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			Abstract | Cardiovascular diseases are the leading cause of death along the world about 30% of all deaths occur due to cardiovascular diseases. Among fibrinolytic enzymes streptokinase (SK) is commonly used in the world to cure heart diseases because its low cost and efficacy. It’s a microbial origin enzyme produced especially by Streptococcus bacterial spp. Therefore, it is antigenic in nature due to microbial source which restricts its use. However, it is necessary to truncate antigenic regions present in the SK gene for the removal of streptokinase antigenicity. The basic goal of this research work is to highlight antigenic regions founded in streptokinase molecule and to give strategy to remove these antigenic sites.
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			1. Introduction

			 

			Chemical reactions take place in all living cells are catalyzed by enzymes. Enzymes are biological catalysts which can speed up the rate of biochemical reactions happening in the cell (Nelson et al., 2008). Thrombolytic enzymes are formed by many of the living organisms for example snakes, earthworms, Actinomycetes and fungi: Fusarium oxysporum, Mucor sp. bacteria: S. equisimilis, S. poygens, S. mutans, S. dysgalactiae, Bacillus natto (Jian Sha et al., 2003).

			 

			The Streptococcal species commonly β-hemolytic Streptococcus produce streptokinase (Ryan et al., 2004). Streptokinase is a protein nature enzyme comprising 414 amino acid residues produced by Streptococcal bacterial species. The most commonly being used thrombolytic agent in Asians and underdeveloped countries is the streptokinase with its boost reactivity and low-cost drug. Despite of this advantage streptokinase has limited use due to the production of antibodies against bacterial origin streptokinase. These generated antibodies effect remains many years after streptokinase administration. However, blood coagulation, which is the primary reason of death, may occur as a consequence of disturbance in homeostasis. Maintenance of internal environment of the cell or body with any change in external environment is called homeostasis (Diwedi et al., 2005).

			 

			Blood clump or thrombosis is the development of a thick, jelly like material from liquid blood in the blood vessels of animals. This formation of blood clot can promote to various life frightening disorders like acute myocardial infarction, pulmonary embolism, acute ischemic stroke, deep Venus thrombus and arterial embolism. Streptokinase is the best decision for the treatment of these disorders because of minimal effort and effective action to break down blood clump. In any case, it is the major fibrinolytic drug which has been utilized in the undeveloped and underdeveloped countries (Mobarrez et al., 2015).

			 

			But there are some side effects of this fibrinolytic drug like intracerebral and gastrointestinal hemorrhage, allergic reactions: chills, fever, itching, nausea, respiratory trouble, skin rashes and anaphylactic reaction. Among these side effects the main problem are the life threatening allergic reactions due to immunogenic streptokinase production from bacterial strains. There are many antigenic sites on streptokinase molecule have been identified which are additionally added by the infectious Streptococci strains into the streptokinase sequence. By removing these immunogenic parts least immunogenic streptokinase has been produced. α-domain: (1–146 a.a) stabilizes proper conformation of SK for full activation. Antigenic regions of α-domain 3-7,4 -8, 1-13, 1-20 ,96-99, 138, 120–140, 130-149. β-domain (147–290 a.a), is the region responsible for high affinity interaction between SK and Plg. Ser60-Lys333 peptide of SK is required for minimal activator activity and antigenic regions of β-domain are 170-189, 1-253, 238-246. γ-domain (291–414) has a close contact with Plg active site. Immunogenic sites of γ-domain are 120-352, 390-399, 353-414, 373–414. 

			 

			The antigenicity in c-terminal region of streptokinase has been identified. The truncation of 42 amino acid residues on C-terminal region resulted in the reduction of immunogenicity. The antibody count against streptokinase in the serum has been found to be reduced as compared to the normal streptokinase. Another deletion at C-terminal region including 1-59 amino acids from the streptokinase molecule has been found to decrease in plasminogen activator activity and antigenicity as compared to the natural streptokinase.

			 

			The ten patients were tested from which eight were immunogenic with the sequence of 130-149, seven patients were immunoreactive to 170-189 region, in six patient’s antigenicity was expressed with the region 1-20 and 380-399, and five patients’ sera showed anti-streptokinase antibodies with 390-409 amino acid sequence. The sera of 30% of the tested patients were immune-reactive by the peptides 50-69, 60-79, 260-279, 270-289, 280- 299, 320-339, and 350-369 and the sera of one patient identified the other seven peptides. There was a difference in the reactivity of different peptides in various patients (Torrens et al., 1999). The truncation of the regions from wild type SK60-386 and SK143-386 separately have been found to decrease in the immunogenicity and to increase in fibrin specificity (Arabi et al., 2011). Streptokinase region 96–99, 4-8 and 120–140 amino acid residues were also recognized as immunogenic epitopes when treated against human and murine antibodies (Coffey et al., 2001: Parhami-Serena et al., 2003).

			 

			In circulatory system the blocking of blood vessels due to the formation of solid jelly like blood clots is called thrombosis. Thrombosis is happening as the blood vessel is harmed and the body assembles fibrin molecules and platelets to form blood clump at the damaged site to stop blood loss. The broken part of clump that is wandering in the circulatory system is known as embolus (Furie et al., 2008; Handin et al., 2005). 

			 

			Arg561 Val562 linkage of the plasminogen is cleaved that synthesizes a bridge of salt by the association with Asp740 due to which change in conformation of plasminogen occurs that transform it to the plasmin (Loy et al., 2011).

			 

			1.1 Antigenicity in streptokinase/ Streptokinase Immunogenicity

			Approximately 900,000 American people affected each year by thrombotic diseases resulting to about 100,000 premature deaths. Heart diseases mortality ratio per 100,000 people in some western countries are Slovak republic 674, Hungry 598, Estonia 554, Czech republic 513, Poland 476, Greece 360, Slovenia 345, Germany 314, Austria 313, Maxico 310, Finland 292, Sweden 291, New Zealand 277, Ireland 277, Iceland 272, Italy 261 and America 256. About 80% cardiovascular patient’s death occur due heart attack however greater than 75% deaths occur in underdeveloped and low-income countries. From all the deaths along the World it is estimated that 31% people die due to heart diseases per year so these are the highest cause of death along the globe (WHO, 2016). A continuous enhancement in cardiovascular diseases (CVDs) occurring in China and Japan which is totally different in America where CVDs are not increasing. In Europe and America there is decrease in CVDs threat factors such as cholesterol, hypertension and diabetes while these factors are arising in Asia and specially in Japan, China, Russia, Pakistan and India (Masafumi et al., 2015). 

			
					•	There are many regions identified in bacterial origin streptokinase molecule which are immunogenic and induce the production of antibodies to neutralize its effect. Such a study was performed by Reed and coworkers, they recognized the antigenic regions 1–13, 14–127, 1–253, 353–414 and 120–352 by treating murine antibodies with streptokinase (Reed et al., 1993).

					•	 Molecular weight of SK is 47 kDa, with 414 amino acid residues single strand polypeptide

					•	 There are three domains of streptokinase α, β and γ.

					•	α-domain: (1–146 a.a) maintains appropriate conformation of streptokinase for its full activation.

					•	 Antigenic regions of α-domain 3-7,4 -8, 1-13, 1-20 ,96-99, 138, 120–140, 130-149, 

					•	α-domain: (1–146 a.a) stabilize proper conformation of SK for full activation.

					•	 Antigenic regions of α-domain 3-7,4 -8, 1-13, 1-20 ,96-99, 138, 120–140, 130-149, 

					•	β-domain (147–290 a.a): this domain responsible for more interaction interactions between plasminogen and streptokinase.

					•	Ser60-Lys333 peptide of SK needed for least activator activity

					•	Antigenic regions of β-domain 170-189, 1-253, 238-246 

					•	γ-domain (291–414): This domain has a great interaction to Plasminogen active site.

					•	Immunogenic sites of γ-domain are 120-352, 390-399, 353-414, 373–414 (Zhai et al., 2003).

			

			 

			It was identified by the analysis of scanning that streptokinase start to NH2-terminal alpha-domain with minimum interaction for the plg activation (Mukherjee and Vasquez, 2011).

			 

			Streptokinase having microbial origin expresses antigenic activity limitizes its clinical application for myocardial arrest and other thrombotic disorders to human being. However, its use may cause intracerebral and gastrointestinal hemorrhage allergic reactions: chills, fever, itching, nausea, respiratory trouble, skin rashes anaphylactic reaction (Kumolosasi et al., 2013). Detrimental responses against antigenic substance are initiated by the defense system producing antibodies is called as hypersensitivity. The famous four types of reactions hypersensitivity have been reported in human beings in which type 1 is mostly involved as the streptokinase hazard effects (Nakamura et al., 2014). Both terminal (carboxyl and amino) sequences of streptokinase protein play important role for streptokinase proper function: C-terminus play a role in complex formation with plasminogen while N-terminus is involved in the activation of plasminogen (Mukherjee and Vasquez, 2011).

			 

			1.2 Evaluation w.r.t. antigenicity and stability

			In 1991, concluded by some scientists that 5 antigenic epitopes were recognized on the molecules of SK. This recognition was done by the CD4+ CR α β+ T cells. These five immunogenic regions are 1-236, 239-346, 348-369, 371-415, Met 237, Met 347, Met 36. Antigenic epitope of 371-415, 348-369, were also identified by 4 T cells and 3 Tcells respectively (Brusered et al., 1992). It is strongly believed that deletion of these antigenic sites or substitution of identified immunogenic sequences through base excision process their allergic effect was minimized. However, performing all this procedure of truncation in streptokinase molecule preference should be that after synthesizing truncated SK molecule it should be in stable and active form. 

			 

			N-terminal part of the SK molecule responsible for stable conformation if its part is truncated then molecule loses stability along with disturbed homeostasis. Therefore, researchers are trying their best to find such antigenic regions which have minimum effect on streptokinase stability and functional activity (Nihalani et al., 1998).

			 

			1.3 Truncation of antigenic regions

			Scientists are trying to remove the immunogenicity and other unwanted side effects of streptokinase due to its low cost and efficient activity. The removal of N-terminal 59 amino acid residues improved its fibrin selectivity. The general process to synthesize a recombinant protein is given in the Figure 1.

			 

			A large number of experimental trials in cardiovascular arrested patients indicated that infusion of streptokinase is related in decreased long and short-term death rate relative to other untreated patients. Many other features were conferred including origin of streptokinase, its mechanism of action, conformational variability, however detailed investigation was made on production of recombinant SK, its clinical applications and its enhanced yield (Kumar et al., 2012). The sequence of skc-2 gene synthesized polypeptide streptokinase consisting antigenic sequences in the CO2-terminal. Truncation of C-42 peptide sequence of streptokinase resulted decreased antigenicity and lower activity (Torrens et al., 1999).

			 

			[image: Figure%201.PNG] 

			Figure 1: General process of recombinant protein expression.

			 

			Eighteen amino acid residues truncation from NH2-teminal of streptokinase and fifty-one amino acid residues from CO2-terminal considered as effective fibrinolytic molecule (Pimienta et al., 2007). Antigenicity was compared with its activity of 143-386 amino acids containing molecule (having 45% decreased reactivity and 31% increased activity) with wild type streptokinase molecule (1-414 a.a). Another truncated molecule 60-386 expressed 28% decreased reactivity and 35% enhanced functionality relative to complete streptokinase molecule (Arabi et al., 2011). By the removal of 42 amino acids from CO2-terminal recombinant SK was prepared and its antigenicity was observed by ELIZA plates that were linked by recombinant streptokinase to act against antibodies. In the patients of cardiovascular arrest there were 96 serum tests and 27 patients were treated with streptokinase. The antibodies production was three times greater than in the serum of untreated patients than SK administrated patients (Bandehpour et al., 2012).

			 

			1.4 Cloning and expression of recombinant streptokinase

			Cloning is the process in which production of identical copies of a DNA fragments, entire organism or a cell will be obtained. Once after getting many amplified fragments of SK sequences by PCR then truncated SK will be cloned. It is also the purpose of cloning to analyze the constancy of truncated streptokinase protein. The correct structure of required protein can be identified by treating it to the specific substrate such as in circumstance of SK substrate is plasminogen (Wakeham et al., 2002). The expression of genes of recombinant SK will be carried out by pet expression vector, DNA ligase and TA cloning kit (Mirjamali et al., 2014).

			 

			1.5 Future perspectives

			Streptokinase is widely being used for the treatment of ischemic heart stroke and other myocardial infarctions. However, its immunogenicity in humans and other animals reduces its applications. Therefore, it is necessary to remove its antigenicity at genome level. In future with the use of CRISPR Cas technology will be helpful for removal of antigenic regions from streptokinase genes present in microbial genome. This emerging genome editing technology have revolutionized in many fields based on genome editing aspects. 

			 

			Conclusions and Recommendations

			 

			There are many immunogenic sites in the streptokinase molecule which trigger immune responses. However, bacterial origin streptokinase when administrated to the patients of cardiovascular diseases it produces antibodies against these antigenic determinants. It is concluded that after deletion of immunogenic sites this low-cost recombinant streptokinase of minimum antigenicity can be used several times for the treatment of cardiovascular patients.
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1. Introduction

hemical reactions take place in all living cells are

catalyzed by enzymes. Enzymes are biological
catalysts which can speed up the rate of biochemical
reactions happening in the cell (Nelson et al., 2008).
Thrombolytic enzymes are formed by many of the
living organisms for example snakes, earthworms,
Actinomycetes and tungi: Fusarium oxysporum, Mucor
sp. bacteria: §. equisimilis, S. poygens, S. mutans, S.
dysgalactiae, Bacillus natto (Jian Sha et al., 2003).

The Streptococcal species commonly B-hemolytic
Streptococcus produce streptokinase (Ryan et al., 2004).
Streptokinase is a protein nature enzyme comprising
414 amino acid residues produced by Streptococcal
bacterial species. The most commonly being used
thrombolytic agent in Asians and underdeveloped

countries is the streptokinase with its boost reactivity
and low-cost drug. Despite of this advantage
streptokinase has limited use due to the production
of antibodies against bacterial origin streptokinase.
These generated antibodies effect remains many years
after streptokinase administration. However, blood
coagulation, which is the primary reason of death, may
occur as a consequence of disturbance in homeostasis.
Maintenance of internal environment of the cell or
body with any change in external environment is
called homeostasis (Diwedi et al., 2005).

Blood clump or thrombosis is the development of
a thick, jelly like material from liquid blood in the
blood vessels of animals. This formation of blood clot
can promote to various life frightening disorders like
acute myocardial infarction, pulmonary embolism,
acute ischemic stroke, deep Venus thrombus and
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