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Introduction 

Thrombotic disorders are a major cause of death and 
morbidity worldwide. Thrombolysis like vascular blockage, 
pulmonary embolism, peripheral occlusive disease, 
deep vein thrombolysis, stroke and acute myocardial 
infraction are commonly known as heart attack due to 
blood clot [1]. Currently, many blood clot-dissolving 
agents are either approved for clinical use or under clinical 
examination in patients with acute myocardial infarction, 
such as staphylokinase, streptokinase, urokinase, tissue 
plasminogen activator (t-PA) and plasminogen activator 
recombinant (rscu-PA; recombinant prourokinase) [2]. 
There is a lot of research available that includes screen and 
characterization of microorganisms that produce enzymes 
with high thrombolysis activity since most of the commonly 

used medicines have complications such as bleeding, 
allergies, expensive, re-blockage [3]. Hence, thrombolytic 
therapy needs additional effective thrombolytic drugs, which 
afford fast improved ef icacy and ibrin speci icity of ibrin-
dissolving agents with minimal side effects like minimal 
bleeding risk and re-occlusion at low cost [4]. 

Bacterial staphylokinase (E.C 3.4.99.22) is an extra cellular 
protein composed of 136 amino acids synthesized through 
the late exponential growth phase of lysogenic Staphylococcus 
aureus [5]. It has ideal ibrin speci ic plasminogen activator 
and clot speci icity than t-PA by converting a precursor 
plasminogen to plasmin which results in dissolving a blood 
clot along with destroying the natural components of the 
blood clotting system, leading to life-threatening as well 
as death consequence [6]. After activation, plasmin cleaves 

Abstract 

Six clinical Staphylococcus aureus strains isolated from diff erent clinical samples. Isolates 
ASIA1 and ASIA2 isolated from urine samples of urinary tract infected patients; ASIA3 isolated 
from swab samples of burn abscess patients at Assiut University hospital as well as ASIA4, 
ASIA5 and ASIA6 obtained from blood samples of diff erent cancer patients at South Egypt 
Cancer Institute. All isolates showed varied abilities to produce halo zones of hydrolysis with 
diff erent diameters on blood agar, heated plasma agar, casein agar and skim milk agar plates 
along with diff erent clot lyses percent. Staphylococcus aureus ASIA3, ASIA4 and ASIA6 
produced 4.83, 5.98 and 2.08 U/mL of staphylokinase on tryptone soy broth reduced to 1.95, 
2.08 and 1.70 U/mL on casein hydrolysate yeast extract broth, respectively. On the other hand, 
Staphylococcus aureus ASIA1, ASIA2 and ASIA5 gave 2.20, 2.93 and 3.65 U/mL on CYEB 
compared to 2.10, 1.88 and 3.41 U/mL on TSB as production medium. The staphylokinase 
yielded from the hyperactive producer Staphylococcus aureus ASIA4 was increased for 7.64-
fold (from 2.08 U/mL to 15.88 U/mL) on the optimized fermentation medium composed of 5.0 
g sucrose as carbon source, 10.0 g soy bean as nitrogen source, 5.0 g NaCl, K2HPO4 5.0 
g and pH 7.0 that inoculated with isolate ASIA4 and incubated for 24 h at 35 °C. Moreover, 
Staphylokinase activity reached its peak at the optimal enzymatic reaction conditions which 
were reaction time 25 min, casein as substrate, reaction pH 8.0, reaction temperature 40 °C. 
In addition it retained 100% of its activity at temperature ranged between 15 and 45 °C and 
pH ranged from pH 6.0 to 9.0. EDTA inhibited the enzyme activity by 3.0% to 32.2% with 
increasing its values from 30.0 to 90.0 mM. MgCl2 at a concentration of 30 mM increased the 
enzyme activity by 4% and then slightly decreased at higher concentrations but NaCl was 
potent staphylokinase activator at concentrations lower than 90 mM. 
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variable substrates such as ibrin and extracellular matrix 
proteins and activates proteases and other growth factors 
then ibrinolysis including staphylokinase and plasmin are 
implicated in a variety of physiological and pathophysiological 
procedures for example wound curing, irritation, cell 
migration, embryogenesis, cancer development, metastasis, 
angiogenesis and atherosclerosis [3,7]. 

The main reason for selecting staphylokinase enzyme 
in the present study is inding relatively inexpensive 
thrombolytic drug and alternative cure against cardiac blood 
clot when compared to other commercial thrombolytic 
agents. Therefore, the present study has been undertaken 
to isolate the local strains of S. aureus from clinical samples, 
screened them for the production of staphylokinase (SAK), 
testing their thrombolytic activity in vitro, optimization 
the fermentation process parameters and enzymatic assay 
conditions as well as characterization of the obtained enzyme.

Materials and methods
Media and reagents

Nutrient agar (g/L; peptone 5.0, sodium chloride 5.0, 
beef extract 3.0 and agar 20.0); mannitol salt agar (MSA g/L; 
peptone10.0, beef extract 1.0, sodium chloride 75.0, mannitol 
10.0, phenol red 0.025, agar 20.0 and pH 7.4 ± 0.2); tryptone 
broth (g/L; tryptone 10.0, beef extract 3.0, glucose 5.0, blood 
5% and pH 7.2 ± 0.2); methyl red-voges proskauer broth 
(MR-VP, g/L; tryptone 10.0, glucose 5.0, K2HPO4 5.0, and pH 
6.9 ± 0.2), tryptone soya broth (TSB, g/L; pancreatic digest 
of casein 17,0, soya bean 3.0, glucose 2.5, NaCl 5.0, K2HPO4 
2.5 and pH 7.3 ± 0.2) and casein yeast extract broth (CAYE, 
g/L; casein acid hydrolysate 30.0, yeast extract 4.0, dextrose 
2.0, K2HPO4 0.50 and pH 7.2 ± 0.2) media were used. Methyl 
red reagent (0.1 g MR in 300 mL 95% ethanol and 200 mL 
H2O), Voges-proskauer reagent (Barrit B 40% of potassium 
hydroxide and Barrit A 5% α-naphthol in absolute ethanol), 
trichloroacetic acid (10 g TCA in 100 mL H2O and casein 
solution (500 mg casein in 100 mL of 0.1 M phosphate buffer) 
were prepared.

Collection of clinical samples 

Staphylococcus aureus strains were isolated from 
different clinical samples from urine samples of urinary 
tract infected and swab samples of burn abscess patients at 
Assiut University hospital as well as from the blood samples 
of different multiple myeloma patients at South Egypt Cancer 
Institute. 

Bacterial isolation and sub-culturing 

All samples were primarily inoculated into nutrient 
broth, incubated at 37 °C for 24 h and serial dilution for each 
sample were carried out after incubation, 100 μL from the 
appropriate dilution was spread on nutrient agar, mannitol 
salt agar and blood agar media, incubated at 37 °C for 24 h 

and select expected S. aureus according to Lemaire [8]. The 
individual colonies were observed, checked for their purity 
by microscopy. Isolates were maintained on nutrient agar 
supplemented with 5% blood at 4 °C until optimization and 
characterization studies. 

Phenotypic identifi cation of isolates 

Isolates were characterized by following Atlas, et al., 
Collee, et al., Harlly and Prescott and Kateete, et al. [9-12]. 
Phenotypic characters including Gram stain, motility, and 
haemolytic activity. Moreover, antibiotics resistant, catalase 
(to examine the ability of strains to detoxify hydrogen peroxide 
via secretion of catalase enzyme which act on conversion of 
H2O2 to H2O and O2 by adding 2 drops of H2O2 on a touch of 
organism colony), carbohydrate fermentation, coagulase (0.5 
mL of plasma mixed with 0.5 mL of broth culture from tested 
organism), indole (by inoculating tryptone broth medium 
with tested organisms, incubated at 37 °C for 48 h and then 
Kovac’s reagent was added to the test tube and positive result 
appeared as red layer at the top of medium) and methyl red 
tests (MRVP by inoculating MR-VP broth medium with each 
tested isolate, incubated at 37 °C for 48 h and then adding MR 
reagent to test tube and positive result appear as red layer on 
the top of medium). Identi ication of isolates was con irmed 
by VITECK-2 tests. 

Screening of staphylokinase producers 

Bacteria are main sources for thrombolytic drugs. 
Therefore in the current work searching for staphylokinase 
was performed on the six S. aureus isolates by using different 
methods heated plasma agar assay, radial caseinolytic assay 
(including casein agar and skim milk agar assays) and in-
vitro clot lyses at different concentrations (10, 20 and 30 μL) 
of enzyme preparation. After inoculation of SAK producing 
S. aureus on heated plasma agar plate, each clear ibrinolytic 
halo after each treatment was observed around the well after 
overnight incubation at 37 °C. In casein hydrolysis assay, the 
hydrolysis of casein was identi ied by a zone of clearance 
around the growth of colonies on casein agar plates and skim 
milk agar plates after incubation at 37 °C for 24 h. In vitro 
thrombolysis study was assayed according to the formula: % 
clot lyses = (Weight of the lysis clot / Weight of clot before 
lysis) × 100 at 37 °C after 90 min of incubating clots with 
enzyme preparations as previously reported [13-16].

Production and quantitative assay of staphylokinase

Staphylokinase productivity by a selected S. aureus strains 
was evaluated using two different media namely modi ied 
tryptone soy broth (TSB) and casein hydrolysate yeast extract 
(CYE) at pH 7.0 and 37 °C for 24 hour at 120 rpm. After 
fermentation period, the activity of staphylokinase (U/mL 
was determined by using casein digestion method [17]. One 
unit of caseinolytic activity was determined as the amount of 
enzyme releasing 1μmole of tyrosine equivalent/in.
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Optimization of the nutritional requirements and culture 
conditions for staphylokinase enzyme production by 
using one factor at a time method

With the aim of studying the outcome of pH on 
staphylokinase production, the fermentation process was 
performed at various pHs ranged from 4.0 to 9.0 as well as the 
impact of different incubation temperatures (25 to 40 °C) on 
enzyme productivity was assessed. For optimizing nutritional 
requirements that supported the highest staphylokinase 
yields, the carbon source in the TSB medium, glucose, was 
replaced by various six carbon sources including fructose, 
sucrose, maltose, sorbitol, lactose and starch individually at 
5 g/L. The nitrogen source of TSB (mixture of 17 g pancreatic 
digest of casein and 3 g soya bean) was substituted with 
peptone, soya bean, casein, beef extract, yeast extract, corn 
steep liquor and NH4NO3 individually as sole nitrogen source 
at 10 g/L. Effect of the amino acids supplementations (alanine 
glycine, histidine, cysteine and lysine at a concentration of 
2 g/L) in addition to soya bean was assessed. NaCl of TSB 
medium was replaced by CaCl2, MgCl2, FeSO4, KNO3, ZnSO4 
and CuSO4 to evaluate the in luence of these metal sources 
individually on the production process of staphylokinase. All 
the experiments were carried out in duplicates.

Characterization of staphylokinase 

This step was performed in order to maintain the 
maximum enzymatic activity through optimization of 
reaction time of assay (at 5 to 30 min), pH of assay and pH 
stability of enzyme (at different pH 5.0, 6.0, 7.0, 8.0 and 9.0), 
impact of temperature on activity and stability of enzyme (at 
15 to 60 °C), substrate concentrations ( at 0.45 to 3.6 mM) 
and the impact of different metal sources MgCl2 and NaCl 
as well as EDTA at a concentrations of 10, 30, 50, 70 and 90 
mM, individually on enzyme activity were estimated. Growth 
characterization of S. aureus was estimated according to 
Medveďová, et al. and Sutherland, et al. [18,19]. 

Results and discussion
Isolation, morphological and biochemical character-
ization of S. aureus

Six of S. aureus strains were isolated, S. aureus ASIA1and 
S. aureus ASIA2 were obtained from urine samples of urinary 
tract infected patients and S. aureus ASIA3 was isolated from 
swab samples of burn abscess patients at Assiut University 
hospital but S. aureus ASIA4, S. aureus ASIA5 and S. aureus 
ASIA6 were isolated from blood samples of different cancer 
patients at South Egypt Cancer Institute. In line with our results 
different authors reported the distribution of S. aureus in the 
clinical human samples. For instant Singh, et al., reported that 
from urine samples of UTI suspected patients screened 119 
isolates (33.52%) showed growth out of which S. aureus were 
22 isolates (48.88%), in which 8 strains were MRSA (36.36%) 
and 14 strains MSSA (63.63%) [20]. Abdulzahra, et al. stated 
the prevalence of S. aureus from urinary tract infection (UTIs) 
and gastroenteritis patients aged from 8 to 18 years [21]. On 

the other hand, El-Gendy, et al. reported that cancer patients 
are susceptible to staphylococcal infection owing to a 
number of reasons comprising prolonged hospitalization and 
operating time, intravascular catheterization, compromise 
immunity, malignancy, chemotherapy, radiotherapy and 
antibiotic therapy [22,23]. Moreover, El-Gendy, et al. isolated 
468 S. aureus isolates from cancer patients among them 
283 were MRSA and El-Gendy, et al. isolated 41 clinical S. 
aureus out of them 73.2% were from El-Demerdash hospital 
and 26.8% from Ain Shams Specialized hospital [23,24]. 

All isolates were Gram positive cocci in clusters or single 
(Figure 1), in mannitol salt agar medium all S. aureus isolates 
appeared round, smooth, raised, mucoid, glistening and 
golden yellow surrounded with large yellow zone due to 
fermentation of mannitol and production of acid (Figure 2).
The isolates were grown on blood agar medium with large, 
round, creamy grayish white colonies with smooth translucent 
area surrounding the colonies as a result of β-haemolysin 
production (Figure 3). All isolates were positive for 
coagulase test (coagulase positive Staphylococci, (Figure 4)
but negative for indole test (Figure 5). They were catalase 
and methyl red tests positive (Figure 6). In accordance 
with our data, previously studies reported that S. aureus 
isolates grown on blood agar with β-hemolysis activity and 
on mannitol salt agar medium, which considered a selective 
and differential medium for S. aureus turned its color from 
red to yellow as a result of mannitol fermentation and acid 
production and they are positive for catalase, coagulase and 
MR-VP tests but negative for indole test [5,23-25]. Also, Shah 
and Panchal, stated that S. aureus isolates are snowy, creamy 
to gold color and as Gram positive cocci with β-haemolysis on 
blood agar and proteolysis on casein agar plates [3]. 

Figure 1: Gram positive cocci of S. aureus ASIA1 to ASIA6 isolates.

Figure 2: Growth of S. aureus ASIA1 to ASIA6 isolates on mannitol salt agar.
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Screening of clinical S. aureus strains for staphyloki-
nase activity using diff erent methods

Different methods including hemolysis on blood agar 
(blood hemolysis activity), heated plasma agar (Plasmolytic 
activity), casein agar and skim milk agar plates (casienolytic 
activity) along with determining thrombolysis activity 

(% of clot lysis) were performed to evaluate staphylokinase 
activity in six isolates of S. aureus at different concentrations 
10, 20 and 30 μL. Results in table 1 revealed that all of the 
six strains showed promising ability to produce hydrolysis 
halo zones and clot lysis on blood agar, plasma agar, casein 
agar and skim milk agar plates around each culture iltrate 
of each bacterial isolate at each concentration. Results also 
showed that these local isolates differ in their abilities in 
staphylokinase production. The highest diameter of halo 
zones estimated to be (1.80, 2.20 and 2.60 cm), (2.0, 2.8 and 
3.6 cm), (1.3, 1.80 and 2.5 cm) and (0.8, 1.5 and 2.0 cm) were 
detected in S. aureus ASIA4 with blood agar, heated plasma 
agar, casein agar and skim milk agar plates at an enzyme 
concentrations of 10, 20 and 30 μL, respectively. Moreover, 
In vitro thrombolysis study in table 1 showed that the SAK 
producing S. aureus ASIA4 isolate showed the highest present 
30%, 69% and 86% clot lyses followed by S. aureus ASIA3 
(24%, 51% and 74% clot lyses) and S. aureus ASIA5 (19%, 
40% and 67% clot lyses) after treatment with 10, 20 and 
30 μL of each enzyme preparation, respectively. Our results 
are in agreement with Chandrappa, et al. they reported that 
10 μL of the staphylokinase enzyme can partially lyse the 
clot, but in between 40 to 60 μL complete lysis of the clot 
was observed [7]. Thrombolytic agents, staphylokinase, 
can positively impact the outcome of these deadly diseases 
such as myocardial infarction, cerebrovascular thrombosis, 
and venous thromboembolism but thrombolysis has major 
de iciencies including high healing dosages, inadequate 
ibrin speci icity and bleeding problems [6]. Our results 

are in consonance with other studied achieved by Devriese 
and Kerckhovea, Pulicherla, et al. and Shagufta, et al. they 
detected staphylokinase production by S. aureus isolated 
from human infections based on the clear zones of hydrolysis 
on plasma agar medium after an overnight incubation at 
37 °C [13,15,16]. Moreover, Jasim, et al. recorded zones of 
hydrolysis around the well containing culture iltrate of 19 
urinary tract infected S. aureus isolates; ranged between 25 
and 36 mm [5], Nedaeinia, et al. stated the ability of S. aureus 
isolates to produce different levels of staphylokinase and 
producing zone of hydrolysis on plasma agar [2] and Deepa, 
et al. reported that out of 50 S. aureus isolates, 10 isolates 

Figure 3: Coagulase positive test of S. aureus ASIA1 to ASIA6 isolates (+ve 
(clotting).

Figure 4: Indole test negative response of S. aureus ASIA1 to ASIA6 isolates, C= 
control and T= treatment.

Figure 5: MR-VP positive test of S. aureus ASIA1 to ASIA6 isolates, C = Control 
and T = Treatment.
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of human origin compared to 18% with nutrient agar for 
staphylokinase productivity [13]. 

Optimization the production process parameters of 
staphylokinase by S. aureus ASIA4

The in luence of pH of medium on staphylokinase 
production by S. aureus ASIA4 was performed at varied pH 
values; the enzyme productivity was increased by increasing 
the pH value from 4.0 to 7.0 and then decreased (Table 3). The 
enzyme yields were increased by 1.44-, 2.89-, 5.93-, 3.48- and 
2.14-fold after increasing the pH of medium from 4.0 to 5.0, 
6.0, 7.0, 8.0 and 9.0, respectively, then pH 7.0 was the optimal 
pH for S. aureus ASIA4 staphylokinase production (Table 3). 
In accordance with the present work Kotra, et al. reported 
that pH 7.0 is the best for maximizing growth and enzyme 
productivity and then decrease at lower or higher pHs [26]. 
Furthermore, S. aureus ASIA4 was able to grow and produce 
staphylokinase at a wide range of temperature, it produced 
3.38, 4.95, 8.91 and 7.98 U/mL at incubation temperature of 
25, 30, 35 and 37 °C, respectively and then sharply decreased 
to 4.13 U/mL at 40 °C, hence optimum temperature was 
35 °C (Table 3). Deepa et al., reported that variation of pHs and 
incubation temperatures had a large impact on the uptake of 
the nutrients by the cells; hence, this phenomenon makes it 
mandatory to optimize the pH of the medium and incubation 
temperature [4]. Staphylokinase (SAK) production by 
Staphylococcus sp. was greatly affected at highly acidic and 
alkaline pH but the maximum SAK activity was observed at 
pH 6.5 at 30 °C and decrease with further increase in the 
incubation temperature [4].

hydrolyzed casein and produce radial caseinolysis zone 
ranged from 6 to 25 mm [4]. 

Quantitative evaluation of staphylokinase activity in 
clinical S. aureus strains using diff erent fermentation 
media

Each S. aureus isolate was inoculated into two different 
fermentation media, tryptone soy broth and casein 
hydrolysate yeast extract broth, incubated for 24 h at 37 °C, 
after fermentation period, fermented media were centrifuged 
at 10,000 rpm and the free cells supernatants were 
collected for detection of staphylokinase enzyme (U/mL).
Results in table 2 indicated that the impact of tryptone 
soy broth medium and casein hydrolysate yeast extract 
(CYEB) on staphylokinase production was dependent on 
the producing strain. Tryptone soy broth supported the 
highest staphylokinase production in S. aureus ASIA3, ASIA4 
and ASIA6 which estimated to be 4.83, 5.98 and 2.08 U/
mL but these yields were reduced to 1.95, 2.08 and 1.70 U/
mL, respectively on casein hydrolysate yeast extract broth. 
Conversely, CYEB medium was the best production medium 
for staphylokinase from S. aureus ASIA1, ASIA2 and ASIA5 
which gave 2.20, 2.93 and 3.65 U/mL compared to 2.10, 
1.88 and 3.41 U/mL on TSB (Table 2). Then, S. aureus ASIA4 
(5.98 U/mL) was chosen as the hyperactive staphylokinase 
producer for optimization and characterization studies 
on TSB medium. In line with our results Devriese and 
Kerckhovea, reported that tryptone soya medium was 
promising medium for more than 91% of 55 S. aureus strains 

Table 1: Screening of S. aureus isolates for staphylokinase productivity.

Isolate Enzyme concentration (μL)
Screening method

Diameter of zones (mm)
Clot lysis %Blood agar plate Heated plasma agar plate Caseinolytic agar plate Skim milk agar plate

ASIA1

10
20
30

0.80
1.20
1.50

1.00
1.20
1.40

0.20
0.50
0.90

0.40
0.60
0.80

10
23
50

ASIA2

10
20
30

1.00
1.60
1.90

0.80
1.30
1.60

0.40
0.80
1.10

0.20
0.60
0.90

28
42
65

ASIA3

10
20
30

1.40
1.90
2.20

1.00
1.90
2.10

0.80
1.30
1.70

0.80
1.10
1.20

24
51
74

ASIA4

10
20
30

1.80
2.20
2.60

2.00
2.80
3.60

1.30
1.80
2.50

0.80
1.50
2.00

30
69
86

ASIA5

10
20
30

1.10
1.70
2.00

0.90
1.30
1.90

0.60
1.10
1.40

0.30
0.70
1.00

19
40
67

ASIA6

10
20
30

0.90
1.20
1.50

1.00
1.50
1.78

0.30
0.80
1.40

0.20
0.50
0.90

11
30
59

Table 2: Evaluation the productivity of staphylokinase in S. aureus isolates using diff erent fermentation media.

Producing strain
Enzyme productivity (U/mL)

Tryptic soy broth medium (TSB) Casein hydrolysate yeast extract broth medium (CHYB)
S. aureus ASIA1
S. aureus ASIA2
S. aureus ASIA3
S. aureus ASIA4
S. aureus ASIA5
S. aureus ASIA6

2.10
1.88
4.83
5.98
3.41
2.08

2.20
2.93
1.95
2.08
3.65
1.70
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Different sugars including glucose, starch, sucrose, 
sorbitol and lactose were evaluated as sole carbon source 
for staphylokinase production. The best yield of enzyme 
production (10.85 U/mL) from S. aureus ASIA4 was achieved 
with sucrose followed by Maltose (9.70 U/mL) while the 
lowest yield of enzyme was obtained with lactose, sorbitol 
and starch (5.35, 2.43 and 4.90 U/mL, respectively) as sole 
carbon source compared to 8.91 U/mL with glucose (control, 
Table 4). Kotra, et al. reported that amongst diverse sugars 
such as fructose, galactose, lactose, maltose, glucose and 
sucrose; only glucose supported the maximum productivity 
of staphylokinase [26]. 

Moreover, basal nitrogen source of TSB medium (3.0 g 
soya bean + 10.0 g pancreatic digest of casein) by the organic 
nitrogen sources comprise beef extract, casein, peptone, 

corn steep liquor and yeast extract, individually the enzyme 
productivity increased from 10.80 to 11.16, 12.63, 14.22 
and 15.79 U/mL with the organic nitrogen sources peptone, 
casein, yeast extract and soy bean, respectively while 
the inorganic nitrogen NH4NO3 increased staphylokinase 
productivity to 11.02 U/mL (Table 4). On the other hand the 
productivity was decreased by 38.98% and 52.77% with beef 
extract and corn step liquor, respectively, then soy bean was 
the best nitrogen source (Table 4). 

Moreover, all amino acids supplementations include 
alanine, glycine, histidine and lysine had negative effects on 
staphlokinase production. They decreased enzyme production 
by 76.21%, 87.25%, 75.13% and 69.83%, respectively but 
they increased the growth by 66.39%, 95.97%, 62.93% 
and 83.44% (Table 4); which may be due to the imbalance 
in the C/N ratio occurred after adding each of these amino 
acids to the soy bean as well as the lower productivity of the 
enzyme can be attributed to the fact that the amino acids 
encouraged and prolonged the growth phase at the expense 
of the production phase as previously stated [27]. Kotra, et 
al. suggested yeast extract as the best nitrogen to achieve 
the highest yield of growth and staphylokinase enzyme 
[26]. Also Deepa, et al. suggested that yeast extract acts as a 
major nitrogen source for the production of SAK and shows 
maximum activity at a concentration of 2.65% (w/v) [4]. 

In the case of replacing the basic medium salt sodium 
chloride by CaCl2, MgCl2, FeSO4, KNO3, ZnSO4 and CuSO4 
separately, the enzyme productivity is signi icantly reduced 
from 15.88 U/mL to 2.83, 8.25, 4.37, 8.00, 7.29 and 4.75 
U/mL, respectively (Table 4). The optimized process 
parameters for maximum staphylokinase production by S. 
aureus ASIA4 were TSB as production medium containing 
sucrose as carbon source at 5 g/L, soya bean as nitrogen 
source at 10 g/L, NaCl at 5 g/L, K2HPO4 2.5 g, pH 7.0 ± 0.2 
and incubation for 24 h at temperature 35 °C that increased 
staphylokinase productivity from 2.08 U/mL on casein 
hydrolysate yeast extract broth medium (CYEB) to 15.88 
U/mL (7.64-fold increase). Interestingly in most cases of 
parameters optimized under SMF no clear correlation was 
observed between the biomass yield and staphylokinase 
production. the highest microbial growth 7.90 and 7.82 log 
CFU/mL recorded with fructose and glucose as well as 8.00 
and 8.90 log CFU/mL obtained with beef extract and yeast 
extract but growth values markedly increased with adding 
amino acid alanine, glycine, histidine and lysine to reach 
10.15, 11.93, 10.00 and 11.19 log CFU/mL, respectively. 
Consistent with literature sources, the optimum temperature 
for the growth of S. aureus was ranged from 37 to 40 °C as 
well as beef extract, dextrose and NaCl were reported as the 
most suitable parameters [18,23,24].

Characterization of staphylokinase enzyme

Temperature and pH of enzymatic reaction among the 

Table 3: Eff ect of culture conditions on staphylokinase production by S. aureus ASIA4.
Culture parameter Enzyme productivity (U/mL) Growth (log CFU/mL)

pH of medium
4.0
5.0
6

 7.0 (Control)
 8.0
9.0

Incubation temperature 
(°C)
25 
30 
35 

37 °C (Control) 40 

1.48
2.13
4.28
7.98
5.15
3.16

3.38
4.95
8.91
7.98
4.13

3.68
4.50
7.92
8.31
8.40
6.02

6.86
7.22
7.25
8.31
5.16

Table 4: Optimization of nutritional requirements for staphylokinase production by 
S. aureus ASIA4.

Culture parameter Enzyme productivity 
(U/mL)

Growth (log CFU/
mL)

Sole carbon source (5 g/L)
Glucose (Control)

Fructose
Starch

Maltose
Sucrose
Sorbitol
Lactose

Sole nitrogen source (10 g/L)
(Control)
Soy bean

Casein
Peptone

Beef extract
Yeast extract

Corn steep liquor
NH4NO3

Amino acid supplementations 
(2 g/L)
Control
Alanine
Glycine
Histidine
Lysine

Minerals supplementation (5 
g/L)

Control (NaCl)
CaCl2
MgCl2
FeSO4
KNO3
ZnSO4
CuSO4

8.91
8.24
4.90
9.70
10.85
2.43
5.35

10.80
15.79
12.63
11.16
6.59
14.22
5.10
11.02

15.88
3.73
2.00
3.90
4.73

15.88
2.83
8.25
4.37
8.00
7.29
4.75

7.82
7.90
5.16
6.54
7.31
3.48
4.85

8.10
6.01
8.83
8.14
8.90
8.00
6.15
4.73

6.10
10.15
11.93
10.00
11.19

4.90
5. 08
3.86
2.91
8.77
7.14
3.70
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most important factors that impacted both enzyme activity 
and stability, the enzyme retained 100% of its activity at 
temperature ranged between 15 to 45 °C and then lost 40%, 
56% and 81% of its activity at 50, 55 and 60 °C, respectively 
but the maximum enzyme activity was achieved at 40 °C 
(Figure 6).  Nguyen and Quyen reported that the staphylokinase 
from S. aureus QT08 was active in a broad temperature range 
of 20 to 45 °C and had optimum temperature of 30 to 37 ºC 
along with it was stable at a temperature range from 15 to 
37 °C but it was inactive at high temperature (70 °C) [28,29].

Activity of staphylokinase compared to the control (pH 
7.0 with 100% relative activity) was signi icantly affected at 
the acidic pH and lost 68.4% of its activity at pH 5.0 but it was 
slightly affected at alkaline pH and lost 4.8% of its relative 
activity at pH 9.0. The staphylokinase activity reached its 
beak at pH 8.0. However, the enzyme was stable and retained 
100% of its activity at pH ranged between pH 6.0 to pH 9.0 
(Figure 7). Interestingly, Nguyen and Quyen recommended 
pH 8.5 in Tris-HCl buffer and pH 7.5 in phosphate buffer for 
the best SAK activity with pH stability at a pH range of 4.0 to 
9.0 [28].

The optimum reaction time for staphylokinase enzyme 
with casein as substrate was estimated to be 25 min but 
at lower reaction time the enzyme activity was loosed 
74.8%, 67.6%, 44.20% and 20.20% after reaction time 
equal to 5, 10, 15 and 20 min (Figure 8) as well as among 
varied concentrations ranged between 0.45 to 3.6 mM; 
0.45, 0.90 and 1.80 mM increased the enzymatic activity 
by 6%, 15% and 7%, respectively and then decreased at 
higher concentrations of casein (Figure 9). Our results are 
in agreement with Chandrappa, et al. they reported that the 
optimum enzymatic reaction time for staphylokinase from 
Staphylococcus was 20 to 30 min [7].

In addition, data in igure 10 showed the effect of different 
concentrations from MgCl2, NaCl and EDTA ranged from 
10 to 90 mM, individually on staphylokinase activity. EDTA 
inhibited the enzyme activity by 3% to 32.2% with increasing 
its values from 30 to 90 mM; MgCl2 at a concentration of 30 
mM increased the enzyme activity by 4% and then slightly 
decreased at higher concentrations up to 90 mM but NaCl 
was potent staphylokinase activator at concentrations lower 
than 90 mM which decrees its activity by 4.87% (Figure 10). 
In coincident with our results Nguyen and Quyen revealed 
that the addition of metal ions Cu2+, Fe3+, Co2+ and Zn2+ as 
well as EDTA at the lower concentration showed no or 
slightly inhibitory effect on enzyme activity whereas the 
addition of metal ions and EDTA at the higher concentration 
of than 25 mM signi icantly inhibited the enzyme. However, 
Yarzábal et al., stated that in almost all cases, a decrease of 
the initial velocity of activation was observed with EDTA 
and a wide range of metal ions [30]. These results supported 
microorganisms as a proli ic resource for pharmaceutical 
agents as recently reported by many authors [31,32]. 
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Figure 7: Eff ect of pH on staphylokinase activity and stability from S. aureus 
ASIA4.
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Figure 8: Eff ect of reaction times on staphylokinase activity produced from S. 
aureus ASIA4.
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Figure 9: Eff ect of substrate (casein) concentration on staphylokinase activity 
produced from S. aureus ASIA4.
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staphylokinase activity produced from S. aureus ASIA4.
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Conclusion 
Myocardial infarction has increased dramatically in 

current years resulting in heart attacks and strokes. The 
focus of this study is on the enzyme staphylokinase which 
is a potent thrombolytic agent produced from S. aureus with 
the aim of increasing the production and reducing the cost 
compared to existing thromobolytic agents. All six S. aureus 
that normally found in human (isolated from urinary tract 
infection, burn abuses infection and cancer of bone marrow) 
were positive to coagulase, mannitol fermentation, casein and 
blood hydrolysis (β-haemolysis) tests along with signi icant 
staphylokinase, SAK, productivity. Strain S. aureus ASIA4 was 
the hyper SAK producer. With regard to the production point 
of view, the fermentation process parameters were optimized 
through improving medium ingredients and other individual 
physicochemical parameters get the maximum enzyme 
productivity from the hyper producer strain S. aureus ASIA4. 
The assay parameters optimization and characterization 
of staphylokinase enzyme were done here in this study. 
The inal yield was remarkably increased by 7.64-fold after 
optimization processes. The study revealed that the selected 
isolate ASIA4 could be a promising staphylokinase producer 
and hence could be used ef iciently in the future for the 
inexpensive and effective production of thrombolytic drugs.
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