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Abstract: Introduction: In pyoderma infections, pus of density related to desoxiribonucleoproteins. 
streptodornase(sd) combination with streptokinase dissolve purulent secretions from infections.This 
study aims to produce recombinant streptodornase of Streptococcus pyogenes  in E.coli. Methods: by 
using specific primers streptodornase gene (sd) was amplified. The constructed vector pGEX4T1-sd 
was transformed in E. coli BL21 (DE3)/ pLYS-S and induced with IPTG. Recombinant protein was 
purified by affinity-chromatography (Glutathione Sepharose 4B). Results: a PCR product about 816 
bp was seen. Sd recombinant protein was expressed in pGEX-4T-1 in E. coli BL21. SDS-PAGE 
analysis of product before and after inducing indicated a band about 60 kDs. A High concentration of 
the recombinant protein obtained from the single-step purification by affinity-chromatography 
(Glutathione Sepharose 4B), and purified recombinant Sd protein appeared at about 38.2 kDa. 
Conclusion: results showed Sd recombinant protein has antigenic characteristics and it can be used for 
diagnostic aims. 
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INTRODUCTION 

 
 Streptodornase (DNase, SD) same as streptokinase (SKC) is one of virulence factor of Streptococcus 
pyogenes can be used therapeutically (Aziz, Pabst et al. 2004; Sugimura and Higashi, 1988; Sugimura and 
Higashi, 1988; Tiesler and Klink 1978). SKC has been used for breaking down blood clots and fibrinous 
exudates in closed spaces such as the joints or pleural cavity (Buchanan, Simpson et al. 2006; Abely 2007). In 
pyoderma infections, pus of density related to desoxiribonucleoproteins. Streptodornase (DNase) combination 
with streptokinase to dissolve purulent secretions from infections (Tiesler and Merklen 1974). The plasminogen 
activator, SKC, has been used for treatment of patients with parapneumonic effusions or empyema (Baron, Pan 
et al. 1998). In the 1950s, several reports suggested that the treatment of these patients could be facilitated if 
Varidase, an agent that contains streptokinase and streptodornase, was administered Intrapleurally (Bollert, 
Paton et al. 1999; Boogaard, de Jongste et al. 2009). The use of either streptokinase or urokinase frequently 
does not eliminate the need for thoracoscopy or thoracotomy. Researcher observed that when purulent material 
obtained from animal model of empyema was incubated with streptokinase in vitro, the purulent material did not 
liquefy. Varidase would be more effective at liquefying purulent material than would either streptokinase or 
urokinase alone (Boogaard, Hulsmann et al. 2007). Varidase (streptokinase–streptodornase) is a medicament 
marketed in the United Kingdom as a topical agent for the cleansing of purulent wounds and is derived from the 
refined extra cellular products by various strains of β-haemolytic Streptococci (Coblentz 1951; Christopher, 
Chase et al. 1999). Amongst these proteins, there are considered to be two principal therapeutically active 
components. The first of these, streptokinase, is a plasminogen activator which has been shown to exist in at 
least two distinct forms (Hill SS, 1991). The second is streptodornase, a term used to describe the 
deoxyribonuclease activity within Varidase. This activity to be the result of one major streptococcal DNase, 
although four other minor DNase active species are also present (Gerlach, Ozegowski et al. 1997; McKenzie, 
Chowdhury et al. 2007). Mutually enhancing roles in the wound cleansing process. Streptokinase activates 
plasminogen to form plasmin, which causes the breakdown of fibrin hence resulting in a rapid dissolution of 
both blood clots and the fibrinous about degradation of the extracellular nucleoprotein found in purulent wounds 
(Ledson, Wahbi et al. 1998). The presence of this extracellular nucleoprotein causes leukocytes present in the 
wound environment to clump and this phenomenon, together with the presence of the fibrinous clot, results in 
poor wound drainage. Enzymatic degradation of the extracellular DNA, by streptodornase, liquefies the pus, 
allowing the free movement of leukocytes and enhanced phagocytosis, resulting in improved wound healing 
(Lee and Song 1997). Streptodornase is a linear protein of molecular weight 38.2 kDa containing 271 amino 
acids, having isoelectric pH 7.8 the enzyme has its maximum activity between pH 5.0 and 9.0. The N-terminal 
portion of the deduced protein exhibited features characteristic of prokaryotic signal peptides(Stone and Burton 
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1962; Enoru-Eta, Gigot et al. 2000). The sd gene was expressed in E. coli, Bacillus subtilis and Lactococcus 
lactis (Pakula, Tyc et al. 1954). The low SD production yields from natural host and its pathogenicity are the 
main reasons for exploration of recombinant DNA technology route for this important protein. The main sources 
of SD are B-haemolytic Streptococci of the Lancefield groups A and C (Wolinowska, Ceglowski et al. 1991; 
Lee and Song 1997). Recently was indicated that (a) the DNases, DNase I and Varidase, were effective in 
destroying the biofilm of P. aeruginosa in vitro, and (b) in a clinical field, Varidase could be useful for 
P. aeruginosa focal infection, such as urinary tract infection, by removing the biofilm (Thorsett and Hutchinson 
1971). The current study will be focused on producing of recombinant streptodornase of Streptococcus pyogenes 
in E.coli.                                 
 

MATERIALS AND METHODS 
 
Bacterial Strains And Vectors: 
 The principal strain employed in the present investigation was S. pyogenes strain ATCC 8668 and 
pTz57R/T cloning vector and pGEX-4T-1 expression vector. E. coli DH5α was used as the primary host for the 
construction and propagation of plasmids. E. coli strain BL21 (DE3)plysS Have been selected to obtain the 
highest level of recombinant proteins. 
 
Chromosomal Extraction and PCR Method: 
 S. pyogenes chromosomal DNA for using in PCR was extracted by the QuickExtract™ Bacterial DNA 
Extraction kit (Epicentre Biotechnologies). The sd gene was amplified using a forward primer 5'- AGG ATC 
CCG ACA AAC ACA GGT CTC -3', and a reverse primer 5'-TGG GAT TCT TTT TGA GTA GGT GTA CC-
3', which were manufactured by MWG company (Germany). PCR was carried out in 50 µl volumes containing 
1 µl each deoxynucleotide (dATP, dTTP, dGTP, and dCTP), 2.5 µl each primer (10 pM), and 1 U of Expand 
DNA polymerase (Fermentas). Buffer was added as described in the manufacturer’s instructions. Reaction mixes 
placed in an automated thermal cycler (eppendorf). Amplification conditions for primers were 5 min of Primary 
denaturation at 95○C, 30 cycles (30 s of Secondary denaturation at 95○C, 1 min of annealing at 50○C, and 
extension at 72○C for 1 min) and final extension at 72○C for 5 min. After amplification, the reaction mix was 
assayed on an agarose gel in the presence of 0.5 mg of ethidium bromide per ml. The sd gene fragment obtained 
from PCR was purified by High Pure PCR Product Purification Kit (Roche). 
 
Cloning: 
 The purified PCR product of sd gene was ligated into pCR-Blunt cloning vector (Invitrogen). The ligation 
mix was later introduced into DH5α competent cells. and then they were grown at 37○C. Colonies were isolated, 
and their plasmid DNA was extracted by miniprep plasmid extraction, the extracted plasmid was assayed on 1% 
agarose (Merck) gel.  
 
DNA Sequencing: 
 The constructed vector (pTz57Rsd) was sequenced by MWG Company (Germany) to confirm that the 
desired product had been obtained. Sequence data has been blast to GenBank, accession number AF218838. 
After confirmation the sd gene was subcloned into pGEX-4T-1 expression vector (Novagen) using EcoRI and 
BamHI restriction enzymes and the recombinant clones were screened by colony PCR and double digestion with 
EcoRI and BamHI. 
 
Expression and Purification of Streptodornase: 
 The constructed vector (pTz57R/Tsd) was digested by BamHI (Fermentas) and EcoRI (Fermentas) and 
assayed on  1% agarose(Merck) gel. The fragment of sd was extracted y gel extraction kit (Roche). The purified 
fragment was ligated in pGEX-4T-1 expression vector (Novagen). The recombinant plasmid was introduced 
into E.coli DH5α and then transferred into BL21 (DE3  ) bacteria to monitor its expression. The recombinant 
strain E. coli BL21 (DE3)/ pLYS-S was grown overnight at 37˚C in 2 mL Nutrient Broth medium containing 
ampicillin. Aliquot (1 mL) of this starter culture was transferred to 50 mL of the same medium in a 500 mL 
flask and incubated at 37˚C with vigorous shaking. Expression was induced by adding IPTG to give a final 
concentration of 0.1 mM when the culture absorbance at 600 nm reached 0.5. Three hours after induction, the 
cells were harvested by centrifugation and the cell pellet was washed twice with 30 mL pH 7.5, 0.1 M phosphate 
buffer. The cell pellet was resuspended in the phosphate buffer and lysed by using an ultrasonic cell disruptor 
(Microson model XL200). The sample was in an ice-bath, and sonication was carried out in short bursts in order 
to avoid overheating the mixture. The lysate was centrifuged at 16,000g for 10 min at 4○C.The supernatant of 
the cell lysate was loaded onto Glutathione sepharose 4B (Amersham Pharmacia, Sweden) column affinity 
chromatography, purification following the protocol provided by the manufacturer. 
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SDS-PAGE and Immunoblot Analysis: 
 SDS-PAGE analysis was carried out under reducing conditions using a 12% polyacrylamide gel. A Mini 
protein II gel system (Bio-Rad Laboratories, Richmond, CA) was used to run the gels, which were then stained 
with Coomassie blue. 
 For Western blot analysis, proteins were transferred from the SDS-PAGE (12% [wt/vol] polyacrylamide) 
gel to 0.2 µm pore size nitrocellulose membranes (Bio- Rad). Membranes were probed, first with a polyclonal 
mouse antibody (mice were immunized by supernatant culture of S. pyogenes) and then with rabbit anti-mouse 
IgG conjugated to horseradish peroxidase (SBA). Detection of Streptodornase protein was achieved upon 
development with the substrate 4-chloro-1-naphthol chromogen and H2O2 (Sigma-Aldrich) (Jedrzejas M.J 
1998). 
 This study was approved by the Arak University of Medical Sciences/Arak Ethical Committee. 
 
Result: 
 PCR was used successfully to amplify a gene fragment encoding the sequence of sd. PCR product has about 
816 bp on 1% agarose gel electrophoresis (Figure-1, lane 1). Ligation of PCR product in pCR-Blunt cloning 
vector (pTZ57R/T) and pGEX-4T-1 was confirmed by EcoRI and BamHI digestion. The sequencing of the PCR 
product fragment revealed complete homology at the nucleotide level to sd gene in NCBI(GenBank: 
Aj295272.1).  

 
 
Fig. 1: Electrophoresis of PCR product on 1% agarose gel, M (Marker 50 bp),PCR product: streptodornase gene 

about 816 bp (lane 1). 
 
Expression, Purification: 
 The recombinant protein from E. coli BL21 (DE3) harboring pGEX-4T-1  containing the coding sequences 
of  sd gene was detected in cell lysates and appeared at about 60 kDa on SDS-PAGE gel (Fig. 2). The 
recombinant Streptodornase (SD) protein was collected and further purified by using  Glutathione sepharose 4B. 
Purified recombinant SD protein appeared at about 38.2 kDa. 
 

 
Fig. 2: Comassie blue-stained SDS-PAGE of recombinant protein, Lanes 1 marker; lane 2, uninduced cells 

carrying expression vector; lane 3, induced cells with 1 mM IPTG; lanes 4 and 5 purified recombinant 
protein by Glutathione sepharose 4B affinity chromatography. 

 



Aust. J. Basic & Appl. Sci., 5(12): 2343-2347, 2011 

2346 

Western Blotting Of Fusion Protein: 
 Serum from immunized mouse was used for blotting (Figure. 3). The result shows that SD protein can be 
detected. This suggested that the recombinant SD protein was successfully produced by E. coli harboring 
pGEX-4T-1-sd gene and has antigenic characteristics. 
 

 
 
Fig. 3: Western blot analysis of recombinant streptodornase:, lane1: control negative, lane2: purified 

streptodornase, lane3: Marker. 
 
Discussion: 
 In the present study we used E. coli BL21 (DE3) plysS, this strain is deficient in the known cytoplasmic 
protease genes, such as Lon, OmpT, DegP or HtpR, in order to give high level expression of fusion proteins 
(Baneyx 1999; Baneyx and Mujacic 2004). Production of recombinant protein in large amount can be obtained 
in cytoplasmic producing as inclusion bodies, Due to refolding and recovery of active form of protein (Clark 
1998).The high production of recombinant SD indicates that efficiency of E. coli BL21 (DE3) plysS as 
expression host probably could be due to protease deficiency in this stain. In another hand, Nutrient 
composition, temperature, pH, and other parameters can affect proteolytic activity, secretion, and produce 
levels. Expression of SD in present of glucose higher than without glucose, and decreasing the temperature of 
culture from 37 to 25о was not any effect in producing. This indicated producing of recombinant SD by using of 
glucose is different from other recombinant protein in E. coli BL21 (DE3) plysS. (pakzad et al arak) and 37 оC is 
better condition for producing of recombinant SD. The molecular weight of the recombinant SD by using the 
pGEX-4T-1–SD construct was 60000 kDa. This is due to the SD is fused to Glutathione S-transferase increasing 
the molecular weight from 38000 to 60000. Several bands of recombinant protein are possibly due to 
degradation. Western blotting analysis by using of sera from Mouse immunized by S. pyogenes, indicated 
similarity with purified protein pattern, i.e. Bands of purified recombinant protein conscious is similar to 
western bands. This shows that the recombinant protein has antigenic property. At present, stability of 
recombinant protein, enzymatic effect, design an ELISA kit for comparing with ASO test is under investigation. 
 
 Conclusions: 
 The recombinant streptodornase can be produced by pGEX4T1 in Escherichia coli and has antigenic 
characteristic.  
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