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Comparative study of the reac
tivity of natural and mutated
streptokinase with total antistreptokinase antibodies in
human sera
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Streptokinase is widely used as an anticoagulant

drug for the treatment of heart attacks. Because of

antibody production against injected drug in individuals

consuming streptokinase and causing allergic reactions,

streptokinase treatment effects become neutral.

Recombinant mutant type of streptokinase was

prepared by removing of 42 amino acids from the C terminal

region. ELISA plates were coated by natural and

mutant streptokinase as antigen. Ninety-six normal

serum samples as well as 27 streptokinase consumer

serum samples (patients with acute myocardial

infraction) were analyzed. The results showed that

serum antibodies against natural streptokinase were

three times more than those against the mutated

streptokinase. In case of preserving thrombolytic

activity, mutated streptokinase can be used as an

alternative of the natural form. Blood Coagul Fibrinolysis
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Introduction
Currently the use of digestive blood clot drugs as standard

in the treatment of patients with acute myocardial

infarction has been approved [1–3] because more than

85% of coronary artery obstructions are due to blood

clotting; digestive clot drugs restore the blood flow

[4,5]. The tissue plasminogen activator and streptokinase

are most common digestive clot drugs, but because of

the economic efficiency, the medical centers of the world

use streptokinase as the drug of choice [6–11].

Streptokinase is a secretory single-chain polypeptide

produced by various species of b-hemolytic streptococci.

This protein digests the clot through plasminogen acti-

vation. The three structural domains of streptokinase – a,

b and g – have been established through a multiple

domain that reacts with plasminogen. Streptokinase

g domain is essential for activation of plasminogen.

The a, and b domains of streptokinase form the

plasminogen–streptokinase complex, which results in

activation of plasminogen [12].

Torrens et al. [13] believe that the 42 amino acids from

the C terminal of streptokinase play a role in antibody

production. Torrens et al. [13,14] studied the interaction

of serum antibodies with C terminal 42 amino acids of

streptokinase; they believed that this part of the molecule
is most important in streptokinase–serum interaction

[14,15].

The most important issue in streptokinase drug

consumption is the risk of neutralizing antibodies that

are found in populations that suffer from streptococcal

infection [16–19]. Studies show that in populations

with streptococcal infection [20–22], the level of these

antibodies is more than that in the population with

healthy conditions [23–32]. This phenomenon results

in reduced efficiency and increased risk of drug hyper-

sensitivity reactions in these populations [26–28]. How-

ever, there are some controversies in this field [15,32].

In addition, consumption of streptokinase in patients

with myocardial infarction increased the level of neutra-

lizing antibodies in their body [33,34].

Studies showed that if the 42-amino-acid C-terminal

region of the streptokinase molecule is deleted, there

will be no enzyme activity; however, less neutralizing

antibodies will be produced [13–15,35,36]. It has been

shown that the use of mutated streptokinase is better

than the natural (wild-type) in patients with acute myo-

cardial infarction in the populations where streptococcal

infections are common, and also in patients who

experienced myocardial infarction within the previous

year. The aim of this study was to compare the level of
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antibodies in the normal population and streptokinase

receivers (with myocardial infarction) against natural

(heberkinase) and mutated streptokinase.

Materials and methods
Recombinant mutant streptokinase was prepared as

described previously [37,38]. Recombinant protein

(mutated streptokinase) was purified by affinity chroma-

tography using N-terminal T7 Tag [39] and used for

coating of ELISA plate wells [40]. Polystyrene microtiter

plates were coated with purified recombinant protein

and native streptokinase (heberkinase), as previously

described [41]. Briefly, to remove traces of urea and

exchange chromatography elution buffer, the purified

recombinant protein was dialyzed at 48C for 2 h against

carbonate/bicarbonate sodium buffer (0.1 mol/l, pH 9.5)

with ELISA coating buffer. The antigens (recombinant

and heberkinase) were diluted up to 1 mg per 300 ml

for each well.

ELISA pates were washed three times with phosphate-

buffered saline-Tween 20, and then 100-fold diluted

serum samples were added to each well and incubated

on the coated antigen for 1 h at 378C. Plates were

washed and antihuman IgG conjugate (g-chain;

1 : 3000) was added; it was incubated for 1 h at 378C
and then washed six times; the substrate (OPDþH2O2)

H2O2) was added; the reaction mixture was incubated for

10 min and then stopped by the addition of 0.5 mol/l

H2SO4. The OD of the reaction mixture was measured

at 492 nm with a 620 nm reference filter using a Tekan

ELISA reader (Tekan LTD, Moscow, Russia).
opyright © Lippincott Williams & Wilkins. Unauth
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Diagram of molar concentration of antistreptokinase antibodies (anti-SK ab
recombinant streptokinase (lower OD); and series 2, molar concentration a
numbers of sample used in the test, and the Y-axis represents the OD of an
produced against recombinant antigen (mutated streptokinase) is less than t
comparison of results of 27 sera who had received heberkinase showed a
(Pv)<0.0001], with SD 185.19 and SE 35.64.
Ninety-six normal sera and 27 received streptokinase

serum samples were evaluated by the ELISA method.

The OD values were converted to antibody con-

centration (molar concentration) using the formula at

MyCalcTool website (http://www.calctool.org/CALC/

FAV). The molar value of antibodies was compared

against mutant streptokinase and heberkinase for normal

and received streptokinase sera.

Statistical analysis
The ELISA results were analyzed by SPSS 16 software

(SPSS Inc., Chicago, Illinois, USA).

Results
Comparison of concentrations of 96 normal serum

samples with mutated streptokinase and natural strepto-

kinase (heberkinase) by the ELISA method showed that

concentrations of normal sera with mutant streptokinase

were very low compared with those with natural

streptokinase, with Fig. 1 indicating that the Iranian

normal population have shown a lower immune response

to mutant streptokinase.

Protein concentration and serum dilution for both

antigens (natural and mutated streptokinase) were

10 mg/ml and ‘20th’, respectively.

Comparison of ELISA assay results of 96 normal samples

analyzed by SPSS16 software with paired samples t-test

showed significant differences (Pv< 0.0001) and SD

66.607, SE 6.8.

The 27 serum samples of received streptokinase (people

with acute myocardial infraction) were evaluated by
orized reproduction of this article is prohibited.
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Fig. 2
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Diagram of molar concentration of antistreptokinase antibodies (anti-SK ab) in 27 heberkinase serum samples. Series 1, molar concentration against
heberkinase (higher OD); and series 2, molar concentration against recombinant antigen (mutated streptokinase) (lower OD). The X-axis represents
numbers of sample used in the test, and the Y-axis represents OD of antibody for each sample. As shown in the figure, the amount of antibodies
produced against recombinant antigen (mutated streptokinase) is less than that produced against heberkinase (as natural streptokinase).
ELISA against two antigens (mutated streptokinase and

heberkinase). The results showed that antibody pro-

duction against mutated type was much less than against

natural streptokinase (Fig. 2). Protein concentration and

serum dilution for both antigens (natural and mutated

streptokinase) were 10 mg/ml and ‘20th’, respectively.

Discussion
Currently the use of fibrinolytic drugs for clot digestion

in patients with acute myocardial infarction has

been approved [1–3]. The main factor behind more

than 85% coronary artery obstruction is blood clotting;

thrombolytic drugs help to re-establish blood flow [3–5].

The most common drugs used for thrombolytic agents

are tissue plasminogen activator and streptokinase, but

economically, medical centers use streptokinase as the

drug of choice [6–8,42].

Streptokinase is used for clot digestion, often accom-

panied by allergic reactions, due to antibodies against

streptokinase. High-titer antibodies neutralize streptoki-

nase activity, which can prevent the fibrinolysis activation

by the fibrin lysis system, so the efficiency of thrombo-

lytic therapy is reduced [8,19,22,24].

Based on research performed in Tehran Heart Center in

2010 on 677 people, 59.2% of controversial disordered

drug reaction cases in the cardiovascular system are

related to consumption of streptokinase [43]. Saadat

et al. [44] believe that due to streptococcal infections,

the antistreptokinase antibody level in the Iranian

population is higher compared to other endemic areas.

The level of antibodies against streptokinase in Pakistani

people who had consumed streptokinase and normal

individuals were measured and it was determined that
opyright © Lippincott Williams & Wilkins. Unautho
1.5 million units are appropriate for the initial treatment

[45].

Researchers have made a lot of efforts in order to

reduce the immunological effects of streptokinase [13–

15,35,36]. In the present study, by genetic manipulation,

recombinant mutated streptokinase was prepared and

used for assay of antistreptokinase antibodies. This study

showed that molar concentration of antibodies by natural

antigen in people who have received streptokinase

as choice drug was three times higher than measuring

antibodies against mutated antigens. Namely, the dele-

tion of 42 amino acids from the C terminal region of

the streptokinase protein reduced its immunogenicity,

and the antibody has not been identified. Similar findings

have been reported by Torrens et al. [13,14].

Normal serum assessment showed that there are

low statistical differences between serum reaction with

normal streptokinase and mutated streptokinase because

of no previous contact with antigen. Generally little

response to antigens has been shown. However, serum

assessment of received streptokinase which has had

contact with antigen (heberkinase consumption) showed

some reactions with mutated and natural streptokinase.

Serum consumer streptokinase will react to natural anti-

gen on further exposure, but the reaction of mutated

streptokinase with serum consumer streptokinase is

weaker, and there is less produced antibody against

the mutated streptokinase.

There was some controversy about the interaction

between streptokinase and plasminogen for streptoki-

nase–plasminogen complex formation. Mundada et al.
[46] believe that the first 59 amino acids are less involved
rized reproduction of this article is prohibited.
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in activating plasminogen; other amino acids are more

active in this case. Kim et al. [47] reported that amino

acids His48 and Asp 41 play an important role in binding

of streptokinase to plasminogen, but Tharp et al. [48]

replaced basic (Arg253, Lys256, and Lys257) and acidic

residues (Glu249, Glu262, and Glu263) of the 250-loop

of the SK b-domain with Ala. They concluded that

plasminogen is identified through arginine 253, lysine

256 and lysine 257 of streptokinase, and streptokinase–

plasminogen complex is formed.

The mutated streptokinase which was produced in this

study contained b-domain amino acids Arg253, Lys256

and Lys257 and theoretically could affect plasminogen–

streptokinase complex and subsequently plasmin

formation and blood clot digestion, but more research

is necessary to determine the fibrinolytic effect

of mutated streptokinase in digesting blood clots.

If mutated streptokinase was able to digest the blood

clots, it can be used in place of normal streptokinase that

is immunogenic in people who suffer from a heart attack

(without risk of being immunogenic).
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et al. Intravenous short-term infusion of streptokinase in acute myocardial
infarction. Circulation 1983; 67:536–548.

27 Juhlin P, Boström PA, Torp A, Bredberg A. Streptokinase antibodies inhibit-
reperfusion during thrombolytic therapy with streptokinase in acute
myocardial infartion. J Intern Med 1999; 245:483–488.

28 Lew AS, Neer T, Rodriguez L, Geft IL, Shah PK, Ganz W. Clinical failure of
streptokinase due to an unsuspected titer of antistreptokinase antibody’.
J Am Coll Cardiol 1984; 4:183–185.

29 Gemmill D, Hogg J, Dunn FG, Rae AP, Hillis WS. Pre-dosing antibody
levels and efficacy of thrombolytic drugs containing streptokinase. Br Heart
J 1994; 72:222–225.

30 Fears R, Hearn J, Standring R, Anderson JL, Marder VJ. Lack of influence of
pretreatment antistreptokinase antibody on efficacy in a multicenter
patency comparison of intravenous streptokinase and anistreplase in acute
myocardial infarction. Am Heart J 1992; 124:305–314.

31 White HD, Cross DB, Williams BF, Norris RM. Safety and efficacy of repeat
thrombolytic treatment after acute myocardial infarction. Br Heart J 1990;
64:177–181.

32 el Gaylani N, Davies S, Tovey J, Kinnarid T, Duly E, Buchalter MB.
Systemic lytic state is not a predictor of coronary reperfusion in AMI. Int J
Cardiol 1996; 57:45–50.

33 Buchalter MB, Suntharalingam G, Jennings I, Hart C, Luddington RJ,
Chakraverty R, et al. Streptokinase resistance: when might streptokinase
administeration be ineffective? Br Heart J 1992; 68:449–453.

34 McGrath K, Hogan C, Hunt D, O’Malley C, Green N, Dauer R, Dalli A.
Neutralizing antibodies after streptokinase treatment for acut
myocardial infarction: a persisting puzzle. Br Heart J 1995; 74:122–
123.

35 Parhami-Seren B, Lynch M, White HD, Reed GL. Mapping the antigenic
regions of streptokinase in humans before and after streptokinase therapy.
Mol Immunol 1995; 32:717–724.

36 Fay WP, Bokka LV. Functional analysis of the amino- and carboxyl-termini of
streptokinase. Thrombo Haemost 1998; 79:985–991.

37 Kazemi B, Fallahian F, Seyed N, Bandehpour M, Shabani A, Ghadam P.
Molecular cloning of the streptokinase mutant gene. P J B S 2006; 9:557–
559.

38 Seyed N, Shekari P, Bandehpour M, Sharifnia Z, Parivar K, Kazemi B.
Production of mutant streptokinase recombinant protein. Iran J Clin Infect
Dis 2008; 3:179–183.

39 Jack GW. Affinity chromatography. In: Rapley R, Walker JM, editors.
Molecular biomethods handbook. Totowa, NJ: Humana Press; 1998.
pp: 469–477.
orized reproduction of this article is prohibited.



C

738 Blood Coagulation and Fibrinolysis 2012, Vol 23 No 8
40 Kalantari E, Bandehpour M, Pazoki R, Khazan H, Mosaffa N, Taghipoor N,
et al. Recombinant Echinococcus granulosus antigen B using as antigen
for home made kit for diagnosis hydatidosis by ELISA method. Parasitol
Res 2010; 106:847–851.

41 Kazemi B, Seyed N, Bandehpour M, Pakzad P. Cloning, expression and
purification of truncated chlamydia trachomatis OMP2 protein and its
serological assay by ELISA. Iran J Immuno 2008; 5:148–155.

42 Helft G, Lecompte T, Le Feuvre C, Metzger JP, Vacheron A, Samama MM.
Antistreptokinase antibodies. Arch Mal Coeur Vaiss 1997; 90:975–980.

43 Mohebbi N, Shalviri G, Salarifar M, Salamzadeh J, Gholami K. Adverse drug
reactions induced by cardiovascular drugs in cardiovascular care unit
patients. Pharmacoepidemiol Drug Saf 2010; 19:889–894.

44 Saadat H, Pakzad P, Sattari M, Seyed N. Assessment of anti-streptokinase
antibody in patients with heart diseases and normal subjects. Iran J
Immunol 2004; 1:63–70.
opyright © Lippincott Williams & Wilkins. Unautho
45 Kazmi KA, Perwaiz Iqbal M, Rahbar A, Mehboobali N. Antistreptokinase
titers and response to streptokinase treatment in Pakistani patients. Int J
Cardiol 2002; 82:247–251.

46 Mundada LV, Prorok M, DeFord M, Figuera M, Castellino F, Fay WP.
Structure-function analysis of the streptokinase amino terminus (Residues
1-59). J Biol Chem 2003; 278:24421–24427.

47 Kim DM, Lee SJ, Kim IC, Kim ST, Byun SM. Asp41-His48 region of
streptokinase is important in binding to a substrate plasminogen. Thromb
Res 2000; 99: 93–98.

48 Tharp AC, Laha M, Panizzi P, Thompson MW, Fuentes-Prior P, Bock PE.
Plasminogen substrate recognition by the streptokinase-plasminogen
catalytic complex is facilitated by Arg253, Lys256, and Lys257 in the
streptokinase b-domain and kringle 5 of the substrate. J Biol Chem 2009;
284:19511–19521.
rized reproduction of this article is prohibited.


	Comparative study of the reactivity of natural and mutated streptokinase with total antistreptokinase antibodies in human™sera
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Conflicts of interest


	References

