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Abstract: Streptokinase 1s a common fibrinolytic drug and mecluded in the World Health Orgamzation (WHO)
Model List of Essential Medicines. Comparative clinical trails such as cost-effectiveness suggest that
streptokinase can be the drug of choice for thrombolytic therapy. To reach the highest amount of the protein
and production of active form of streptokinase in bacteria need to modify and optimize methods. In the present
study, chromosomal DNA was extracted from S. equisimilis H46A and used for amplification of streptokinase
gene (ske) (mature section: 12435 bp) by cloning into pGEX-4T-2 vector which contains a tac promoter. The
cloming results were controlled by PCR, double digestion and sequencing. The expression level of the protein
mn different strain of E. cofi was optimized and reached up to 50% of the total cell protein. The function of the
fusion protein as active fibrinolytic protein was confirmed by plasmmn hydrolysis of chromogenic peptidyl

anilide substrate assay.
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INTRODUCTION

Streptokinase (SKC), a conventional fibrinolytic drug
that is produced by some strains of p-hemolytic
streptococcuses and included m the World Health
Orgamzation (WHO) Model List of Essential Medicines
(WHO, 2005). It 1s used mn life-threaterung deep-vein
thrombosis, acute myocardial infarction, pulmonary
embolism, thromboembolism, thrombosed arteriovenous
shunts (WHO, 2004). Streptokinase is a 45-50 Kilodalton
(KD) glycoprotein that mediates the cleavage of a peptide
bond in plasminogen (Pg), producing the active product
plasmin, which cleaves fibrin polymers to promote
thrombolysis (Hermentin et al., 2005). The group C strain
Streptococcus equisimilis HA6A (ATCC 12449) is the
main source for isolation of the streptokinase gene
(Malke et al, 1985). This stran does not produce
erythrogenic toxins and 1s less fastidious in its growth
requirements than the majority of group A strams

(Christensen, 1945). Therefore, this strain was the source
of the gene for cloning in this study. Comparative
clinical trials in the treatment of acute myocardial
infarction suggested that streptokinase is a cost-effective
and useful thrombolytic drug (Banerjee et al., 2004;
Gruen et al., 2003). Hence, several studies have been
conducted focusng on production and improvement
of streptokinase (Estrada et al, 1992, Zhai et al,
2003; Kumar and Singh, 2004; Kazemi et al., 2006;
Erdogan et al, 2006). In the present study, the issue of
purification of recombinant SKC (rSKC) 1s addressed, for
which a new cloming approach to produce active rSKC
with Glutathione S-transferase tag (GST-SKC) was
introduced.

MATERIALS AND METHODS

Bacterial strains and culture condition: Strain
S. equisimilis HA6A ATCC 12449 purchased from ATCC.
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Streptokinase activity assay and analysis of the fusion
GST-SKC molecular weight: The activity of recombinant
SKC was determined by chromogenic substrate (S-2251)

assay, In comparison to commercial recombinant

Streptokinase (Heberkinasa from Heber Biotec, Cuba).

Streptokinase activity was estimated more than 15000
units mL ™" of LB-ampicilin media. The MW of GST-SKC
was found to be 73 KD (Fig. 6).

DISCUSSION

The purpose of the present study was cloning of
S. equeisimilis HAS6A streptokinase gene using new
vector and hosts to produce active recombinant fusion
streptokinase m order to facilitate purification The
aforementioned protocols allowed us to produce a
recombinant fusion streptokinase at levels of about 50%
of total protein using stable pGEX-1.2-4T-2 clone and tac
promoter in the optimized condition. This level 1s
favorable compared to previous studies that used pEKG-3
vector with trp promoter and F. coli K-12 strain W3110
(Estrada et al, 1992) or pKK 223-3 vector with tag
promoter and E. coli IM105 (Avilan et al., 1997).

Different E. coli strains derived from BL21 (DE3)
were used for comparative protein expression studies. The
expression levels of the recombinant protein (GST-SKC)
i these strains are significantly different as showed in
Fig. 4. These strams are deficient in the known
cytoplasmic protease gene products, such as Lon, OmpT,
DegP or HtpR, in order to give high level expression of
fusion protems (Sugimura and Higashi, 1988). Therefore,
the lnghest expression m BL21 (DE3) plysS could be due
to proteases deficiency in favor of streptokinase.

An interesting finding in this study was that 0.1 mM
of IPTG could produce the maximum amount of the
recombinant protein compared to the previous studies
of Lee etal (1997) and Avilan et al. (1997), which used
1 mM and 0.5 mM of TPTG for production of the
recombinant streptokinase, respectively.

It has been reported that fusion of 6x His
(Caballero et al., 1999) and Maltose Binding Protein
(MBP) tags (Sazonova et al., 2001) to the N-terminal of
streptokinase dose not affect streptokinase activity. The
results of present study support the mentioned studies.

The activity of recombinant streptokinase was
measured and it was about 15000 units mL.™" of culture
which 13 3 fold higher than what has been previously
obtained (Ko et al., 1995).

The presence of 26 hydrophobic amino acids as a
signal peptide at the N-terminal of streptokinase facilitates
its secretion by streptococcus (Malke et al, 1985). The
msert of pGEX-1.2-4T-2 clone had no signal peptide. It 1s

reported that the recombinant streptokinase expressed in
E. coli can be secreted in the absence of signal peptide
(Avilan et al., 1997).

Recombmant streptokinase purification 1s a major
problem. Several schemes have been described for
recovery and purification of streptokinase (Banerjee et al.,
2004). However, recombinant streptokinase with G3T tag
which can bind to glutathione shortens the purification to
a Single-step (Smith and Johnson, 1988). In addition, it
can cause reduction of denaturing rate, maintaining the
physiologic pH and reducing the amount of buffers and
solutions.

Accordingly to present study it is speculated that
GST tag which has added to the N-termmus of the
recombinant streptokinase may increase the stability of
the recombinant protein. Another study has showed that
a modification on N-terminus of the streptokinase has
increased its stability (Gase et al., 1996).

Moreover, some alterations were performed during
cloning to obtain better results. For example, using PCR
primers with BamHI restriction site in both side of the
amplified fragment allowed the ske gene to be cloned in
various expression vectors exactly next to GST sequence
with minimal amino acid residue added to N-terminus of
SK.C protein which could affect the function.

This product (pGEX-1.2-4T-2) can be used for rapid
ske gene subclomng 1 different vectors,
transformation into other expressive host cells, mutant
streptokinase production

direct
in order to reduce its
immunogenicity and optimizing other protein expression
factors.
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