with a polyhistidine (His)6
domain. Genomic DNA from the parent strains was
used as template for PCR amplification of the strep-
tokinase genes. The forward primers used in these am-
plifications were 5-cgcggatccaataattacgccaagcct-3and
5-cgcggatccattgctggacctgag-3 while the reverse prim-
ers were 5-cttatttgtttgattcgttgtacc-3and 5-
tcccccgggttatttgtcgttagggtt-3 for the equine and H46A
streptokinase genes respectively. Bacterial cells were
lysed and DNA was isolated by the procedure of
Monsen et al.[22]. Genomic DNA was purified by phe-
nol extraction and ethanol precipitation[29]. The tem-
plate DNA was mixed with 5l 10x PCR-buffer +
MgCL

2
, dNTPs, 1l taq DNA polymerase and the re-

action mixture was overlaid with 50µl of paraffin oil.

Amplification of the DNA has been performed in a
thermocycler-PCR-block using a program in which, the
initial denaturation was at 97C for 2min, primer an-
nealing at 55C for 30 sec and the elongation at 72C
for 2 min. these steps were repeated 29 times[11].
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The PCR fragments were cloned in the pQE-30
(Qiagen), as SmaI/BamHI fragment and then intro-
duced to E.coli cells by transformation as described
by Inoue et al.[12]. Transformed cells by cloned human
streptokinase (pQE-30-HSk) and equine streptokinase
(PQE-30-ESk) were grown at 30°C to mid-log phase,

and expression of the streptokinase genes was induced
by addition of IPTG (1mM) as described by Studier et
al.[33]. Transformed cells were screened for expression
of streptokinase genes by two different methods. The
first method was by Western Blot analysis[34] and the
second one by radial caseinolysis in plasminogen-skim
milk-containing agarose as described by Saksela[28].

Miscellaneous. Purification of streptokinases was
carried out as described by Peng et al.[26] while purifi-
cation of equine and human plasminogen and Plasmi-
nogen activation studies with recombinant streptokinases
were done as described by Caballero et al.[5].

RESULTS

Cloning of streptokinase genes: The streptokinase
genes from both strains were cloned into the pQE-30
vector (Qiagen) to produce recombinant streptokinases
appended at the N terminus with a polyhistidine (His)6
domain. This would not only facilitate purification of the
recombinant streptokinase molecules from the bacte-
rial cytosol but also permit the study of the interaction
of plasminogens with matrix-bound streptokinases.

Genomic DNA from the parent strains was used as tem-
plate for PCR amplification of streptokinase genes.
Forward primers used in these amplifications were cho-
sen to be complementary with the DNA sequences
coding for the start of the mature proteins, with addi-
tional codons to facilitate directionalcloning into the
BamHI and SmaI restriction endonuclease sites of the
pQE-30 vector. The reverse primers were complemen-
tary to the sequences coding for the carboxyl termini of
the mature proteins. This cloning strategy resulted in a
PCR product of 1251bp in case of streptokinase gene
from the equine strain S. equisimilis MZ130 and
1242bp in case of streptokinase gene from the human
strain S. equisimilis H46A (Figure 1).

Purified PCR fragments were digested by BamHI
and SmaI and ligated to the pQE-30 vector which was
digested by the same endonucleases. Ligated streptoki-
nase fragments with the pQE-30 vector were then in-
troduced to E.coli (Xl-blue) cells by transformation,
from which plasmid DNA was isolated and analyzed
by agarose electrophoresis. Some clones of pQE-30-
SK (Figure 2, lanes: 2, 3, 9 and 10) were selected and
tested by restriction analysis using BamHI and SmaI.
In this analysis, all tested clones developed the right
fragments of 1.2kb in both Sk genes (Figure 3).
Expression and purification of streptokinase
genes: To investigate whether the plasmid encoding
the recombinant Sk genes from both strains have been
expressed, transformed cells either by human streptoki-
nase pQE-30-HSk or by equine streptokinase pQE-
30-ESk were grown at 30C to mid-log phase. Strep-
tokinase genes induced by IPTG and screened for their
expression by Western blot analysis using antiHis6 an-
tibody (Figure 4). Data presented in this figure illus-
trates that human streptokinase gene from clone pQE-
30-Az

10
 (Figure 4, lane: 1) and equine streptokinase

from clone pQE-30-Az
2
 (Figure 4, lane: 2) were ex-

pressed and secreted their proteins. Difference in the
apparent molecular weight of both cloned genes was
noticed where cloned streptokinase from the human
(HSk) had an apparent molecular mass of ~47 kDa
(Figure 4, lane: 1) while cloned streptokinase from the
equine (ESk) had an apparent molecular mass ~49 kDa
(Figure 4, lane: 2). In terms of their molecular sizes
cloned streptokinases from both strains were found to
be indistinguishable from their native counterparts (Fig-

Figure 1 : PCR amplification of streptokinase genes from S.
equisimilis streptococci. Lane 1 and 2: are PCR products of
amplified streptokinase genes of S. equisimilis strains H46A
and MZ130, respectively; M: fragments of DNA standard (0.07-
12.2 kbs, Roche, Mannheim). 3l of each sample was ana-
lyzed on 0.7% agarose



114 Activation of plasminogen by streptokinase is a species-specific event

FULL PAPER

BTAIJ, 4(2) June 2010

BioTechnology
An Indian Journal

BioTechnology

ure 5).
Activation of plasminogens by recombinant strep-
tokinases: Plasminogen activation with recombinant
streptokinases was tested by the radial caseinolysis as-
say. In this assay, the culture supernatant containing
streptokinase was applied to individual wells in an aga-
rose gel containing skim milk and plasminogen. In case
of recombinant human streptokinase produced from
clone (pQE-30-Az

10
), activation of human plasmino-

gen (HPg) was noticed. This was reflected by a 2.5cm
halo size (Figure 6A

1
). In the activation of equine plasmi-

nogen (EPg) by the engineered equine streptokinase
from clone pQE-30-Az

2
 a halo size of 2.3-2.4cm was

developed (Figure 6B
1
).

Activation of HPg and EPg either by recombinant
ESk or HSk, was tested by the same assay. Recombi-

nant streptokinase HSk, however, was not able to acti-
vate plasminogen from equine (Figure 6B

2
). The same

behavior appeared upon application of recombinant
ESk on human plasminogen (Figure 6A

2
). These re-

sults indicate that the specificity of streptokinase in the
interaction with the plasminogen that should be acti-
vated by streptokinase secreted by streptococci de-
rived from the same host.

To confirm the indication developed from the radial
caseinolysis assay, purified recombinant streptokinases
either from human (HSk) or equine (ESk) were mixed
with plasminogens derived from their hosts and sub-
jected to SDS-PAGE analysis (Figure 7A, B). At the
same time, the test was done by inverting the case, where
the equine and human recombinant streptokinases were
tested for their activation of human and equine plasmi-

Figure 4 : Western blot analysis of recombinant streptoki-
nase genes. Total proteins extracted from transformed E. coli
cells (Xl1-Blue), subjected to SDS-PAGE and immunodetected
with anti-His6 antibody. 1: recombinant human streptokinase
expressed from clone pQE-30Az10; 2: recombinant equine
streptokinase expressed from clone pQE-30Az2; C: proteins
of E. coli cells (Xl1-Blue) transformed with empty vector

Figure 5 : Purification of recombinant and native streptoki-
nases. Recombinant and native proteins of streptokinase were
purified from transformed E.coli and S. equisimilis cultures,
respectively. Lanes, 1 and 2, are native and recombinant hu-
man streptokinases, respectively. Whereas 3 and 4, are na-
tive and recombinant equine streptokinases, respectively Pro-
teins of streptokinases were assayed for purity by SDS-PAGE
and staining by Coomassie blue, R-250

Figure 3 : Restriction analysis of selected clones of pQE-30
which carrying Sk genes either from human (lanes: 1 & 2)
or equine (lanes, 3 &4), by BamHI and SmaI. Two fragment
sizes were developed, one at 3.5 kb for the plasmid and the
other at 1.2kb for the insert. Fragment sizes of the standard
DNA bands written on the right

Figure 2 : Analysis of isolated pQE-30 plasmids which con-
taining streptokinase gene from human (lanes 9&10) and
from equine (lanes: 2-7) on 0.7% agarose gel electrophore-
sis. In both cases, plasmid DNA of the pQE-30 without insert
(lanes, 1&11) served as a control. M, fragments of DNA stan-
dard (0.07-12.2 kbs)
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nogens, respectively (Figure 7C, D). This test was done
by mixing equal samples from purified recombinant
streptokinases with plasminogens. Samples were incu-
bated at 30C and the reaction was terminated at dif-
ferent intervals (from 15-90 min). PAGE analysis
showed that binding and interaction of plasminogen by
streptokinase should be activated by streptokinase of
streptococci derived from the same host. Human plas-
minogen was activated only by HSk and equine plas-
minogen was activated only by ESk. Activation of plas-
minogens started 10-15 min after incubation with the
purified recombinant streptokinases (Figure 7A, B). In-

cubation of HSk with HPg resulted in the in the genera-
tion of several breakdown products. One of these prod-
ucts was a protein band at ~41-kDa which corre-
sponded to processed or mature streptokinase (HSk*).
However, PAGE analysis of equine plasminogen acti-
vation by (ESk) developed another protein band at
~27kDa which corresponded a cleaved product of
equine streptokinase (ESK*).

Activation analyses of EPg by HSk and HPg by
ESk using PAGE procedure developed consistent re-
sults to that developed from the radial caseinolysis as-
say. In these analyses, EPg was not activated by HSk
and vice versa. As a control, purified HSk, ESk, HPg
and EPg were applied separately in this step to detect
any binding activity between the recombinant streptoki-
nases to different plasminogens (Figure 7C, D). The
activation profiles obtained from the radial caseinolysis
assay and PAGE analyses confirm that the activation of
plasminogen by streptokinase is specie-specific event.

DISCUSSION

Streptokinase is considered as one of the major
blood-clot- dissolving agents which produced by a va-
riety of beta-hemolytic streptococci[19] and by many
bacterial expression hosts including the pathogenic S.
equismilis H46A, the natural streptokinase producer[37].
Most of sequenced streptokinases were originally iso-
lated from streptococci which had infected human
hosts[5,10,14,16,17,19,25,.32,35,36]. These streptokinases have
been shown to be remarkably similar to one another,
both functionally and structurally, with greater than 85%
homology at the amino acid level. In addition, these
streptokinases have the same number of amino acid
residues, namely, 414. In contrast, the streptokinase
secreted by S. equisimilis isolated from an equine host
was 380 amino acids in length and exhibited at the amino
acid level only 25.4% identity with streptokinase se-
creted by a streptococcus (S. equisimilis H46A) iso-
lated from a human host which has 414 amino acids in
length. The second streptokinase studied, a streptoki-
nase secreted by an S. equisimilis porcine isolate was
374 amino acids in length and had only 35.3% identity
with the streptokinase from the S. equisimilis human
isolate H46A[5].

As a preliminary step in a comprehensive analysis,

Figure 6 : Activation of plasminogen by recombinant strep-
tokinase using radial caseinolysis assay. A1: activity of re-
combinant HSk, clone pQE-30Az10 on HPg; B1, activity of ESk,
clone pQE-30Az2 on EPg; A2, activity of recombinant ESk on
HPg; B2, activity of HSk on EPg; A3 & B3, control well which
contained supernatants from E.coli cells (Xl1-Blue) trans-
formed with empty vector

Figure 7 : SDS-PAGE of plasminogen activation by recombinant
streptokinases. (A): PAGE analysis of the interaction of HSk
with HPg; (B): ESk with EPg; (C): HSk with EPg; (D): ESk with
EPg over time, in minutes, as indicated above each panel
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two different streptokinase genes, (HSk) from an S.
equisilimilis human isolate (H46A) and (ESk) from an
S. equisimilis equine isolate (MZ130), were cloned
and expressed in Escherichia coli as (His)6-tagged
fusion proteins in order to study the interaction of these
proteins with different mammalian plasminogens. Both
of (HSk) and (ESk) streptokinase genes was cloned
into the expression vector pQE-30. This vector per-
mits the expression of cloned genes containing the ini-
tial ATG codon of the signal sequence and is expressed
with an appended (His) 6 tail to facilitate purification.
Genomic DNA from both the H46A and MZ130 strep-
tococcal strains was amplified by PCR using nucleotide
primers complementary to the 5 and 3 termini of the
genome-fragment representing the immature protein.
Cloned HSk and ESk genes were investigated for their
expression in E.coli by western analysis. According to
the protein bands produced in this analysis, a differ-
ence in their molecular mass was noticed. SDS-PAGE
analysis indicated molecular masses of ~49 and ~47
kDa for ESk and HSk, respectively. Comparison be-
tween the cloned proteins of HSk and ESk and their
native counterparts by PAGE protocol indicated that
they have the same apparent molecular sizes.

Recombinant streptokinases expressed in E. coli
showed the same substrate specificity as that of the
streptococcal donor strain[10,15,16]. The identity of re-
combinant streptokinases of this study (HSk and ESk)
has been demonstrated through the activation of human
and equine plasminogens (HPg and EPg) by PAGE
analysis and radial caseinolysis assay. In both tech-
niques, however, HSk was only able to active HPg into
human plasmin and EPg can be activated only by ESk
and not by HSk. These results confirmed the substrate
specificity of streptokinase protein where plasminogens
can only activated by the streptokinase derived from
the same streptococcal donor strain. In the activation
of equine plasminogen (EPg) by the recombinant pro-
tein of ESk, PAGE developed a ~27kDa protein band.
This result was in agreement with the N-terminal amino
acid sequencing analysis of Caballero et al.[5] for the
breakdown products resulting from the streptokinase-
plasminogen interaction. It was indicated that a ~27-
kDa protein band had the N-terminal amino acid se-
quence AGKPI which represented a cleaved product
of ESk. From the PAGE analysis in this work and the

sequencing data of Caballero et al.[5], it was apparently
that the equine streptokinase had been cleaved between
Lys147 and Ala148 to yield that altered product (ESk*)
of the 27.173kDa.

At the same time, activation of human plasminogen
occurred within 5-10 min after incubation with HSk,
resulting in the generation of several breakdown prod-
ucts. A ~ 41-kDa protein corresponded to altered strep-
tokinase (HSk*) was developed upon PAGE analysis.
N-terminal amino acid sequencing of Caballero et al.[5]

for these breakdown products indicated that this al-
tered streptokinase had the N-terminal sequence
SKPFA and it had been cleaved between Lys59 and
Ser60, which resulted in the generation of altered human
streptokinase (HSk*) of a 40.998-kDa. The interac-
tion of recombinant streptokinases with their corre-
sponding host plasminogens resulted in the generation
of plasmin heavy and light chains. The human plasmin
light chain (HPsL) developed at ~25 kDa had the N-
terminal amino acid sequence VVGGC while the equine
plasmin light chain had N-terminal sequence of IVGGC
and a size of ~25 kDa[5]. These observations indicated
that cleavage of the plasminogen molecules occurred at
the same cleavage site (Arg561-Val562) in human and
(Arg561-Ile562) in equine plasminogens, a site which is
highly conserved in a number of mammalian plasmino-
gens[8,18,19,30]. It should be noted that Val and Ile are
both hydrophobic amino acids with an aliphatic side
chain bearing no net charge and are thus considered to
be similar by Myers and Miller�s method[23,31] of pro-
tein comparison.

An initial binding event is followed by a conforma-
tional change imposed by the streptokinase molecule
on the plasminogen moiety. This is according to the �ac-

tivator complex model� of plasminogen activation by

streptokinase[20,24]. This event uncovers an active site in
the plasminogen which leads to a series of catalytic and
autocatalytic events that result in the generation of a
streptokinase-plasmin complex with the cleavage of
streptokinase to form an altered streptokinase still as-
sociated with the complex. Recombinant streptokinases
in this study behaved in a manner very similar to that
observed in the fluid-phase studies[3], where the recom-
binant HSk was cleaved at the same trypsin-sensitive
peptide bond.

The observation that streptokinases secreted by
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streptococci from different hosts were able to differ-
entially activate only the plasminogen derived from the
same host suggests that these streptokinases must share
a common plasminogen binding domain. Logically, pri-
mary structural differences in the regions involved in
activation among streptokinases from different spe-
cies should be reflected in differences in secondary
structure and finally in three-dimensional conforma-
tion; otherwise, activation would be nonspecific. As
the streptokinase from the equine isolate is unable to
activate human plasminogen and the streptokinase from
the human isolate can not activate equine plasmino-
gen, one would expect the primary structural differ-
ences between the equine and human streptokinases.
This observation support the view that streptokinase
belongs to a family of plasminogen activators whose
members display greater diversity in primary structure
than previously suspected. This, in fact, is the case, as
shown by the alignment studies and homology in-
dexes[5]. Also, confirm that activation of plasminogen
by streptokinase is a species-specific event reflecting
the origin of the streptococcal isolate and implies a
role for streptokinase in the pathogenesis of strepto-
coccal infections.
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