
ABSTRACT
The present study is designed for the screening of staphylokinase producing  Staphylococcus aureus which is isolated from 
different clinical sources. Mannitol salt agar and Blood agar were used to isolate the Staphylococcus aureus. On the other 
hand, 40(66.6 %) Staphylococcus aureus could develop production staphylokinase by casein hydrolysis assay and 45 (75%) 
by heated plasma agar assay. While Satoh’s media is the best media for staphylokinase production, the period 24 hours was 
optimum incubation on the staphylokinase production.  Using the casein digestion method was confirmed enzyme activity. 
Determined total protein content by the Bradford method.  The first stage of purification of staphylokinase is ammonium 
sulphate precipitation in saturation 85% and dialysis, the second stage is ion-exchange chromatography and the end-stage is 
gel filtration chromatography. Increased effect thrombolytic activity for purified staphylokinase than of crude enzyme. 
Keywords: Staphylococcus aureus, Staphylokinase, Detaction of staphylokinase assay, purification of staphylokinase and 
thrombolytic activity.
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INTRODUCTION
Staphylococcus aureus is one of the world’s leading pathogens, 
causing a large range of infectious diseases.1 S. aureus is a 
gram-positive, cocci-shaped bacteria that appear to be clustered 
in clusters characterized as “grape-like.” These organisms 
can grow up to 10 % in salt on the media.2 That promotes 
colonization of tissue, tissue damage, and distant diseases. 
To survive the host immune response attack and develop an 
infection, S. aureus presents a vast array of determinants of 
virulence, including extracellular toxins (e.g., enterotoxins, 
leukotoxins, and hemolysins), enzymes (e.g., staphylokinase, 
coagulases hyaluronidase, and proteases), and surface proteins 
(e.g., clumping factors, adhesions and S. aureus surface 
proteins).3

Staphylokinase (SAK) belongs to the family of 
staphylococcal proteins and is made up of 136 amino acids and 
approximately a 15 kDa molecule. S. aureus synthesizes SAK 
primarily in the late exponential phase of its growth, where 
it needs to invade the host tissues by dissolving blood clots 
formed at the site of injury, and scavenged all the fibrinogen 
from the system.4 Staphylokinase was invented when SAK 
was found to have fibrinolytic activity, such as Streptokinase.5 
Thrombolytic disorders (Thrombosis) have emerged as one of 
the major causes of human mortality worldwide6. Thrombosis 
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is an abnormal blood clot (thrombus) inside a blood vessel. 
The blood clots can detach from the vascular wall and travel 
in the bloodstream.7 

METHODS  

Isolation of Bacteria 
Bacteria isolated as pure colonies on Mannitol salt agar and 
Blood agar after incubated at 37°C for 24 hours were inspected 
microscopically via the gram stain technique and symmetry 
tests, including cultural and morphological characteristics of 
all bacterial isolates.8

Detection of Staphylokinase Production 
Casein Hydrolysis Assay: This medium was prepared 
according to Pulicherla et al. (2011). Casein Hydrolysis 
Assay agar was prepared by adding 2.8gms of skim milk 
powder and 2ml of human serum to nutrient agar medium. A 
well diffusion technique was used to detect the plasmolytic 
activity of the enzyme. These plates were inoculated by 
isolated S. aureus (100 μL of 1.5 × 108 cell/mL) for each 
strain in each well and incubated at 37°C for 24 hours to 
determine the hydrolysis. The positive result was recorded by 
creating a clear zone around well in Casein hydrolysis agar  
plate.9 
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Heated Plasma Agar Assay: This medium was prepared 
according to Shagufta et al. (2014). By adding pre- hated human 
plasma at 56°C for 20 minutes to nutrient agar medium in a 
percentage of 20% of the total volume, then media was mixed 
gently and poured into Petri plates and kept for solidification. 
A well diffusion was used to check the plasmolytic activity of 
the enzyme. These plates were inoculated by isolated S. aureus 
(100 μL of 1.5 × 108 cell/mL) for each strain in each well and 
incubate it at 37ᵒC for 24 hours.10

The Media used for Staphylokinase Production 
The effect of different culture medium used to estimate 
staphylokinase production by the most powerful Staphylococcus 
isolate (LKI-43) is listed in Table 1. 

To determine staphylokinase production by LKI-43isolate 
was studied. This was performed by inoculating 5 mL  of broth 
medium in test tubes with LKI-43(1.5 × 108 cell/ml)) incubated 
at 37°C overnight. These media were added individually to the 
flask, then inoculated each flask with LKI-43isolate at 30ºC 
in a rotary shaker at 100 rpm for 24 hours and in addition to 
estimate enzymatic activity.
Optimum Incubation Period
The effect of the incubation period on staphylokinase 
production by the most powerful Staphylococcus isolates LKI-
43isolate was studied by incubating the production medium at 
24, 48, and 72 hours.
Production and Extraction of Staphylokinase
The over producer S.aureus was grown in the staphylokinase 
production medium (Satoh’s medium) and incubated at 30 ºC 
in a shaker incubator at 100 rpm for 24 hours.11 After that, the 
whole broth was collected by centrifugation at 10,000 rpm for 
10 minutes. at 4°C, the supernatant was filtered through a 0.22 µm 
Millipore filter, and it was collected and labeled as a crude enzyme.

Staphylokinase Activity Assay
Staphylokinase activity was determined using the casein 
digestion method according to Sutar et al. (1986), Vesterberagn 
and Westerberg (1972) as follows: Incubated 1.8 mL of 1% 
casein in a water bath at 50°C for 5 minutes and mixed with 0.1 
mL of the enzyme solution, the solution was incubated at 37°C 
for 30 minutes. To stop the reaction, 3mL of 5% trichloroacetic 
acid (TCA) was added. The solution was centrifuged for 15 
minutes at 6000 rpm. The control test was prepared by mixing 3 
ml of 5% TCA to 1.8 mL of 1% casein solution and then adding 
0.2 ml of enzymatic solution. The supernatant’s absorbency 
was measured by spectrophotometer at 280 nm.12,13

The activity and Specific activity of the enzyme were 
calculated as; 

Enzyme activity = (Absorbance at 280nm)/(0.01×30×0.2)
0.01: Constant, 30: Reaction time (min), 0.2: Enzyme 

volume (mL) 
Specific activity (U/mg) = Enzyme activity/Protein 

concentration (mg/mL)
Protein Assay
Bradford (1976) calculated the total protein content using 
bovine serum albumin ( BSA) as standard.14

Purification of Staphylokinase 6

Ammonium Sulfate Precipitation and Dialysis of Crude 
Enzyme 
The crude enzyme supernatant was fractionated between 40 
to 85 % of saturation by precipitation with ammonium sulfate. 
Centrifuged at 10,000 rpm at 4°C for 30 minutes, the precipitate 
was then taken and dissolved in the amount of phosphate 
buffer saline (pH 7.0) and dialyzed at 4°C in the same buffer  
overnight.
Ion Exchange Chromatography
Thereafter, the dialyzed enzyme was added to the ion exchange 
chromatography column packed with DEAE-Cellulose 
equilibrated previously with 0.05M Tris-HCl buffer pH8 
after that column was washed with an equal volume of the 
same buffer; while the proteins attached were slowly eluted 
with gradual concentrations of sodium chloride (0.1-0.9 M 
respectively).
Gel Filtration Chromatography
A volume of concentrated staphylokinase obtained from 
the ion exchange stage was loaded onto the gel filtration 
chromatography using Sephadex G-100, with 0.01 M Tris-HCl 
buffer pH8 suspended, degassed, and packed in a glass column 
(1.535 cm) and balanced with 0.01 M Tris-HCl buffer pH 8. 
Elution was done at a flow rate of 3 ml/fraction using the same 
equilibration buffer, and the column was washed out with the 
same eluting buffer to eliminate the unabsorbed materials. 
The absorbance was estimated at 280 nm for each fraction. 
staphylokinase activity was also determined for a fraction. 
Determination of Molecular Weight
The method of gel filtration chromatography on a column 
Sephadex G-150 was followed to estimate the molecular 

Table 1: Different culture media for staphylokinase production

Culture medium
Nutrient broth
Brain Heart broth 
Tryptic soy broth or Trypticase soy broth (TSB)
Nutrient broth 10 gm/L and 3 gm/L yeast extract
Brain Heart Infusion (BHI) Broth and 3 gm/L yeast extract
Tryptic soy broth and 3 gm/L yeast extract
10 gm/L Nutrient broth and NaCl
Brain Heart Infusion (BHI) Broth and 5 gm/L NaCl
Tryptic soy broth and 5 gm/L NaCl
10 gm/L Nutrient broth and 10 L glycerol
Brain Heart Infusion (BHI) Broth and 10 gm/L glycerol
Tryptic soy broth and10 gm/L glycerol
Satoh’s medium(10 gm/L Nutrient broth, 3 gm/L yeast extract, 
5 gm/L NaCL and 10 L glycerol
Brain Heart Infusion (BHI) Broth, 3 gm/L yeast extract , 5 gm/L 
NaCL and10 L glycerol
Tryptic soy broth or Trypticase soy broth (TSB), 3 gm/L yeast 
extract, 5 gm/L NaCl, and 10 L glycerol
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weight of the staphylokinase enzyme, using a standard protein 
(Alcohol dehydrogenase150 KDa, Bovine serum albumin66 
KDa, Carbonic anhydrase29KDa, and lysozyme 14.4 KDa) by 
drawing the relationship between the logarithm of a standard 
protein molecular weight and the size of recovery/size of Void 
(Ve/Vo).
Determination of the Thrombolytic Activity of 
Staphylokinase 
The Holmstrom method was used to assess the activity of the 
enzyme. In this procedure, clotted blood was taken in twenty-
one separate eppendorf tubes each containing 1 mL of blood 
(Ten eppendorf tubes for the pure enzyme as well as for crud 
enzyme). When the blood clotted full, the weights of the clots 
were determined before the enzyme was added.15

Clot weight = weight of tube containing clot–weight of tube 
alone.

One tube has been kept under control. Separate 
concentrations of 10, 20 ... 100 μL of purified enzyme 
samples were added to ten tubes, respectively. All the tubes 
were incubating at 37˚C for 60 minutes. Then centrifuged at 
10,000 rpm for 5 min in a cooling centrifuge. The supernatants 
were discarded and the clots were reweighted after enzyme 
therapy. The percentage of clot lysis was calculated using the 
following formula:

Clot lysis % = (Weight of the lysis clot / Weight of clot 
before lysis) × 100

An enzyme that fully liquefies 1 mL of clotted blood can 
be considered to be 1 enzyme unit.7

RESULTS AND DISCUSSION
In the present study, after culturing eighty-three clinical 
samples which isolated from different sources, samples were 
collected from the patients who attended to Baghdad-Iraq 
Hospitals (Al-Kindi Hospital and Ibn Al-Nafees). Sixty isolates 
of  S. aureus were diagnosed according to biochemical tests 
and VITEK® 2 Compact system.
Detection of Staphylokinase Production 

Casein hydrolysis assay 
Casein hydrolysis is one of the oldest methods used specifically 
for the qualitative determination of the enzyme. Casein 
hydrolysis was defined by a clearance zone around the growth 
of colonies on casein agar plates 9.

The diameters of the caseinolysis zones were determined by 
the millimeter shown in Figure 1. Only 40(66.6 %) isolates 
showed clear halo zones around the colonies. A halo zone 
(11 to 20 ) mm was measured in 15 (25%) isolates, (21 to 25) 
mm in 12(20%) isolates, and 9 (15%) isolates were observed 
at zone (26-29) mm while the highest zone about 30 mm was 
observed 4 (6.6%) isolates.

Where the results appeared that 66.6% of isolates able to 
produce staphylokinase enzyme, the results agreed with the 
results 65% of researcher Al-Taai (2017)16 and this agreed with 
the results of the study conducted by Devi et al. (2012)17 who 
found 58% of isolates. 

The casein has been used for many years as a substrate 
to study proteolytic enzymes (tryptase, streptokinase, 
staphylokinase, serum protease, etc.). It has been seen in 
various investigators as a plasmin substrate instead of fibrin 
and fibrinogen.18 Staphylokinase is a bacterial protein isolated 
from a culture medium produced by many strains of S. aureus 
and transforms inactivated plasminogen into active plasmin 
known to have profibrinolytic effects.7

Heated Plasma Assay 
The Heated Plasma method was used primarily for the 
qualitative determination of the enzyme activity, where 
clear fibrinolytic halos were observed around the well10. The 
hydrolysis of plasma was identified by a zone of clearance 
around the growth of colonies on plasma agar plates as shown 
in Figure 2.

The diameters of the clear zones were measured by 
millimeter, Only 45(75 %) isolates showed clear halo zones 
around the colonies.  A halo zone (11 to 20) mm was measured 
in 15 (25%) isolates, (21 to 25) mm in 12 (20%) isolates, and 
in 12 (20%) isolates, a zone (26-29) mm was observed. The 
highest zone measuring about 30 mm was observed in 6 (10%) 
isolates.

The present result of staphylokinase producers was 75% 
were agreeing to the results of Wieckowska-Szkiel M. et al. 
(2007)19 was 75.5%. While the results were to Van wamel et al. 
(2006),20 was 76.6% isolates able to produce staphylokinase 
enzyme. The plasma has been used as a substrate for the study 
of proteolytic enzymes.7

The Best Medium for Staphylokinase Production 
Fifteen different media were used to optimize the growth and 
staphylokinase production of S. aureus isolate. The enzyme 
activity was measured in the different media. The results in 
Tables 3-7 indicate that Satoh’s medium was the highest value 

Figure 1: Casein hydrolysis assay for staphylokinase production. Figure 2: Heated plasma assay for staphylokinase production  
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among the media were used for staphylokinase production 
and enzyme activity 21.6 U/mL. The present result of Satoh’s 
medium was agreeing to the results of Mohanasrinivasan et al. 
(2015),6 and Elbashiti (2017).21

The yeast extract is used as a nutritional resource in 
bacterial culture media. Yeast extract is a mixture of amino 
acids, peptides, water-soluble vitamins, and carbohydrates.22 
Added the glycerol to culture media as the carbon source.23 On 
the other hand, added NaCl that shortening the latent period 
of S. aureus growth.24

Optimum Incubation Period 
The effect of incubation periods on the Staphylokinase 
production was that enzyme production was in 24 hours of 
incubation and increased the activity of the enzyme but when 
the incubation period was increased until it reached 48 to 72 
hours. there was a decrease in enzyme activity. 

Enzyme activity reached the maximum 22 U/mL after 24 
hours of incubation, and then it began to decrease, reaching 
18.5 U/mL after 48 hours of incubation and 13.8 U/mL after 
72 hours of incubation.

T The possible explanation for a decline in staphylokinase 
production beyond 24 hours. It may be due to the rapid 
depletion of nutrients in the medium; the Accumulation of 
excess acid in the media due to the use of sugar, and the 
developed oxygen tension.25 In another study, it was found 

that incubation temperature affects microorganisms’ growth 
and then streptokinase production.26 
Production, Extraction, and Purification of 
Staphylokinase
The crude enzyme from the production medium (Satoh’s 
medium) of S. aureus. The purification of staphylokinase 
was carried out by ammonium sulphate precipitation in 
concentration 85%, dialysis, Ion exchange chromatography, 
and gel filtration chromatography, which resulted in the specific 
activity of 6.4, 11.4, 21.1, 58.8, 255.5 U/mg, respectively. 
The purified staphylokinase showed its corresponding 
purification fold of 1.0 with a total yield of 39.9 in Table 3. 
The elution profile of staphylokinase following Ion exchange 
chromatography is shown in Figure 3. The elution profile of 
staphylokinase after gel filtration chromatography is shown in  
Figure 4.
Determination of Molecular Weight
The gel filtration determined the molecular weight based on 
the molecular weight of the logarithm and the volume/volume 
of the elution (Ve / Vo) measured (MW) of the staphylokinase 
found to be 14.5 KDa. Depending on the size of the separate 
molecules with their charge. It was possible that the different 
methods of estimation may be used.27 Sephadex-G150 was used 
for estimation the molecular weight of purified staphylokinase 
from S. aureus illustrated in Figure 5.

Table 3: Purification steps for staphylokinase produced by LKI-43isolate.

Yield (%)Purification (folds)
Total 
activity (U)

Specific activity 
(U/mg protein)

Protein concentration 
(mg/ml)

Enzyme 
activity (U/ml)

Volume 
(ml)Purification step

1001.022006.43.422100Crude enzyme
54.51.7120011.43.54030Ammonium sulfate 

precipitation (85% )
62.53.2137521.12.65525Dialysis 
84.29.11854.358.81.588.321DEAE-cellulose
83.539.91838.4255.30.376.624Sephadex G-100

Table 2: The media were used for staphylokinase production 

Medium Enzyme activity (U/ml)
Nutrient broth 10
Brain Heart Infusion (BHI) Broth 6.6
Tryptic soy broth or Trypticase soy broth (TSB) 3.3
Nutrient broth and yeast extract 15
Brain Heart Infusion (BHI) Broth and yeast extract 13.3
Tryptic soy broth and yeast extract 8.3
Nutrient broth and NaCl 10
Brain Heart Infusion (BHI) Broth and NaCl 6.6
Tryptic soy broth and NaCl 3.3
Nutrient broth and glycerol 12.5
Brain Heart Infusion (BHI) Broth and glycerol 8.3
Tryptic soy broth and glycerol 6.6
Satoh's medium(nutrient, yeast extract, NaCl, and glycerol) 21.6
Brain Heart Infusion (BHI) broth, yeast extract, NaCl, and glycerol 18.3
Tryptic soy broth or Trypticase soy broth (TSB), yeast extract, NaCl, and glycerol 11.6
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The molecular weight of staphylokinase form S. aureus was 
found 14.5 KDa the result agrees with the reported by Bashiti 
(2017).28

Mohanasrinivasan et al. (2015)6 showed that staphylokinase 
purified from Staphylococcus hominis had a molecular 
weight found approximately around 15 KDa. In another study 
(Mohanasrinivasan et al., 2014)7 mentioned the molecular 
weight of staphylokinase was 15.5KDa.
Thrombolytic activity for staphylokinase
Holmstrom method by Mohana et al. (2013)15 confirmed the 
thrombolytic property of the enzymes, the clot lysis capability 

of SAK was checked by In vitro clot lysis assay method. Results 
illustrated in Figure 6, in Figure 7, and Figure 8 showed an 
increased effect of the purified enzyme on dissolve blood clot 
than of crude enzymes. The maximum clot lysis by crude and 
purified was in concentration 100 µg / ml. The highest 72 % 
of clot lysis in 60 min for purified enzyme while for the crude 
enzyme was 47%. This result agrees with the results obtained 
by Prasad et al. (2006)29 the highest 72% of clot lysis.

Srinivasan et al. (2013)30 was seen showed that crude 
SAK from most of the isolated staphylococcus strains did 
not show clot lysis activity at lower concentrations. Where 
Mohanasrinivasan et al. (2014)7 explained the maximum clot 
lysis was shown to be 50% for 100 μL/mL enzyme 

CONCLUSION 
The staphylokinase is similar to the streptokinase Produced 
by Streptococcus pyogenes except it is easy to provide the 
optimal conditions for staphylococcus growth auras with 
the best medium for staphylokinase production, Optimum 
incubation period, the purification, and Thrombolytic activity 
for staphylokinase that beneficial on clot lysis.

On the other hand, staphylokinase production from the non-
clinical source could be useful for cost-effective therapeutic 
protein production and safer in clinical practice. Also, 
experiment thrombolytic activity is the need for staphylokinase 
that beneficial on clot lysis in vivo.
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