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 Streptokinase is a novel bacterial fibrinolytic enzyme that binds and activates 
plasminogen and is produced by several species of Streptococci. Streptococcus 
mutans was selected for optimum production of streptokinase using corn steep 
liquor, molasses, rice polishing and sugarcane bagass in liquid state fermentation. 
Substrates were applied in different concentrations ranging from 0.1-0.8%. 
Maximum fibrinolytic activity was observed by 0.3% corn steep liquor, 0.5% 
molasses and rice polishing and 0.4% by sugarcane bagass. The fibrinolytic activity 
achieved by fibrin clot lysis method was 5.5, 5.08, 5.16 and 4.75 units using corn 
steep liquor, molasses, rice polishing and sugarcane bagass, respectively. 
 

©2012 PVJ. All rights reserved 

Key words:  
Corn steep liquor 
Streptococcus mutans 
Streptokinase 
Substrates 
 
 
 

 

To Cite This Article: Zia MA, R Faisal, RZ Abbas, GE Faran, MK Saleemi and JA Khan, 2013. Comparison of 
streptokinase activity from Streptococcus mutans using different substrates. Pak Vet J, 33(1): 77-79. 

 
INTRODUCTION 

 
Streptokinase has wide applications in human and 

animal species, where it is the drug of choice to lyse the 
blood clot in vessels. There are many reports, where 
streptokinase has been used as an effective drug in case of 
thrombosis, arterial thromboembolism and critical 
stenosis in various animals like cats, rats, rabbits and dogs 
(Moore et al., 2000; Vlasin et al., 2005). The use of 
streptokinase as a thrombolytic agent, especially in the 
treatment of acute myocardial infarction in human is also 
well documented since after its discovery in 1933. The 
occurrence of 17 million cardiovascular deaths per annum 
and 32 million annually reported heart attacks are enough 
to draw attention to the scale of this epidemic in the 
present world. In developing countries, like Pakistan, the 
frequency of cardiac deaths is at alarming stage. 
Streptokinase is currently used in clinical medicine as a 
therapeutic agent in the treatment of thromboembolic 
blockages, including coronary thrombosis in animals and 
human as well.  

Streptokinase (SK) is naturally formed and secreted 
by various strains of hemolytic Streptococci (Babashamsi 
et al., 2009). It is an extracellular protein composed of 
414 amino acids with a molecular mass of 47 kDa. It is a 
non-protease plasminogen activator that activates 
plasminogen to plasmin, the enzyme that degrades fibrin 

clot through its specific lysine binding site. Therefore, it is 
used as a drug in thrombolytic activity (Babashamsi et al., 
2009). Unlike urokinase or tissue-type plasminogen 
activators, that perform direct proteolysis, SK forms a 
high affinity equimolar complex with plasminogen 
(Dubey et al., 2011). It is now the leading fibrinolytic 
agent in the treatment of thromboembolic conditions 
(Boersma et al., 2003). 

In normal circulation, clot formation is inhibited by a 
healthy and normal hemostatic system. Pulmonary 
embolism, deep vein thrombosis, stroke, acute myocardial 
infarction and ultimately death could be the results of an 
unsuccessful haemostatic system. Hemostasis is a 
versatile process achieved through an optimal balance 
among hemorrhage and blood clot formation. Fibrin clots 
may not be lysed resulting in thrombosis, in an 
unbalanced situation. Previously, management of 
thromboembolic vascular diseases was relied on the use of 
anti-coagulants so to inhibit the formation of fibrin clot. 
Fibrin lysis can take place in vivo by alteration of 
plasminogen to plasmin (Balaraman and Prabakaran, 
2007). 

Comparative clinical trials in the treatment of acute 
myocardial infarction suggested that streptokinase is a 
cost-effective and useful thrombolytic drug for both 
animal and human disorders (Banerjee et al., 2004). 
Hence, several studies have been conducted focusing on 
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production and improvement of streptokinase (Zhai et al., 
2003). Therefore, the main objective of this research study 
was to obtain optimum yield of SK enzyme with better 
fibrinolytic activity using Streptococcus mutans in liquid 
state fermentation using optimum CSL, molasses, rice 
polishing and sugarcane bagass concentrations. 
 

MATERIALS AND METHODS 
 

Streptococcus mutans, obtained from Department of 
Clinical Medicine and Surgery, University of Agriculture, 
Faisalabad, Pakistan was selected as test organism for 
streptokinase production in liquid state fermentation. 
Bacterial growth was recognized by blood agar media and 
the isolates exhibiting streptokinase activity were used in 
further studies. 
 
Enzyme production: To seek the suitable substrate at its 
optimum level, CSL, molasses, rice polishing and 
sugarcane bagass were selected as the substrates for 
streptokinase production (Rasul et al., 2011). 
Streptococcus mutans was grown on medium containing 
peptone 2%, beef extract 0.5% and NaCl 0.5% at pH 7.0. 
A loopful culture of Streptococcus mutans was transferred 
aseptically into the medium; incubated at 37oC and 120 
rpm in an orbital shaker for 24 hours (Patel et al., 2011). 
Then, 2.5% of culture was used as inoculum in a sterilized 
liquid state fermentation media containing yeast extract 
2%, glucose 2%, KH2PO4 0.05%, CaCO3 0.005% and 
substrate (CSL, molasses, rice polishing and sugarcane 
bagass) in different concentrations ranging from 0.1-0.8%. 
Streptokinase enzyme was harvested from biomass after 
24 hours by filtration and then centrifugation at 10,000 
rpm for 20 minutes at 0oC. Enzyme was stored at -20oC 
and supernatant was assayed for enzyme activity (Dubey 
et al., 2011).  
 
Enzyme assay: One unit of streptokinase is an amount of 
enzyme converting 1 micro-mole of substrate in one 
minute. Streptokinase assay is dependent upon the 
activation of plasminogen to plasmin that hydrolyzes the 
substrate in a defined period which is linked back to 
concentration of streptokinase. A modification of 
Holmstrom method (Holmstrom, 1968) was used where 1 
mL of fibrinated blood was taken equally in 2 test tubes 
and added 0.25 mL of enzyme extract at 37oC, for its lysis 
in a unit time. According to Madhuri et al. (2011), 1 mL 
of human clotted blood is completely lysed by 0.12 mL of 
enzyme solution, known as 1 unit.  
 
Statistical analysis: Mean was used for the comparison 
of enzymatic activity of optimum substrate concentration 
whereas ANOVA was used for the determination of 
significance of the results.  

 
RESULTS 

 
Substrate Optimization: Streptococcus mutans was grown 
in submerged fermentation using different concentration of 
CSL ranging from 0.1-0.8% as substrate. Maximum 
streptokinase enzymatic activity (38.6%) was observed at 
0.3% that was selected as the optimum concentration of 
CSL for streptokinase production (Fig. 1). 
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Fig. 1: Activity of streptokinase using different substrates at various 
concentrations 

 
Among different concentrations of molasses 

maximum fibrinolytic activity was obtained by 
streptokinase enzyme produced using 0.5% concentration 
of molasses showing 35.3% lysis (Fig. 1). Thus, it was 
selected as the optimum concentration for production of 
streptokinase. 

Among different concentrations of rice polishing the 
highest fibrinolytic activity was observed, when 
Streptococcus mutans was grown for streptokinase 
enzyme production in liquid state fermentation using 
0.5% concentration of rice polishing as substrate that 
showed 36% lysis (Fig. 1). Therefore, 0.5% concentration 
of rice polishing was selected as optimum substrate 
concentration for streptokinase production by 
Streptococcus mutans as enzyme producing microorganism 
in liquid state fermentation. 

Streptokinase enzyme produced by Streptococcus 
mutans species grown using 0.4% concentration of 
sugarcane bagass in liquid state fermentation, indicated 
32.6% highest fibrinolytic activity (Fig. 1). Consequently, 
0.4% concentration of sugarcane bagass was selected as 
optimum concentration for streptokinase production. 

 
Comparison of optimized substrate concentrations 
with standard enzyme: After the optimization of 
different substrates, 0.3% concentration of CSL, 0.5% 
molasses and rice polishing and 0.4% sugarcane bagass, 
were selected as the optimum concentrations in liquid 
state fermentation for streptokinase production. 
Afterwards, experimentally selected optimum 
concentrations of CSL, molasses, rice polishing and 
sugarcane bagass were used to grow Streptococcus 
mutans in liquid state fermentation in order to compare 
the best substrate with standard streptokinase enzyme. As 
compared to 7 U of activity obtained by standard 
streptokinase; it was found that 5.5 U, 5.08 U, 5.16 U and 
4.75 U were observed by optimum concentrations of CSL, 
molasses, rice polishing and sugarcane bagass, respectively. 
 

DISCUSSION 
 

There are many thrombolytic agents including 
streptokinase, urokinase, tissue plasminogen activator and 
various antithrombic agents that may be used to treat 
cardiovascular disorders in human and animals as well. 
Killingsworth et al. (1986) conducted a study to treat 
aortic thromboemboli with streptokinase in cats and 
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reported that the cats revealed absolute thrombus 
dissolution. Moore et al. (2000) applied SK on 46 cats 
suffering from arterial thromboembolism and found that 
25 cats recovered the pulses within 2-24 hours of SK 
administration. It also showed a 33% short term survival 
rate, while other subjects were improved after a bit longer 
time periods. In another study (Vlasin et al., 2005), 
rabbits, having primary thrombolysis, treated with SK 
showed a 7% decline in size of thrombus with a reduction 
of 64% radioactivity of the original thrombus. 

Tissue plasminogen activator (tPA) is an alternative 
choice for thrombolytic treatment in human and animals 
like rabbits and cats. But it is proved and well understood 
that tPA is more costly than streptokinase (Moore et al., 
2000). This article describes the production of 
fibrinolytically active enzyme streptokinase in liquid state 
fermentation and effect of various substrates on 
fibrinolytic activity of streptokinase produced using 
Streptococcus species. As mentioned above, intravenous 
administration of streptokinase has been widely used for 
thrombosis therapy. So, optimal experimental 
methodology should be well defined for its high yield 
such as optimum substrate concentrations, pH controlling 
agents and optimum temperature ranges etc. Lee et al. 
(1997) reported that microbes are very effective and 
useful sources for enzyme production. Thus, for 
assessment of streptokinase application as a thrombosis 
agent, microbes such as Streptococcus are preferred for its 
production. Therefore, Streptococcus species for 
streptokinase production in liquid state fermentation was 
used. According to Dubey et al. (2011), the fibrinolytic 
activity of streptokinase obtained from Streptococcus 
species using 8% CSL was 2.5 U, but in contrast to 
present study, the enzyme activity was much better. By 
using only 0.3% CSL concentration fibrinolytic activity 
was 5.5 U. In addition, 5.08, 5.16 and 4.75 U fibrinolytic 
activity was obtained using only molasses (0.5%), rice 
polishing (0.5%) and sugarcane bagass (0.4%), 
respectively. It indicated economical and more favorable 
findings for streptokinase production at industrial scale. In 
view of the present study, it may be suggested that 
fibrinolytic enzyme streptokinase may be produced in 
liquid state fermentation and different easily available and 
commonly used substances such as CSL, molasses, rice 
polishing and sugarcane bagass can be used as substrates 
in their optimized concentrations for better and high yield 
of enzyme.  
 
Conclusion: Streptokinase is being used as thrombolytic 
agent for livestock and human health care but due to high 
cost and its intravenous installation, large scale production by 
some alternative sources and methods is required. Therefore,  

streptokinase production using bacterial sources i.e., 
Streptococcus mutans is very effective and useful. We 
reported that streptokinase having better fibrinolytic activity 
can be produced by using optimal concentration of CSL and 
other substrates to fulfill the needs of this enzyme in our 
country. 
 
Acknowledgement: This work was partially supported by 
Higher Education Commission, Pakistan through grant 
No.1119 to Dr. M.A. Zia and carried out in Enzyme 
Biotechnology Lab., University of Agriculture, Faisalabad. 
 

REFERENCES 
 

Babashamsi BM, MH Razavian and MR Nejadmoghaddam, 2009. 
Production and purification of streptokinase by protected affinity 
chromatography. Avicenna J Med Biotechnol, 1: 47-51. 

Balaraman K and G Prabakaran, 2007. Production and purification of a 
fibrinolytic enzyme (thrombinase) from Bacillus sphaericus. Indian J 
Med Res, 126: 459-464. 

Banerjee A, Y Chisti and UC Banerjee, 2004. Streptokinase__a clinically 
useful thrombolytic agent. Biotechnol Adv, 22: 287-307. 

Boersma E, N Mercado, D Poldermans, M Gardien, J Vos and ML 
Simoons, 2003. Acute myocardial infarction. Lancet, 361: 847-858. 

Dubey R, J Kumar, D Agarwala, T Char and P Pusp, 2011. Isolation, 
production, purification, assay and characterization of fibrinolytic 
enzymes (Nattokinase, Streptokinase and Urokinase) from 
bacterial sources. Afr J Biotechnol, 10: 1408-1420. 

Holmstrom B, 1968. Production of streptokinase in continuous culture. 
Appl Environ Microbiol, 16: 73-77. 

Killingsworth CR, GE Eyster, T Adams, PC Bartlett and TG Bell, 1986. 
Streptokinase treatment of cats with experimentally induced 
aortic thrombosis. Am J Vet Res, 47: 1351-1359.  

Lee SH, II C Kim, KH Bae and SM Byun, 1997. Enhanced production and 
secretion of streptokinase into extracellular medium in Escherichia 
coli by removal of 13 N-terminal amino acids. Biotechnol Lett, 19: 
151-154. 

Madhuri, DH, M Manohar, NA Singh, V Mohanasrinivasan and CS Devi, 
2011. Studies on isolation, screening and strain improvement of 
streptokinase producing β-hemolytic Streptococci. World J Sci 
Technol, 1: 7-11. 

Moore KE, N Morris, N Dhupa, RJ Murtaugh and JE Rush, 2000. 
Retrospective Study of Streptokinase administration in 46 cats 
with arterial thromboembolism.  J Vet Emerg Crit Care, 10: 245-
257.  

Patel VP, KS Patel and RM Patel, 2011. Isolation and optimization of 
streptokinase production by batch fermentation. Int J Pharma Biol 
Arch, 2: 1488-1492. 

Rasul S, MA Zia, MA Sheikh and T Iftikhar, 2011. Enhanced production 
and characterization of a novel β-D-glucose:oxygen-1-
oxidoreductase by using Aspergillus. niger UV-180-C mutant strain. 
Afr J Biotechnol, 10: 14522-14533. 

Vlasin M, J Rak, JI Weitz, L Peng, J Gumulec, M Johnston and P Klement, 
2005. Heparin compromises streptokinase-induced arterial 
patency in rabbits. Thromb Res, 115: 427-434.  

Zhai P, N Wakeham, JA Loy and XC Zhang, 2003. Functional roles of 
streptokinase C-terminal flexible peptide in active site formation 
and substrate recognition in plasminogen activation. Biochem, 42: 
114-120.

 


